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A current driven flyback power supply has a transistor
current switch which periodically couples a primary
current through the primary winding of a power trans
former has a first winding coupled between the primary

second winding which develops a drive current propor
tional to the primary current. The drive current is cou
pled to the base of the current switch and increases
proportionally with the increasing amplitude of the
primary current. An electrical switch shorts the drive
current to ground to turn off the current switch so that
stored energy in the power transformer is coupled out
through its secondary winding to an output rectifier
circuit which develops the output DC voltage. After
the stored energy has been completely coupled out
through the secondary winding, a first current pulse is
developed to turn on the current switch to initiate the
primary current. During high output power loading

conditions, a second current pulse is developed at a
selected point in time after the current switch turns off

and prior to the stored energy being completely cou
pled out through the secondary winding. The second
current pulse turns on the current switch whereby the
initial primary current is boosted in amplitude by the
residual stored energy in the power transformer.
7 Claims, 5 Drawing Figures
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requirements. It is thus desirable to provide DC cou
pling between the primary and secondary winding sides

CURRENT DRIVEN FLYBACK POWER SUPPLY

CURRENT DRIVEN FLYBACKPOWER SUPPLY
The present invention relates generally to DC power
supplies, and more particularly to a current driven, free
running flyback power supply.
Known DC flyback power supplies provide one or
more regulated output DC voltages from an unregu

5

the power supply. In a briefcase size computer designed

lated DC source. Power from the DC source is trans 10

ferred first to a power transformer during a drive cycle
and secondly to an output rectifier circuit during a
flyback cycle, the rectifier circuit providing the output
voltage. During the drive cycle, a switch closes,
thereby coupling a primary winding of the power trans
former in series with the DC source. This develops a
current in the primary winding causing energy to be
stored in the transformer. To start the flyback cycle, the
switch is opened. The stored energy is then coupled out
through a secondary winding of the power transformer
to the rectifier circuit. The switch is usually a transistor
switch in series with the primary winding and the DC
source. The "on' time of the transistor switch during
the drive cycle determines the amount of magnetic
energy stored in the power transformer. The switching
rate of the transistor switch is controlled through nega
tive feedback of the output voltage to provide output
voltage regulation.
With negative feedback of the output voltage, a trans
former coupled switching regulator is realized. Nor
mally, the regulator samples the output DC voltage and
compares it with a voltage reference, and uses the resul
tant error voltage signal to control the transistor switch.

This error signal is usually applied to the transistor
switch through an isolation circuit to maintain isolation
between the DC source and output voltage. To prop
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It is another object of the present invention to pro
vide DC coupled feedback regulation between the pri
mary and secondary windings of the power trans

former.

It is a further object of the present invention to pro
vide a DC coupled timing circuit between the primary
and secondary windings of the power transformer to
boost power transfer through the power transformer at
high output loads.

These and other objects, advantages and features of
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maximum load conditions, the transistor switch oscil

lates so that it has minimum on time during minimum
load and maximum on time at maximum load.

During periods of high output load, the free running
power supply can also be operated as a clocked power
supply. If the stored energy of the power transformer
during the flyback cycle has not been fully transferred
to the rectifier circuit, and hence to the load, after a

to have minimal overall dimension, it is especially desir
able to reduce the space occupied by the power supply.
It is therefore an object of the present invention to
provide a novel current driven DC flyback power sup
ply.

erly regulate the output voltage during minimum and

predetermined time interval, a timing circuit can initiate
turn-on of the transistor switch to begin a new drive
cycle. The initial current in the primary winding is
boosted by the residual stored energy of the power
transformer which is coupled back to the primary wind
ing, thereby increasing the amount of stored energy
which may be transferred out of the secondary winding
to the rectifier circuit during the next flyback cycle. In
an isolated, voltage driven regulator, this timing circuit
can be driven from the voltage of a tertiary or feedback
winding of the power transformer, which avoids DC
coupling between the secondary winding and the
switching transistor.
DC isolation between the primary and secondary
windings of the power transformer is usually provided
when the power supply must meet certain safety stan
dards or performance requirements. For example, high
voltage transients and electromagnetic interference
(noise) are not coupled through to the secondary wind
ing and output rectifier circuit, or, at least, are substan
tially minimized when DC isolation is provided.
A power supply for a small, portable computer does
not generally need to meet such safety and performance

of the power transformer. Such DC coupling allows
simplification in circuit design while providing the plu
rality of well regulated output voltages required in such
a computer, and also minimizing the space occupied by

45
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the present invention are more particularly set forth and
will become more apparent from the accompanying
detailed description, the appended claims, and the foll
lowing drawings in which:
FIG. 1 is a schematic diagram of a current driven free
running flyback power supply according to the present
invention;
FIGS. 2A-C are a timing diagrams illustrating the
operation of a portion of the circuit of FIG. 1;
FIG. 3 is a timing diagram illustrating the operation

of another portion of FIG. 1; and
FIG. 4 is a schematic diagram of another embodiment
of a current driven free running flyback power supply
according to the present invention.
Broadly stated, the present invention is directed to a
current driven, free running flyback power supply in
cluding a power transformer having a primary winding
and a secondary winding, and a current switch. The
current switch, when on during a drive cycle of the
power supply, causes a primary current from a DC
source to be coupled through the primary winding,
thereby causing energy to be stored in the power trans
former. A current transformer develops a drive current
to drive the current switch, the drive current being
proportional to the primary current. The current
switch, as the primary current constantly increases in
amplitude, thereby receives a proportionally increasing
drive current to maintain the current switch on. An

electrical switch means operates to subsequently divert
the drive current from the current switch, to cause it to
55
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turn off in response thereto, to regulate the on-time of
the current switch and thus the amount of energy stored
in the power transformer. When the current switch

turns off, a flyback cycle of the power supply begins
and stored power in the transformer is transferred to the
secondary winding. A rectifier means generates an out
put voltage from the stored energy transferred to the
secondary winding. The present invention also includes
two modes of operation for causing the current switch
to go on. In a first mode, at lower power demand levels,
the stored energy is completely delivered out of the

65

transformer and into the rectifier means, so as to cause

the voltage of the secondary winding to change polar
ity. A current pulse developing means develops a short
first current pulse in response to this changed polarity.
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This current pulse is applied to the current switch
which, in response, turns on to initiate the coupling of
the primary current through the primary winding.
After the primary current has been initiated, the drive
current is maintained by the current transformer to
allow the amplitude of the primary current through the
current switch to again increase at a constant rate for
the rest of the drive cycle.
In the second mode of operation, the present inven
tion includes a timing circuit which triggers the current 10
pulse developing means to develop a short second cur
rent pulse at a predetermined time after the start of the
flyback cycle. If all of the stored energy has not been
transferred out through the secondary winding to the
rectifier means at the predetermined time, the second 15
current pulse is applied to the current switch, causing it
to turn on, to thereby initiate the coupling of the pri
mary current through the primary winding and start a
new drive cycle. Since the flyback cycle was not com

plete, the primary current is boosted in amplitude by the

20

transformer during the next drive cycle. This boosted
energy is transferred to the rectifier circuit out through
the secondary winding during the next successive fly

25

residual stored energy remaining in the power trans
former, whereby the boosted primary current enables
an increased amount of energy to be stored in the power

directly between the base of transistor switch 24 and
ground. As described below in greater detail, when

current switch 24 turns off, the flyback cycle begins,
and energy is transferred out of the power transformer
22 via secondary windings 28 and 30.
Electrical switch means 44 includes a first switching
transistor Q1, a second switching transistor Q2, a resis

tor 46, as well as the above mentioned resistor 42. When

back cycle.
Referring now to FIG. 1, the present invention is

described in greater detail with respect to a schematic
diagram of a preferred embodiment of a current driven, 30
free running flyback power supply 10. Power supply 10
develops one or more output voltages from a conven
tional, unregulated DC voltage source 12. In a pre
ferred embodiment, source 12 develops this unregulated
DC voltage in a conventional manner from an AC 35
power source by means of a filter 14, a diode bridge 16
and one or more LC filter stages 18. A fuse 20 may also
be provided for short circuit protection within power
supply 10.
Power supply 10 includes a power transformer 22 and 40
a current switch 24. Power transformer 22 has a pri
mary winding 26 and one or more secondary windings
28 and 30. Primary winding 26 is electrically coupled in
series between source 12 and current switch 24. When

current switch 24 is on, it causes a primary current to be 45
coupled through primary winding 26 from source 12.
The primary current causes energy to be stored in
power transformer 22. Current switch 24 is preferably a
transistor biased as a switch which functions to couple
primary current from primary winding 26 to ground 50
when an appropriate drive current is applied to the base
of this transistor.
Power supply 10 further includes means for develop
ing a drive current to drive current switch 24 regenera
tively from the primary current. Current switch 24, as 55
the primary current constantly increases in amplitude,
receives a drive current which also proportionally in
creases in amplitude, thereby maintaining current
switch 24 on. In the preferred embodiment of power
supply 10, the drive current developing means includes 60
a current transformer 32, a diode 34 and a damping
resistor 36. Current transformer 32 has a first winding
38 in series with primary winding 26 to sense the pri
mary current and a second winding 40 which regenera
tively develops the drive current. Therefore, the drive 65
current generated by second winding 40 is proportional
to the primary current. During positive transitions of
the primary current, a voltage is induced in first wind

4.
ing 38 which is magnetically coupled to second winding
40. First and second windings 38 and 40 are arranged so
that the voltage across second winding 40 during posi
tive transitions of the primary current forward biases
diode 34, to complete a drive current loop for the drive
current through current switch 24, diode 34 and second
winding 40. The drive current is applied to the base of
transistor current switch 24 through a resistor 42, as
described in greater detail hereinbelow. Damping resis
tor 36 damps ringing of second winding 40 when diode
34 becomes reversed biased and opens the drive current
loop.
Also included in power supply 10 is an electrical
switch means 44 for turning off current switch 24.
When switch 44 goes on, it provides a path to ground
for the drive current. Preferably, switch 44 is connected

transistor Q1 goes on, it saturates to short the drive
current and the base of current switch 24 to ground,
whereby current switch 24 is turned off. Transistor Q1
is caused to go on in one of two ways. Usually it will go
on in response to a feedback pulse, developed as herein
below described, from the secondary winding side of
power supply 10 which is applied to the base of transis
tor Q1. It will also go on as a function of transistor Q2
and resistor 42. When the primary current reaches a
predetermined maximum, the proportional drive cur
rent develops a voltage across resistor 42 sufficient to
forward bias the base-emitter junction of transistor Q2
which then turns on. Resistor 46 is a bias resistor for

transistor Q1. When transistor Q2 turns on, its collector
current develops a voltage across resistor 46 sufficient
to allow transistor Q1 to turn on.
Rectifier means 48 and 50 are associated with respec
tive secondary windings 28 and 30. Each rectifier means
48 and 50 develops an output voltage from the stored
energy transferred to its associated secondary winding.
Rectifier means 48 is of conventional design and in
cludes a diode 60, a capacitor 62 and an output LC filter
stage having an inductor 64 and a capacitor 66. Rectifier
means 48 also includes a bleeder resistor 68 which

bleeds a small amount of stored charge from capacitor
66. Rectifier means 50 is also of conventional design,
and includes a diode 70, a capacitor 72, and an output
LC filter stage having an inductor 74 and a capacitor 76.
When all the stored energy of secondary winding 28
has been delivered to rectifier means 48, secondary
winding 28 will change polarity. A current pulse devel
oping means 52 develops a short current pulse in re
sponse to this change of polarity. This current pulse is
applied to current switch 24 through resistor 42. Cur
rent switch 24 is turned on by this current pulse to
initiate the flow of primary current through primary
winding 26. Once the primary current is initiated, the
drive current generated by current transformer 32
drives current switch 24.
Current pulse developing means 52 includes a tertiary
winding 54, a resistor 56 and a capacitor 58. Tertiary
winding 54 is a feedback winding of power transformer
22. When the polarity of secondary windings 28, 30
change after their stored energy has been delivered to
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respective rectifier means 48, 50, tertiary winding 54
changes polarity, causing a positive current to flow
through resistor 56, capacitor 58 and resistor 42 into the
base of current switch 24. The time constant of resistor

56 and capacitor 58 is selected so that this current
quickly charges capacitor 58, and only the short current

pulse described above passes through capacitor 58. The
time constant of this R-C circuit is preferably on the

order of one microsecond.

Power supply 10 also includes pulse-width modulat 10
ing means 78 for developing a feedback pulse at a time
determined by the output voltage developed by rectifier
means 50. Electrical switch means 44 responds to this
feedback pulse by shorting the drive current and the
base of current switch 24 to ground, thereby turning off 15
switch 24. Timing of the feedback pulse provides regu
lation of the output voltage by controlling the time
duration of the drive cycle. In one embodiment of the
present invention, the feedback pulse is DC coupled to
the electrical switch means at the base of transistor Q1. 20
Pulse-width modulating means 78 includes a switch
ing transistor Q3, and means for generating a ramp
voltage having an inductor 80 and resistor 82. Pulse
width modulating means 78 also includes means for
developing an error voltage as a function of the devi 25

ance of the output voltage of rectifier means 50 from a

desired output voltage, and a voltage averaging circuit
formed by resistors 92 and 94. The error voltage devel
oping means includes a comparator 84, a source of ref
erence potential having a zener diode 86, and a voltage
divider network formed by resistors 88 and 90.
The error voltage developed by comparator 84 is
proportional to the difference between the reference
voltage developed by Zener diode 86 and the divided
output voltage between resistors 88 and 90. The refer 35
ence voltage of zener diode 86 and the values of resis
tors 88 and 90 are selected so that when the output
voltage of rectifier means 50 is at its desired regulated
value, the error voltage goes low. Thus, in an exern
plary embodiment of the present invention, with the 40
output of rectifier means 50 set at 5 volts, when resistors

weighted with the present output voltage through resis

tors 92 and 94 to provide the base drive voltage for 45
transistor Q3.
When the ramp voltage applied to the emitter of
transistor Q3 exceeds the base drive voltage, transistor
Q3 turns on, developing the feedback pulse which is
applied to the base of transistor Q1 of electronic switch 50

means 44. Electronic switch means 44, in response

thereto, shorts the drive current to ground to turn off
current switch 24.

collector of current switch 24 to a safe voltage. Snubber
circuit 98 includes a capacitor 100 in series with a paral
lel connection of a diode 102 and a resistor 104. When

current switch 24 turns off, the primary current, which
cannot instantaneously change because of the inductive
reactance of primary winding 26, charges capacitor 100
through diode 102. Since capacitor 100 already has an
initial charge from being charged from source 12
through resistor 104 when current switch 24 is on, and
such voltage cannot instantaneously change, the volt
age transient at the collector of current switch 24 when
it switches off is slowed by the time duration required to
charge capacitor 100. When current switch 24 turns on,
capacitor 100 is charged through resistor 104, diode 102
being reverse biased.
To initially start up power supply 10, power supply
10 includes resistor 106 which forms a voltage divider
network with resistor96. At start up, resistor 96 is effec
tively grounded via the output impedance seen by sup
ply 10. The value of resistor 96 is selected in accordance

with the predetermined time constant for the boost

circuit means, which is determined by resistor 96 and
capacitor 52. Thus, resistor 106 need only be selected so
that the divided voltage appearing between resistor 106

and resistor 96 at initial power up (output voltages at 0)
is sufficient to turn on current switch 24 to initiate cou

pling of the primary current through primary winding
Power supply 10 also includes a pair of diodes 107
and 108. Diode 107 clamps the voltage of capacitor 58
to ground potential less the forward bias voltage drop
across diode 107. Diode 108 isolates voltage transients
of capacitor 58 from the base of current switch 24.
A third rectifier means 109 of power supply 10 may
be used to develop a negative output voltage with re
spect to the ground potential. Third rectifier means 109
includes a diode 110, a zener diode 112, a capacitor 114,
and an output LC filter stage having an inductor 116
and capacitor 118. Diode 110 and capacitor 114 rectify
and filter, respectively, the voltage of tertiary winding

55 54 when current switch 24 is switched off. Zener diode

mined time after current switch 24 is switched off. This

boost circuit means includes a resistor 96 and capacitor
58. Capacitor 58 has been described above in conjunc
tion with first current pulse generating means 52. When
secondary winding 28 is transferring stored power to
rectifier means 48 during a flyback interval, a current is
developed through resistor 96 which charges capacitor
58. At the predetermined time, which would only be
reached during periods of high loading on power sup
ply 10, the voltage on capacitor 58 is sufficient to start
turn-on of current switch 24. Current-pulse developing
means 52 is triggered at this point to develop a second
short current pulse which is applied to current switch

12 and current switch 24 is a turn-off snubber circuit 98.

This circuit is designed to eliminate voltage spikes in the
primary current and clamp the maximum voltage at the

26 at a selected turn on threshold voltage of source 12.

88 and 90 are of equal value, Zener diode 86 is selected
to provide a reference of 2.5 volts. The error voltage is

Power supply 10 also includes boost circuit means for
developing a short, second current pulse at a predeter

6
24 through resistor 42. In this boost mode, when current
switch 24 turns on and causes the primary current to be
coupled through primary winding 26, there is residual
stored energy in power transformer 22, which enables
the initial primary current in primary winding 26 to
start at a boosted level. This boosted primary current
increases the stored energy which is transferred to recti
fier means 48 and 50 during the next successive flyback
cycle.
In parallel with primary winding 26 between source

60
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112 regulates the negative output voltage of rectifier
means 109 to a maximum negative voltage with refer
ence to the voltage of the base of current switch 24. In
a preferred embodiment of power supply 10, rectifier
means 109 normally provides a negative 12 volt output.
Zener diode 112 is selected to provide a 15 volt refer
ence, the output of rectifier 109 is limited to this voltage
reference since current switch 24 will turn off if it's base
is pulled below the ground potential.
Referring further to FIGS. 2A-2C, there is shown
representative waveforms useful in describing the oper
ation of electrical switch means 44 and pulse-width
modulating means 78.
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Beginning at the start of the drive cycle, with current longer to cross the base voltage allowing the primary
switch 24 turned on, a generally linearly increasing current to increase in amplitude thereby storing a
primary current, Ip, exemplarily illustrated at 120, is greater amount of energy in power transformer 22 be
developed in primary winding 26 as hereinabove de fore the start of the next flyback cycle.
Similarly, when the output voltage of rectifier means
scribed. The slope of this current is directly propor
50 is above its desired level such as during a very light
tional to the present voltage of source 12.
The primary current, I, develops a generally con load condition, the error voltage developed by compar
stant opposing voltage in primary winding 26 which is ator 84 decreases, lowering the base voltage of transis
magnetically coupled to secondary windings 28 and 30. tor Q3 as exemplarily illustrated at 126". The time dura
The polarity relationship of the voltage between the 10 tion for the ramp voltage to cross the base voltage is
primary winding 26 and the secondary windings 28 and decreased, thus the primary current is at a much smaller
30 is shown by the well known dot convention. The amplitude at the beginning of the flyback cycle,
voltage, Vs, at the node between secondary winding 30, whereby the energy transferred by power transformer
the cathode of diode 70 and inductor 80 is exemplarily 22 is decreased.
illustrated at 122. The voltage Vs develops a current 15 Thus, it is seen that feedback pulse developing means
through inductor 80 and resistor 82. This current is 78 regulates the switching of current switch 24 as a
proportional to the integral of the voltage V, and lin function of the present output voltage. Also, since the
early increases during the drive cycle developing a slope of the primary current is dependent upon the
ramp voltage, VE, exemplarily shown at 124, at the present voltage of source 12, the level of the voltage of
emitter of Q3. When this ramp voltage crosses the base secondary winding 30 and the slope of the ramp voltage
drive voltage, VB, exemplarily shown at 126, of transis is similarly dependent upon the present voltage of
tor Q3, transistor Q3 turns on and applies a feedback source 12. For example, if the voltage of source 12 is
pulse to the base of transistor Q1. The base voltage, VB, increasing, the slope of the ramp voltage similarly in
of transistor Q3, is the weighted average of the error creases, such that the base voltage threshold is crossed
voltage and the output of rectifier means 50 and is exem 25 sooner to initiate the flyback cycle, thereby providing
plarily shown at 126. As mentioned above, the feedback regulation as a function of the present voltage of source
pulse generated by transister Q3 causes transistor Q1 to 12.
Referring now to FIG. 3, there is shown representa
saturate, shorting the drive current and base of current
switch 24 to ground to turn off current switch 24, to tive waveforms useful in describing the operation of the
thereby begin the flyback cycle. During the interval of 30 boost circuit means of resistor 96 and capacitor 52.
time when the primary current, Ip, is increasing as During extremely heavy load conditions, diode 60 re
shown at 120, the voltage, Vc, of capacitor 58 at the mains forward biased for a substantial period of time
anode of diode 108 is generally constant, as exemplarily while secondary winding 28 or 30 is delivering its
shown at 128, and the current, I, through capacitor 58 power to rectifier means 48 or 50. The voltage at the
35 anode of diode 60 develops a current through resistor
is zero, as exemplarily shown at 130.
When current switch 24 turns off to begin the flyback 96 which charges capacitor 52 as shown at 136. If ca
cycle, the primary current through primary winding 26 pacitor 52 charges to a voltage, exemplarily shown at
loops through capacitor 100 and diode 102 of snubber 140, sufficient to forward bias diode 108 and the base
circuit 98. Capacitor 100 is chosen so that the current emitter junction of current switch 24 prior to the nor
through current switch 24 substantially falls instanta 40 mal end of the flyback interval, it discharges a short
neously to zero, as shown at 132, to transfer maximum current pulse, shown at 138. This pulse is applied to
power to secondary windings 28 and 30. Tertiary wind current switch 24, and causes switch 24 to turn on. A
ing 54 changes polarity forward biasing diode 107 and new drive cycle is initiated when current switch 24
clamping the voltage of capacitor 58 to approximately turns on whereby the primary current, exemplarily
-0.6 to -1.0 V, as shown at 134. Resistor 96 charges 45 illustrated at 120 (FIG. 3), is initially boosted to a level
capacitor 58 during the flyback cycle as shown at 136. above zero as a result of the residual energy stored in
When the stored energy in secondary windings 28 and power transformer 22, the boost level being shown at
142. The boosted primary current thus stores more
30 has been delivered to rectifier means 48 and 50, re
spectively, diodes 60 and 70 reverse bias as the polarity energy during the boosted drive cycle. This increased
of these windings reverses. Tertiary winding 54 also 50 energy is transferred to secondary winding 28 during
reverses polarity in response thereto to develop the the next successive flyback cycle. The drive cycle and

short current pulse, exemplarily shown at 138, which
The voltage of capacitor 58 also has a short spike,

the termination of the drive cycle is identical to the

turns on current switch 24 as hereinabove described.

shown at 140, during this polarity change to forward

55

bias diode 108.

When the output of rectifier means 50 is well regu
lated, so shown in FIG. 2A, the error voltage of com
parator 84 is low. Also shown are exemplary wave
forms of the primary current, the voltage of secondary
winding 30 and the ramp voltage at the emitter of tran
sistor Q3 for heavy load conditions, in FIG. 2B, and for
light load conditions, in FIG. 2C. During heavy loads,
the output voltage of rectifier means 50 will be lowered
because of the rapid discharging of capacitor 76. The
error voltage developed by comparator 84 thus in
creases, increasing the base voltage, VB, of transistor
Q3, as illustrated at 126'. Thus, the ramp voltage takes

60
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above description with reference to FIGS. 2A-2C.
Referring now to FIG. 4, there is shown another
embodiment of a flyback.power supply 10' which pro
vides DC isolation between secondary winding 30 and
current switch 24. Where convenient, corresponding
elements of FIG. 4 are designated by the same reference
symbols of FIG. 1, these elements having been fully
described with reference thereto.

Power supply 10' includes an isolation transformer
150 for isolating pulse-width modulating means 78 from
electronic switching means 44. Isolation transformer
150 includes a first winding 152 serially connected be
tween the collector of transistor Q3 and the output
return line, and a second winding 154 connected in
parallel with resistor 46. When transistor Q3 turns on, as
hereinabove described, it applies a current to first wind

4,608,625

152 and 154, respectively, when transistor Q3 turns off.

Isolation of the boost circuit means is accomplished
by providing a feedback winding 28 on the primary
winding 26 side of power transformer 20 and referenced

10

to ground potential as shown by the dot convention. A

resistor 96 may then be serially connected between the
ungrounded side offeedback winding 28' and capacitor
58. During the flyback cycle, feedback winding 28',
arranged to develop a positive voltage, causes a current
to be developed through resistor 96 which charges

15

capacitor 58. The voltage of feedback winding 28' and

the value of resistor 96' is selected so that after a se

lected time, capacitor 58 develops the current pulse,
illustrated in FIG.3 at 138, to turn on current switch 24.
Once the time constant of resistor 96 and capacitor 58
has been selected, resistor 98" may then be selected so
that power supply 10' turns on at a selected start-up
voltage as hereinabove described.
It is of course understood that although the preferred
embodiments of the present invention have been illus
trated and described, various modifications, alternatives
and equivalents thereof will become apparent to those
skilled in the art, and, accordingly, the scope of the
present invention should be defined only by the ap
pended claims and equivalents thereof.
What is claimed is:
1. A flyback power supply for developing an output

20

25

DC voltage from a source of DC, said power supply

comprising:
a power transformer including a primary winding
and a secondary winding;
current switch means for periodically coupling a
primary current during a first interval of time
through said primary winding from said source,
whereby energy is stored in said transformer dur

ing said first interval, said primary current having
an increasing amplitude during each said interval;
means for developing a drive current whose ampli
tude is a function of said primary current and for
coupling said drive current to said current switch
means, said current switch means being responsive

to said drive current for enabling said current
switch means to remain on;
pulse-width modulation means for developing a feed
back pulse at a point in time after said current
switch means turns on as a function of the deviation
of said output voltage from a predetermined volt

10

ate coupling of said primary current through said
primary winding, said current pulse developing
means including a feedback winding of said power
transformer and a capacitor in series with said feed
back winding, said feedback winding applying a
voltage to said capacitor when said stored energy
has been transferred out through said secondary
winding to charge said capacitor, said capacitor
emitting said current pulse while being charged by

ing 152 which develops a voltage in opposition to the
current. This voltage is magnetically coupled to second
winding 154 and is of sufficient amplitude to turn on
transistor Q1. A pair of resistors 156 and 158 are con
nected in parallel with windings 152 and 154, respec
tively. Resistors 156 and 158 damp ringing of windings

35

said voltage; and
a first resistor coupled between said secondary wind
ing and said capacitor for charging said capacitor
during said second interval of time, said current
pulse developing means developing a second cur
rent pulse for application to said current switch
means at a selected point during said second inter
val when said capacitor has been charged to a
voltage sufficient to turn on said current switch
means.
2. A flyback power supply for developing an output
DC voltage from a source of DC, said power supply
comprising:
a power transformer including a primary winding
and a secondary winding;
current switch means for periodically coupling a
primary current during the first interval of time
through said primary winding from said source,
whereby energy is stored in said transformer dur
ing said first interval, said primary current having
an increasing amplitude during each said interval;
means for developing a drive current whose ampli
tude is a function of said primary current and for
coupling said drive current to said current switch
means, said current switch means being responsive
to said drive current for enabling said current
switch means to remain on;

pulse-width modulating means for developing a feed
back pulse at a point in time after said current
switch means turns on as a function of the deviation

of said output voltage from a predetermined volt

age;
45

electrical switch means for turning off said current
switch means in response to said feedback pulse,
said energy stored in said transformer being trans
ferred out through said secondary winding when
said current switch means is off during a second
interval of time;
means responsive to said energy transferred out

through said secondary winding during each said

50

second interval for developing said output DC

electrical switch means for turning off said current 55
switch means in response to said feedback pulse,
said energy stored in said transformer being trans
ferred out through said secondary winding when
said current switch means is off during a second
60
interval of time;
means responsive to said energy transferred out
through said secondary winding during each said
second interval for developing said output DC
voltage;
means for developing a first current pulse when all of 65
said stored energy has been transferred out through
said secondary winding, said first current pulse
being applied to said current switch means to initi

means for developing a first current pulse when all of
said stored energy has been transferred out through
said secondary winding, said first current pulse
being applied to said current switch means to initi
ate coupling of said primary current through said
primary winding, said current pulse developing
means including a feedback winding of said power
transformer and a capacitor in series with said feed
back winding, said feedback winding applying a
voltage to said capacitor when said stored energy
has been transferred out through said secondary
winding to charge said capacitor, said capacitor
emitting said current pulse while being charged by
said voltage;
a first resistor coupled between said secondary wind
ing and said capacitor for charging said capacitor
during said second interval of time, said current

age;

voltage;
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pulse developing means developing a second cur

As

rent pulse for application to said current switch
means at a selected point in time during said second
interval when said capacitor has been charged to a
voltage sufficient to turn on said current switch
means; and
a second resister coupled between said source and
said first resistor, said first resistor being effectively
grounded at initial power up of said power supply,
said second resistor being selected so that at a se
lected voltage of said source during power off, a
voltage between said first resistor and said second

5

10

resistor is sufficient to turn on said current switch
eaS.

w

3. A flyback power supply for developing an output
DC voltage from a source of DC, said power supply
comprising:

15

an increasing amplitude during each said interval;
means for developing a drive current whose ampli
tude is a function of said primary, current and for
coupling said drive current to said current switch

25

electrical switch means for turning off said current
switch means in response to said feedback pulse,
said energy stored in said transformer being trans
ferred out through said secondary winding when
said current switch means is off during a second
interval of time;
means responsive to said energy transferred out
through said secondary winding during each said

second interval for developing said output DC

means, said current switch means being responsive
to said drive current for enabling said current

switch means to remain on;

pulse-width modulation means for developing a feed
back pulse at a point in time after said current
switch means turns on as a function of the deviation 35

of said output voltage from a predetermined volt
age;

electrical switch means for turning off said current
switch means in response to said feedback pulse,
said energy stored in said transformer being trans 40
ferred out through said secondary-winding when
said current switch means is off during a second
interval of time;
means responsive to said energy transferred out
through said secondary winding during each said 45
second interval for developing said output DC
voltage;
means for developing a first current pulse when all of
said stored energy has been transferred out through
said secondary winding, said first current pulse

being applied to said current switch means to initi
ate coupling of said primary current through said
primary winding, said current pulse developing
means including a feedback winding of said power
transformer and a capacitor in series with said feed
back winding, said feedback winding applying a
voltage to said capacitor when said stored energy
has been transferred out through said secondary
winding to charge said capacitor, said capacitor
emitting said current pulse while being charged by
said voltage; and
means responsive to voltage changes of said feedback
winding for developing a second output voltage.
4. A flyback power supply for developing an output
DC voltage from a source of DC, said power supply
comprising:
a power transformer including a primary winding
and a secondary winding;

primary current during the first interval of time
through said primary winding from said source,
whereby energy is stored in said transformer dur
ing said first interval, said primary current having
an increasing amplitude during each said interval;
means for developing a drive current whose ampli
tude is a function of said primary current and for
coupling said drive current to said current switch
means, said current switch means being responsive
to said drive current for enabling said current
switch means to remain on;
pulse width nodulating means for developing a feed
back pulse at a point in time after said current
switch means turns on as a function of the deviation
of said output voltage from a predetermined volt
age;

a power transformer including a primary winding
and a secondary winding;
current switch means for periodically coupling a
primary current during a first interval of time
through said primary winding from said source,
whereby energy is stored in said transformer dur
ing said first interval, said primary current having

12

current switch means for periodically coupling a

55

60

65

voltage;
means for developing a first current pulse when all of
said stored energy has been transferred out through
said secondary winding, said first current pulse
being applied to said current switch means to initi
ate coupling of said primary current through said
primary winding; and
means for developing a second current pulse at a
selected point in time during said second interval of
time, said second current pulse being applied to
said current switch means to initiate coupling of
said primary current through said primary winding

prior to all of said stored energy being transferred
out through said secondary winding.

5. The power supply of claim 4 wherein said second
current pulse developing means includes a capacitor
and a resistor coupled between said secondary winding
and said capacitor, the voltage of said secondary wind
ing developing a current through said resistor to charge
said capacitor during said second interval of time, said
capacitor emitting said second current pulse when its
voltage is sufficient to turn on said current switch
2S.

6. The power supply of claim 4 wherein said second

current pulse developing means includes a feedback
winding of said power transformer, a capacitor and a
resistor coupled in series between said feedback wind
ing and said capacitor, the voltage of said feedback
winding developing a current through said resistor to
charge said capacitor during said second interval of
time, said capacitor discharging said second current
pulse when its voltage is sufficient to turn on said cur
rent switch means.
7. A flyback power supply for developing an output
DC voltage from a source of DC having an output line
and a return line, said power supply comprising:
a power transformer including a primary winding
and a secondary winding;
a current switch including a transistor having a base,
a collector and an emitter coupled to said return
line, said current switch periodically coupling a
primary current through said primary winding
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from said output line of said source to said collec
tor during a first time interval when said current

14
said current switch means is off during a second
interval of time;

switch is on, said primary current having an in

creasing amplitude during each said interval;
a current transformer having a first winding and a 5
second winding, said primary current being cou
pled through said first winding, said second wind
ing developing a drive current whose amplitude is
a function of said primary current, said second
winding coupling said drive current to said base 10
whereby said drive current increases proportionally with said primary current to enable said cur-

means responsive to said energy transferred out.
through said secondary winding for developing
said output DC voltage; and
means for developing a current pulse at a selected
point in time during said second interval of time,

said current pulse being applied to said current
switch
h
htosaiinitiate coupling of said primaryIl current
of sai
through said primary winding prior to all o said
stored energy being transferred out through said

rent switch to remain on;

secondary winding,

s

s

age,

said resistor to charge said capacitor during said

pulse-width modulation means for developing a feedsaid current pulse developing means including a ca
back pulse at a point in time after said current 15
pacitor and a resistor coupled between said second
switch means turns on as a function of the deviation
ary winding and said capacitor, the voltage of said
of said output voltage from a predetermined voltsecondary winding developing a current through
electrical switch means for turning off said current

switch means in response to said feedback pulse, 20
said energy stored in said transformer being trans-

ferred out through said secondary winding when

second interval of time, said capacitor emitting said

current pulse when its voltage is sufficient to turn

on said current switch.
a
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