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Freely oscillating switched-mode power supply

switched-mode power supply, in accordance with the
preamble of Claim 1. Switched-mode power supplies having
control only on the primary side of the isolating trans-
former have the advantage that there is no need of a
transmission element for transmitting a controlled
variable from the secondary side to the primary side of
the isolated transformer, but the disadvantage that the
voltages to be stabilised on the secondary side are not
directly evaluated and thus the control for stabilising
these voltages is frequently not sufficient. Switched-
mode power supplies having control on the secondary side
to the primary side have the advantage that effective

. stabilisation is achieved by the direct evaluation of the
secondary-side voltages to be stabilised, but the disad-
vantage that an element such as, for example, an isolat-
ing transformer or an optocoupler is required to transmit
a controlled variable from the secondary side to the
primary side. )

When such switched-mode power supplies in a
television receiver are switched over for active standby
operation to a low transmitted power of approximately
5-8 watts, the switching transistor would need to be
switched on only for very short times. This can result in
relatively high switching losses and risk to the switch-
ing transistor. It is therefore known in the case of
operation with low transmitted power to switch on the
switching transistor only in a packet-like or burst-like
fashion with a sufficiently long turn-on time and suffi-
ciently high current and to cause it to be blocked there-
between for a relatively long time during which
absolutely no power is transmitted. Switched-mode power
supplies which operate according to this principle are
relatively complicated in design and generally require
special integrated circuits.

The object of the invention is to provide a
freely oscillating switched-mode power supply, whlch has

pure primary control, can be realised by ' means of
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and packet control in the case of low transmitted power,

is short-circuit-proof, provides effective stabilisation
despite the pure primary cbntrol, and has a good
efficiency. This object is achieved by means of the
invention specified in Claim 1. Advantageous developments
of the invention are specified in the subclaims.

The switched-mode power supply according to the
invention essentially has the following advantages: owing
to control only on the primary side, there is no require-
ment for an element to transmit a controlled variable
from the secondary side to the primary side such as, for
example, an isoclated transformer or an optocoupler.
However, effective stabilisation of the operating
voltages generated on the secondary side is achieved by
PWM control in the case of normal operation at high power
by controlled division of the cut-off voltage tapped from
the shunt. Owing to the two circuits with different
threshold values, there is an automatic transition from
PWM control in normal operation to packet control in
operation at low transmitted power. In this case, use is
preferably made of subassemblies, already present, for
switching on and realising these different modes of
operation. The primary side forms an oscillator by means
of which the switched-mode power supply is constructed in
a freely oscillating fashion. Moreover, this oscillator
has two functions. In the case of high transmitted power
in normal operation, it effects continuous PWM control in
driving the switching transistor, but on the other hand,
in the case of low transmitted power, it automatically
effects a pause in driving the switching transistor in
order to achieve the described packet operation.

In a development of the invention in accordance
with Claims 9 and 10, a negative internal resistance of
the switched-mode power supply is simulated, which
compensates the positive intgrnal resistance inherently

present, and thereby renders possible a switched-mode
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transistor at the start of the blocking phase. The
invention can be advantageously applied, in particular,
for relatively small television receivers, and likewise
in the case of comparable units such as video recorders
and CD players.
The invention is explained below with reference
to three exemplary embodiments with the aid of the
drawing, wherein
Figure 1 shows the complete circuit diagram of a
switched-mode power supply according to
the invention,

Figure 2 shows a simplified version of the circuit in
accordance with Figure 1, and

Figure 3 shows a modification of the circuit according
to Figure 2.

Figure 1 shows a freely oscillating switched-mode
power supply having terminals 1 conducting the system
voltage UN, the system bridge rectifier 2, the charging
capacitor Cl, the isolating transformer Tr, the switching
transistor Tl and the shunt R1l. The isolating transformer
Tr contains the primary or power winding W1, the further
primary winding W2, which constructs the circuit in a
freely oscillating fashion and drives the switching
transistor T1l, and the regulating winding W3 which
effects at the output b of the control rectifier 4 a
control voltage Ur for stabilising and for switching over
between operation at high power and low power. Tr con-
tains, furthermore, a secondary winding W4 which
generates a first operating voltage U2 at the terminals
6 via the rectifier 5, as well as a second secondary
winding W5 which generates a further operating voltage U3
at the terminals 8 via the rectifier 7. Connected in the
base line of the switching transistor T1 is a blocking
voltage mnetwork, having the diodes D1, D2 and the

capacitor C2, which generates a blocking voltage Uv.
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switching transistor Tl is the start circuit with the
capacitor C3 and the resistor R2. The circuit as
described so far is known.

The control voltage Ur passes from the point b to
a first threshold circuit with the Zener diode Zl1l and the
transistors T2, T3. T3 is a component of a voltage
divider R3, R4 which is connected between the point 4 and
the base of the turn-off transistor T4, whose
collector/emitter junction is connected in series with
the diode D5 between the point ¢ in the base line of the
switching transistor Tl and earth. _

Furthermore, Ur passes via the Zener diode Z1l and
the voltage divider consisting of the resistors R5, R6 to
the base of the transistor T5, whose collector is
connected via the diodes D5, D9 to the base of the
transistor T6. The collector thereof is connected to the
base of the transistor T7, whose collector/emitter
junction is connected in series with the resistor R7 in
parallel with the coupling capacitor C4 in the base line
of the switching transistor Tl. The mode of operation of
the circuit is explained separately below for normal
operation at high power and operation at low power and
packet control of T1.

In normal operation at high transmitted power of
approximately 40-100 watts, Ur firstly becomes smaller
due to the high load of the transformer Tr. Ur then
passes via the conductive Zener diode Z1l to the base of
T2, and via T3 switches in the resistor R4 more or less
as a voltage divider reéistor. The saw-tooth cut-off
voltage Us, which drops due to the saw-tooth current ia
in the flow phase from Tl to Rl, now passes more or less
divided to T4 and has the effect that at a specific value
T4 becomes conductive, earths the point ¢, interrupts the
base drive voltage for Tl and thereby turns off Tl. Two
limiting cases may now be considered. In the case of

maximum load, that is to say minimum wvalue of Ur, T2 is
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means that Us must assume a larger final value at the
point d in order to turn on T4. The current ia thus
reaches a high final value, and this corresponds to a
large transmitted power. In the other limiting case, when
the load at the terminals 6, 8 is low, Ur increases, so
that now T2 becomes conductive and T3 is blocked. Us is
now not divided by R3 and R4 and passes at full value to
the base of T4. This means that it is already the case at
a low value of Us and ia that T4 becomes conductive and
Tl is turned off. This means, in turn, a lower final
value of ia and thus a lower transmitted power. In normal
operation between these limiting values, stabilisation of
U2 and U3 is now performed by pulse-width modulation in
the turn-on duration of Tl. If, for example, the load at
the terminals 6, 8 increases, the amplitude of all the
pulse voltages generated at the transformer Tr drops, and
thus also does that of the positive control voltage Ur.
As a result, a less positive voltage Ur, reduced by the
voltage of the Zener diode Z1l, passes to the base of T2,
so that T2 becomes less conductive and T3 more
conductive. Us is now divided more strongly by R3, R4,
T3. This means that T4 does not become conductive until
later and turns off T1l, that is to say the final values
of Us and ia assume larger final values, the transmitted
power is increased and thus the reduction, assumed at the
beginning, in the voltages U2, U3 and Ur is compensated.
T4 thus effects a pulse-width modulation in the driving
of Tl to the effect that the turn-on duration of Tl is
increased by T4 with increasing load. In this way, the
operating voltages U2, U3 that are generated are
stabilised. Due to the voltage division by R5 and R6, TS5
is still blocked in this case, as a result of which Té6
and T7 are conductive. C4 is thereby bridged and has
virtually no effect in this mode of operation.

If the load at the terminals 6, 8 is substan-
tially reduced, for example in the case of active standby
operation, the amplitude of the pulse voltages at the
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transformer Tr, and thus the value of Ur, increa&d. |
Despite the division by the voltage divider RS, R6, the

transistor T5 now becomes conductive and the point f more
negative, as a result of which the transistors T6 and
thus also T7 are blocked. The capacitor C4 becomes
effective in the base line of Tl due to the blocking of
T7. C4 is thereby charged wvia the base/emitter diode of
Tl with the polarity represented, until £finally the
voltage at C4 reaches the positive component of the
voltage delivered by the winding W2 and the switching
transistor Tl is blocked. The packet is thereby
interrupted. There is then produced in the oscillation of
T1 a pause which effects the packet operation described
at the beginning. Tl now remains blocked for a certain
time. As a result, the capacitors at the terminals 6, 8
are no longer recharged, so that Ur drops once again. At
the end of the pause in the packet operation, T5 is
finally blocked once again, T6 and T7 become conductive
once again, and the capacitor C4 is bridged once again,
so that the switching transistor Tl is once again
supplied with base current by the winding W2 and
oscillations are once again produced with full saturation
of Tl. Thus, the circuit represented effects automatic
transition from normal operation at high transmitted
power and PWM control in the driving of Tl and the packet
operation in which Tl oscillates in each case only during
the burst packets and does not oscillate therebetween for
a time. In the packet operation, T3 is always blocked, so
that Us passes undivided to the base of T4, and thus Tl
is already turned off in the case of a low current value
of ia.

The collector of T5, that is to say the point £,
is still connected to the point ¢ in the base line of Tl.
The following is achieved thereby. At the end of the
pause during packet operation, T5 is blocked once again,
as described, so that a positive pulse which passes to
the point ¢ in the base line of Tl occurs at the point f.
It is achieved thereby that the first drive pulse once

again effects full saturation of Tl during the packet.
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Further provided between the collector of Tl and
point ¢ is the circuit with the capacitor C5, the diode
D6, the resistor R9, the diode D7, the resistor R10, the
transistor T8 and the diode D8. This additional circuit
serves to improve the blocking of the switching
transistor Tl at the end of the turn-on phase, that is to
say upon cutting of ia, and operates as follows: the
turn-on time of Tl is terminated inherently by the
turned-on T4 by T4 cutting off the base current for T1.
Thereafter, T1 remains conductive without base current
for a certain time, owing to the saturation of charge
carriers present in the transistor T1l. Tl leaves
saturation after a few us without base current, as a
result of which the collector becomes somewhat positive
with respect to earth. This positive rise is transmitted
to the base of T8 via the attenuation element with C5, D6
and R9, so that T8 becomes conductive and short-circuits
the point c¢ with respect to earth. In the meantime, the
capacitor C2 is recharged with the represented polarity
to the voltage Uv, specifically the sum of the forward
voltages of D1 and D2. The conductive T8 thus earths the
positive electrode of C2. As a result, the full wvoltage
Uv becomes effective with negative polarity at the base
of Tl, so that turning off Tl is achieved in a
conceivably short time. D7 serves to protect D8 against
an excessively high negative voltage at the base. The
overall result of the fact that T4 and T8 rapidly turn
off Tl is a particularly small power loss in Tl. The
diode D8 between the collector of T8 and earth has the
following task. Together with the diodes D1, D2, D3, D4
and R in the base line of Tl, D8 stabilises the negative
voltage fed by the winding W2 to the base of T1. The
negative voltage delivered by the winding W2 is high in
an inherently wuncontrolled fashion, and can assume

impermissibly high values at the base/emitter junction of
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The negative voltages passing to the base of Tl are then
both limited, specifically the negative voltage of C2 by
the diodes D1 and D2, and the negative voltage from the
winding W2 by the diodes D4, D3, D1, D2 and D8. An
additional protection of Tl against an excessively high
base/emitter voltage is achieved by means of this
circuit.

The network C5, D6, R9 serves additionally as a
so-called snubber for limiting positive voltage peaks at
the collector of Tl at the start of the blocking phase of
Tl. The network thus advantageously has a double
function, specifically improving the blocking of Tl at
the start of the blocking phase and additionally limiting
positive voltage peaks at the collector of Tl. This is
achieved when the inherently earthed right-hand end of
the parallel circuit D6/R9 is not directly earthed but is
connected to the base of the auxiliary switching
transistor T8.

Provided further between the point d and the
point b is the additional circuit 9 with the transistor
T9, the capacitor C6 and the resistors R11l, R12, R13.
This circuit additionally serves to reduce the internal
resistance at the outputs of the switched-mode power
supply and operates in the following way in the manner of
a controlled current sink: with increasing load, there is
and increase in ia and Us at the point d due to the
pulse-width control. As a result, T9 also becomes more
conductive via the resistor R13. Owing to the filtering
effect due to C6, an increased DC load which further
reduces the value of Ur thus becomes effective at the
point b. As a result, the control voltage path is
simulated an additional reduction of Ur, and the effect
of the reduced value of Ur is thus increased to increase
the maximum value of Us and ia. The negative internal

resistance formed by the circuit 9 is thus capable of
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Figure 2 shows a simplified wversion of the
circuit according to Figure 1. The circuit according to
Figure 2 does not contain the circuit 9 for forming a
negative internal resistance, nor does it contain the
transistor T7 which short-circuits the coupling capacitor
C4 in the way described. Instead of the transistor T7,
the coupling capacitor C4 is provided with a current path
with the diode D10 and the resistor R15. In the case of
packet operation, in this solution the base current for
T1 varies in each case during a packet to the effect that
the base current decreases towards the end of the packet.
Since the circuit 9 for reducing the iﬁternal resistance
is not present, it is possible to achieve a low internal
resistance by improved coupling of the transformer Tr,
for example by designing the transformer as a chamber
winding transformer. The feature that the base current
for T1 slightly decreases during a packet because the
coupling capacitor C4 is not short-circuited can be
tolerated in view of the simplification of the circuit.
Moreover, a lower packet frequency of approximately 50 Hz
can thereby be achieved. Such a low packet frequency in
active standby operation is important, because it is
inaudible, and therefore it is not possible for audible
acoustic oscillations or vibrations of the unit to occur
in active standby operation.

The capacitor C6 in parallel with the diode D11
in Figures 1 and 2 has a particular importance for the
starting operation, that is to say in each case when the
receiver is switched on, since then the diode D1l is
firstly blocked. The capacitor C6 has a particular
importance in the case of low system voltages, in order
even then to ensure saturation of Tl and to avoid risk to
Tl due to lack of saturation.

T Reptaced Figure 3 shows a modification of the circuit
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according to Figure 2 which likewise operates without the

circuit 9 of Figure 1 and without the transistor T7 for

bridging the coupling capacitor C4. The mode of operation

of the circuit in accordance with Figure 3 is similar to

that of the circuit according to Figure 2.

In a circuit tested in practice,

the

sub-

assemblies essential to the invention had the following

values:
Rl: 4.7 ohms c2: 0.68
R2: 22 kohms C3: 4.7
R3 220 ohms C4: 47
R4 22 ohms C5: 470
(start C) (packet c) (rectifier C)

c3 : c4 : C (point b) =
4.7 uF 47 uF 470 uF
RS 100 kohms
R6 100 kohms
R7 10 ohms
R9 220 ohms
R10 470 ohms
R11 100 ohms
R12 10 ohms
R13 100 ohms
C6: 22 uF
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1. Freely oscillating switched-mode power supply
having a switching transistor (T1l) and a transformer (Tr)
with a power winding (W1), a drive winding (W2) deliver-
ing the switching voltage, and a regulating winding (W3)
which delivers wvia a measuring rectifier (4) a control
voltage (Ur) for varying the duration of current flow of
the switching transistor (Tl1l), a cut-off voltage (Us)
tapped at the switching transistor (T1l) by a shunt (R1)
cutting off via a switch (T4) the base drive voltage at
the switching transistor (T1l), characterised in that the
output (b) of the measuring rectifier (4) divides the
cut-off voltage (Us) via a first circuit (21, T2, T3)
with a first threshold value and switches on a coupling
capacitor (C4) in the base 1line of the switching
transistor (Tl) via a second circuit (Z1, T5-T7) with a
second threshold wvalue.

2. Switched-mode power supply according to Claim 1,
characterised in that the output (b) of the measuring
rectifier (4) is applied via a Zener diode (Z1l) to the
control electrode of a transistor circuit (T2, T3) which
forms a component of a first voltage divider (R3, R4) for
the cut-off voltage (Us).

3. Circuit according to Claim 2, characterised in
that the output of the first voltage divider (R3, R4) is
connected to the base of a turn-off transistor (T4) whose
collector/emitter junction is connected between the base
line of the switching transistor (Tl) and earth.

4, Circuit according to Claim 1, characterised in
that the output (b) of the measuring rectifier (4) is
connected via a threshold circuit to the control input of
a transistor amplifier (T5-T7) whose output is connected
in parallel with the coupling capacitor (C4) in the base
line of the switching transistor (T1l).

5. Circuit according to Claims 2 and 4,
characterised in that a Zener diode (Z1l) common to both
circuits is connected, on the one hand, to the output (b)
of the measuring rectifier (4) and, on the other hand,

directly to the control input of the transistor circuit
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6. Circuit according to Claim 5, characterised in
that the output of the voltage divider (R5, R6) is
connected to the base of a first transistor (T5) whose
collector is connected to the base of a second transistor
(T6) and whose collector is connected to the base of a
third transistor (T7) whose collector/emitter junction is
connected in parallel with the coupling capacitor (C4).

7. Circuit according to Claim 6, characterised in
that the collector of the first transistor (T5) is
additionally connected to a point (c) in the base line of
the switching transistor (T1).

8. Circuit according to Claim 1, characterised in
that there is connected between the regulating winding
(W2) and the base of the switching transistor (T1l) a
diode circuit (D3, D4) polarised in such a way that when
the switching transistor (Tl1) is turned off, an
additional blocking voltage passes from the regulating
winding (W2) to the switching transistor (T1).

S. Circuit according to Claim 1, characterised in
that the peak value of the cut-off voltage (Us) is used
to control a load (9) which is connected in parallel with
the output (b) of the measuring rectifier (4).

10. Circuit according to Claim 9, characterised in
that the cut-off voltage (Us) is applied to the base of
a transistor (T9) whose collector is earthed via a
capacitor (C6) and is connected via a resistor (R1l) to
the output (b) of the measuring rectifier (4), and whose
emitter is earthed via a resistor (R1l2).

11. Circuit according to Claim 1, characterised in
that the collector of the switching transistor (Tl) is
connected via an amplitude-selective circuit which
responds to the positive pulse at the start of the
blocking phase to the base of an auxiliary turn-off
transistor (T8) whose collector/emitter junction is
connected between a point (¢) in the base line of the
switching transistor (Tl) and earth.

12. Circuit according to Claim 11, characterised in
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transistor (Tl1l) and stores a blocking voltage (Us).
13. Circuit according to Claim 11, characterised in
that the amplitude-selective circuit contains a snubber
network composed of the series circuit of a capacitor
(c5) and the parallel circuit of a resistor (R9) and a
diode (DS6).
14. Circuit according to Claim 11, characterised in
that connected between the collector of the auxiliary
turn-off transistor (T8) and earth is a diode (D8) which
together with diodes (D1-D4) in the base line of the
switching transistor (T1l) limits the negative voltage at

the base of the switching transistor (T1l).
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age bl ocki ng network, including diodes DI, D2 and the capacitor C2, which

*

generates a bl ocking voltage W. Also, connected between the point a,

whi-ch deli ver

supply, and the iH O se line t he switching n§#§t@nsﬁmths
a start circuit wth a capacitor C3 anghgera&€i Stor R2. Tﬁei%ﬁrgupLuas, _
described so far is known. The control voltage WU pases f “b
toa first threshold circuit having a Zener diode Z1 and

;wgié€§%§%2tage Ul ifr t he swi tched-node power

—peiit

transistors T2,

T3. Transi st orgdt | $s@i LPAPDAGNEwotcRedvbaagpoweyi dappliyncl uding resistors
R3 and R4 which is

It is known when switching over to low trans-
mitted power in switched-mode power supplies in the case
of active standby operation to turn on the switching
transistor only by means of packets of pulses between
which there are relatively long pauses. The cbject is to
provide a switched-mode power supply for such a packet
control which operates by means of pure primary contreol,
requires no special ICs, switches over automatically
between normal operation by means of PWM and packet
operai:ion, and has a high efficiency.

The output of a measuring rectifier (4) divides
the cut-off voltage (Us), via a first circuit (21, T2,
T3) with a first threshold value, for the turn-off
transistor (T4), and via a second circuit (21, T5-T7)
with a second threshold value switches a coupling
capacitor (C4) into the base line of the switching

transistor (T1l).
Particularly for switched-mode power supplies
without ICs for television receivers of relatively low

power

Figure 1
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conne F’ﬁidl%etv\een the point d and the base of the turn- off_transistor T4,
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t he bj:ﬂtj‘]@(j n the base line of the switching transistor Tl and ground.
Contr vol tage Ur al so passes, via the Zener diode Z1 id:&.e_yol t age

di vi'der .consisting of the resistors RS and R6, to the basEL6fSHNe yas zy
transistor T5, the collector of which is connected via the diRerscbb ana’

D9 to the base of the transistor T6. TBA3collector of transistor T6—is—!
connected to the base of a transistor T7, the coll ec-
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tor[kﬁﬂfi%ﬁ junction of which is connected in series wth a resistor R7 in

paralkel with the coupling capaci-
sSwWi tching transistor TI1.
sepa- rately below for norna
| ow power and packet control of TL
transm tiegd
smal | er du¢
conducti ve

resi stor

i gh | 04d

The node of operation of the circu-t—-s
operation at high power and

tor C4 in the base |line of the

33 normal operation at

approximately_4Q:100 watts, voltage Ur first becomes

es via the
in the
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r Tess as a vol tage di vi derqresust aTﬁe sawt oot h cut - (pngf;L hlRge )
Wm ch drops due to ac&awt oot ; e flow ph o) 151’65%T
R1, now ess di vrdesHiE T s the efifféct that at a
speci fi s COI’IdUCtIVé“lM(T\ . e point|c| THRtREBUMA th
base driv 1 and thereby _tyrns off T1. Twojlim ting cases
now be co ered In the case of maxinum | oad, therejis to say mmni=
mum val ue of Ur T2 is blocked, as a result of whi ch T3 Lbecques

conductive. Us is mmmeamﬁtanaamrﬁﬁ?eﬁa’gﬂ%rpww‘&ﬁm Thi s
means that Us nmust asgy@Binvention proceeds from a freely oscillating

switched-mode power supply, in accordance with the
preamble of Claim 1. Switched-mode power supplies having
control only on the primary side of the isolating trans-
former have the advantage that there is no need of a
transmission element for transmitting a controlled
variable from the secondary side to the primary side of
the isolated transformer, but the disadvantage that the
voltages to be stabilised on the secondary side are not
directly evaluated and thus the control for stabilising
these voltages is frequently not sufficient. Switched-
mode power supplies having control on the secondary side
to the primary side have the advantage that effect?ye
stabilisation is achieved by the direct evaluation of the
'secondary-side voltages to be stabilised, but the disad-
vantage that an element such as, for example, an isolat-
ing transformer or an optocoupler is required to transmit
a controlled variable from the secondary side to the !
primary side. )

When such switched-mode power supplies in a
television receiver are switched over for active standby
operation to a low transmitted power of approximately

 5-8 watts, the switching transistor would need to be
switched on only for very short times. This can result in
relatively high switching losses and risk to the switch-
ing transistor. It is therefore known in the case of
operation with low transmitted power to switch on the
switching transistor only in a packet-like or burst-like
fashion with a sufficiently long turn-on time and suffi-
ciently high current and to cause it to be blocked there-
between for a relatively long time during which
absolutely no power is transmitted. Switched-mode power
supplies which operate according to this principle are
relatively complicated in design and generally require
special integrated circuits.

The object of the invention is to provide a

) freely oscillating switched-mode power supply, which has

pure primary control, can be realised by means of

U
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for stabilisation in the case of full transmitted power

and packet control in the case of low transmitted power,
is short-circuit-proof, provides effective stabilisation
despite the pure primary cbntrol, and has a good
efficiency. This object is achieved by means of the
invention specified in Claim 1. Advantageous developments
of the invention are specified in the subclaims.

The switched-mode power supply according to the

invention essentially has the following advantages: owing

to control only on the primary side, there is no require-

ment for an element to transmit a controlled variable
from the secondary side to the primary side such as, for
example, an isolated transformer or an optocoupler.
However, effective stabilisation of the operating
voltages generated on the secondary side is achieved by
PWM control in the case of normal operation at high power
by controlled division of the cut-off voltage tapped from
the shunt. Owing to the two circuits with different
threshold values, there is an automatic transition from
PWM control in normal operation to packet control in
operation at low transmitted power. In this case, use is
preferably made of subassemblies, already present, for

‘switching on and realising these different modes -of

operation. The primary side forms an oscillator by means
of which the switched-mode power supply is constructed in
a freely oscillating fashion. Moreover, this oscillator
has two functions. In the case of high transmitted power
in normal operation, it effects continuous PWM control in
driving the switching transistor, but on the other hand,
in the case of low transmitted power, it automatically
effects a pause in driving the switching transistor in
order to achieve the described packet operation.

In a development of the invention in accordance
with Claims 9 and 10, a negative internal resistance of
the switched-mode power supply is simulated, which
compensates the positive internal resistance inherently

present, and thereby renders possible a switched-mode

In
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power supply having a very low internal resistance. In

another development of the invention in accordance with
Claims 11-13, an additional circuit measure substantially
improves the turn-off performance of the switching
transistor at the start of the blocking phase. The
invention can be advantageously applied, in particular,
for relatively small television receivers, and likewise
in the case of comparable units such as wvideo recorders
and CD players.

The invention is explained below with reference
to three exemplary embodiments with the aid of the
drawing, wherein
Figure 1 shows the complete c¢ircuit. diagram of a

switched-mode power supply according to
the invention, :
Figure 2 shows a simplified version of the circuit in
accordance with Figure 1, and
Figure 3 shows a modification of the circuit according
to Figure 2.

Figure 1 shows a freely oscillating switched-mode
power supply having terminals 1 conducting the system
voltage UN, the system bridge rectifier 2, the charging
capacitor Cl, the isolating transformer Tr, the switching
transistor Tl and the shunt Rl. The isclating transformer

Tr contains the primary or power winding W1, the further

primary ﬁinding W2, which constructs the circuit in a
freely oscillating fashion and drives the switching
transistor Tl, and the regulating winding W3 which
effects at the output b of the control rectifier 4 a
contreol voltage Ur for stabilising and for switching over
between operation at high power and low power. Tr con-
tains, furthermore, a secondary winding W4 which
generates a first operating voltage U2 at the terminals
6 via the rectifier 5, as well as a second secondary
winding W5 which generates a further operating voltage U3
at the terminals 8 via the rectifier 7. Connected in the
base line of the switching transistor Tl is a blocking
voltage network, having the diodes D1, D2 and the

capacitor €2, which generates a blocking voltage Uv.
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transm tted a9¥kierisS theC (At 1af ¥dMsaddeUl for the switched-mode
power supply, and the point ¢ in the base line of the

switching transistor Tl is the start circuit with the
capacitor €3 and the resistor R2. The circuit as
described so far is known.

The control voltage Ur passes from the point b to
a first threshold circuit with the Zener diode Z1 and the
transistors T2, T3. T3 is a component of a voltage
divider R3, R4 which is connected between the point 4 and
the base of the turn-off transistor T4, whose
collector/emitter junction is connected in series with
the diode D5 between the point ¢ in the base line of the
switching transistor Tl and earth. _

Furthermore, Ur passes via the Zener diode Zl and
the voltage divider consisting of the resistors R5, R6 to
the base of the transistor T5, whose collector is
connected wvia the diodes D5, D9 to the base of the
transistor T6. The collector thereof is connected to the '’
base of the transistor T7, whose collector/emitter
junction is connected in series with the resistor R7 in
parallel with the coupling capacitor C4 in the base line
of the switching transistor Tl. The mode of operation of
the circuit is explained separately below for normal
operation at high power and operation at low power and
packet control of TI.

In normal operation at high transmitted power of
approximately 40-100 watts, Ur firstly becomes smaller
due to the high load of the transformer Tr. Ur then
passes via the conductive Zener diode Zl1l to the base of
T2, and via T3 switches in the resistor R4 more or less
as a voltage divider resistor. The saw-tooth cut-off
voltage Us, which drops due to the saw-tooth current ia
in the flow phase from Tl to Rl, now passes more or less
divided to T4 and has the effect that at a specific value
T4 becomes conductive, earthas the point ¢, interrupts the
base drive voltage for Tl and thereby turns off Tl. Two
limiting cases may now be considered. In the case of

maximum load, that is to say minimum value of Ur, T2 is
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means that Us must assume a larger final value at the
point 4 in order to turn on T4. The current ia thus
reaches a high final value, and this corresponds to a
large transmitted power. In the other limiting case, when
the load at the terminals 6, 8 is low, Ur increases, so
that now T2 becomes conductive and T3 is blocked. Us is
now not divided by R3 and R4 and passes at full value to
the base of T4. This means that it is already the case at
a low value of Us and ia that T4 becomes conductive and
Tl is turned off. This means, in turn, a lower £final
value of ia and thus a lower transmitted power. In normal
operation between these limiting values, stabilisation of
U2 and U3 is now performed by pulse-width_modulation'in
the turn-on duration of Tl. If, for example, the locad at
the terminals 6, 8 increases, the amplitude of all the
pulse voltages generated at the transformer Tr drops, and
thus also does that of the positive control voltage Ur. '’
As a result, a less positive voltage Ur, reduced by the
voltage of the Zener diode Z1l, passes to the base of T2,
so that T2 becomes less conductive and T3 more
conductive. Us is now divided more strongly by R3, R4,
T3. This means that T4 does not become conductive until
later and turns off T1l, that is to say the final values
of Us and ia assume larger final values, the transmitted
power is increased and thus the reduction, assumed at the
beginning, in the wvoltages ﬁz, U3 and Ur is compensated.
T4 thus effects a pulse-width modulation in the driving
of Tl to the effect that the turn-on duration of Tl is
increased by T4 with increasing load. In this way, the
operating wvoltages U2, U3 that are generated are
stabilised. Due to the voltage division by R5 and R6, T5
is still blocked in this case, as a result of which Té6
and T7 are conductive. C4 is thereby bridged and has
virtually no effect in this mode of operation.
If the load at the terminals 6, 8 is substan-
tially reduced, for example in the case of active standby
operation, the amplitude of the pulse voltages at the
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transistor TS now becomes conductive and the point f more

negative, as a result of which the transistors T6 and
thus also T7 are blocked. The capacitor C4 becomes
effective in the base line of Tl due to the blocking of
T7. C4 is thereby charged via the base/emitter diode of
Tl with the polarity represented, until f£finally the
voltage at C4 reaches the positive component of the
voltage delivered by the winding W2 and the switching
transistor Tl is blocked. The packet is thereby
interrupted. There is then produced in the oscillation of
T1 a pause which effects the packet operation described
at the beginning. Tl now remains blocked for a certain
time. As a result, the capacitors at the terminals 6, 8
are no longer recharged, so that Ur drops once again. At
the end of the pause in the packet operation, T5 is
finally blocked once again, T6 and T7 become conductive
once again, and the capacitor C4 is bridged once again,
so that the switching transistor Tl is once again
supplied with base current by the winding W2 and
oscillations are once again produced with full saturation

of T1. Thus, the circuit represented effects automatic

. transition from normal operation at high transmitted
'power and PWM control in the driving of Tl and the packet

operation in which Tl oscillates in each case only during
the burst packets and does not oscillate therebetween for
a time. In the packet operation, T3 is always blocked, so
that Us passes undivided to the base of T4, and thus T1
is already turned off in the case of a low current value
of ia.

The collector of TS5, that is to say the point £,
is still connected to the point ¢ in the base line of T1.
The following is achieved thereby. At the end of the
pause during packet operation, T5 is blocked once again,
as described, so that a positive pulse which passes to
the point c in the base line of Tl occurs at the point £.
It is achieved thereby that the first drive pulse once
again effects full saturation of Tl during the packet.

duced, forhlseghmhsegebﬁk Q@edcase of active standby opera- i ﬂ*"f“h&*ﬁrﬂ’pl—t—t--ud
.of the pul the trans- former Tr, and thus ithe e,.0f, 2 ,
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supplied wt
power loss and risk to T1l, but to a certain extent in a

"hard" fashion.

Further provided between the collector of Tl and
point ¢ is the circuit with the capacitor C5, the diode
D6, the resistor R9, the diode D7, the resistor R10, the
transistor T8 and the diode D8. This additional circuit
serves to improve the blocking of the switching
transistor Tl at the end of the turn-on phase, that is to
say upon cutting of ia, and operates as follows: the
turn-on time of Tl is terminated inherently by the
turned-on T4 by T4 cutting off the base current for T1.
Thereafter, Tl remains conductive without base current
for a certain time, owing to the saturation of charbe
carriers present in the transistor Tl. Tl leaves
saturation after a few us without base current, as a
result of which the collector becomes somewhat positive
with respect to earth. This positive rise is transmitted
to the base of T8 via the attenuation element with C5, D6
and R9, so that T8 becomes conductive and short-circuits
the point ¢ with respect to earth. In the meantime, the
capacitor €2 is recharged with the represented polarity
to the voltage Uv, specifically the sum of the forward
-voltages of D1 and D2. The conductive T8 thus earths the
positive electrode of C2. As a result, the full voltage
Uv becomes effective with negative polarity at the base
of Tl, so that turning off T1 is achieved in a
conceivably short time. D7 serves to protect D8 against
an excessively high negative voltage at the base. The
overall result of the fact that T4 and T8 rapidly turn
off Tl is a particularly small power loss in Tl. The
diode D8 between the collector of T8 and earth has the
following task. Together with the diodes D1, D2, D3, D4
and R in the base line of Tl1l, D8 stabilises the negative
voltage fed by the winding W2 to the base of Tl. The
negative voltage delivered by the winding W2 is high in
an inherently uncontrolled fashion, and can assume

impermissibly high values at the base/emitter junction of
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limit this negative voltage of, for example, greater than
5 volts at the base/emitter junction of Tl. Moreover, an
undesired inverse operation of T8 is thereby prevented.
The negative voltages passing to the base of Tl are then
both limited, specifically the negative voltage of C2 by
the diodes D1 and D2, and the negative voltage from the
winding W2 by the diodes D4, D3, D1, D2 and D8. An
additional protection of Tl against an excessively high
base/emitter voltage is achieved by means of this
circuit.

The network C5, D6, R9 serves additiomally as a
so-called snubber for limiting positive voltage peaks at
the collector of Tl at the start of the blocking phase of
Tl. The network thus advantageously has a double
function, specifically improving the blocking of Tl at
the start of the blocking phase and additionally limiting
positive voltage peaks at the collector of Tl. This is

achieved when the inherently earthed right-hand end of!

the parallel circuit D6/R9 is not directly earthed but is
connected to the base of the auxiliary switching
transistor T8.

Provided further between the point d and the

point b is the additional circuit 9 with the transistor

-TS, the capacitor C6 and the resistors R11l, R12, R13.

This circuit additionally serves to reduce the intermal
resistance at the outputs of the switched-mode power
supply and operates in the following way in the manner of
a controlled current sink: with increasing load, there is
and increase in ia and Us at the point d due to the
pulse-width control. As a result, TS also becomes more
conductive via the resistor R13. Owing to the filtering
effect due to C6, an increased DC load which further
reduces the value of Ur thus becomes effective at the
point b. As a result, the control voltage path is
simulated an additional reduction of Ur, and the effect
of the reduced value of Ur is thus increased to increase
the maximum value of Us and ia. The negative internal

resistance formed by the circuit 9 is thus capable of
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point f,is stedmpensating the inherently still remaining positive
internal resistance of the switched-mode power supply,
and thus of ensuring for normal operation at high
transmitted power a very low internal resistance of the
switched-mode power supply.

Figure 2 shows a simplified version of the
circuit according to Figure 1. The circuit according to
Figure 2 does not contain the circuit 9 for forming a
negative internal resistance, nor does it contain the
‘transistor T7 which short-circuits the coupling capacitor
C4 in the way described. Instead of the transistor T7,
the coupling capacitor C4 is provided with a current path
with the diode D10 and the resistor R15. In the case of
packet operation, in this soclution the base current for
Tl varies in each case during a packet to the effect that
the base current decreases towards the end of the packet.
Since the circuit 9 for reducing the internmal resistance
is not present, it is possible to achieve a low intermal

-

resistance by improved coupling of the transformer Tr,
for example by designing the transformer as a chamber
winding transformer. The feature that the base current
for Tl slightly decreases during a packet because the
coupling capacitor C4 is ﬁot_ short-circuited can be
‘tolerated in view of the simplification of the circuit.

-Moreover, a lower packet frequency of approximately 50 Hz
can thereby be achieved. Such a low packet frequency in
active standby operation is important, because it is
inaudible, and therefore it is not possible for audible
acoustic oscillations or vibrations of the unit to occur
in active standby operation.

The capacitor C6 in parallel with the diode D11
in Figures 1 and 2 has a particular importance for the
starting operation, that is to say in each case when the
receiver is switched on, since then the diode D11l is
firstly blocked. The capacitor C6 has a particular
importance in the case of low system voltages, in order
even then to ensure saturation of Tl and to avoid risk to
Tl due to lack of saturation.

Figure 3 shows a modification of the circuit



connected to the point ¢ in the base line of TL The follo ﬁ&mj§f i
thereby. At the end of the pa
as descri bed,
point ¢ in the base line of Tk
that the first drive pul se once again effects ful
This has the advantage that turning on once again after the

once again,

t he packet.

pause is not performed '

- g%y Operation,
SO tﬁgqggﬁhgg&fﬁgg thse whi ch

eBLET

ST

TH is bI‘"E”H“‘W
agsed Gt prihggy

hi eved thereb

o1 nt It isjad
saturaifc

nof—+Ft—dt+

‘softly" with -al®orr espondi ng power | oss and TT5sk—t

T1, but to a cert

a "hard" fashjon. )
which likewise operates without the

in extent in
according to Figure 2

circuit 9 of Figure 1 and without the transistor T7 for
bridging the coupling capacitor C4. The mode of operation
of the circuit in accordance with Figure 3 is similar to
that of the circuit according to Figure 2.

the sub-

assemblies essential to the invention had the following

In a circuit tested in practice,

values:
Rl: 4.7 ohms C2: 0.68 uF
R2: 22 kohms C3: 4.7 uF
R3 220 ohms C4: 47 R_F
R4 22 ohms C5: 470 pF
(start Q) (packet c) (rectifier C)
C3 : C4 : C (point b) = 1:10:100
4.7 pF 47 uF 470 uF )
R5 100 kohms
R6 100 kohms
R7 - 10 ohms
RS 220 ohms
R10 470 ohms
R11l 100 ohms
R12 10 ohms
R13 100 ohms )
C6: 22 uF
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t he bl witching transistor Tl at the end gf it he turn-on

phase, upon cutting of -i @1 and operates as fottTowsTThe

turn-on tinme of Tl is termnated inherently by the turned-on transistor T4

by T4 cutting off the base currentpdpentlcldimseafter, T1 remains

conductive w,thout b r er.ai | | t ration

of charge cakri er s p?‘é‘is&ﬁ.&r gggiiggtinﬁ' 5@ et b 8Bno QY Phvek t RappaiH ._
having a switching transistor (T1l) and a transformer (Tr)

Furt her provi ded between the colle " | nt d iﬂépw%mr%i §HE 'Ttr
a capagl bQr, LS, a di ode D6, a resi g,ﬂmmi"i”@mﬂﬁilﬂ g rlesistor R10, &
t ansi 5'4 ﬂﬂ‘ﬁn nﬁe cgde D8. This addi ki onal w serjves 1@ FiB 19dve

with a power winding (W1l), a drive winding (W2) deliver-
ing the switching voltage, and a regulating winding (W3)
which delivers via a measuring rectifier (4) a control
voltage (Ur) for varying the duration of current flow of
the switching transistor (Tl), a cut-off voltage (Us)
tapped at the switching transistor (T1) by a shunt (R1)
cutting off via a switch (T4) the base drive voltage at
the switching transistor (Tl), characterised in that the
output (b) of the measuring rectifier (4) divides the
cut-off voltage (Us) via a first circuit (21, T2, T3)
with a first threshold value and switches on a coupling
capacitor (C4) in the base line of the switchiﬁg
transistor (T1l) via a second circuit (Z1, T5-T7) with a
second threshold value.

2. Switched-mode power supply according to Claim 1,
characterised in that the output (b) of the measuring
rectifier (4) is applied via a Zener diode (Z1) to the
control electrode of a transistor circuit (T2, T3) which
forms a component of a first voltage divider (R3, R4) for
the cut-off voltage (Us). '

3. Circuit according to Claim 2, characterised in
‘that the output of the first voltage divider (R3, R4) is
connected to the base of a turn-off transistor (T4) whose
collector/emitter junction is connected between the base
line of the switching transistor (T1l) and earth.

4, Circuit according to Claim 1, characterised in
that the output (b) of the measuring rectifier (4) is
connected via a threshold circuit to the control input of
a transistor amplifier (T5-T7) whose output is connected
in parallel with the coupling capacitor (C4) in the base
line of the switching transistor (T1).

5. Circuit according to Claims 2 and 4,
characterised in that a Zener diode (Zl) common to both
circuits is connected, on the one hand, to the output (b)
of the measuring rectifier (4) and, on the other hand;
directly to the control input of the transistor circuit
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Circuit according to Claim 5, characterised in
that the output of the voltage divider (R5, R6) 1is
connected to the base of a first transistor (TS5) whose
collector is connected to the base of a second transistor
(T6) and whose collector is connected to the base of a
third transistor (T7) whose collector/emitter junction is
connected in parallel with the coupling capacitor {C4).
7. Circuit according to Claim 6, characterised in
that the collector of the first transistor (T5) is
additionally connected to a point (c) in the base line of
the switching transistor (Tl).

8. Circuit according to Claim 1, characterised in
that there is connected between the regulating windiﬁg
(W2) and the base of the switching transistor (T1l) a
diode circuit (D3, D4) polarised in such a way that when
the switching transistor (Tl) is turned off, an
additional blocking voltage passes from the regulating'’
winding (W2) to the switching transistor (T1).

S. Circuit according to Claim 1, characterised in
that the peak value of the cut-off voltage (Us) is used
to control a load (9) which is connected in parallel with
the output (b) of the measuring rectifier (4).

" 10. Circuit according to Claim 9, characterised in
that the cut-off voltage (Us) is applied to the base of
a transistor (T9) whose collector is earthed wvia a
capacitor (C6) and is connected via a resistor (R11l) to
the output (b) of the measuring rectifier (4), and whose

emitter is earthed wvia a resistor (R12).

11. Circuit according to Claim 1, characterised in

that the collector of the switching transistor (Tl) is
connected via an amplitude-selective circuit which
responds to the positive pulse at the start of the
blocking phase to the base of an auxiliary turn-off
transistor (T8) whose collector/emitter Jjunction is
connected between a point (¢) in the base line of the
switching transistor (T1l) and earth.

12. Circuit according to Claim 11, characterised in



at the base. The overall result of the fact that T4 and| TS tFrLa.pEMEmtsmtnro
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co st i T

that the collector of the auxiliary turn-off transistor
(T8) is connected to the electrode, averted from the base
of the switching transistor (T1l), of a capacitor (C2)
which is connected in the base line of the switching
transistor (T1l) and stores a blocking voltage (Us).

13. Circuit according to Claim 11, characterised in-
that the amplitude-selective circuit contains a snubber
network composed of the series circuit of a capacitor
(C5) and the parallel circuit of a resistor (R9)  and a
diode (D6).

14. Circuit according to Claim 11, characterised in
that connected between the collector of the auxiliary
turn-off transistor (T8) and earth is a diode (D8) which
together with diodes (D1-D4) in the base line of the
switching transistor (T1l) limits the negative voltage at
the base of the switching transistor (T1).
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FREELY OSCILLATING SWITCHED-MODE POWER SUPPLY

Abstract

Self-oscillating switched-mode power supply

It is known when switchihg over to low trans-
mitted power in switched-mode power supplies in the case
of active standby operation to turn on the switching
transistor only by means of packets of pulses between
which there are relatively long pauses. The object isj to
provide a switched-mode power supply for such a packet
control which operates by means of pure primary control,
requires no special ICs, switches over automatically
between normal operation by means of PWM and packet
operation, and has a high efficiency. ,

The output of a measuring rectifier (4) divides
th;e cut-off voltage (Us), via a first circuit (zZl1l, T2,
T3) with a first threshold wvalue, . for the turn-off
transistor (T4), and via a second circuit ‘(Zl, T5-T7)
with a second threshold value switches a coupling
capacitor (C4) into the base line of the switching
transistor (T1l).

Particularly for switched-mode power supplies
without ICs for television receivers of relatively ']_.ow
power

‘Figure 1
This Sheet Has Been Replaced
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FREELY OSCILLATING SWITCHED-MODE
POWER SUPPLY

BACKGROUND OF THE INVENTION

This invention is directed to a freely oscillating
switched-mode power supply. Switched-mode power
supplies having control only on the primary side of the
isolating transformer have the advantage that there is
no need for 2 transmission element for transmitting a
controlled variable from the secondary side of the pri-
mary side of the transformer. However, there is the
disadvantage that the voltages to be stabilized on the

" secondary side are not directly evaluated and thus the
control for stabilizing these voltages is frequently not
sufficient. Switched-mode power supplies having con-
trol on the secondary side to the primary side have the
advantage that effective stabilization is achieved by the
direct evaluation of the secondary-side voltages to be
stabilized. However, there is the disadvantags that an
element, such as an isolating transformer or an optocou-
pler, is required to transmit a controlled variable from
the secondary side to the primary side.

When such switched-mode power supplies in a televi-
sion receiver are switched over for active standby oper-
ation to a low transmitted power of approximately 5-8
watts, the switching transistor would need to be
switched on only for very short times. This can result in
relatively high switching losses and risk to the switch-
ing transistor. It is therefore known in the case of opera-
tion with low transmitted power to switch on the
switching transistor only in a packet-like or burst-like
fashion with a sufficiently long turn-on time and suffi--

- ciently high current and to cause it to be blocked there-
between for a relatively long time during which abso-
Iutely no power is transmitted. Switched-mode power
supplies which operate according to this principle are
relatively complicated in design and generally require
special integrated circuits.

SUMMARY OF THE INVENTION

The object of the invention is to provide a freely

" oscillating switched-mode power supply, which has
discrete subassemblies and requires no special ICs, ren-
ders possible antomatic operation using PWM control
for stabilization in the case of full transmitted power
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and packet control in the case of low transmitted
power, is short-circuit-proaof, provides effective stabili-
zation despite the pure primary control, and has 2 good
efficiency.
The switched-mode power supply according to the
invention essentially has several advantages. Because
control is only on the primary side, there is no require-
ment for an element to transmit a controlled variable
from the secondary side to the primary side. However,
effective stabilization of the operaring voltages gener-
ated on the secondary side is achieved by PWM control
in the case of normal operation at high power by con-
trolled division of the cut-off volrage tapped from a
shunt. Because there are two circuits with different
threshold values, there is an automzatic transition from
.PWM control in normal operation to packet control in
operation at low transmitted power. In this case, use is
preferably made of subassemblies, aiready present, for
‘switching on and realizing these different modes of
operation. The primary side formss an oscillator by
means of which the switched-mode power supply is
constructed in a freely oscillating fashion. Moreover,

this oscillator has two functions. In the case of high
transmitted power in normal operation, it effects contin-
uous PWM control in driving the switching transistor,
but on the other hand, in the case of low transmitted
power, it automatically cffects a pause in driving the
switching transistor in order to achieve the described
packet operation.

In accordance with the invention, a negative internal
resistance of the switched-mode power supply is simu-
lated, which compensates the positive internal resis-
tance inherently present, and thereby renders possible a2
switched-mode power supply having a very low inter-
nal resistance. In another facet of the invention, an
additional circuit measure substantially improves the
turn-off performance of the switching transistor at the
start of the blccking phase. The invention can be advan-
tageously applied, in particular, for relatively small
television receivers, and likewise in the case of compa-
rable units such as video recorders and CD players.



cording to FIG 1 The circuit according to FIG 2 does not

contain the

circuit 9 for formng a negative internal resistance, nor
the transistor T7 which short-circuits the coupling capaci
described. Instead of the transistor T7, the coupling capa
provided with a current path with the di ode D10 and the rg
the case of packet operation, in this solution the base ¢
varies in each case during a packet to the effect that thg
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DESCRIPTION OF THE DRAWING

- The invention is described with reference to the
drawing, in which:

FIG. 1is a circuit diagram of a preferred embodiment
of a switched-mode power supply; ,

FIG. 2 is a simplified version of the circuit in accor-
dance with FIG. 1; and
FIIEIG. 3 is a modification of the circuit according to

. 2.

DETAILED DESCRIPTION

FIG. 1 shows a freely oscillating switched-mode
power supply having input terminals 1 providing the .

system voltage UN, a system bridge rectifier 2, a charg-
ing capacitor C1, an isolating transformer Tr, a switch-
ing. transistor T1 and a shunt R1. The isolating trans-
former Tr contains a primary or power winding W1, a
farther primary winding W2, which constructs the
. circuit in a freely oscillating fashion and drives the
switching transistor T1, and a regulating winding W3,
which effects at the output b of the control rectifier 42
. control voltage Ur for stabilizing and for switching

‘over between operation at high power and low power.

Transformer Tr includes a secondary winding W4,
which generates a first operating voltage U2 at the
terminals 6 via the rectifier 5, and a second secondary
winding W5, which generates a further operating volt-
age U3 at the terminals 8 via the rectifier 7. Connected
in the base line of the switching transistor T1 is 2 volt-
age blocking network, including diodes D1, D2 and the
capacitor C2, which generates a blocking voltage Uv.
Also, connected between the point a, which delivers the
operating voltage Ul for the switched-mode power
supply, and the point ¢ in the base line of the switching
transistor T1 is a start circuit with a capacitor C3and a
resistor R2. The circuit as described so far is known.
The control voltage Ur passes from the point b to a
first threshold circuit having a Zener diode Z1 and
transistors T2, T3. Transistor T3 is a component of a
voltage divider, including resistors R3 and R4, which is
connected between the point d and the base of the turn-
off tramsistor T4, the collector/emitter junction of
which is connected in series with a2 diode DS between



present, it is possible to achieve a lowinternal resistance
coupling of the transfornmer Tr, for exam ple by designing

as a chanber wi nding transformer. The feature that the base
slightly decreases during a packet because the coupling caph
short-circuited can be tolerated in view of the sinplificat
circuit Mreover, a |ower packet frequency of approximtely
t hereby be achi eved. Such a | ow packet freguency in active s
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possi bl e for audible abeysihCc in the base line of the switching transistor T1

by i nproved
transf ormer

cmﬁmogmtm ch‘fET

citot -5—Rot

iR b}ﬁz. 1998

tandhy
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and ground.
Control voltage Ur also passes, via the Zener diode
Z1 and the voltage divider consisting of the resistors RS

and R6, to the base of the transistor T5, the coilector of
which is connected via the diodes D5 and D9 to the
base of the transistor T6. The collector of transistor T6
is connected to the base of a transistor T7, the collec-
tor/emitter junction of which is connected in series
with a resistor R7 in parallel with the coupling capaci-
tor C4 in the base line of the switching transistor T1.
The mode of operation of the circuit is explained sepa-
.rately below for normal operation at high power and
operation at low power and packet control of T1.

In normal operation at high transmitted power of
approximately 40-100 watts, voltage Ur first becomes
smaller due to the high load of the transformer Tr. Ur
then passes via the conductive Zener diode Z1 to the
base of T2, and via T3 switches in the resistor R4 more
or less as a voltage divider resistor. The sawtooth cut-

off voltage Us, which drops due to the sawtooth curreat
. iain the flow phase from T1 to R1, now passes more or
less divided to T4 and has the effect that at a specific
11mdue'T4 becomes conductive, grounds the point ¢,

interrupts the base drive voltage for T1 and thercby
turns off T1. Two limiting cases may now be consid-
ered. In the case of maximum load, there is to say mini-
mum value of Ur, T2 is blocked, as a result of which T3
becomes conductive. Us is now divided in a maximum
fashion by R3 and R4. This means that Us must assume
alargerﬁna.lvalucatthepointdin order to turn an T4.
The current ia thus reaches a high final value, and this
tanspondsu)ahngetnumnuﬂmdpovmm.hzﬂu:oﬁur
hmmng case, when the load at the terminals 6, 8 is low,
Ur increases, so that now T2 becomes conductive and
T3 is blocked. Us is now not divided by R3 and R4 and
passes at full value to the base of T4. This means that it
is already the case at a low value of Us and ia that T4
becomes conductive and T1 is turned off. This means, in
turn, a lower final value of iz and thus a lower transmit-
ted power. In normal operation between these limiting
values, stabilization of U2 and U3 is now performed by
pulse-width modulation in the turn-on duration of T1.
If, for example, the load at the terminals 6, 8 increases,



oscillations or vibrations of the unit to occur in activ
oper ati on. The capacitor C6 in paranel wth the diode
2 has a particular inportance for the start- ing operati

that is tos y

in each case when the re- ceiver is switched on, since tpe t%éﬁd?R)dﬁggjl
is firstly blocked. The capacitor C6 has a particular inportance in the
case of |ow systemvoltages, in order eweg fhen to ensurje saturati

and to avoid risk to Tl due to |ack of saturation. FI

modi fi cation of theths amplitude of allithe pulse voltages generated at the
transformer Tr drops, and thus also does that of the
positive control voltage Ur. As a result, 2 less positive
voltage Ur, reduced by the voltage of the Zener diode
Z1, passes to the base of T2, so that T2 becomes less
conductive and T3 more conductive. Us is now divided
more strongly by R3, R4, T3. This means that T4 does
not become conductive until later and turns off T1, that
is to say the final vaines of Us and ia assume larger final
values, the transmitted power is increased and thus the
reduction, assumed at the beginning, in the voltages U2,
U3 and Ur is compensated. T4 thus effects a pulse-width
modulation in the driving of T1 to the effect that the
turn-on duration of T1 is increased by T4 with increas-
ing load. In this way, the operating voltages U2, U3 that
are generated are stabilized. Due to the voltage division
by RS and R6, T5 is still blocked in this case, as a resuit
of which T6 and T7 are conductive. C4 is thereby
bridged and has virtually no effect in this mode of oper-
ation.

If the load at the terminals G, 8 is substantially re-
duced, for example in the case of active standby opera-
tion, the amplitude of the pulse voltages at the trans-
former Tr, and thus the value of Ur, increase. Despite

... thedivision by the voltage divider RS, R, the transistor
-7 . 'T5 now becomes conductive and the point f more nega-
‘tive, as a result of which the transistors T6 and thus also

T7 are blocked. The capacitor C4 becomes effective in

the base line of T1 due to the blocking of T7. C4 is
thereby charged via the base/emitter diode of T1 with
the polarity represented, until finally the voltage at C4
reaches the positive component of the voltage delivered
by the winding W2 and the switching transistor T1 is
blocked. The packet is thereby interrupted. There is
then produced in the oscillation of T1 a pause which
effects the packet operation described at the beginning.
T1 now remains blocked for a certain time. As a result,
the capacitors at the terminals 6, 8 are no longer re-
charged, so that Ur drops once again. At the end of the
pause in the packet operation, T5 is finally blocked once
again, T6 and T7 become conductive once again, and
the capacitor C4 is bridged once again, so that the
switching transistor T1 is once again supplied with base
current by the winding W2 aad oscillations are once
again produced with full saturation of T1. Thus, the
circuit represented effects automatic tramsition from



to FIG 2 which |Iikew se operates without the circuit 9 of ELG __1 and

wi thout the transistor T7 for bridging the coupling capaci ongm
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the circuit according to FIG 2.
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normal operation at high transmitted power and PWM———re__|
control in the driving of T1 and the packet operation in

which T1 oscillates in each case only during the burst

packets and does not oscillate therebetween for a time.

In the packet operation, T3 is always blocked, so that

Us passes subdivided to the base of T4, and thus T1 is

already turned off in the case of a low current value of

ia. :

The collector of TS, that is to say the point f, is still
connected to the point ¢ in the base line of TL The
following is achieved thereby. At the end of the pause
during packet operation, T5 is blocked once again, as
described, so that a positive pulse which passes to the
point ¢ in the base line of T1 occurs at the point f. It is
achieved thereby that the first drive pulse once again
effects full saturation of T1 during the packet. This has
the advantage that turning on once again after the pause
is not performed “softly” with a corresponding poweér
loss and risk to T1, but to a certain extent in 2 “hard”
fashion.

Further provided between the collector of T1 and
point c is a circuit with a capacitor CS, a diode D6, a
resistor R9, a diode D7, a resistor R10, a transistor T8
and a.diode D8, This additional circuit serves to im-

_prove the blocking of the switching transistor T1 at the
endofthetum—onphase,thattstosayuponcntungof
ia, and operates as follows: the turn-on time of T1 is
terminated inherently by the turned-on transistor T4 by
T4 cutting off the base current for T1. Thereafter, T1
remains conductive without base current for 2 certain
time, owing to the saturation of charge carriers present
in the transistor T1. T1 leaves saturation after a few us
without base current, as a result of which the collector
becomes somewhat positive with respect to ground. In
the meantime, the capacitor C2 is recharged with the
represented polarity to the voltage Uv, specifically the
sum of the forward voltages of D1 and D2. The con-
ductive T8 thus grounds the positive electrode of C2.
As a result, the full voltage Uv becomes effective with
negatNe polarity at the base of T1, so that turning off
T1is achieved in a conceivably short time. D7 serves to
protect D8 against an excessively high negative voltage
at the base. The overall result of the fact that T4 and T8
rapidly turn off T1 is a particularly small power loss in
T1. The diode D8 between the collector of T8 and
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ground has the following task. Together with the di-
odes D1, D2, D3, D4 and R in the base line of T1, D8
stabilizes the negative voltage fed by the winding W2 to
the base of T1. The negative voltage delivered by the
winding W2 is high in an inherently uncontrolled fash-
ion, and can assume impermissibly high values at the
base/emitter junction of T1. The sub-assemblies D4,
D3, D1, D2 and D8 serve to limit this negative voltage
of, for example, greater than 5 volts at the base/emitter
junction of T1. Moreover, an undesired inverse opera-
tion of T8 is thereby prevented. The negative voltages
passing to the base of T1 are then both limited, specifi-
cally the negative voltage of C2 by the diodes D1 and
D2, and the negative voltage from the winding W2 by
the didoes D4, D3, D1, D2 and D8. An additional pro-
tection of T1 against an excessively high base/emitter
voltage is achieved by means of this circuit.

The network CS, D6, R9 serves additionally as a
so-caiied snubber for limiting positive voltage peaks at
the collector of T1 at the start of the blocking phase of
TI. The network thus advantageously has a double
function, specifically improving the blocking of T1 at
the start of the blocking phase and additionally limiting
positive voltage peaks at the collector of TR1. This is
achieved when the inherently grounded right-hand end
of the parallel circuit D6/R9 is not directly grounded
but is connected to the base of the auxiliary switching
transistor T8.

Provided further between the point d and the point b
is the additional circuit 9 with the tramsistor T9, the
capacitor C6 and the resistors R11, R12, R13. This
circuit additionally serves to reduce the internal resis-
tance at the outpats of the switched-mode power supply
and operates in the following way in the manner of a
controlled current sink: with increasing load, there is an
increase in ia and Us at the point d due to the pulse-
width control. As a resuit, T9 also becomes more con-
ductive via the resistor R13. Owing to the filtering
effect due to C6, an increased DC load which further
reduces the value of Ur thus becomes effective at the
point b. As a result, the control voltage path is simu-
lated an additional reduction of Ur, and the effect of the
reduced value of Ur is thus increased to increase the
maximom value of Us and ia. The negative internal
resistance formed by the circuit 9 is thus capable of
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compensating the inherently still remaining positive
internal resistance of the switched-mode power supply,
and thus of ensuring for normal operation at high trans-
mitted power a very low internal resistance of the
switched-mode power supply.

FIG. 2 shows a simplified version of the circuit ac-
cording to FIG. 1. The circuit according to FIG. 2 does
not contain the circuit 9 for forming a negative internal
resistance, nor does it contzain the transistor T7 which
short-circuits the coupling capacitor C4 in the way
described. Instead of the tramsistor T7, the coupling
‘capacitor C4 is provided with a current path with the
diode D10 and the resistor R15. In the case of packet
operation, in this solution the base current for T1 varies
in ecach case during a packet to the effect that the base
current decreases towards the end of the packet. Since
the circuit 9 for reducing the internal resistance is not
present, it is possible to achieve a low internal resistance
by improved coupling of the transformer Tr, for exam-
ple by designing the transformer as a chamber winding
transformer. The feature that the base current for T1
slightly decreases during a packet because the coupling
capacitor C4 is not short-circuited can be tolerated in
view of the simplification of the circuit. Moreover, a
lower packet frequency of approximately 50 Hz can
thereby be achieved. Such a low packet frequency in
active standby operation is important, because it is inau- -
dible, and therefore it is not possible for audible acoustic
oscillations or vibrations of the unit to occur in active
standby operation.

The capacitor C6 in parallel with the diode D11 in
FIGS. 1 and 2 has a particular importance for the start-
ing operation, that is to say in each case when the re-
ceiver is switched on, since then the diode D11 is firstly
blocked. The capacitor C6 has a particular importance
in the case of low system voltages, in order even then to
ensure saturation of T1 and to avoid risk to T1 due to
lack of saturation..

FIG. 3 shows a modification of the circuit according
to FIG. 2 which likewise operates without the circuit 9
of FIG. 1 and without the transistor T7 for bridging the
coupling capacitor C4. The mode of operation of the
circuit in accordance with FIG. 3 is similar to that of
the circuit according to FIG. 2.
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In a circuit tested in practice, the sub-assemblies es-
sential to the invention had the following values:

RI: 4.7 ohms Q2 Q.68 pF
R2: 22 kohms C3: 4.7 pF
R3 220 ohms C4: 47 pF
R4 2 ohms CS: 470 pF
(start C) (packetc} (rectifier C)
C3 : : C (point b) = 1:10:100

4.7 u¥ 47 uF " 470 uF
RS 100 kohms
Ré 100 kohms
RT 10 ohms
RS9 220 ohms
RIO 470 ohms
R11 100 ohms
RI2 10 ohms
R13 100 ohms
Cé6: 22 uF

I claim:

1A Ereely oscillating mtched-mode power supply
comprising:

an'amformerhawngapmnarywmdmg. a secondary
winding for providing an output voltage, and a
regulating winding for providing a measuring volt-
age, .

a switching transistor, lnvmg'a'cmnﬁvollngeand
being coupled to said primary winding for control-
ling current therein;

means for generating a control voltage coupled to
said measuring voltage;

- first feedback means for varying said cutoff voltage -
+  respomsive to said control voltage when said con-
trol voltageexceedsaﬁxstthrsholdvah:gand
second feedback means respomsive to said control
voltage for initiating burst mode operation of said
switching transistor when said control voltage
exceeds a second threshold value.

2. The power supply of claim 1 wherein said first
feedback means comprises a potential divider with a
control transistor.

3. The power supply ofclaimlwhereinsaidsecond
feedback means comprises voltage divider networks
incleding transistors and & capacitor.

4. The power supply of claim 3 further wherein said
capacitor is switched in the base line of said switching
transistor.
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In a circuit tested in practice, the sub-assemblies es-
sential to the invention had the following values:

RL: 4.7 ohms 2 0.68 pF
R2: 22 kohms C3: 4.7 pF
R3 220 ohms C4: 47 u.F
R4 2 ohms CS: 479 pF
(start C) (pad:etc) (rectifier C)
c3 : :  C(pointb) = 1:10:100

4.7 pF - 47 uF " 470 pF
RS 100 kohms
R6 100 kohms
RT 10 ohms
R9 220 ohms
R10 470 ohms
R11 100 ohms
R12 10 ohms
R13 100 ohms
C6: 2 uF

X claim:

1. A Ereely oscillating sthched-mode power sapply
comprising:

atransformerhavmga.pmarywmdmg. a secondary
winding for providing an output voltage, and a
regulatmg winding for providing a2 measuring volt-

aswztchmgu'anszstor,havmgaamﬁ'voltageand
being coupled to said primary winding for control-
ling current therein;
means for generating a control voltage coupled to
said measuring voltage;

ﬁrstfeedbackmeansforvarymgsudcutoﬁ'vollage
responsive to said control voltage when said con-
trolvolugeexceedsaﬁlstthrsholdvalue;md

second feedback means responsive to said control
voltageforzmuaungburstmodeoperauonofsmd
switching transistor when said control voltage
exceeds a second threshold value.

2. The power supply of claim 1 wherein said first
fecdbackmeanscompnsesapotenﬁaldlwdermtha
control transistor.

3. The power supply of claim 1 wherein said second
feedback means comprises voltage divider networks
including transistors and a capacitor.

4. The power supply of claim 3 further wherein said
capacitor is switched in the base line of said switching
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5. The power supply of claim 2 wherein said first
feedback means couples a current sample from said
switching transistor to provide control thereof.

6. The power supply of claim 1 wherein said means
for generating said control voltage is a rectifier.

7. Thepowersupplyofclmmlﬁxrtheroompriung
means for varying said control voltage responsive to a
current sample from said switching transistor.
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FREELY OSCILLATING SWITCHED-MODE POWER SUPPLY
ABSTRACT

A freely oscillating switched-mode power supply includes a
transformer having a power winding for providing an output
voltage, a drive winding for providing a switching voltage
"and a régulating winding for providing a measuring voltage.
A switching transistor provides a cutoff voltage to change

" the output voltage. A rectifier receives the measuring
voltage and generates a control voltage representative of the
measuring voltage. A first voltage divider receives the
control voltage and turns the switching transistor on when
the cutoff voltage is above a first threshold value. A second
voltage divider receives the control voltage and turns the
switching transistor off when the cutoff voltage is below a
second threshold value. |

Fig 1.
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In & circuit tested m ice. the sub-assembiies es-
sential to the invention had the following values:
RL: 47 obms e Q.68 pgF
R 22 kohms 3 47 pF
R3 220 ghnos Cé: 47 pF
R4 2 obms . CSE) €10 pF
S ‘é:‘“‘"’ (tu&é@m b) = 1:1C:100
4T gF 47 uF " 4N pF
RS 100 kohms
RS 100 kohms
RY 10 olms
RS 220 obms
RIO0 470 chms
R11 100 chms
R2 10 chxs
R13 100 okms
C& 2 uF .
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REPLACEMENT SHEET
I claim: |
L A freely oscillating switched-made powes suppl
comprising:

a transformer having 2 primary winding, a secandary
winding for providing an cutput voltage, and 2
regulating winding for providing 2 measuring voit-

respansive to said control voltage when said con-
trol voltage exceeds 2 first threshold value; and
mondfeedbackmrspomemaﬂm}
voltage for inmitiating burst mode operation
switching transistor when ssid contral voltage
exceeds a second threshold valge.
ZThepowersupplyofdaﬁn.lwhaqnsnd.ﬁ:st
feedback means comprises a potential divider with a
control transistor. . -
3. The power supply of claimt 1 wherein said second
feedback means comprises voltage divider networks
- including transistors and & capacitor. o
4.Thcpowersnpplyofdm3ﬁxrthuwhams.nd
capacitor is switched in the base ine of said switching
transistor.

S. The power supply of claim 2 wherein said first
feedback means couples a current sample from said
switching transistor to provide control thereof. |

6. The power supply of claim 1 wherein said means
for generating said control valtage is & rectifier.

7. The power supply of claim 1 further comprising
means for varying said control voltage respoasive to a
Current sample from said switching transistor.



