June 19, 1962 J. E. MURPHY ETAL 3,040,271
TRANSISTOR CONVERTER POWER SUPPLY SYSTEM
Filed Oct. 5, 1959 2 Sheets-Sheet 1

TRANSM/TTER
RECEIVER

e
T serh & Mgt
3 0Sé€, . (44
BY %ﬂc‘;’g’ e ‘S'/arge?éy

2t .8

ATTORNEY




June 19, 1962 J. E. MURPHY ETAL 3,040,271

TRANSISTOR CONVERTER POWER SUPPLY SYSTEM

Filed Oct. 5, 1959 2 Sheets~Sheet 2

e
L

ﬂ?[&ﬁﬁAﬂDl@%i@ﬁf
SWITCHING MEANS

+ Vb'

\Q

nY

INVENTORS

Tasenls & Ml lby,&
BY Fruwcis o, Sterzac

/%/a@/

AT TORNEY




United States Patent Off;

3,040,271
Patented June 19, 1962

1ce

1

3,040,271
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Filed Oct 5, 1959, Ser. No. 844,567
7 Clatms. (Cl 331—113)

This invention relates to power supply systems and
more particularly to a converter circuit utilizing a tran-
sistor oscillator and rectifier as a power supply for vari-
able loads.

The transistor converter is especially well ada apted for
developing a relatively high direct voltage from a low
direct voltage source and is especially useful as a power
supply for mobile radio equipment or the like. When
such converter circuits supply a constant load, the operat-
ing efficiency is relatively high and a very compact, light-
weight, power supply system is realized.” However, in
many applications, the load on the converter circuit is
variable, such as in radiotelephone equipment where the
converter circuit supplies high voltage to both the trans-
mitter and the receiver. In such applications the trans-
mitter represents a considerably heavier load than the
receiver and the current drawn may vary by a factor of
the order of 2 to' 1. When the converter circuit is designed
for the high power load, the converter efficiency is sub-
stantially diminished in operation at the lighter load.

In the transistor oscillator of such converters, the feed-

back current necessary to start and sustain oscillations is
determined by the magnitude of the load. The feedback
current is, in turn, determined by the turns ratio of the
feedback winding and- the feedback circuit resistance.
With these parameters- designed for operation at the
heaviest load to be encountered, the feedback -current be-
comes excessive at reduced loads. Consequently, the
excess feedback current results in dissipated power in the
feedback circuit. Furthermore, the -excessive feedback
current causes the transformer core to be driven further
into the saturation region than is necessary -for proper
switching action and; consequenily, the transformer core
loss is increased. It is therefore desirable to select the
feedback current so that it is just sufficient to start and
maintain oscillations for the existing load.
" In accordance with this invention, the transistor oscil-
lator is provided with feedback current or driving power
which is changed in correspondence with load changes.
Where the transistor converter supplies the transmitter
and teceiver of a radiotelephone, the feedback circuit is
modified by switching means actuated by the push-to-talk
relay. In one embodiment of the inveuntion, the feed-
back circuit resistance is decreased by switching a resistor
out of the feedback circuit for operation in supplying the
transmitter or heavy load. In another embodiment, the
feedback current is modified by tap switching on the
feedback winding of the transformer. To ensure starting
of the converter circuit under load, the starting bias in
the feedback circuit must be apportioned to the selected
load.  This is accomplished concurrently with the modi-
fication of thé feedback current by a voltage divider con-
nected through the switching means. with the starting
resistors. - Although the invention is of general applica-
tion, as illustrated in connection with a radiotelephone; it
is especially advantageous in applications where it is
desirable to isclate the feedback current from the load
current.

A more complete understanding of this invention may
be had from the detailed description which follows,
taken with the accompanying drawings in which:

FIGURE 1 is a schematic diagram of the inventive
converter circuit;

2

FIGURE 2 shows a modification of the converter cir- -
cuit; and

FIGURE 3 is a graphical representatxon of the tran-
sistor collector characteristics, together with two different

5 load lines for the converter circuit‘

10

Referring now to the drawings, there is shown an illus-
trative. embodiment of the invention in a power supply
system using-a converter circuit for developing relatively
high direct voltages from a low voltage source for supply-
ing the electron tube plate voltages of a transmitter and
a receiver in a radiotelephone. In general, the converter

" circuit includes a transistor: oscillator 10 energized from
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yesistor 44. A condenser 48

a direct voltage source or battery 12. A saturable core
transformer 14 includes a primary winding 16 connected
in the oscillator output circuit and includes a feedback
winding 18 connected in oscillator feedback circuit for
sustaining oscillations. A first load circuit including a
rectifier 20 is connected across a transformer secondary
winding 22 and a second load circuit including a rectifier
24 is connected across a selectable portion of a secondary
winding 26. - A push-to-talk switch 27 controls a relay 28
which ‘actuates switching means in the load circuits and
in the feedback circiiit to selectively energize the receiver
and transmitter and s1mu1taneous1y change the feedback
current or driving power in the transistor oscillator.
Considering the power supply circuits in more detail,
the transistor oscillator 10 comprises a pair of transistors
30 and 32 connected in a common emitter configuration
with the saturable core transformer 14. In the illustrative
embodiment, the transistors are of the PNP type and the
transformer core material is of the type having a sub-
stantially rectangular hysteresis loop. The oscillator is
supplied from battery 12 which has its negative terminal
connected to a point of reference potential or ground.
In the oscillator output circuit, the emitter electrodes of
the transistors are connected together and through a con-
ductor 34 to the positive terminal of the battery. The -
primary winding 16 has'a center.tap connected to ground
and the collector electrode of transistor 30 is connected
through the upper half of primary winding 16 and through
the center tap to ground Similarly, the collector elec-
trode of tramsistor 32 is connected through the lower half
of the primary winding 16 and the center tap to ground.
In the feedback circuit of -the oscillator, the feedback
winding 18 has a center tap connected through a conduc-
tor 36, a current limiting resistor 38, and a starting resistor.
40-to the emitter eleéctrodes of transistors 39 and 32. The
base electrode of transistor 30 is connected through the
lower half of the feedback winding 18 to the center tap
and the base electrode of transistor 32 is connected
through the upper half of the feedback winding to the
center tap. A feedback selector switch 42 actuated by the
relay 28 is.connected in parallel with the current limiting
resistor 38 and is closed -when' the relay 28 is energized.
Starting current for the transistors 3¢ and 32 is provided
by the voltage drop-across the starting resistor 49 which
is connected across the battery 12 in series with a voltage
divider resistor 44. When the switch 42 is closed, the
starting voltage across resistor 40 is increased by the con-
nection ‘of a voltage divider resistor 46 in parallel -with
is..connected ‘between . the
center tap of the feedback winding and. ground and hence
in parallel with the current limiting resistor 38 and start-
ing resistor 4¢ to modify the waveshape of the feedback
current to enhance the switching action of the transistors.
The operation of the transistor oscillator is well known
so a detailed description is-omitted but 'a brief descrip-
tion will be ‘helpful -béfore further consideration: of the
inventive features. Starting of oscillations arises from
inherent differences in the transistors 30 and 32, even
though they are of the same type, since any.slight un-
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balance causés the current in the input circuit of one
transistor to exceed that of the other. For the sake of
explanation, assume that the starting current of the tran-
sistor 30 predominates and causes its collector current,
through upper half of primary winding 16, to increase.
This increasing current will induce a voltage in the feed-
back winding 18 in the proper phase to increase the for-
ward bias on transistor 3¢ causing it to become more
conductive and will decrease the forward bias on tran-
sistor 32 causing it to become nonconductive. The col-
lector current of transistor 39 increases substantially
linearly with respect to time. until the transformer core is
driven into its saturation region. At this point, the rate
of change of flux decreases and the induced voltage in the
feedback winding decreases causing the conduction of
transistor 30 to decrease. Consequently, the magnetic
field of the transformer commences to collapse and the
reversal of flux causes the induced voltage in the feedback
winding to reverse in phase. This phase reversal causes
transistor 39 to be cut off and transistor 32 to become
conductive. Consequently, the collector current of tran-
sistor 32 through the lower half of the primary winding 16
increases until the transformer core reaches saturation
at which time the feedback voltage decreases and reduces
the conduction of transistor 32. Upon the collapse of
the magnetic field of the transformer, the feedback volt-
age reverses in phase and transistor 32 is cut-off and tran-
sistor 30 is again turned on. This oscillatory action is
maintained at a frequency determined primarily by the
transformer core material, the transformer primary and
feedback windings turns ratio, and the voltage of the
battery 12. The alternating current in the primary wind-
ing 16 induces an alternating square wave voltage across
the secondary windings 22 and 26 with an amplitude de-
termined by the turns ratio of the primary and secondary
windings. )

In order to develop two différent values of direct cur-
rent plate supply voltage, for the receiver and trans-
mitter respectively, the secondary winding 26 is connected
through a voltage selector switch 50 to the rectifier 24.
The switch 50 includes a back contact connected through
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"a resistor 54 to an intermiediatée tap on secondary winding

26 and includes a front contact connected to the upper
terminal of winding 26. = The movable contact of the
switch 50, actuated by the relay 28, engages the back
contact when the relay is deenergized to develop a low
plate supply voltage for the receiver and engages the
front contact when the relay is energized to develop an
intermediate value of plate supply voltage for the trans-
mitter. The movable contact and the lower terminal of
secondary winding 26 are connected across the input ter-
minals of the rectifier 24 which is suitably a full. wave
bridge rectifier circuit.. The output terminals of the rec-
tifier are connected in series with the battery 12, to add
the battery voltage to the rectifier output voltage. A
filter condenser 55 is connected across the battery and a
filter circuit 56 is connected across the rectifier output cir-
cuit to remove any ripple frequency from the output volt-
age. The output voltage is applied through a load se-
lector switch 58 which has a movable contact actuated
by the relay 28 and which engages a front contact to
apply the. intermediate plate supply voltage to the trans-
mitter when the relay is energized and which engages a
back contact to apply the low plate supply voltage to the
receiver when the relay is deenergized.

In order to develop a high direct current plate supply
voltage for the transmitter, the transformer secondary
winding 22 is connected across the rectifier 20 and the
voltage output therefrom is applied across a filter. cir-
cuit 62, This output voltage is added to the voltage of
battery 12 and rectifier 24 through-a combining switch 60
which has a movable contact connected with the mov-
able contact of switch 58 and a fixed contact connected
with the negative output terminal of the rectifier 20, The
positive - output terminal of rectifier 20 is connected to
the transmitter, and switch 60 is closed by relay 28 when
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it is energized. Thus when the relay 28 is energized, the
voltage selector switch and the load selector switch en-
gage their respective front contacts and the intermediate
plate supply voltage is applied to the transmitter. At the
same time, the combining switch 60 is closed and the
high plate supply voltage is also. applied to the trans-
mitter.

Before considering the operation of the power supply
system, it will be helpful to consider the collector char-
acteristics of a typical PNP junction transistor, as shown
in FIGURE 2. FIGURE 2 shows a family of curves re-
lating the collector current I, to the collector voltage V,
for different values of base voltage —Vyp1, Vs - Vo1, €iC.,
the voltages being measured with respect to the emitter.
With a resistive load, such as the plate stupply load of
the receiver, the transistor operating point will be on a -
load line R; which extends from a collector voltage E,
corresponding to the battery voltage, to a collector cur-
rent E/R;. If the base voltage is caused to vary from
+Vy1 to —Vys, the collector current will vary along the
load line R, from a value Oy, corresponding to collector
cut-off to a value S; corresponding to collector satura-
tion and the transistor is operated as a switch. The
power dissipation at points Oy and S; must be within the .
transistor rating but the dissipation at intermediate points
exceed the rating without destructive eifect if the transi-
tion is rapid and thus the load power may be many times
the transistor power rating. The base voltage —Vy3 is
sufficient to operate the transistor in the switching mode
with a load corresponding to load line R; and additional
base voltage does not produce any appreciable increase
of the collector current. Consequently, any excessive
base voltage is undesirable since it results only in wasted -
power which is dissipated in the base circuit. With an
increased load, such as the plate supply of the transmitter,
represented by the load line Ry, additional base voltage
i§ required to operate the transistor in the switching mode.’
The Joad line R, extends from the collector voltage E
to the collector current E/R, and the base voltage re-
quired is Vi It is thus apparent that in order to obtain
high' efficiency cperation of the transistor oscillator, the
base voltage, and hence feedback current, must be
changed in correspondence with load changes in order to
avoid excessive base current at the lighter load.

As previously mentioned, the transformer 14 is prefers
ably wound on a saturable core material having a sub-
stantially rectangular hysteresis loop to facilitate switch=
ing of the transistors. Considerable advantage is realized.
by wusing a bifilar primary winding on thé transformer.
This reduces the leakage reactance of the primary and
consequently reduces the magnitude of the reflected volt-
age spike which occurs across the non-conducting tran-
sistor due to decreasing collector ctirrent. Consequently,
there is less heating of the tramsistors and transistors
with. a lower collector to emitter voltage rating may be
used. Additionally the bifilar primary winding provides
a balanced coupling between either half -of the primary
and either secondary winding.

In operation,: with the push-to-talk swiich 27 open,
the relay 28 is deenergized and the power supply system
furnishes plate supply voltage to the receiver. The volt-

" age selector switch 50 and the load selector switch 58

engage their respective back contacts. and the secondary
winding 26-is connected across the rectifier 24 through
resistor 54 and the direct voltage from the rectifier is
applied to the receiver. At the same time, the combining
switch 60 is open and feedback selector switch 42 is open
so that the starting voltage is developed across resistor
49 in series with voltage divider resistor 44 and is just
sufficient to cause the oscillator to start with the re-
ceiver -load connected. The feedback current is limited
by the series resistance of current limiting resistor 38 and
the starting- resistor 46~ so that it is just ‘sufficient to
maintain oscillations under the existing load. . Accord-
ingly, the power supply is operated at a high efficiency
level. 'When the push-to-talk switch 27 is closed, the
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relay 28 is energized, and the voltage selector switch
50 and the load selector switch 58 engage the respective
front contacts and the full voltage of secondary winding
26 is applied across the rectifier 24, The rectifier volt-
age is applied through the filter 56 and the load selector
switch 58 to supply intermediate plate voltage to the
transmitter. At the same time, switch 68 is closed and
the voltages of the rectifier 24 and battery 12 are added
to the voltage of rectifier 20 derived from sccondary
winding 22 to supply a high plate supply voltage to the
transmitter.. In this condiiion, the feedback selector
swiich 42 is closed and the voltage divider resistor 46 is
connected in parallel with voltage divider resistor 44
and the starting voltage across a resistor 49 is increased
commensurately with the load increase to insure o0s-
cillator starting. Furthermore, the current limiting re-
sistor’ 38 is shunted out of the feedback circuit and the
feedback current is increased to a value just sufficient
to maintain oscillations for existing loads. Accordingly,
maximum operating efficiency is achieved during opera-
tion under the increased load imposed by the transmitter.

FIGURE 3 shows a modification of the invention in
which the feedback current is modified by changing the
turns ratio of the feedback transformer instead of by
changing resistance of the feedback circuit. In FIG-
URE 3, only the modified portion of the circuit is illus-
trated and the parts thereof which are the same as cor-
responding parts in the embodiment of FIGURE 1 are
designated by the same reference characters., The feed-
back winding 64 of the transformer 14 is connected to
the base electrodes of the transistors 30 and 32 through
a pair of feedback selector switches 66 and 68. The
end terminals of the feedback winding are connected
respectively to the front-contacts of switches 66 and 68
and a pair of intermediate taps of feedback winding are
connected to the back coniacts respectively of the feed-
back selector switches 66 and 68. The center tap of
the feedback winding is connected through the starting
resistor 4¢ to the emitter electrodes of transistors 3%
and 32. In order to change the starting current in ac-
cordance with load selection, the voltage divider resistor
46 is connected through a swiich 42’ in parallel with the
voltage divider resistor 44. The switch 42 is actuated by
the relay 28 and is opened when the relay is deenergized
and closed when it is energized.

In operation of the embodiment of FIGURE 3 for
supplying the light load of the receiver, the push-fo-talk
switch 27 is open and the feedback selector switches
66 and 68 connect the intermediate taps of the feedback

winding across the feedback circuit. Similarly, the switch :

42’ is open and the starting resistor 4§ i$ counnected in
series with voltage divider resistor 44 to develop the re-
quired starting voltage for the oscillator. The feed-
back voltage developed across the intermediate taps is
just sufficient to maintain oscillation without excess feed-
back current.  When the push-to-talk switch is closed to
energize the iransmitter, the relay 28 is energized and
the feedback selector switches 66 and 68 engags the front

contacts and connect the full feedback winding across the

feedback circuit. At the same time, the switch 42’ is
closed and the resistor 46 is connected in parallel with
the resistor 44 to increase the starting voltage across re-
‘sistor 49. Thus the starting current is just sufficient
to start the oscillator with the transmitier load.connected

and the feedback current is just sufficient to rmaintain-

oscillations. * Accordingly, a high efficiency operation is

achieved in supplying the heavy load imposed by the

transmitter. : ;

Although the description of this invention has been
given with respect to a- particular embodiment, it is not
to be construed in a limiting sense, Many variations and
-modifications within the spirit and scope of the inven-
tion will now occur to those skilled in the art. For a
definition ‘of  the invention, reference is made to the
appended claims.
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We claim: v

1. A power supply system comprising a direct voltage
source, a transistor having input, output and common
electrodes, a transformer -having primary, secondary,
and feedback windings, an oufipui circuit for the tran-
sistor. including the primary winding and the voltage
source connected between the output electrode and com-
mon electrode, a feedback circuit including the feedback
winding and an impedance eclement connected between
the input electrode and the common electrode whereby
the transistor is maintained in oscillation between a con-
ductive state and a non-conductive state, first switching
means operatively connected with the secondary wind-
ing to selectively connect it with different load devices,
second switching means connected with the feedback
circuit for changing the value of feedback curreat, and
an actuator connected with the first and second switching
means for simultaneous selection of the load device and
value of feedback current.

2. A power supply system comprising a direct voltage
source, -a pair of -transistors each having emitter, base,
and collector electrodes; a transformer having primary
and feedback windings with respective center taps and
having a secondary winding, a transistor output circuit
including the primary winding connected between the
collector electrodes and the voltage source connected be-
tween the center tap of the primary winding and the
emitter electrodes, a feedback circuit for the transistors
including the feedback winding connected between the

‘base electrodes with the center tap of the feedback wind-

ing connected to the emitier electrodes whereby the
transistors are maintained in a state of oscillation, first
switching means operatively connected with the secondary
winding to selectively connect it with different load de-
vices, second switching means connected with said feed-
back circuit for changing the value of feedback current,
and a relay connected with said first and second switch-
ing means for simultaneous selection of load devices and
value of feedback current.

3. A power supply system comprising a direct voltage
source, a pair of transistors each having emitter, base
and collector electrodes, a transformer having primary
and feedback windings with respective center taps and
having a secondary winding, a transistor-output circuit in-
cluding the primary winding connected between the col-
lector: electrodes and the voltage source connected be-
tween the center tap of the primary winding and the
emitter. electrodes, a feedback circuit for the transistors
including the feedback winding connected between the
base electrodes, a resistor connected between the center
tap of the feedback transformer and the emitter electrodes,
whereby the transistors are maintained in a state of oscil-
lation, first switching means operatively connected with .
the secondary winding to selectively connect it with dif-
ferent-load devices, second switching means connected in
parallel with said resistor for changing the value of feed-
back current, and a relay connected with said first and
second switching means for actuation thereof for simul-
taneous selection of the load device and value of feed-
back current. :

4. A power supply system comprising a direct voltage
source, a pair of transistors each having emitter, base, and
collector electrodes, a transformer having a primary wind-
ing with a center tap, a secondary winding, and a feed-
back winding, a transistor output circuit including the
primary winding. connected between the collector elec-
trodes and the voltage source connected between the cen-
ter taps and the emitter electrodes, said feedback wind-
ing having a pair of end terminals, a center tap and a
pair of intermediate terminals, a feedback circuit for the
transistors -including first switching means for selective-
1y connecting the feedback winding between the base
electrodes through the end terminals or the intermediate
terminals, said feedback winding center tap. being con-
nected with the emitter electrodes, second switching means
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operatively connected with the secondary winding to se-
lectively connect it with different load devices, and a re-
lay connected with the first and second switching means
for actuation thereof for simultaneous selection of the
load device and the feedback winding terminals,

5. A power supply system comprising a direct voltage
source, a pair of transistors each having emitter, base and
collector electrodes, a transformer having primary and
feedback windings with respective center taps and hav-
ing a secondary winding, a transistor output circuit in-
cluding the primary winding connected ‘between the col-
lector elecirodes and the voliage source connected be-
tween the center tap of the primary winding and the
emitter electrodes, a feedback circuit for the transistors in-
cluding the feedback winding connected between the base
electrodes, -a current limiting resistor and a starting re-

- sistor serially connected between the center tap of the
feedback transformer and emitter electrodes, a voltage
divider resistor connected in series with the starting re-
sistor across the voltage source 1o provide a starting bias
voltage on the emitter electrodes, whereby the transistors
become alternately conductive and non-conductive and
are maintained in a state: of ; oscillation, first switching
means operatively  connected with the secondary winding
to selectively connect it with different load devices, second
switching means connected in parallel with said current
limiting resistor for changing the value of feedback cur-
rent, and a . relay connected with said first and second
switching means for actuation thereof for simultaneous
selection of the load device and the value of feedback
current. .

6. A-power supply system comprising a direct voltage
source, a pair of transistors each having emitter, base and
collector electrodes, a transformer having primary and
feedback windings with respective center taps and having
a secondary winding, a transistor output circuit includ-
ing the primary winding comnected between the collector
electrodes and the voltage source connected between the
center tap of the primary winding and the emitter elec-
trodes, a feedback circuit for the transistors including the
feedback winding connected between the base electrodes,
a current limiting resistor and a starting resistor serially
connected between the center tap of the feedback trans-
former and emitter electrodes, a_first voltage divider re-
sistor connected in series with the starting resistor across
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the voltage source to provide a starting bias voltage on
the emitter electrodes, whereby the transistors are main-
tained in a state of oscillation, first switching means “op-
eratively connected with the secondary winding to se-
lectively connect it with- different load devices, second
switching means connected in parallel with said current
limiting resistor for changing the value of feedback cur-
rent, and a second voltage divider resistor connected in
parallel with the first voltage divider resistor through the
second switching means for changing the starting bias
voltage, and a relay connected with said first and second
switching means for actuation thereof for simultaneous
selection of the load device and the value of feedback
current.

7. A power supply system comprising a direct voltage
source, a pair of transistors each having emitter, base, and
collector .electrodes, a transformer having a primary
winding with a center tap, a secondary winding, and a
feedback winding, a transistor output circuit including the
primary winding connected between the collector elec-
trodes and the voltage source connected between the cen-
ter tap and the emitter electrodes, said feedback winding
having a pair of end terminals, a center tap and a pair
of intermediate terminals, a feedback circuit for the trans-
istors- including first switching means for selectively con-
necfing the feedback winding between the base electrodes
through the end terminals or the intermediate terminals,
said feedback winding center tap being connected with the
emitter electrodes through a starting resistor, a first voit-
age divider resistor connected in series with the starting
resistor across the voltage source, a second voltage divider
resistor and a second switching means connécted across
the first voltage divider resistor for changing the value
of starting current, third switching means operatively con-
nected with the secondary winding to selectively connect
it with different load devices, and a relay connected with
all of said switching means for actuation thercof for
simultaneous selection of the load device, the feedback
winding terminals, and the value of starting current.
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