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Magnetic direct current to direct current converter with the
input isolated from the output. A pulse generator from the
feedback is incorporated in the feedback circuitry to regulate
the output relative to the input.
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1
MAGNETIC DC-TO-DC CONVERTER

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

This is a continuation of application Ser. No. 08/430,168
filed Apr. 27. 1998, and now abandoned, which was a
continuation of application 08/240.378. filed on May. 10,
1994, and now abandoned, and is a reissue of 07/462/100,

filed Jan. 8. 1990 which issued as U.S. Pat. No. 5.113.333.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to power supplies and more
particularly to a magnetic direct current to direct current

converter having magnetic coupling feedback.
2. Description of the Prior Art

Converters typically switch an unidirectional source of
current at a high frequency through transformer windings.
An output winding of the transformer provides an alternat-
ing current which may be rectified to produce a d.c. source
of power. A forward converter may include a switch which
switches current through a transformer winding. An output
winding provides the alternating current in response alter-
natively to build-up and collapse of flux of the transformer.

There are many electrical power applications with dc-to-
dc converters requiring power to be supplied at a particular
voltage or current level. Many power supplies convert the
input power to output power at the desired current or voltage
level. However, frequently, the input power is unregulated
such that the output current or voltage varies. Also, the load
conditions on the power supply may vary which in turn
impacts the output current and/or voltage. Furthermore, the
temperature at which the circuit is operating impacts the
output current and/or voltage.

To maintain the power supply at a predetermined level,
many power supplies have a regulator which monitors the
output and modifies the input as necessary. Also, many
applications require isolation of the output from the input.
For example, it may be necessary to isolate the output side
from noise existing on the input side. In switch-mode power
supplies having a transformer. the input circuit is frequently
electrically isolated from the output circuit, with a transistor
switch in the input circuit tied to the primary coil and which
is controlled by a feedback signal from the secondary coil.
Electrical isolation between the primary and secondary coils
may also be maintained by an opto-isolator which transmits
the feedback information from the secondary coil side to the
primary coil side. However, the linearity of opto-isolators
commonly varies with temperature, with a dramatic
decrease in gain at high temperature (above 85° C.) and a
permanent decrease over time. Also, the performance of
opto-isolators is subject to radiation. The gain varies as a
function of such radiation. Consequently, opto-isolators are
generally precluded from military and satellite applications
or other applications where the temperature varies signifi-
cantly; long life is desired; and/or there are significant
variations in radiation.

Magnetic isolation is a further form of isolation and uses
a transformer or inductor sampling method of feedback. The
benefits are relatively constant performance notwithstanding
temperature and time variations. The disadvantages include
complexity, low performance due to signal averaging, errors
and noise feedback mixing with the desired signal.

The prior art includes U.S. Pat. No. 4,683,528, issued to
Snow, et al. relating to a pulse position modulated regulation
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for power supplies. The circuitry includes a pulse trans-
former to transmit pulses from the secondary coil side of the
transformer to the primary coil side with the power through
the primary coil being controlled by varying the duty cycle
of the drive signal for a transistor switch. U.S. Pat. No.
4.357.654. issued to Ikenoue, et al. discloses an inductively
coupled dc-to-dc converter. The circuitry includes an induc-
tance for storing energy when a switching transistor is turned
on and releasing the stored energy when the switching
transistor is turned off. and a semiconductor active element
used as a flywheel element to provide the path for current
resulting from the stored energy. U.S. Pat. No. 4.355.333.

issued to Michael Farrer discloses a power supply apparatus
having a transformer reset sensing circuit to inhibit reset of

a switching transistor in the primary side of a transformer
until resetting of the transformer.

SUMMARY OF THE PRESENT INVENTION

It is an object of the present invention to provide a
magnetic feedback with magnetic isolation and of which the
feedback circuitry is accurate and relatively uncomplicated
in design.

It is a further object of the present invention to provide a
magnetic feedback in which the output is highly regulated
relative to the input.

It is a further object of the present invention to provide a
magnetic feedback circuit of which the performance is
relatively insensitive to ambient temperature.

It is a further object of the present invention to provide a
magnetic feedback circuit which is relatively insensitive to

time of use.

It is a further object of the present invention to provide a
magnetic feedback circuit which is relatively insensitive to
radiation.

An exemplary embodiment of the present invention
includes a magnetic feedback implemented in a dc-to-dc
converter with a feedback coupled inductor connected to the
load-side of a power transformer and with a diode to detect

the feedback voltage during “flyback™ of the power trans-
former. The magnitude of the feedback is determined by the
turns ratio and does not react to changes 1n temperature, age
or radiation. A sampling switch circuit is in series with the
diode to smooth and recover the feedback signal. The

sampling switch is regulated by a sampling pulse. The
timing of the sampling pulse is delayed and the width may

be set to eliminate the switching energy and noise compo-
nents to increase the load range.

An advantage of the magnetic feedback of the present
invention is that it is of relatively uncomplicated design.

Another advantage of the magnetic feedback of the
present invention is that the output is highly regulated
relative to the input.

Another advantage of the magnetic feedback of the
present invention is that it has a long life.

Another advantage of the magnetic feedback of the
present invention is that it is operable over a wide tempera-
ture range.

These and other objects and advantages of the present
invention will no doubt become obvious to those of ordinary
skill in the art after having read the following detailed
description of the preferred embodiment which are illus-
trated in the various drawing figures.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of a feedback circuit of the
present invention implemented in a dc-to-dc converter;
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FIG. 2 is a timing diagram of signals illustrating operation
of the embodiment of F1G. 1 under moderate load condi-
tions;

FIG. 3is a timing diagram of signals illustrating operation
of the embodiment of FIG. 1 under very light load condi-
tions;

FIG. 4 is a schematic diagram of an alternative embodi-
ment of the present invention; and

FIG. 5 is a timing diagram of signals illustrating operation
of the embodiment of FIG. 4.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

FIG. 1 is a schematic diagram of a magnetic feedback

circuit of the present invention implemented in a dc-to-dc
converter and referred to by the general reference character

10. The converter includes a transformer 12 having a pri-
mary winding 14 and a secondary winding 16. The primary
winding 14 has a center tap connected to a direct current
supply source 18 (V_,) which 1s also joined to the ground
reference of the primary side of transformer 12. The supply
source 18 may be of various forms and may vary from a very
low voltage to a very large voltage source. Such applications
may include a battery, a generator on an aircraft, etc. One
side of the primary winding 14 is joined to an electronic
switch 20 which also extends to ground and the other side of
winding 14 is joined to an electronic switch 22 which
extends to ground. The switches 20 and 22 may be in the
form of pulse transistors such as power MOSFETS or
bipolar transistors. The secondary winding 16 of the trans-
former 12 has one end tied to a diode 24 and the other end

tied to a diode 26 of which the cathodes are tied in common
at a yunction 27. The center tap of the winding 16 extends to

the load 28. In series with the diode 24 and the load 28 is a
filter including an output filter inductor 3¢ wound on a core
32 and a filter capacitor M extending across the load 28. One
side of the load 28, capacitor 34 and the center tap of
winding 16 are tied to ground reference on the load side of
transformer 12.

A feedback circuit network 38 is incorporated to sense the
output voltage of the converter 10 and transfer it back to the
primary side of the transformer 12. The network 35 includes
a winding 34 which is magnetically coupled to the winding
30 on the same common core 32. The winding 34 is
grounded to the ground of the primary side of the trans-
former 12. In series with the winding 34 is a diode 36. the
cathode of which is tied to a current regulating diode 37
which extends to the primary side ground. The cathode of
the diode 36 is also tied to a sampling switch 38 which has
one terminal extending to a capacitor 39 which is grounded
to the primary side ground. The sampling switch 38 may
take the form of a MOSFET switch with the gate tied to a
sampling switch driver 40,

The sampling switch 38 and sampling switch driver 40 are
also tied to a primary control circuit 41. The circuit 41
includes an error amplifier 42 with one terminal tied to
switch 38, another input terminal tied to a reference potential
Vg and an output terminal extending to a pulse width

modulator 45. The output of the modulator 45 is joined to a
pair of inverters 46 and 47. Inverter 46 is joined to switch 20

and to sampling switch driver 40. Inverter 47 1s joined to
switch 22 and to sampling switch driver 40.

The converter 10 may include a plurality of loads. For
illustrative purposes, the circuit of FIG. 1 is shown with two
loads. For the second load, there is a secondary winding 50
having a center tap and with opposite ends tied to a diode 52
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and 54, respectively. The cathodes of the diodes 52 and 54
are joined in common to a filter inductor 56 which is wound
on the core 32. This inductor 56 is tied in series with a load
58 which is also tied to the load-side return and in parallel
with a capacitor 69.

In operation, and referring to FIGS. 1 and 2, the dc supply
source 18 provides a voltage V, which is applied to the
transformer 12 at the centerpoint primary winding 14. The
number of windings on the primary 14 to the center tap are
represented as N_. The switches 20 and 22 of the primary
control circuit 41 create open and close operations of the
primary winding circuit responsive to signals at the gates of
the switches 20 and 22. Accordingly. the magnetic flux in the
coll 14 decreases and increases responsive to the pulses V_

controlling the switches 20 and 22 so as to create a magnetic
coupling to the secondary windings on the transformer 12.
Viewing the secondary winding 16, the number of windings
on the secondary 16 to the center tap are represented as N,
The diodes 24 and 26 on the secondary windings 16 limit the
current flow to be unidirectional so as to provide pulses. The
voltage V, at the junction 27 is a function of the turns ratio
and the voltage drop across the diodes 24 and 26. The

current flow to the filter through the output inductor winding
30 creates magnetic flux in the winding 30 and a voltage V, |
across said winding. The magnetic flux is in turn magneti-
cally coupled to the feedback winding 34. The number of
windings on the inductors 30 and 34 are represented as N,
and N5, respectively. The relative polarity of the windings
30 and the winding 34 are opposite. A voltage V. is then
provided across the input to one terminal of the switch 38
and the primary ground reference. The magnitude of V, is
a function of the potential across the winding 34 and the
drop across the diode 36. The diode 36 detects the voltage
on the feedback winding 34 during the time of flyback. The
voltage drop developed across the diode 36 1s referred to as
Vprex- As llustrated, the signal V., includes decaying
perturbations at the leading edge and then flattens. This
results in “noise” at the edges of the signals. Thus, it is
desired to preclude such *noise” from feedback to the
primary control circuit 41. Accordingly, the gate 38 is
controlled to remain open during the noise by delaying the
output sampling signal V¢, of the switch driver 40 to the
gate of switch 38 by a time period T, as shown in FIG. 2.
Then, with the gate 38 closed, the signal “V,” across the
capacitor 39 is provided to one terminal of the error ampli-
fier 42 which compares it to the reference potential V,_. The
output of said error amplifier 42 is then fed to the pulse width
modulator 48, i.e., including a sawtooth generator and
comparator. The pulse width modulator 435, then provides
pulses of the correct pulse width through the inverters 46 and
47 to the switches 20 and 22 and to the driver 40 to close the
loop. Accordingly, the switches 20 and 22 are closed in
response to the feedback signals. The switches 20 and 22 are
connected in push-pull such that when one is closed. the
other is open. Also, the sampling switch driver 40 provides
the delayed pulse signal “V, .~ to the gate of the sampling
switch 40 in response to the feedback.

As shown by FIG. 2, for loads 28 wherein the output
current I equals or exceeds fifty percent of the ripple current
of the inductor 30, the gate to the sampling switch 38 is not
closed during the time period T, so as to avoid passing the
leading edge perturbations of the V., potential to the
primary control circuit 41. By incorporating the delay T, the
perturbations are dissipated by the time that the gate 38 is
closed such that the potential V., is relatively flat. This
tends to prevent spikes and discontinuities contained in the
feedback signal V., from appearing at the error amplifier
input, V .~ thereby providing a highly regulated dc output.
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In the situation wherein the application requires a very
light load, e.g.. output load current I, is less than fifty
percent of the inductor ripple current of the inductor 30, the
signal waveforms become as illustrated in FIG. 3. As
illustrated, the trailing edge on the second half of the V,
potential tends to build up at an irregular rate thereby adding
further perturbations into the half-wave signals V,. Thus,
the half-wave signal V., has perturbations at both its
leading and trailing edges. Accordingly, to avoid the pertur-
bations at both edges, the sampling switch driver 40 is such
that it delays conduction by the time period “T,” and then
only conducts for a period “T,” so as to avoid the pertur-
bations at both ends of the “V,” signal. Consequently, the
potential “V ;" is relatively flat.

To illustrate the effects of the conduction period of the
sampling switch 38, if the driver 40 is not controlled and
merely delayed under the very light load conditions. the
waveforms Vg, ,» and V-, in FIG. 3 include in broken lines
(for one cycle) of the wave shapes. As illustrated, the
potential V.., would have a significant decrease during the
trailing edge perturbations. Thus, for very light loads. with-
out a fixed sampling time, regulation would be sacrified.

Though the discussion has concentrated merely on one
load, namely load 28, the same analysis applies for each load
for applications with multiple loads.

Accordmgly as is illustrated by the network of FIG. 1, the
primary side of the dc-to-dc magnetic converter is isolated
from the secondary side and the feedback winding 1is
grounded on the primary side ground. Also, by utilizing the
sampling switch driver 40 to drive the sampling switch 38
with a delayed gate signal pulse, with moderate or large
loads. tends to eliminate the spikes which are present at the
leading edge of the feedback signal. Furthermore, by con-
trolling both the delay and the width of the gate signal
“Verrp » and thus the time frame during which the sampling
switch 38 is closed, during the half-wave feedback signal
“V " perturbations at each end are elminated from affecting
the regulation of the converter output. The end result is an
output dc voltage V_, which is highly regulated and which
remains stable. Also, the transfer characteristics are prima-
rily determined by the turns ratio of the filter inductor 30 and
the feedback inductor 34. Such ratio is insensitive to
temperature, time and radiation. Most applications deem a
load regulation of plus or minus two percent for load
variations. With the time delay of the pulse Vg, such
regulation is realized with a five to one load current varia-
tion. With the delayed fixed-time pulse Vg, p, such regula-
tion is realized with a ten to one load current variation.

The voltage regulation is also a function of (a) the
resistance of the winding of the filter inductor 30; and (b) the
voltage drop across the diodes 24, 26 and 36. These can be
overcome by using larger wires to reduce the resistance in
the windings and by selecting diodes having smaller voltage
variations for the desired current range.

With the present invention the temperature coefficients of
the output voltages are determined by; (1) the difference
between the temperature coefficients of the diodes; and (2)
winding resistance. To illustrate, using the load 28 for

illustrative purposes:
Vo=Vt VDHLR, (1)

where,

Vo=V pi4a=Vpis;
R ~=winding resistance of coil 30; and
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I_=output current.

Nrpz )
e 22 )
Fl Moo (Vi)

(2)

where N is number of turns on winding. Therefore.

Vi = K(Vg; + Vp + LRg) (3)
N 4
where K is a constant of kil *)
Nii
Vr, = Ve —VpreE (3)

p

= KVo1+ KVp— Vprex + KloRs

Thus, by selecting the appropriate terms ratio and the
current density of the diode 36 (set by Ir). the temperature
coefficient can be made virtually zero. Even if the tempera-
ture coefficient is not eliminated. it is well-defined as shown
in equation (5) and if necessary, it can be further compen-
sated by introducing a temperature compensated correction
factor to offset it.

With the turns ratio of the secondary winding to the filter
inductor winding the same for all sections,

Nsi Ns2

Nrj Niz

the dynamic cross regulatlon i.e., the variations in the loads
across the various sections, is very good. This is due to the
fact that the feedback is taken from the unified and normal-
ized output voltage. Also, the delayed sampling switch 38
not only eliminates the switching spikes, but also with L.
provides for a very fast discharge path. This improves the
transient response of the converter 10.

FIG. 4 illustrates an alternative embodiment of the present
invention and referred to the general reference character 68.
Those components similar to components of FIG. 1 carry the
same reference numeral distinguished by a prime designa-
tion. In FIG. 4, the converter 68 includes a magnetic pulse
feedback circuit 70. The circuit 70 includes a transformer
with three coupled windings 71, 72 and 73 wound on a
gapped core 74. The winding 73, with turns N, has one end
joined to the secondary ground reference and the other end
tied in series with a diode 76 extending to the load 28'. The
winding 72, with turns N,,, is tied to the primary ground and
to a trigger pulse generator 78 which extends to the pulse
width modulator 45'. The winding 71. with turns N, ., extends
from the primary ground reference to the diode 36'.

Assuming the turns ratio N, :N,:N,=1:1:1, then the timing
diagram of FIG. 5 illustrates the wavcfmms (2) of the signal
of winding 72. the waveform (1) of the signal winding 71,
and Vg,

The voltage (2) across the winding 72 equals that across
winding 73 such that

Vo=Vo1+Vpsup (6)

where V ,qqp is the voltage drop across the diode 76. Also.
the voltage (1) across the winding 71 equals in magnitude
that across the winding 72 such that,

V, =V + Vpppx (7)
Therefore,
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~continued

oT

(8)

Ves = Vo1 + Vpame ~ Yorex
and

Vi = Vo1 where Vooue equals Vppgy

The temperature coefficient of the output voltage can be
made very small by tightly thermally coupling the diodes 76
and 36'. e.g.. placed on the same hybrid substrate and using
the same type of diode for both. Also. since a gapped core
can be used. the characteristics. e.g.. winding inductance.
interwinding capacitance. Q. etc.. of circuit 70 are well
defined. Thus, their values can be well controlled which in
turn limits temperature variations.

Continuous monitoring of the output voltage V,, is avail-
able because the feedback signal is always present. This is
true even if the output is in the fault conditions. e.g.. short
circuited. overloaded, etc. Also, the transmitting of the
feedback signal is fully synchronized with the system clock.
This eliminates the possibility of generating an unstable duty
cycle which in turn could generate random (or beat
frequency) voltage ripple at the output. As can be seen, the
feedback circuit 70 only includes one active device, i.e., the

diode 76. This allows the entire converter to be included on
a single integrated circuit. Also, the transformer on the core

74 can be very small since it merely carries a signal and does
not carry any load current or high voltages. Thus, the circuit
70 does not carry any significant quantity of power.

Although the present invention has been described in
terms of the presently preferred embodiment(s). it is to be
understood that such disclosure is not to be interpreted as
limiting. Various alterations and modifications will no doubt
become apparent to those skilled in the art after having read
the above disclosure. Accordingly, it is intended that the
appended claims be interpreted as covering all alterations
and modifications as fall within the true spirit and scope of
the invention.

I claim:

1. A direct current to direct current converter comprising,
in combination:

a power ftransformer with a primary winding and a sec-
ondary winding, said primary winding having a first
connection means for receiving a direct current supply
source and a second connection means for connection
to a first ground reference, and said secondary winding
being connected to a second ground reference;

a primary control circuit including a switching means
connected to said primary winding for controlling the
duty cycle of power delivered to said primary winding
from said source, and a comparator means for receiving
and comparing a reference signal and a feedback signal
and generating an error signal relative to a comparison
and in turn generating responsive control signals to said
switching means; and

a feedback network including a first inductive means
connected to sense [a] an electrical load connected to
said secondary winding, a feedback inductor for gen-
erating a feedback signal and magnetically coupled to
said first inductive means, said first inductive means
connected in series with a first unidirectional conduc-
tive valve and a second unidirectional conductive
valve, said first and second unidirectional conductive
valves being connected to opposing ends of said sec-
ondary winding, said feedback inductor connected in
series with a third unidirectional conductive valve, a
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sampling switch connected to said third unidirectional
conductive [gate] valve and to said comparator means
to control current flow intermediate said third unidi-
rectional conductive [gate] valve and said comparator
means, said sampling switch including a control gate
for controlling conduction through said sampling
switch. and gate control means connected to said gate
and to the primary control circuit to control said
sampling switch responsive to the status of said error
signal for sampling said feedback signal during a
steady state portion of said feedback signal,

2. The converter of claim 1 wherein, said first inductive
means and said feedback inductor are windings on a com-
mon core in transformer relationship. the turns ratio of said
first inductive means and feedback inductor being one.

3. The converter of claim [1] 4 wherein. said first and
second unidirectional conductive valves are diodes of which
the [matching] electrical characteristics are substantially
equal.

4. A direct current to direct current converter comprising,
in combination:

a power transformer with a primary winding and a sec-
ondary winding. said primary winding having a first
connection means for receiving a direct current supply
source and a second connection means for connection
to a first ground reference, and said secondary winding
being connected to a second ground reference;

a primary control circuit including a switching means
connected to said primary winding for controlling the
duty cycle of power delivered to said primary winding
from said source, and a comparator means for receiving
a reference signal and a feedback signal and generating
an error signal relative to the comparison and in turn
generating responsive control signals to said switching
means; and

a feedback network to sense an electrical load connected
to said secondary winding, the feedback network
including a first inductive means and a feedback induc-
tor magnetically coupled to said first inductive means.
said first inductive means being connected in series
with a first unidirectional conductive valve [and a
second unidirectional conductive valve, said first and
second unidirectional valves being connected to oppos-
ing ends of said secondary winding]. said feedback
inductor connected in series with a [third] second
unidirectional conductive valve, a sampling switch
connected to said [third] second unidirectional conduc-
tive [gate] valve and to said comparator means to
control current flow intermediate said [third] second
unidirectional conductive [gate] valve and said com-
parator means, said sampling switch including a control
gate for controlling conduction through said sampling
switch, [gate] inductive control means [connected to
said gate and to the primary control circuit to control
said sampling switch responsive to the status of said
error signal]. and a second inductive means magneti-
cally coupled to said first inductive means and to said
feedback inductor, said second inductive means and
feedback inductor being connected to said first ground
reference, and said second inductive means being con-
nected to said [gate] inductive control means.

5. The converter of claim 4 wherein,

said first inductive means. second inductive means and
feedback inductor are all wound on a common core;

said first inductive means and said feedback inductor
having windings which are wound with the same polar-
ity and opposite to that of said [feedback inductor}

second inductive means.
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6. The converter of claim § wherein.

said [gate] inductive control means is a trigger pulse
generator.
7. The converter of claim 5 wherein,

said first inductive means, second inductive means and
feedback inductor are wound on a gapped core [with
said second inductive means being placed within said
gap}]

8. The converter of claim 7 wherein. the turns ratio of said
first inductive means. second inductive means and feedback
inductor is one.

[9. The converter of claim 8 wherein,

the polarity of said first inductive means and feedback
inductor are the same and opposite respectively to the
polarity of said second inductive means.]
10. A direct current to direct current converter comprising,
in combination:

a power transformer with a primary winding and a sec-
ondary winding, said primary winding having a first
connection means for receiving a direct current supply
source and a second connection means for connection
to a first ground reference, and said secondary winding
being connected to a second ground reference;

a switching means connected to said primary winding for
controlling the duty cycle of power delivered to said
primary winding from said source;

a first unidirectional control valve connected to a first end
of said secondary winding and in series with a first
inductive means for connection to an electrical load;

a second unidirectional control valve connected to a
second end of said secondary winding and in series
with said first inductive means;

a feedback signal generating means for generating a
feedback signal representative of output voltage of the
converter and including a second inductive means for
generating a feedback signal magnetically coupled to
said first inductive means, said second inductive means
being connected between said first ground reference
and a third unidirectional control valve, and a voltage
storage means connected between said [third] second
inductive means and said first ground reference
whereby a feedback potential may be generated across
said voltage storage means;

a differential amplifier means connected to said voltage
storage means and to receive a select reference voltage
for comparing a select reference voltage to a [signal]
feedback potential representative of said feedback
[potential] signal;

a sampling driver means connected to receive a signal
representative of the output of the differential amplifier
means and for generating a delayed pulse signal rep-
resentative of the output of the differential amplifier
means with said pulse signal delayed a select time
period dependent on a waveform of said feedback
potential to sample said feedback signal during a
steady state period of said feedback signal, and

a sampling switch means connected to the sampling driver
means, the differential [driver] amplifier means and to
said third unidirectional control valve, whereby said
feedback [signal} potential representative of said feed-
back [potential] signal is controlled responsive to said
delayed pulse signal.

11. The converter of claim 10 wherein,

said first inductive means and said second inductive
means are windings on a common core in transformer
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relationship. the turns ratio of said first and second
inductive means being one.
[12. The converter of claim 11 wherein,

the first unidirectional control valve and said second
unidirectional control valve are diodes of which the
matching electrical characteristics are equal.]

13. The converter of claim [12] // wherein,

the [polarity] polarities of said first and second inductive
means are [the] opposite relative to each other.
14. The converter of claim 13 wherein,

the sampling switch means is in the form of a three
terminal electronic switch having a gate connected to
the sampling driver means for receiving said delayed
pulse signal.

15. In an electronic transformer circuit wherein a primary
winding of the circuit is connected to a first ground reference
and a secondary winding is connected to a second ground
reference and including a primary control circuit for con-
trolling conduction of the primary winding. the improve-
ment comprising:

a feedback network to sense an electrical load connected
to said secondary winding, the feedback network
including a first inductor connected in series with a first
unidirectional conductive valve and a second unidirec-
tional conductive valve, said first and second unidirec-
tional conductive valves being connected to opposing
ends of said secondary winding, a feedback inductor
connected to said first ground reference and magneti-
cally coupled to said first inductor and connected in
series with a third unidirectional conductive valve, a
sampling switch having one terminal connected with
said third unidirectional conductive valve, said sam-
pling switch including a gate for controlling conduction
through said sampling switch of signals through said
[second] third unidirectional conductive valve and
means connecting said sampling switch with said pri-
mary winding; and gate control means connected to
said gate and to said primary control circuit to control
conduction of said sampling switch as a function of the
conduction of said primary winding, for sampling said
feedback signal during a steady state period of said
feedback signal.

16. An electronic transformer circuit of claim 15 wherein,

said first inductor and said feedback inductor are windings
on a common core in transformer relationship, the turns
" ratio of said first inductor and said feedback inductor
being one.
17. An electronic transformer circuit of claim [16] /8
wherein,

said first and second unidirectional conductive valves are
diodes of which the [matching] electrical [characters}]
characteristics are substantially equal.

18. In an electronic transformer circuit wherein a primary
winding of the circuit is connected to a first ground reference
and a secondary winding is connected to a second ground
reference and including a primary control circuit for con-
trolling conduction of the primary winding, the improve-
ment comprising:

a feedback network to sense an electrical load connected
to said secondary winding, the feedback network
including a first inductor connected in series with a first
unidirectional conductive valve [and a second unidi-
rectional conductive valve, said first and second uni-
directional conductive valves being diodes connected
to opposing ends of said secondary winding and of
which the matching electrical characteristics are equal].
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a feedback inductor for generating a feedback signal
connected to said first ground reference and magneti-
cally coupled to said first inductor and connected in
series with a [third] second unidirectional conductive
valve, said first inductor and said feedback inductor are
windings on a common core in transformer relationship
[with the turns ratio of said first inductor and said
feedback inductor being one], a sampling switch hay-
ing one terminal connected with said Jthird] second
unidirectional conductive valve, said sampling switch
including a gate for controlling conduction through said
sampling switch of signals through said [third] second
unidirectional conductive valve and means connecting
said sampling switch with said primary winding, [gate]
inductive control means Jconnected to said gate and to
said primary control circuit to control conduction of
said sampling switch] to contro! the generation of said
feedback signal as a function of the conduction of said
[primary winding] first inductor. a second inductor
magnetically coupled to said first inductor and to said
feedback inductor. said second and feedback inductors
being connected to said first ground reference and said
second inductor being connected to said [gate} induc-
Live control means.

19. A power supply having an input including a return
terminal such as a ground. a direct current output having a
return terminal such as a ground, the return terminals being
isolated from each other, and a feedback regulating circuit
coupled between the output and input for regulating the
transfer of power between the input and output while
preserving said isolation, the feedback regulating circuit
comprising:

(1) a control circuit for controlling the transfer of power;

and

(2) a regulating circuit including:

(a) a monitoring circuit responsive to said power
supply output and having a clamping characteristic;

(b) a feedback circuit inductively coupled to said moni-
toring circuit for supplying a signal indicative of the
output condition to said control circuit; and

(c) a trigger circuit for initiating a magnetic transient
in the coupling between said monitoring circuit and
said feedback circuil;

whereby a correcting signal is applied to the control

circuit.

20. The power supply of claim 19 including a power
transformer connected between said input and output and
wherein said control circuit comprises a pulse width modu-
lator for controlling conduction in the primary of said
transformer.

21. The power supply of claim 19 or claim 20 wherein
said monitoring circuit receives a signal which is a function
of said power supply output.

22. The power supply of claim 19 or claim 20 including
a source of reference signal and wherein said correcting
signal is combined with said reference signal to form an
error signal for controlling said control circuit.

23. The power supply of claim 19 or claim 20 wherein
said trigger circuit supplies a pulse to an inductor for
initiating said magnetic transient.

12

24. A power supply as defined in claim 19 or claim 20
wherein said feedback circuit includes an inductance mag-
netically coupled to said monitoring circuil.

25. A power supply as defined in claim 19 or claim 20

s Wwherein said monitoring circuit includes an inductance
clamped by a signal which is a function of said power supply
output.

26. The power supply of claim 19 or claim 20 wherein
said monitoring circuit and said feedback circuit each
include at least one diode, the diode characteristics being

substantially equal.

27. The power supply of claim 19 or claim 20 wherein
said monitoring circuit and said feedback circuit each
include inductive and diode characteristics, the diode char-
acteristics being substantially equal.

28. A method of converting a DC signal to a DC signal in
a power supply, comprising the steps of:

(A) supplying direct current to a power supply having (1)

an input including a return terminal such as a ground,
(2) a direct current output including a return terminal
such as a ground, said return terminals being isolated
from each other, (3) a control circuit having an input
coupled to said power supply output, and (4) a power
controller connected between the output of said control
circuit and said power supply input;

(B) regulating the transfer of power between said input
power supply and output while preserving said
isolation, by applying a clamped correcting signal
derived from said output to said control circuit; and

(C) initiating a magnetic transient in the control circuit to
produce a regulating action in said power controller
which is responsive to said clamped correcting signal.

29. The method of claim 28 including a power trans-
former connected between said input and output and
wherein said power controller comprises a pulse width

modulator for controlling conduction in the primary of said
transformer.

30. The method of claim 28 or claim 29 wherein said
clamped correcting signal which is a function of said power
supply outpud.

31. The method of claim 28 or claim 29 including a source
of reference signal and wherein said clamped correcting
signal is combined with said reference signal to form an
error signal for controlling said power controller.

32. The method of claim 28 or claim 29 wherein said
magnelic transient is initiated by a trigger circuit in said
control circuit supplying a pulse to an inductor.

33. The method of claim 28 or claim 29 wherein said
control circuit includes an inductance magnetically coupled
to a monitoring circuit.

34. The method of claim 33 wherein said monitoring
circuit includes an inductance clamped by a signal which is
a function of said power supply output.

35. The method of claim 34 wherein said monitoring
circuit and said control circuit each include at least one
diode, the diode characteristics being substantially equal.

36. The method of claim 34 wherein said monitoring
circuit and said control circuit each include inductive and
diode characteristics, the diode characteristics being sub-
stantially equal.
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