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A universal zero voltage transition switching cell using a
small choke, a pair of switches, and a capacitor 1s revealed.
The application of the universal zero voltage transition
switching cell to any of a wide variety of hard switching
pulse width modulated power converter topologies yields
identical power converters with zero voltage switching
properties, without the requirement that the magnetizing
current 1n the main power choke be reversed during each
switching cycle. In the subject invention the energy required
to drive the critical zero voltage switching transition 1is
provided by the small choke that forms part of the universal
zero voltage transition switching cell. The application of the
umversal zero voltage transition switching cell to buck,
boost, buck boost, Cuk, Wittenbreder, flyback, forward, and
SEPIC converters 1s shown. A variation of the universal zero
voltage transition switching cell which adds a single diode
to clamp ringing associated with the parasitic capacitance of
oif switches 1s also revealed.
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UNIVERSAL PULSE WIDTH MODULATED ZERO
VOLTAGE TRANSITION SWITCHING CELL

[0001] This invention is a continuation of application Ser.
No. 09/587,598 filed Jun. 5, 2000.

BACKGROUND OF THE INVENTION
0002] 1. Field of the Invention

0003] The subject invention generally pertains to elec-
tronic power conversion circuits, and more specifically to
high frequency, switched mode power electronic converter
circuits.

10004] 2. Description of Related Art

[0005] There are some power conversion circuits which
accomplish higher efficiencies by implementing a mecha-
nism that accomplishes switching at zero voltage. Power
loss 1n a switch 1s the product of the voltage applied across
the switch and the current flowing through the switch. In a
switching power converter, when the switch 1s in the on
state, the voltage across the switch 1s zero, so the power loss
1s zero. When the switch 1s 1n the off state, the power loss 1s
zero, because the current through the switch 1s zero. During
the transition from on to off, and vice versa, power losses
can occur, 1f there 1s no mechanism to switch at zero voltage
or zero current. During the switching transitions, energy
losses will occur if there is simultaneously (1) non-zero
voltage applied across the switch and (2) non-zero current
flowing through the switch. The energy lost 1n each switch-
ing transition 1s equal to the time integral of the product of
switch voltage and switch current. The power losses asso-
ciated with the switching transitions will be the product of
the energy lost per transition and the switching frequency.
The power losses that occur because of these transitions are
referred to as switching losses by those people who are
skilled 1 the art of switching power converter design. In
ZETO Voltage switching converters the zero voltage turn off
transition 1s accomplished by turning off a switch in parallel
with a capacitor and a diode when the capacitor’s voltage 1s
zero. The capacitor maintains the applied voltage at zero
across the switch as the current through the switch falls to
zero. In the zero voltage transition the current 1n the switch
1s transferred to the parallel capacitor as the switch turns off.

[0006] The zero voltage turn on transition is accomplished
by discharging the parallel capacitor using the energy stored
In a magnetic circuit element, such as an inductor or
transformer, and turning on the switch after the parallel
diode has begun to conduct. During the turn on transition the
voltage across the switch 1s held at zero, clamped by the
parallel diode. The various zero voltage switching (ZVS)
techniques differ 1n the control and modulation schemes
used to accomplish regulation, 1n the energy storage mecha-
nisms used to accomplish the zero voltage turn on transition,
and 1n a few cases on some unique switch timing mecha-
nisms.

0007] One of the ZVS techniques uses an inductor or
transformer with relatively low inductance so that the induc-
for current reverses sign during each switching cycle. An
example of a buck converter with this property 1s shown 1n
FIG. 1 and its wave forms are illustrated in FIG. 2. One
advantage of this technique 1s that the switching transitions
are all zero voltage transitions driven by the stored energy
and current in the inductor. Another advantage 1s that the
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inductor can be made small and the imnductance needs to be
small in order that the current can be reversed during each
switching cycle. The disadvantages are that the output
current reverses each cycle so that the output capacitor must
be relatively larege and must store a substantial amount of
energy and be able to accommodate the large ripple currents.
During the time that the inductor current 1s negative the
output capacitor must supply the current to the imnductor as
well as providing current to the load. Although the inductor
can be made smaller because the inductance 1s reduced, the
size reduction of the inductor 1s not as large as might be
suggested by the reduction in inductance value. In a typical
hard switching buck converter the output choke would be
saturation limited. Its core losses would be small by com-
parison to its copper losses. With a small value inductor with
large current swings the imnductor will more likely be core
loss limited, so that the cross section, the core gap, and the
number of turns would need to be increased to reduce the
flux swing and associated core losses. Also, 1 the typical
hard switching buck converter 1n which the inductor current
has a laree DC component and a small AC component the
AC copper winding losses are typically small. In the FIG. 1
circuit the 1ssue of AC winding losses must be addressed by
suitable magnetic circuit element design (Litz wire or prop-
erly placed and oriented copper foil or strip) or AC winding
losses will be substantial. Another disadvantage of the small
inductance value technique 1s that there will be much higher
peak currents 1n the choke winding and in the switches
which will result 1n additional conduction losses 1n those
clements. Another disadvantage of the small inductance
value technique 1s that the energy and current available to
drive the zero voltage transitions decreases as the load
current increases so that in an over load condition there may
be no energy available to drive a zero voltage transition and

there may be substantial switching losses at the same time
that the conduction losses are at their highest levels. In
ogeneral, almost any power converter can be made to have
zero voltage switching by this mechanism. That 1s, almost
any power converter can be designed so that the current 1n
its principal magnetic energy storage circuit element(s)
reverses each cycle so that the stored energy 1n 1ts magnetic
storage element(s) 1s directed in a way which will enable a
zero voltage transition on every switching transition.

OBJECTS AND ADVANTAGES

[0008] An object of the subject invention is to provide a
power converter which 1s relatively simple and 1s capable of
delivering high output power at high efficiencies and high
switching frequencies.

[0009] Another object is to provide a converter design
with minimal snubber requirements and superior EMI per-
formance.

[0010] Another object is to provide a simple resonant
transition converter design that can be readily used with the
single frequency pulse width modulated controller inte-
orated circuits.

[0011] Another object is to provide a resonant switching
transition mechanism which can be designed to provide zero
voltage switching over the full range of line voltage and load
conditions.
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[0012] Another object is to provide a generalized resonant
switching mechanism that can be universally applied to a
wide variety of simple non-isolated and 1solated converter
topologies.

[0013] Another object is to provide a high power conver-
sion scheme with reduced conduction losses.

[0014] Another object 1s to provide a high frequency soft
switching converter with low output filter capacitor require-
ments.

[0015] Another object is to provide a universal zero volt-
age transition switching cell that does not alter the current
and voltage wave forms, which would otherwise increase
component stress, 1n the circuit elements of the converter
external to the switching cell.

[0016] Further objects and advantages of my invention
will become apparent from a consideration of the drawings
and ensuing description.

[0017] These and other objects of the invention are pro-
vided by a novel circuit technique that uses a universal zero
voltage transition switching cell consisting of two switches,
a reset capacitor, and a small resonator choke. The critical
zero voltage switching transitions are accomplished using
the stored magnetic energy 1n the small resonator choke.

BRIEF DESCRIPTION OF THE DRAWINGS

|0018] The present invention is illustrated by reference to
the drawings.
[0019] FIG. 1 illustrates a circuit schematic drawing of a

prior art zero voltage switching buck converter in which the
inductor current 1s reversed each cycle in order to provide a
properly directed current for driving a zero voltage switch-
ing transition.

10020] FIG. 2 illustrates the switch timing and current
wave forms of the FIG. 1 circuit.

10021] FIG. 3 illustrates the universal zero voltage tran-
sition switching cell of the subject invention.

10022] FIG. 4 1llustrates a generalized single main choke
converter using the universal zero voltage transition switch-

ing cell of FIG. 3.
10023] FIG. 5 illustrates the FIG. 4 circuit applied to form

a buck converter.

10024] FIG. 6 illustrates the FIG. 4 circuit applied to form
a boost converter.

10025] FIG. 7 illustrates the FIG. 4 circuit applied to form
a buck boost converter.

10026] FIG. 8 illustrates the universal zero voltage tran-
sition switching cell augmented by a rectifier whose purpose
1s to clamp ringing associated with the small inductor.

10027] FIG. 9 illustrates a generalized single main choke
power converter using the universal zero voltage transition

switching cell of FIG. 8.
10028] FIG. 10 illustrates the circuit of FIG. 9 applied to

form a buck converter.

10029] FIG. 11 illustrates a buck implementation of the
subject invention.

Jan. 3, 2002

[0030] FIG. 12 illustrates switch and inductor current
wave forms of the FIG. 11 circuat.

10031] FIG. 13 illustrates an initial condition and on state
of the FIG. 11 circuit.

10032] FIG. 14 illustrates a first phase of a turn off
transition of the FIG. 11 circuait.

[0033] FIG. 15 illustrates a second phase of a turn off
transition of the FIG. 11 circuait.

[0034] FIG. 16 illustrates a third phase of a turn off
transition of the FIG. 11 circuait.

[0035] FIG. 17 illustrates the off state of the FIG. 11
circuit.

10036] FIG. 18 is another illustration of the off state of the
FIG. 11 circuit.

10037] FIG. 19 illustrates a first phase of a turn on
transition of the FIG. 11 circuait.

10038] FIG. 20 illustrates a second phase of a turn on
transition of the FIG. 11 circuit.

10039] FIG. 21 illustrates a third phase of a turn on
transition of the FIG. 11 circuait.

10040] FIG. 22 illustrates a fourth phase of a turn on
transition of the FIG. 11 circuit.

10041] FIG. 23 illustrates a fifth phase of a turn on
transition of the FIG. 11 circuait.

10042] FIG. 24 illustrates an embodiment of the FIG. 11
circuit 1n which the S1 and S3 switches are 1mplemented
using power mostets and the S2 switch 1s implemented with
a diode rectifier.

[10043] FIG. 25 illustrates an embodiment of the FIG. 11

circuit 1n which all three switches are implemented with
power mosiets and augmented by a diode to clamp ringing
assoclated with the small inductor and the parasitic capaci-
tance of the second switch.

10044] FIG. 26 illustrates the FIG. 25 circuit with its

terminals rearranged to form a boost converter.

10045] FIG. 27 illustrates the FIG. 25 circuit with its
terminals rearranged to form a buck boost converter.

10046] FIG. 28 illustrates a Cuk converter implementation
of the subject 1nvention.

10047] FIG. 29 illustrates a forward Wittenbreder con-
verter implementation of the subject 1nvention.

10048] FIG. 30 illustrates a reverse Wittenbreder con-
verter implementation of the subject invention.

10049] FIG. 31 illustrates a single-ended flyback con-
verter implementation of the subject invention.

[0050] FIG. 32 illustrates a two switch flyback converter
implementation of the subject invention.

[0051] FIG. 33 illustrates a single ended forward con-
verter implementation of the subject invention.

[10052] FIG. 34 illustrates a SEPIC converter implemen-
tation of the subject ivention.

10053] FIG. 35 illustrates a push pull forward converter
implementation of the subject invention.
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[0054] FIG. 36 illustrates a transformer coupled Cuk
converter implementation of the subject invention.

10055] FIG. 37 illustrates a bidirectional Wittenbreder
converter implementation of the subject 1nvention.

Reference Numerals

[0056]

100 DC 1nput voltage source 101 node
102 node 103 lead

104 lead 105 node
107 capacitor 108 switch
109 diode 110 capacitor
111 switch 112 diode
113 node 114 node

115 lead 116 lead

117 node 118 inductor
119 node 121 node
122 capacitor 123 switch
124 diode 125 1inductor
126 lead 127 node
128 node 129 capacitor
130 load 131 capacitor
132 capacitor 133 node

SUMMARY

[0057] The subject invention uses a universal zero voltage
transition switching cell consisting of two switches, a
capacitor, and a small inductor 1n a variety of converter
topologies as a substitute for the main switch to form zero
voltage switching converters with 1dentical properties to the
original hard switching forms of the converters, except that
first order switching losses are eliminated. During the off
fime of each switching cycle the current 1n the small inductor
of the universal zero voltage transition switching cell
reverses direction so that there 1s energy available 1n the

small inductor to drive every switching transition.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0058] FIG. 3 illustrates a universal zero voltage transi-
tion switching cell which can be used to provide zero voltage
switching to a wide variety of hard switching converter
topologies. FIG. 4 illustrates a generalized single inductor
power converter based on the universal zero voltage transi-
tion switching cell which can be made to be either a buck,
boost, or buck boost converter by appropriate selection of
connection of the terminals. FIG. 5 illustrates a buck
converter using the universal zero voltage transition switch-
ing cell. FIG. 6 1llustrates a boost converter using the
universal zero voltage ftransition switching cell. FIG. 7
illustrates a buck boost converter using the universal zero
voltage transition switching cell. FIG. 8 illustrates an
improvement to the switching cell that provides a clamp for
potential ringing that would occur at the junction of the
diode and the inductor when switch 2 is off (open). FIG. 9
illustrates a generalized power converter based on the modi-
fied universal zero voltage transition switching cell of FIG.
8. FIG. 10 illustrates a buck converter based on the modified
universal zero voltage transition switching cell.

[0059] Referring to FIG. 11, there is shown a series type
power processing topology. The circuit employs a source of
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substantially DC voltage, a switching network consisting of
three switches, a reset capacitor, a small resonator inductor,
a main choke, a main filter capacitor, an 1input capacitor, and
a load. For purposes of the operational state analysis, 1t 1s
assumed that the reset and output filter capacitors are
sufficiently large that the voltages developed across the
capacitors are approximately constant over a switching
interval. It 1s also assumed that the main choke 1s suih

iciently
large that the current in the main choke i1s approximately
constant over a switching cycle. Also for purposes of the
operational state analysis, 1t 1s assumed that the mput DC
voltage source has sufliciently low source impedance that
the voltage developed across the mput DC voltage source 1s
approximately constant over a switching interval. It will be
assumed that the parasitic capacitors that parallel the
switches are small and their effects can be 1gnored, except
during the switching transitions. It will be assumed that
diodes are 1deal and have no leakage and no forward voltage
drop. It will finally be assumed that the power switches are
ideal; that 1s, lossless and able to carry current 1n either
direction.

[0060] Structure

[0061] The structure of the circuit of the subject invention
1s shown 1n FI1G. 11. A positive terminal of an input source
of DC potential 100 1s connected to a node 101. A negative
terminal of source 100 1s connected to a node 102. A first
terminal of an mnput capacitor 131 1s connected to the node
101. A second terminal of capacitor 131 1s connected to node

102. A lead 103 1s connected to node 101 and a node 105.
A lead 104 1s connected to node 102 and to a node 121. A
first terminal of a capacitor 107 1s connected to node 105. A
second terminal of capacitor 107 1s connected to a node 113.
A first terminal of a switch 108 1s connected to node 105. A
second terminal of a switch 108 1s connected to node 113. A
cathode terminal of a diode 109 1s connected to node 105. An
anode terminal of diode 109 1s connected to node 113. A lead
115 1s connected to node 113 and to a node 117. A first
terminal of an inductor 118 1s connected to node 117. A
second terminal of inductor 118 1s connected to a node 119.
A first terminal of a reset capacitor 132 1s connected to node
119. A second terminal of capacitor 132 1s connected to a
node 133. A first terminal of a capacitor 110 1s connected to
node 133. A second terminal of capacitor 110 1s connected
to a node 114. A first terminal of a switch 111 1s connected
to node 133. A second terminal of switch 111 1s connected

to node 114. An anode terminal of a diode 112 1s connected
to node 133. A cathode terminal of diode 112 1s connected
to node 114. A lead 116 1s connected to node 114 and to nod
117. An anode terminal of a diode 124 1s connected to nod
121. A cathode terminal of diode 124 1s connected to nod
119. A first terminal of a switch 123 1s connected to nod
121. A second terminal of switch 123 1s connected to nod
119. A first terminal of a capacitor 122 1s connected to nod
121. A second terminal of capacitor 122 1s connected to node
119. A first terminal of a choke 1235 1s connected to node 119.

A second terminal of choke 125 1s connected to a node 127.
A lead 126 1s connected to node 121 and to a node 128. A
first terminal of a capacitor 129 1s connected to node 127. A
second terminal of capacitor 129 1s connected to node 128.
A first terminal of a load 130 1s connected to node 127. A
second terminal of load 130 1s connected to node 128.

o o o o o O
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0062] Operation

0063] It is assumed in this analysis that the system has
reached a settled operating condition. Except for the short,
but finite, switching intervals there are two states of the
circuit of FIG. 11, an on state and an off state. It 1s also
assumed, for purpose of analysis, that the switching intervals
between the states are approximately zero seconds and that
capacitors 107, 110, and 122 are small and do not contribute
significantly to the operation of the converter, except during
the brief switching transitions. It 1s also assumed that the
capacitors 131, 132, and 129 are large and the voltages on
these capacitors are constant over a switching cycle.

0064] In operation consider an initial condition, illus-
trated 1n FIG. 13, 1n which the switch 108 1s on and the other
two switches are off. Current flows through the two induc-
tors, 118 and 1235 to the load and stored energy and current

in the two inductors 1s increasing 1n magnitude, as indicated
in FIGS. 124 and 12e. The current wave forms of the

switches are 1llustrated in FIGS. 124, 125, and 12¢. At a
time determined by the control circuit the switch 108 is
turned off (opened), as illustrated in FIG. 14. During the
interval illustrated by FIG. 14 capacitor 107 1s charged
while the capacitors 110 and 122 are discharged, due to the

currents and stored energies 1n the mductors 118 and 1235, as
the voltages at nodes 117 and 119 fall, until the diode 124 1s

forward biased as illustrated 1in FIG. 15. After diode 124
turns on the voltage at node 119 1s clamped by diode 124, but
the voltage at node 117 confinues to fall until diode 112
becomes forward biased, as illustrated in FI1G. 16. Shortly
after diode 112 begins to conduct switches 111 and 123 are
turned on (closed), as illustrated in FIG. 17. The circuits of
FIGS. 17 and 18 represent the off state of the converter.
During the off state the voltage applied to the small inductor
118 causes 1ts current to decrease to zero and then increase
in the negative direction, as illustrated 1n FI1G. 18 and FIG.
12d. During the off state all of the energy stored in the
inductor 118 1s transferred to the capacitor 132 and back to
the inductor 118 so that the energy stored 1n the inductor 118
1s the same at the end of the off state as i1t was at the
beginning of the off state, but the current in the inductor 118
1s reversed. At the end of the off state as determined by the
control circuit the switches 111 and 123 are turned off
(opened) as illustrated in FIG. 19. When switch 123 is
turned off the current in 1inductor 125 forces the diode 124
to conduct again. When switch 111 1s turned off the current
in inductor 118 forces current 1nto capacitors 107 and 110 so
that capacitor 110 1s charged and capacitor 107 1s discharged
until the diode 109 1s forward biased, as illustrated 1in FIG.
20. Shortly after diode 109 begins to conduct switch 108 1s
turned on (closed), as illustrated in FIG. 21. The applied
voltage to the mductor 118 1s now large and equal to the
source 100 voltage V IN, so that the current in the small
inductor 118 changes rapidly 1n both magnitude and direc-
tion, as llustrated 1n FI1G. 22 and FIG. 124, until the current
in the inductor 118 1s equal to the current 1n inductor 1285, at
which time the current 1n diode 124 becomes zero and the
voltage at node 119 begins to rise charging capacitor 124, as
indicated in FIG. 23. The voltage at node 119 will rise until
the voltage reaches the level of the source 100 voltage. The
converter 1s now 1n the state of the initial condition as
illustrated in FIG. 13, which represents the on state of the
converter. During the full cycle of operanon cach of the
three switches were turned on and off at zero voltage. The
zero voltage transition switching cell comprises the switch
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108 with 1ts parasitic capacitor 107 and intrinsic diode 109,
the switch 111 with its parasitic capacitor 110 and intrinsic
diode 112, the capacitor 132, and the inductor 118. Although
the full circuit described 1s a buck converter the operation of
the switching cell 1s independent of the surrounding com-
ponents. The functioning of switching cell 1s independent of
the topology of the converter in which the cell 1s employed.
The operation of the converter and especially the operation
of the switching cell 1s the same if the circuit were rear-
ranged and the topology changed to a boost, buck boost,
Wittenbreder, Cuk, or virtually any other type of pulse width
modulated power converter. The switching cell when sub-
stituted for the main switch 1n any other hard switching pulse
width modulated power converter will change the power
converter to one 1 which the first order switching losses of
the main switch are eliminated. When the switching cell 1s
substituted 1n a converter for the main switch the switch 108
must be oriented 1n the same manner as the main switch 1n
the unaltered converter. The mnductor 118 must be placed in
serics with the switch 108 but the inductor can be placed on
cither side of the main switch. The second switch 111 and
capacitor 132 must be placed 1n series with each other and
in parallel with the inductor 118. The second switch must be
oriented so that the intrinsic diode of the second switch does
not conduct when the main switch 108 is turned on. The
umversal applicability 1s illustrated by the figures.

0065] Related Embodiments

0066] FIG. 24 illustrates an embodiment of the FIG. 11
circuit in which the switches S1 and S3 are implemented
with power mosfets and the switch S2 1s implemented with
a diode.

[0067] FIG. 25 illustrates an embodiment of the FIG. 11

circuit similar to the FIG. 24 circuit except that the switch
S2 1s implemented with a power mosfet and a diode
D CLAMP 1s added to clamp potential ringing associated
with L. RES and C2, where C2 1s the parasitic output
capacitance of S2.

[0068] KIG. 26 shows another embodiment of the subject

invention 1n which the components are arranged to form a
boost converter. The operation of the universal zero voltage
transition switching cell 1s 1dentical to the buck converter,
described 1n detail above, but the circuit 1s arranged so that
the main choke 1s connected to the input’s positive terminal
and the main switch 1s connected to the negative terminal of
the 1nput.

[0069] FIG. 27 shows another embodiment of the subject
invention in which the components are arranged to form a
buck boost converter. The operation of the universal zero
voltage transition switching cell 1s 1dentical to the buck
converter, described in detaill above, but the circuit 1s
arranged so that the main choke 1s connected to the 1nput’s
negative terminal, which 1s also the output’s positive termi-
nal.

[0070] FIG. 28 shows another embodiment of the subject
invention 1n which the components are arranged to form a

Cuk converter. The operation of the universal zero voltage
transition switching cell 1s 1dentical to the buck converter,
described 1n detail above, but the circuit 1s arranged so that
the main switch 1s connected to the input’s negative termi-
nal, which 1s also the output’s positive terminal. This
arrangement 1s much like the buck boost converter, but
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instead of a single main choke connected to the common
point of the mput and the output there are two chokes, one
in series with the input positive terminal and the other in
serics with the output negative terminal. The terminals of the
two 1nductors that are not connected to either the input or the
output are connected to opposite ends of a capacitor. The
Cuk converter has the same transfer function as the buck
boost converter, but the Cuk converter also has the property
of non-pulsating input and output terminal currents.

10071] FIG. 29 shows another embodiment of the subject
invention 1 which the universal zero voltage transition
switching cell 1s applied to the forward Wittenbreder con-
verter. The forward Wittenbreder converter 1s similar in
construction to the Cuk converter but it has a buck transfer
function and i1t maintains the Cuk converter’s property of
non-pulsating input and output terminal currents.

10072] FIG. 30 shows another embodiment of the subject

invention 1 which the universal zero voltage transition
switching cell 1s applied to the reverse Wittenbreder con-
verter. The reverse Wittenbreder converter 1s similar in
construction to the forward Wittenbreder converter but 1t has
a boost transfer function and it maintains the forward
Wittenbreder converter’s property of non-pulsating input
and output terminal currents.

10073] FIG. 31 shows another embodiment of the subject
invention in which the universal zero voltage transition
switching cell 1s applied to a simple single ended flyback
converter.

10074] FIG. 32 shows another embodiment of the subject
invention 1 which the universal zero voltage transition
switching cell 1s applied to a two switch flyback converter.
The two switch flyback has two main switches. A universal
zero voltage transition switching cell 1s applied to each main
switch resulting 1in a converter in which switching losses are
climinated in both main switches.

10075] FIG. 33 shows another embodiment of the subject
invention 1 which the universal zero voltage transition
switching cell 1s applied to a single ended forward converter.

[0076] FIG. 34 shows another embodiment of the subject

invention 1 which the universal zero voltage transition
switching cell 1s applied to a SEPIC converter.

10077] FIG. 35 shows another embodiment of the subject
invention 1 which the universal zero voltage transition
switching cell 1s applied to both main switches of a push pull
forward converter.

[0078] FIG. 36 shows another embodiment of the subject
invention in which the universal zero voltage transition
switching cell 1s applied to a transformer coupled Cuk
converter.

10079] FIG. 37 shows another embodiment of the subject
invention in which the universal zero voltage transition
switching cell 1s applied to both main switches of a bidi-
rectional Wittenbreder converter which accomplishes zero
voltage switching of all switches regardless of the direction
of power flow for high efficiency and non-pulsating i1nput
and output terminal currents for low EMI.

[0080] Additional Embodiments

[0081] Additional embodiments are realized by applying
the universal zero voltage transition switching cell to other
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pulse width modulated converter topologies. The buck,
boost, buck-boost, Cuk, Wittenbreder, forward, flyback, and
SEPIC converters are shown here as examples, but 1t 1s clear
to one skilled in the art of power conversion that by
extending the techniques illustrated and demonstrated here
to other hard switching pulse width modulated topologies
that these other hard switching topologies can be converted
from hard switching converters to soft switching converters
with the elimination of first order switching losses. Unlike
other zero voltage switching schemes these desirable fea-
tures can be achieved without altering the voltage and
current wave forms or the component stresses of the other
circuit elements of the converter. The results presented here
demonstrate that the universal zero voltage transition
switching cell can be applied to the main switch(es) of any
hard switching pulse width modulated converter topology to
change the same converter to a soft switching topology with
no other changes to the converter.

Conclusion, Ramifications, and Scope of Invention

[0082] Thus the reader will see that the universal zero
voltage transition switching cell of the invention provide a
mechanism which when substituted for a switch 1n a pulse
width modulated power converter with hard switching prop-
erties significantly reduces switching losses, has low com-
ponent parts counts, and does not require high core losses,
high output filter capacitance, or high conduction losses to
accomplish zero voltage switching, relying on the energy
stored 1n a small magnetic circuit element.

[0083] While my above description contains many Speci-
ficities, these should not be construed as limitations on the
scope of the invention, but rather as exemplifications of
preferred embodiments thereof. Many other variations are
possible. For example, there are many pulse width modu-
lated converter topologies known to those skilled in the art
that are not presented here and many yet to be mnvented to
which application of the universal zero voltage transition
switching cell will eliminate switching power losses 1n the
converter. Accordingly, the scope of the 1nvention should be
determined not by the embodiments illustrated, but by the
appended claims and their legal equivalents.

I claim:

1. A universally applicable zero voltage transition switch-
ing cell having a first terminal and a second terminal
comprising

first switch means having a first terminal and a second
terminal with said first terminal of said first switch
means connected to said first terminal of said switching
cell,

a first inductor having a first terminal and a second
terminal with said first terminal of said first inductor
connected to said second terminal of said first switch
means and with said second terminal of said first
inductor connected to said second terminal of said
switching cell,

a switch capacitor series network having a first terminal
and a second terminal with said first terminal of said
switch capacitor series network connected to said first
terminal of said first inductor and said second terminal
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of said switch capacitor series network connected to
said second terminal of said first inductor comprising,

a first capacitor,

second switch means placed in series with said first
capacitor operable substantially 1n anti-synchroniza-
tion to said first switch means,

whereby said first inductor provides energy to drive a
zero voltage turn on transition for said first switch
means when placed in a pulse width modulated
power converter in which said switching cell 1s
employed 1n place of the main switch.
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2. The switching cell of claim 1 further comprising

a rectifier diode coupled to said first terminal and to said
second

terminal of said switching cell 1n a parallel connection,

whereby said rectifier diode clamps ringing associated
with said first inductor and the parasitic capacitance(s)
assoclated with other circuit elements external to said
switching cell.
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