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METHOD AND APPARATUS FOR POWER
CONVERSION WITH WIDE INPUT VOLTAGE
RANGE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates, in general, to switch-
ing mode power supplies and power conversion system, and
in particular to methods and apparatuses for power conver-
sion with wide input voltage range. The present invention can
be used in a standalone converter or as part of a larger system.
For example, one application of the present invention is to
provide an apparatus that can increase the output voltage
holdup time in off-line power supplies during a loss of input

power.
[0003] 2. Description of the Related Art
[0004] Power devices such as MOSFETs, for example,

used in known switching mode power supplies (SMPS) and
converters work as high frequency (typically hundreds of
kilohertz) ON/OFF switches. In the ON state, the switch can
conduct a relatively large current at near zero voltage across
its terminals, resulting in a low power loss. In the OFF state,
a relatively large voltage can be applied to the switch, but the
current is near zero, resulting again in a very small power loss.
Power losses during the ON/OFF transitions, also known as
switching losses, can be reduced using conventional tech-
niques. As a result, SMPS and power converters are widely
used in telecommunications, industrial, and other applica-
tions because of their high efficiency and excellent thermal
performance.

[0005] In order to have the output voltage regulated, the
ratio of ON time of the power switches to the switching
period, called duty ratio or duty cycle, is typically controlled
by feedback circuitry. The duty cycle range required to keep
output voltage constant is typically on the same order as the
input voltage range. For example, the output voltage, V ,, of an
ideal forward converter is proportional to the input voltage
V,,, and to the duty cycle D and is inversely proportional to a
turn ratio TR of a power transformer (the number of primary
turns divided by the number of secondary turns):

[0006] To ensure that the output voltage is regulated in the
full input voltage range V,,, ,...x/ Vi mims the duty cycle range
D,,../D,.: based on the equation above must be equal to the
voltage range:

Dy Vinmar
Do~ Vinmin
[0007] Because the minimum pulse width is limited in

practice, the input voltage range is limited. For example, if the
switching frequency is 250 kHz and D, , =50%, then the
maximum ON time is 2 ps. If the minimum ON time is 0.5 ps,
then D, =(minimum ON time)/(switching period)=0.5/4 or
12.5%. Thus, the voltage input range is limitedto V,,, .../ V;,
min=D),, /D, =(50/12.5)=4.

[0008] When a wider input voltage range is required, a
different technique must be used. One conventional technique
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is to reduce the switching frequency that is associated with the
larger magnetic components. This results in larger filters and
consequently larger converter sizes. Another known tech-
nique is shown in FIG. 1. The block diagram shown in FIG. 1
includes N power converters connected in parallel on input
and output sides. Each of the power converters covers a rela-
tively narrow input voltage range, and the rest of power con-
verters are off in that particular range. Consider for example
a parallel structure of three power converters connected
according to FIG. 1, withV,, ,..=9 V.V, =72 V. Let the
first power converter be active inthe 9V to 18 V input voltage
range, the second power converter be active in the 18 V to 36
V input voltage range, and the third power converter be active
the in 36 V to 72 V input voltage range. In this particular
example, the parallel combination of the three power convert-
ers covers the input voltage range V,, . ../V, .. equal to 72
V/9 V=8, while each power converter only works in the range
equal to 18 V/9 V=36 V/18 V=72 V/36 V=2.

[0009] An advantage of this known parallel structure is
high efficiency because each power converter can be opti-
mized in a relatively narrow input range. A disadvantage of
this known parallel structure is an increased number of power
converters, where each power converter is designed for full
power, which leads to increased size and cost of the power
conversion system.

[0010] The above demonstrate that there is an unmet need
in the field for a more effective method and apparatus suitable
for power conversion with wide input voltage range.

SUMMARY OF THE INVENTION

[0011] Inview of the above, preferred embodiments of the
present invention provide a power conversion system that
includes an input terminal that is arranged to be connected to
a voltage source; a transformer having a first winding con-
nected to the input terminal and a second winding connected
to an output terminal of the power conversion system, either
the first winding or the second winding is provided with at
least three taps that are arranged to divide the first winding or
the second winding into at least two sub-windings; at least
one tap switch connected to the at least two sub-windings; a
control circuit connected to the at least one tap switch; and at
least one switch connected to the at least one tap switch. The
control circuit is arranged to control the at least one tap switch
to control the turn ratio of the transformer.

[0012] The at least one switch preferably includes one
switch that is connected to each of the at least one tap switch.
The at least one tap switch preferably includes a plurality of
tap switches, and the at least one switch preferably includes a
plurality of switches that are each connected to a correspond-
ing one or corresponding ones of the plurality of tap switches.
The at least one tap switch is preferably connected between
the transformer and the at least one switch. The at least one
switch is preferably connected between the transformer and
the at least one tap switch. The at least one tap switch is
preferably connected to the secondary winding, and one of
the at least one switches is preferably connected to the pri-
mary winding.

[0013] The control circuit is preferably arranged to receive
an input signal that is based on an input voltage and to receive
a synchronization signal that is synchronized with an output
signal of a pulse modulator.

[0014] A power conversion system according to a preferred
embodiment of the present invention preferably further
includes a signal secondary winding that provides the input
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signal that is based on an input voltage. Preferably, the at least
one tap switch includes at least two tap switches, and when
the current through the at least two windings is zero or near
zero, the control circuit is arranged to first turn off one of the
at least two tap switches and then to later turn on another of
the at least two tap switches to control the turn ratio of the
transformer.

[0015] The at least one switch is preferably a MOSFET.
The at least one tap switch is preferably a MOSFET. The at
least one tap switch is preferably a series combination of two
MOSFETs with common sources and gates.

[0016] A power conversion system according to a preferred
embodiment of the present invention preferably further
includes a diode connected to a center tap of the secondary
winding.

[0017] A power conversion system according to a preferred
embodiment of the present invention preferably further
includes a switch connected between the input terminal and
the transformer. The input terminal is preferably connected to
a center tap of the primary winding. The output terminal is
preferably connected to a center tap of the secondary wind-
ing. The control circuit preferably includes at least one win-
dow comparator arranged to determine which voltage sub-
range that an input voltage is in. The control circuit preferably
includes a tap winding zero current detector. The at least one
switch preferably includes four switches arranged in a full-
bridge arrangement. The at least one switch preferably
includes two switches arranged in a half-bridge arrangement.
[0018] The power conversion system according to a pre-
ferred embodiment of the present invention preferably further
includes a pulse modulator connected to the at least one
switch.

[0019] The power conversion system according to a pre-
ferred embodiment of the present invention preferably sup-
plies either DC power or AC power.

[0020] Other features, elements, steps, characteristics,
aspects and advantages of the present invention will become
more apparent from the following detailed description of
preferred embodiments with reference to the attached draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] FIG.1shows ablock diagram of a prior art converter
system including N converters connected in parallel, each of
which works in a relatively narrow input voltage range.
[0022] FIG. 2 shows a converter system according to a first
preferred embodiment of the present invention thatincludes a
forward or flyback converter with a single pulse width modu-
lation (PWM) controlled main switch and multiple tap
switches on the primary side of the power transformer that are
controlled by the input voltage and a pulse signal synchro-
nized with the PWM output.

[0023] FIG. 2A shows a converter system according to a
second preferred embodiment of the present invention that
includes a forward or flyback converter with a single PWM
controlled main MOSFET, a power transformer with a center
tap, and two tap switches that are controlled by the input
voltage and the pulse signal synchronized with the PWM
output.

[0024] FIG. 3 shows a converter system according to a third
preferred embodiment of the present invention thatincludes a
forward or flyback converter with multiple PWM controlled
main switches and multiple tap switches on the primary side
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of the power transformer that are controlled by the input
voltage and a pulse signal synchronized with the PWM out-
put.

[0025] FIG. 3A shows a converter system according to a
fourth preferred embodiment of the present invention that
includes a forward or flyback converter with two PWM con-
trolled main MOSFETs, a power transformer with a center
tap, and two tap switches that are controlled by the input
voltage and a pulse signal synchronized with the PWM out-
put.

[0026] FIG. 3B shows a converter system according to a
fifth preferred embodiment of the present invention that
includes a forward or a flyback converter with two main
PWM controlled MOSFETs, a power transformer with a cen-
ter tap, two tap switches, and four low-power switches.
[0027] FIG. 4 shows a converter system according to a sixth
preferred embodiment of the present invention that includes a
forward converter with single PWM controlled forward
switch on the secondary side of the power transformer and
multiple tap switches that are controlled by the input voltage
and a pulse signal synchronized with the PWM output.
[0028] FIG. 4A shows a converter system according to a
seventh preferred embodiment of the present invention that
includes a forward converter with a single PWM controlled
forward switch on the secondary side of the power trans-
former, a PWM controlled freewheeling MOSFET with a
parallel diode, and two tap switches.

[0029] FIG. 5 shows a converter system according to an
eighth preferred embodiment of the present invention that
includes a forward converter with multiple PWM controlled
forward switches on the secondary side of the power trans-
former, a single freewheeling switch with a parallel diode,
and multiple tap switches that are controlled by the input
voltage and a pulse signal synchronized with the PWM out-
put.

[0030] FIG. 5A shows a converter system according to a
ninth preferred embodiment of the present invention that
includes a forward converter with two forward diode rectifiers
on the secondary side of the power transformer, and a one tap
switch that is controlled by the input voltage and a pulse
signal synchronized with the PWM output.

[0031] FIG. 5B shows a converter system according to a
tenth preferred embodiment of the present invention that
includes a forward converter with two PWM controlled for-
ward n-channel MOSFETS on the secondary side of the
power transformer, and two tap switches that are controlled
by the input voltage and a pulse signal synchronized with the
PWM output.

[0032] FIG. 5C shows a converter system according to an
eleventh preferred embodiment of the present invention that
includes a forward converter with two secondary forward
n-channel MOSFETs on the secondary side of a power trans-
former, the power transformer with a center tap on the sec-
ondary side, two tap switches, and one low-power switch, the
two switches and the one low-power switch are controlled by
the input voltage and a pulse signal synchronized with the
PWM output.

[0033] FIG. 6 shows a converter system according to a
twelfth preferred embodiment of the present invention that
includes a two switch forward converter with a single PWM
main switch controlled by a low-side main switch and mul-
tiple tap switches on the primary side of the power trans-
former that are controlled by the input voltage and a pulse
signal synchronized with the PWM output.
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[0034] FIG. 7 shows a converter system according to a
thirteenth preferred embodiment of the present invention that
includes a flyback converter with single PWM controlled
switch in parallel with a diode rectifier on the secondary side
of the power transformer and multiple tap switches that are
controlled by the input voltage and a pulse signal synchro-
nized with the PWM output.

[0035] FIG. 8 shows a converter system according to a
fourteenth preferred embodiment of the present invention that
includes a flyback converter with multiple PWM controlled
switches in parallel with diode rectifiers and multiple tap
switches that are controlled by the input voltage and a pulse
signal synchronized with the PWM output on the secondary
side of the power transformer.

[0036] FIG. 9 shows a converter system according to a
fifteenth preferred embodiment of the present invention that
includes a flyback converter with two diode rectifiers on the
secondary side of the power transformer and one tap switch
that is controlled by the input voltage and a pulse signal
synchronized with the PWM output.

[0037] FIG. 10 shows a converter system according to a
sixteenth preferred embodiment of the present invention that
includes a push-pull converter with two PWM controlled
main switches and multiple tap switches that are controlled
by the input voltage and a pulse signal synchronized with the
PWM output on the primary side of the power transformer.
[0038] FIG. 11 shows a converter system according to a
seventeenth preferred embodiment of the present invention
that includes a push-pull converter with multiple PWM con-
trolled main switches and multiple tap switches that are con-
trolled by the input voltage and a pulse signal synchronized
with the PWM output on the primary side of the power trans-
former.

[0039] FIG. 12 shows a converter system according to an
eighteenth preferred embodiment of the present invention
that includes a converter with a center tap secondary rectifier
circuit with two main PWM controlled secondary rectifiers,
and multiple tap switches that are controlled by the input
voltage and a pulse signal synchronized with the PWM out-
put.

[0040] FIG. 13 shows a converter system according to a
nineteenth preferred embodiment of the present invention
that includes a converter with a center tap secondary rectifier
with multiple PWM controlled secondary main rectifiers and
multiple tap switches that are controlled by the input voltage
and a pulse signal synchronized with the PWM output.

[0041] FIG. 14 shows a converter system according to a
twentieth preferred embodiment of the present invention that
includes a full-bridge converter with four PWM controlled
main switches and multiple tap switches that are controlled
by the input voltage and a pulse signal synchronized with the
PWM output on the primary side of the power transformer.

[0042] FIG. 15 shows a converter system according to a
twenty first preferred embodiment of the present invention
that includes a half-bridge converter with two PWM con-
trolled main switches and multiple tap switches that are con-
trolled by the input voltage and a pulse signal synchronized
with the PWM output on the primary side of the power trans-
former.

[0043] FIG. 16 shows a converter system according to a
twenty second preferred embodiment of the present invention
that includes a converter with a current doubler secondary
rectifier with two PWM controlled secondary rectifiers and

Aug. 27, 2009

multiple tap switches that are controlled by the input voltage
and a pulse signal synchronized with the PWM output.
[0044] FIG. 17 shows a block diagram of a control circuit
according to the twenty third preferred embodiment of the
present invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0045] Preferred embodiments of the present invention will
be described with respect to FIGS. 2-17.

[0046] According to preferred embodiments of the present
invention, both the duty ratio, D, and turns ratio, TR, of the
power transformer are controlled. The input voltage range
V=V, max! Vin min 15 divided into N sub-ranges (or subinter-
vals) in such a way that TR=TR, (i=1, 2, . . ., N—where N is
the number of sub-ranges) is constant within each sub-range.
Typically, all of the sub-ranges (a ratio between the maxi-
mum, V, and the minimum, V, input voltages within

i max’ i min

a sub-range number 1) are selected equally such that:

Vi max L
K=vN.
Vi min
[0047] Forbuck derived topologies, because TR is constant

within each sub-range, a sub-range is equal to the duty cycle
range d=D,,,./D

min’

>
I

=
2
I
A

consequently,
N = LOG _LOG (v)
= (V) = m
[0048] At low input voltages, within the first sub-range, the

turns ratio TR is set at minimum (TR=TR,,); at medium
input voltages, the turns ratio TR is set higher; and at high
input voltages, the turns ratio TR is set at maximum
(TR=TR

TR,=TR

[0049] Maximum, D, ., and minimum, D,,,,,, duty cycles
are the same for all sub-ranges. At the low side of each
sub-range, D=D,, ., and at high side of each sub-range,
D=D,,,,. A transition from one TR to another TR is accom-
plished in a time interval during which the tap winding is
disconnected or is nearly disconnected from the power train
(the time during which the current through the tap winding
section is zero or near zero), in the following manner. As the
input voltage crosses a borderline between two adjacent sub-
ranges, the control circuitry starts searching for a proper time
interval mentioned above, for example, a freewheeling time
interval for a forward topology or dead time interval for
double-ended buck derived topologies, and a corresponding
transformer winding section is physically disconnected from
the power train by a corresponding tap switch. Then, typically
in a matter of a few hundred nanoseconds, during the same or
next similar time interval, another combination of winding
sections is connected to the power train, providing a soft

max)

<K i=12,..., N.

min
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transition from one TR value to another TR value. This soft
transition approach ensures an uninterruptible load power
and avoids undesirable transients potentially associated with
TR control.

[0050] Ideally, this soft transition occurs when there is no
current flowing through the tap winding, i.e. zero current.
However, practically, even when the current path from the
input voltage source through the tap windings is interrupted
such that no current from the input voltage source can flow
through the tap windings, some small current, i.e. near zero
current, might flow in the tap windings because of parasitic
components or because of small magnetizing currents (non-
load currents). That is, in some cases, it is impossible to make
this soft transition at zero current because of the current flow
caused by the parasitic components and small magnetizing
currents. In which case, the soft transition must be made at
near zero current, when the only current is caused by parasitic
components and the small magnetizing currents. If current is
flowing from the input voltage source through the tap wind-
ings during this transition, then undesirable large transients
are created. It is preferable that these large transients be
avoided.

[0051] The technique of controlling both the duty cycle and
the turns ratio has three advantages compared with the con-
ventional technique of only controlling the duty cycle, where
TR is constant over the whole input voltage range. First, the
minimum duty cycle and the minimum pulse width are
extended. Second, the root mean square (RMS) current and
power losses on the primary side of the power transformer are
reduced at high input voltage, which results in a converter
with a higher efficiency. Third, the voltage stress at the sec-
ondary switches is reduced, which allows the use of lower
voltage rated switches, which results in lower power losses at
the secondary side and in higher efficiency.

[0052] Asanexample, a forward converterhasaV,, ...
V, Vi max=162 V (9 times range), and V=12 V. If TR ., =1,
D,,..=66.7%, D,,,=22.2%, then d=66.7/22.2=3 and the
number of sub-ranges is N=LOG; 9=2 and the sub-range is
Jv=9=3. That is, the first input voltage sub-range is 18 V to
54V (3 times) and the second input voltage sub-range is 54 V
to 162V (also 3 times). In order to maintain the same D, at
the low side of the second range (where V,,, is close to 54 V),
the turns ratio TR within that sub-range is equal to: TR, =
(54/12)*0.667=3. The minimum duty cycle at high input
voltage is V_*IR,,./V,,=12%3/162=0.222. The turns ratio
TR within the first voltage range 18 V=V, <54 V is equal to
TR,,;,=1, and the duty ratio deviates from 66.7% at V,,
min=18V 10 22.2% at the high end of the first sub-range (close
to 54 V); the turns ratio TR within the second voltage range
54<V, =162V is equal to TR, =3, and the duty ratio devi-
ates in the same range from 66.7% at the low end ofthe second
sub-range (closeto 54 V)10 22.2% athighendV,,, , . =162V.
[0053] The soft transition from TR, =1 to TR, =3 is
accomplished at V,,=54 V during the freewheeling time inter-
val. The conventional technique with fixed turns ratio requires
three times the duty cycle ratio range: D, ,./D,.... =V, max! Vin
m»=9. Using conventional techniques, the peak primary cur-
rent at high voltages with fixed TR=1 and D,,,;,=D,,,./(V..,
maxd ¥V, o =D, 19=66.7%/9=7.4% is 1 /TR=I_, and RMS*
is (I/TRY**D . =1 2*D, /9=1 **0.074.

[0054] In contrast, for converters based on forward topol-
ogy according to a preferred embodiment of the present
invention with TR control, RMS*=(I /TR, )**D, . =I_2*0.
0247. The ratio between new and conventional RMS* values

=18
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for the current example is equal to 3, i.e., power losses on the
primary side of the power transformer are reduced by a factor
of'3. In more general cases, the losses on the primary side of
the power transformer associated with the RMS current for a
buck derived converter with combined D and TR control
having N input voltage sub-ranges are reduced by a factor of:

which is the ratio between the whole input range v and a
sub-range K value. For the above example with N=2, this
equation reduces to \/v. Because the turns ratio TR at high
input voltage is increased by a factor of 3, the voltage stress on
the secondary side freewheeling rectifier is reduced by a
factor of 3, which allows for the use of a better freewheeling
rectifier and which provides further efficiency improvement.
In amore general case, for a forward converter with combined
D and TR control having N input voltage sub-ranges, a volt-
age stress on the secondary side rectifiers during forward time
is reduced by the same factor:

()

[0055] Ifthe number of sub-ranges is large, N>>1,then K is
approximately 1 (very narrow sub-ranges), d is approxi-
mately 1 (duty cycle is near constant, D, .. and D,,,, are near
equal), and the primary losses and the voltage stress on the
secondary side are reduced by a factor of v. In other words, the
voltage on the secondary side during forward time intervals
stays constant, independently of the line voltage. The theo-
retical case of unlimited N corresponds to continuous TR
control with a constant duty cycle, in contrast with a constant
TR, within each sub-range, TR and continuous D control with
relatively small N. The optimal number of sub-ranges, N,
providing minimum complexity is determined by the
required input voltage range v and the maximum achievable
duty cycle range d,,=K,,,,. For buck derived topologies:

opt*

LOG (v)

Nopr = ——
P T LOG (Kopr)

[0056] Combined control of the duty cycle and the turns
ratio can be applied to any switch mode power converter that
includes a power transformer and that has time intervals dur-
ing which the transformer windings are disconnected or are
nearly disconnected from the power train. Various preferred
embodiments include, but are not limited to, some popular
topologies as shown in FIGS. 2-17, such as forward converter,
flyback converter, push-pull converter, half-bridge converter,
full-bridge converter with a power transformer tapped on the
primary and the secondary sides of the power transformer.
The following description provides specific details that illus-
trate various preferred embodiments of the present invention.
[0057] FIG. 2 shows a converter system according to a first
preferred embodiment of the present invention that includes a
forward or flyback converter 100 with a single main switch S1
and multiple tap switches Q1,Q2, . .., QN onthe primary side
of the power transformer T1. The secondary winding of the
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power transformer T1 is connected to the rectifier and the
filter circuitry 101. The feedback circuitry 102 is connected to
the load 103 and to the pulse width modulator (PWM) 104,
the output of which controls the main switch S1. Although a
PWM 104 is preferably used, it is also possible to use other
suitable pulse modulators, e.g. pulse frequency modulators,
pulse on-time modulators, etc., in this preferred embodiment
of'the present invention as well as the other preferred embodi-
ments of the present invention.

[0058] The tap switches Q1, Q2, . . ., QN are preferably
controlled by two signals: the analog signal “V,” that is
proportional to the input signal V,, and the pulse signal SYNC
that is synchronized with the PWM output. In this preferred
embodiment as well as the other preferred embodiments, the
tap switches Q1,Q2, . .., QN are preferably controlled based
in part upon the pulse signal SYNC. However, as explained
below with respect to FIG. 17, it is also possible to not use the
pulse signal SYNC and instead to use a signal based upon the
actual current flowing in the winding to which the tap
switches Q1, Q2, . . ., QN are connected.

[0059] The converter system in FIG. 2 operates in the fol-
lowing manner. The main switch S1 cycles ON/OFF at rela-
tively high frequency (typically, hundreds of kilohertz) with a
duty cycle defined by the feedback circuitry 102 and the
PWM 104. The pulse width modulated AC voltage on the
secondary side of the power transformer T1 is applied to the
rectifier and the filter circuitry 101 that converts the voltage to
a DC output voltage. Each tap switch Qi is ON only in one
input voltage sub-range:

1

Vi max K< Vinmax)N

Vi min Vin min

while all other tap switches are kept OFF in that specific
voltage sub-range.

[0060] Atlow input voltages, the tap switch Q1 is ON while
tap switches Q2, Q3, . . ., QN are OFF so that only the top
section of the winding of the power transformer T1 is con-
nected to the main switch S1 (through tap switch Q1) and the
turns ratio of the power transformer T1 is set at the minimum
ratio. As the input voltage crosses the borderline between,
e.g., the first and the second voltage sub-ranges, the control
circuitry 108, based on the pulse signal SYNC that is syn-
chronized with the PWM output, starts searching for a time
interval corresponding to the OFF state of main switch S1 and
generates control signals that first switches the tap switch Q1
to the OFF state and then switches the tap switch Q2 to the ON
state after a small delay during the same or next OFF state of
main switch S1. Because during the OFF time interval of the
main switch S1 the energy flow from the input source is
interrupted (load current is supplied by the output filter), the
primary winding of the power transformer T1 only carries a
small magnetizing current, which results in a soft (near zero
current) transition from one turns ratio (e.g., one top winding
section) to another turns ratio (e.g., two top winding sections).
As explained above, the duty cycle at the low end of each
voltage sub-range is automatically set at the maximum
achievable level, the minimum pulse width is extended, and
the voltage stress on the secondary side of the power trans-
former T1 and the RMS current on the primary side of the
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power transformer T1 are reduced at high (and nominal) line
voltages, which results in greater efficiency in the converter
system.

[0061] FIG. 2A shows a converter system according to a
second preferred embodiment of the present invention. The
converter system in this preferred embodiment uses a center
tap modification of the converter system shown FIG. 2 and
includes a forward or a flyback converter arrangement with a
single main switch S1, a power transformer T1 with a center
tap, and two tap switches Q1 and Q2 connected to control
circuitry 105. The secondary winding of the power trans-
former T1 is connected to the rectifier and filter circuitry 101.
The feedback circuitry 102 is connected to the load 103 and to
the PWM 104. The output of the PWM 104 controls the main
switch S1, which is preferably a MOSFET. Tap switches Q1,
Q2 are preferably series combinations of two N-channel
MOSFETs with common sources and gates controlled by the
analog signal “V,, ” that is proportional to the input signal V,,
and by the pulse synchronization signal SYNC that is syn-
chronized with the PWM output. The converter system shown
in FIG. 2A operates in a similar manner as the converter
system in FIG. 2 and has two input voltage sub-ranges.
[0062] FIG. 3 shows a converter system according to a third
preferred embodiment of the present invention. The converter
system in this preferred embodiment includes a forward or a
flyback converter 100 that includes multiple main switches
S1, S2, .. ., SN that are controlled by the PWM 104 and
includes multiple tap switches Q1, Q2, . . ., QN that are
controlled through the control circuitry 108 by the analog
signal “V,” and by the pulse synchronization signal SYNC.
Tap switches Q1, Q2, . . ., QN are connected to the taps of the
power transformer T1 and to the corresponding main
switches S1,S2, ..., SN. The secondary winding of the power
transformer T1 is connected to the rectifier and filter circuitry
101, the output of which is connected to the load 103 and to
the feedback circuitry 102, the output of which is connected
to the input of PWM 104.

[0063] The converter system in FIG. 3 operates in a similar
manner to the converter system in FIG. 2. The difference is
that N main switches S1,S2, ..., SN are used in FIG. 3 instead
of'a single main switch S1 in FIG. 2. A tap switch Qi (i=1, . .
., N) conducts primary current through a corresponding main
switch Si. Preferably, S1, .. ., SN are power MOSFETs. Main
switch S1 in FIG. 2 must be selected to tolerate drain-to-
source voltage at high input voltages. The relatively high
voltage MOSFET having relatively large ON-resistance
introduces excessive losses at lower input voltages. Power
MOSFETs in FIG. 3 can be optimized (e.g., the voltage
and/or the ON-resistance can be optimized) for each input
voltage sub-range, which reduces main power losses and
improves overall efficiency of the converter system.

[0064] FIG. 3A shows a converter system according to a
fourth preferred embodiment of the present invention. The
converter system in this preferred embodiment uses a center
tap modification of the converter system shown in FIG. 3 and
includes two main switches S1, S2 and two tap switches Q1,
Q2, which are preferably N-channel power MOSFETs, con-
nected to control circuitry 105. The forward or flyback con-
verter 100 in FIG. 3 A also includes a power transformer T1,
a rectifier and filter circuitry 101, a load 103, a feedback
circuitry 102, and a PWM 104. Tap switches Q1, Q2 are
preferably configured similar to the tap switches Q1, Q2 in
FIG. 2A.
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[0065] FIG. 3B shows a converter system according to a
fifth preferred embodiment of the present invention. The con-
verter system in this preferred embodiment includes a modi-
fication of the converter shown in FIG. 3A with a reduced
number of power MOSFETs. The forward or flyback con-
verter 100 in FIG. 3B includes two main switches S1, S2 and
two tap switches Q1, Q2, a rectifier and filter circuitry 101, a
load 103, a feedback circuitry 102, and a PWM 104 connected
in a similar arrangement as shown in FIG. 3A. This preferred
embodiment also includes two bias voltage sources VBI,
VB2, two signal switches Q3, Q4 connected to control cir-
cuitry 108, and two signal switches Q5, Q6 connected to
control circuitry 106. In contrast to the converter system
shown in FIG. 3A, tap switches Q1 and Q2 shown in FIG. 3B
are preferably single N-channel MOSFETs. Bias supply VB1
is connected to the central tap of the primary winding of the
power transformer T1 and to the first terminal of the signal
switch Q4, the second terminal of which is connected to the
gate of the tap switch Q1. Similarly, bias supply VB2 is
connected to the lower (undotted) end of the primary winding
of the power transformer T1 and to the first terminal of the
signal switch Q3, the second terminal of which is connected
to the gate of the tap switch Q2. The first terminals of signal
switches Q5, Q6 are connected to the gates of the main
switches S1 and S2, respectively, and the second terminals of
signal switches Q5, Q6 are connected to each other and to the
output of PWM 104.

[0066] The converter system in FIG. 3B operates in the
following manner. At low input voltages, signal switches Q4,
Q5 are kept in the ON state and signal switches Q3, Q6 are
kept in the OFF state, and a bias voltage VB1 is applied to the
gate of the tap switch Q1 through the closed signal switch Q4,
and the tap switch Q1 is kept in the ON state. Because signal
switches Q3 and Q6 at low input voltages are kept in the OFF
state, tap switch Q2 and main switch S2 are also kept OFF.
Main switch S1 at low input voltages cycles ON/OFF with a
duty ratio defined by the feedback circuitry 102 and the PWM
104.

[0067] Only the top section of the power transformer T1 is
connected to the power train at low input voltages, and the
turns ratio is set at the minimum ratio. As the input voltage
crosses the borderline between the first and the second input
voltage sub-ranges (i.e., the analog signal “V,” reaches a
predetermined level), both of the control circuitries 105 and
106, using the pulse synchronization signal SYNC that is
synchronized with the PWM output, start searching for a time
interval when the PWM output is LOW (i.e., the OFF state of
the switch S1) and generate control signals that first switch
signal switches Q4, Q5 to the OFF state. Consequently, the
tap switch Q1 switches OFF and the main switch S1 is kept
OFF. Then after a small delay, typically a few hundred nano-
seconds, for example, during the same or the next time inter-
val corresponding to the LOW level of the PWM output, the
signal switches Q3, Q6 turn ON, tap switch Q2 turns ON, and
the main switch S2 receives the control signal from the PWM
104. The full primary winding is connected to the power train
through the tap switch Q2 and the turns ratio is set at the
maximum ratio.

[0068] Commutation from one turns ratio to another turns
ratio is performed in a time interval when the energy flow
from input source is interrupted (i.e., during the OFF state of
main switch S1 if the input voltage goes from low-to-high or
during the OFF state of the main switch S2 if the input voltage
goes from high-to low) which results in a soft, near zero
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current transition. The converter system shown in FIG. 3B
uses a reduced number of power MOSFETs compared with
the converter system shown in FIG. 3A: four power MOS-
FETs used in FIG. 3B versus six power MOSFETs used in
FIG. 3A.

[0069] FIG. 4 shows a converter system according to a sixth
preferred embodiment of the present invention that includes a
forward converter 200 with a single main switch S1 on the
primary side of the power transformer T1, a PWM 201 con-
nected to the main switch S1, a single forward switch S2 on
the secondary side of the power transformer T1, a freewheel-
ing switch S3 with an anti-parallel diode D1, a secondary
PWM control circuitry 202, output inductor L1, output
capacitor Co, and multiple secondary side tap switches Q1, .
.., QN connected to control circuitry 203. With the exception
of'the tap switches Q1, . . ., QN, the converter system shown
in FIG. 4 is a forward converter with synchronous rectifica-
tion.

[0070] At low input voltages, only the tap switch Q1 is in
the ON state, the entire secondary winding is activated, and
the turns ratio is set to the minimum ratio. As the input voltage
crosses the borderline between the first and the second input
voltage sub-ranges (i.e., the analog signal “V,,” reaches a
predetermined level), the control circuitry 203, using the
pulse synchronization signal SYNC that is synchronized with
the PWM output, starts searching for a freewheeling time
interval during which the main switch S1 and the single
forward switch S2 are in the OFF state and the freewheeling
switch S3 is in the ON state, and then after a small delay,
typically in a few hundred nanoseconds, during the same or
next freewheeling time intervals, the second tap switch Q2 is
turned to the ON state. Thus, the turns ratio is increased to the
value corresponding to the second voltage sub-range.

[0071] Tap switches Q1, . . ., QN are controlled by the
analog signal “V,,” and the pulse synchronization signal
SYNC, similar to the other preferred embodiments described
above. Only one tap switch corresponding to a specific sub-
range is ON. At high input voltages, tap switch QN is in the
ON state and tap switches Q1, . . ., Q(N-1) are in the OFF state
so that only the top section of the secondary winding of the
power transformer T1 is activated and so that the turns ratio is
set to the maximum ratio. Transition from one turns ratio to
another turns ratio is preformed in a freewheeling time inter-
val when energy flow from the input source is interrupted so
that the primary and secondary currents are near zero, which
results in a soft transition.

[0072] FIG. 4A shows a converter system according to a
seventh preferred embodiment of the present invention. The
converter system in this preferred embodiment uses a center
tap modification of the converter system shown in FIG. 4 and
includes the same components and has a similar principle of
operation as the converter system shown in FIG. 4, with the
difference that the power switch Q1 is preferably a single
power MOSFET and the power switch Q2 is preferably a
combination of two power MOSFETs with common sources
and gates. Switches S1, S2, and S3 are also preferably power
MOSFETs.

[0073] FIG. 5 shows a converter system according to an
eighth preferred embodiment of the present invention that
includes a forward converter 200 with a main switch Sp on the
primary side of the power transformer T1 that is controlled by
the PWM 201, secondary forward switches S1, ..., SN, a
secondary freewheeling (catch) switch Sc with an anti-paral-
lel diode Dc, a secondary PWM control circuitry 202, tap
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switches Q1, . . . , QN with a control circuitry 203, an output
inductor L1, and an output capacitor Co. Each tap switch Qi
(i=1, . .., N) is connected to the first terminal of the corre-
sponding secondary forward switch Si; the second terminals
of the forward switches Si are connected to the freewheeling
switch Sc.

[0074] The converter system shown in FIG. 5 operates in a
manner similar to the converter system shown in FIG. 4.
Because in a specific input voltage sub-range, only one tap
switch Qi is in the ON state and only one forward switch Si is
operating, each forward switch Si can be optimized for that
specific voltage sub-range, which improves efficiency of the
converter system.

[0075] FIG. 5A shows a converter system according to a
ninth preferred embodiment of the present invention. The
converter system in this preferred embodiment uses a center
tap modification with diode rectifiers of the converter system
shown in FIG. 5 and includes a forward converter 200, a main
switch S1 on the primary side of the power transformer T1
that is controlled by PWM 201, two forward diodes D1, D2,
a freewheeling diode D3, a tap switch Q1, which is preferably
an N-channel MOSFET, control circuitry 205, a signal sec-
ondary winding 204, two signal diode rectifiers D4, D5 that
are connected to the first (dotted) terminal of the signal sec-
ondary winding 204, a resistor R1 that is connected to the
diode D5 and to the second terminal of the signal secondary
winding 204, a capacitor C1 that is connected to the diode D4
and to the second terminal of the signal secondary winding
204.

[0076] The analog signal “V,,” is derived from the peak
charger of signal diode rectifier D4 and capacitor C1 that are
connected to the signal secondary winding 204, which is in
phase with the primary winding. The pulse synchronization
signal SYNC is derived from the signal rectifier D4 and
resistor R1. Alternatively, the analog signal “V,,,” and the
pulse synchronization signal SYNC can be derived from a
signal winding coupled with the output inductor L.1. Both
techniques of deriving the analog signal “V,,” and the pulse
synchronization signal SYNC can also be applied to the other
preferred embodiments of the present invention. The con-
verter system shown in FIG. 5A is a specific example of the
converter system shown in FIG. 5. There is no difference in
principle of operation.

[0077] FIG. 5B shows a converter system according to a
tenth preferred embodiment of the present invention. The
converter system in this preferred embodiment uses a modi-
fication with synchronous rectification of the converter sys-
tem shown in FIG. 5A and includes a forward converter 200,
a main switch SP on the primary side of the power trans-
former T1 that is controlled by a PWM 201, two forward
switches S1 and S2 that are preferably MOSFETs and that are
controlled by a secondary PWM control 202, two tap
switches Q1 and Q2 connected to control circuitry 205, an
output inductor .1, and an output capacitor Co. The first tap
switch Q1 is preferably a single power MOSFET, and the
second tap switch Q2 is preferably a series combination of
two power MOSFETs with common sources and gates. The
converter system shown in FIG. 5B is a specific example of
the converter systems shown in FIG. 5 and FIG. 5A and there
is no difference in principle of operation.

[0078] FIG. 5C shows a converter system according to an
eleventh preferred embodiment of the present invention. The
converter system in this preferred embodiment uses a modi-
fication with reduced number of power MOSFETs of the
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converter system shown in FIG. 5B and includes a signal
switch Q3 that is preferably a MOSFET and that is controlled
by control circuitry 205 and connected to the gate of forward
switch S2 that is preferably a MOSFET. At low input volt-
ages, signal switch Q3 and tap switch Q2 are in the OFF state
that causes the forward switch S2 to be in the OFF state. The
series combination of tap switch Q2 and forward switch S2
with the channels in OFF state and with “back-to-back” body
diodes blocks the tap current at low input voltages and allows
energy to flow through the closed tap switch Q1 and forward
switch S1. The converter system shown in FIG. 5C is a spe-
cific example of the converter systems shown in FIG. 5B.
There is no difference in principle of operation.

[0079] FIG. 6 shows a converter system according to a
twelfth preferred embodiment of the present invention that
includes a two switch forward converter 300 with a low side
switch S1 and a high side switches S2 that are controlled by a
PWM (not shown), two clamp diodes D1 and D2, a power
transformer T1, tap switches Q1, . . ., QN that are controlled
through the control circuitry 303 by the analog signal “V,,”
that is proportional to the input signal V,, and by the pulse
synchronization signal SYNC that is synchronized with the
PWM output, a rectifier and filter circuitry 301, and load 302.
The main switches S1, S2, the clamp diodes D1, D2, the
power transformer T1, the rectifier and filter circuitry 301,
and the load 302 are connected in a two switch forward
topology. Tap switches Q1, . . ., QN are connected to the taps
of'the primary winding ofthe power transformer T1 and to the
main switch S1 in a s similar way as in the converter system
shown in FIG. 2. The principle of operation of the tap
switches Q1, . . ., QN in FIG. 2 and FIG. 6 are similar.

[0080] FIG. 7 shows a converter system according to a
thirteenth preferred embodiment of the present invention that
includes a flyback converter 400 with a main switch S1 on the
primary side of the power transformer T1, a PWM 401, a
single PWM controlled secondary rectifier switch S2 with a
parallel diode rectifier D, tap switches Q1, . . . , QN that are
connected to the secondary winding taps of the power trans-
former T1 and to the secondary rectifier switch S2 in a similar
arrangement as shown in FIG. 4. The tap switches Q1, .

QN of the power transformer T1 are controlled through the
control circuitry 405 by the analog signal “V,,” and by the
pulse synchronization signal SYNC, as similarly shown in
FIG. 4, except that the transition from one to another input
voltage sub-range is performed in a time interval correspond-
ing to the ON state of main switch S1, when the secondary
rectifier switch S2 is in the OFF state, diode D is reverse
biased, and the current in secondary winding is near zero.

[0081] FIG. 8 shows a converter system according to a
fourteenth preferred embodiment of the present invention that
includes a flyback converter 400 having a main switch Sp on
the primary side of the power transformer T1 that is controlled
by a PWM 401, multiple tap switches Q1, . . . , QN that are
controlled through control circuitry 405 by the analog signal
“V,,,” and by the pulse synchronization signal SYNC, mul-
tiple PWM controlled switches S1, . . ., SN in parallel with
diode rectifiers D1, . . . , DN on the secondary side of the
power transformer T1, and an output capacitor Co. Each tap
switch Qi (i=1, , N) is connected in series with a corre-
sponding PWM controlled switch Si in a similar arrangement
to that shown in FIG. 5. The tap switches Q1, ..., QN are
controlled by the analog signal “V,,” and by the pulse syn-
chronization signal SYNC in a similar manner as shown in
FIG. 7.
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[0082] FIG. 9 shows a converter system according to a
fifteenth preferred embodiment of the present invention. The
converter system in this preferred embodiment uses a center
tap modification with diode rectification of the converter sys-
tem shown in FIG. 8 and includes a flyback converter 400
with a single main switch S1 on the primary side of the power
transformer T1 controlled by PWM 401, two diode rectifiers
D1, D2, tap switch Q1 that is preferably a power MOSFET,
control circuitry 402, a signal winding 403, connected to the
rectifying diodes D3, D4 in the forward direction, a resistor
R1 that is connected to the diode D4 and to the signal winding
403, a capacitor C1 that is connected to the rectifying diode
D3 and the signal winding 403. Rectifying diodes D3, D4 are
simultaneously ON with the ON state of the main switch S1.
The flyback converter 400 in FIG. 9 operates in a similar
manner as shown in FIG. 8. The analog signal “V,” and the
pulse synchronization signal SYNC are derived from the
signal winding 403 in a similar manner as shown in FIG. SA.

[0083] FIG. 10 shows a converter system according to a
sixteenth preferred embodiment of the present invention that
includes a push-pull converter 500 with two main switches
S1, S2 on the primary side of the power transformer T1 that
are controlled by a PWM 501, two sets of tap switches Q11,
..., QINand Q21, . .., Q2N that are all controlled through
the control circuit 504 by the analog signal “V,,” and by the
pulse synchronization signal SYNC and that are connected to
the primary winding taps of the power transformer T1 and to
the corresponding main switches S1 and S2, rectifier and filter
circuitry 502, and load 503.

[0084] The control circuitry 504 works in the following
manner. At low input voltages, only the tap switches Q11 and
Q21 are in the ON state and all of the other tap switches Q12,
..., QIN, Q22,...,Q2N are in the OFF state. As a result, the
turns ratio of the power transformer T1 is set at the minimum
ratio at low input voltages. As the input voltage crosses the
borderline between the first and the second sub-ranges, the
control circuitry 504, based on the pulse synchronization
signal SYNC that is synchronized with the PWM output,
starts searching for a time interval corresponding to the dead
time when both of the main switches S1 and S2 are in the OFF
state and generates a control signal first switching the tap
switches Q11 and Q21 to the OFF state and then switching the
tap switches Q12 and Q22 to the ON state after a small delay
during the same or the next dead time interval. Commutation
from any other voltage sub-range to the next voltage sub-
range is performed in a similar way. Because during the dead
time interval energy flow from the input source to the load is
interrupted (load current is supplied by the output filter), the
primary winding of the power transformer only carries a
small magnetizing current, which results in a soft (near zero
current) transition. As in the other preferred embodiments,
the duty cycle at the low end of each voltage sub-range is
automatically set at the maximum achievable level, the mini-
mum pulse width is extended, the voltage stress on secondary
side and the RMS current on primary side are reduced at high
(and nominal) input voltages, which results in a greater effi-
ciency of the converter system.

[0085] FIG. 11 shows a converter system according to a
seventeenth preferred embodiment of the present invention
that includes a push-pull converter 500 with two sets of main
switches S11,...,S1Nand S21, . .., S2N that are connected
to the primary winding taps of the power transformer T1 and
that are controlled by a PWM 501, one set of tap switches Q1,
..., QN that are connected to the corresponding pairs of main
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switches S11,...,S1INand S21,...,S2N (i.e., tap switch Q1
is connected to main switches S11 and S21, tap switch Q2 is
connected to main switches S12 and S22, . . ., and QN is
connected to main switches SIN and S2N), rectifier and filter
circuitry 502, and a load 503 on secondary side of the power
transformer T1.

[0086] The control circuitry works 504 in the following
manner. At low input voltages, only the tap switch Q1 is in the
ON state, and all of the other tap switches Q2, ..., QN arein
the OFF state. As a result, the turns ratio of the power trans-
former T1 is set at the minimum ratio at low input voltages. As
the input voltage crosses the borderline between the first and
the second sub-ranges, the control circuitry 504, based on the
pulse synchronization signal SYNC that is synchronized with
the PWM output, starts searching for a time interval corre-
sponding to the dead time when both of the main switches S11
and S21 are in the OFF state and generates a control signals
that first switches the tap switch Q1 to the OFF state and then
switches the tap switch Q2 to the ON state after a small delay
during the same or next dead time interval. Commutation
from any voltage sub-range to the next voltage sub-range is
performed in a similar manner as discussed above. Because
during the dead time interval the energy flow from the input
source to the load 503 is interrupted (load current is supplied
by the output filter), the primary winding of the power trans-
former T1 only carries a small magnetizing current, which
results in a soft (near zero current) transition from one turns
ratio to another turns ratio.

[0087] FIG. 12 shows a converter system according to an
eighteenth preferred embodiment of the present invention
that includes a converter having a center tap rectifier circuitry
600 at the secondary side of power transformer T1 with two
PWM controlled main switches S1 and S2, two rectifying
diodes D1 and D2 that are connected in parallel to the main
switches S1 and S2, respectively, a PWM controlled free-
wheeling switch S3 with a parallel diode D3, two sets of tap

switches Q11, . . . , QIN and Q21, . . ., Q2N, an output
inductor L1, and an output capacitor Co. The first set of tap
switches Q11, . . ., Q1IN are connected to the taps of the top

winding section of the power transformer T1 and to the main
switch S1, and the second set of switches Q21, ..., Q2N are
connected to the taps of the bottom winding section of the
power transformer T1 and to the main switch S2.

[0088] The converter system of this preferred embodiment
operates in the following manner. At low input voltages, tap
switches Q11 and Q21 are in the ON state, the full secondary
winding is connected to the main switches S1 and S2, and the
turns ratio is set to the minimum ratio. As the input voltage
crosses the borderline between the first and the second sub-
ranges, the control circuitry 601, based on the pulse synchro-
nization signal SYNC that is synchronized with the PWM
output, starts searching for a dead time interval during which
energy flow from the primary source is interrupted (load
current is supplied by the inductor L1 through the freewheel-
ing switch S3 and the diode D3) and generates a control signal
that first switches the tap switches Q11 and Q21 to the OFF
states and that then switches tap switches Q12 and Q22 to the
ON state after a small delay during the same or the next dead
time interval. Commutation from any voltage sub-range to the
next voltage sub-range is preformed in a similar manner.
[0089] FIG. 13 shows a converter system according to an
nineteenth preferred embodiment of the present invention
that includes a converter having a center tap rectifier circuitry
700 at the secondary side of power transformer T1 having two
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sets of PWM controlled main switches S11, ..., S1N and S21,
..., S2N with corresponding parallel rectifying diodes D11,
...,DINand D21, ...,D2N,;a PWM controlled freewheeling
switch S3 with a parallel diode D, tap switches Q1, ..., QN
with control circuitry 701, an output inductor [L1, and an
output capacitor Co. Each tap switch Qi (i=1, . . ., N) is
connected to the output return and to the common terminals of
the main switches S1/ and S2i.

[0090] The converter having a center tap rectifier circuitry
700 operates in the following manner. At low input voltages,
the switch Q1 is in the ON state, the full secondary winding of
the power transformer T1 is connected to the main switches
S11 and S21, and turns ratio is set at the minimum ratio. As the
input voltage crosses the borderline between the first and the
second sub-ranges, the control circuitry 701, based on the
pulse synchronization signal SYNC that is synchronized with
the PWM output, starts searching for a dead time interval
during which energy flow from the primary source is inter-
rupted (load current is supplied by the inductor L1 through the
freewheeling switch S3 and the diode D) and generates a
control signal that first switches tap switch Q1 to the OFF
state and then switches the tap switch Q2 to the ON state after
a small delay during the same or next dead time interval. A
soft transition from any voltage sub-range to the next voltage
sub-range is performed in a similar manner. In each input
voltage sub-range, only one of the tap switches Qi is conduct-
ing.

[0091] FIG. 14 shows a converter system according to a
twentieth preferred embodiment of the present invention that
includes a full-bridge converter 800 with four main switches
S1, ..., S4, controlled by a PWM 801, tap switches Q1, . . .
, QN connected to control circuitry 802 on the primary side of
the power transformer T1, rectifier and filter circuitry 803,
and a load 804.

[0092] The tap switches Q1, . . ., QN operate in the follow-
ing manner. At low input voltages, the tap switch Q1 is in the
ON state, the other tap switch Q2, . . ., QN are in the OFF
state, only the right hand section of the primary winding in
FIG. 14 is connected to the diagonal of the full bridge, and the
turns ratio is set at the minimum ratio. As the input voltages
crosses the borderline between the first and the second volt-
age sub-ranges, the control circuitry 802, based on the pulse
synchronization signal SYNC that is synchronized with the
PWM output, starts searching for a dead time interval corre-
sponding to the OFF states of main switches S1, .. ., S4 and
generates a control signal that first switches the tap switch Q1
to the OFF state and that then switches the tap switch Q2 to the
ON state after a small delay during the same or next dead time
interval. The transition from any voltage sub-range to the next
voltage sub-range is performed in a similar manner. Because
during the dead time interval energy flow from the input
source to the load 804 is interrupted (load current is supplied
by the output filter), the primary winding of the power trans-
former T1 only carries a small magnetizing current, which
results in a soft (near zero current) transition from one turns
ratio to another turns ratio.

[0093] FIG. 15 shows a converter system according to a
twenty first preferred embodiment of the present invention
that includes a half-bridge converter 900 with two main
switches S1, S2 on the primary side of the power transformer
T1 that are controlled by a PWM 901, tap switches Q1, . . .,
QN connected to control circuitry 902, capacitors C1, C2
arranged as a capacitive divider, resistors R1, R2 arranged as
aresistive divider that is connected in parallel to the capacitor
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C1, rectifier and filter circuitry 903, and a load 904. The main
switches S1, S2, the windings of the power transformer T1,
the capacitors C1, C2 arranged as the capacitive divider, the
rectifier and filter circuitry 903, and the load 904 are con-
nected as shown in FIG. 15. The tap switches Q1, ..., QN are
connected between the taps of the primary winding of the
power transformer T1 and the mid-point between the capaci-
tors C1, C2. The analog signal “V,,” is derived from the
resistors R1, R2.

[0094] The tap switches Q1, . .., QN operate in the follow-
ing manner. At low input voltages, the tap switch Q1 is in the
ON state, the other switches Q2, . . ., QN are in the OFF state,
only the left hand section of the primary winding of the power
transformer T1 in FIG. 15 is connected to the mid-point
between the main switches S1, S2 and the mid-point between
the capacitors C1, C2, and the turns ratio is set at the mini-
mum ratio. As the input voltage crosses the borderline
between the first and the second sub-ranges, the control cir-
cuitry 802, based on the pulse synchronization signal SYNC
that is synchronized with the PWM output, starts searching
for a dead time interval corresponding to the OFF state of
main switches S1, S2 and generates control signals that first
switch the tap switch Q1 to the OFF state and that then switch
the tap switch Q2 to the ON state after a small delay during the
same or next dead time interval. Transition from any other
voltage sub-range to the next one is performed in much the
same fashion. Because during the dead time interval energy
flow from the input source to the load is interrupted (load
current is supplied by the output filter), the primary winding
of'the power transformer T1 only carries a small magnetizing
current resulting in a soft (near zero current) transition from
one turns ratio to another turns ratio.

[0095] FIG. 16 shows a converter system according to a
twenty second preferred embodiment of the present invention
that includes a converter having a current doubler rectifier
1000 on the secondary side of the power transformer T1 with
two rectifier switches S1, S2 that are controlled by a second-
ary PWM circuitry (not shown), two diodes D1, D2 that are
connected in parallel to the rectifier switches S1 and S2,
respectively, tap switches Q1, . . ., QN connected to control
circuitry 1001, two output inductors L1, [.2, and an output
capacitor Co. The secondary winding of the power trans-
former T1, the rectifier switches S1, S2, the diodes D1, D2,
the inductors [.1, 1.2, and the capacitor Co are connected as
shown in FIG. 16. Tap switches Q1, . . . , QN are connected
between the secondary winding taps and the connection point
of one of the rectifier switch S1 and the inductor L1.

[0096] The tap switches Q1, . .., QN operate in the follow-
ing manner. At low input voltages, the tap switch Q1 is in the
ON state, the other tap switches Q2, . . ., QN are in the OFF
state, the full secondary winding of the power transformer T1
is connected to the rectifier circuitry, and the turns ratio is set
to the minimum ratio. As the input voltage crosses the bor-
derline between the first and the second sub-ranges the con-
trol circuitry 1001, based on the pulse synchronization signal
SYNC that is synchronized with the PWM output, starts
searching for a dead time interval corresponding to a near
zero current in the windings of the power transformer T1 and
generates a control signal that first switches the tap switch Q1
to the OFF state and that then switches the tap switch Q2 to the
ON state after a small delay during the same or next dead time
interval. The transition from any other voltage sub-range to
the next voltage sub-range is performed in a similar manner.
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[0097] FIG. 17 shows a block diagram of the control circuit
1100 according to a twenty third preferred embodiment of the
present invention. The control circuit 1100 is used to control
the tap switches Q1, . . . , QN. The control circuit 1100
includes an input voltage monitor 1101 that receives the input
signal V,, and that is connected to an input voltage range
monitor 1102 that has window comparators WC1, WC2, . ..
, WCN, tap winding zero current detector 1103 that receives
the pulse synchronization signal SYNC synchronized with
the PWM output, AND gates &1, . . ., &N that are controlled
by output of window comparator WC1, WC2, ..., WCN and
by output of the current detector 1103, and tap switch drivers
DR1, ..., DRN that are controlled by the output of the AND

gates &1, . . ., &N and that is connected to the switches
control inputs.
[0098] The control circuit 1100 operates in the following

manner. The input voltage monitor 1101 generates an analog
“V,,.” signal that is proportional to the input voltage V,,, and,
that is generally isolated from the input voltage V,,,. The input
voltage monitor 1101 can include, for example, a signal wind-
ing with a peak charger as shown in FIG. 5A, can include a
voltage divider as shown in FIG. 15, can include an opto-
coupler circuit (not shown), or can include other suitable
voltage monitoring circuits.

[0099] One of the window comparators WC1, WC2, . . .,
WCN of the input voltage range monitor 1102 generates a
high output level when the input voltage is within a specific
input voltage sub-range, while the other window comparators
WC1, WC2, . . ., WCN generate low outputs for input volt-
ages in that specific voltage sub-range. The tap winding zero
current detector 1103 generates a high output level in the time
intervals corresponding to the near zero current in the tap
winding.

[0100] The tap winding zero current detector 1103 prefer-
ably is based on current measurement circuitry or is based on
a SYNC signal analyzer that is programmed depending on the
circuit topology used. For example, for forward topology, the
SYNC signal analyzer could generate a HIGH output level in
the freewheeling time intervals, for push-pull and other
double-ended topologies, the SYNC signal analyzer could
generate a HIGH output level in the dead time intervals. One
of'the AND gates &1, . . ., &N generates a HIGH output level
if and only if a corresponding window comparator’s output is
HIGH and the tap winding zero current detector 1103 gener-
ates a HIGH output, which indicates a zero or near zero
current condition in the tap winding. The AND gate &1, . . .,
&N that generates the HIGH output level excites the corre-
sponding tap switch driver DR1, . . ., DRN and consequently
the corresponding tap switch turns on. Only one of the tap
switches Q1, . . ., QN is ON in a specific V,,, sub-range.
[0101] Each of the above-described preferred embodi-
ments include rectifying circuitry that is used to output DC
power. However, it is also possible to not include any recti-
fying circuitry so that AC power is outputted instead of DC
power. Depending on the specific application, either DC
power or AC power can be outputted.

[0102] It should be understood that the foregoing descrip-
tion is only illustrative of the present invention. Various alter-
natives and modifications can be devised by those skilled in
the art without departing from the present invention. Accord-
ingly, the present invention is intended to embrace all such
alternatives, modifications, and variances that fall within the
scope of the appended claims.
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What is claimed is:

1. A power conversion system comprising:

an input terminal that is arranged to be connected to a
voltage source;

a transformer having a first winding connected to the input
terminal and a second winding connected to an output
terminal of the power conversion system, either the first
winding or the second winding is provided with at least
three taps that are arranged to divide the first winding or
the second winding into at least two sub-windings;

at least one tap switch connected to the at least two sub-
windings;

a control circuit connected to the at least one tap switch;
and

at least one switch connected to the at least one tap switch;
wherein

the control circuit is arranged to control the at least one tap
switch to control a turn ratio of the transformer.

2. A power conversion system according to claim 1,
wherein the at least one switch is connected to each of the at
least one tap switch.

3. A power conversion system according to claim 1,
wherein the at least one tap switch includes a plurality of tap
switches, and the at least one switch includes a plurality of
switches that are each connected to a corresponding one or
corresponding ones of the plurality of tap switches.

4. A power conversion system according to claim 1,
wherein the at least one tap switch is connected between the
transformer and the at least one switch.

5. A power conversion system according to claim 1,
wherein the at least one switch is connected between the
transformer and the at least one tap switch.

6. A power conversion system according to claim 1,
wherein the at least one tap switch is connected to the second
winding, and one of the at least one switches is connected to
the first winding.

7. A power conversion system according to claim 1,
wherein the control circuit is arranged to receive an input
signal that is based on an input voltage and to receive a
synchronization signal that is synchronized with an output
signal of a pulse modulator.

8. A power conversion system according to claim 7, further
comprising a signal secondary winding that provides the
input signal that is based on an input voltage.

9. A power conversion system according to claim 1,
wherein the at least one tap switch includes at least two tap
switches, and when the current through the at least two wind-
ings is zero or near zero, the control circuit is arranged to first
turn off one of the at least two tap switches and then to later
turn on another of the at least two tap switches to control the
turn ratio of the transformer.

10. A power conversion system according to claim 1,
wherein the at least one switch is a MOSFET.

11. A power conversion system according to claim 1,
wherein the at least one tap switch is a MOSFET.

12. A power conversion system according to claim 1,
wherein the at least one tap switch is a series combination of
two MOSFETs with common sources and gates.

13. A power conversion system according to claim 1, fur-
ther comprising a diode connected to a center tap of the
second winding.
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14. A power conversion system according to claim 1, fur-
ther comprising a switch connected between the input termi-
nal and the transformer.

15. A power conversion system according to claim 1,
wherein the input terminal is connected to a center tap of the
first winding.

16. A power conversion system according to claim 1,
wherein the output terminal is connected to a center tap of the
second winding.

17. A power conversion system according to claim 1,
wherein the control circuit includes at least one window com-
parator that determines which voltage sub-range that an input
voltage is in.

18. A power conversion system according to claim 1,
wherein the control circuit includes a tap winding zero cur-
rent detector.
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19. A power conversion system according to claim 1,
wherein the at least one switch includes four switches
arranged in a full-bridge arrangement.

20. A power conversion system according to claim 1,
wherein the at least one switch includes two switches
arranged in a half-bridge arrangement.

21. A power conversion system according to claim 1, fur-
ther comprising a pulse modulator connected to the at least
one switch.

22. A power conversion system according to claim 1,
wherein the power conversion system supplies DC power.

23. A power conversion system according to claim 1,
wherein the power conversion system supplies AC power.
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