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3,302,092
SWITCHING CONVERTER POWER SUPPLY FOR
CONSTANT CURRENT INPUTS
Stephen D. Bloom, Forest Hills, N.Y., and Richard M.
Rickert, Westfield, N.J., assignors to Bell Telephone

Laboratories, Incorporated, New York, N.Y., a corpo-
ration of New York

Filed Feb. 25, 1963, Ser. No. 260,662
3 Claims., (CL 321--2)

This invention relates to power supplies of the elec-
tronic switching converter type and, more particularly,
to switching apparatus for supplying power to a load
from a source of substantially constant current.,

Most electronic switching converter power supplies are
adapted to improve the regulation of a source of voltage
which is already substantially constant or to Step  its
magnitude up or down. |

In the copending application Serial No. 260,916, filed
February 25, 1963, now United States Patent 3,249,703,
of the applicant Rickert, it is pomted out that substantially
constant current is sometimes more naturally available.
For Instance, in submarine cable systems, experience has
shown that the cable gives best pertformance and longest
life when the direct current in the cable is regulated to
be constant. Regulators of the type shown in the co-
pending application of B. H. Hamilton, Serial No.
853,559, filed November 17, 1959, now United States
Patent 3,135,910, are placed at the land-based terminals
~of the cable in order to hold the cable direct current

constant. In order to amplify the alternating-current

information signals which are transmitted over the cable,
repeaters are placed at periodic intervals along the cable.
Other loads may also be placed along the cable. It is
desirable to supply these repeaters and other loads with
substantially constant power. Moreover, the regulation
performance of the regulators on the shore is improved if

the repeater power supplies and any other loads along
the cable draw constant average power from the cable.

The same requirements apply to long lines other than
subinarine cables whereon a plurality of spaced repeaters
or other loads must be supplied with power. .

It is therefore an object of the present invention to
supply a substantially constant power to a load of variable
impedance from a source of substantially constant current.
- According to the invention, apparatus having an input,
an output and a switch connected across the input 1s

adapted for supplying substantially constant power to
the load connected across the output by electronically
varying the closed time and the open time of the switch
in response to changes in the load voltage and current
so that the average input voitage remains substantially
constant. Since the average input power is the product
of the average input voltage and the constant input cur-
rent, the average input power remains substantially con-
stant. Circuit losses in the switching apparatus remain

fairly constant. Consequently, the output power remains
substantially constant.

In the preferred embodiment of the invention, energy
is coupled to the load while the switch is open. A
voltage directly related to the voltage across the load is
produced while the switch is open and stored until the
switch is again closed, and the stored voltage is utilized
to keep the switch closed for a time directly related to
~-the voltage across the load. The variation of the closed
time compensates for the tendency of the output voltage
to be reiflected back to the input during the open time of
the switch. Appropriate choice of the ratio of certain
capacitances keeps the open time of the switch substan-

tially constant. Thus, the average input voltage and
power remain substantially constant.
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A feature of this embodiment of the invention involves
nonlinear variation of the voitage across a Zener diode
to modify further the length of time that the switch is
kept closed to make the compensation more exact.

An additional feature of this embodiment of the jnver-
tion is that it may use a transformer for coupling energy
to the load while the switch is open. Electrical isolation

of the output and voltage step-up or step-down is thereby
provided.

In a second embodiment of the invention, energy from
the source is stored while the switch is open and then
is transferred in part to the output while the switch is
closed by a current flowing through the switch into the
output. A voltage directly related to the current Howing
through the switch into the output is produced and stored
for producing a reference voltage while the switch is
subsequently open. The switch is closed when the voltage
associated with the stored energy rises to a peak voltage
which is the sum of a predetermined constant voltage and
said reference voltage and is opened when the voltage
associated with the stored energy falls to a voltage ap-
proaching the output voltage, which is usually between
the aforesaid constant voltage and the aforesaid peak
voltage. The variation in peak voltage compensates for
the variation of closed time of the switch which results
from the increase or decrease of time for discharging
the stored energy as the output voltage falls or rises, re-
spectively., Thus the input voltage and power remain
substantially constant.

An additional feature of the second embodiment of
the invention is that the stored energy 1s transferred to
the output without passing through the field of a trans-
former. Absence of a power fransformer gives the second
embodiment of the invention compactness and light
weight. ‘ |

Other features and objects of the invention will become
apparent from the following detailed description and the
drawing in which:

FIG. 1 is a schematic diagram of a first preferred em-
bodiment of the invention;

FIG. 2 is a modification of the embodiment of FIG.
1 for improving efficiency: |

FIG. 3 is a schematic diagram of a second embodiment

- of the invention: and
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‘rent falls or rises, respectively,

F1G. 4, FIG. 5 and FIG. 6 show curves which are use-
ful in explaining the theory and operation of the inven-
tion. |

In the preferred embodiment of the invention illus-
trated in FIG. 1, current source i produces a substan-
tially constant current from which power is to be ob-
tained for load 2. The interposed circuit between ter-
minals A-B and C-D is provided to draw a constant
power from source 1 and to deliver a constant power to
load 2, even though the impedance of lcad 2 may vary.

As the load impedance rises or talls, the output volt-
age will rise or fall, respectively. But if the output cur-
by a sufficient amount, as
illustrated in FIG, 4, the output power will remain con-
stant; and the object of the invention will be achieved.
The easiest way to understood how the output character-
istic of FIG. 4 is achieved is to consider the input volt-
age. OSmce the input current stays constant, constant
average input voltage would give constant average input
power. Changes in losses in the switching circuitry are
sufficiently small that it may be said that the output power
remains substantially constant when the input voltage
remains substantially constant. The remarks hereinafter
will be directed primarily toward average input voltage.

A transistor switching converter which provides com-
pensation according to the mvention is connected as fol-
lows, as shown in FIG. 1. The emitter-collector current
path of PNP transistor 3 is connected across input ter-
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minals A and B as a shunt switch. The emitter of tran-
sistor 3 is connected to terminal A and the collector of

transistor 3 is connected to terminal B. The positive ter-

minal of source 1 is connected to terminal A, and the
negative terminal of source 1 is connected to terminal B.
The anode of Zener diode 17 is connected to the coilec-
tor of transistor 3, and its cathode is connected to the
“emitter of transistor 3 in order to protect transistor 3
from excessive input voltages in the event of circuit fail-
ure. Capacitor 4 and primary winding 6 of transformer
5 are connected in series across terminals A and B with
capacitor 4 connected to terminal A. Rectifying diode

13 and filter capacitor 14 are connected in series across.

cutput winding 7 of transformer 5. Winding 6, winding
7 and diode 13 are oriented with respect to each other
so that diode 13 conducts when the induced voltage of
winding 6 tends to oppose current flowing from source
1. Capaciior 14 is connected across output terminals C
and D, and load 2 is connected across terminals C and
D. The portion of the circuit which couples power from
source 1 to load 2 is shown with heavy black lines.

A trigger circuit according to the invention compmses

a loop including capacitor 4, the base-emitter junction of
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‘transistor 3, resistor 11, and a Zener diode 12 having its

anode connected to the junction between capacitor 4 and
winding 6. It may be seen that Zener diode 22 is oriented

so that the base-emitter junction of transistor 3 will not

conduct until capacitor 4 has charged to a voltage in ex-
cess of the breakdown voltage of Zener diode 12 plus
the voltage across resistor 1. Capacitor 16 is connected
across Zener diode 12 as an aumhary component of the
frigger circuit. -

A feedback circuit connected to cooperate with the
trigger circuit, according to the invention, comprises
winding 8 of transformer .5, capacitor 9 and resistor 10
- connected in series between the base and emitter elec-
- trodes of transistor 3. Winding 8 is oriented with respect
to winding 6 and the base-emitier junction of transistor
3 so that the induced voltage of winding 8 opposes the

flow. of base-emitter current in transistor 3 when the in-
duced voltage of winding é tends to oppose current fiow-

ing from source 1. Capacitor 9 is of the order of a
thousand times smaller than capacitor 4 in order to have

negligible shunting effect on capacitor 4. Capacitor 16

has a value in the same order of magnitude as capacitor
9 and is adjusted as described hereinafter.
is chosen to limit the maximum base current of transis-

tor 3 during saturation conduction of transistor 3.  To

facilitate operation of the circuit in several respects, diode
15 is connected across the base-emitter junction of tran-
- sistor 3 with a conduction polarity opposite to that of the
base-emitter junction. The anode of diode 15 is con-
nected to the base of PNP transistor 3,
of diocde 15 1s connected to the emitter of transistor 3.
In operation, {ransistor 3 will block and thus be an

Resistor 10

and the cathode
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as large as the current of source 1.

a

ages in all three windings are clamped at or near values
which are the product of the output voltage across ca-
pacitor 4 and the respective turns ratios of each wind-
ing with respect to winding 7. The current flow through
rectifier diode 13 dehvers power to filter-capacitor 14 and
load 2. | |
As the voltage on capacitor 4 increases, less of the
current from winding 8 flows through diode 15; and more
of that current flows through resistor 1. Finally, when
all of the current from winding 8 flows through resistor
1%, the voltage on capacitor 4 just equals the breakdown
voltage of Zener diode 12 plus the voltage across resistor
11. This condition is represented by the peaks of the
input voltage wave forms 50 and 60 shown in FIG. 5.
A further increase in the voltage across capacitor 4
forward biases the base-emitter junction of transistor 3,
and a part of the current from source 1 is shunted around
capacitor 4 through the base-emitter ]UHCHOH resistor
11 Zener diode 12 and winding 6. |
A strongly regenrative sequence of events follows. The
base current of transistor 3 permits current from source
1 to flow from emitter to collector of transistor 3, thereby
bypassing winding 6. This decrease of current in winding
6 reverses the induced voltage in all three windings of
transformer 5. The induced voltage of winding 8 now
promotes base current of transistor 3. The voltage on
capactior 9 also now promotes the base current of tran-
sistor. 3. Transistor 3 saturates, and the constant current
of source 1 flows directly from source 1 through the emit-
ter-collector path of transistor 3 back to source I. During
this portion of the operation, the input voltage is sub-
stantially zero, as indicated by the portion of the curve
of FIG. 5 marked “Saturation time of transistor 3.” 1t

may be noted that no power is drawn fmm source l dm-
‘ing this period of time. |

Capacitor 4 now discharges until transistor 3 smtches
off. Switch-coff, or cut-off, of transistor 3, that is, opening

-of the switch, occurs .when the base current is no longer

sufficient to allow passage of a collector current at least
At this time, the
voltage of capacitor 4 has decreased aimost to the voltage
across Zener diode 12, and the voltage drop across re-
sistor 11 is negligible. It will be explained hereinafter
that the voltage across Zener diode 12 1s not necessarily
that value ccmmonly called the “breakdown voltage.”

Some of the current of source 1 then flows through wind-
ing 6 either by way of capacitor 4 or by way of capacitor
2, winding 8, resistors 10 and i and Zener diode 12.

| The induced voltage of winding 8§ produced by the in-

50

creasing current in winding 6 produces a regenerative ef-
fect which completely shuts off transistor 3 by reverse-
biasing its base-emitter junction. Capacitor 4 commences

.recharging toward its peak voltage, as described herein-

09

open switch across input terminals A and B whenever it

lacks a base current. In that case, the substantially con-
stant current from source I may flow through either of
‘two paths. First and principally, it will flow through ca-
pacitor 4 and primary winding & of transformer 5 back
to source 1. Second, a part of it will flow through capaci-
tor 9, feedback winding & of transformer 5; resistors 19
and 11, capacitor 16 and Zener diode 12 in parallel, and

- through winding 6 back to source 1. It may be seen that

both components of the input current flow through wind-
ing 6. The input current may be established substantially
instantaneously in winding & because diodes 15 and 13
permit current flows in response to the induced voltages

‘in windings 8 and 7, respectively, which facilitate the

change of current in winding 6. The interconnection of
capacitor 9 with winding 8 also facilitates the change in
current, by discharging previously stored energy to aid
windi-hg 8 in producing a current which minimizes leak-
age inductance effects of transformer 5. In general, dur-
ing the period switch 3 is nonconducting, the induced volt-
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before.
It may be noted that a resistor 11 of apprecmble mag-

nitude in relation to the impedance of Zener diode 12 helps
to stabilize the circuit and to limit the operating fre- .

- quency.  If resistor 11 is too small, the permissible voltage

change on capacitor 4 is so small as to be dependent on
the dynamic qualities of Zener diocde 12. The voltage on
capacitor 4 may hover so near the Zener diode breakdown
voltage that the circuit operating frequency becomes ex-
cessive; or transistor 3 may bias itself permanently -at
some- class A (unsaturated) operating point.

Having followed the circuit of FIG. 1 through a com-
plete cycle of operation, we may examine more closely
the effect of a change in the load voltage upon the input
voltage. From FIG. 1, it may be seen that the input volt-
age, during the time transistor 3 is cut off or not conduct-
ing, equals the sum of the voltage across winding 6 and
the voltage across capacitor 4. While transistor 3 is con-

ducting, the input voltage is negligible. These facts are
illustrated by curves 58 and 6% of FIG. 5.

The average input voltage, which is held substantially
constant by the invention, is directly related to wave form
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height, including “winding 6 voltage,” and is inversely re-
lated to cycle length, including “saturation time of tran-
sistor 3.” These facts may be readily seen by comparing
curve 50, which has the larger output and winding 6

voltages, with curve 60, which has the smaller output and

winding 6 voltages. It will be recalled from the fore going
discussion that the voltage across winding 6 during the
cut-off time of transistor 3 is equal to the output voltage
times the turns ratio of winding 6 to winding 7. Thus,
the wave form height in FIG. 5 rises as the output voltage
rises, and falls as the output voltage falls.

According to the invention, as embodied in FIG. 1,
the trigger circuit and feedback circuit cooperate to stretch
out the cycle length as the output voltage increases and
to reduce cycle length as the output voltage decreases.
The cycle length is varied primarily by varying the satu-
ration time of transistor 3, as may be seen by comparing
curves 5§ and 60 of FIG. 5. It will be recalied that the
voltage across winding 8 during the cut-off time of tran-
sistor 3 is equal to the output voltage times the turns ratio
of winding 8 to winding 7. By the time that current
has ceased to flow through diode 15, most of the winding
8 voltage is stored in the opposite polarity on capacitor 9.
After transistor 3 is forward biased and the winding volt-
ages regeneratively reverse, as described hereinbefore,
capacitor 9 and winding 8 both promote base current in
transistor 3. The discharge of capacitor 4 through the
base-emitter junction occurs more slowly than usual when
the voitage across the base-emitter junction is increased
by an increased voltage stored on capacitor 9 by winding
6 In response to an increased output voltage. Thus, the
saturation time is lengthened, tending to compensate the
average 1nput voltage for the increased voltage across
winding 6.

Capacitor 4 discharges more rapidly than usual when
the voltage across the base-emitter junction is decreased
by a decreased voltage stored on capacitor 9 by winding
8 in response to a decreased output voltage. Thus, the
saturation time is shortened, tending to compensate the
average Input voltage for the decreased voltage across
winding 6. This is the case illustrated by dotted curve 69
of FIG. 5, assuming that solid curve 59 represents the
usual condition.

Certain other features of the circuit play an important

role in assuring that the compensation is adequate.

First, according to one feature of the invention, capac-
itor 16 is adjusted to a sufficiently small value such that
its voltage falls appreciably during each saturation time
of transistor 3. Of course, the voltage on capacitor 16
falls more during a long saturation period than during a
short one; and Zener diode 12 slips over the knee of its
Zener characteristic by a greater or lesser amount near
‘the end of the saturation period. The lower the voltage
across Zener diode 12, the longer the time that capacitor
4 can discharge, and the higher the voltage across Zener
~diode 12, the shorter the time that capacitor 4 can dis-
eharge. |

This nonlinear effect accentuates the variation of the
saturation period of transistor 3 already produced by
capacitor 9 in response to output voltage changes, as
described above. Furthermore, the smaller capacitor 16
15, the greater will be the increase in the length of the
saturation period for a given increase in output voltage:

and the greater will be the decrease in the length of the

saturation period for a given decrease in output voltage.

Without any capacitor 16, the circuit is actually over-
compensated with respect to input voltage because the
input voltage will rise as the output voltage falls and
vice versa. For any given combination of other circuit
parametiers with the approximate relationships described
hereinbefore, there exist values of capacitance 9 and
capacitance 16 which will hold the input voltage, and

‘therefore the input power, substantially constant as the
output voltage varies.

10

15

20

25

30

39

40

60

o5

GO

65

70

75

6

Second, the maximum voltages on resistor 11 and
capacitor 4 are prevented from following the output volt-
age, and thus impairing the compensation described above,
by means of the very small ratio of capacitor 9 to capaci-
tor 4. In essence, the voltage on capacitor 9 responds
rapidly enough to the voltage on winding 8 that an in-
creased feedback voltage across winding 8 does not sub-
stantially increase the portion of the input current which
is shunted around capacitor 4 through capacitor 8. Con-
versely, a decreased feedback voltage across winding 8
does not substantially decrease the portion of the input
current which is shunted around capacitor 4 through
capacitor 9. It is this shunted portion of the input cur-
rent which flows through resistor 11, and thus deter-
mines the maximum voltage on capacitor 4. Since its
value at the moment at which closing or saturation of
transistor switch 33 occurs does not vary substantially
with output voltage, neither does the portion of the curve
of FIG. 5 which is marked “maximum capacitor 4 volt-
age.” In fact, except for the operation of Zener diode 12
on the knee of its characteristic, the cut-off time of tran-
sistor 3 remains substantially constant as the output volt-
age varies. -

Thus, the operation of the embodiment of FIG. 1 may
be summarized in the statement that variations in satura-
tion time compensate the average input voltage for varia-
tions in winding 6 voltage, as reflected from the output.

The circuit of FIG. 2 differs from the circuit of FIG. 1
in that a diode bridge rectifier is used to couple to the
output part ot the energy that would ordinarily be dis-

sipated internally in the circuit during the saturation of
transistor 3.

Specifically, the terminal of winding 7 and the termi-
nal of capacitor 14 which were connected together in
FIG. 1 are disconnected. The anode of diode 18 is con-
nected to that terminal of winding 7, and the cathode of
diode 18 is connected to that terminal of capacitor 14.
The anodes of diodes 19 and 20 are connected to the
anode and the cathode of diode 13, respectively; and the
cathodes of diodes 19 and 20 are connected to the anode
and the cathode of diode 18, respectively. The opera-
tion of the circuit, as described above, is substantially un-
affected, except for some increase in efficiency since a por-
tion of the stored energy of transformer 5 is coupled to
the output during the saturation of transistor 3.

FIG. 3 illustrates a second embodiment of the inven-
tion which also operates from a constant current source
and exhibits many of the same characteristics as the pre-
ferred embodiment of the invention, as illustrated in
FIGS. 1 and 2.

T'he positive terminal of source 1 is connected to in-
put terminal A, and the negative terminal of source 1 is
connected to input terminal B. The shunt switch con-
nected across input terminals A and B now comprises the
emitter-collector current path of PNP transistor 3 in series
with the parallel combination of primary winding 26 of
transformer 25 and a bypass path including diode 37 and
resistor 38 connected in series. That is, the emitter of
transistor 3 is connected to terminal A, and the collector
of tramsistor 3 is connected to one terminal of primary
winding 26. The other terminal of winding 26 is con-
nected to terminal B. The anode of diode 37 is con-
nected to the collector of transistor 3. The cathode of
diode 37 is connected to one terminal of resistor 38.
The other terminal of resistor 38 is connected to terminal
B. The ancde of protective Zener diode 17 is connected
to terminal B, and its cathode is connected to terminal A.

Capacitor 24 and diode 22 are connected in series
across input terminals A and B with the cathode of diode
22 connected to terminal B. Rectifying diode 13 and
filter capacitor 14 are connected in series across diode 22,
with the cathode of diode 13 connected to the anode of
diode 22. The terminals of capacitor 14 are connected
across output terminals C and D, and load 2 is connected
across output terminals C and D. The portions of the
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circuit of FIG. 3 which couple power from source 1 to
foad 2 are drawn with heavy black lines.

A trlgger circuit according to the invention compnses
the series loop including capacitor 24, the base-emitter
junction of transistor 3, resistor 31, and Zener diode 32.
One terminal of resistor 31 is connected to the base elec-
trode of transistor 3, and the other terminal of resistor
31 is connected to the cathode of Zener diode 32. The
anode of Zener diode 32 is connected to the anode of diode
22. Capacitor 36 is connected across Zener diode 32 as
an auxiliary component of the trigger circuit. Capacitor
36 1s large enough to hold the voltage across Zener diode
32 substantially constant.

A feedback circuit which cooperates with the frigger
circuit according to the invention comprises secondary
winding 28 of transformer 25, capacitor 29 and resistor
- 3¢ connected in series between the base and emitter elec-
trodes of transistor 3. Winding 28 is oriented with re-
spect to winding 26 and the base-emitter junction of tran-
sistor 3 so that its induced voltage promotes the flow of
base-emitter current in transistor 3 when the induced volt-
age of winding 26 tends to oppose current flowing from
source 1. Capacitors 24 and 29 are of approximately the
same order of magnitude in order that a fairly large com-
ponent of the input current may flow through resistor 31.

In other words, capacitor 29 will have substantial shunt-

ing efiect upon capacitor 24; whereas in the circuit of
FIG. 1 capacitor 9 has negligible effect upon capacitor 4.
As 1in FIG. 1, the anode of diode 15 is connected to the
base of transistor 3 and its cathode is connected to the
emitter of transistor 3.

~ In the operation of the embodiment of FIG 3, tran—
sistor 3 will block whenever it lacks a base current. In
that case, the substantially constant current from source
1 flows 1n part through capacitor 24 and diode 22 and
in part through capacitor 29, winding 28, resistors 3¢ and
31, Zener diode 32 and diode 22 back to source 1. Ener-
gy 1s stored on capacitor 24 for subsequunt delivery to
the output.

The voltage on capacitor 24 will rlse until it equals
the sum of the voltages across Zener diode 32 and re-
sistor 31. Concurrently with the charging of capacitor
24, a current through resistor 3% and Zener diode 32 is
promoted by winding 28 and capacitor 29 as they dis-
charge energy stored during the previous saturation pe-
riod of transistor 3. As the voltage on capacitor 24 rises

above the sum of the voltages on resistor 31 and Zener
diode 32, transistor 3 is forward biased and conducts a
current thmugh its emitter-base junction which is shunted
around capacitor 24 through resistor 31.

As current
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Zener diode 32 and’is less than the maximum voltage on
capacitor 24. Since capacitor 24 cannot discharge below
the voltage on capacitor 14, the knee of the leading edge
of the input voltage wave form in FIG. 6, which is also
the capacitor 24 voltage at the time transistor 3 is cut
off, exceeds the voltage of Zener diode 32.

- The induced voltage of winding 28 resulting from the
current decrease in winding 26 as the voltage on capaci-
tor 24 approaches the voltage on capacitor-14 causes the
base current of transistor 3 to fall below the value needed
to sustain the then-existing collector current. The col-
lector current must decrease still further, and the result-
ing decrease in current through primary winding 26 1n-
duces a voltage in winding 28 which opposes and further
decreases the base current of transistor 3. This regen-
erative action quickly turns transistor 3 off.

Having followed the circuit of FIG. 3 through a com-
plete cycle of operation, we may examine more closely
the effect of a change in load voltage upon the input
voltage. |
- In FIG. 6, dotted curve 8@ represents the mput voltage
when the output voltage has fallen in comparison to the
output voltage for input voltage curve 7{. |
- It will be noted that capacitor 24 takes longer to dis-
charge when the output voltage falls and less time {o

‘discharge as the ouiput voltage rises, and the saturation

time of transistor 3 will vary correspondingly. More-
over, the knee of the curve of FIG. 6 will be nearer or
farther from, respectively, the “Zener diode 12 voltage.”
The variation of saturation time and the moving of the
knee of the curve of FIG. 6 are unwanted reflected ef-

~ fects of the output voltage.

40

280

from source I starts to flow through the base-emitter

junction of transistor 3, part of the current from source 1

is also allowed to flow from emitter to collector of tran-
sistor 3. This current will split between the branch in-

- cluding diode 37 and resistor 38 and the branch includ-

ing winding 26. Increasing current flow in winding 26
- induces a voltage in winding 23 which promotes base cur-
rent flow in transistor 3. Increased base current allows
“an increased portion of the current of source 1 to flow
through the collector of transistor 3, thereby increasing

the current in winding 26. A rapidly regenerative action

takes place until transistor 3 saturates and all the current

- from source 1 is flowing through the collector of tran-

~sistor 3. Capacitor 29 first discharges its voltage which
is aiding the induced voltage of winding 28, and then
charges with a voltage which opposes the induced voltage
of winding 28. In addition, capacitor 24 will discharge
- both through the base and through the collector of tran-
sistor 3, so long as its voltage exceeds the voltages on
capacitors 36 and 14, respectively. | |

- Saturation of fransistor 3 will be maintained until the
‘current in winding 26 starts to decrease because of the

decreasing voltage difference between capacitors 24 and

~14. In normal steady state operation of the circuit, the
voltage on capacitor 14 usually exceeds the voltage of
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31 may be considered a first reference voltage.
70

ens,
voltage.

At the moment that transistor 3 turns off, the energy

stored in the field of transformer 25 and on capacitor 29
will be inversely related to the output voltage just before
transistor 3 started to turn off because a decrease in out-
put voltage will tend to increase the current through

‘winding 26 and an increase in output voltage will tend

to decrease the current through winding 26. The energy
stored in the field of transformer 25 and on capacitor 29
during the saturation period are both directly related to
the current through winding 26 during the saturation
period. - As indicated above, winding 28 and capacitor
29 discharge this stored energy after transistor 3 becomes
nonconducting in part through diode 15 and In part
through resistor 31, Zener diode 32 and capacitor 24.
Therefore, as the average output voltage falls, the max-
imum voltage across resistor 31 increases and the maxi-
mum voltage to which capacitor 24 charges also in- -
creases, as illustrated by dotted curve 8¢ of FIG. 6.

It will be recalled that the unwanted reflected effects
of the output voltage were the variation of the saturation
time of transistor 3 in inverse relation with the output

‘voltage and the variation of the knee of the input voltage

curve directly with output voltage. Thus, a decrease in

cutput voltage mcreases the saturation time and tends
to decrease the average input voltage.
output voitage falls, the charging of capacitor 24 to 4
higher maximum voltage tends to raise the average input
voltage and tends to compensate for the 1engthen1"1g of
saturation time caused by the fall of the output voltage,

as shown by curve 89 in comparlson with curve 7% of
F1G. 6. Reversed compenmuﬂg effects occur when the
output voltage rises. That is, the saturation tirne short-

and capacitor 24 charges to a lower maximum

The output-voltage-dependent voltage across resistor
The
constant voltage across Zener diode 32 is then a second
reference voltage. 'Together, they determine the maxi-
mum voltage on capacitor 24 in such a way as to com-
pensate the average input voltage for the unwanted re-

flected effect of the output voltage upon the samratmn

75 time.

However as the
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The circuit of FIG. 3 is particularly distinguished by
hightweight, compactness and simplicity. Lightweight re-
sults particularly from the fact that the output power is
not transferred through the field of transformer 23, so
that a relatively small ferromagnetic core is feasible. In
fact, applicants call this circuit a “transformerless” con-
verter.,

1t will be noted that both the embodiment of FIG. 1
and the embodiment of FIG. 3 deliver a substantially
constant pewer to a variable impedance lcad from a
source of substantially constant current. The trigger cir-
cuits and feedback circuits of the two embodiments are
structurally similar except for relative sizes of capacitors.
The differing capacitor sizes are adaptations to the dif-
fering modes of delivering energy to load 2, as described
hereinbefore,

‘The means for coupling power to the load are similar
in that, in FIGS. 1, 2 and 3, the input of a coupling cir-
cuit 1s connected in series with a capacitor across the
input of the entire apparatus. Thus, in FIGS. 1 and 2,
winding 6 is connected .in series with capacitor 4 across
the input terminals A and B; and in FIG. 3, rectifying
diode 13 and capacitor 14 are connected in series with
capacitor 24 across input terminals A and B when diode
22 1s blocking. Winding 6 is the coupling circuit input
in FIGS. 1 and 2, while diode 13 and capacitor 14 com-
prise the coupling circuit input in FIG. 3. In both cases,
capacitor 14 is the output of the coupling circuit and of
the entire apparatus.

In all cases it is understood that the above-described
arrangements are merely illustrative of a small number
of the many possible applications of the principles of the
invention. Numerous and varied other arrangements in
accordance with these principles may readily be devised
by those skilled in the art without departing from the
spirit and scope of the invention.

What is claimed is:

1. Apparatus for supplying substantially constant pow-
er to a variable impedance load from a source of sub-
stantially constant current, comprising a pair of input
terminals and a pair of output terminals, a transistor hav-
ing emitter and collector electrodes connected between
said pair of input terminals and having a base electrode,
a filter capacitor connected between said pair of output
electrodes, a transformer having a primary winding con-

nected between said pair of input terminals in shunting

Ot
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relationship with respect to said emitter and collector
electrodes and an output winding connected between said
pair of output terminals in shunting relationship with
respect to said filter capacitor, said transformer having a
feedback winding connected between said base and emit-
ter electrodes in polarity to provide regenerative opera-
tion of said transistor, a rectifier connected serially with
said output winding between said output terminals, a
second capacitor connected serially with said primary
winding between said input terminals, a voltage-dropping
circuit connected serially with said second capacitor be-
tween said base and emitter electrodes in shunting rela-
tionship with respect to said feedback winding, and a
third capacitor connected serially with said feedback
winding between said base and emitter electrodes, said
third capacitor having a capacitance sufficiently smaller
than the capacitance of said second capacitor to have
negligible shunting effect upon said second capacitor.

Z. Apparatus according to claim 1 in which the voltage
dropping circuit comprises a Zerner diode connected in
breakdown polarity serially with said second capacitor
between said base and emitter electrodes and a fourth
capacitor shunting said Zener diode and having a value
that provides a variation in the voltage across said Zener
aiode from its breakdown value to a value appreciably
lower than said breakdown value during each period of
conduction of said transistor.

3. Apparatus according to claim 1 including a diode
connected between the base and emitter electrodes of
the transistor in shunting relationship with respect to the
feedback winding and the third capacitor and in a polar-
ity to conduct when the transistor is nonconductive.
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