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SWITCHING POWER SUPPLY CIRCUIT

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority from Japa-
nese Application Nos. 2004-162175 filed May 31, 2004,
2004-194105 filed Jun. 30, 2004, 2004-265441 filed Sep. 13,
2004, 2004-269828 filed Sep. 16, 2004, and 2005-054550
filed Feb. 28, 2005, the disclosures of which are hereby
incorporated by reference herein.

BACKGROUND OF THE INVENTION

[0002] This invention relates to a switching power supply
circuit to be used as a power supply for various electronic
apparatus.

[0003] Various power supply circuits having a resonance
type converter on the primary side have been proposed by
the assignee of the present application. One such power
supply circuit is disclosed, for example, in Japanese Patent
Laid-Open No. 2003-235259 (hereinafter referred to as
Patent Document 1).

[0004] FIG. 44 shows the switching power supply circuit
disclosed in Patent Document 1 which includes a resonance
type converter. Referring to FIG. 44, the power supply
circuit shown includes a switching converter. The switching
converter is configured such that a partial voltage resonance
circuit for performing a voltage resonance operation only
upon turn-off during switching is combined with a sepa-
rately excited current resonance type converter of a half
bridge coupling scheme.

[0005] The switching power supply circuit shown in FIG.
44 is provided, for example, as a power supply of a printer
apparatus. In the printer apparatus, for example, the load
power exhibits a variation over a comparatively wide range
from approximately 100 W or more to no load.

[0006] In the power supply circuit shown in FIG. 44, a
common mode noise filter formed from two filter capacitors
CL and a common mode choke coil CMC is connected to a
commercial AC power supply AC.

[0007] Further, as a rectification smoothing circuit for
producing a DC input voltage from the commercial AC
power supply AC, a full wave rectification circuit formed
from a bridge rectification circuit Di and a smoothing
capacitor Ci is provided at the stage following the common
mode noise filter.

[0008] The rectification output of the bridge rectification
circuit Di is charged into the smoothing capacitor Ci, and as
a result, a rectification smoothed voltage Ei (DC input
voltage) having a level equal to that of an AC input voltage
VAC is obtained across the smoothing capacitor Ci.

[0009] The current resonance type converter for receiving
and switching the DC input voltage includes a switching
circuit system wherein two switching devices Q1 and Q2,
each formed from a MOS-FET, are connected to each other
in a half bridge coupling scheme as seen in FIG. 44. Damper
diodes DD1 and DD2 each formed from a body diode are
individually connected in parallel to each other and in such
directions as seen in FIG. 44 between the drain-source of the
switching devices Q1 and Q2, respectively.
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[0010] Further, a partial resonance capacitor Cp is con-
nected in parallel between the drain-source of the switching
device Q2. A parallel resonance circuit (partial voltage
resonance circuit) is formed from the capacitance of the
partial resonance capacitor Cp and the leakage inductance
L1 of a primary winding N1. The partial voltage resonance
circuit performs a partial voltage resonance operation
wherein it voltage resonates only when the switching
devices Q1 and Q2 are turned off.

[0011] In the power supply circuit, in order to switching
drive the switching devices Q1 and Q2, an oscillation and
driving circuit 2 formed from, for example, a general-
purpose IC is provided. The oscillation and driving circuit 2
includes an oscillation circuit and a driving circuit, and
applies a driving signal (gate voltage) having a required
frequency to the gates of the switching devices Q1 and Q2.
Consequently, the switching devices Q1 and Q2 perform a
switching operation such that they are turned on and off
alternately at a required switching frequency.

[0012] An insulating converter transformer PIT (Power
Isolation Transformer) transmits the switching outputs of the
switching devices Q1 and Q2 to the secondary side.

[0013] In this instance, the primary winding N1 of the
insulating converter transformer PIT is connected at one end
thereof to a node (switching output point) between the
source of the switching device Q1 and the drain of the
switching device Q2 through a series connection with a
primary side series resonance capacitor C1 so that the
switching output can be obtained from the node. The pri-
mary winding N1 is connected at the other end thereof to the
primary side ground as seen in FIG. 44.

[0014] In this instance, the series resonance capacitor C1
and the primary winding N1 are connected in series to each
other. Thus, a primary side series resonance circuit for
making the operation of the switching converter that of a
current resonance type is formed from the capacitance of the
series resonance capacitor C1 and the leakage inductance L1
of the primary winding N1 (series resonance winding) of the
insulating converter transformer PIT.

[0015] From the description above, resonance operation of
the current resonance type by the primary side series reso-
nance circuit (L1-C1) and partial voltage resonance opera-
tion by the partial voltage resonance circuit (Cp//L1)
described hereinabove can be obtained by the primary side
switching converter shown in FIG. 44.

[0016] In particular, the power supply circuit shown in
FIG. 44 adopts a form in which the resonance circuit for
making the operation of the primary side switching con-
verter that of the resonance type is combined with another
resonance circuit. A switching converter of the type just
described is hereinafter referred to as a composite resonance
type converter.

[0017] While a description with reference to the drawings
is omitted here, the insulating converter transformer PIT
described above is structured such that it includes an EE type
core formed by combining E type cores made of, for
example, a ferrite material with each other. Further, the
primary winding N1 and a secondary winding N2 are wound
on an inner magnetic leg of the EE type core at winding
portions provided divisionally for the primary and secondary
sides.
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[0018] Further, a gap of 1.5 mm or less is formed in the
inner magnetic leg of the EE type core of the insulating
converter transformer PIT. Consequently, a coupling coef-
ficient of 0.75 or more is obtained between the primary
winding N1 and the secondary winding N2.

[0019] For the secondary winding N2 of the insulating
converter transformer PIT, a full wave rectification circuit is
provided. The full wave rectification circuit is formed from
a bridge rectification circuit formed from rectification diodes
Dol to Do4, and a smoothing capacitor Co.

[0020] Consequently, a secondary side DC output voltage
Eo, which is a DC voltage having a level equal to that of the
alternating voltage induced in the secondary winding N2,
can be obtained as a voltage across the smoothing capacitor
Co. The secondary side DC output voltage Eo is supplied as
a main DC power supply to a main load (not shown), and is
also branched and input as a detection voltage for constant
voltage control to the control circuit 1.

[0021] The control circuit 1 outputs a control signal to the
oscillation and driving circuit 2 in the form of a current or
a voltage whose level is adjusted corresponding to that of the
secondary side DC output voltage Eo.

[0022] The frequency of an oscillation signal produced by
the oscillation circuit in the oscillation and driving circuit 2
is adjusted based on the control signal input from the control
circuit 1 to adjust the frequency of the switching driving
signal to be applied to the gates of the switching devices Q1
and Q2. Consequently, the switching frequency is adjusted.
Since the switching frequency of the switching devices Q1
and Q2 is adjustably controlled in response to the level of the
secondary side DC output voltage Eo in this manner, the
resonance impedance of the primary side series resonance
circuit is varied and also the energy to be transferred from
the primary winding N1, which forms the primary side series
resonance circuit, to the secondary side is varied. Further, at
this time, the level of the secondary side DC output voltage
Eo is also adjustably controlled. Consequently, constant
voltage control for the secondary side DC output voltage Eo
can be implemented.

[0023] Tt is to be noted that such constant voltage control
for adjustably controlling the switching frequency to achieve
stabilization as described above is hereinafter referred to as
the “switching frequency controlling method”.

[0024] FIG. 46 is a waveform diagram illustrating the
operation of part of the power supply circuit shown in FIG.
44. Referring to FIG. 46, waveforms on the left side indicate
the operation when the load power Po is Po=150 W, and
waveforms on the right side indicate the operation of the
same portions when the load power Po is Po=25 W. As an
input voltage condition, the AC input voltage VAC is fixed
at VAC=100 V.

[0025] Referring to FIG. 46, the voltage V1 of a rectan-
gular wave is a voltage across the switching device Q2 and
indicates on and off timings of the switching device Q2. The
period that the voltage V1 is at the 0 level is an on period in
which the switching device Q2 conducts. Within the on
period, switching current 1Q2 having the waveform illus-
trated in FIG. 46 is supplied to the switching circuit system
formed from the switching device Q2 and the clamp diode
DD2. Further, the period that the voltage V1 is clamped at
the level of a rectification smoothed voltage Fi is a period in
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which the switching device Q2 is off, and the switching
current I1Q2 has the zero level as seen in FIG. 46.

[0026] Further, though not shown, the voltage obtained
across the other switching device Q1 and the switching
current flowing to the switching circuit (Q1, DD1) have
waveforms shifted by 180° in phase from the waveforms of
the voltage V1 and the switching current 1Q2, respectively.
In short, as described above, the switching devices Q1 and
Q2 perform the switching operation such that they are turned
on and off alternately.

[0027] Further, the switching currents flowing to the
switching circuits (Q1, DD1 and Q2, DD2) are composed to
obtain a current having the waveform shown in FIG. 46, and
the resulting current is used as the primary side series
resonance current lo to flow to the primary side series
resonance circuit (C1-N1(L1)).

[0028] Further, it can be recognized, for example, from a
comparison between the waveform of the voltage V1 shown
in FIG. 46 when the load power Po=150 W and the
waveform of the voltage V1 shown in FIG. 46 when the load
power Po=25 W that the switching frequency is controlled.
The switching frequency on the primary side, when the load
to the secondary side DC output voltage Eo is heavy
(Po=150 W), is lower than that when the load to the
secondary side DC output voltage Eo is light (Po=25 W). In
particular, the switching frequency decreases in response to
a decrease in the level of the secondary side DC output
voltage Eo as the load becomes heavier, but the switching
frequency increases in response to an increase in the level of
the secondary side DC output voltage Eo as the load
becomes lighter. This indicates the fact that a constant
voltage controlling operation by upper side control is per-
formed as a switching frequency controlling method.

[0029] Further, since the operation on the primary side
described above is obtained, an alternating voltage V2
having the waveform shown in FIG. 46 is induced in the
secondary winding N2 of the insulating converter trans-
former PIT. Then, within the period of any one of the half
cycles in which the alternating voltage V2 has a positive
polarity, the rectification diodes [Dol, Do4] on the second-
ary side conduct to allow rectification current ID1 to flow in
the waveform and at the timing shown in FIG. 46. Further,
within the period of the other one of the half cycles in which
the alternating voltage V2 has a negative polarity, the
rectification diodes [Do2, Do3] on the secondary side con-
duct to allow rectification current ID3 to flow in the wave-
form and at the timing shown in FIG. 46. Further, as seen
in FIG. 46, the rectification currents ID1 and ID3 are
composed to form secondary winding current 12 to flow to
the secondary winding N2.

[0030] FIG. 47 illustrates an AC—=DC power conversion
efficiency and a characteristic of the switching frequency of
the power supply circuit shown in FIG. 44 with respect to
the load variation under the input voltage condition of the
AC 1input voltage VAC=100 V.

[0031] The switching frequency fs has a characteristic that
it decreases as the load increases because the constant
voltage controlling operation is performed. However, the
characteristic just described is not a linear variation charac-
teristic with respect to the load variation. For example,
within a range from the load power Po=approximately 25 W
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to Po=0 W or less, the tendency is exhibited that the
switching frequency fs increases steeply.

[0032] Meanwhile, the AC—DC power conversion effi-
ciency (NAC—DC) has a tendency that it increases as the
load power Po increases, and when the load power Po=150
W, an nAC—DC power conversion efficiency of approxi-
mately 91.0% is obtained.

[0033] 1t is to be noted that, in order to obtain the
experimental results described with reference to FIGS. 46
and 47, the components shown in FIG. 44 are set as
mentioned just below.

[0034] TInsulating converter transformer PIT

[0035] (EER-35 type ferrite core, gap length=1.4 mm,
coupling coefficient k=0.75)

[0036] Primary winding N1=35 T (turns), secondary
winding N2=50 T

[0037] Primary side series resonance capacitor
C1=0.039 uF

[0038] Partial resonance capacitor Cp=330 pF

[0039] Another example of the switching power supply
circuit is shown in the circuit diagram of FIG. 45. It is to be
noted that, in FIG. 45, like elements to those of FIG. 44 are
denoted by like reference characters, and a description of
them is omitted herein to avoid redundancy.

[0040] The secondary side rectification circuit of the
power supply circuit shown in FIG. 45 includes a full wave
rectification circuit. In particular, a center tap is provided for
the secondary winding N2 such that the secondary winding
N2 is divided into secondary winding sections N2A and
N2B. In this instance, the secondary winding sections N2A
and N2B are formed from numbers of turns equal to each
other. Further, the center tap is grounded to the secondary
side ground. Furthermore, the rectification diodes Dol and
Do2 and the secondary side smoothing capacitor Co are
connected to the secondary winding N2. By the full wave
rectification circuit, the secondary side DC output voltage
Eo can be obtained as a voltage across the smoothing
capacitor Co.

[0041] A power supply circuit having the configuration
described above may be provided as the power supply of a
plasma display apparatus. In the plasma display apparatus,
the load power Po varies over a comparatively wide range,
for example, from Po=100 W or more to no load. Further, a
secondary side DC output voltage having, for examples a
comparatively high level of 200 V or more is required.

[0042] When an experiment regarding the power supply
circuit shown in FIG. 45 was performed, results of operation
and a characteristic substantially equal to those illustrated in
FIGS. 46 and 47 were obtained.

[0043] Tt is to be noted that, when the experiment was
performed, the components of the circuit shown in FIG. 45
were set as given below.
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[0044]

[0045] (EER-35 type ferrite core, gap length=1.4 mm,
coupling coefficient k=0.75)

[0046] Primary winding N1=35 T (turns), secondary
winding N2=secondary winding section N2A+secondary
winding N2B=50 T+50 T=100 T

Insulating converter transformer PIT

[0047] Primary side series resonance capacitor
C1=0.039 uF

[0048] Partial resonance capacitor Cp=330 pF

[0049] As described above, the power supply circuit
shown in FIG. 45 is provided as a power supply of a plasma
display apparatus and is configured so that the secondary
side DC output voltage Eo obtained has a comparatively
high level. In order to cope with this, in the circuit shown in
FIG. 45, the secondary side rectification circuit is formed as
a full wave rectification circuit, and the number of turns of
the secondary winding N2 is suitably increased to 100 T.

[0050] Incidentally, where the configuration as a reso-
nance type converter for implementing stabilization of the
secondary side DC output voltage by the switching fre-
quency controlling method is adopted as in the case of the
power supply circuit shown in FIG. 44 (FIG. 45), the
adjustable controlling range of the switching frequency for
stabilization is a comparatively wide range.

[0051] This is described with reference to FIG. 48. FIG.
48 illustrates a constant voltage controlling characteristic of
the power supply circuit shown in FIG. 44 (FIG. 45) in the
form of a relationship between the level of the switching
frequency fs and the level of the secondary side DC output
voltage Eo.

[0052] Tt is to be noted that, in the description given with
reference to FIG. 48, it is a premise that the power supply
circuit in FIG. 44 (FIG. 45) adopts upper side control as the
switching frequency controlling method. Upper side control
as used herein is a controlling method for adjustably con-
trolling the switching frequency within a frequency range
higher than a resonance frequency fol of the primary side
series resonance circuit and utilizing the variation of the
resonance impedance caused by the adjustment control to
control the level of the secondary side DC output voltage Eo.

[0053] Generally, the resonance impedance of the series
resonance circuit is lowest at the resonance frequency fol.
Consequently, as a relationship between the secondary side
DC output voltage Eo and the switching frequency fs in
upper side control, the level of the secondary DC output
voltage Eo increases as the switching frequency fs
approaches the resonance frequency fol, but decreases as
the switching frequency fs moves away from the resonance
frequency fol.

[0054] Accordingly, as seen in FIG. 48, the level of the
secondary side DC output voltage Eo with respect to the
switching frequency fs in a condition that the load power Po
is constant exhibits a quadratic curve variation. In particular,
the level of the secondary side DC output voltage Eo
exhibits a peak when the switching frequency fs is equal to
the resonance frequency fol of the primary side series
resonance circuit, and decreases as the switching frequency
fs moves away from the resonance frequency fol.
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[0055] Further, the level of the secondary side DC output
voltage Eo corresponding to the switching frequency fs in
the same condition as that described above exhibits a
characteristic that it shifts such that the level at the maxi-
mum load power Pomax is less by a predetermined amount
than the level at the minimum load power Pomin. In
particular, where it is considered that the switching fre-
quency fs is fixed, the level of the secondary side DC output
voltage Eo decreases as the load condition becomes heavier.

[0056] If an attempt is made to stabilize the secondary side
DC output voltage Eo by upper side control so that Eo=tg
may be satisfied where such a characteristic as just described
is exhibited, then the adjustment range (necessary control
range) of the switching frequency necessary for the power
supply circuit shown in FIG. 44 (FIG. 45) is a range
indicated by the reference character Afs.

[0057] Actually, the power supply circuit shown in FIG.
44 performs the constant voltage control based on the
switching frequency controlling method so that the second-
ary side DC output voltage Eo is stabilized at 135 V so as
to cope with the input variation range and the load condi-
tions. The variation range is from the AC input voltage
VAC=85 V to 120 V of the AC 100 V type. The load
conditions are the maximum load power Pomax=150 W and
the minimum load power Pomin=0 W (no load) to the
secondary side DC output voltage Eo, which is a main DC
power supply.

[0058] 1In this instance, the variation range of the switch-
ing frequency fs that is varied for the constant voltage
control by the power supply circuit shown in FIG. 44 is
fs=80 kHz to 200 kHz or more, and also the range Afs is a
correspondingly wide range of 120 kHz or more.

[0059] Further, the power supply circuit shown in FIG. 45
performs the constant voltage control so that the secondary
side DC output voltage Eo is stabilized at the rated level of
approximately 200 V. Therefore, similar to the power supply
circuit shown in FIG. 44, the range Afs of the power supply
circuit shown in FIG. 45 is a correspondingly wide range.

[0060] As one of the power supply circuits, a power
supply circuit ready for a wide range is known, which is
configured so as to operate with an AC input voltage range,
for example, from approximately AC 85 V to 288 V. It can
be applied both in an area in which the AC input voltage of
the AC 100 V type is used, such as, for example, Japan,
U.S.A. and so forth, and in another area in which the AC
input voltage of the AC 200 V type is used, such as, for
example, Europe.

[0061] Thus, it is considered here that the power supply
circuit shown in FIG. 44 (FIG. 45) is configured as a power
supply circuit ready for a wide range as described above.

[0062] As described above, where the power supply cir-
cuit is ready for a wide range, it is ready for an AC input
voltage range, for example, from AC 85 V to 288 V.
Accordingly, the variation range of the level of the second-
ary side DC output voltage Eo increases when compared
with that in an alternative case in which the power supply
circuit is ready for a single range of, for example, only the
AC 100 V type or only the AC 200 V type. In order to
perform the constant voltage control for the secondary side
DC output voltage Eo whose variation range is expanded in
correspondence to such an AC input voltage range as
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described above, switching frequency control over a still
wider range is required. For example, in the power supply
circuit shown in FIG. 44 (FIG. 45), it is necessary to expand
the controlling range of the switching frequency fs to
approximately 80 kHz to 500 kHz.

[0063] However, the upper limit to the driving frequency
with which an IC (oscillation driving circuit 2) for driving an
actual switching device can cope is approximately 200 kHz.
Further, even if a switching driving IC that can be driven
with such a high frequency as described above is configured
and mounted, when the switching device is driven with such
a high frequency as described above, the power conversion
efficiency drops remarkably. Therefore, it is difficult to
practically use the switching driving IC described above as
an actual power supply circuit. Incidentally, the upper limit
to the AC input voltage VAC which can be stabilized, for
example, by the power supply circuit shown in FIG. 44
(FIG. 45), is approximately 100 V.

[0064] Therefore, in order to configure a switching power
supply circuit using switching frequency control for stabi-
lization as a switching power supply circuit ready for a wide
range, it is known to adopt, for example, such a configura-
tion as described below.

[0065] In particular, a rectification circuit system receiv-
ing a commercial AC power supply to produce the DC input
voltage (Ei) is provided with a function of performing a
changeover between a voltage doubler rectification circuit
and a full wave rectification circuit in response to an input
of commercial AC power supply of the AC 100 V type and
the AC 200 V type.

[0066] In this instance, the circuit is configured such that
the level of the commercial AC power supply is detected and
the circuit connection of the rectification circuit system is
changed over by a switch using an electromagnetic relay
such that a voltage doubler rectification circuit or a full wave
rectification circuit is formed in response to the detected
level.

[0067] However, in such a configuration for the
changeover of the rectification circuit system as described
above, a number of electromagnetic relays are required as
described above. Further, at least a pair of smoothing
capacitors must be provided in order to form a voltage
doubler rectification circuit. Therefore, the number of parts
increases and this increases the cost. Also, the mounting area
of a power supply circuit board is expanded to increase the
size of the circuit. In particular, since the smoothing capaci-
tors and the electromagnetic relays are large-size parts from
among those parts forming the power supply circuit, the size
of the board becomes rather large.

[0068] Where the configuration for changeover between
full wave rectification operation and voltage doubler recti-
fication operation is applied, if, when the commercial AC
power supply of the AC 200 V type is input, the level of the
AC input voltage becomes lower than that corresponding to
the AC 200 type because an instantaneous service interrup-
tion occurs or the AC input voltage decreases to a voltage
level lower than the rated voltage or the like, then a
malfunction may occur in which it is detected that the
commercial AC power supply input is the AC 100 V type
and a changeover from the full wave rectification circuit to
the voltage doubler rectification circuit is performed. If such
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a malfunction occurs, then the voltage doubler rectification
will be performed for an AC input voltage having the level
of the AC 200 V type. Therefore, there is the possibility that,
for example, the switching devices Q1, Q2 and so forth may
be broken by being subjected to a voltage higher than that
which they can withstand.

[0069] Therefore, as an actual circuit, in order to prevent
the occurrence of such a malfunction as described above, a
configuration is adopted in which not only is the DC input
voltage of the switching converter on the main power supply
side detected, but the DC input voltage of the converter
circuit on the standby power supply side is also detected.
Consequently, a member for detecting the converter circuit
on the standby power supply side must be added, and an
increase of the cost described above and an increase of the
size of the circuit board result.

[0070] Further, the DC input voltage of the converter on
the standby power supply side is detected in order to prevent
a malfunction. This signifies that only an electronic appa-
ratus which includes not only a main power supply but also
a standby power supply can actually use a power supply
circuit which includes a circuit for changing over the recti-
fication operation and which is ready for a wide range. In
other words, the type of electronic apparatus in which the
power supply can be incorporated is limited to that which
includes a standby power supply, and the range of utilization
becomes much narrower.

[0071] Further, as a configuration ready for a wide range,
a configuration is also known in which the form of the
current resonance converter on the primary side is changed
over between that of a half bridge connection and that of a
full bridge connection in response to an input of a commer-
cial power supply of the A 100 V type/AC 200 V type.

[0072] With the configuration just described, even if the
AC input voltage of the AC 200 V type drops to the level of
the AC 100 V type, for example, as a result of such
instantaneous interruption as described above or the like to
cause a malfunction, the switching operation is only
changed over from a half bridge operation to a full bridge
operation. As a result, a situation does not arise in which a
voltage higher than the withstanding voltage is applied to the
switching devices. Therefore, the DC input voltage on the
standby power supply side need not be detected. Conse-
quently, the configuration can be applied to an electronic
apparatus that does not include a standby power supply.
Further, since a changeover of the commercial power supply
line is not involved, a changeover of the circuit formation by
a semiconductor switch is possible. Therefore, a large-size
switching member such as an electromagnetic relay need not
be provided.

[0073] However, with the configuration described above,
at least four switching devices must be provided in order to
form a full bridge connection in response to the AC 100 V
type. In particular, in comparison with the configuration of
a converter using only a half bridge connection, which can
be formed from two switching devices, an additional two
switching devices must be added.

[0074] Further, in the configuration described, four
switching devices perform the switching operation in the full
bridge operation, and three switching devices perform the
switching operation even in the half bridge operation. While
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the resonance converter produces low switching noise, the
disadvantage in regard to switching noise increases as the
number of switching devices performing switching opera-
tions in such a manner as described above increases.

[0075] Also, where any one of the configurations
described above is adopted as a configuration ready for a
wide range in such a manner as described above, when
compared with an alternative configuration ready for a
single range, an increase in the circuit scale and an increase
in the cost caused by an increase in the number of parts
cannot be avoided. Further, intrinsic problems which do not
appear with the configuration ready for a single range, such
as a limitation on the range of apparatuses which can be
utilized and an increase in the switching noise and so forth
occur with the former configuration and the latter configu-
ration, respectively.

[0076] Further, where the control range of the switching
frequency is a suitably wide range as in the case of the power
supply circuit shown in FIG. 44 (FIG. 45), a problem also
occurs that a high-speed response characteristic in the sta-
bilization of the secondary side DC output voltage Eo
decreases.

[0077] Some electronic apparatus involve varying opera-
tions such that the load condition changes over instanta-
neously, for example, between a state in which the load has
a maximum level and another state in which the load is
substantially zero. A load exhibiting such a load variation as
just described is also called a switching load. The power
supply circuit to be incorporated in such an apparatus as just
described must be configured so that the secondary side DC
output voltage is appropriately stabilized against a load
variation such as that of a switching load.

[0078] However, as described above with reference to
FIG. 48, where the switching frequency has a characteristic
of a wide control range, a comparatively long time is
required to adjust the switching frequency with which the
secondary side DC output voltage is provided to the required
level in response to a load variation such as that of the
switching load described above. In short, an undesirable
result is obtained as the response characteristic of the
constant voltage control.

[0079] 1t can be recognized that the power supply circuit
shown in FIG. 44 (FIG. 45) is particularly disadvantageous
in the constant voltage control response characteristic to a
switching load as described above. In the switching fre-
quency characteristic according to the constant voltage
control, the switching frequency varies by a great amount
within the load range from the load power Po=approxi-
mately 25 W to 0 W as seen in FIG. 47.

SUMMARY OF THE INVENTION

[0080] According to the present invention, there is pro-
vided a switching power supply circuit including a switching
circuit, a switching driving unit, an insulating converter
transformer, a primary side series resonance circuit, a sec-
ondary side series resonance circuit, a secondary side DC
output voltage production unit, a constant voltage control
unit, and a composite coupling coefficient setting unit. The
switching circuit includes a switching device operable to
perform a switching operation at a switching frequency
based on a DC input voltage. The switching driving unit
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drives the switching device to perform the switching opera-
tion. The insulating converter transformer has a core with a
primary winding on a primary side and a secondary winding
on a secondary side, the primary winding being supplied
with the switching output of the switching operation, and the
secondary winding having an alternating voltage induced
therein by the primary winding. The core has a gap formed
at a predetermined position between the primary side and the
secondary side, the gap having a length selected to produce
a predetermined coupling coefficient between the primary
side and secondary side. The primary side series resonance
circuit includes a leakage inductance component of the
primary winding and a capacitance of a primary side series
resonance capacitor connected in series with the primary
winding for producing a predetermined primary side reso-
nance frequency for making the switching circuit operate on
a current resonance basis. The secondary side series reso-
nance circuit includes a leakage inductance component of
the secondary winding and a capacitance of a secondary side
series resonance capacitor connected in series with the
secondary winding for producing a predetermined second-
ary side resonance frequency. The primary side series reso-
nance circuit and the secondary side series resonance circuit
form an electromagnetic coupling type resonance circuit.
The secondary side DC output voltage production unit is
operable to input a resonance output from the secondary side
series resonance circuit and to perform a rectification opera-
tion on the input resonance output to produce a secondary
side DC output voltage. The constant voltage control unit is
operable to control the switching driving unit in response to
a level of the secondary side DC output voltage to adjust the
switching frequency of the switching circuit to perform
constant voltage control for the secondary side DC output
voltage. The composite coupling coefficient setting unit is
operable to set a composite coupling coefficient between the
primary side and the secondary side of the insulating con-
verter transformer so that the electromagnetic coupling type
resonance circuit has a unimodal output characteristic with
respect to an input of a frequency signal having the switch-
ing frequency.

[0081] The switching power supply circuit adopts the
basic configuration of a current resonance type converter
including a primary side series resonance circuit, and also
forms a series resonance circuit on the secondary side from
the secondary winding and a secondary side series resonance
capacitor.

[0082] Where the configuration described is adopted, the
switching power supply circuit of the present invention
includes a coupling type resonance capacity formed by the
magnetic coupling of the insulating converter transformer.
Further, the composite coupling coefficient between the
primary side and the secondary side of the insulating con-
verter transformer in the power supply circuit is set so that
a unimodal output characteristic is obtained with respect to
an input of a frequency signal (switching output) having the
switching frequency. Since the unimodal characteristic is
obtained in this manner, the variation range or necessary
control range of the switching frequency required for stabi-
lization can be reduced when compared with an alternative
case wherein a series resonance circuit is formed only on the
primary side.

[0083] In this manner, with the switching power supply
circuit, the variable control range, that is, the necessary
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control range, of the switching frequency necessary for the
constant voltage control is reduced.

[0084] Consequently, a resonance type converter ready for
a wide range only by the switching frequency control can be
readily obtained. Where a wide range can be achieved with
only the switching frequency control, the necessity, for
example, to change over a rectification circuit system in
response to the level of a commercial AC power supply or
to adopt a configuration for changing over a switching
circuit system between a half bridge connection and a full
bridge connection is eliminated. Consequently, advantages
can be realized, including a reduction in the number of
circuit components and a reduction in the board area, that the
range of application of the power supply circuit to electronic
apparatus is expanded, and that the switching power supply
circuit is tough against switching noise.

[0085] As a basic configuration for achieving such advan-
tages of the present invention as described above, it is only
necessary to add a secondary side series resonance capacitor
to the configuration of the current resonance type converter
including the primary side series resonance circuit, and to
adopt a configuration for the provision of an inductor
connected in series with the primary winding and/or the
secondary winding. Therefore, the need to increase the
number of parts or to alter the parts is very small.

[0086] Further, where the necessary control range of the
switching frequency is reduced as described above, the
reliability of the constant voltage control is improved. This
makes it possible to perform constant voltage control with a
higher reliability than ever for a load variation called a
switching load which varies in a switching manner between
a maximum load condition and a no-load condition. This
enhances the reliability of an apparatus in which the switch-
ing power supply circuit is incorporated.

BRIEF DESCRIPTION OF THE DRAWINGS

[0087] These and other objects of the invention will be
seen by reference to the description, taken in connection
with the accompanying drawings, in which:

[0088] FIG. 1 is a circuit diagram showing an example of
the configuration of a power supply circuit according a first
embodiment of the present invention;

[0089] FIG. 2 is a sectional view showing an example of
the structure of an insulating converter transformer provided
in the switching power supply circuit of the first embodi-
ment;

[0090] FIG. 3 is a waveform diagram illustrating the
operation, in a maximum load power condition, of several
components of the power supply circuit of the first embodi-
ment;

[0091] FIG. 4 is a waveform diagram illustrating the
operation, in a light load condition, of the several compo-
nents of the power supply circuit of the first embodiment;

[0092] FIG. 5 is a circuit diagram showing an equivalent
circuit to the power supply circuit of the first embodiment,
which is viewed as an electromagnetic connection type
resonance circuit;

[0093] FIG. 6 is a waveform diagram illustrating a con-
stant voltage controlling characteristic of the power supply
circuit of the first embodiment;
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[0094] FIG. 7 is a waveform diagram illustrating a switch-
ing frequency control range or necessary control range with
respect to an AC input voltage condition and a load variation
as a constant voltage controlling operation of the power
supply circuit of the first embodiment;

[0095] FIG. 8 is a graph illustrating the characteristics of
switching frequency and AC—DC power conversion effi-
ciency with respect to the load variation of the power supply
circuit of the first embodiment;

[0096] FIG. 9 is a circuit diagram showing an example of
the configuration of a power supply circuit according to a
first modification of the first embodiment;

[0097] FIG. 10 is a circuit diagram showing an example
of the configuration of a power supply circuit according to
a second modification of the first embodiment;

[0098] FIG. 11 is a circuit diagram showing an example of
the configuration of a power supply circuit according to a
second embodiment of the present invention;

[0099] FIG. 12 is a waveform diagram illustrating the
operation, in a maximum load power condition, of several
components of the power supply circuit of the second
embodiment;

[0100] FIG. 13 is a waveform diagram illustrating the
operation, in a light load condition, of several components of
the power supply circuit of the second embodiment;

[0101] FIG. 14 is a graph illustrating the characteristics of
switching frequency and AC—DC power conversion effi-
ciency with respect to the load variation of the power supply
circuit of the second embodiment;

[0102] FIG. 15 is a circuit diagram showing an example
of the configuration of a power supply circuit according to
a first modification of the second embodiment;

[0103] FIG. 16 is a circuit diagram showing an example
of the configuration of a power supply circuit according to
a second modification of the second embodiment;

[0104] FIG. 17 is a circuit diagram showing an example
of the configuration of a power supply circuit according to
a third embodiment of the present invention;

[0105] FIG. 18 is a waveform diagram illustrating the
operation, in a maximum load power condition, of several
components of the power supply circuit of the third embodi-
ment;

[0106] FIG. 19 is a waveform diagram illustrating the
operation, in a light load condition, of several components of
the power supply circuit of the third embodiment;

[0107] FIG. 20 is a graph illustrating the characteristics of
switching frequency and AC—DC power conversion effi-
ciency with respect to the load variation of the power supply
circuit of the third embodiment;

[0108] FIG. 21 is a circuit diagram showing an example
of the configuration of a power supply circuit according to
a first modification of the third embodiment;

[0109] FIG. 22 is a circuit diagram showing an example
of the configuration of a power supply circuit according to
a second modification of the third embodiment;
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[0110] FIG. 23 is a circuit diagram showing an example of
the configuration of a power supply circuit according to a
fourth embodiment of the present invention;

[0111] FIG. 24 is a waveform diagram illustrating the
operation of several components of the power supply circuit
of the fourth embodiment;

[0112] FIG. 25 is a graph illustrating the characteristics of
switching frequency and AC—DC power conversion effi-
ciency with respect to the load variation regarding the power
supply circuit of the fourth embodiment;

[0113] FIG. 26 is a circuit diagram showing an example of
the configuration of a power supply circuit according to a
first modification of the fourth and seventh embodiments;

[0114] FIG. 27 is a circuit diagram showing an example of
the configuration of a power supply circuit according to a
second modification of the fourth and seventh embodiments;

[0115] FIG. 28 is a circuit diagram showing an example of
the configuration of a power supply circuit according to a
fifth embodiment of the present invention;

[0116] FIG. 29 is a circuit diagram showing an example of
the configuration of a power supply circuit according to a
first modification of the fifth and eighth embodiments;

[0117] FIG. 30 is a circuit diagram showing an example of
the configuration of a power supply circuit according to a
second modification of the fifth and eighth embodiments;

[0118] FIG. 31 is a circuit diagram showing an example of
the configuration of a power supply circuit according to a
sixth embodiment of the present invention;

[0119] FIG. 32 is a circuit diagram showing an example of
the configuration of a power supply circuit according to a
first modification of the sixth and ninth embodiments;

[0120] FIG. 33 is a circuit diagram showing an example
of the configuration of a power supply circuit according to
a second modification of the sixth and ninth embodiments;

[0121] FIG. 34 is a circuit diagram showing an example
of the configuration of a power supply circuit according to
a seventh embodiment of the present invention;

[0122] FIG. 35 is a waveform diagram illustrating the
operation of several components of the power supply circuit
of the seventh embodiment;

[0123] FIG. 36 is a graph illustrating the characteristics of
switching frequency and AC—DC power conversion effi-
ciency with respect to the load variation regarding the power
supply circuit of the seventh embodiment;

[0124] FIG. 37 is a circuit diagram showing an example
of the configuration of a power supply circuit according to
an eighth embodiment of the present invention;

[0125] FIG. 38 is a circuit diagram showing an example
of the configuration of a power supply circuit according to
a ninth embodiment of the present invention;

[0126] FIG. 39 is a sectional view showing an example of
the structure of an insulating converter transformer used in
a tenth embodiment of the present invention;

[0127] FIGS. 40A and 40B are sectional views illustrat-
ing magnetic paths of the insulating converter transformer
used in the tenth embodiment;
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[0128] FIGS. 41 to 43 are circuit diagrams showing
equivalent circuits used in the power supply circuit accord-
ing to the tenth embodiment;

[0129] FIGS. 44 and 45 are circuit diagrams showing
different examples of the configuration of a power supply
circuit in the related art;

[0130] FIG. 46 is a waveform diagram illustrating the
operation of several components of the power supply circuit
shown in FIG. 44 or 45;

[0131] FIG. 47 is a graph showing the characteristics of
switching frequency and AC—DC power conversion effi-
ciency with respect to the load variation regarding the power
supply circuit shown in FIG. 44 or 45; and

[0132] FIG. 48 is a graph illustrating a constant voltage
controlling characteristic of the power supply circuit shown
in FIG. 44 or 45.

DETAILED DESCRIPTION

[0133] FIG. 1 shows an example of the configuration of a
switching power supply circuit according to a first embodi-
ment of the present invention. Referring to FIG. 1, the
power supply circuit is configured such that the basic
configuration of the primary side thereof is a combination of
a partial voltage resonance circuit with a separated excited
current resonance type converter of a half-bridge coupling

type.

[0134] Further, the power supply circuit of the first
embodiment has a configuration ready for a wide range. The
circuit operates in response to commercial AC power sup-
plies of both the AC 100 V type and the AC 200 V type.
Further, the power supply circuit is ready for a range of
variation of the load power Po, for example, from Po=ap-
proximately 150 W (100 W or more) to Po=0 W (no load).

[0135] Furthermore, the power supply circuit is supposed
to be used as a power supply, for example, of a printer
apparatus and is configured so as to be ready for a load
power Po from 150 W to 0 W.

[0136] First, in the power supply circuit shown in FIG. 1,
a common mode noise filter is provided for a commercial
AC power supply AC and is formed from a pair of filter
capacitors CL and a common mode choke coil CMC.

[0137] Further, a full-wave rectification circuit including a
bridge rectification circuit Di and a smoothing capacitor Ci
is connected to the commercial AC power supply AC at the
stage following the noise filter.

[0138] The full-wave rectification circuit receives the
commercial AC power supply AC to perform a full-wave
rectification operation such that a rectification smoothed
voltage Ei (DC input voltage) is obtained across the smooth-
ing capacitor Ci. The rectification smoothed voltage Ei in
this instance has a voltage level equal to that of an AC input
voltage VAC.

[0139] A current resonance type converter for receiving
and switching (interrupting) the DC input voltage includes a
switching circuit formed from two switching elements Q1
and Q2 each in the form of a MOS-FET connected in a
half-bridge connection as seen in FIG. 1. Damper diodes
DD1 and DD2 are connected in parallel between the drain-
source of the switching elements Q1 and Q2, respectively.
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The anode and the cathode of the damper diode DD1 are
connected to the source and the drain, respectively, of the
switching element Q1. Similarly, the anode and the cathode
of the damper diode DD2 are connected to the source and the
drain, respectively, of the switching element Q2. The
damper diodes DD1 and DD2 are provided as body diodes
for the switching elements Q1 and Q2, respectively.

[0140] Further, a primary side partial resonance capacitor
Cp is connected in parallel between the drain-source of the
switching element Q2. The capacitance of the primary side
partial resonance capacitor Cp and the leakage inductance
L1 of a primary winding N1 cooperatively form a parallel
resonance circuit (partial voltage resonance circuit). A par-
tial voltage resonance operation is obtained in which the
switching elements Q1 and Q2 exhibit voltage resonance
only when the switching elements Q1 and Q2 are turned off.

[0141] An oscillation driving circuit 2 is provided to drive
the switching elements Q1 and Q2 for switching. The
oscillation driving circuit 2 includes an oscillation circuit
and a driving circuit and may be formed, for example, using
an IC for universal use. The oscillation circuit of the
oscillation driving circuit 2 generates an oscillation signal of
a required frequency, and the driving circuit makes use of
the oscillation signal to generate a switching driving signal
used as a gate voltage for driving a MOS-FET for switching.
The switching driving signal is applied to the gates of the
switching elements Q1 and Q2. Consequently, the switching
elements Q1 and Q2 perform a switching operation such that
they successively and alternately turn on and off in accor-
dance with a switching frequency corresponding to the
period of the switching driving signal.

[0142] An insulating converter transformer PIT is pro-
vided to transmit the switching outputs of the switching
elements Q1 and Q2 to the secondary side.

[0143] The insulating converter transformer PIT has the
primary winding N1. The primary winding N1 is connected
at one end thereof to a node (switching output point)
between the source of the switching element Q1 and the
drain of the switching element Q2 through a series connec-
tion with a primary side series resonance capacitor C1 so
that the switching outputs are transmitted. The primary
winding N1 is connected at the other end thereof to the
primary side ground.

[0144] The insulating converter transformer PIT has the
structure shown in the sectional view of FIG. 2. Referring
to FIG. 2, the insulating converter transformer PIT includes
an EE type core (EE-shaped core) formed from a pair of
E-type cores CR1 and CR2 made of a ferrite material and
combined such that magnetic legs thereof are opposed to
each other.

[0145] The insulating converter transformer PIT further
includes a bobbin B made of, for example, a resin material
and having such a divisional shape that winding receiving
portions on the primary side and the secondary side thereof
are independent of each other. The primary winding N1 is
wound on one of the winding receiving portions of the
bobbin B. Meanwhile, a secondary winding N2 is wound on
the other winding receiving portion. The bobbin B on which
the primary winding N1 and the secondary winding N2 are
wound in this manner is attached to the EE type core (CR1,
CR2). Consequently, the primary side winding and the
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secondary side winding are wound in different winding
regions on the inner magnetic leg of the EE type core. Thus,
the structure of the insulating converter transformer PIT as
a whole is obtained.

[0146] A gap G is formed in the manner seen in FIG. 2 in
the inner magnetic leg of the EE type core. The gap G in this
instance is formed such that the gap length thereof is set, for
example, to approximately 2.8 mm so that the coupling
coefficient k between the primary side and the secondary
side may be, for example, k=0.65 or less, indicating a loose
coupling state. Actually, the coupling coefficient k was set to
k=0.63. The gap G can be formed by forming the inner
magnetic leg of each of the E-type cores CR1 and CR2
shorter than the outer two magnetic legs.

[0147] Incidentally, in power supply circuits in the related
art which include a current resonance type converter such as
the power supply circuit described hereinabove with refer-
ence to FIG. 44 or 45, the gap formed in the core of the
insulating converter transformer PIT is set, for example, to
1.5 mm to 1.6 mm or less so as to obtain a coupling
coefficient k of 0.75 or more.

[0148] In short, in the present embodiment, the coupling
degree between the primary side and the secondary side of
the insulating converter transformer PIT is set lower than in
the power supply circuits in the related art.

[0149] Referring back to FIG. 1, in the insulating con-
verter transformer PIT having the configuration described
above with reference to FIG. 2, the primary winding N1 has
a predetermined leakage inductance L1. Further, as
described hereinabove, the primary winding N1 and the
primary side series resonance capacitor C1 are connected in
series. Accordingly, the leakage inductance L1, of the pri-
mary winding N1, and the capacitance of the primary side
series resonance capacitor C1 cooperatively form a series
resonance circuit (primary side series resonance circuit).

[0150] The primary side series resonance circuit is con-
nected to the switching output point of the switching ele-
ments Q1 and Q2. Consequently, the switching output of the
switching elements Q1 and Q2 is transmitted to the primary
side series resonance circuit. The primary side series reso-
nance circuit performs a resonance operation with the
switching output transmitted thereto to thereby make the
operation of the primary side switching converter that of a
current resonance type.

[0151] Incidentally, from the foregoing description, the
primary side switching converter shown in FIG. 1 performs
operations of the current resonance type by the primary side
series resonance circuit (L1-C1) and partial voltage reso-
nance operations by the primary side partial voltage reso-
nance circuit (Cp//L1) described hereinabove.

[0152] In other words, the primary side of the power
supply circuit shown in FIG. 1 has a configuration as
follows. A resonance circuit for making the primary side
switching converter that of a resonance type is combined
with another resonance circuit. A switching converter
formed from a combination of two resonance circuits in this
manner is hereinafter referred to as a “composite resonance
type converter”.

[0153] An alternating voltage corresponding to the switch-
ing output transmitted to the primary winding N1 is excited
(induced) in the secondary winding N2 of the insulating
converter transformer PIT.
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[0154] A secondary side series resonance capacitor C2 is
connected in series to one end portion of the secondary
winding N2. Consequently, a secondary side series reso-
nance circuit is formed from the capacitance of the second-
ary side series resonance capacitor C2 and a leakage induc-
tance L2 of the secondary winding N2. In short, in the
present embodiment, a series resonance circuit is formed on
each of the primary and secondary sides of the insulating
converter transformer PIT.

[0155] A full-wave rectification circuit is connected to the
secondary side series resonance circuit (L.2-C2). The full-
wave rectification circuit is formed from a bridge rectifica-
tion circuit formed from four rectification diodes Dol to
Do4 connected in the manner seen in FIG. 1, and a smooth-
ing capacitor Co.

[0156] The full rectification circuit operates such that,
within one of two half periods of an alternating voltage
excited in the secondary winding N2, the set of the rectifi-
cation diodes [Dol, Do4] of the bridge rectification circuit
conduct to charge the rectification current into the smooth-
ing capacitor Co. On the other hand, within the other half
period of the alternating voltage excited in the secondary
winding N2, the other set of the rectification diodes [Do2,
Do3] conduct to charge the rectification current into the
smoothing capacitor Co.

[0157] Consequently, a secondary side DC output voltage
Eo obtained as a voltage across the smoothing capacitor Co
has a level equal to the level of the alternating voltage
excited in the secondary winding N2.

[0158] The secondary side DC output voltage Eo obtained
in this manner is supplied to a load (not shown) and also is
branched and input as a detection voltage for a control
circuit 1 hereinafter described.

[0159] Further, since the full wave rectification circuit
performs a rectification smoothing operation for the reso-
nance output of the secondary side series resonance circuit,
the secondary side rectification operation of the full wave
rectification circuit is also that of a current resonance type.
In short, the rectification current waveform includes a sine
waveform of the resonance frequency of the secondary side
series resonance circuit.

[0160] In the present embodiment, the relationship
between the resonance frequency fol of the primary side
series resonance circuit and the resonance frequency fo2 of
the secondary side series resonance circuit is set such that
the resonance frequency fo2 is lower than the resonance
frequency fol. Actually, in the power supply circuit shown
in FIG. 1, the resonance frequency fol is set to approxi-
mately 70 kHz while the resonance frequency fo2 is set to
approximately 35 kHz so as to be approximately %2 the
resonance frequency fol.

[0161] Meanwhile, on the secondary side of the power
supply circuit shown in FIG. 1, a secondary side partial
resonance capacitor Cp2 is inserted in parallel to the series
connection circuit of the secondary winding N2 and the
secondary side series resonance capacitor C2 which form the
secondary side series resonance circuit (L2-C2).

[0162] The capacitance of the secondary side partial reso-
nance capacitor Cp2 and the leakage inductance 1.2 of the
secondary winding N2 cooperatively form a parallel reso-
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nance circuit as a secondary side partial voltage resonance
circuit (partial resonance circuit). The secondary side partial
voltage resonance circuit performs a secondary side partial
voltage resonance operation. The secondary side partial
voltage resonance operation voltage resonates only at tim-
ings at which the set of the rectification diodes [Dol, Do4]
and the other set of the rectification diodes [Do2, Do3],
which form the secondary side full-wave rectification cir-
cuit, turn off and on.

[0163] The partial voltage resonance operation forms a
path along which a reverse current is produced when each of
the sets of the rectification diodes [Dol, Do4] and [Do2,
Do3] turns off. Since the reactive power at this time
decreases, a reduction of the power loss by the secondary
side rectification circuit is achieved.

[0164] From the foregoing description, the switching
power supply circuit of the present invention includes a
primary side series resonance circuit (L1-C1) and a primary
side partial voltage resonance circuit (L1//Cp) on the pri-
mary side, and includes a secondary side series resonance
circuit (L2-C2) and a secondary side partial voltage reso-
nance circuit (L2//Cp2) on the secondary side.

[0165] As described hereinabove, a switching converter
including a combination of two resonance circuits, which
includes a series resonance circuit and a partial voltage
resonance circuit like those on the secondary side, is here-
inafter referred to as a composite resonance type converter.
Meanwhile, a switching converter including a combination
of three or more resonance circuits as in the case of the
present embodiment is hereinafter referred to as a multiple
(composite) resonance type converter.

[0166] The control circuit 1 is provided to stabilize the
secondary side DC output voltage Eo in accordance with a
switching frequency controlling method.

[0167] The control circuit 1 in this instance supplies a
detection output corresponding to a level variation of the
secondary side DC output voltage Eo, which is a detection
input, to the oscillation driving circuit 2. The oscillation
driving circuit 2 drives the switching elements Q1 and Q2 so
as to vary the switching frequency in response to the
detection output of the control circuit 1 input thereto. To this
end, the oscillation driving circuit 2 varies the frequency of
the oscillation signal to be produced by the internal oscil-
lation circuit.

[0168] As the switching frequency of the switching ele-
ments Q1 and Q2 varies, the resonance impedance of the
primary side series resonance circuit, and the power amount
to be transmitted from the primary winding N1 to the
secondary winding N2 side of the insulating converter
transformer PIT varies to thereby stabilize the level of the
secondary side DC output voltage Eo.

[0169] Although details are hereinafter described, accord-
ing to the switching frequency controlling method for the
power supply circuit of the present embodiment, a frequency
range higher than an intermediate resonance frequency fo is
set as a variation range of the switching frequency. The
intermediate resonance frequency fo depends upon the reso-
nance frequency fol of the primary side series resonance
circuit and the resonance frequency fo2 of the secondary
side series resonance circuit. In other words, an upper side
controlling system is adopted.
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[0170] Generally, a series resonance circuit exhibits the
lowest resonance impedance at its resonance frequency.
From this, where the upper side controlling system based on
the resonance frequency of a series resonance circuit is
adopted as in the present embodiment, the resonance imped-
ance increases as the switching frequency fs increases.

[0171] Accordingly, for example, if the load becomes
heavier and the secondary side DC output voltage Eo drops,
then the switching frequency is controlled so as to become
lower. This decreases the resonance impedance and
increases the power transmission amount from the primary
side to the secondary side, and consequently, the secondary
side DC output voltage Eo rises.

[0172] On the other hand, if the load becomes lighter and
the secondary side DC output voltage Eo rises, then the
switching frequency is controlled so as to become higher.
Consequently, the resonance impedance increases and the
power transmission amount described above decreases.
Consequently, the secondary side DC output voltage Eo
drops. The switching frequency is varied in this manner to
stabilize the secondary side DC output voltage Eo.

[0173] FIGS. 3 and 4 illustrate operation waveforms of
the components of the power supply circuit shown in FIG.
1.

[0174] In particular, FIG. 3 illustrates the operation wave-
forms when the load power Po is Po=150 W (maximum load
power), while FIG. 4 illustrates the operation waveforms
when the load power Po is Po=25 W corresponding to a light
load condition. It is to be noted that FIGS. 3 and 4 illustrate
the results of experiments conducted with an AC input
voltage fixed at VAC=100 V.

[0175] Further, in order to obtain the experiment results
illustrated in FIGS. 3 and 4, the components shown in FIG.
1 were set as mentioned just below.

[0176]

[0177] EER-35 type ferrite core, gap length=2.8 mm,
coupling coefficient k=0.63,

[0178] Primary winding N1=45 T (turns)=225 uH, leakage
inductance L.1=133 uH

[0179] Secondary winding N2=50 T=250 uH, leakage
inductance [.2=148 uH

Insulating converter transformer PIT

[0180] Primary side series resonance capacitor
C1=0.039 uF

[0181] Secondary side series resonance capacitor
C2=0.15 uF

[0182] Primary side partial resonance capacitor Cpl=
330 pF

[0183] Secondary side partial resonance capacitor
Cp2=330 pF

[0184] TItis to be noted that the resonance frequency fol of
the primary side series resonance circuit of fol=~70 kHz is set
from the leakage inductance L1 of the primary winding
N1=133 uH and the primary side series resonance capacitor
C1=0.039 uF, and the resonance frequency fo2~35 kHz is set
from the leakage inductance 1.2 of the secondary winding
N2=148 uH and the secondary side series resonance capaci-
tor C2=0.15 uF. It is to be noted that the core of the EER type
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is well known in the art, and also it is known that the EER
type includes the EE type. In the present specification, the
term EE type is used to include both the EER type and the
EE type because the cores of both types have an EE-shaped
cross-section.

[0185] Referring to FIGS. 3 and 4, the voltage V1 is a
voltage across the switching element Q2 and indicates on/off
timings of the switching element Q2. In particular, within a
period that the voltage V1 has a zero level, the switching
current Q2 of the switching element Q2 illustrated in FIGS.
3 and 4 flows and the switching element Q2 exhibits an on
state. On the other hand, within a period that the voltage V1
is clamped at the level of the rectification smoothed voltage
Ei, the switching current IQ2 has a zero level and the
switching element Q2 exhibits an off state.

[0186] Further, though not shown, the voltage across the
switching element Q1 has a waveform shifted by 180
degrees from that of the voltage V1. Similarly, the switching
current 1Q1 of the switching element Q1 has a waveform
shifted by 180 degrees in phase from that of the switching
current 1Q2. In other words, the switching element Q1 and
the switching element Q2 are switched on and off alter-
nately.

[0187] The primary side series resonance current Io flow-
ing through the primary side series resonance circuit has the
waveform seen in FIGS. 3 and 4. The waveform is a
composite waveform of the switching current IQ1 and the
switching current Q2.

[0188] 1t is to be noted that, where the waveforms of the
voltage V1 and the switching current 1Q2 illustrated in
FIGS. 3 and 4 are actually compared with each other, the
period of the waveforms of FIG. 4 is shorter than that of the
waveforms of FIG. 3. This indicates that the voltage V1 and
the switching current 1Q2 are controlled so that the switch-
ing frequency increases as the load decreases from a high
load to a low load. This indicates that the stabilization
control is performed such that, where the load becomes
heavier and the level of the secondary side DC output
voltage Eo decreases, the switching frequency is decreased,
but where the load becomes lighter and the level of the
secondary side DC output voltage Eo increases, the switch-
ing frequency is increased.

[0189] Then, when the load becomes heavier and the
switching frequency is controlled so as to decrease, the peak
level of the switching current 1Q2 is 4 Ap as seen in FIG.
3. On the other hand, when the load becomes lighter and
switching frequency is controlled so as to increase, the peak
level of the switching current 1Q2 is 2 Ap. From this, it can
be recognized also that the switching current on the primary
side is changed so as to increase in response to a decreasing
tendency of the level of the secondary side DC output
voltage Eo in a heavy load condition, but the switching
current is changed to decrease in response to an increasing
tendency of the level of the secondary side DC output
voltage Eo in a light load condition.

[0190] When the primary side series resonance current lo
described above flows, an alternating voltage V2 illustrated
in FIG. 3 or 4 flows through the secondary winding N2 of
the insulating converter transformer PIT. The positive and
negative peak levels (absolute values) of the alternating
voltage V2 are equal to the level of the secondary side DC
output voltage Eo.
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[0191] Since such an alternating voltage V2 as just
described is obtained, the sets of the rectification diodes
[Dol, Do4] and [Do2, Do3] in the bridge rectification
current on the secondary side are rendered conducting and
rectification current flows on the secondary side.

[0192] The rectification current ID1, in which the rectifi-
cation diodes [ Dol, Do4] conduct and flow, flows within the
period that the alternating voltage V2 excited in the second-
ary winding N2 has a positive polarity as seen in FIGS. 3
and 4. On the other hand, the rectification current ID3, in
which the rectification diodes [Do2, Do3] conduct and flow,
flows within the period that the alternating voltage V2 has a
negative polarity.

[0193] The rectification current 12 is obtained at a line
between the secondary side ground and the node of the
rectification diodes Do2 and Do4 serving as a negative
output terminal of the bridge rectification circuit, and has the
waveform seen in FIG. 3 or 4. The waveform is a composite
waveform of the rectification currents ID1 and ID3.

[0194] Further, in this instance, the current Icp2 flows
through the secondary side partial resonance capacitor Cp2
provided on the secondary side. As seen in FIG. 3 or 4, the
current Icp2 flows at timings at which the rectification
diodes Dol to Do4 are turned off. In particular, it can be seen
from the waveform of the current Icp2 that a reverse current
generated upon turning off the rectification diodes Dol to
Do4 flows. Also by this, suppression of the power loss of the
rectification diodes Dol to Do4 can be achieved as described
hereinabove.

[0195] The power supply circuit of FIG. 1 having the
configuration described above includes series resonance
circuits (primary side series resonance circuit (L1-C1) and
secondary side series resonance circuit (L.2-C2)) individu-
ally on the primary side and the secondary side. According
to the present embodiment, since the power supply circuit
based on a current resonance type converter has such a
configuration as described above, it can be practically
applied as a power supply circuit ready for a wide range. The
circuit ready for a wide range operates with commercial AC
power supply inputs of both the AC 100 V type and the AC
200 V type. This is described more particularly below.

[0196] FIG. 5 shows an equivalent circuit where the
power supply circuit of the present embodiment shown in
FIG. 1 is viewed from the relationship between the primary
side series resonance circuit and the secondary side series
resonance circuit.

[0197] Referring to FIG. 5, in the insulating converter
transformer PIT shown, the primary winding N1 and the
secondary winding N2 wound thereon have predetermined
numbers of turns such that they have a winding turn ratio of
1:n. Further, it is shown that the coupling degree between the
primary side and the secondary side of the insulating con-
verter transformer PIT is given by the coupling coefficient k.

[0198] Furthermore, it is shown that, on the primary side
of the insulating converter transformer PIT, the primary
winding N1 has a leakage inductance 1.1/ and an exciting
inductance Lle. Meanwhile, on the secondary side of the
insulating converter transformer PIT, the secondary winding
N2 has a leakage inductance [.21 and an exciting inductance
L2e.
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[0199] In the equivalent circuit diagram shown in FIG. 5,
alternating current (frequency signal) of the switching fre-
quency fs is input to the primary side of the insulating
converter transformer PIT. In particular, the switching out-
put of the primary side switching converter (switching
elements Q1 and Q2) is input to the primary side of the
insulating converter transformer PIT.

[0200] On the primary side of the insulating converter
transformer PIT, the alternating current input of the switch-
ing frequency fs is supplied to the primary side series
resonance circuit. The primary side series resonance circuit
can be regarded as a circuit wherein the series circuit of the
primary side series resonance capacitor C1 and the leakage
inductance 1.1/ is connected in series to the primary winding
N1 and the exciting inductance L1e is connected in parallel
to the primary winding N1.

[0201] Also, the secondary side series resonance circuit of
the insulating converter transformer PIT similarly can be
regarded as a circuit wherein the series circuit of the
secondary side series resonance capacitor C2 and the leak-
age inductance .21 is connected in series to the secondary
winding N2 and the exciting inductance [.2¢ is connected in
parallel to the secondary winding N2. Further, in FIG. 5, the
output of the secondary side series resonance circuit is
output to a load RL. The load RL includes circuits and a load
which are connected following the secondary side full wave
rectification circuit.

[0202] In the equivalent circuit of FIG. 5 having such a
connection scheme as described above, where the coupling
coefficient of the insulating converter transformer PIT is
represented by k and the self inductance of the primary
winding N1 is represented by L1, the leakage inductance L1/
of the primary winding N1 can be represented by

LU=(1-FAL1 ™

[0203] Meanwhile, the exciting inductance Lle of the
primary winding N1 can be represented by

Lle=ixL1 @

[0204] Similarly, where the self inductance of the second-
ary winding N2 is represented by .2, the leakage inductance
.21 and the exciting inductance [.2e are represented respec-
tively by

L2=(1-KAL2 ©)
L2e=kxL2 @
[0205] 1t is shown in FIG. 5 that the equivalent circuit

includes a primary side series resonance circuit on the
primary side and a secondary side series resonance circuit on
the secondary side through electromagnetic induction of the
insulating converter transformer PIT. Accordingly, the cir-
cuit shown in FIG. 5 can be considered such that it forms a
coupling type resonance circuit by electromagnetic cou-
pling. Therefore, the constant voltage control characteristic
for the secondary side DC output voltage Eo in the power
supply circuit shown in FIG. 1 varies depending upon the
coupling degree (coupling coefficient k) of the insulating
converter transformer PIT. This is described more particu-
larly with reference to FIG. 6.

[0206] FIG. 6 illustrates an output characteristic of the
equivalent circuit of FIG. 5 with respect to an input (switch-
ing frequency signal) thereto. In other words, FIG. 6 illus-
trates the control characteristic of the secondary side DC
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output voltage Eo in relation to the switching frequency fs.
In FIG. 6, the abscissa indicates the switching frequency,
and the ordinate indicates the level of the secondary side DC
output voltage Eo.

[0207] As described hereinabove with reference to FIG. 1,
in the present embodiment, the resonance frequency fol of
the primary side series resonance circuit and the resonance
frequency fo2 of the secondary side series resonance circuit
have the relationship of fol>fo2. While, in FIG. 6, the
resonance frequencies fol and fo2 are illustrated with
respect to the abscissa indicating the switching frequency fs,
where fol>fo2 as in the case of the circuit of FIG. 1, it is
illustrated that the resonance frequency fo2 is lower than the
resonance frequency fol. On the other hand, if fol<fo2, then
it is illustrated that the resonance frequency fo2 is higher
than the resonance frequency fol.

[0208] 1t is assumed here that the coupling degree of the
insulating converter transformer PIT is set to a close cou-
pling state wherein the coupling coefficient k is k=1. In this
instance, the leakage inductance L1/ of the primary winding
N1 and the leakage inductance [.2/ of the secondary winding
N2 are represented, by substituting k=1 into the expressions
(1) and (3) given hereinabove, as

L1/=12{=0 )

[0209] This indicates that the primary winding N1 and the
secondary winding N2 have no leakage inductance because
the insulating converter transformer PIT has a close cou-
pling.

[0210] Where the primary side and the secondary side of
the insulating converter transformer PIT are coupled in a
close coupling state in this manner, the constant voltage
control characteristic is bimodal. The secondary side DC
output voltage Eo has peaks at frequencies fl and {2
different from the resonance frequency fol and the reso-

nance frequency fo2 as seen from the characteristic curve 1
in FIG. 6.

[0211] Here, the frequency fl is represented by

fl=fo/VT+k (6)
[0212] and the frequency f2 is represented by

P~folVTF ¢
[0213] In the expressions (6) and (7), fo, which is one of

the terms, is an intermediate frequency between the reso-
nance frequency fol of the primary side series resonance
circuit and the resonance frequency fo2 of the secondary
side series resonance circuit and depends upon the imped-
ance of the primary side, the impedance of the secondary
side, and the impedance (mutual coupling inductance M)
common to the primary side and the secondary side.

[0214] The mutual coupling inductance M is given by
M=kVITxL2 ®

[0215] If it is assumed that the coupling coefficient k
described hereinabove is gradually decreased from k=1, that
is, if the coupling state of the primary side and the secondary
side of the insulating converter transformer PIT is gradually
changed from a close coupling state to a loose coupling
state, then the characteristic curve 1 illustrated in FIG. 6
gradually loses its bimodal characteristic and becomes flat-
tened in the proximity of the intermediate resonance fre-
quency fo thereof. Then, when the coupling coefficient k
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decreases to a certain level, a critical coupling state is
reached. In the critical coupling state, the tendency of the
bimodal characteristic is not found as seen from another
characteristic curve 2, but the characteristic has a flattened
curved shape centered at the intermediate resonance fre-
quency fo.

[0216] If the coupling coefficient k is further decreased
from that of the critical coupling state to increase the degree
of loose coupling, then a unimodal characteristic is obtained
as seen from the further characteristic curve 3 in FIG. 6. The
unimodal characteristic indicates that the secondary side DC
output voltage Eo has a peak only at the intermediate
resonance frequency fo. If the characteristic curve 3 is
compared with the characteristic curves 1 and 2, then it can
be recognized that the peak level itself of the characteristic
curve 3 is lower than those of the characteristic curves 1 and
2. However, the characteristic curve 3 has a steeper incli-
nation as a curved shape like a quadratic function.

[0217] The insulating converter transformer PIT in the
present embodiment has a loose coupling setting wherein the
coupling coefficient k is k=0.65. According to the setting of
the coupling coefficient k, the secondary side DC output
voltage Eo operates with the unimodal characteristic indi-
cated by the characteristic curve 3.

[0218] Here, the unimodal characteristic illustrated in
FIG. 6 and the constant voltage control characteristic of the
composite resonance type converter of the power supply
circuit in the related art (FIG. 44 or 45) described herein-
above with reference to FIG. 48 may be compared with each
other. It can be seen that, when compared with the charac-
teristic illustrated in FIG. 6, the characteristic illustrated in
FIG. 48 exhibits a considerably moderate inclination as a
quadratic function.

[0219] Since, with the power supply circuit shown in FIG.
44 or 45, the characteristic illustrated in FIG. 48 is moderate
as a curve as described above, the necessary control range of
the switching frequency for performing constant voltage
control of the secondary side DC output voltage Eo is, for
example, even in a condition wherein the secondary side DC
output voltage Eo is ready for a single range, fs=80 to 200
kHz or more while Afs=120 kHz or more. Therefore, it is
very difficult to make the secondary side DC output voltage
Eo ready for a wide range only by constant voltage control
by the switching frequency control as described herein-
above.

[0220] In contrast, the constant voltage control character-
istic of the present embodiment is such as illustrated in FIG.
7 because it has a unimodal characteristic indicated by the
characteristic curve 3 in FIG. 6.

[0221] In FIG. 7, four characteristic curves are illustrated
including characteristic curves A, B, C, and D. The curves
A and B are of the power supply circuit of the present
embodiment shown in FIG. 1 at the maximum load power
Pomax and the minimum load power Pomin when the AC
input voltage VAC is VAC=100 V (AC 100 V type). The
curves C and D are at the maximum load power Pomax and
the minimum load power Pomin when the AC input voltage
VAC is VAC=220 V (AC 200 V type).

[0222] As can be seen from FIG. 7, the variation control
range (necessary control range) of the switching frequency
necessary to stabilize the secondary side DC output voltage
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Eo at a required rated level tg when the AC input voltage
VAC corresponding to an input of the AC 100 V type is
VAC=100 V is represented by Afsl. In particular, the varia-
tion control range Afsl is the frequency range from the
switching frequency fs at which the characteristic curve A
exhibits the level tg to the switching frequency fs at which
the characteristic curve B exhibits the level tg.

[0223] On the other hand, the variation control range
(necessary control range) of the switching frequency nec-
essary to stabilize the secondary side DC output voltage Eo
at the required rated level tg when the AC input voltage VAC
corresponding to an input of the AC 200 V type is VAC=220
V is represented by Afs2. In particular, the variation control
range Afs2 is the frequency range from the switching
frequency fs at which the characteristic curve C exhibits the
level tg to the switching frequency fs at which the charac-
teristic curve D exhibits the level tg.

[0224] As described hereinabove, the unimodal character-
istic, which is a control characteristic of the secondary side
DC output voltage Eo in the present embodiment, is con-
siderably steep as a curve of a quadratic function when
compared with the control characteristic described herein-
above with reference to FIG. 48. Therefore, the necessary
control ranges Afsl and Afs2 when the AC input voltage
VAC is VAC=100 V and when the AC input voltage VAC is
VAC=220 V as described above, respectively, are reduced
considerably when compared with the necessary control
range Afs described hereinabove with reference to FIG. 48.

[0225] As a result, the frequency variation range (AfsA)
from the lowest switching frequency (switching frequency fs
at which the characteristic curve D exhibits the level tg) of
the variation control range Afsl to the highest switching
frequency (switching frequency fs at which the characteris-
tic curve D exhibits the level tg) of the variation control
range Afs2 becomes narrower correspondingly.

[0226] Then, the actual frequency variation range AfsA of
the power supply circuit of the present embodiment shown
in FIG. 1 sufficiently falls within the variation range of the
switching frequency for which a switching driving IC (oscil-
lation driving circuit 2) at present can be ready. In other
words, the power supply circuit of FIG. 1 can variably
control the switching frequency with the frequency variation
range AfsA. This signifies that the power supply circuit
shown in FIG. 1 can be ready for a commercial AC power
supply input of both the AC 100 V type and the AC 200 V
type to stabilize the secondary side DC output voltage Eo. In
other words, the power supply circuit shown in FIG. 1 can
be ready for a wide range only by switching frequency
control.

[0227] Incidentally, a coupling type resonance circuit by
electromagnetic coupling is already known as a technique
for expanding the amplification bandwidth of an amplifica-
tion circuit by transistors in communication techniques such
as, for example, an intermediate frequency transformer
amplifier. However, in such a field, a bimodal characteristic
by a close coupling or a flat characteristic by a critical
coupling is used, and a unimodal characteristic by a loose
coupling is not used. It can be said that the present embodi-
ment utilizes a unimodal characteristic by a loose coupling,
which has not been adopted in the field of communication
techniques, with regard to a technique of such a coupling
type resonance circuit as described above by an electromag-
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netic coupling positively in the field of resonance type
switching converters. This makes it possible to reduce the
variation range (necessary control range) of the switching
frequency necessary for the stabilization of the secondary
side DC output voltage Eo to thereby make it possible to
make the switching power supply circuit ready for a wide
range only by constant voltage control in the switching
frequency control.

[0228] FIG. 8 illustrates the characteristics of the power
supply circuit shown in FIG. 1 and particularly illustrates
the AC—=DC power conversion efficiency and the switching
frequency control characteristic with respect to a load varia-
tion.

[0229] 1t is to be noted that, in FIG. 8, each characteristic
is indicated by a solid line where it is a result of an
experiment conducted with the AC input voltage VAC of
VAC=100 V and by a broken line where it is a result of
another experiment conducted with the AC input voltage
VAC of VAC=220 V. Further, the characteristics were
obtained under similar part conditions as those when the
waveforms of FIGS. 3 and 4 were obtained.

[0230] First, as regards the AC—DC power conversion
efficiency, a characteristic that it rises as the load power Po
rises is obtained with both the AC input voltage VAC=100
V and 220 V.

[0231] Then, when the AC input voltage VAC is VAC=100
V, the AC—DC power conversion efficiency obtained exhib-
its its maximum at the load power Po=150 W and is
NAC—-DC=90.8%.

[0232] Also, when the AC input voltage VAC is VAC=220
V, a high AC—=DC power conversion efficiency of nAC—
DC=90% or more is obtained at the load power Po=150 W.

[0233] Since the circuit in the related art described here-
inabove with reference to FIG. 44 or 45 exhibits an
AC—DC power conversion efficiency of nAC—=DC=ap-
proximately 91.0% at the AC input voltage VAC=100 V and
the load power Po=150 W, a power conversion efficiency
substantially equal to that of the circuit in the related art is
obtained by the present embodiment.

[0234] From this, it can be understood that, where the
present embodiment is viewed from the point of view of
power conversion efficiency, it can implement a configura-
tion ready for a wide range by switching frequency control
such that it is sufficient for practical use.

[0235] Further, it can be seen from FIG. 8 that the
characteristic of the switching frequency fs exhibits a varia-
tion reduced from that of the circuit in the related art
described hereinabove with reference to FIG. 44 or 45. In
the case of the configuration in the related art described
hereinabove with reference to FIG. 44 or 45, the switching
frequency fs exhibits a characteristic that it rises steeply with
respect to a variation of the load power Po within a range
from a low load condition of the load power Po=25 W to a
no load condition of Po=0 W. In contrast, the variation of the
switching frequency fs with respect to a variation of the load
power Po within a range from a light load condition to a no
load condition is suppressed significantly in the present
embodiment. Particularly at the AC input voltage VAC=100
V, the switching frequency fs has a characteristic that it is
substantially flat with respect to variations of the load power
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Po between the maximum load power condition in which the
load power Po=150 W and the no load condition in which
the load power Po=0 W.

[0236] According to an experiment, when the AC input
voltage VAC was VAC=100 V, a result of the switching
frequency fs=80 to 83.6 kHz was obtained with respect to
variations of the load power Po=150 W to 0 W. In other
words, the necessary control range Afsl of the switching
frequency at the AC input voltage VAC=100 V is 3.6 kHz
which is approximately %50 that of the power supply circuit
of the related art in FIG. 44 or 45.

[0237] On the other hand, at the AC input voltage VAC=
220V, a result was obtained that the switching frequency fs
was 105 to 160 kHz with respect to variations of the load
power Po=150 to O W and the necessary control range Afs2
in this instance was 55 kHz.

[0238] From the results described above, it can be recog-
nized that the necessary control range AfsA over the range
of the commercial AC power supply of the AC 100 V type
to the AC 200 V type is approximately 80 to 160 kHz. This
sufficiently remains within the frequency variation range
(approximately 50 to 200 kHz) of the switching driving IC
(oscillation driving circuit 2) at present described herein-
above, and from this, it can be understood that an existing IC
can be used as is for the implementation of the configuration
ready for a wide range according to the present embodiment.

[0239] Here, it is described for confirmation that the
reason why the variation characteristic of the switching
frequency fs with respect to the load variation is signifi-
cantly flat with respect to that of the switching power supply
circuit in the related art as seen from FIG. 8 is that the gap
of the insulating converter transformer PIT is expanded to
make the coupling between the primary side and the sec-
ondary side looser than that of the switching power supply
circuit in the related art.

[0240] In other words, while the gap length G of the
switching power supply circuit in the related art is G=ap-
proximately 1.5 mm, that of the present embodiment is set
to G=2.8 mm, which is approximately twice as large.
Consequently, a rise of the switching frequency fs within the
range of the load power Po=25 to 0 W is suppressed and the
necessary control range Afs at the AC input voltage VAC=
100 V can be reduced to approximately %50 that of the power
supply circuit in the related art.

[0241] Generally, however, as the degree of the loose
coupling between the primary side and the secondary side of
the insulating converter transformer PIT is increased, the
power loss by the insulating converter transformer PIT is
inclined to increase, and the power conversion efficiency
drops. However, according to the present embodiment, a
characteristic of the power conversion efficiency, which is
sufficient for practical use, is obtained as described below.
This arises from the fact that a series resonance circuit is also
formed on the secondary side (secondary side series reso-
nance circuit).

[0242] In particular, where a secondary side series reso-
nance circuit is provided, power of the secondary side DC
output voltage Eo can be supplied including an increased
amount of energy obtained by the resonance operation of the
secondary side series resonance circuit, and this compen-
sates for the drop in efficiency caused by employment of the
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loose coupling. Furthermore, the formation of a secondary
side partial voltage resonance circuit on the secondary side
decreases the switching loss of the rectification diodes on the
secondary side, and this also contributes very much to
suppress a drop in and enhance the power conversion
efficiency.

[0243] As can be recognized from the foregoing descrip-
tion, the power supply circuit of the present embodiment
shown in FIG. 1 makes it possible to be ready for a wide
range only by switching frequency control. This eliminates,
for example, the necessity to adopt a configuration for
changing over the rectification operation between rectifica-
tion circuit systems for production of the rectification
smoothed voltage Ei or for changing over the form of a
switching converter between the half bridge coupling
scheme and the full bridge coupling scheme in response to
the rated level of the commercial AC power supply in order
to make the power supply circuit ready for a wide range.

[0244] Where such a configuration for the circuit
changeover as just described is made unnecessary, for
example, it is possible to use only one smoothing capacitor
Ci, and the number of switching elements can be reduced to
two, which are required at least for half bridge coupling.
Consequently, a reduction in the number of circuit compo-
nents, a reduction in the circuit scale, a reduction in switch-
ing noise, and so forth can be realized.

[0245] Further, where the configuration for -circuit
changeover is not required, there is no need for the provision
of a special configuration for the prevention of a malfunction
caused by the changeover, and also in this regard, suppres-
sion of an increase in the number of parts and the cost can
be anticipated. Further, since a standby power supply for the
prevention of a malfunction is not essentially required, the
range of apparatus in which the power supply circuit can be
incorporated can be expanded.

[0246] In order to achieve the effects of the present
embodiment described above, it is necessary for only one
part of a secondary side series resonance capacity to be
added as a necessary but minimum part to the configuration
of current resonance type converters in the related art which
include a series resonance circuit only on the primary side.
In other words, a power supply circuit ready for a wide range
can be implemented by the addition of a much smaller
number of parts than that of a configuration in the related art
according to a circuit changeover system.

[0247] Further, where the necessary control range Afs of
the switching frequency is reduced as described above, the
response of constant voltage control is enhanced signifi-
cantly irrespective of whether the power supply circuit is
ready for a wide range or for a single range.

[0248] In particular, some electronic apparatus perform an
operation called a switching load operation. The load power
Po varies in such a manner as to switch or change over at a
comparatively high speed between a maximum load condi-
tion and a no load condition. For example, printers and
plasma display apparatus, which are peripheral apparatus of
personal computers, are listed as apparatus performing such
a switching load operation. Incidentally, the power supply
circuit of the first embodiment is configured intending that
it can be incorporated as a power supply for a printer.

[0249] Where a power supply circuit whose necessary
control range Afs is comparatively wide, such as that shown
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in FIG. 44 or 45, is incorporated in an apparatus performing
such a switching load operation as described above, varia-
tion control of the switching frequency fs by a correspond-
ing great variation amount is performed following up the
steep variation of the load power as described hereinabove.
Therefore, it is difficult to obtain a high speed response of
constant voltage control in the related art.

[0250] In contrast, according to the present embodiment,
since the necessary control range Afs is reduced signifi-
cantly, particularly within a region for a single range, it is
possible to stabilize the secondary side DC output voltage
Eo at a high speed in response to a steep variation of the load
power Po between a maximum load condition and a no load
condition. In short, the responding performance of constant
voltage control for a switching load is improved signifi-
cantly.

[0251] FIG. 9 shows an example of the configuration of a
power supply circuit according to a first modification of the
first embodiment described above. The modified power
supply circuit shown in FIG. 9 naturally has a basic con-
figuration similar to that of the first embodiment and
includes principal components selectively set similar to
those of the power supply circuit of FIG. 1. Consequently,
in the modified power supply circuit, the coupling coefficient
k of the insulating converter transformer PIT and the reso-
nance frequencies fol and fo2 are set similar to those in the
power supply circuit of the first embodiment. In addition, the
power supply circuit of FIG. 9 has a configuration ready for
a heavier load condition.

[0252] Referring to FIG. 9, in order to be ready for a
heavy load condition, the power supply circuit shown
includes a primary side current resonance type converter
including four switching elements Q1 to Q4 connected in a
full bridge connection.

[0253] In the full bridge connection, a half bridge connec-
tion of the switching elements Q1 and Q2 and another half
bridge connection of the switching elements Q3 and Q4 are
connected in parallel to each other.

[0254] Also, damper diodes DD3 and DD4, each in the
form of a body diode, are connected in parallel between the
drain-source of the switching elements Q3 and Q4, respec-
tively, similarly to the switching elements Q1 and Q2.

[0255] Further, in this instance, the primary side series
resonance circuit formed from a series connection of the
primary winding N1 of the insulating converter transformer
PIT and the primary side series resonance capacitor C1 is
connected in the following manner.

[0256] First, one end (winding ending end portion) of the
primary winding N1, which is one of the end portions of the
primary side series resonance circuit, is connected to a node
between the source of the switching element Q1 and the
drain of the switching element Q2. The node between the
source of the switching element Q1 and the drain of the
switching element Q2 is set as one of the switching output
points of the switching circuit system of the full bridge
connection.

[0257] At the other end portion of the primary side series
resonance circuit, the other end portion (winding starting
end portion) of the primary winding N1 is connected to a
node between the source of the switching element Q3 and
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the drain of the switching element Q4, which is set as the
other switching output point, through a series connection
with the primary side series resonance capacitor C1.

[0258] Further, in this instance, the primary side partial
resonance capacitor Cpl is connected in parallel between the
source-drain of the switching element Q4. The capacitance
of the primary side partial resonance capacitor Cpl coop-
erates with the leakage inductance L1 of the primary wind-
ing N1 (and the inductance of a high frequency inductor
L11) to form a parallel resonance circuit (partial voltage
resonance circuit). The capacitor Cpl obtains a partial
voltage resonance operation in which voltage resonates only
upon turning off of the switching elements Q3 and Q4.

[0259] In this instance, two oscillation driving circuits 2
and 3 are provided. The oscillation driving circuit 2 drives
the switching elements Q1 and Q2 so as to turn on/off
alternately, while the oscillation driving circuit 3 drives the
switching elements Q3 and Q4 so as to turn on/off alter-
nately. Further, the oscillation driving circuits 2 and 3
generally perform switching driving such that the set of the
switching elements [Q1, Q4] and the set of the switching
elements [Q3, Q4] turn on/off alternately.

[0260] For example, if the load condition is inclined to
become a heavy load condition, then the current flowing to
the switching converter increases and this not only increases
the burden on the circuit components but also decreases the
power loss. Therefore, if such a full bridge connection as in
the present modification is applied, then since the necessary
load current is supplied from the four switching elements,
the burden on each component is reduced and also the power
loss is reduced, for example, when compared with an
alternative half bridge connection including two switching
elements. This is advantageous for a heavy load condition.

[0261] Where the configuration of a full bridge connection
scheme as described above is adopted based on the configu-
ration of FIG. 1, the power supply circuit can be ready for
a heavy load of, for example, the maximum load power
Pomax=200 W or more. In other words, the maximum load
condition for which the power supply circuit can be ready
can be increased.

[0262] FIG. 10 shows an example of the configuration of
a power supply circuit according to a second modification of
the first embodiment described above. Also, the modified
power supply circuit shown in FIG. 10 naturally has a basic
configuration similar to that of the first embodiment and has
a configuration ready for a heavier load condition.

[0263] Referring to FIG. 10, as a configuration ready for
a heavy load, the modified power supply circuit includes, as
a rectification current circuit system for receiving a com-
mercial AC power supply AC (AC input voltage VAC) as an
input thereto to produce a rectification smoothed voltage Ei
(DC input voltage), a voltage doubler rectification circuit for
producing a rectification smoothed voltage Ei of a level
equal to twice that of the AC input voltage VAC.

[0264] The voltage doubler rectification circuit includes
two rectification diodes DA and DB and two smoothing
capacitors Cil and Ci2.

[0265] The anode of the rectification diode DA and the
cathode of the rectification diode DB are connected to a
positive line of the commercial AC power supply AC at a
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stage following the common mode noise filter (CMC, CL,
CL). The cathode of the rectification diode DA is connected
to the positive terminal of the smoothing capacitor Cil while
the anode of the rectification diode DB is connected to the
primary side ground.

[0266] The smoothing capacitors Cil and Ci2 are con-
nected in series. The negative terminal of the smoothing
capacitor Cil and the positive terminal of the smoothing
capacitor Ci2 are connected to one another. The positive
terminal of the smoothing capacitor Cil is connected to the
cathode of the rectification diode DA as described above.
The negative terminal of the smoothing capacitor Ci2 is
connected to the primary side ground. Further, a node
between the smoothing capacitors Cil and Ci2 is connected
to a negative line of the commercial AC power supply AC
at the stage following the common mode noise filter (CMC,
CL, CL).

[0267] The voltage doubler rectification circuit formed in
this manner generally operates such that, within the period
of a half wave that the commercial AC power supply AC
(AC input voltage VAC) has a positive polarity, the rectifi-
cation diode DA conducts to thereby charge rectification
current into the smoothing capacitor Cil. Consequently, a
DC voltage (rectification smoothed voltage) of a level equal
to that of the commercial AC power supply AC (AC input
voltage VAC) is obtained as a voltage across the smoothing
capacitor Cil.

[0268] On the other hand, within the period of the other
half wave that the AC input voltage VAC has a negative
polarity, the rectification diode DB conducts to thereby
charge rectification current into the smoothing capacitor
Ci2. Consequently, a DC voltage (rectification smoothed
voltage) of a level equal to that of the commercial AC power
supply AC (AC input voltage VAC) is also obtained as a
voltage across the smoothing capacitor Ci2.

[0269] As a result, a rectification smoothed voltage Ei
equal to twice the voltage of the commercial AC power
supply AC is obtained as a voltage across the series con-
nection circuit of the smoothing capacitors Cil and Ci2. In
other words, a voltage doubler rectification operation is
performed by the voltage doubler rectification circuit. Then,
the switching converter at the following stage receives the
rectification smoothed voltage Ei produced in this manner as
an input of a DC input voltage to perform a switching
operation.

[0270] In the switching power supply circuit, as the heavy
load tendency proceeds, the current flowing to the switching
converter tends to increase and the power loss tends to
increase. However, where the voltage doubler rectification
circuit is used to obtain a rectification smoothed voltage Ei
(DC input voltage) of a high level, the amount of current to
flow to the switching converter can be reduced with respect
to the same load condition. This suppresses an increase in
the power loss by the tendency toward a heavier load
condition. In other words, when compared with the alterna-
tive case in which a rectification circuit system for produc-
ing the rectification smoothed voltage Ei (DC input voltage)
from the commercial AC power supply AC is formed as an
ordinary full wave rectification circuit, a power supply
circuit ready for a heavier load condition can be obtained.
Where the configuration of the second modification of the
first embodiment is applied, the power supply circuit can be
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ready for a heavy load condition of the maximum load
power Pomax=approximately 200 W or more.

[0271] Tt is to be noted that the rectification circuit system
for producing the DC input voltage (rectification smoothed
voltage Ei) is formed as a voltage doubler rectification
circuit as described above. Such a configuration is ready
only for the single range of the AC 100 V type. However, the
advantage that the responding performance of constant
voltage control, for example, to a switching load or the like
is enhanced by reduction of the necessary control range Afs
for the switching frequency control is achieved in a manner
similar to the power supply circuit of FIG. 1.

[0272] FIG. 11 shows an example of the configuration of
a power supply circuit according to a second embodiment of
the present invention.

[0273] The power supply circuit shown in FIG. 11 has a
basic configuration as a multiple composite resonance type
converter including a bridge full wave rectification circuit
(Di, Ci) as a rectification circuit system for producing a
rectification smoothed voltage Ei (DC input voltage) and
adopts a half bridge coupling system for a primary side
current resonance type converter similar to the power supply
circuit described hereinabove with reference to FIG. 1.

[0274] Further, in order to set the coupling coefficient k to
k=approximately 0.65 or less, a gap length of approximately
2.8 mm is set for the gap G formed in the inner magnetic leg
of an insulating converter transformer PIT having the struc-
ture, for example, shown in FIG. 2, in a manner similar to
the power supply circuit of the first embodiment shown in
FIG. 1.

[0275] Further, it is supposed that the present power
supply circuit is incorporated as a power supply in, for
example, a plasma display apparatus, and therefore has a
configuration for producing a secondary side DC output
voltage (Eo) of 200 V or more and ready for a load power
Po within a range from 150 W to 0 W.

[0276] Furthermore, the power supply circuit of the sec-
ond embodiment includes a voltage doubler half wave
rectification circuit as a rectification circuit connected to the
secondary winding N2.

[0277] In the voltage doubler half wave rectification cir-
cuit in this instance, the rectification diode Dol is connected
at the anode thereof to one end portion (winding starting end
portion) of the secondary winding N2 through a series
connection with a secondary side series resonance capacitor
C2. The rectification diode Dol is connected at the cathode
thereof to the positive terminal of the smoothing capacitor
Co. The smoothing capacitor Co is connected at the negative
terminal thereof to the secondary side ground.

[0278] Further, the secondary winding N2 is grounded at
the other end portion (winding ending end portion) thereof
to the secondary side ground and is also connected to the
anode of the rectification diode Do2. The rectification diode
Do2 is connected at the cathode thereof to a node between
the anode of the rectification diode Dol and the secondary
side series resonance capacitor C2.

[0279] Also in this instance, a secondary side partial
resonance capacitor Cp2 is connected in parallel to the series
connection circuit of the secondary winding N2 and the
secondary side series resonance capacitor C2 cooperatively
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forming a secondary side series resonance circuit. The
capacitor Cp2 cooperates with a leakage inductance [.2 of
the secondary winding N2 to form a secondary side partial
voltage resonance circuit.

[0280] The voltage doubler half wave rectification circuit
formed in such a manner as described above operates in the
following manner.

[0281] First, within a half period of an alternating voltage
induced in the secondary winding N2, rectification current
flows along a path formed by the secondary winding N2-rec-
tification diode Do2-secondary side series resonance capaci-
tor C2 to thereby charge the rectification current into the
secondary side series resonance capacitor C2. By the recti-
fication operation at this time, a voltage of a level equal to
that of the alternating voltage induced in the secondary
winding N2 is produced across the secondary side series
resonance capacitor C2.

[0282] Within the other half period of the alternating
voltage induced in the secondary winding N2, rectification
current flows along another path formed by the secondary
winding N2-secondary side series resonance capacitor
C2-rectification diode Dol-smoothing capacitor Co. At this
time, the smoothing capacitor Co is charged with the
induced voltage of the secondary winding N2 on which is
superimposed the voltage across the secondary side series
resonance capacitor C2 obtained by the rectification opera-
tion within the preceding half period of the alternating
voltage of the secondary winding N2. Consequently, a
secondary side DC output voltage Eo of a level equal to
twice that of the alternating voltage level of the secondary
winding N2 is produced as a voltage across the smoothing
capacitor Co. In other words, a voltage doubler rectification
operation is obtained.

[0283] Further, while in the voltage doubler half wave
rectification operation described above, current flows in
directions determined by the opposite positive and negative
polarities to the secondary side series resonance capacitor
C2 for individual half periods, the first secondary side series
resonance circuit performs a rectification operation in
response to the current.

[0284] Further, in response to the rectification operation of
the voltage doubler half wave rectification circuit, a partial
voltage resonance operation by the secondary side partial
voltage resonance circuit including a secondary side partial
resonance capacitor Cp2A is obtained at timings at which
the rectification diodes Dol and Do2 turn off.

[0285] As described hereinabove, in the power supply
circuit of FIG. 11, the voltage doubler half wave rectifica-
tion circuit is formed as a rectification smoothing circuit for
producing the secondary side DC output voltage Eo so as to
obtain a secondary side DC output voltage Eo of a level
equal to twice the alternating voltage level obtained in the
secondary winding N2.

[0286] Consequently, when trying to obtain a secondary
side DC output voltage Eo of an equal level, the number of
turns of the secondary winding N2 can be reduced to % as
compared with an alternative configuration producing a
voltage of a level equal to that of the alternating voltage
described above as in the case of, for example, a bridge full
wave rectification circuit.
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[0287] Further, where such a bridge full wave rectification
circuit as shown in FIG. 44 and such a full wave rectification
circuit as shown in FIG. 45 as secondary side rectification
circuits are compared with each other, if trying to obtain a
secondary side DC output voltage Eo of an equal level, then
the full wave rectification circuit requires a number of turns
equal to twice that of the bridge full wave rectification
circuit.

[0288] From this, where the circuit of FIG. 11 and the
circuit of FIG. 45 are compared with each other with regard
to the number of turns of the secondary winding N2, the
number of turns of the secondary winding N2 in the circuit
of FIG. 11 can be reduced to approximately % that of the
circuit of FIG. 45.

[0289] Actually, in order to obtain a secondary side DC
output voltage Eo of an equal level, the secondary winding
N2 in the circuit of FIG. 45 requires a number of turns equal
to the secondary winding section N2A+secondary winding
section N2B=50 T+50 T=100 T. The secondary winding N2
in the first modification is set to 25 T as hereinafter
described.

[0290] Since the number of turns of the secondary winding
N2 can be reduced in this manner, miniaturization of the
insulating converter transformer PIT can be realized and
simplification of the winding step of the secondary winding
N2 can be realized.

[0291] FIGS. 12 and 13 illustrate operation waveforms of
several components of the power supply circuit shown in
FIG.

[0292] In particular, FIG. 12 illustrates the operation
waveforms when the load power Po is Po=150 W (maximum
load power) while FIG. 13 illustrates the operation wave-
forms when the load power Po is Po=25 W. It is to be noted
that FIGS. 12 and 13 illustrate the results of experiments
conducted under the condition of a fixed AC input voltage
VAC=100 V.

[0293] Further, in order to obtain the experimental results
illustrated in FIGS. 12 and 13, the components shown in
FIG. 11 were set as mentioned just below.

[0294]

[0295] (EER-35 type ferrite core, gap length=2.8 mm,
coupling coefficient k=0.63)

[0296] Primary winding N1=45 T (turns)=225 uH, leakage
inductance [.1=133 uH

[0297] Secondary winding N2=25 T=62 uH, leakage
inductance [2=38 uH

Insulating converter transformer PIT

[0298] Primary side series resonance capacitor
C1=0.039 uF

[0299] Secondary side series resonance capacitor
C2=0.33 uF

[0300] Primary side partial resonance capacitor Cpl=
330 pF

[0301] Secondary side partial resonance capacitor
Cp2=1,000 pF

[0302] In this instance, the resonance frequency fol of the
primary side series resonance circuit is set to fol=~70 kHz
from the leakage inductance [.1=133 uH of the primary
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winding N1 and the primary side series resonance capacitor
C1=0.039 uF. Meanwhile, the resonance frequency fo2 is set
to fo2~45 kHz from the leakage inductance 1.2=148 uH of
the secondary winding N2 and the secondary side series
resonance capacitor C2=0.33 uF. Also in this instance, the
resonance frequency fo2 is set so as to have a value lower
than that of the resonance frequency fol so that the rela-
tionship of fol>fo2 is obtained as in the first embodiment.

[0303] Referring to FIGS. 12 and 13, the voltage V1 is a
voltage across the switching element Q2 and indicates on/off
timings of the switching element Q2. In particular, within
the period that the voltage V1 has a zero level, the switching
current 1Q2 of the switching element Q2 illustrated in FIGS.
12 and 13 flows and the switching element Q2 exhibits an
on state. On the other hand, within another period that the
voltage V1 is clamped at the level of the rectification
smoothed voltage Ei as shown in the figure, the switching
current IQ2 has a zero level and the switching element Q2
exhibits an off state.

[0304] Further, though not shown, the voltage across the
switching element Q1 has a waveform shifted by 180
degrees from that of the voltage V1. Similarly, the switching
current 1Q1 of the switching element Q1 has a waveform
shifted by 180 degrees in phase from that of the switching
current 1Q2. In other words, the switching element Q1 and
the switching element Q2 are switched on and off alter-
nately.

[0305] The primary side series resonance current Io flow-
ing through the primary side series resonance circuit has the
waveform seen in FIGS. 12 and 13, which is a composite
waveform of the switching current IQ1 and the switching
current 1Q2.

[0306] Where the waveforms of the voltages V1 and the
switching currents 1Q2 illustrated in FIGS. 12 and 13 are
actually compared with each other, the switching period of
the waveforms of FIG. 13 in the case of a light load
condition is shorter than that of the waveforms of FIG. 12
in the case of a heavy load. Thus, the stabilization control is
performed such that, where the load becomes heavier and
the level of the secondary side DC output voltage Eo
decreases, the switching frequency decreases, but where the
load becomes lighter and the level of the secondary side DC
output voltage Eo increases, the switching frequency
increases.

[0307] When the load becomes heavier and the switching
frequency is controlled so as to decrease, a result was
obtained in which the peak level of the switching current
1Q2 became 4 Ap when the load power Po illustrated in FIG.
12 was Po=150 W.

[0308] When the primary side series resonance current Io
described above flows, an alternating voltage is excited in
the secondary winding N2 of the insulating converter trans-
former PIT. Then, in response to the alternating voltage
obtained in this manner, the secondary winding current 12 of
the waveform illustrated in FIG. 12 flows through the
secondary winding N2. It is to be noted that the secondary
winding current 12 exhibits a peak level (positive and
negative absolute values) of 4.5 Ap when the load condition
is heavy, as seen in FIG. 12.

[0309] Further, when the alternating voltage is excited in
the secondary winding N2, the rectification diodes Dol and
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Do2 on the secondary side are rendered conducting so that
rectification current flows on the secondary side.

[0310] In this instance, it can be seen that, when the
rectification diode Dol conducts, the rectification current
ID1 flows within the period that the alternating voltage
excited in the secondary winding N2 has a positive polarity.
On the other hand, when the rectification diode Do2 con-
ducts, the rectification current ID2 flows within another
period that the alternating voltage has a negative polarity.

[0311] As described hereinabove, by the rectification
operation of the rectification diodes Dol and Do2, a sec-
ondary side DC output voltage Eo of a level equal to twice
that of the alternating voltage produced in the secondary
winding N2 is produced as a voltage across the smoothing
capacitor Co.

[0312] In this instance, a voltage V2 appearing between
the node of the secondary side series resonance capacitor C2
and the anode of the rectification diode Dol and the winding
starting end portion of the secondary winding N2 has a
waveform as follows. A peak level equal to the level of the
secondary side DC output voltage Eo on the positive side is
obtained within a period that the rectification diode Dol
conducts (within a half period in which the alternating
voltage excited in the secondary winding N2 has a positive
polarity). The zero level is obtained within another period
that the rectification diode Do2 conducts (within the other
half period in which the alternating voltage excited in the
secondary winding N2 has a negative polarity), as seen in
FIG. 12.

[0313] Tt also can be recognized from the waveform of the
voltage V2 as just described that the circuit shown in FIG.
11 operates as a voltage doubler half wave rectification
circuit. The circuit performs charging of the smoothing
capacitor Co only within the half period of the alternating
voltage obtained from the secondary winding N2 to obtain
a secondary side DC output voltage Eo of a level equal to
twice that of the alternating voltage across the smoothing
capacitor Co.

[0314] FIGS. 12 and 13 further illustrate the current Icp2
flowing to the secondary side partial resonance capacitor
Cp2 provided on the secondary side. As seen in FIGS. 12
and 13, the current Icp2 flows at timings at which the
rectification diode Dol and the rectification diode Do2 turn
off (turn on). The waveform of the current Icp2 indicates a
partial voltage resonance operation obtained at turning-off
(turning-on) timings of the rectification diodes Dol and
Do2. Further, the waveform of the current Icp2 indicates that
a reverse current flows upon turning off the rectification
diodes Dol and Do2, and reduction of the power loss
(switching loss) by the rectification diodes Dol and Do2 can
be achieved thereby as described hereinabove.

[0315] FIG. 14 illustrates the characteristics of the power
supply circuit shown in FIG. 11 obtained by an experiment
conducted with the power supply circuit and particularly
illustrates the AC—DC power conversion efficiency and the
switching frequency control characteristic with respect to a
load variation.

[0316] TItis to be noted that, in FIG. 14, each characteristic
is indicated by a solid line where it is a result of an
experiment conducted with the AC input voltage VAC of
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VAC=100 V and by a broken line where it is a result of an
experiment conducted with the AC input voltage VAC of
VAC=220 V.

[0317] First, as regards the AC—DC power conversion
efficiency, a characteristic that it rises as the load power Po
rises is obtained with both the AC input voltage VAC=100
V and 220 V.

[0318] When the AC input voltage VAC is VAC=100 V,
the AC—DC power conversion efficiency obtained exhibits
its maximum at the load power Po=150 W and is nAC—
DC=90.5%. When the AC input voltage VAC is VAC=220V,
a high AC—DC power conversion efficiency of nAC—=DC=
90% or more is obtained at the load power Po=150 W. In this
manner, the power supply circuit of the second embodiment
also achieves a power conversion efficiency substantially
equal to that of the circuit in the related art shown in FIG.
44 or 45.

[0319] Also, the switching frequency fs exhibits the char-
acteristic that the variation thereof is suppressed when
compared with that of the circuit in the related art. That is,
a steep variation of the switching frequency fs with respect
to the variation within the range from a light load condition
to a no load condition is effectively suppressed in the present
embodiment. Particularly where the AC input voltage VAC
is VAC=100 V, the switching frequency fs exhibits a char-
acteristic that it is substantially flat with respect to variations
of the load power Po between the maximum load power of
Po=150 W and the no load condition of Po=0 W.

[0320] In particular, at the AC input voltage VAC=100V,
a result was obtained in which the switching frequency fs
varied within a range of fs=80 to 83.6 kHz with respect to
variations of the load power Po of Po=150 to 0 W. In other
words, the necessary control range Afsl of the switching
frequency at the AC input voltage VAC=100 V is 3.6 kHz
which is approximately %50 that of the power supply circuit
in the related art. On the other hand, at the AC input voltage
VAC=220 V, a result was obtained that the switching fre-
quency fs was 105 to 132 kHz with respect to variations of
the load power Po=150 to 0 W and the necessary control
range Afs2 in this instance was 27 kHz. As a result, the
necessary control range AfsA over the range of the com-
mercial AC power supply of the AC 100 V type to the AC
200 V type is approximately 80 to 130 kHz. This sufficiently
remains within the frequency variation range (approxi-
mately 50 to 200 kHz) of the switching driving IC (oscil-
lation driving circuit 2). In short, an existing switching
driving IC can be used as is for the implementation of the
configuration ready for a wide range similar to the first
embodiment.

[0321] FIG. 15 shows an example of the configuration of
a power supply circuit according to a first modification of the
second embodiment described above. The modified power
supply circuit shown in FIG. 15 naturally has a basic
configuration similar to that of the second embodiment and
includes principal components selectively set similar to
those of the power supply circuit of FIG. 11. Consequently,
in the modified power supply circuit, the coupling coefficient
k of the insulating converter transformer PIT and the reso-
nance frequencies fol and fo2 are set similar to those in the
power supply circuit of FIG. 11. In addition, the power
supply circuit of FIG. 15 has a configuration ready for a
heavier load condition.
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[0322] Referring to FIG. 15, in order to be ready for a
heavy load condition, the power supply circuit shown
includes a primary side current resonance type converter
including four switching elements Q1 to Q4 connected in a
full bridge connection. Where the configuration just
described is adopted, the maximum load condition for which
the power supply circuit can be ready can be increased to the
maximum load power Pomax=approximately 300 to 400 W.

[0323] FIG. 16 shows an example of the configuration of
a power supply circuit according to a second modification of
the second embodiment described above. Also, the modified
power supply circuit shown in FIG. 16 naturally has a basic
configuration similar to that of the second embodiment and
has a configuration ready for a heavier load condition.

[0324] Referring to FIG. 16, as a configuration ready for
a heavy load, the modified power supply circuit includes, as
a rectification current circuit system for receiving a com-
mercial AC power supply AC (AC input voltage VAC) as an
input thereto to produce a rectification smoothed voltage Ei
(DC input voltage), a voltage doubler rectification circuit
having a configuration similar to that of FIG. 10. Where the
configuration just described is adopted, the maximum load
condition for which the power supply circuit can be ready
can be increased to the maximum load power Pomax=
approximately 300 to 400 W.

[0325] Inthe circuit shown in FIG. 16, the secondary side
voltage doubler half wave rectification circuit has a con-
figuration different from those of FIGS. 11 and 15.

[0326] Also in the circuit of FIG. 16, the secondary side
series resonance capacitor C2 is connected in series to one
end portion of the secondary winding N2, and the anode of
the rectification diode Dol is connected to the secondary
side series resonance capacitor C2. In this instance, how-
ever, a series connection circuit of a smoothing capacitor
Col (first secondary side smoothing capacitor) and another
smoothing capacitor Co2 (second secondary side smoothing
capacitor) is connected as the secondary side smoothing
capacitor for producing the secondary side DC output volt-
age Eo as seen in FIG. 16.

[0327] The smoothing capacitor Col is connected at the
positive terminal thereof to the cathode of the rectification
diode Dol, and the negative terminal of the smoothing
capacitor Col and the positive terminal of the smoothing
capacitor Co2 are connected to each other. The negative
terminal of the smoothing capacitor Co2 is connected to the
secondary side ground.

[0328] Further, a node between the smoothing capacitor
Col and the smoothing capacitor Co2 is connected to the
other end portion of the secondary winding N2.

[0329] Further, the rectification diode Do2 is connected at
the cathode thereof to a node between the secondary side
series resonance capacitor C2 and the anode of the rectifi-
cation diode Dol and at the anode thereof to the secondary
side ground.

[0330] It is to be noted that the secondary side partial
resonance capacitor Cp2 is interposed between a node
between the secondary side series resonance capacitor C2
and the cathode of the rectification diode Do2 and the
secondary side ground such that it may have a parallel
relationship to the series connection circuit of the secondary
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winding N2 and the secondary side series resonance capaci-
tor C2. Consequently, a partial voltage (parallel) resonance
circuit is formed from the secondary side partial resonance
capacitor Cp2 and the leakage inductance L2 of the second-
ary winding N2.

[0331] According to the connection scheme described
above, within the half period of an alternating voltage
induced in the secondary winding N2, rectification current
flows along a path of the rectification diode Dol-smoothing
capacitor Col, and consequently, a voltage of a level equal
to that of the alternating voltage is produced across the
smoothing capacitor Col. Within the other half period of the
alternating voltage, rectification current flows along another
path of the smoothing capacitor Co2-rectification diode
Do2. Consequently, a voltage of a level equal to that of the
alternating voltage is produced across the smoothing capaci-
tor Co2.

[0332] As aresult, a secondary side DC output voltage Eo
of a level equal to twice that of the alternating voltage level
is produced as a voltage across the series connection circuit
of the smoothing capacitors Col and Co2.

[0333] As can be recognized from the foregoing descrip-
tion, since each of the smoothing capacitors Col and Co2
provided on the secondary side in this instance is charged
only within the half period of the alternating voltage, a half
wave rectification operation is obtained as the rectification
operation. In other words, an operation as a voltage doubler
half wave rectification circuit is also obtained on the sec-
ondary side of the circuit shown in FIG. 16.

[0334] Also, the circuit shown in FIG. 16 is applicable for
a single voltage range because the rectification circuit sys-
tem for producing the rectification smoothed voltage Ei is
formed as a voltage doubler rectification circuit. However,
the circuit achieves a good responding performance of
constant voltage control to a steep variation within a wide
load variation range such as a switching load.

[0335] 1t is to be noted that the modifications shown in
FIGS. 15 and 16 may be further modified such that, for
example, the secondary side of FIG. 16 has the configura-
tion of the half bridge coupling of the primary side shown in
FIG. 1. Also, it is possible to apply the configuration of the
secondary side of FIG. 16 to the full bridge configuration of
the primary side shown in FIG. 15 or to conversely apply the
configuration of the secondary side shown in FIG. 15 to the
configuration of the voltage doubler rectification circuit of
the primary side shown in FIG. 16. In other words, the
configurations of the primary side and the secondary side
may be combined as desired. This also applies to the various
embodiments hereinafter described.

[0336] FIG. 17 shows an example of the configuration of
a power supply circuit according to a third embodiment of
the present invention.

[0337] The power supply circuit shown in FIG. 17 has a
basic configuration as a multiple composite resonance type
converter. The converter includes a bridge full wave recti-
fication circuit (Di, Ci) as a rectification circuit system for
producing a rectification smoothed voltage Ei (DC input
voltage) and adopts a half bridge coupling system for a
primary side current resonance type converter similar to the
power supply circuits described hereinabove with reference
to FIGS. 1 and 11.
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[0338] Further, in order to set the coupling coefficient k to
k=approximately 0.65 or less, a gap length of approximately
2.8 mm is set for the gap G formed in the inner magnetic leg
of an insulating converter transformer PIT having the struc-
ture, for example, shown in FIG. 2.

[0339] Further, it is supposed that the present power
supply circuit is incorporated as a power supply in, for
example, a plasma display apparatus, and therefore has a
configuration for producing a secondary side DC output
voltage Eo of 200 V or more and ready for a load power Po
within a range from 150 to 0 W.

[0340] Furthermore, the power supply circuit shown in
FIG. 17 includes a voltage doubler full wave rectification
circuit as a secondary side rectification circuit. The second-
ary winding N2 in the voltage doubler full wave rectification
circuit has a center tap provided thereon such that the
secondary winding N2 is divided into two secondary wind-
ing sections N2A and N2B. In this instance, the center tap of
the secondary winding N2 is grounded to the secondary side
ground.

[0341] An end portion of the secondary winding section
N2A is a winding ending portion of the secondary winding
N2. The end portion of the secondary winding section N2A
is connected to a node between the anode of the rectification
diode Dol and the cathode of the rectification diode Do2
through a series connection of a secondary side series
resonance capacitor C2A.

[0342] Meanwhile, an end portion of the secondary wind-
ing section N2B is a winding starting portion of the sec-
ondary winding N2. The end portion of the secondary
winding section N2B is connected to a node between the
anode of a rectification diode Do3 and the cathode of a
rectification diode Do4 through a series connection of a
secondary side series resonance capacitor C2B.

[0343] Further, a node between the rectification diodes
Do2 and Do4 is connected to the secondary side ground. A
node between the rectification diode Dol and the rectifica-
tion diode Do3 is connected to the positive terminal of the
smoothing capacitor Co. The negative terminal of the
smoothing capacitor Co is connected to the secondary side
ground.

[0344] Further, in this instance, two secondary side partial
resonance capacitors Cp2A and Cp2B are provided. In
particular, the secondary side partial resonance capacitor
Cp2A is inserted between a node between the anode of the
rectification diode Dol and the cathode of the rectification
diode Do2 and the secondary side ground.

[0345] Meanwhile, the secondary side partial resonance
capacitor Cp2B is inserted between a node between the
anode of the rectification diode Do3 and the cathode of the
rectification diode Do4 and the secondary side ground.

[0346] The voltage doubler full wave rectification circuit
formed in such a connection scheme as described above
performs a rectification operation as described below.

[0347] In particular, the voltage doubler full wave recti-
fication circuit can be divided into first and second voltage
doubler half wave rectification circuits. The first voltage
doubler half wave rectification circuit is formed from the
secondary winding section N2A, secondary side series reso-
nance capacitor C2A, rectification diodes Dol and Do2, and
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secondary side partial resonance capacitor Cp2A. The sec-
ond voltage doubler half wave rectification circuit is formed
from the secondary winding section N2B, secondary side
series resonance capacitor C2B, rectification diodes Do3 and
Do4, and secondary side partial resonance capacitor Cp2B.

[0348] 1In the first voltage doubler half wave rectification
circuit, since the series connection circuit of the secondary
winding section N2A-secondary side series resonance
capacitor C2A is formed, a first secondary side series
resonance circuit is formed from the leakage inductance
component (L2A) of the secondary winding section N2A
and the capacitance of the secondary side series resonance
capacitor C2A.

[0349] Similarly, in the second voltage doubler half wave
rectification circuit, since the series connection circuit of the
secondary winding section N2B-secondary side series reso-
nance capacitor C2B is formed, a second secondary side
series resonance circuit is formed from the leakage induc-
tance component (L2B) of the secondary winding section
N2B and the capacitance of the secondary side series
resonance capacitor C2B.

[0350] Further, the secondary side partial resonance
capacitor Cp2A inserted in such a manner as described
hereinabove is connected in parallel to the series connection
of the secondary winding section N2A-secondary side series
resonance capacitor C2A. Accordingly, a secondary side
partial voltage resonance circuit corresponding to the first
voltage doubler half wave rectification circuit is formed
from the capacitance of the secondary side partial resonance
capacitor Cp2A itself and the leakage inductance .2A of the
secondary winding section N2A. Similarly, the secondary
side partial resonance capacitor Cp2B is connected in par-
allel to the series connection of the secondary winding
section N2B-secondary side series resonance capacitor C2B.
Accordingly, another secondary side partial voltage reso-
nance circuit corresponding to the second voltage doubler
half wave rectification circuit is formed from the capacitance
of the secondary side partial resonance capacitor Cp2B itself
and the leakage inductance [.2B of the secondary winding
section N2B.

[0351] The first voltage doubler half wave rectification
circuit performs a rectification operation in the following
manner.

[0352] First, within the half period of an alternating volt-
age induced in the secondary winding N2, rectification
current flows along a path of the secondary winding section
N2A-rectification diode Do2-secondary side series reso-
nance capacitor C2A to thereby charge the rectification
current into the secondary side series resonance capacitor
C2A. By the rectification operation at this time, a voltage of
a level equal to that of the alternating voltage induced in the
secondary winding section N2A is produced across the
secondary side series resonance capacitor C2A.

[0353] Within the other succeeding half period of the
alternating voltage of the secondary winding N2, rectifica-
tion current flows along another path of the secondary
winding section N2A-secondary side series resonance
capacitor C2A-rectification diode Dol-smoothing capacitor
Co. At this time, the smoothing capacitor Co is charged with
an induced voltage of the secondary winding section N2A on
which is superimposed the voltage across the secondary side
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series resonance capacitor C2A obtained by the rectification
operation within the preceding half period of the alternating
voltage of the secondary winding section N2A. Conse-
quently, a secondary side DC output voltage Eo of a level
equal to twice that of the alternating voltage level of the
secondary winding section N2A is produced as the voltage
across the smoothing capacitor Co.

[0354] In short, the first voltage doubler half wave recti-
fication circuit performs a voltage doubler rectification
operation. The voltage doubler rectification operation pro-
duces a voltage across the secondary side series resonance
capacitor C2A that has a level equal to that of the alternating
voltage of the secondary winding section N2A within the
half period of the alternating voltage of the secondary
winding section N2A, and charges the smoothing capacitor
Co with a voltage of a superposed level of the alternating
voltage of the secondary winding section N2A and the
voltage across the secondary side series resonance capacitor
C2A within the other half period of the alternating voltage
of the secondary winding section N2A. Thus, the first
voltage doubler half wave rectification circuit obtains a
voltage of a level equal to twice that of the alternating
voltage of the secondary winding section N2A as the voltage
across the smoothing capacitor Co.

[0355] Further, while in the voltage doubler half wave
rectification operation described above, current flows in the
directions in the opposite positive and negative polarities to
the secondary side series resonance capacitor C2A for
individual half periods, the first secondary side series reso-
nance circuit performs a rectification operation in response
to the current.

[0356] Further, in response to the rectification operation of
the first voltage doubler half wave rectification circuit, a
partial voltage resonance operation by the secondary side
partial voltage resonance circuit including the secondary
side partial resonance capacitor Cp2A is obtained at timings
at which the rectification diodes Dol and Do2 turn off.

[0357] Meanwhile, in the second voltage doubler half
wave rectification circuit, a voltage doubler half wave rec-
tification operation similar to that of the first voltage doubler
half wave rectification circuit is executed at periodic timings
shifted by a half period from those by the rectification
operation of the first voltage doubler half wave rectification
circuit described hereinabove. Further, as a result of the
rectification operation, the second secondary side series
resonance circuit performs a rectification operation. Further-
more, at timings at which the rectification diodes Do3 and
Do4 turn off in such rectification operation, the secondary
side partial voltage resonance circuit including the second-
ary side partial resonance capacitor Cp2B performs a partial
voltage resonance operation.

[0358] Since such rectification operation is performed,
charging by the first voltage doubler half wave rectification
circuit and charging by the second voltage doubler half wave
rectification circuit are repetitively executed to the smooth-
ing capacitor Co for every half period of the alternating
voltage of the secondary winding N2. In short, the entire
rectification circuit connected to the secondary winding N2
performs a voltage doubler full wave rectification operation.
The voltage doubler full wave rectification operation
charges the smoothing capacitor Co with a charging poten-
tial equal to twice the alternating voltage induced in the
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secondary winding sections N2A and N2B within every
period of a half wave in which the alternating voltage of the
secondary winding N2 is in the positive/negative. By the
rectification operation, the smoothing capacitor Co obtains
the secondary side DC output voltage Eo. The secondary
side DC output voltage Eo is a rectification smoothed
voltage equal to twice the alternating voltage induced in the
secondary winding sections N2A and N2B.

[0359] FIGS. 18 and 19 illustrate operation waveforms of
several components of the power supply circuit shown in
FIG. 17.

[0360] In particular, FIG. 18 illustrates the operation
waveforms when the load power Po is Po=150 W (maximum
load power) while FIG. 19 illustrates the operation wave-
forms when the load power Po is Po=25 W. It is to be noted
that FIGS. 18 and 19 illustrate the results of experiments
conducted under the condition of a fixed AC input voltage
VAC=100 V.

[0361] Further, in order to obtain the experimental results
illustrated in FIGS. 18 and 19, the components shown in
FIG. 17 were set as mentioned just below.

[0362]

[0363] (EER-35 type ferrite core, gap length=2.8 mm,
coupling coefficient k=0.63)

[0364] Primary winding N1=45 T (turns)=225 uH, leakage
inductance L.1=133 uH

Insulating converter transformer PIT

[0365] Secondary winding N2=secondary winding section
N2A+secondary winding section N2B=25 T+25 T=50 T,
secondary winding section N2A=secondary winding section
N2B=62 uH, leakage inductance [.2=38 uH

[0366] Primary side series resonance capacitor
C1=0.039 uF

[0367] Secondary side series resonance capacitor
C2A=secondary side series resonance capacitor
C2B=0.15 uF

[0368] Primary side partial resonance capacitor Cpl=
330 pF

[0369] Secondary side partial resonance capacitor
Cp2A=secondary side partial resonance capacitor
Cp2B=1000 pF

[0370] In this instance, the resonance frequency fol of the
primary side series resonance circuit is set to fol=70 kHz
from the leakage inductance [.1=133 uH of the primary
winding N1 and the primary side series resonance capacitor
C1=0.039 uF. Meanwhile, the secondary side series reso-
nance frequency fo2 is set to fo2~35 kHz from the leakage
inductance [.2=38 uH of the secondary winding N2 and the
secondary side series resonance capacitor C2A=C2B=0.15
uF. Consequently, the relationship of fol>fo2 is obtained as
in the first and second embodiments.

[0371] Also, FIGS. 18 and 19 illustrate the voltage V1
across the switching element Q2 and further illustrate on/off
timings of the switching element Q2. Also in this instance,
the voltage across the switching element Q1 has a waveform
shifted by 180 degrees from that of the voltage V1. Simi-
larly, the switching current IQ1 of the switching element Q1
has a waveform shifted by 180 degrees in phase from that of
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the switching current 1Q2. In other words, the switching
element Q1 and the switching element Q2 are switched on
and off alternately.

[0372] Also in this instance, the primary side series reso-
nance current lo flowing through the primary side series
resonance circuit has the waveform seen in FIGS. 18 and
19, which is a composite waveform of the switching current
1Q1 and the switching current 1Q2.

[0373] Where the waveforms of the voltages V1 and the
switching currents 1Q2 illustrated in FIGS. 18 and 19 are
actually compared with each other, the switching period of
the waveforms of FIG. 19 is shorter than that of the
waveforms of FIG. 18. Thus, the stabilization control
according to the switching frequency control method is
performed such that the switching frequency increases as the
level of the secondary side DC output voltage Eo increases
similar to the first and second embodiments.

[0374] Also in this instance, a result was obtained in which
the peak level of the switching current 1Q2 became 4 Ap
when the maximum load power condition was established
and the switching frequency was controlled so as to
decrease.

[0375] When the primary side series resonance current lo
described above flows, an alternating voltage is excited in
the secondary winding N2 of the insulating converter trans-
former PIT. Then, in response to the alternating voltage
obtained in this manner, the secondary winding current
flows through the secondary winding section N2A and the
secondary winding section N2B. In this instance, the sec-
ondary winding current 12A flowing from the secondary
winding section N2A to the secondary side series resonance
capacitor C2A side and the secondary winding current 12B
flowing from the secondary winding section N2B to the
secondary side series resonance capacitor C2B side exhibit
waveforms having opposite positive and negative polarities
to each other as seen in FIGS. 18 and 19.

[0376] TItisto be noted that the secondary winding currents
I2A and 12B exhibit a peak level (positive and negative
absolute values) of 2 Ap at the maximum load power, as seen
in FIG. 18.

[0377] In the first voltage doubler half wave rectification
circuit formed on the secondary winding section N2A side,
the potential V2 appearing between the node of the second-
ary side series resonance capacitor C2A and the anode of the
rectification diode Dol and the winding starting portion of
the secondary winding section N2A has a waveform as
follows. A peak level equal to that of the secondary side DC
output voltage Eo is obtained on the positive side within the
half period of the alternating voltage excited in the second-
ary winding N2. The zero level is obtained within the other
half period of the alternating voltage excited in the second-
ary winding N2.

[0378] On the other hand, in the second voltage doubler
half wave rectification circuit formed on the secondary
winding section N2B side, the voltage V3 appearing
between the node of the secondary side series resonance
capacitor C2B and the anode of the rectification diode Do3
and the winding starting portion of the secondary winding
section N2B (that is, the center tap of the secondary winding
N2) has a waveform as follows. A peak level equal to that
of the secondary side DC output voltage Eo is obtained on
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the positive side within the other half period of the alter-
nating voltage excited in the secondary winding N2. The
zero level is obtained within the one half period of the
alternating voltage excited in the secondary winding N2.

[0379] Also, from the waveforms of the voltages V2 and
V3, it can be recognized that the circuit shown in FIG. 17
operates as a voltage doubler full wave rectification circuit.
The circuit charges the smoothing capacitor Co within each
half period of the alternating voltage induced in the second-
ary winding N2 to thereby obtain a secondary side DC
output voltage Eo of a level equal to twice the level of the
alternating voltage obtained in the secondary winding N2
across the smoothing capacitor Co.

[0380] FIGS. 18 and 19 further illustrate the current Icp2
flowing to the secondary side partial resonance capacitor
Cp2A provided on the secondary side. Also in this instance,
the current Icp2 flows at timings at which the rectification
diode Dol and the rectification diode Do2 turn off, and it is
illustrated that a reverse current flows upon turning off the
rectification diodes Dol and Do2.

[0381] Further, the current (not shown) flowing to the
secondary side partial resonance capacitor Cp2B provided in
the second voltage doubler half wave rectification circuit has
a waveform shifted by 180 degrees from that of the current
Icp2. Consequently, for the rectification diode Do3 and the
rectification diode Do4, a path is formed allowing a reverse
current to flow upon turning off, and as a result, reduction of
the switching loss by the rectification diodes Do provided on
the secondary side can be achieved.

[0382] FIG. 20 illustrates the characteristics of the power
supply circuit shown in FIG. 17 and particularly illustrates
the AC—DC power conversion efficiency and the switching
frequency control characteristic with respect to a load varia-
tion.

[0383] TItis to be noted that, in FIG. 20, each characteristic
is indicated by a solid line where it is a result of an
experiment conducted with the AC input voltage VAC of
VAC=100 V and by a broken line where it is a result of an
experiment conducted with the AC input voltage VAC of
VAC=220 V.

[0384] First, as regards the AC—DC power conversion
efficiency, the circuit shown in FIG. 17 achieves a charac-
teristic that it rises as the load power Po rises with both the
AC 1input voltage VAC=100 V and 220 V.

[0385] When the AC input voltage VAC is VAC=100 V,
the AC—DC power conversion efficiency obtained exhibits
its maximum at the load power Po=150 W and is nAC—
DC=91.0%. When the AC input voltage VAC is VAC=220V,
a high AC—DC power conversion efficiency of nAC—=DC=
90% or more is obtained at the load power Po=150 W. In this
manner, the power supply circuit of the third embodiment
also achieves a power conversion efficiency substantially
equal to that of the circuit in the related art shown in FIG.
44 or 45.

[0386] Further, while, according to the characteristics
described above, the power supply circuit of the third
embodiment achieves a power conversion efficiency having
a value a little higher than that of the power supply circuit
of the second embodiment described hereinabove, this arises
from the fact that the secondary side voltage doubler recti-
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fication operation is changed over from the half wave
rectification operation to the full wave rectification opera-
tion.

[0387] Further, where the power supply circuit of the third
embodiment and the circuit of FIG. 45 are configured in
accordance with the same settings with regard to the AC
input voltage condition, the load condition and the level of
the secondary side DC output voltage Eo, the secondary
winding N2 in the present embodiment including the voltage
doubler rectification circuit can be formed with a reduced
number of turns.

[0388] For example, the number of turns in the secondary
winding N2 in the circuit of FIG. 45 is the secondary
winding section N2A+secondary winding section N2B=50
T+50 T=100 T as described hereinabove. In contrast, in the
present embodiment, the number of turns in the secondary
winding N2 of the present embodiment is the secondary
winding section N2A+secondary winding section N2B=25
T+25 T=50 T, and therefore is reduced to one half.

[0389] Also, the switching frequency fs in this instance
exhibits the characteristic that the variation thereof is sup-
pressed when compared with that of the circuit in the related
art. That is, a steep variation of the switching frequency fs
with respect to the variation within the range from a light
load condition to a no load condition is effectively sup-
pressed in the present embodiment. Particularly where the
AC input voltage VAC is VAC=100 V, the switching fre-
quency fs exhibits a characteristic that it is substantially flat
with respect to variations of the load power Po between the
maximum load power of Po=150 W and the no load con-
dition of Po=0 W.

[0390] In particular, at the AC input voltage VAC=100V,
a result was obtained in which the switching frequency fs
varied within a range of fs=80 to 84.4 kHz with respect to
variations of the load power Po of Po=150 to 0 W. In other
words, the necessary control range Afsl of the switching
frequency at the AC input voltage VAC=100 V is 4.4 kHz
which is approximately %50 that of the power supply circuit
in the related art. On the other hand, at the AC input voltage
VAC=220 V, a result was obtained that the switching fre-
quency fs was 105 to 138 kHz with respect to variations of
the load power Po=150 to 0 W and the necessary control
range Afs2 in this instance was 33 kHz. As a result, the
necessary control range AfsA over the range of the com-
mercial AC power supply of the AC 100 V type to the AC
200V type is approximately 80 to 140 kHz. This sufficiently
remains within the frequency variation range (approxi-
mately 50 to 200 kHz) of the switching driving IC (oscil-
lation driving circuit 2). In short, an existing switching
driving IC can be used as is for the implementation of the
configuration ready for a wide range similar to the first and
second embodiments.

[0391] FIG. 21 shows an example of the configuration of
a power supply circuit according to a first modification of the
third embodiment described above. The modified power
supply circuit shown in FIG. 21 naturally has a basic
configuration similar to that of the third embodiment and
includes principal components selectively set similarly to
those of the power supply circuit of FIG. 17. Consequently,
in the modified power supply circuit, the coupling coefficient
k of the insulating converter transformer PIT and the reso-
nance frequencies fol and fo2 are set similarly to those in
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the power supply circuit of FIG. 1. In addition, the power
supply circuit of FIG. 21 has a configuration ready for a
heavier load condition.

[0392] Referring to FIG. 21, in order to be ready for a
heavy load condition, the power supply circuit shown
includes a primary side current resonance type converter
including four switching elements Q1 to Q4 connected in a
full bridge connection.

[0393] Where the configuration just described is adopted,
the maximum load condition for which the power supply
circuit can be ready can be increased to the maximum load
power Pomax=approximately 300 to 400 W.

[0394] FIG. 22 shows an example of the configuration of
a power supply circuit according to a second modification of
the third embodiment described above. The modified power
supply circuit shown in FIG. 22 also has a basic configu-
ration similar to that of the third embodiment and has a
configuration ready for a heavier load condition.

[0395] Referring to FIG. 22, as a configuration ready for
a heavy load, the modified power supply circuit includes, as
the rectification current circuit system for receiving a com-
mercial AC power supply AC (AC input voltage VAC) as an
input thereto to produce the rectification smoothed voltage
Ei (DC input voltage), a voltage doubler rectification circuit
having a configuration similar to that of FIG. 10.

[0396] Where the configuration just described is adopted,
the maximum load condition for which the power supply
circuit can be ready can be increased to the maximum load
power Pomax=approximately 300 to 400 W.

[0397] Inthe circuit shown in FIG. 22, the secondary side
voltage doubler full wave rectification circuit has a different
circuit configuration from that of FIG. 17.

[0398] First, in the circuit shown in FIG. 22, the second-
ary winding N2 is not divided by the provision of a center
tap, and a bridge rectification circuit formed from rectifica-
tion diodes Dol to Do4 connected in a bridge connection is
provided as the rectification circuit on the secondary side.

[0399] Furthermore, the smoothing capacitor Co for pro-
ducing the secondary side DC output voltage Eo is formed
from a series connection circuit of a smoothing capacitor
Col (second secondary side smoothing capacitor) and
another smoothing capacitor Co2 (third secondary side
smoothing capacitor) and a smoothing capacitor Co3 (first
secondary side smoothing capacitor) connected in parallel to
the series connection circuit.

[0400] In this instance, the negative terminal of the
smoothing capacitor Co2 and the negative terminal of the
smoothing capacitor Co3 are connected to the secondary
side ground.

[0401] In the following description of the bridge rectifi-
cation circuit described above, the node between the recti-
fication diode Dol and the rectification diode Do2 is referred
to as a first terminal; the node between the rectification diode
Dol and the rectification diode Do3 is referred to as a second
terminal; the node between the rectification diode Do3 and
the rectification diode Do4 is referred to as a third terminal;
and the node between the rectification diode Do4 and the
rectification diode Do2 is referred to as a fourth terminal. In
this instance, the first terminal is connected to one end
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portion of the secondary winding N2 through a series
connection of the secondary side series resonance capacitor
C2.

[0402] The second terminal is connected to a node
between the positive terminal of the smoothing capacitor
Col and the positive terminal of the smoothing capacitor
Co3.

[0403] The third terminal is connected to the other end
portion of the secondary winding N2, and is connected, at
the node thereof, to a node between the smoothing capacitor
Col and the smoothing capacitor Co2.

[0404] The fourth terminal is connected to the secondary
side ground.

[0405] According to the connection scheme described
above, within one of two half periods of an alternating
voltage excited in the secondary winding N2, rectification
current flows along a path of the secondary side series
resonance capacitor C2—rectification diode Dol—=smooth-
ing capacitor Co3—rectification diode Do4. Further, within
the period, the rectification current is divided and also flows
through the rectification diode Dol<smoothing capacitor
Col.

[0406] Within the other half period of the alternating
voltage of the secondary winding N2, rectification current
flows along another path of the rectification diode Do3—
smoothing capacitor Co3—srectification diode Do2—ssec-
ondary side series resonance capacitor C2. The rectification
current is divided within this period and also flows through
the smoothing capacitor Co2—rectification diode Do3.

[0407] 1t can be recognized that such rectification current
paths charge rectification current into the smoothing capaci-
tor Co3 within each half period of the alternating voltage
excited in the secondary winding N2. In other words, a
voltage doubler full rectification operation is obtained as the
rectification operation.

[0408] Further, since the rectification current is divided
and flows in such a manner as described above, the rectifi-
cation current is charged into the smoothing capacitor Col
within one of two half periods of the alternating voltage, and
within this period, a voltage of a level equal to that of the
alternating voltage is produced across the smoothing capaci-
tor Col.

[0409] Similarly, within the other half period of the alter-
nating voltage, the rectification current is also charged into
the smoothing capacitor Co2, and within this period, a
voltage of a level equal to that of the alternating voltage is
produced across the smoothing capacitor Co2.

[0410] Consequently, a level equal to twice that of the
alternating voltage is obtained as the voltage across the
series connection circuit of the smoothing capacitors Col
and Co2.

[0411] Then, in this instance, since the series connection
circuit of the smoothing capacitors Col and Co2 and the
smoothing capacitor Co3 are connected in parallel to each
other as described hereinabove, a level equal to twice that of
the alternating voltage excited in the secondary winding N2
is obtained as the voltage across the smoothing capacitor
Co3. Thus, the secondary side DC output voltage Eo is
obtained as the voltage across the parallel connection circuit
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of the series connection circuit of the smoothing capacitors
Col and Co2 and the smoothing capacitor Co3.

[0412] In this manner, the secondary side of the circuit
shown in FIG. 22 operates as a voltage doubler full wave
rectification circuit which performs the operation of charg-
ing rectification current into the secondary side smoothing
capacitor within each one half period of the alternating
voltage excited in the secondary winding N2 to produce a
secondary side DC output voltage Eo of a level equal to
twice that of the alternating voltage across the secondary
side smoothing capacitor.

[0413] According to the circuit configuration of FIG. 14
which includes a bridge rectification circuit and three sec-
ondary side smoothing capacitors as the secondary side
voltage doubler full wave rectification circuit in this manner,
the number of turns of the secondary winding N2 can be set
to 25 T equal to that of FIG. 17. In particular, in this
instance, both the advantage that miniaturization of a trans-
former and simplification of a winding step similar to those
where the configuration of a voltage doubler half wave
rectification circuit is adopted and the advantage of reduc-
tion of the power loss arising from the employment of
full-wave rectification can be achieved.

[0414] Tt is to be noted that, in the circuit shown in FIG.
22, the secondary side partial resonance capacitor Cp2 is
inserted between the first terminal (node of D1 and D2:
positive input terminal) and the third terminal (node of D3
and D4: negative input terminal) of the bridge rectification
circuit described hereinabove such that the secondary side
partial resonance capacitor Cp2 is connected in parallel to
the series connection circuit of the secondary winding N2
and the secondary side series resonance capacitor C2. Con-
sequently, the capacitance of the secondary side partial
resonance capacitor Cp2 and the leakage inductance L2 of
the secondary winding N2 cooperate with each other to form
a partial voltage resonance circuit which performs a voltage
resonance operation only at timings at which the rectifica-
tion diodes Dol, Do2, Do3 and Do4 turn off.

[0415] Further, although the circuit shown in FIG. 22 is
used for an application ready for a single range, in this
instance, the advantage that a high speed response of con-
stant voltage control can be anticipated is achieved.

[0416] In addition, the modifications shown in FIGS. 21
and 22 can be further modified such that the primary side
has the configuration shown in FIG. 17 or the configurations
of the primary side are switched with each other.

[0417] FIG. 23 shows an example of the configuration of
a switching power supply circuit according to a fourth
embodiment of the present invention.

[0418] Also, the power supply circuit of the fourth
embodiment has a configuration ready for a wide range
wherein it operates in response to commercial AC power
supplies of both the AC 100 V type and the AC 200 V type.
Further, the power supply circuit is ready for a range of
variation of the load power Po, for example, from Po=ap-
proximately 200 W to Po=0 W (no load).

[0419] The circuit configuration itself of the power supply
circuit shown in FIG. 23 is a multiple (composite) resonance
type converter similar to that shown in FIG. 1. In particular,
the primary side includes a combination of a partial voltage
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resonance circuit with a separately excited current resonance
type converter according to the half bridge coupling system.
Meanwhile, the secondary side includes a secondary side
series resonance capacitor C2 connected in series with a
secondary winding N2 to form a secondary side series
resonance circuit, and includes a bridge full wave rectifica-
tion circuit as a secondary side rectification circuit. The
secondary side also includes a secondary side partial reso-
nance capacitor Cp2 which forms a secondary side partial
voltage resonance circuit.

[0420] Also, the insulating converter transformer PIT has
the structure described hereinabove with reference to FIG.
2, and the gap length of the gap G is set to approximately 2.8
mm. Consequently, the coupling coefficient k between the
primary side and the secondary side is set to, for example,
k=0.65 or less which indicates a loose coupling state.
Actually, the coupling coefficient k was set to k=0.65.

[0421] Here, in the present embodiment, the resonance
frequency fol of the primary side series resonance circuit
and the resonance frequency fo2 of the secondary side series
resonance circuit are set so as to satisfy a relationship
represented by fol<fo2

[0422] Actually, the resonance frequency fo2 of the sec-
ondary side series resonance circuit is set so as to be within
approximately 1.5 times that of the resonance frequency fol.
However, in the actual power supply circuit shown in FIG.
23, the resonance frequency fo2 of the secondary side series
resonance circuit is set within a range from approximately
1.4 times to approximately 1.3 times the resonance fre-
quency fol of the primary side series resonance circuit.
More particularly, the resonance frequency fol is set to a
predetermined value of fol=~70 kHz, and the resonance
frequency fo2 is set to another predetermined value of
f02~90 kHz.

[0423] Results of experiments conducted with the power
supply circuit having the configuration described above with
reference to FIG. 23 are illustrated in FIGS. 24 and 25. In
the experiments, the components of the power supply circuit
were set as mentioned just below.

[0424] First, as regards the insulating converter trans-
former PIT, the gap length of the gap G of the EER-40 type
core was set to 2.8 mm, and the number of turns of the
primary winding N1 and the secondary winding N2 were set
to N1=30 T and N2=24 T, respectively. By the structure just
described, k=0.65 was obtained as the coupling coefficient k
of the insulating converter transformer PIT itself.

[0425] Further, the resonance capacitors for forming the
primary side series resonance circuit, secondary side series
resonance circuit, primary side partial voltage resonance
circuit and secondary side partial voltage resonance circuit
were selectively set in the following manner:

[0426] Primary side series resonance capacitor
C1=0.047 uF

[0427] Secondary side series resonance capacitor
C2=0.068 uF

[0428] (Primary side) partial resonance capacitor
Cp=1,000 pF

[0429] (Secondary side) partial resonance capacitor
Cp2=1,000 pF
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[0430] Further, the secondary side DC output voltage Eo
was set to a rated level of 135 V.

[0431] The resonance frequency fol of the primary side
series resonance circuit of fol=70 kHz is set from the
leakage inductance L1 of the primary winding N1 obtained
from the structure of the insulating converter transformer
PIT described above and the capacitance of the primary side
series resonance capacitor Cl. On the other hand, the
resonance frequency fo2 of the secondary side series reso-
nance circuit of f02~90 kHz is set from the leakage induc-
tance .2 of the secondary winding N2 obtained from the
structure of the insulating converter transformer PIT
described above and the capacitance of the secondary side
series resonance capacitor C2.

[0432] Also, under the relationship of the resonance fre-
quencies fol and fo2 described above, where the primary
side series resonance circuit and the secondary side series
resonance circuit are provided, a steep unimodal character-
istic is obtained as a constant voltage control characteristic
as described hereinabove with reference to FIGS. 5to 7. As
a result, a configuration ready for a wide range only by
switching frequency control is achieved similar to the
embodiments described hereinabove.

[0433] FIG. 24 illustrates the operation of several com-
ponents of the power supply circuit of FIG. 23 having the
configuration for a wide range described above. More par-
ticularly, FIG. 24 illustrates waveforms where the AC input
voltage VAC condition/load condition are VAC=100 V (AC
100 V type)/Pomax (maximum load power)=200 W, VAC=
100 V (AC 100 V type)/Pomin (minimum load power: no
load)=0 W, VAC=230 V (AC 200 V type)/Pomax (maximum
load power)=200 V, and VAC=230 V (AC 200 V type)/
Pomin (minimum load power: no load)=0 W.

[0434] The voltage V1 of a rectangular waveform is the
voltage across the switching element Q2 and indicates on/off
timings of the switching element Q2.

[0435] The voltage V1 has a waveform in which it exhibits
the 0 level within an on period that the switching element Q2
is conducting and is in an on state, but is clamped at the level
of the rectification smoothed voltage Ei within an off period
that the switching element Q2 is not conducting.

[0436] Within an on period of the switching element Q2,
switching current 1Q2 having the waveform illustrated in
FIG. 24 flows in a switching circuit system formed from the
switching element Q2 and a clamp diode DD2. Further, the
switching current 1Q2 exhibits the 0 level within an off
period of the switching element Q2.

[0437] Further, though not shown, the voltage across the
other switching element Q1 and the switching current flow-
ing to the switching circuit (Q1, DD1) have waveforms
displaced by 180° in phase from those of the voltage V1 and
the switching current 1Q2, respectively. In other words, the
switching element Q1 and the switching element Q2 per-
form switching operations at the same periodic timings such
that they are turned on/off alternately.

[0438] Further, the primary side series resonance current
Io flowing to the primary side series resonance circuit
(L1-C1) has the waveform seen in FIG. 24 because it is
formed by the combination of the switching currents flowing
through the switching circuits (Q1, DD1) and (Q2, DD2).
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[0439] Here, although the voltage V1 indicates switching
timings as described above, when the waveforms thereof
when the AC input voltage VAC is 100 V and 230 V are
compared with each other in the same load condition, the
waveform in which the AC input voltage VAC is VAC=100
V has a longer period than that in which the AC input voltage
VAC is 230 V. This indicates that the switching frequency of
the primary side decreases in response to the decreasing
variation of the secondary side DC output voltage Eo as the
input level of the AC input voltage VAC drops, but increases
in response to the increasing variation of the secondary side
DC output voltage Eo as the input level of the AC input
voltage VAC rises.

[0440] Further, where the voltages V1 at the maximum
load power Pomax=200 W and the minimum load power
Pomin=0 W in the same level condition of the AC input
voltage VAC are compared with each other, the voltage V1
at the maximum load power Pomax=200 W has a period
longer than that of the voltage V1 at the minimum load
power Pomin=0 W. In other words, the voltage V1 indicates
a variation that, when the load becomes heavier and the level
of the secondary side DC output voltage Eo drops, the
switching frequency becomes lower, but when the load
becomes lighter and the level of the secondary side DC
output voltage Eo rises, the switching frequency becomes
higher.

[0441] This indicates that constant control operation
according to the switching frequency control system (upper
side control) is performed as the constant voltage control
operation of the secondary side DC voltage against the load
variation and the variation of the commercial AC power
supply input level.

[0442] Further, in response to the operation (V1, 1Q2, Io)
of the primary side described above, an alternating voltage
V2 of the waveform illustrated in FIG. 24 is induced in the
secondary winding N2 of the insulating converter trans-
former PIT. The length of one period of the alternating
voltage V2 corresponds to the switching period of the
primary side.

[0443] Then, within one of two half periods of the alter-
nating voltage V2, the rectification diodes [Dol, Do4] of the
secondary side conduct and rectification current flows, but
within the other of the half periods of the alternating voltage
V2, the rectification diodes [Do2, Do3] of the secondary side
conduct and rectification current flows. Further, the second-
ary winding current 12 flowing through the secondary wind-
ing N2 is obtained by the combination of the rectification
currents flowing for every one half period of the alternating
voltage V2, and the waveform shown in FIG. 24 is obtained.

[0444] FIG. 25 illustrates the characteristics of the power
supply circuit shown in FIG. 23 and particularly illustrates
the switching frequency fs and the AC—DC power conver-
sion efficiency (nAC—DC) with respect to the load varia-
tion from the maximum load power Pomax=200 W to the
minimum load power Pomin=0 W (no load). Further, in
FIG. 25, each characteristic is indicated by a solid line
where it is a characteristic at the AC input voltage VAC=100
V corresponding to the AC 100 V type and by a broken line
where it is a characteristic at the AC input voltage VAC=230
V corresponding to the AC 200 V type.

[0445] First, the switching frequency fs has a tendency in
which it decreases as the load becomes heavier from the load
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power Po=0 W (minimum load power: no load) to Po=200
W (maximum load power) in both conditions of the AC
input voltage VAC=100 V and the AC input voltage VAC=
230 V.

[0446] Further, the variation range of the switching fre-
quency fs with respect to the load power Po=0 to 200 W is
higher at the AC input voltage VAC=230 V than at the AC
input voltage VAC=100 V. In other words, from FIG. 25 it
can be seen that constant voltage control against the AC
input voltage variation and the load variation is performed
by the switching frequency control method (upper side
control).

[0447] Further, in the present embodiment, the switching
frequency fs indicates a linear variation within the range of
the load power Po=0 to 200 W and does not exhibit a sudden
variation within the load power range lower than a fixed
level as in the case of the power supply circuit of the prior
art.

[0448] Then, as particular values of the switching fre-
quency fs, it was measured that, with respect to the load
power Po varied within the range of the load power Po=0 to
200 W, at the AC input voltage VAC=100 V, the switching
frequency varies (necessary control range) within the range
of 82.6 to 73.5 kHz, and the variation control range (nec-
essary control range) Afs] illustrated in FIG. 7 was Afsl=
9.1 kHz (82.6-73.5 kHz). On the other hand, at the AC input
voltage VAC=230 V, the necessary control range of the
switching frequency fs is 123.5 to 114.9 kHz, and the
variation control range (necessary control range) Afs2 illus-
trated in FIG. 7 is Afs2=8.6 kHz (123.5 kHz-114.9 kHz). In
this manner, the necessary control ranges of the switching
frequency fs for the ranges where the AC input voltage VAC
is the AC 100 V type and the AC 200 V type are substantially
lower than 10 kHz and are reduced significantly when
compared with those of the power supply circuits in the
related art (FIGS. 44 and 45). Also, the frequency difference
between 123.5 kHz (VAC=230 V/Pomin=0 W), which is the
maximum value of the switching frequency fs, and 73.5 kHz
(VAC=100 V/Pomax=200 W), which is the minimum value
of the switching frequency fs, is 50 kHz (123.5-73.5 kHz)
Thus, it can be seen that, where the power supply circuit is
regarded as a power supply circuit ready for a wide range,
the necessary control range of the switching frequency fs is
reduced significantly from that of the power supply circuits
in the related art (FIGS. 44 and 45).

[0449] Further, as described hereinabove, the upper limit
to the switching driving frequency of the switching element
driving IC (oscillation driving circuit 2) at present is
approximately 200 kHz. Accordingly, the range of the
switching frequency fs from approximately 123.5 to 73.5
kHz given hereinabove can be sufficiently obtained by the
switching driving IC at present. In short, the power supply
circuit of the present embodiment can be ready for a wide
range only by switching frequency control while the con-
figuration of the switching driving circuit system at present
is maintained because the necessary control range of the
switching frequency fs is reduced to a comparatively low
frequency region.

[0450] Further, while the AC—=DC power conversion effi-
ciency (MAC—DC) has a tendency that it rises as the load
becomes heavier, when the maximum load power Pomax is
Pomax=200 W, the AC—DC power conversion efficiency
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(MAC—DQ) is 91.3% at the AC input voltage VAC=100 V
and is 91.6% at the AC input voltage VAC=230 V. From this
result, it can be recognized that, according to the present
embodiment, a significant improvement of the AC—=DC
power conversion efficiency is achieved in a condition that
the input level of the commercial AC power supply is high.

[0451] Further, in the present fourth embodiment, the
relationship of the resonance frequency fo2 of the secondary
side series resonance circuit and the resonance frequency
fol of the primary side series resonance circuit is set such
that the resonance frequency fo2 is higher. To this end, the
secondary side series resonance capacitor C2 is set to a
capacitance lower than a fixed level. In short, the capaci-
tance of the secondary side series resonance capacitor C2 is
set to a comparatively low value. Consequently, for
example, a small part can be used as the secondary side
series resonance capacitor C2, and this is advantageous in
reducing the size and weight of the circuit.

[0452] However, according to FIG. 24, it can be seen that,
when the AC input voltage VAC is VAC=100 V, the primary
side series resonance current lo flowing to the primary side
series resonance circuit sometimes exhibits a substantially
M-shaped waveform in the proximity of a peak after every
one half period. This arises from the fact that, since the
secondary side series resonance capacitor C2 is set to a
capacitance lower than a fixed level as described herein-
above, the resonance frequency fo2 of the secondary side
series resonance circuit drops until the frequency difference
between the resonance frequency fol of the primary side
series resonance circuit and the resonance frequency fo2 of
the secondary side series resonance circuit becomes within
a fixed range.

[0453] The level of the M-shaped peak portion of the
primary side series resonance current lo described herein-
above has a tendency that it increases as the capacitance of
the secondary side series resonance capacitor C2 decreases
(as the resonance frequency fo2 of the secondary side series
resonance circuit is raised). Then, since the increase of the
level of the M-shaped peak portion of the primary side series
resonance current lo causes, for example, an increase of the
switching loss at the switching elements Q1 and Q2, it gives
rise to a drop of the power conversion efficiency. Further,
since the M-shaped peak portion of the primary side series
resonance current lo appears, for example, as a variation
component of the secondary side DC output voltage Eo, the
increase causes an expansion of the necessary control range
(Afs) in the switching frequency control. Accordingly, the
capacitance of the secondary side series resonance circuit
(resonance frequency of the secondary side series resonance
circuit) should be set taking into consideration that the
reduction of the power conversion efficiency and the expan-
sion of the necessary control range remain within a suffi-
ciently permissible range for practical utilization.

[0454] Based on this, it is determined that, in the present
embodiment, the resonance frequency fo2 of the secondary
side series resonance circuit should remain within a range of
approximately 1.5 times the resonance frequency fol of the
primary side series resonance circuit.

[0455] FIG. 26 shows an example of the configuration of
a power supply circuit according to a first modification of the
fourth embodiment described above. The modified power
supply circuit shown in FIG. 26 naturally has a basic
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configuration similar to that of the fourth embodiment and
includes principal components selectively set similarly to
those of the power supply circuit of FIG. 23. In addition, the
power supply circuit of FIG. 26 has a configuration ready
for a heavier load condition.

[0456] Referring to FIG. 26, in order to be ready for a
heavy load condition, the power supply circuit shown
includes a primary side current resonance type converter
including four switching elements Q1 to Q4 connected in a
full bridge connection.

[0457] In the power supply circuit of FIG. 26, the four
switching elements Q1 to Q4 are driven by the oscillation
driving circuit 2. The oscillation driving circuit 2 performs
switching driving of the set of the switching elements [Q1,
Q4] and the set of the switching elements [Q2, Q3] so as to
turn on/off alternately.

[0458] In addition, in order to be ready for a heavy load
condition, the power supply circuit of the present modifi-
cation includes a high frequency inductor L.11. The high
frequency inductor .11 in this instance is inserted in series
between the primary winding N1 of the insulating converter
transformer PIT and the switching output point of the
switching elements Q1 and Q2 as described hereinabove. In
short, the high frequency inductor .11 is connected in series
to the primary winding N1.

[0459] Since the high frequency inductor L11 is provided
in this manner, a series connection circuit is formed from the
primary winding N1, primary side series resonance capaci-
tor C1 and high frequency inductor L.11 on the primary side.
Consequently, the inductance component which forms the
primary side series resonance circuit is a combination of the
inductance of the high frequency inductor L11 and the
leakage inductance L1 of the primary winding N1, that is,
L1+L11.

[0460] Further, since the high frequency inductor L11 is
connected in series to the primary winding N1 in this
manner, the inductance of the high frequency inductor L11
can be equivalently regarded as a leakage inductance com-
ponent of the primary winding N1. Accordingly, the leakage
inductance of the primary side of the insulating converter
transformer PIT is given by L11+L1.

[0461] This signifies that the leakage inductance of the
primary side apparently increases by the inductance com-
ponent of the high frequency inductor L11. Accordingly,
while the coupling coefficient of the insulating converter
transformer PIT itself is represented by k, a value lower than
the coupling coefficient k is obtained as a composite cou-
pling coefficient kt of the insulating converter transformer
PIT in the power supply circuit. In short, the coupling degree
of the insulating converter transformer PIT in the power
supply circuit is set lower than the coupling coefficient k by
the structure of the insulating converter transformer PIT.

[0462] In the fourth embodiment shown in FIG. 23, the
power supply circuit does not include an inductor connected
in series to the primary winding N1. Therefore, the coupling
coefficient of the insulating converter transformer PIT itself
causes a loose coupling state of such a degree that a
unimodal characteristic, as indicated by the characteristic
curve 3 of FIG. 6, is obtained as the coupling degree
between the primary side and the secondary side. More
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particularly, the coupling coefficient k of the insulating
converter transformer PIT is set to a value of approximately
0.65.

[0463] In contrast, in the present embodiment, the com-
posite coupling coefficient kt should be set to a value, for
example, of 0.65 when a power supply circuit ready for a
wide range with a unimodal characteristic described here-
inabove is to be constructed.

[0464] Here, the composite coupling coefficient kt corre-
sponds to the total primary side leakage inductance (L11+
L1) obtained by combining the inductance of the high
frequency inductor .11 and the leakage inductance L1 of the
primary winding N1. Accordingly, in order to set the com-
posite coupling coefficient kt to a value of approximately
0.65, the coupling coefficient k of the insulating converter
transformer PIT itself is set to a value higher than 0.65.

[0465] In the present embodiment, when the composite
coupling coefficient kt is to be set to approximately 0.65, the
coupling coefficient k of the insulating converter transformer
PIT itself is set to approximately 0.75. In addition, the
leakage inductance for setting the composite coupling coef-
ficient kt to approximately 0.65 is obtained from the induc-
tance of the high frequency inductor L11.

[0466] Where the coupling coefficient k of the insulating
converter transformer PIT itself is set to a value within
approximately 0.65 as in the case of the fourth embodiment
shown in FIG. 23, the gap G of the inner magnetic leg is set
to a gap length of approximately 2.8 mm as described
hereinabove with reference to FIG. 2. In contrast, where the
coupling coefficient k is to be set to approximately 0.75 as
in the case of the first modification to the fourth embodi-
ment, the gap length of the gap G in a structure similar to
that of FIG. 2 is set as short as, for example, approximately
1.6 mm.

[0467] Where the gap G is formed in the core of the
insulating converter transformer PIT as shown in FIG. 2,
eddy current is generated in the proximity of the gap G. As
is well known in the art, eddy current gives rise to power loss
and gives rise to a corresponding drop in the power con-
version efficiency. It is known that the amount of eddy
current arising from the gap G increases as the gap length
increases.

[0468] Further, the dropping tendency of the AC—DC
power conversion efficiency arising from the eddy current
loss becomes conspicuous as the level of the AC input
voltage rises. Accordingly, the power supply circuit ready
for a wide range suffers from the problem that the AC—=DC
power conversion efficiency drops when it is used with a
voltage of the AC 200 V type rather than when it is used with
a voltage of the AC 100 V type.

[0469] 1t is to be noted, however, that the AC—=DC power
conversion efficiency, which includes a dropping factor by
the eddy loss described above, remains within a permissible
range where, for example, the maximum load power Pomax
as the load condition is Pomax=150 to 200 W or less.

[0470] In the power supply circuit of the fourth embodi-
ment described hereinabove with reference to FIG. 23, the
load condition for which the power supply circuit is ready is
the maximum load power Pomax=200 W. Therefore, while
the power supply circuit is configured such that a loose
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coupling state wherein the coupling coefficient k is k=0.65
or less is set only by the insulating converter transformer
PIT, the power supply circuit is sufficiently usable as a
circuit ready for a wide range.

[0471] However, where the power supply circuit is to be
ready for a heavier load condition of, for example, the
maximum load power Pomax=200 W or more, the drop of
the AC—DC power conversion efficiency becomes so con-
spicuous that it cannot be ignored. Therefore, it becomes
difficult to set the coupling coefficient k of the insulating
converter transformer PIT itself to k=0.65 or less so that the
power supply circuit is a practically usable circuit ready for
a wide range.

[0472] Therefore, in the first modification to the fourth
embodiment, the high frequency inductor .11 is connected
to the primary winding N1 so as to equivalently increase the
leakage inductance of the primary winding N1 by the
inductance of the high frequency inductor 111 to thereby set
the composite coupling coefficient kt of the insulating con-
verter transformer PIT in the power supply circuit to 0.65 or
less.

[0473] In this instance, since the coupling coefficient k of
the insulating converter transformer PIT itself can be set, for
example, to k=approximately 0.75, equal to that of the
power supply circuits in the related art described herein-
above, the gap length of the gap G also can be set to
approximately 1.6 mm as described hereinabove. In other
words, the gap length can be suppressed to a level at which
the problem of an increase of the eddy current does not
occur.

[0474] Consequently, with the modified power supply
circuit, since the increase of the eddy current loss described
hereinabove is eliminated, the drop of the AC—DC power
conversion efficiency arising from the increase of the eddy
current does not occur. Accordingly, where the power supply
circuit is used in a heavy load condition or with a power
supply of the AC 200 V type, a good AC—DC power
conversion efficiency with which the power supply circuit
can be used practically can be achieved.

[0475] Thus, according to the first modification of the
fourth embodiment, where a configuration which includes
the current resonance type converter according to the full
bridge coupling system and the high frequency inductor L.11
in combination is adopted, the power supply circuit can be
practically ready, for example, for the maximum load power
Pomax=approximately 400 W.

[0476] 1t is to be noted that the inductance of the high
frequency inductor L11 is actually set to a predetermined
value within a range such as, for example, approximately 30
uH. Further, since the inductance of the high frequency
inductor L.11 may be approximately several tens of uH in
this manner, the high frequency inductor [.11 can be formed
in a small size, and the power loss by a resistance component
of the high speed inductor L11 is so low that it can be almost
ignored.

[0477] FIG. 27 shows an example of the configuration of
a power supply circuit according to a second modification to
the fourth embodiment described above. The modified
power supply circuit shown in FIG. 27 naturally has a basic
configuration similar to that of the fourth embodiment and
has a configuration ready for a heavier load condition.
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[0478] Referring to FIG. 27, as a configuration ready for
a heavy load, the modified power supply circuit includes, as
a rectification current circuit system for receiving a com-
mercial AC power supply AC (AC input voltage VAC) as an
input thereto to produce a rectification smoothed voltage Ei
(DC input voltage), a voltage doubler rectification circuit for
producing a rectification smoothed voltage Ei of a level
equal to twice that of the AC input voltage VAC.

[0479] While a configuration in which a rectification
smoothing circuit system for producing the DC input voltage
(rectification smoothed voltage Ei) is formed as a voltage
doubler rectification circuit in this manner is a configuration
ready for only the single range of the AC 100 V type, the
advantage of enhancement of the responding performance of
constant voltage control is obtained by use in the single
range similar to the power supply circuits described here-
inabove with reference to FIGS. 10, 16 and 22.

[0480] Further, in the power supply circuit of FIG. 27, the
high frequency inductor L.11 connected in series to the
primary winding N1 in the first modification shown in FIG.
26 is omitted, and instead, a high frequency inductor .12 is
connected in series to the secondary winding N2.

[0481] In this instance, the high frequency inductor 112 is
inserted between one of the end portions of the secondary
winding N2 and a node between the anode of the rectifica-
tion diode Do3 and the cathode of the rectification diode
Do4.

[0482] Where such a connection scheme as described
above is adopted, the primary side series resonance circuit is
formed from the leakage inductance L1 of the primary
winding N1 and the capacitance of the primary side series
resonance capacitor C1.

[0483] On the other hand, the secondary side series reso-
nance circuit is formed from the leakage inductance L2 of
the secondary winding N2, the inductance of the high
frequency inductor .12 and the capacitance of the secondary
side series resonance capacitor C2.

[0484] Where such a circuit configuration as described
above is adopted, the apparent inductance of the secondary
winding side of the insulating converter transformer PIT
increases by the inductance of the high frequency inductor
L12. Also, where the leakage inductance of the secondary
side of the insulating converter transformer PIT increases in
this manner, the composite coupling coefficient kt of the
insulating converter transformer PIT decreases from the
coupling coefficient k of the insulating converter transformer
PIT itself.

[0485] Consequently, in order to set the composite cou-
pling coefficient kt of the primary side and the secondary
side to a value, for example, of approximately 0.65 to
achieve a loose coupling state in which a unimodal charac-
teristic as described hereinabove with reference to FIGS. 6
and 7 is obtained, the coupling coefficient k of the insulating
converter transformer PIT itself may be set to k=approxi-
mately 0.75, similar to the case of, for example, the first
modification of the fourth embodiment described herein-
above. In other words, the insulating converter transformer
PIT itself can be set such that it has the basic structure, for
example, shown in FIG. 2 and the gap length of the gap G
of the inner magnetic leg is set to approximately 1.6 mm. As
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a result, the problem of an increase in the eddy current loss
by a configuration ready for a heavy load is eliminated.

[0486] 1t is to be noted that, in order to obtain a configu-
ration ready for a heavy load, the high frequency inductor
12 connected in series to the secondary winding N2 in the
second modification of the fourth embodiment may be
combined with the current resonance type converter of the
full bridge coupling system in the second modification of the
fourth embodiment. On the contrary, the high frequency
inductor L.11 connected in series to the primary winding N1
in the first modification of the fourth embodiment may be
combined with the configuration of the primary side in the
second modification of the fourth embodiment which
includes a voltage doubler rectification circuit and a current
resonance type converter of the half bridge coupling system.

[0487] This can be similarly applied to relationships
between first and second modifications of the wvarious
embodiments hereinafter described.

[0488] FIG. 28 shows an example of the configuration of
a power supply circuit according to a fifth embodiment of
the present invention.

[0489] The power supply circuit of the fifth embodiment
has a circuit configuration similar to that of FIG. 17. In
particular, the power supply circuit includes a full wave
rectification circuit (Di, Ci) as a rectification circuit system
for producing a rectification smoothed voltage Ei (DC input
voltage), and a primary side current resonance type con-
verter which has a basic configuration as a multiple com-
plicated resonance type converter which adopts the half
bridge coupling system. Additionally, the power supply
circuit includes a secondary side series resonance circuit
formed from the secondary winding N2 and a secondary side
resonance capacitor. Further, the power supply circuit
includes a voltage doubler full wave rectification circuit as
a rectification circuit connected to the secondary winding
N2.

[0490] Further, in the fifth embodiment, the gap G formed
in the inner magnetic leg of the core of the insulating
converter transformer PIT having, for example, the structure
shown in FIG. 2 is set to a gap length of approximately 2.8
mm, and the coupling coefficient k of the insulating con-
verter transformer PIT itself is set to k=approximately 0.65
or less.

[0491] Since the power supply circuit of the fifth embodi-
ment shown in FIG. 28 includes a voltage doubler full wave
rectification circuit in this manner, where it is configured
with the same specifications as those in the power supply
circuit of the fourth embodiment shown in FIG. 23 in regard
to the AC input voltage condition, load condition and level
of the secondary side DC output voltage Eo, the number of
turns of each of the secondary winding sections N2A and
N2B can be set to 12 T which is % the number of turns of
the secondary winding N2 of, for example, the power supply
circuit of FIG. 23. The other components of the power
supply circuit may be selectively set the same as those of the
power supply circuit of the fourth embodiment with which
the experimental results of FIGS. 24 and 25 were obtained.

[0492] By an appropriate component selection, the reso-
nance frequency fol of the primary side series resonance
circuit in the fifth embodiment is set to a predetermined
value of fol~70 kHz and the resonance frequency fo2 of the
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secondary side series resonance circuit is set to another
predetermined value of f02=90 kHz, similar to the power
supply circuit of the fourth embodiment.

[0493] As a result of an experiment conducted with the
power supply circuit of the fifth embodiment shown in FIG.
28, substantially similar operation waveforms to those of
FIG. 24 were obtained.

[0494] Further, as a variation characteristic of the switch-
ing frequency fs with respect to the load variation, where the
load power Po varies from Po=0 W to Po=200 W, the
necessary control range when the AC input voltage VAC is
VAC=100 is 82.3 to 74.2 kHz, and the necessary control
range Afsl illustrated in FIG. 7 is Afs1=8.1 kHz.

[0495] On the other hand, when the AC input voltage VAC
is VAC=230V, the necessary control range is 122.3 to 115.6
kHz, and the necessary control range Afs2 illustrated in FIG.
7 is Afs2=6.7 kHz. Also in the present embodiment, the
necessary control range for the switching frequency fs for
the individual ranges for power supplies of the AC 100 V
type and the AC 200 V type is smaller than 9 kHz. Thus, the
necessary control range remains sufficiently lower than 200
kHz, which is an upper limit to the switching driving
frequency of a switching element driving IC (oscillation
driving circuit 2) at present.

[0496] Further, as regards the AC—DC power conversion
efficiency (NAC—DC), results of nAC—DC=91.5% at the
AC input voltage VAC=100 V and nAC—DC=91.8% at the
AC input voltage VAC=230 V were obtained in the load
condition of the maximum load power Pomax=200 W. From
this result, it can be recognized that, with the present
embodiment, an enhanced effect of the AC—=DC power
conversion efficiency in a condition that the input level of
the commercial AC power supply is high is achieved suffi-
ciently.

[0497] FIG. 29 shows an example of the configuration of
a power supply circuit according to a first modification of the
fifth embodiment described above.

[0498] The modified power supply circuit adopts, as the
configuration of the primary side and the insulating con-
verter transformer PIT, a configuration ready for a heavy
load similar to that of the power supply circuit of the first
modification of the fourth embodiment described herein-
above with reference to FIG. 26. In particular, the primary
side current resonance type converter has the configuration
of a full bridge coupling system.

[0499] The insulating converter transformer PIT itself is
configured such that, for example, the gap length of the gap
G of the inner magnetic leg in the structure shown in FIG.
2 is set to approximately 1.6 mm to set the coupling
coefficient k to k=approximately 0.75. Further, a high fre-
quency inductor L.11 having a predetermined inductance is
inserted in a series connection with the primary winding N1
of the insulating converter transformer PIT so that the
composite coupling coefficient kt of the insulating converter
transformer PIT in the power supply circuit is set to approxi-
mately 0.65 or less.

[0500] Further, the circuit of FIG. 29 includes a voltage
doubler full wave rectification circuit of a circuit configu-
ration different from that of FIG. 28 as the secondary side
rectification circuit.
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[0501] In particular, in the voltage doubler full wave
rectification circuit of the secondary side shown in FIG. 29,
only one secondary side partial resonance capacitor Cp2 is
provided as the secondary side partial resonance capacitor.
The secondary side partial resonance capacitor Cp2 is
inserted between a node between the anode of the rectifi-
cation diode Dol and the cathode of the rectification diode
Do2 and another node between the anode of the rectification
diode Do3 and the cathode of the rectification diode Do4.

[0502] Where such a form as described above is adopted,
the secondary side partial resonance capacitor Cp2 is used as
a capacitance for forming a secondary side partial voltage
resonance circuit (parallel resonance circuit) in common
with the first voltage doubler half wave rectification circuit
and the second voltage doubler half wave rectification
circuit.

[0503] In the voltage doubler full wave rectification cir-
cuit, the set of the rectification diodes Dol and Do4 and the
set of the rectification diodes Do2 and Do3 turn on/off at
alternate timings. However, since the partial voltage reso-
nance circuits are formed in such a manner as described
above, a partial voltage resonance operation is obtained
appropriately at timings at which the rectification diodes
Dol and Do4 are turned off and timings at which the
rectification diodes Do2 and Do3 are turned off.

[0504] FIG. 30 shows an example of the configuration of
a power supply circuit according to a second modification of
the fifth embodiment described above.

[0505] The modified power supply circuit adopts, as the
configuration of the primary side and the insulating con-
verter transformer PIT, a configuration ready for a heavy
load similar to that of the power supply circuit of the second
modification of the fourth embodiment described herein-
above with reference to FIG. 27. In particular, the modified
power supply circuit includes a voltage doubler rectification
circuit as a rectification circuit system for producing the
rectification smoothed voltage Ei (DC input voltage), and
the primary side current resonance type converter uses a half
bridge coupling system in combination.

[0506] Inorder to set the composite coupling coefficient kt
to kt=0.65 or less, the power supply circuit adopts a con-
figuration similar to that of the second modification of the
fourth embodiment described hereinabove with reference to
FIG. 27.

[0507] In particular, the insulating converter transformer
PIT itself is configured such that the gap length of the gap
G of the inner magnetic leg, for example, in the structure
shown in FIG. 2, is set to approximately 1.6 mm to set the
coupling coefficient k to k=approximately 0.75. Further, the
power supply circuit includes a high frequency inductor on
the secondary side.

[0508] In this instance, since the secondary side rectifica-
tion circuit is formed as a voltage doubler full wave recti-
fication circuit similar to that in the first modification of the
fifth embodiment shown in FIG. 29, as the high frequency
inductor on the secondary side, actually two high frequency
inductors L12A and L12B are provided individually corre-
sponding to the first voltage doubler half wave rectification
circuit and the second voltage doubler half wave rectifica-
tion circuit.
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[0509] The high frequency inductor L12A is inserted in
series between the secondary winding section N2A and the
secondary side series resonance capacitor C2A such that it
has a series connection relationship to the secondary wind-
ing section N2A in the first voltage doubler half wave
rectification circuit. Similarly, the high frequency inductor
L12B is inserted in series between the secondary winding
section N2B and the secondary side series resonance capaci-
tor C2B such that it has a series connection relationship to
the secondary winding section N2B in the second voltage
doubler half wave rectification circuit.

[0510] Since the high frequency inductors L12A and L12B
are provided in such a manner as described above, the
apparent leakage inductance of the secondary winding sec-
tions N2A and N2B increases, and a loose coupling state
wherein the composite coupling coefficient kt of the insu-
lating converter transformer PIT is kt=approximately 0.65 or
less is obtained.

[0511] Ttis to be noted that, with a circuit form of a voltage
doubler full wave rectification circuit similar to that of FIG.
29, where the high frequency inductor LL12A is inserted in
series between the secondary winding section N2A and the
secondary side series resonance capacitor C2A, the high
frequency inductor LL12A has a relationship that it is con-
nected in series to the secondary winding section N2A in the
first voltage doubler half wave rectification circuit. Simi-
larly, where the high frequency inductor L.12B is inserted in
series between the secondary winding section N2B and the
secondary side series resonance capacitor C2B, it has a
relationship that it is connected in series to the secondary
winding section N2B in the second voltage doubler half
wave rectification circuit.

[0512] Inthe configuration described above, the secondary
side partial resonance capacitor Cp2 cooperates, first in the
first voltage doubler half wave rectification circuit, with the
secondary side leakage inductance component of the insu-
lating converter transformer PIT obtained by combining the
leakage inductance L.2A of the secondary winding section
N2A and the inductance of the high frequency inductor
L12A to form a partial voltage resonance circuit. Similarly,
the secondary side partial resonance capacitor Cp2 cooper-
ates, in the second voltage doubler half wave rectification
circuit, with the secondary side leakage inductance compo-
nent of the insulating converter transformer PIT obtained by
combining the leakage inductance I.2B of the secondary
winding section N2B and the inductance of the high fre-
quency inductor L12B to form another partial voltage reso-
nance circuit.

[0513] FIG. 31 shows an example of the configuration of
a power supply circuit according to a sixth embodiment of
the present invention.

[0514] The power supply circuit of the sixth embodiment
has a circuit configuration similar to that of FIG. 11. In
particular, the power supply circuit includes a full wave
rectification circuit (Di, Ci) as a rectification circuit system
for producing a rectification smoothed voltage Ei (DC input
voltage), and a primary side current resonance type con-
verter which has a basic configuration as a multiple com-
plicated resonance type converter which adopts the half
bridge coupling system. Accordingly, the power supply
circuit includes a secondary side series resonance circuit
formed from the secondary winding N2 and a secondary side
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resonance capacitor. Further, the power supply circuit
includes a voltage doubler half wave rectification circuit as
a rectification circuit connected to the secondary winding
N2.

[0515] Further, in the sixth embodiment, the gap G formed
in the inner magnetic leg of the core of the insulating
converter transformer PIT having, for example, the structure
shown in FIG. 2, is set to a gap length of approximately 2.8
mm, and the coupling coefficient k of the insulating con-
verter transformer PIT itself is set to k=approximately 0.65
or less.

[0516] Since the power supply circuit of the sixth embodi-
ment shown in FIG. 31 includes the voltage doubler half
wave rectification circuit in this manner, where it is config-
ured with the same specifications as those in the power
supply circuit of the fourth embodiment shown in FIG. 23
in regard to the AC input voltage condition, load condition
and level of the secondary side DC output voltage Eo, the
number of turns of the secondary winding N2 can be set to
12 T which is % the number of turns in the first embodiment
and hence can be reduced, for example, from that in which
the secondary side rectification circuit is an ordinary full
wave rectification circuit or voltage doubler full wave rec-
tification circuit. The other components of the power supply
circuit may be selectively set the same as those of the power
supply circuit of the fourth embodiment with which the
experimental results of FIGS. 24 and 25 were obtained.

[0517] By an appropriate component selection, the reso-
nance frequency fol of the primary side series resonance
circuit in the sixth embodiment is set to a predetermined
value of fol~70 kHz and the resonance frequency fo2 of the
secondary side series resonance circuit is set to another
predetermined value of f02~90 kHz, similar to the power
supply circuits of the fourth and fifth embodiments.

[0518] As a result of an experiment conducted with the
power supply circuit of the sixth embodiment shown in FIG.
31, substantially similar operation waveforms to those of
FIG. 24 were obtained. It is to be noted, however, that since
the secondary side performs a voltage doubler half wave
rectification operation, the current I2 (rectification current)
flowing to the secondary winding N2 has a substantially
doubled peak level.

[0519] Further, as a variation characteristic of the switch-
ing frequency fs with respect to the load variation, where the
load power Po varies from Po=0 W to Po=200 W, the
necessary control range when the AC input voltage VAC is
VAC=100 is 82.0 to 72.4 kHz, and the necessary control
range Afsl illustrated in FIG. 7 is Afs1=9.6 kHz.

[0520] On the other hand, when the AC input voltage VAC
is VAC=230 V, the necessary control range is from 122.1 to
113.0 kHz, and the necessary control range Afs2 illustrated
in FIG. 7 is Afs2=9.1 kHz. Also in the present embodiment,
the necessary control range for the switching frequency fs
for the individual ranges for power supplies of the AC 100
V type and the AC 200 V type is smaller than 10 kHz. Thus,
the necessary control range remains sufficiently lower than
200 kHz, which is an upper limit to the switching driving
frequency of a switching element driving IC (oscillation
driving circuit 2) at present.

[0521] Further, as regards the AC—DC power conversion
efficiency (NAC—DC), results of nAC—=DC=91.1% at the
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AC input voltage VAC=100 V and nAC—DC=91.3% at the
AC input voltage VAC=230 V were obtained in the load
condition of the maximum load power Pomax=200 W. From
this result, it can be recognized that, with the present
embodiment, an improvement in the AC—DC power con-
version efficiency is achieved in a condition in which the
input level of the commercial AC power supply is high.

[0522] FIG. 32 shows an example of the configuration of
a power supply circuit according to a first modification of the
sixth embodiment described above.

[0523] The modified power supply circuit adopts, as the
configuration of the primary side and the insulating con-
verter transformer PIT, a configuration ready for a heavy
load similar to that of the power supply circuit of the first
modification of the second and fourth embodiments
described hereinabove with reference to FIGS. 26 and 29
and so forth. In particular, the primary side current reso-
nance type converter has the configuration of a full bridge
coupling system.

[0524] Further, the secondary side of the insulating con-
verter transformer PIT includes a voltage doubler half wave
rectification circuit similar to that in the sixth embodiment
shown in FIG. 31.

[0525] FIG. 33 shows an example of the configuration of
a power supply circuit according to a second modification of
the sixth embodiment described above.

[0526] The modified power supply circuit adopts, as the
configuration of the primary side and the insulating con-
verter transformer PIT, a configuration ready for a heavy
load similar to that of the power supply circuit of the second
modification of the fourth embodiment described herein-
above with reference to FIG. 27. In particular, the modified
power supply circuit includes a voltage doubler rectification
circuit as a rectification circuit system for producing the
rectification smoothed voltage Ei (DC input voltage), and
uses a primary side current resonance type converter of a
half bridge coupling system in combination.

[0527] In this instance, in order to set the composite
coupling coefficient kt to kt=0.65 or less, the insulating
converter transformer PIT itself is configured, similarly to
the second modification to the fourth embodiment described
hereinabove with reference to FIG. 27, such that the gap G
of the inner magnetic leg of the core thereof, for example, in
the structure shown in FIG. 2, is set to a gap length of
approximately 1.6 mm to set the coupling coefficient k=ap-
proximately 0.75 or less. Additionally, the secondary side
includes the high frequency inductor L12.

[0528] In this instance, the secondary side rectification
circuit is formed as a voltage doubler half wave rectification
circuit similar to that shown in FIG. 31. In the voltage
doubler half wave rectification circuit, the high frequency
inductor L12 can be inserted in series between one end of the
secondary winding N2 and the secondary side series reso-
nance capacitor C2 in the manner shown in FIG. 33. Where
the high frequency inductor .12 is inserted in this manner,
the apparent leakage inductance of the secondary winding
N2 increases, and a loose coupling state wherein the com-
posite coupling coefficient kt of the insulating converter
transformer PIT is kt approximately 0.65 or less is obtained.

[0529] 1t is to be noted that, according to the first and
second modifications of the fifth and sixth embodiments
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described above which have a configuration ready for a
heavy load, a power supply circuit which can be practically
used for the maximum load power Pomax of, for example,
Pomax=approximately 400 W can be obtained similar to the
first and second modifications of the first embodiment.

[0530] FIG. 34 shows an example of the configuration of
a switching power supply circuit according to a seventh
embodiment of the present invention.

[0531] The power supply circuit of the seventh embodi-
ment has a configuration ready for a wide range wherein it
operates in response to commercial AC power supplies of
both the AC 100 V type and the AC 200 V type. Further, the
power supply circuit is ready for a range of variation of the
load power Po, for example, from Po=approximately 150 W
to Po=0 W (no load).

[0532] The circuit configuration itself of the power supply
circuit shown in FIG. 34 is a multiple (composite) resonance
type converter similar to that shown in FIGS. 1, 23 and so
forth. In particular, the primary side includes the combina-
tion of a partial voltage resonance circuit with a separately
excited current resonance type converter according to the
half bridge coupling system. Meanwhile, the secondary side
includes a secondary side series resonance capacitor C2
connected in series to a secondary winding N2 to form a
secondary side series resonance circuit, and includes a
bridge full wave rectification circuit as a secondary side
rectification circuit. Further, the secondary side also includes
a secondary side partial resonance capacitor Cp2 which
forms a secondary side partial voltage resonance circuit.

[0533] The insulating converter transformer PIT has a
structure described hereinabove with reference to FIG. 2,
and the gap length of the gap G is set to approximately 2.8
mm. Consequently, the coupling coefficient k between the
primary side and the secondary side is set to, for example,
k=0.65 or less which indicates a loose coupling state.
Actually, the coupling coefficient k was set to k=0.65.

[0534] Here, in the present embodiment, the relationship
between the resonance frequency fol of the primary side
series resonance circuit and the resonance frequency fo2 of
the secondary side series resonance circuit is set in the
following manner.

[0535] In particular, where the resonance frequency fol of
the primary side series resonance circuit is considered as a
reference, the resonance frequency fo2 of the secondary side
series resonance circuit is represented by

fo2=folxn [©)]

[0536] In addition, the coefficient (magnification value) n
in the expression (9) above has a value greater than a
predetermined minimum value a (which is smaller than 1),
but smaller than a predetermined maximum value b which is
greater than 1 and hence is given by

a<n<b (a<1, b>1) 10

[0537] In other words, the resonance frequency fo2 is set
within a frequency range between a frequency (lower limit
frequency) represented by the resonance frequency folxa
and another frequency (upper limit frequency) represented
by the resonance frequency folxb.

[0538] Inthe present embodiment, the minimum value a is
set to approximately 0.9, and the maximum value b is set to
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approximately 1.1 to 1.2. More particularly, the resonance
frequency fol of the primary side series resonance circuit is
set to a predetermined value of fol=70 kHz, and the reso-
nance frequency fo2 of the secondary side series resonance
circuit is set to another predetermined value of f02~80 kHz.

[0539] Results of experiments conducted with a power
supply circuit having the configuration described above with
reference to FIG. 34 are illustrated in FIGS. 35 and 36. In
the experiments, the components of the power supply circuit
shown in FIG. 34 were set in the following manner.

[0540] First, as regards the insulating converter trans-
former PIT, an EER-35 type core was used as the EE type
core and the gap length of the gap G of the core was set to
2.8 mm, and the number of turns of the primary winding N1
and the secondary winding N2 was set to N1=30 T and
N2=24 T, respectively. By the structure just described,
k=0.65 was obtained as the coupling coefficient k of the
insulating converter transformer PIT itself.

[0541] Further, the resonance capacitors for forming the
primary side series resonance circuit, secondary side series
resonance circuit, primary side partial voltage resonance
circuit and secondary side partial voltage resonance circuit
were selectively set in the following manner:

[0542] Primary side series resonance capacitor
C1=0.033 uF

[0543] Secondary side series resonance capacitor
C2=0.068 uF

[0544] (Primary side) partial resonance capacitor
Cp=1,000 pF

[0545] (Secondary side) partial resonance capacitor
Cp2=1,000 pF

[0546] Further, the secondary side DC output voltage Eo
was set to a rated level of 135 V.

[0547] The resonance frequency fol of the primary side
series resonance circuit of fol=70 kHz is set from the
leakage inductance L1 of the primary winding N1 obtained
from the structure of the insulating converter transformer
PIT described above and the capacitance of the primary side
series resonance capacitor Cl. On the other hand, the
resonance frequency fo2 of the secondary side series reso-
nance circuit of f02~80 kHz is set from the leakage induc-
tance .2 of the secondary winding N2 obtained from the
structure of the insulating converter transformer PIT
described above and the capacitance of the secondary side
series resonance capacitor C2.

[0548] Also, under the relationship of the resonance fre-
quencies fol and fo2 described above, where the primary
side series resonance circuit and the secondary side series
resonance circuit are provided, a steep unimodal character-
istic is obtained as a constant voltage control characteristic
as described hereinabove with reference to FIGS. 5to 7. As
a result, a configuration ready for a wide range only by
switching frequency control is achieved similar to the
embodiments described hereinabove.

[0549] FIG. 35 illustrates the operation of several com-
ponents of the power supply circuit of FIG. 34 having the
configuration for a wide range described above. More par-
ticularly, FIG. 35 illustrates waveforms in which the AC
input voltage VAC condition/load condition are VAC=100 V
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(AC 100 V type)/Pomax (maximum load power)=150 W,
VAC=100 V (AC 100V type)/Pomin (minimum load power:
no load)=0 W, VAC=230 V (AC 200 V type)/Pomax (maxi-
mum load power)=150 W, and VAC=230 V (AC 200 V
type)/Pomin (minimum load power: no load)=0 W.

[0550] The voltage V1 of a rectangular waveform is the
voltage across the switching element Q2 and indicates on/off
timings of the switching element Q2.

[0551] The voltage V1 has a waveform in which it exhibits
the O level within an on period in which the switching
element Q2 is conducting and is in an on state, but is
clamped at the level of the rectification smoothed voltage Ei
within an off period in which the switching element Q2 is
not conducting.

[0552] Within an on period of the switching element Q2,
switching current 1Q2 having the waveform illustrated in
FIG. 35 flows in a switching circuit system formed from the
switching element Q2 and a clamp diode DD2. Further, the
switching current 1Q2 exhibits the 0 level within an off
period of the switching element Q2.

[0553] Further, though not shown, the voltage across the
other switching element Q1 and the switching current flow-
ing to the switching circuit (Q1, DD1) have waveforms
displaced by 180° in phase from those of the voltage V1 and
the switching element Q2, respectively. In other words, the
switching element Q1 and the switching element Q2 per-
form switching operations at the same periodic timings such
that they are turned on/off alternately.

[0554] Further, the primary side series resonance current
Io flowing to the primary side series resonance circuit
(L1-C1) has the waveform shown in FIG. 35 because it is
formed by the combination of the switching currents flowing
through the switching circuits (Q1, DD1) and (Q2, DD2).

[0555] Here, although the voltage V1 indicates switching
timings as described above, where the waveforms thereof
when the AC input voltage VAC is 100 V and 230 V are
compared with each other in the same load condition, the
waveform in which the AC input voltage VAC is VAC=100
V has a period longer than that in which the AC input voltage
VAC is 230 V. This indicates that the switching frequency of
the primary side decreases in response to the decreasing
variation of the secondary side DC output voltage Eo as the
input level of the commercial AC input voltage VAC drops,
but increases in response to the increasing variation of the
secondary side DC output voltage Eo as the input level of the
commercial AC input voltage VAC rises.

[0556] Further, where the voltages V1 at the maximum
load power Pomax=150 W and the minimum load power
Pomin=0 W in the same level condition of the AC input
voltage VAC are compared with each other, the voltage V1
at the maximum load power Pomax=150 W has a period
longer than that of the voltage V1 at the minimum load
power Pomin=0 W. In other words, the voltage V1 indicates
a variation in which, when the load increases and the level
of the secondary side DC output voltage Eo drops, the
switching frequency decreases, but when the load decreases
and the level of the secondary side DC output voltage Eo
rises, the switching frequency increases.

[0557] This indicates that a constant control operation
according to the switching frequency control system (upper
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side control) is performed as a constant voltage control
operation of the secondary side DC voltage against the load
variation and the variation of the commercial AC power
supply input level.

[0558] Further, in response to the operation (V1, 1Q2, Io)
of the primary side described above, an alternating voltage
V2 of the waveform illustrated in FIG. 35 is induced in the
secondary winding N2 of the insulating converter trans-
former PIT. The length of one period of the alternating
voltage V2 corresponds to the switching period of the
primary side.

[0559] Then, within one of two half periods of the alter-
nating voltage V2, the rectification diodes [Dol, Do4] of the
secondary side conduct and rectification current flows, but
within the other half period of the alternating voltage V2, the
rectification diodes [Do2, Do3] of the secondary side con-
duct and rectification current flows. Further, the secondary
winding current 12 flowing through the secondary winding
N2 is obtained by the combination of the rectification
currents flowing for every one half period of the alternating
voltage V2, and the waveform shown in FIG. 35 is obtained.

[0560] FIG. 36 illustrates the characteristics of the power
supply circuit shown in FIG. 34 and particularly illustrates
the switching frequency fs and the AC—DC power conver-
sion efficiency (nAC—DC) with respect to the load varia-
tion from the maximum load power Pomax=150 W to the
minimum load power Pomin=0 W (no load). Further, in
FIG. 36, cach characteristic is indicated by a solid line
where it is a characteristic at the AC input voltage VAC 100
V corresponding to the AC 100 V type, and by a broken line
where it is a characteristic at the AC input voltage VAC=230
V corresponding to the AC 200 V type.

[0561] First, the switching frequency fs has a tendency in
which it decreases as the load becomes heavier from the load
power Po=0 W (minimum load power: no load) to Po=150
W (maximum load power) in both conditions of the AC
input voltage VAC=100 V and the AC input voltage VAC=
230 V.

[0562] Further, the variation range of the switching fre-
quency fs with respect to the load power Po=0 to 150 W is
higher at the AC input voltage VAC=230 V than at the AC
input voltage VAC=100 V. In other words, also from FIG.
36, it can be seen that constant voltage control against the
AC input voltage variation and the load variation is per-
formed by the switching frequency control method (upper
side control).

[0563] Further, in the present embodiment, the switching
frequency fs indicates a linear variation within the range of
the load power Po=0 to 150 W and does not exhibit a sudden
variation within the load power range lower than a fixed
level as in the case of the power supply circuit of the related
art.

[0564] As particular values of the switching frequency fs,
it was measured that, with respect to the load power Po
varied within the range of the load power Po=0 to 150 W, at
the AC input voltage VAC=100 V, the switching frequency
varies (necessary control range) within the range of 78.3 to
75.0 kHz, and the variation control range (necessary control
range) Afsl illustrated in FIG. 7 is Afs1=3.3 kHz (78.3-75.0
kHz). On the other hand, at the AC input voltage VAC=230
V, the necessary control range of the switching frequency fs
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is 94.8 to 90.7 kHz, and the variation control range (neces-
sary control range) Afs2 illustrated in FIG. 7 is Afs2=4.1
kHz (94.8 kHz-90.7 kHz). In this manner, the necessary
control ranges of the switching frequency fs for the ranges
where the AC input voltage VAC is the AC 100 V type and
the AC 200 V type are substantially lower than 5 kHz and
are reduced significantly when compared with those of the
related art power supply circuits (FIGS. 44 and 45). Also,
the frequency difference between 94.8 kHz (VAC=230
V/Pomin=0 W) which is the maximum value of the switch-
ing frequency fs and 75.0 kHz (VAC=100 V/Pomax=150 W)
which is the minimum value of the switching frequency fs
is 19.8 kHz (94.8-75.0 kHz). Thus, it can be seen that, where
the power supply circuit is regarded as a power supply
circuit ready for a wide range, the necessary control range of
the switching frequency fs is reduced significantly from that
of the related art power supply circuits and (FIGS. 44 and
45) is very small.

[0565] Further, according to the foregoing description, the
range of the switching frequency fs is from approximately
94.8 to 75.0 kHz. Accordingly, the range of the switching
frequency fs remains sufficiently within the approximately
200 kHz upper limit to the switching driving frequency of a
switching driving IC (oscillation driving circuit 2) at
present. In short, the power supply circuit of the present
embodiment can be ready for a wide range only by switching
frequency control while the configuration of the switching
driving circuit system at present is maintained.

[0566] Further, while the AC—DC power conversion effi-
ciency (MAC—DC) has a tendency that it rises as the load
becomes heavier, when the maximum load power Pomax is
Pomax=150 W, the AC—DC power conversion efficiency
(MAC—DCQ) is 91.9% at the AC input voltage VAC=100 V
and is 92.4% at the AC input voltage VAC=230 V. From this
result, it can be recognized that, according to the present
embodiment, a sufficient improvement of the AC—DC
power conversion efficiency is achieved in a condition in
which the input level of the commercial AC power supply is
high.

[0567] Incidentally, according to FIG. 35, it can be seen
that, when the AC input voltage VAC is VAC=100 V, the
primary side series resonance current lo flowing to the
primary side series resonance circuit sometimes exhibits a
substantially M-shaped waveform in the proximity of a peak
after every one half period and presents two peaks. This
arises from the fact that the frequency difference between the
resonance frequency fol of the primary side series reso-
nance circuit and the resonance frequency fo2 of the sec-
ondary side series resonance circuit is within a fixed range.

[0568] The level of the M-shaped peak portion of the
primary side series resonance current Io described above has
a tendency that, in a relationship in which the resonance
frequency fol is higher than the resonance frequency fo2,
the preceding peak portion has a level higher than that of the
succeeding peak portion. On the contrary, in another rela-
tionship in which the resonance frequency fol is lower than
the resonance frequency fo2, the level of the M-shaped peak
portion has a tendency that the preceding peak portion has
a level lower than that of the succeeding peak portion.

[0569] Since such a difference between the levels of the
two peak waveforms as described above gives rise to an
increase of the peak level, it causes an increase in, for
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example, the switching loss and hence gives rise to a drop
in the power conversion efficiency. Further, since the
M-shaped peak portion of the primary side series resonance
current lo appears, for example, as a variation component of
the secondary side DC output voltage Eo, the increase
causes a factor of expansion of the necessary control range
(Afs) in the switching frequency control.

[0570] An experiment for investigating the relationship
between the settings of the resonance frequencies fol and
fo2 and the M-shaped peak waveform of the primary side
series resonance current [o was conducted, and the following
fact was obtained through the experiment. In particular,
where the resonance frequency o2 is controlled to a value
equal to substantially 0.9 times to substantially 1.1 to 1.2
times the resonance frequency fol, the two peaks of the
M-shaped waveform of the primary side series resonance
current o have a substantially equal level and exhibit no
difference therebetween, and where the frequency difference
between the resonance frequencies fol and fo2 becomes
greater, the difference becomes so conspicuous that it cannot
be ignored.

[0571] According to the present embodiment, the relation-
ship between the resonance frequency fol and the resonance
frequency fo2 is set based on the fact confirmed as described
above so that the two peaks of the M-shaped waveform of
the primary side series resonance current lo may be equal to
each other to achieve enhancement of the power conversion
efficiency and suppression of an increase of the necessary
control range.

[0572] Further, in the present embodiment, the resonance
frequency fo2 is set to a frequency as high as possible within
the frequency range from approximately 0.9 times to
approximately 1.1 to 1.2 times the resonance frequency fol.

[0573] Therefore, the secondary side series resonance
capacitor C2 which forms the secondary side series reso-
nance circuit is set to the highest capacitance within a range
of the capacitance set in accordance with the resonance
frequency fo2 which is within the frequency range from
approximately 0.9 times to approximately 1.1 to 1.2 times
the resonance frequency fol. This makes it possible to
selectively use a less expensive part of a minimized size (for
example, a film capacitor) as the actual secondary side series
resonance capacitor C2 to thereby achieve a reduction in the
cost and weight of the circuitry.

[0574] A first modification of the seventh embodiment
described above is now described. The first modification of
the seventh embodiment has a basic configuration similar to
that of the seventh embodiment shown in FIG. 34, but has
a configuration ready for a heavier load condition.

[0575] The first modification of the seventh embodiment
has a configuration similar to that of FIG. 26. However, the
resonance frequency fol of the primary side series reso-
nance circuit is set to fol=70 kHz, which is the same as that
of the power supply circuit of FIG. 34, by setting the
leakage inductance L1 of the primary winding N1 in corre-
spondence to the composite coupling coefficient kt and the
capacitance of the primary side series resonance capacitor
C1. Similarly, the resonance frequency fo2 of the secondary
side series resonance circuit is set to f02~80 kHz, which is
the same as that of the power supply circuit of FIG. 34, by
setting the leakage inductance 1.2 of the secondary winding
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N2 in correspondence to the composite coupling coefficient
kt and the capacitance of the secondary side series resonance
capacitor C2.

[0576] 1If the first modification of the seventh embodiment
is actually configured such that it includes a combination of
a current resonance type converter of the full bridge con-
nection type and a high frequency inductor .11 as seen in
FIG. 26, for example, a power supply circuit which can be
ready for a maximum load power Pomax=approximately
300 W can be obtained in practical use.

[0577] Now, a second modification of the seventh embodi-
ment described above is described. The second modification
of the seventh embodiment also has a basic configuration
similar to that of the seventh embodiment shown in FIG. 34,
but has a configuration ready for a heavier load condition.

[0578] The second modification of the seventh embodi-
ment has a configuration similar to that of FIG. 27. How-
ever, also in this instance, the resonance frequencies fol and
fo2 are set in a similar manner as in the first modification of
the seventh embodiment described above. In particular, the
resonance frequency fol of the primary side series reso-
nance circuit is set to fol=70 kHz by setting the leakage
inductance L1 of the primary winding N1 in correspondence
to the composite coupling coefficient kt and the capacitance
of the primary side series resonance capacitor C1. Similarly,
the resonance frequency fo2 of the secondary side series
resonance circuit is set to f02~80 kHz by setting the leakage
inductance 12 of the secondary winding N2 in correspon-
dence to the composite coupling coefficient kt and the
capacitance of the secondary side series resonance capacitor
C2.

[0579] Where the second modification of the seventh
embodiment is actually configured as seen in FIG. 27, a
power supply circuit which can be ready for a maximum
load power Pomax=approximately 300 W can be obtained.

[0580] FIG. 37 shows an example of the configuration of
a power supply circuit according to an eighth embodiment of
the present invention.

[0581] The power supply circuit of the eighth embodiment
has a circuit configuration similar to those of FIGS. 17, 28
and so forth. In particular, the power supply circuit includes
a full wave rectification circuit (Di, Ci) as a rectification
circuit system for producing a rectification smoothed voltage
Ei (DC input voltage), and a primary side current resonance
type converter which has a basic configuration as a multiple
complicated resonance type converter which adopts a half
bridge coupling system. Additionally, the power supply
circuit includes a secondary side series resonance circuit
formed from the secondary winding N2 and a secondary side
resonance capacitor. Further, the power supply circuit
includes a voltage doubler full wave rectification circuit as
a rectification circuit connected to the secondary winding
N2.

[0582] Further, in the eighth embodiment, the gap G
formed in the inner magnetic leg of the core of the insulating
converter transformer PIT having, for example, the structure
shown in FIG. 2, is set to a gap length of approximately 2.8
mm, and the coupling coefficient k of the insulating con-
verter transformer PIT itself is set to k=approximately 0.65
or less. It is to be noted that the coupling coefficient k was
actually set to k=0.65.
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[0583] Since the power supply circuit of the eighth
embodiment shown in FIG. 37 includes the voltage doubler
full wave rectification circuit in this manner, where it is
configured with the same specifications as those in the
power supply circuit of the seventh embodiment shown in
FIG. 34 in regard to the AC input voltage condition, load
condition and level of the secondary side DC output voltage
Eo, the number of turns of each of the secondary winding
sections N2A and N2B can be set to 12 T, which is % the
number of turns of the secondary winding N2 of, for
example, the power supply circuit of FIG. 34. The other
components of the power supply circuit may be selectively
set the same as those of the power supply circuit of the
seventh embodiment with which the experimental results of
FIGS. 35 and 36 were obtained.

[0584] By the component selection described above, the
resonance frequency fol of the primary side series reso-
nance circuit in the eighth embodiment is set to a predeter-
mined value of fol=~70 kHz and the resonance frequency fo2
of the secondary side series resonance circuit is set to
another predetermined value of f02~80 kHz, similar to the
power supply circuit of the seventh embodiment.

[0585] As a result of an experiment conducted with the
power supply circuit of the eighth embodiment shown in
FIG. 37, substantially similar operation waveforms to those
of FIG. 35 were obtained.

[0586] Further, as a variation characteristic of the switch-
ing frequency fs with respect to the load variation, where the
load power Po varies from Po=0 W to Po=150 W, the
necessary control range when the AC input voltage VAC is
VAC=100 is 78.4 to 75.0 kHz, and the necessary control
range Afsl illustrated in FIG. 7 is Afs1=3.4 kHz.

[0587] On the other hand, when the AC input voltage VAC
is VAC=230 V, the necessary control range is from 95.7 to
90.7 kHz, and the necessary control range Afs2 illustrated in
FIG. 7 is Afs2=5.0 kHz. Also in the present embodiment, the
necessary control range for the switching frequency fs for
the individual ranges for power supplies of the AC 100 V
type and the AC 200 V type is 5 kHz or less which is very
narrow. Thus, the necessary control range remains suffi-
ciently lower than 200 kHz, which is an upper limit to the
switching driving frequency of a switching element driving
IC (oscillation driving circuit 2) at present.

[0588] Further, as regards the AC—DC power conversion
efficiency (NAC—DC), results of nAC—DC=91.7% at the
AC input voltage VAC=100 V and nAC—DC=92.3% at the
AC input voltage VAC=230 V were obtained in the load
condition of the maximum load power Pomax=150 W. From
this result, it can be recognized that, with the present
embodiment, an improvement in the AC—DC power con-
version efficiency is achieved in a condition in which the
input level of the commercial AC power supply is high.

[0589] A first modification of the eighth embodiment
described above is now described. The first modification of
the eighth embodiment has a basic configuration similar to
that of the eighth embodiment shown in FIG. 37, but has a
configuration ready for a heavier load condition.

[0590] The first modification of the eighth embodiment
has a configuration similar to that of FIG. 29. In particular,
the modified power supply circuit adopts, as the configura-
tion of the primary side and the insulating converter trans-
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former PIT, a configuration ready for a heavy load similar to
that of the power supply circuit of the first modification of
the fifth embodiment described hereinabove with reference
to FIG. 29. In particular, the primary side current resonance
type converter has the configuration of a full bridge coupling
system. Further, the insulating converter transformer PIT
itself is configured such that, for example, the gap length of
the gap G of the inner magnetic leg in the structure shown
in FIG. 2 is set to approximately 1.6 mm to set the coupling
coefficient k to k=approximately 0.75. Further, a high fre-
quency inductor L.11 having a predetermined inductance is
inserted in a series connection with the primary winding N1
of the insulating converter transformer PIT so that the
composite coupling coefficient kt of the insulating converter
transformer PIT in the power supply circuit is set to approxi-
mately 0.65 or less.

[0591] Meanwhile, the resonance frequency fol of the
primary side series resonance circuit is set to fol=70 kHz,
which is the same as that of the power supply circuit of FIG.
37, by setting the leakage inductance .1 of the primary
winding N1 in correspondence to the composite coupling
coefficient kt and the capacitance of the primary side series
resonance capacitor C1. Similarly, the resonance frequency
fo2 of the secondary side series resonance circuit is set to
f02~80 kHz, which is the same as that of the power supply
circuit of FIG. 37, by setting the leakage inductance 1.2 of
the secondary winding N2 in correspondence to the com-
posite coupling coefficient kt and the capacitance of the
secondary side series resonance capacitor C2.

[0592] If the first modification of the eighth embodiment
is actually configured such that it includes a combination of
the current resonance type converter of the full bridge
connection type and the high frequency inductor L.11 as seen
in FIG. 29, then, for example, a power supply circuit which
can be ready for a maximum load power Pomax=approxi-
mately 300 W can be obtained in practical use.

[0593] Now, a second modification of the eighth embodi-
ment described above is described. The second modification
of the eighth embodiment also has a basic configuration
similar to that of the eighth embodiment shown in FIG. 37,
but has a configuration ready for a heavier load condition.

[0594] The second modification of the eighth embodiment
has a configuration similar to that of FIG. 30. However, also
in this instance, the resonance frequencies fol and fo2 are
set in a similar manner as in the first modification of the
eighth embodiment described above. In particular, the reso-
nance frequency fol of the primary side series resonance
circuit is set to fol=~70 kHz by setting the leakage inductance
L1 of the primary winding N1 in correspondence to the
composite coupling coefficient kt and the capacitance of the
primary side series resonance capacitor C1. Similarly, the
resonance frequency fo2 of the secondary side series reso-
nance circuit is set to f02~80 kHz by setting the leakage
inductance 12 of the secondary winding N2 in correspon-
dence to the composite coupling coefficient kt and the
capacitance of the secondary side series resonance capacitor
C2.

[0595] Also, where the second modification of the eighth
embodiment is configured as seen in FIG. 30, a power
supply circuit which can be ready for a maximum load
power Pomax=approximately 300 W can be obtained.
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[0596] FIG. 38 shows an example of the configuration of
a power supply circuit according to a ninth embodiment of
the present invention.

[0597] The power supply circuit of the ninth embodiment
has a circuit configuration similar to that of FIGS. 11, 31 and
so forth. In particular, the power supply circuit includes a
full wave rectification circuit (Di, Ci) as a rectification
circuit system for producing a rectification smoothed voltage
Ei (DC input voltage), and a primary side current resonance
type converter which has a basic configuration as a multiple
complicated resonance type converter which adopts a half
bridge coupling system. Additionally, the power supply
circuit includes a secondary side series resonance circuit
formed from the secondary winding N2 and a secondary side
resonance capacitor. Further, the power supply circuit
includes a voltage doubler half wave rectification circuit as
a rectification circuit connected to the secondary winding
N2.

[0598] Further, in the ninth embodiment, the gap G formed
in the inner magnetic leg of the core of the insulating
converter transformer PIT having, for example, the structure
shown in FIG. 2, is set to a gap length of approximately 2.8
mm, and the coupling coefficient k of the insulating con-
verter transformer PIT itself is set to k=approximately 0.65
or less. It is to be noted that the coupling coefficient k was
actually set to k=0.65.

[0599] Since the power supply circuit of the ninth embodi-
ment shown in FIG. 38 includes the voltage doubler half
wave rectification circuit in this manner, where it is config-
ured with the same specifications as those in the power
supply circuit of the seventh embodiment shown in FIG. 34
in regard to the AC input voltage condition, load condition
and level of the secondary side DC output voltage Eo, the
number of turns of the secondary winding N2 can be set to
12 T which is % the number of turns of the secondary
winding N2 of the power supply circuit, for example, of
FIG. 34. The other components of the power supply circuit
may be selectively set the same as those of the power supply
circuit of the seventh embodiment with which the experi-
mental results of FIGS. 35 and 36 were obtained.

[0600] By the component selection described above, the
resonance frequency fol of the primary side series reso-
nance circuit in the ninth embodiment is set to a predeter-
mined value of fol=~70 kHz and the resonance frequency fo2
of the secondary side series resonance circuit is set to
another predetermined value of f02~80 kHz, similar to the
power supply circuit of the seventh embodiment.

[0601] As a result of an experiment conducted with the
power supply circuit of the ninth embodiment shown in
FIG. 38, substantially similar waveforms to those of FIG.
35 were obtained. It is to be noted, however, that since the
secondary side performs a voltage doubler half wave recti-
fication operation, the current 12 (rectification current) flow-
ing to the secondary winding N2 has a substantially doubled
peak level.

[0602] Further, as a variation characteristic of the switch-
ing frequency fs with respect to the load variation, where the
load power Po varies from Po=0 W to Po=150 W, the
necessary control range when the AC input voltage VAC is
VAC=100 is 78.1 to 75.0 kHz, and the necessary control
range Afsl illustrated in FIG. 7 is Afs1=3.1 kHz.
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[0603] On the other hand, when the AC input voltage VAC
is VAC=230 V, the necessary control range is from 95.3 to
90.7 kHz, and the necessary control range Afs2 illustrated in
FIG. 7 is Afs2=4.6 kHz. Also in the present embodiment, the
necessary control range for the switching frequency fs for
the individual ranges for power supplies of the AC 100 V
type and the AC 200 V type is smaller than 5 kHz which is
very narrow. Thus, the necessary control range remains
sufficiently lower than 200 kHz, which is an upper limit to
the switching driving frequency of a switching element
driving IC (oscillation driving circuit 2) at present.

[0604] Further, as regards the AC—DC power conversion
efficiency (NAC—DC), results of nAC—DC=91.5% at the
AC input voltage VAC=100 V and nAC—DC=92.1% at the
AC input voltage VAC=230 V were obtained in the load
condition of the maximum load power Pomax=150 W. Thus,
an improvement in the AC—DC power conversion effi-
ciency is achieved in a condition in which the input level of
the commercial AC power supply is high.

[0605] A first modification of the ninth embodiment
described above is now described. The first modification of
the ninth embodiment has a basic configuration similar to
that of the ninth embodiment shown in FIG. 38, but has a
configuration ready for a heavier load condition.

[0606] The first modification of the ninth embodiment has
a configuration similar to that of FIG. 32. In particular, the
power supply circuit of the first modification of the ninth
embodiment adopts, as the configuration of the primary side
and the insulating converter transformer PIT, a configuration
ready for a heavy load similar to that of the power supply
circuit of the first modification of the sixth embodiment
described hereinabove with reference to FIG. 32. In par-
ticular, the primary side current resonance type converter
has the configuration of a full bridge coupling system.
Further, the insulating converter transformer PIT itself is
configured such that, for example, the gap length of the gap
G of the inner magnetic leg in the structure shown in FIG.
2 is set to approximately 1.6 mm to set the coupling
coefficient k to k=approximately 0.75. Further, a high fre-
quency inductor L.11 having a predetermined inductance is
inserted in a series connection with the primary winding N1
of the insulating converter transformer PIT so that the
composite coupling coefficient kt of the insulating converter
transformer PIT in the power supply circuit is set to approxi-
mately 0.65 or less.

[0607] Meanwhile, the resonance frequency fol of the
primary side series resonance circuit and the resonance
frequency fo2 of the secondary side series resonance circuit
are set similarly to those of the power supply circuit of FIG.
38. In particular, the resonance frequency fol of the primary
side series resonance circuit is set to fol=70 kHz by setting
the leakage inductance L1 of the primary winding N1 in
correspondence to the composite coupling coefficient kt and
the capacitance of the primary side series resonance capaci-
tor C1. Similarly, the resonance frequency fo2 of the sec-
ondary side series resonance circuit is set to f02~80 kHz by
setting the leakage inductance 1.2 of the secondary winding
N2 in correspondence to the composite coupling coefficient
kt and the capacitance of the secondary side series resonance
capacitor C2.

[0608] If the first modification of the ninth embodiment is
actually configured such that it includes a combination of the
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current resonance type converter of the full bridge connec-
tion type and the high frequency inductor L11 as seen in
FIG. 32, for example, a power supply circuit which can be
ready for a maximum load power Pomax=approximately
300 W can be obtained in practical use.

[0609] Now, a second modification of the ninth embodi-
ment described above is described. The second modification
of the ninth embodiment also has a basic configuration
similar to that of the ninth embodiment shown in FIG. 38,
but has a configuration ready for a heavier load condition.

[0610] The second modification of the ninth embodiment
has a configuration similar to that of FIG. 33. However, also
in this instance, the resonance frequencies fol and fo2 are
set in a similar manner as in the first modification of the
ninth embodiment described above. In particular, the reso-
nance frequency fol of the primary side series resonance
circuit is set to fol=~70 kHz by setting the leakage inductance
L1 of the primary winding N1 in correspondence to the
composite coupling coefficient kt and the capacitance of the
primary side series resonance capacitor C1. Similarly, the
resonance frequency fo2 of the secondary side series reso-
nance circuit is set to f02~80 kHz by setting the leakage
inductance 1.2 of the secondary winding N2 in correspon-
dence to the composite coupling coefficient kt and the
capacitance of the secondary side series resonance capacitor
C2.

[0611] Also, where the second modification of the ninth
embodiment is configured as seen in FIG. 33, a power
supply circuit which can be ready for a maximum load
power Pomax=approximately 300 W can be obtained.

[0612] Now, a tenth embodiment of the present invention
is described with reference to FIGS. 39 to 43.

[0613] The power supply circuit of the tenth embodiment
has a circuit configuration similar to any of those of the
embodiments shown in FIGS. 1, 11, 17, 23, 28, 31, 34, 37
and 38. In other words, from a point of view of a circuit
diagram, the power supply circuit of the tenth embodiment
may have a configuration of a basic multiple resonance
converter which includes no high frequency inductors (L11,
L12, L12A or L12B).

[0614] Further, in the tenth embodiment, the insulating
converter transformer PIT has, for example, a structure such
as that shown in the sectional view of FIG. 39.

[0615] The insulating converter transformer PIT shown in
FIG. 39 includes an EE type core (EE-shaped core) formed
from a pair of E-type cores CR1 and CR2 made of a ferrite
material and combined with each other such that the mag-
netic legs thereof are opposed to each other. It is to be noted
that actually an EER type core may be selectively used.

[0616] Also in this instance, the primary winding N1 and
the secondary winding N2 are wound on winding receiving
portions of a bobbin B which are different from each other.
The bobbin B in this instance is made of, for example, a resin
material and has such a divisional shape that the winding
receiving portions on the primary side and the secondary
side thereof are separated from each other so as to be
independent of each other. The bobbin B on which the
primary winding N1 and the secondary winding N2 are
wound in this manner is attached to the EE type core (CR1,
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CR2). Consequently, the primary winding N1 and the sec-
ondary winding N2 are wound on the inner magnetic leg of
the EE type core.

[0617] A gap G is formed in the inner magnetic leg of the
EE type core in the manner shown in FIG. 39. The gap G
in this instance is formed such that the gap length Lnl
thereof is set, for example, to approximately 1.6 mm.
Consequently, in a form of the insulating converter trans-
former PIT in which ferrite sheet cores FSC1 and FSC2
described below are not inserted, the coupling coefficient k
of the insulating converter transformer PIT itself is approxi-
mately k=approximately 0.75.

[0618] In the insulating converter transformer PIT shown
in FIG. 39, the ferrite sheet cores FSC1 and FSC2 are
provided in a sandwiched state between central portions of
the two outer magnetic legs of the EE type core, that is,
portions of the outer magnetic legs at the boundary between
the winding receiving portion for the primary winding N1
and the winding receiving portion for the secondary winding
N2. The ferrite sheet cores FSC1 and FSC2 have a prede-
termined thickness Ln2.

[0619] The ferrite sheet cores FSC1 and FSC2 in this
instance are made of ferrite similar to the E type cores CR1
and CR2 as can be recognized from their name and are
provided in a state in which they are held between the outer
magnetic legs. Further, the ferrite sheet cores FSC1 and
FSC2 are provided such that each of them has a portion
(magnetic path generation portion) of a predetermined
length Ln3 projecting toward the inner magnetic leg of the
EE type core from the inner side end face portion of an outer
magnetic leg. Consequently, the end portions of the ferrite
sheet cores FSC1 and FSC2 are inserted by a predetermined
length at the location between the winding receiving por-
tions of the bobbin B for the primary winding N1 and the
secondary winding N2.

[0620] Here, in the case of a simple EE type core structure
wherein the ferrite sheet cores FSC1 and FSC2 are not
inserted, for example, like the insulating converter trans-
former PIT described hereinabove with reference to FIG. 2,
magnetic paths are formed as indicated by magnetic fluxes
¢1 and ¢2 in FIG. 40A. It is to be noted that, in FIGS. 40A
and 40B, the bobbin B is omitted to facilitate understanding
of the illustration.

[0621] As can scen from FIG. 40A, the magnetic paths of
the magnetic fluxes ¢1 and ¢2 extend along the outer
magnetic legs such that they pass through the primary
winding N1 side and the secondary winding N2 side. There-
fore, the original coupling degree between the primary
winding N1 and the secondary winding N2 is correspond-
ingly high, and such a coupling coefficient k of the insulating
converter transformer PIT as k=approximately 0.75 men-
tioned hereinabove is obtained by forming the gap G of a
gap length of approximately 1.6 mm in the inner magnetic
leg.

[0622] In contrast, where the ferrite sheet cores FSC1 and
FSC2 are provided in such a manner as seen in FIG. 39,
since the E type cores CR1 and CR2 are made of the same
ferrite material as that of the ferrite sheet cores FSC1 and
FSC2, it is possible to consider that the EE type core has a
shape in which a central portion of each of the outer
magnetic legs projects toward the central portion of the inner
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magnetic leg as seen in FIG. 40B. According to the shape of
the EE type core just described, the spatial distance between
the central portion of each of the outer magnetic legs and the
central portion of the inner magnetic leg is shorter by the
length Ln3 of the projecting portion (magnetic path genera-
tion portion) than that of the EE type core shape of FIG.
40A.

[0623] As the central portions of the outer and inner
magnetic legs come nearer to each other, in the insulating
converter transformer PIT in FIG. 39, magnetic fluxes
denoted by ¢11 and ¢12 and indicated by broken lines in
FIG. 40B are generated. The amount of the components of
the magnetic fluxes ¢11 and ¢12 increases as the length L.n3
of the projecting portions of the ferrite sheet cores FSC1 and
FSC2 increases so as to decrease the spatial distance
between the central portions of the outer magnetic legs and
the central portion of the inner magnetic leg. Meanwhile, the
amount of the component of the magnetic fluxes ¢1 and ¢2
decreases.

[0624] The magnetic paths of the magnetic fluxes $11 and
¢12 are formed corresponding to the primary winding N1
side and the secondary winding N2 side, respectively.
Accordingly, that the magnetic fluxes ¢11 and ¢$12 increase
as the component amount of the magnetic fluxes ¢1 and ¢2
decreases signifies that the coupling degree between the
primary winding N1 and the secondary winding N2, that is,
the composite coupling coefficient kt, increases. Then, as a
result of the increase of the composite coupling coefficient
kt, the value of the leakage inductance between the primary
winding N1 side and the secondary winding N2 side of the
insulating converter transformer PIT increases equivalently
from the amount which depends upon the gap G of the inner
magnetic leg.

[0625] Circuit diagrams of equivalent circuits of the power
supply circuit which include the insulating converter trans-
former PIT described above with reference to FIG. 39 are
shown in FIGS. 41 to 43.

[0626] In particular, FIG. 41 shows an equivalent circuit
to the power supply circuit which includes a full wave
rectification circuit in the secondary side rectification circuit.

[0627] Referring to FIG. 41, the insulating converter
transformer PIT shown has a leakage inductance L1 of the
primary winding N1 determined from the gap G as a factor
and another leakage inductance L2 of the secondary winding
N2. This applies similarly to the equivalent circuits shown in
FIGS. 42 and 43.

[0628] Further, equivalent increasing amounts of the leak-
age inductances by the provision of the ferrite sheet cores
FSC1 and FSC2 in the insulating converter transformer PIT
can be represented as an inductor L.11 connected in series to
the primary winding N1 and another inductor [.21 connected
in series to the secondary winding N2, respectively. In other
words, it can be regarded that the power supply circuit has
a circuit configuration which includes the high frequency
inductor L.11 on the primary side and the high frequency
inductor L12 on the secondary side as provided in the first
and second modifications to the fourth to ninth embodiments
described hereinabove.

[0629] FIG. 42 shows an equivalent circuit to the power
supply circuit which includes a voltage doubler full wave
rectification circuit in the secondary side rectification circuit
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like the power supply circuits, for example, shown in FIGS.
17, 21, 22, 28, 29, 30 and 37. It is to be noted that, although
the same voltage doubler full wave rectification circuit as
those shown in FIGS. 28 and 29 is shown in FIG. 42,
similar equivalent circuits also can be formed with regard to
the voltage doubler full wave rectification circuits shown in
the remaining figures.

[0630] In the power supply circuit shown in FIG. 42, in
which an insulating converter transformer PIT having the
structure described hereinabove with reference to FIG. 39 is
provided, equivalent increasing amounts of the leakage
inductances by the provision of the ferrite sheet cores FSC1
and FSC2 can be represented as an inductor L11 connected
in series with the primary winding N1 and inductors [.21a
and [21b connected in series with the secondary winding
sections N2A and N2B, respectively. Accordingly, in this
instance, it can be regarded that the power supply circuit has
a circuit configuration which includes the high frequency
inductor L11 on the primary side and the high frequency
inductors L12A and L12B corresponding to the voltage
doubler full wave rectification circuit on the secondary side.

[0631] FIG. 43 shows an equivalent circuit to the power
supply circuit which includes a voltage doubler half wave
rectification circuit in the secondary side rectification circuit
like the power supply circuits, for example, shown in FIGS.
11, 15, 31, 32, 33 and 38. It is to be noted that, although a
voltage doubler half wave rectification circuit having a
circuit configuration different from those of the figures
mentioned above is shown in FIG. 16, a circuit diagram of
an equivalent circuit to the circuit of FIG. 16 can be
produced by connecting, based on the circuit diagram of
FIG. 16, an inductor .11 in series with the primary winding
N1 and connecting another inductor 1.21 in series with the
secondary winding N2.

[0632] In the power supply circuit shown in FIG. 43, in
which the insulating converter transformer PIT having the
structure described hereinabove with reference to FIG. 39 is
provided, equivalent increasing amounts of the leakage
inductances by the provision of the ferrite sheet cores FSC1
and FSC2 can be represented as an inductor L11 connected
in series with the primary winding N1 and another inductor
21 connected in series with the secondary winding N2,
respectively. Accordingly, also in this instance, it can be
regarded that the power supply circuit has a circuit configu-
ration which includes the high frequency inductor L11 on
the primary side and the high frequency inductor .12
corresponding to the voltage doubler half wave rectification
circuit on the secondary side.

[0633] Based on the formation of the equivalent circuits
shown in FIGS. 41 to 43, according to the tenth embodi-
ment, for example, the inductances of the inductor L.11 on
the primary side and the inductor 1.21 (inductors L.21a and
L.21b) on the secondary side are set so that the composite
coupling coefficient kt of the insulating converter trans-
former PIT is set to kt=approximately 0.65 or less. The
inductances can be set principally by the length Ln3 (and
thickness Ln2) of the projecting portions (magnetic path
generation portions) of the ferrite sheet cores FSC1 and
FSC2.

[0634] By setting the composite coupling coefficient kt of
the insulating converter transformer PIT to kt=approxi-
mately 0.65 or less in this manner, a unimodal characteristic
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described hereinabove with reference to FIGS. 6 and 7 is
obtained as the control characteristic of the secondary side
DC voltage in a similar manner as with the power supply
circuits of those embodiments which include the high fre-
quency inductor .11 on the primary side, or the high
frequency inductor .12 or high frequency inductors L12A
and L12B on the secondary side. Consequently, the power
supply circuit can be ready for a wide range.

[0635] 1t is described here for confirmation that, in the
structure of the insulating converter transformer PIT in the
tenth embodiment, as described hereinabove with reference
to FIG. 39, the gap G of the inner magnetic leg has a gap
length (Lnl) of approximately 1.6 mm, similar to the
above-described embodiments. Further, the ferrite sheet
cores FSC1 and FSC2 provided for the outer magnetic legs
merely give rise to a variation of the magnetic flux condi-
tion, and even if an equivalent increase of the leakage
inductance is provided, an increase of the leakage induc-
tance does not actually occur. Accordingly, the insulating
converter transformer PIT is free from the problem of
increasing eddy current loss in the proximity of the inner
magnetic leg.

[0636] Further, as can be understood from the foregoing
description, the composite coupling coefficient kt may be set
such that a portion of the length L.n3 as a magnetic path
generation portion is formed on the basic shape of the EE
type core. Therefore, when the core of the insulating con-
verter transformer PIT is to be shaped, for example, E type
cores deformed so as to obtain the actual core shape as
shown, for example, in FIG. 40B may be shaped and
combined with each other without using a ferrite sheet core.

[0637] However, in the present embodiment, it is taken
into consideration that, under present conditions, it is sim-
pler and easier as a production process to sandwich the
ferrite sheet cores (FSC1 and FSC2) in the outer magnetic
legs of the core than to shape such an E shaped core as
described above.

[0638] 1t is to be noted that, in the foregoing description,
the coupling coefficient between the primary side and the
secondary side of the insulating converter transformer PIT
itself is represented by k, while the coupling coefficient
between the primary side and the secondary side of the
insulating converter transformer PIT in the power supply
circuit is represented by kt so that they are distinguished
from each other.

[0639] However, where a high frequency inductor is not
connected in series to the primary winding N1 and/or the
secondary winding N2 of the insulating converter trans-
former PIT, as in the embodiments and modifications
described hereinabove except the first and second modifi-
cations of the fourth to ninth embodiments, if it is regarded
that the inductance of the high frequency inductor is 0, then
the composite leakage inductance of the insulating converter
transformer PIT in the circuit can be represented as L1+0
where the leakage inductance of the primary winding N1
itself is represented by L1, or as 1.2+0 where the leakage
inductance of the secondary winding N2 itself is represented
by L.2. As a concept in the present invention, the coupling
coefficient k in this instance should be handled as the
composite coupling coefficient kt where the inductance of
the high frequency inductor is O.

[0640] The present invention should not be restricted to
the embodiments described hereinabove.
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[0641] For example, according to the equivalent circuit
diagrams shown in FIGS. 41 to 43, the power supply circuit
may be configured such that the coupling coefficient k of the
insulating converter transformer PIT itself is set to k=ap-
proximately 0.75 and actual part elements as the high
frequency inductors L.11 and 12 of predetermined induc-
tance values are connected in series to the primary winding
N1 and the secondary winding N2, respectively.

[0642] Further, the structure of the insulating converter
transformer PIT beginning with the core type and so forth
may be modified suitably as far as necessary magnetic paths
are formed. However, as regards the first to third embodi-
ments, if the gap length of the gap G formed in the core of
the insulating converter transformer PIT is expanded to such
a degree that, for example, a coupling coefficient k=approxi-
mately 0.65 is obtained, then a steep rising tendency of the
switching frequency appearing in a light load condition in
the related-art power supply circuit can be suppressed.

[0643] Further, while the switching converters illustrated
in the embodiments are based on a separately excited current
resonance type converter, it is possible to form a power
supply circuit alternatively including, for example, a self-
excited current resonance converter. Further, the switching
elements used in the switching converters may each be
formed from some other element than a MOS-FET such as,
for example, a bipolar transistor or an IGBT (Insulated Gate
Bipolar Transistor).

[0644] Further, the constants and so forth of the part
elements described hereinabove may be suitably changed in
accordance with actual conditions.

[0645] Although the invention herein has been described
with reference to particular embodiments, it is to be under-
stood that these embodiments are merely illustrative of the
principles and applications of the present invention. It is
therefore to be understood that numerous modifications may
be made to the illustrative embodiments and that other
arrangements may be devised without departing from the
spirit and scope of the present invention as defined by the
appended claims.

1. A switching power supply circuit, comprising:

a switching circuit including a switching device operable
to perform a switching operation at a switching fre-
quency based on a DC input voltage, the switching
operation resulting in a switching output;

a switching driving unit operable to drive the switching
device to perform the switching operation;

an insulating converter transformer having a core with a
primary winding on a primary side and a secondary
winding on a secondary side, the primary winding
being supplied with the switching output of the switch-
ing operation, and the secondary winding having an
alternating voltage induced therein by the primary
winding, the core having a gap formed at a predeter-
mined position between the primary side and the sec-
ondary side, the gap having a length selected to produce
a predetermined coupling coefficient between the pri-
mary side and the secondary side;

a primary side series resonance circuit including a leakage
inductance component of the primary winding and a
capacitance of a primary side series resonance capaci-
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tor connected in series with the primary winding for
producing a predetermined primary side resonance
frequency for making the switching circuit operate on
a current resonance basis;

secondary side series resonance circuit including a
leakage inductance component of the secondary wind-
ing and a capacitance of a secondary side series reso-
nance capacitor connected in series with the secondary
winding for producing a predetermined secondary side
resonance frequency;

the primary side series resonance circuit and the second-
ary side series resonant circuit forming an electromag-
netic coupling type resonance circuit;

secondary side DC output voltage production unit
operable to input a resonance output from the second-
ary side series resonance circuit and to perform a
rectification operation on the input resonance output to
produce a secondary side DC output voltage;

constant voltage control unit operable to control the
switching driving unit in response to a level of the
secondary side DC output voltage to adjust the switch-
ing frequency of the switching circuit to perform con-
stant voltage control for the secondary side DC output
voltage; and

a composite coupling coefficient setting unit operable to
set a composite coupling coefficient between the pri-
mary side and the secondary side of the insulating
converter transformer so that the electromagnetic cou-
pling type resonance circuit has a unimodal output
characteristic with respect to an input of a frequency
signal having the switching frequency.

2. The switching power supply circuit according to claim

1, wherein the secondary side resonance frequency is lower
than the primary side resonance frequency.

3. The switching power supply circuit according to claim

1, wherein the secondary side resonance frequency is higher
than the primary side resonance frequency.

4. The switching power supply circuit according to claim

1, wherein the secondary side resonance frequency has a
predetermined value within a range between a lower limit
frequency represented by a predetermined magnification
value less than 1 and an upper limit frequency represented
by a predetermined magnification value greater than 1 with
respect to the primary side resonance frequency.

5. The switching power supply circuit according to claim

1, wherein the composite coupling coefficient setting unit
includes the insulating converter transformer, and the length
of the gap in the core of the insulating converter transformer
is selected so that the composite coupling coefficient
between the primary side and the secondary side of the
insulting converter transformer is based on the coupling
coefficient of the insulating converter transformer.

6. The switching power supply circuit according to claim

1, wherein the composite coupling coefficient setting unit
includes:

the insulating converter transformer, wherein the length of
the gap in the core of the insulating converter trans-
former is selected so that the coupling coefficient of the
insulating converter transformer has a predetermined
value higher than the composite coupling coefficient;
and
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an inductor having a predetermined inductance connected
in series with the primary winding and/or the secondary
winding of the insulating converter transformer.

7. The switching power supply circuit according to claim
1, wherein the composite coupling coefficient setting unit
includes the insulating converter transformer, the insulating
converter transformer including a magnetic path generating
portion operable to equivalently form an inductor connected
in series with the primary winding and/or the secondary
winding of the insulating converter transformer.

8. The switching power supply circuit according to claim
7, wherein the core of the insulating converter transformer
is an EE type core having a pair of outer magnetic legs and
an inner magnetic leg, and the magnetic path generating
portion includes a projection formed on at least one of the
outer magnetic legs so as to project toward the inner
magnetic leg.

9. The switching power supply circuit according to claim
1, wherein the secondary side DC output voltage producing
unit includes a rectification device having on and off con-
ditions, the switching power supply circuit further compris-
ing a secondary side partial resonance capacitor having a
capacitance that cooperates with the leakage inductance
component of the secondary winding to form a partial
resonance circuit, the partial resonance circuit being oper-
able to perform a partial resonance operation when the
rectification device is in the off condition.

10. The switching power supply circuit according to claim
1, wherein the switching circuit includes four switching
devices connected in a full bridge connection.

11. The switching power supply circuit according to claim
1, further comprising a rectification smoothing circuit oper-
able to input a commercial AC power supply voltage and to
output the DC input voltage as a rectification smoothed
voltage, the rectification smoothing circuit being a voltage
doubler rectification circuit operable to form the rectification
smoothed voltage at twice the voltage of the commercial AC
power supply voltage.

12. The switching power supply circuit according to claim
1, wherein the secondary side DC output voltage producing
unit includes a bridge rectification circuit including rectifi-
cation devices connected in a bridge connection to produce
a rectification output and a secondary side smoothing
capacitor operable to smooth the rectification output, the
bridge rectification circuit performing a full wave rectifica-
tion operation.

13. The switching power supply circuit according to claim
1, wherein the secondary side DC output voltage producing
unit is a voltage doubler rectification circuit operable to
produce the secondary side DC output voltage at twice the
voltage of the alternating voltage induced in the secondary
winding.

14. The switching power supply circuit according to claim
13, further comprising a secondary side smoothing capaci-
tor, wherein the voltage doubler rectification circuit is a
voltage doubler half-wave rectification circuit formed so as
to charge a rectification current within only ones of half
cycles of the alternating voltage induced in the secondary
winding into the secondary side smoothing capacitor to
produce at least part of the secondary side DC output voltage
as a voltage across the secondary side smoothing capacitor.

15. The switching power supply circuit according to claim
13, further comprising a secondary side smoothing capaci-
tor, wherein the voltage doubler rectification circuit is a
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43
voltage doubler full-wave rectification circuit formed so as least part of the secondary side DC output voltage as a
to charge a rectification current within both of half cycles of voltage across the secondary side smoothing capacitor.
the alternating voltage induced in the secondary winding
into the secondary side smoothing capacitor to produce at L
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