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54y CONVERTISSEUR C.C./C.C. A SORTIES MULTIPLES
54y MULTIPLE OUTPUT DC TO DC CONVERTER

Dn

a0
TPn S
u- T

D3

(57) Convertisseur c.c./c.c. a sorties multiples, ayant de
multiples tensions de sortie 4 régulation. Un sous-circuit
commun est utilis¢ conjointement avec de multiples
sous-circuits d’entrée afin d’alimenter de multiples
circuits de sortie. Le sous-circuit commun est utilisé
conjointement avec un sous-circuit d’entrée afin de
former un circuit d’entrée de convertisseur qui, avec un
circuit de sortie correspondant, produit une tension de
sortie. N’ importe quel nombre de sous-circuits peut &tre
utilisé avec le sous-circuit commun afin de produire un
nombre correspondant de tensions de sortie. Ledit
convertisseur c.c./c.c. 4 sorties multiples produit la
méme qualité de tension de sortie que les convertisseurs
paralleles mais, du point de vue du colt et de la
complexité, son emploi ¢quivaut a utiliser des
commutateurs de cdté secondaire inférieurs comme
sorties auxiliaires.

I*I Industrie Canada  Industry Canada

(57) A multiple output dc to de converter is described that
has multiple regulated output voltages. This is achieved
by using a common subcircuit in conjunction with
multiple input subecircuits to power multiple output
circuits. The common subcircuit is used with an input
subcircuit to form a converter input circuit which with a
corresponding output circuit produces an output voltage.
Any number of input subcircuits can be used with the
common subcircuit to produce a corresponding amount
of output voltages. The multiple output dec to dc
converter described produces output voltage of the same
quality as using parallel converters but with a cost and
complexity similar to that of using inferior secondary
side switches for auxiliary outputs.
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ABSTRACT OF THE DISCLOSURE

A multiple output dc to dc converter is described that has multiple regulated
output voltages. This is achieved by using a common subcircuit in conjunction with
multiple input subcircuits to power multiple output circuits. The common subcircuit is
used with an input subcircuit to form a converter input circuit which with a
corresponding output circuit produces an output voltage. Any number of input
subcircuits can be used with the common subcircuit to produce a corresponding amount
of output voltages. The multiple output dc to dc converter described produces output
voltage of the same quality as using parallel converters but with a cost and complexity

similar to that of using inferior secondary side switches for auxiliary outputs.
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T MULTIPLE OUTPUT DC TO DC CONVERTER

This invention relates to dc to dc power supplies and converters with multiple
outputs. More specifically, to a multiple output dc to dc converter that uses a common
subcircuit in conjunction with multiple input subcircuits to provide multiple dc output

voltages.
BACKGROUND OF THE INVENTION

Most multiple output dc to dc power converters are obtained by either using
parallel multiple dc to dc converters, using secondary post regulation or using a
combination of both. Since the secondary post regulation is in series with the primary
regulation, it is less efficient than using multiple dc to dc converters in parallel.
However, using parallel dc to dc converters substantially raises the cost of the converters
due to cost of extra or redundant components. What is needed is a scheme that provides
the efficiency of parallel converters with costs more similar to that of secondary post

regulation schemes.
SUMMARY OF THE INVENTION

The present invention describes a multiple output dc to dc converter that provides
the quality of parallel converters without the associated costs. The present invention can
be implemented in a number of different topologies, including two-switch forward and
two-switch flyback converters as well as full-bridge converters. The multiple output dc
to dc converter of the present invention is formed by an input circuit which has a
common subcircuit, and input subcircuits for each of the multiple outputs. Each of the
input subcircuits includes at least one switch and a means for coupling, which can be a
transformer, the input subcircuit to the output circuit. The common subcircuit is
connected to each of the input subcircuits and includes a common switch. The common

subcircuit is used in conjunction with each of the input subcircuits to form an input for
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each transtormer. The common switch of the common subcircuit is switched at a fixed
duty cycle while the switch of each input circuit is controlled by a separate PWM

controller and used to tightly regulate the associated output.

The features and advantages of the invention will become more readily
understood from the following detailed description taken in conjunction with the

appended claims and attached drawing wherein:
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a circuit diagram of a multiple output two-switch forward based dc to

dc converter according to the present invention;

Fig. 2 is a circuit diagram of a multiple output two-switch flyback based dc to dc

converter according to the present invention:;

Fig. 3 is a circuit diagram of a multiple output full-bridge based dc to dc

converter according to the present invention; and

Fig. 4 is the circuit of Fig. 3 modified to achieve a zero current switching

condition.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now to Figure 1, the preferred embodiment of the present invention
with respect to a two-switch forward based converter is shown. Converter 10 includes
input circuit 12 which receives input voltage Vin. As with standard two-switch forward
converters, converter 10 uses the action of two switches to create a tightly regulated
output voltage with the output being regulated by varying the duty cycle of the switches
with a PWM controller in response to changes in the output conditions. In standard two-

switch forward converters both switches are controlled by the PWM controller and used
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to pr(;;/ide’ a single output. In converter 10, multiple outputs are provided by regulating
each output with a single switch controlled by a PWM controller in combination with a
common switch operating at a fixed duty cycle. This can be seen in input circuit 12
where common subcircuit 14 includes common switch SO with diode DO. Common
subcircuit 14 is used in conjunction with first input subcircuit 16 to provide first output
voltage V,,, and with second input subcircuit 18 to provide second output voltage V,,.

Any number of input subcircuits can be used as illustrated by n® input circuit 24 which

provides " output voltage V.

Converter 10 is formed by input circuit 12 and output circuits 20, 22, and 26.
Output circuits 20, 22, and 26 are each coupled to input circuit 12 by a coupling means,
which in the preferred embodiment are transformers with primary and secondary
windings. These coupling means can any type of electrically or magnetically coupled
device or transformer, and can be center tapped or multiple windings. First input
subcircuit 16 includes first primary winding TP1 of the transformer formed by first
primary winding TP1 and first secondary winding TS1. First input subcircuit also diode
D1 and first switch S1 connected to first primary winding TP1. First input subcircuit 16
is used in conjunction with common subcircuit 14 so that when common switch SO and
first switch S1 are both closed they place V;, across first primary winding TP1 which
induces a voltage across first secondary winding TS1 of output circuit 20. As stated,
common switch SO operates at a fixed duty cycle which is preferably 0.5. Instead of
being operated at a fixed duty cycle, first switch S1 is controlled by a PWM controller
(not shown). As is well known in the art, the PWM controller monitors the output
voltage and varies the duty cycle of first switch S1, or its phase in relation to that of
common switch SO, to keep first output voltage V,, tightly regulated despite changes in
the load conditions. When common switch SO and first switch S1 are both closed,

current flows through first primary winding TP1 inducing a current in first secondary
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windin.g TS1. Each of first input circuit 16, second input circuit 18 through o input

circuit 24 operate in the same manner to provide n output voltages.

Current in first secondary winding TS1 supplies power to the load through diode
D3, capacitor C1 and inductor L1. Capacitor C1 and inductor L1 also ensure a constant
output voltage by filtering the output to remove ripple from the output current and
voltage. When common switch SO or first switch S1 is turned off, no current is induced
in first secondary winding TS1 and energy is supplied to the load from the discharge of
the energy stored in capacitor C1 and inductor L1. The energy stored in inductor L1 is
allowed to freewheel through diode D4.

Each additional input subcircuit and output circuit in converter 10 operate as
described with respect to first input subcircuit 16 and first output circuit 20. For
example, second input subcircuit 18 uses second switch S2 in conjunction with common
switch SO to place V;, across primary winding TP2. Current in primary winding TP2
induces a current in secondary winding TS2 which produces second output voltage V,,
using second output circuit 22. As can be seen, n outputs of converter 10 can be
regulated using n® switch Sp, primary winding TP,, and secondary winding TS, to
produce V.

Referring now to Fig. 2, the preferred embodiment of the present invention with
respect to a two-switch flyback based converter is shown. Flyback converter 30 has the
same primary structure as converter 10 from Fig. 1. The differences are in the
transformers and the configuration of the output circuits. Common subcircuit 34 is the
same as shown in Fig. 1, as are first input circuit 36 and second input circuit 38 with the
exception that the polarity of first primary winding TP11 and second primary winding
TP12 have been reversed. Again, the ability to handle any number of outputs is
demonstrated by o input subcircuit 44 with o™ primary winding TP,. The change in
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polar'-riatim of the primary windings of the input subcircuits allows a flyback type

converter to be formed.

As before, common subcircuit 34 with common switch S10 and diode D10 are
used in conjunction with the components of the input subcircuits 36, 38 and 44. For
example, first switch S11 and diode D11 of first input subcircuit 36 in common input
subcircuit 34, place V,, across the primary winding TP11 of the transformer. Common
switch S10 again operates at a fixed duty cycle while first switch S11, second switch S12
and n" switch S, of input subcircuit 36, 38, and 44, respectively are each controlled by
independent PWM controllers and used to regulate their associated output voltage. With
respect to first output voltage V,,;, common switch S10 and first switch S11 when both
closed place V, across first primary winding TP11. V,, across first primary winding
TP11 causes current to flow through first prima;'y winding TP11. Because of the
difference in winding polarities, no current flows in first secondary winding TS11,
energy is instead stored in the transformer windings. Once common switch S10 and first
switch S11 are opened, the energy stored in the transformer causes current to flow in
first output circuit 40 through diode D13. Capacitor C11 is charged during this portion
of the cycle and is used to supply power to the load during the period that V;, is applied

across first primary winding TP11 and no current flows in first output circuit 40.

~ Both Figs. 1 and 2 show the top switch of the two-switch converters as the
common switch, while n bottom switches are used to regulate the n output voltages. It
should be apparent to those skilled in the art that the same result could be obtained by

using a common bottom switch with n top switches regulating the n output voltages.

Since the input circuits 12 from Fig. 1 and 32 from Fig. 2 are identical except
for the polarization of the primary winding of the transformer, a converter could be
structured to have a combination of the output circuits shown in Figs. 1 and 2 depending

on the power requirements for that particular output. For example, the first input
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subcir%uit tould be configured as shown by first input subcircuit 16 of Fig. 1 and used
with an output circuit as is shown by first output circuit 20 from Fig. 1 thereby forming
a forward type converter. The same converter input circuit could have a second input
subcircuit configured as shown by first input subcircuit 36 from Fig. 2 used with an
output circuit such as the one shown by first output circuit 40 from Fig. 2 thereby
forming a flyback type converter. In this way, any combination of the forward or
flyback configurations could be used in the same converter circuit to customize the

converter to the desired application.

Referring now to Fig. 3, the preferred embodiment of the present invention with
respect to a multiple output full-bridge converter is shown. Converter 50 has a very
similar input circuit 52 to those shown in the two-switch converters of Figs. 1 and 2. In
the full-bridge configuration, however, input circuit 52 has the diodes of the two-switch
converter replaced with switches. These additional switches allow the full-bridge

converter to be configured with output circuits that can handle higher power applications.

Input circuit 52 uses common subcircuit 52 with switches S20 and S21 in
conjunction with first input subcircuit 56 and second input subcircuit 58. First input
subcircuit 56 connects to common subcircuit 54 to form an input circuit that with output
circuit 60 forms a full-bridge converter. First input subcircuit 56 includes first top
switch S22 and first bottom switch S23 which are connected to first primary winding
TP20 of the transformer coupling first input subcircuit 56 to first output circuit 60 using
first secondary winding TS20. - First input subcircuit 56 operates with common
subcircuit 54 as an input circuit for a full-bridge converter. As with input circuits for
full-bridge converters, common top switch S20 and first bottom switch $S23 when closed
result in Vy, being placed across first primary winding TP20. Similarly, when common
bottom switch S21 and first top switch S22 are closed -V, is placed across first primary
winding TP20.
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’ Via across first primary winding TP20 causes a voltage across first secondary
winding TS20. This results in a voltage across inductor L21 determined by the voltage
across secondary winding TS20 less first output voltage V,,. The voltage drop across
inductor L.21 increases the current in first output circuit 60 through forward biased diode
D20. This current is then mirrored through the transformer to input circuit 52. During
the other half of the cycle -V, is placed across first primary winding TP20. This again
results in a voltage across first secondary winding TS20 and a voltage across inductor
L21. The voltage across inductor L21 increases the current to flow through the forward
biased diode D21. Again, this current is mirrored through the transformer to first

primary winding TP20 and input circuit 52.

As before, common top switch S20 and common bottom switch S21 are operated
at a fixed duty cycle. A short delay is used between the opening of one switch and the
closing of the other to prevent "shoot through” and assure a zero voltage switching.
First top switch S22 and first bottom switch S23 have their duty cycle, or phase shift
with reference to the common switches, controlled by a PWM controller (not shown)
which monitors the conditions of output voltage V,,; and varies the duty cycle, or phase
shift, of first top switch S22 and first bottom switch S23 to maintain a tightly regulated
output voltage. Second input subcircuit 58 through n" input subcircuit 64 operate just as
described with first input subcircuit 56. Just as described above second input subcircuit
58 uses second top switch S24 and second bottom switch S25 in conjunction with
common top switch S20 and common bottom switch S21 to control the voltage across

second primary winding TP21.

Additionally, output circuits 62 with secondary winding TS21 coupled to second
primary winding TP21, and o output circuit 66 with secondary winding TS, coupled to
n" primary winding TP,, operate just as described above with respect to output circuit 60

to produce output voltage V,, and output voltage V., respectively. As illustrated by n®
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input subcfrcuit 64 with switches San and Sab, and primary winding TP,, any number of

input subcircuits can be accommodated by common subcircuit 54 of input circuit 52.

Common subcircuit 54 of converter 50 can be used not only with input
subcircuits and output circuits such as first input subcircuit 56 and first output circuit 60
to form "full-bridge" converters, but can be used with input subcircuits and output
circuits either of the types shown by first input subcircuit 36 and first output circuit 40 of
Fig. 2 to form a "flyback" converter”, or of the type shown by first input subcircuit 16
and first output circuit 20 of Fig. 1 to form a "forward" converter. In this manner, type
of converter provided can be selected for the intended load from any of the output
circuits described above. Generally, a flyback based converter such as is formed by
common subcircuit 34 from Fig. 2 or common subcircuit 54 from Fig. 3, together with
first input subcircuit 36 and output circuit 40 from Fig. 2 would be used for low power
applications, a forward based converter such as is formed by common subcircuit 14 from
Fig. 1 or common subcircuit 54 from Fig. 3, together with input subcircuit 16 and
output circuit 20 from Fig. 1 would be used for medium power applications, and a for
higher power applications a "full-bridge" converter can be formed as shown with
common subcircuit 54, first input subcircuit 56, and first output circuit 60 from Fig. 3.
It can be seen that while the input subcircuit and output subcircuit are chosen based on

the desired output circuit, common subcircuit 54 can remain constant.

Referring now to Fig. 4, the multiple output, full-bridge converter of Fig. 3 is
shown with additional components added which are designed to achieve zero current
switching for the switches of the common subcircuit. In high power applications, the
common switches can carry significant amounts of current which can result in high turn-
off losses when the common switches are opened while still carrying current. In order to
reduce these losses, the current in the common switches must be removed before the
switch is opened. Converter 70 has zero current switching network 88 added to solve

this problem.
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'-Cozlverter 70 is identical to converter 50 of Fig. 3 with respect to both the
structure and function of common subcircuit 74, input subcircuits 76, 78, and 84, and
output subcircuits 80, 82, and 86. Zero current switching network 88 has been added to
converter 70 to remove current from common subcircuit 74, specifically common top
switch S30 and common bottom switch S31 for the reasons described above. Zero
current switching network 88 is formed by top switch S40, bottom switch S41 and
inductor L30 and capacitor C30 which are in series and connected between the junction
of top switch S40 and bottom switch S41 and the junction of common top switch S30

and common bottom switch S31.

Zero current switching network 88 operates by forcing a current into or out of
the node between common top switch S30 and common bottom switch S31 thereby
removing the current which is flowing through whichever of the common switches that
is closed just before it is to be opened. For example, when common top switch S30 is
closed along with any or all of bottom switches S33, S35, and S™, V" is placed across
one or all of primary windings TP30, TP31 and TP" causing a current to flow down
through common top switch S30. Just before common top switch S30 is set to open, top
switch S40 of the zero current switching network 88 is closed. Capacitor C30 will have
an initial voltage at this point, as will be apparent from the description below, with the
potential drop being from right to left when looking at Fig. 4. Closing top switch S40
causes current to be forced into the primary windings through the discharge of capacitor
C30 and inductor L30. As secondary windings TS30, TS31, and TS" will act as current
sources and prevent a sudden increase in the current through the associated primary
windings, the current supplied by zero current switching network 88 will cause a
corresponding reduction of the current through common top switch S30 . When the
current through common top switch S30 reaches zero or slightly negative, common top
switch S30 is opened with the zero current switching condition having been achieved.

Top switch S40 remains closed until a short time after the opening of common top
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switch S30", during which time capacitor C30 is charged to its next initial state, a voltage
opposite that just described, for the operation of zero current switching network 88 with

respect to bottom switch S41.

When common top switch S30 and bottom switches S33, S35, and S™ are
opened, common bottom switch S31 and top switches S32, S34 and S™ are then closed
to place -V across the associated primary windings causing current to flow up through
common bottom switch S31. Achieving zero current switching of common bottom
switch S31 is done as described above except the current flow is in the opposite direction
meaning that current must drawn from the primary windings instead of forced into them.

Therefore, just before common bottom switch S31 is opened bottom switch S41 is
closed causing capacitor C30 and inductor L30 to discharge in the opposite direction as
before, drawing current from the primary windings. Since, again, the action of the
secondary windings acting as current sources will prevent changes in the current in the
primary windings, the current through zero current switching network 88 forces a
reduction in the current through common bottom switch S31. When this current is zero
or slightly negative, common bottom switch S31 is opened at its zero current condition.
Bottom switch S41 stay closed slightly longer which results in capacitor C30 being
charged to the initial condition first described.

~ All of the elements shown in Figs. 1, 2, 3, and 4 are standard electrical
components, and are commonly available. The switches used can be any appropriate
switch with a sufficient switching speed, such as semiconductor, IGBT, or magnetic

amplifier switches.

It is to be understood that although the invention has been described with
particular reference to specific embodiments thereof, the form of the invention shown

and described in detail is to be taken as the preferred embodiment of same, and that
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various changes and modifications may be resorted to without departing from the spirit

and scope of the invention as defined by the appended claims.
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WHA_;T ;S"CLAIMED:
1. A multiple output dc to dc converter having at least two output voltages,
comprising:
a) at least a first and a second output circuits;
b) at least a first and a second input subcircuits, the first input subcircuit

including at least one switch and coupled to the first output subcircuit by a first means
for coupling, and the second input subcircuit including at least one switch and coupled to

the second output circuit by a second means for coupling; and

c) a common subcircuit including at least one common switch connected to
the first input subcircuit and the second input subcircuit wherein the at least one common
switch is used with each of the at least one switches of the first input subcircuit and the

second input subcircuit to produce the at least two output voltages.

2. The multiple output dc to dc converter of Claim 1 wherein the first
output circuit together with the first input subcircuit and the common subcircuit and the
second output circuit together with the second input subcircuit and common subcircuit

form two-switch forward-based converters.

3. The multiple output dc to dc converter of Claim 1 wherein the first
output circuit together with the first input subcircuit and the common subcircuit and the
second output circuit together with the second input subcircuit and common subcircuit

form two-switch flyback-based converters.

4. The multiple output dc to dc converter of Claim 1 wherein the first
output circuit together with the first input subcircuit and the common subcircuit form a

two-switch forward-based converter and the second output circuit together with the
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second input subcircuit and common subcircuit form a two-switch flyback-based

converter.

5. The multiple output dc to dc converter of Claim 1 wherein the first
output circuit together with the first input subcircuit and the common subcircuit and the
second output circuit together with the second input subcircuit and common subcircuit

form full-bridge based converters.

6. The multiple output dc to dc converter of Claim 1 wherein the first
output circuit together with the first input subcircuit and the common subcircuit form a
full-bridge converter and the second output circuit together with the second input

subcircuit and common subcircuit form a two-switch forward-based converter.

7. The multiple output dc to dc converter of Claim 1 further comprising a
zero current switching network connected to the common subcircuit, the zero current
switching network operable to remove current from the at least one common switch

before the at least one common switch is opened thereby preventing turn-off losses.

8. The multiple output dc to dc converter of Claim 1 wherein the common
switch forms a top switch and the at least one switch of each of the first input subcircuit

and the second input subcircuit form bottom switches in a two-switch converter.

9. The multiple output dc to dc converter of Claim 1 wherein the common
switch forms a bottom switch and the at least one switch of each of the first input

subcircuit and the second input subcircuit form top switches in a two-switch converter.

10. A two-switch, multiple output dc to dc converter having at least two

output voltages, comprising:

a) a first output circuit producing a first output voltage, and a second output

circuit producing a second output voltage;
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b)* a first input subcircuit coupled to the first output circuit by a first
transformer, and including a first switch connected to the first transformer, and a first

diode connected to the first switch and the first transformer:

c) a second input subcircuit coupled to the second output circuit by a second
transformer, and including a second switch connected to the second transformer, and a

second diode connected to the second switch and the second transformer; and

d) a common subcircuit including a common switch and a common diode,
the common switch and the common diode connected to each of the first and second
input subcircuits thereby forming a two-switch converter for each of the first and second
output voltages, wherein the common switch is cycled at a fixed duty cycle and the first
switch 1s used to regulate the first output voltage and the second switch is used to

regulate the second output voltage.

11. The two-switch, multiple output dc to dc converter of Claim 10 wherein
the first output circuit, the first input subcircuit and the common subcircuit, and the
second output circuit, the second input subcircuit and the common subcircuit form

torward-based converters.

12. The two-switch, multiple output dc to dc converter of Claim 10 wherein
the first output circuit, the first input subcircuit and the common subcircuit for a
forward-based converter, and the second output circuit, the second input subcircuit and

the common subcircuit form a flyback-based converter.

13.  The two-switch, multiple output dc to dc converter of Claim 10 wherein
the first output circuit, the first input subcircuit and the common subcircuit, and the
second output circuit, the second input subcircuit and the common subcircuit form

flyback-based converters.
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147 The two-switch, multiple output dc to dc converter of Claim 10 wherein
the common switch forms a top switch and the at first switch and the second switch form

bottom switches in the two-switch, multiple output dc to dc converter.

15. The two-switch, multiple output dc to dc converter of Claim 10 wherein
the common switch forms a bottom switch and the first switch and the second switch

form top switches in the two-switch, multiple output dc to dc converter.

16. A full-bridge, multiple output dc to dc converter having at least two

output voltages, comprising:

a) a first output circuit producing a first output voltage, and a second output

circuit producing a second output voltage;

b) a first input subcircuit coupled to the first output circuit by a first
transformer, and including a first top switch connected to the first transformer and a first

bottom switch connected to the first top switch and the first transformer;

c) a second input subcircuit coupled to the second output circuit by a second
transformer, and including a second top switch connected to the second transformer and
a second bottom switch connected to the second top switch and the second transformer;

and

d) a common subcircuit including a common top switch and a common
bottom switch, the common top switch and the common bottom switch connected to
each of the first and second input subcircuits to form the multiple input dc to dc
converter, wherein the common top switch and common bottom switch are cycled at a
fixed duty cycle and the first top switch and first bottom switch are used to regulate the
first output voltage and the second top switch and second bottom switch are used to

regulate the second output voltage.
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177 The full-bridge, multiple output dc to dc converter of Claim 16 wherein
the tirst output circuit, the first input subcircuit and the common subcircuit, and the
second output circuit, the second input subcircuit and the common subcircuit form full-

wave converters.

18.  The full-bridge, multiple output dc to dc converter of Claim 16 further
comprising a third output circuit producing a third output voltage and including a third
transtormer coupling to the third output circuit to a third input subcircuit which includes
a third switch and a diode connected to the third switch, the third input subcircuit being

used with the common subcircuit to regulate the third output voltage.

19.  The full-bridge, multiple output dc to dc converter of Claim 18 wherein
the third output circuit, the third input subcircuit and the common subcircuit form a

forward-based converter.

20.  The full-bridge, multiple output dc to dc converter of Claim 18 wherein
the third output circuit, the third input subcircuit and the common subcircuit form a

forward-based converter.

21.  The multiple output dc to dc converter of Claim 16 further comprising a
zero current switching network connected to the common subcircuit, the zero current
switching network operable to remove current from the common top switch and common
bottom switch before the common top switch and common bottom switch are opened,

thereby preventing turn-off losses.
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