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SWITCHING POWER SUPPLY CIRCUIT 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a switching power 
supply circuit equipped to various types of electronic equip 
ment as a power source. 

[0003] 2. Description of the Related Art 

[0004] There has been widely known a switching power 
supply circuit using a switching converter of such a type as 
a ?y-back converter or a forward converter. These switching 
converters are restricted in reduction of switching noises 
because the switching operation waveform thereof is a 
rectangular waveform. Further, it has been found that restric 
tions are imposed on improvements of the power transform 
ef?ciency from the viewpoint of the performance character 
istics. 

[0005] Therefore, various types of switching power supply 
circuits each based on a resonance type converter were 

previously proposed by the applicant of this application. The 
resonance type converter can easily achieve a high power 
transform ef?ciency, and also it can reduce the noises 
because the switching operation waveform is a sine wave. 
Further, there is a merit that it can be constructed by a 
relatively small number of parts. 

[0006] FIG. 7 is a circuit diagram showing a conventional 
switching power supply circuit, which can be constructed on 
the basis of the invention previously-proposed by the appli 
cant of this application. As the basic construction of the 
power supply circuit shown in FIG. 7, it is equipped with a 
voltage resonance type converter as a primary switching 
converter. 

[0007] In the power supply circuit shown in FIG. 7, a 
recti?ed smoothened voltage Ei corresponding to the level 
which is once as high as an alternating input voltage VAC is 
generated from a commercial alternating power source 
(alternating input voltage VAC) by a bridge rectifying circuit 
Di and a smoothing capacitor Ci. 

[0008] At the primary side of the power supply circuit thus 
constructed, a self-exciting type construction is shown as a 
voltage resonance type converter circuit for performing a 
single-end operation by a single-stone switching element 
Q1. In this case, a bipolar transistor (BJT; junction type 
transistor) having high resistance to voltage is adopted for 
the switching element Q1. 

[0009] The base of the switching element Q1 is connected 
to the positive polarity side of the smoothing capacitor Ci 
(recti?ed smoothened voltage Ei) through a starting resistor 
(RS), and the base current at the starting time is achieved 
from the rectifying and smoothing line. 

[0010] A drive winding NB comprising one turn 1T of 
winding at the primary side of the insulating converter 
transformer PIT, and a series resonance circuit for self 
eXciting driving operation which comprises a series circuit 
of an inductor LB, a resonance capacitor CB and a base 
current limiting resistor RB are connected across the base of 
the switching element Q1 and the earth at the primary side. 
A switching frequency fs for switching on/off the switching 
element Q1 is generated by the self-exciting circuit. 
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[0011] A route for clamp current ?owing when the switch 
ing element Q1 is in off-state is formed by a clamp diode 
DD1 inserted between the base of the switching element Q1 
and the negative polarity (the earth at the primary side) of 
the smoothing capacitor Ci. Further, the collector of the 
switching element Q1 is connected to the winding-start edge 
portion of the primary winding N1 of the insulating con 
verter transformer PIT, and the emitter thereof is connected 
to the earth. 

[0012] A parallel resonance capacitor Cr is connected 
between the collector and emitter of the switching element 
Q1 in parallel to the switching element Q1. In this case, the 
primary parallel resonance circuit of the voltage resonance 
type converter is also formed by the capacitance of the 
parallel resonance capacitor Cr itself and a leakage induc 
tance L1 at the primary winding N1 side of the insulating 
converter transformer PIT. 

[0013] The insulating converter transformer PIT is pro 
vided to transmit the switching output of the switching 
converter achieved at the primary side to the secondary side. 

[0014] The insulating converter transformer PIT is pro 
vided with an EE type core comprising ferrite E type cores 
CR1, CR2 as shown in FIG. 8. In the insulating converter 
transformer PIT, divided bobbins B are used, and the pri 
mary winding N1 and the secondary winding N2 both of 
which are litZ wires are wounded around the divided areas 
as shown in FIG. 8. Here, the primary winding N1 and the 
secondary winding N2 are wound in the same winding 
direction. 

[0015] A gap G is formed for a center magnetic leg of the 
BE type core as shown in FIG. 8. The leakage inductance in 
the insulating converter transformer PIT is determined by 
the gap length of the gap G, and loose coupling based on a 
required coupling coefficient is achieved. The coupling 
coef?cient k at this time is set to k#0. 85 so that the loose 
coupling state is achieved, and thus the saturation state is 
hardly achieved. The gap G can be formed by making the 
center magnetic leg of the E-type cores CR1, CR2 shorter 
than two outer magnetic legs, and the gap length in this case 
is set to about 1 mm. 

[0016] For the mutual inductance M between the induc 
tance L1 of the primary winding N1 and the inductance L2 
of the secondary winding N2, the operation of the insulating 
converter transformer PIT may be selectively set to a +M 
operation mode (additive polarity mode: forward operation) 
or a —M operation mode (subtractive polarity mode: ?y-back 
operation) in accordance with the connection relationship 
between the polarity (winding direction) of the primary 
winding N1, the secondary winding N2 and the rectifying 
diode D0. 

[0017] For eXample, assuming that the polarities (winding 
directions) of the primary winding N1 and the secondary 
winding N2 are the same, the mutual inductance is set to +M 
if the circuit is equivalent to the circuit shown in FIG. 9A, 
and the mutual inductance is set to —M if the circuit is 
equivalent to the circuit shown in FIG. 9B. 

[0018] As shown in FIG. 7, the winding-start edge portion 
of the primary winding N1 of the insulating converter 
transformer PIT is connected to the collector of the main 
switching element Q1, and the winding-end edge portion is 
connected to the line of the recti?ed smoothened voltage Ei. 
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[0019] Further, the Winding-start edge portion of the sec 
ondary Winding N2 is connected to the earth at the secondary 
side, and the Winding-end edge portion is connected to the 
positive-polarity terminal of the smoothing capacitor C01 
through the rectifying diode D01. 

[0020] In such a connection style, the additive polarity 
connection is carried out betWeen the primary Winding N1 
and the secondary Winding N2 of the insulating converter 
transformer PIT, and this corresponds to the equivalent 
circuit shoWn in FIG. 9A. 

[0021] The sWitching output of the main sWitching ele 
ment Q1 forming the primary voltage resonance type con 
verter is transmitted to the primary Winding N1 of the 
insulating converter transformer PIT having the above con 
struction, and further transmitted to the secondary Winding 
N2 While it is excited. 

[0022] In this case, at the secondary side of the insulating 
converter transformer PIT, the secondary parallel resonance 
capacitor C2 is connected to the secondary Winding N2 in 
parallel as shoWn in the ?gure, so that the secondary parallel 
resonance circuit is formed together With the leakage induc 
tance L2 of the secondary Winding N2. 

[0023] A half-Wave rectifying circuit comprising the rec 
tifying diode D01 and the smoothing capacitor C01 is 
connected to the secondary parallel resonance circuit in the 
connection style shoWn in the ?gure, thereby outputting the 
secondary DC output voltage E01. 

[0024] In the poWer supply circuit thus constructed, the 
primary side is equipped With the parallel resonance circuit 
for setting the sWitching operation to the voltage resonance 
type, and the secondary side is equipped With the parallel 
resonance circuit for achieving the voltage resonance opera 
tion. In this speci?cation, the sWitching converter that oper 
ates While it is equipped With the resonance circuits at the 
primary and secondary sides is referred to as “composite 
resonance type sWitching converter”. 

[0025] Further, in the poWer supply circuit, an active 
clamp circuit 20 is equipped to the secondary side. 

[0026] That is, as the secondary active clamp circuit 20 are 
provided an auxiliary sWitching element Q2 of MOS-FET, a 
clamp capacitor C3, and a clamp diode DD2 of a body diode. 
Further, a drive Winding Ng1, a capacitor Cg1 and a resistor 
Rg1 are equipped as a driving circuit system for driving the 
auxiliary sWitching element Q2. 

[0027] A clamp diode DD2 is connected in parallel 
betWeen the drain and source of the auxiliary sWitching 
terminal Q2. As a connection style, the anode of the clamp 
diode DD2 is connected to the source, and the cathode is 
connected to the drain. 

[0028] Further, the drain of the auxiliary sWitching ele 
ment Q2 is connected to the connection point betWeen the 
Winding-end edge portion of the secondary Winding N2 and 
the anode of the rectifying diode D01 through the clamp 
capacitor C3. The source of the auxiliary sWitching element 
Q2 is connected to the secondary earth. 

[0029] Accordingly, the secondary active clamp circuit 20 
is constructed by connecting the clamp capacitor C3 to the 
parallel connection circuit of the auxiliary sWitching element 
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Q3, the clamp diode DD2 in series. The circuit thus formed 
is further connected to the secondary parallel resonance 
circuit in parallel. 

[0030] Further, as the driving circuit system of the auxil 
iary sWitching element Q2, the series connection circuit of 
capacitor Cg1-resistor Rg1-drive Winding Ng1 is connected 
to the gate of the auxiliary sWitching element Q2 as shoWn 
in the ?gure. The series connection circuit forms a self 
exciting type driving circuit for the auxiliary sWitching 
element Q2. That is, a signal voltage is applied from the 
self-exciting type driving circuit to the gate of the sWitching 
element Q2 to carry out the sWitching operation. 

[0031] In this case, the driving Winding Ng1 is formed at 
the Winding-start edge portion side of the secondary Winding 
N2, and the number of turns is set to 1T (turn) , for example. 

[0032] Accordingly, a voltage excited by an alternating 
voltage achieved at the primary Winding N1 occurs at the 
drive Winding Ng1. In this case, voltages having the oppo 
site polarities are achieved at the secondary Winding N2 and 
the drive Winding Ng1 from the vieWpoint of the relation 
ship of the Winding direction. 

[0033] The sWitching operation of the auxiliary sWitching 
element Q2 is subjected to PWM control by the control 
circuit 1 equipped at the secondary side. 

[0034] That is, the secondary DC output voltage E01 is 
supplied to the control circuit 1, and the control circuit 1 
applies the DC control voltage corresponding to the second 
ary DC output voltage E01 to the gate of the auxiliary 
sWitching element Q2 to control the conduction angle of the 
auxiliary sWitching element Q2, Whereby the stabiliZation of 
the DC output voltage E01 to the variation of the alternating 
input voltage VAC and the load poWer P0 is carried out. 

[0035] In the poWer supply circuit shoWn in FIG. 7, the 
Winding directions of the primary Winding N1 and the 
secondary Winding N2 are the same as shoWn by the 
structure of the insulating converter transformer PIT of FIG. 
8. Accordingly, magnetomotive force is generated at the 
primary Winding N1 by primary Winding current I1 ?oWing 
through the primary Winding N1. Likewise, magnetomotive 
force is generated at the secondary Winding N2 by secondary 
Winding current I2 ?oWing through the secondary Winding 
N2, Whereby a primary magnetic ?ux (1)1 occurs at the 
primary side While a secondary magnetic ?ux (1)2 occurs at 
the secondary side as shoWn in FIG. 8. 

[0036] As described above, the primary Winding N1 and 
the secondary Winding N2 in the circuit of FIG. 7 are 
connected to each other With additive polarity, so that the 
primary magnetic ?ux (1)1 and the secondary magnetic ?ux 
(1)2 Work to be added With each other. Accordingly, a 
magnetic ?ux represented by (1)1+(1)2 occurs at the center 
magnetic leg of the insulating converter transformer PIT. 

[0037] That is, the primary Winding N1 and the secondary 
Winding N2 have the same Winding direction and satisfy the 
additive polarity connection, so that a relatively large mag 
netic ?ux comprising the mixture of the primary magnetic 
?ux (1)1 and the secondary magnetic ?ux (1)2 occurs at the 
center magnetic leg. 

[0038] Here, if no gap is formed at the center magnetic leg 
of the core of the insulating converter transformer PIT (gap 
length=0), the magnetic ?ux enters a saturation area of the 
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magnetization curve of the ferrite core under the condition 
that the load poWer Po=about 100 W, for example. In the 
speci?cation, the “saturation” situation means the state that 
the magnetic ?ux enters such a saturation area of the 
magnetization curve. 

[0039] Accordingly, the inductance of the core is sharply 
reduced, and the main sWitching element Q1 of BJT may be 
broken With high probability. 

[0040] Therefore, the insulating converter transformer PIT 
is designed so that the loose coupling state based on a 
required coupling coefficient can be achieved by forming the 
gap G as shoWn in FIG. 8, Whereby no saturation occurs. 

[0041] In order to avoid the phenomenon described above 
and satisfy the regulation range in the case of the poWer 
supply circuit having the construction shoWn in FIG. 7, it is 
required to manage the gap length of the gap G formed in the 
insulating converter transformer PIT With the precision of 1 
mm:0.1 mm. 

[0042] In order to satisfy the precision of the gap length 
described above, it is required to polish the center magnetic 
leg of each of the E-type core CR1, Cr2 and carry out the 
manufacturing management With the precision of 0.5 mm 
10.05 mm. Accordingly, the manufacturing time is increased 
because a Work of polishing the center magnetic leg of the 
E type core With high precision is needed, and it is difficult 
to perform the product management because there is con 
sidered such a case that insulating converter transformers 
Which have the same E type cores, but are different in gap 
length are produced. That is, necessity of forming a gap 
causes the manufacturing efficiency to be loWered. 

[0043] When the gap G is formed in the insulating con 
verter transformer PIT, a leakage magnetic ?ux called as a 
fringe magnetic ?ux occurs in the neighborhood of the gap 
G, so that an eddy current loss occurs at the primary Winding 
N1 and the second Winding N2 corresponding to litZ Wires, 
and local heat occurs. This heat is transferred to Wires under 
a loW temperature, and the temperature of the Windings 
themselves is increased. Accordingly, it has been found that 
a poWer loss called as a copper loss is increased and the 
poWer transform efficiency is loWered. 

[0044] Particularly, in the circuit shoWn in FIG. 7, the 
high-frequency current amount of the primary Winding 
current I1 ?oWing in the primary Winding N1 and the 
secondary Winding current I2 ?oWing in the secondary 
Winding N2 is large, so that the heat due to the DC resistance 
as the litZ Wire and the eddy current loss in the primary 
Winding current I1 and the second Winding N2 is remark 
able. 

[0045] Further, in the circuit shoWn in FIG. 7, there occurs 
such a problem that When the level of the alternating input 
voltage VAC under a heavy load condition is loWered to the 
level of about 75 V to 85 V in AC 100 system, an abnormal 
operation period Which is not the ZVS (Zero Voltage SWitch 
ing) operation occurs as the operation of the primary main 
sWitch element Q1. If such a phenomenon lasts, the main 
sWitch element O1 is heated, and it may be broken in a short 
time. 

SUMMARY OF THE INVENTION 

[0046] Therefore, in vieW of the foregoing problem, there 
is provided a sWitching poWer supply circuit comprising: 
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sWitching means formed to have a main sWitching element 
for intermittently outputting a DC input voltage; a primary 
parallel resonance capacitor provided so as to form a pri 
mary parallel resonance circuit for making the operation of 
the sWitching means a voltage resonance type; an insulating 
converter transformer having a structure that a required 
coupling coefficient to establish the loose coupling betWeen 
the primary side and the secondary side is achieved, the 
insulating converter transformer transmitting the output of 
the sWitching means achieved at the primary side to the 
secondary side; a secondary resonance circuit formed by 
connecting a secondary resonance capacitor to a secondary 
Winding of the insulating converter transformer; DC output 
voltage generating means that receives an alternating volt 
age achieved at the second Winding of said insulating 
converter transformer to carry out a rectifying operation, 
thereby achieving a secondary DC output voltage; secondary 
active clamp means that is formed in parallel to said sec 
ondary resonance capacitor so as to have a series connection 
circuit comprising a clamp capacitor and a secondary auX 
iliary sWitching element; and voltage stabiliZing means for 
applying a DC control signal based on the secondary DC 
output voltage to the secondary auXiliary sWitching element 
to eXecute conduction angle control on the secondary auX 
iliary sWitching element to stabiliZe the secondary DC 
output voltage, Wherein the insulating converter transformer 
has a core that is not provided With any gap for prohibiting 
saturation, the primary Winding and the secondary Winding 
are Wound around the core in the opposite Winding direc 
tions and the primary Winding and the secondary Winding 
are connected to each other so that additive polarity is 
established. 

[0047] According to the present invention, there is 
achieved a so-called composite resonance type sWitching 
converter construction in Which the primary parallel reso 
nance circuit forming the voltage resonance converter is 
equipped at the primary side, and the secondary parallel 
resonance circuit constructed by the secondary Winding and 
the secondary parallel resonance capacitor is equipped at the 
secondary side. Further, the active clamp circuit is provided 
at the secondary side, and the voltage stabiliZing control is 
carried out by subjecting the auXiliary sWitching element of 
the active clamp circuit to conduction angle control. 

[0048] On the basis of the above construction, the primary 
Winding and the secondary Winding are Wound in the 
insulating converter transformer so that the Winding direc 
tions thereof are opposite to each other, and the additive 
polarity connection is carried out on the primary Winding 
and the secondary Winding. Accordingly, the magnetic 
?uxes achieved by the primary Winding and the secondary 
Winding act to offset each other, so that the magnetic ?ux 
occurring in the core can be reduced and thus the shift to the 
saturation state can be suppressed. Therefore, the core of the 
insulating converter transformer in the sWitching poWer 
supply circuit of the present invention is not equipped With 
any gap Which is formed to suppress the saturation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0049] FIG. 1 is a circuit diagram shoWing the construc 
tion of a sWitching poWer supply circuit according to a ?rst 
embodiment of the present invention; 

[0050] FIG. 2 is a cross-sectional vieW shoWing the con 
struction of an insulating converter transformer equipped to 
the sWitching poWer supply circuit of the embodiment; 



US 2002/0089863 A1 

[0051] FIGS. 3A to 3E are Waveform diagrams showing 
the operation of the main part of the switching poWer supply 
circuit according to the embodiment; 

[0052] FIGS. 4A and 4B are Waveform diagrams to 
compare ZVS operation betWeen the sWitching poWer sup 
ply circuit of the embodiment and the prior art; 

[0053] FIG. 5 is a circuit diagram shoWing the construc 
tion of a sWitching poWer supply circuit according to a 
second embodiment of the present invention; 

[0054] FIG. 6 is a circuit diagram shoWing the construc 
tion of a sWitching poWer supply circuit according to a third 
embodiment of the present invention; 

[0055] FIG. 7 is a circuit diagram shoWing the construc 
tion of a sWitching poWer supply circuit of the prior art; 

[0056] FIG. 8 is a cross-sectional vieW shoWing the con 
struction of an insulating converter transformer equipped to 
the conventional sWitching poWer supply circuit ; and 

[0057] FIGS. 9A and 9B are equivalent circuit diagrams 
shoWing each operation When mutual inductance in the 
insulating converter transformer is an additive polarity mode 
and a subtractive polarity mode. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0058] Preferred embodiments according to the present 
invention Will be described hereunder With reference to the 
accompanying draWings. 
[0059] FIG. 1 shoWs the construction of a sWitching 
poWer supply circuit according to a ?rst embodiment of the 
present invention. 

[0060] The poWer supply circuit shoWn in FIG. 1 is 
designed as a composite resonance type sWitching converter 
that is equipped With a voltage resonance type converter at 
the primary side and With an active clamp circuit and a 
voltage resonance circuit at the secondary side. 

[0061] In the poWer supply circuit shoWn in FIG. 1, a 
recti?ed smoothed voltage Ei having the level Which is once 
as high as that of the alternating input voltage VAC is 
generated from a commercial alternating poWer source 
(alternating input voltage VAC) by a bridge rectifying circuit 
Di and a smoothing capacitor Ci. 

[0062] At the primary side of the poWer supply circuit, a 
self-exciting type is constructed as a voltage resonance 
converter circuit that carries out a single end operation by a 
single-stone sWitching element Q1. In this case, a bipolar 
transistor (BJT: junction type transistor) having high resis 
tance to voltage is used as the sWitching element Q1. 

[0063] The base of the sWitching element Q1 is connected 
to the positive polarity side of a smoothing capacitor Ci 
(recti?ed smoothed voltage Ei) through a starting resistor RS 
to achieve the base current at the start time from a rectifying 
and smoothing line. 

[0064] A driving Winding NB Which is provided to the 
primary side of the insulating converter transformer PIT 
With a Winding number of 1T (turn), and a series resonance 
circuit for self-exciting driving Which comprises a series 
circuit of inductor LB—resonance capacitor CB—base cur 
rent limiting resistor RB are connected betWeen the base of 
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the sWitching element Q1 and the earth at the primary side. 
AsWitching frequency fs at Which the sWitching element Q1 
is turned on/off is generated by this self-exciting circuit. The 
sWitching frequency fs is ?Xed to about 100 KHZ. 

[0065] Aroute for clamp current ?oWing When the sWitch 
ing element Q1 is turned off is formed by a clamp diode DD1 
inserted betWeen the base of the sWitching element Q1 and 
the negative polarity (the earth at the primary side) of the 
smoothing capacitor Ci. The collector of the sWitching 
element Q1 is connected to the Winding end start edge 
portion of the primary Winding N1 of the insulating con 
verter transformer PIT, and the emitter is grounded. 

[0066] A parallel resonance capacitor Cr is connected 
betWeen the collector-emitter of the sWitching element Q1 in 
parallel. In this case, the primary parallel resonance circuit 
of the voltage resonance type converter is also formed by the 
capacitance of the parallel resonance-capacitor Cr itself and 
the leakage inductance L1 of the primary Winding N1 side 
of the insulating converter transformer PIT. 

[0067] The insulating converter transformer PIT transmits 
the sWitching output of the main sWitching element Q1 to the 
secondary side. 

[0068] This embodiment is characteriZed in the structure 
of the insulating converter transformer PIT, and this Will be 
described later. 

[0069] The Winding-end edge portion of the primary Wind 
ing N1 of the insulating converter transformer PIT is con 
nected to the collector of the main sWitching element Q1, 
and the Winding-start edge portion is connected to the 
positive polarity (recti?ed smoothed voltage Ei) of the 
smoothing capacitor Ci. 

[0070] At the secondary side of the insulating converter 
transformer PIT, an alternating voltage induced by the 
primary Winding N1 occurs in the secondary Winding N2. In 
this case, the secondary parallel resonance capacitor C2 is 
connected to the secondary Winding N2 in parallel, and the 
parallel resonance circuit is formed by the leakage induc 
tance L2 of the secondary Winding N2 and the capacitance 
of the secondary parallel resonance capacitor C2. The alter 
nating voltage induced in the secondary Winding N2 
becomes a resonance voltage by the parallel resonance 
circuit. That is, the voltage resonance operation is achieved 
at the secondary side. 

[0071] That is, the poWer supply circuit has the construc 
tion as a “composite resonance type sWitching converter” in 
Which a parallel resonance circuit for making the sWitching 
operation a voltage resonance type is equipped at the pri 
mary side and a parallel resonance circuit to achieve the 
voltage resonance operation is equipped at the secondary 
side. 

[0072] The secondary side of the poWer supply circuit thus 
constructed is equipped With a half-Wave rectifying circuit 
comprising a rectifying diode D01 and a smoothing capaci 
tor C01 to achieve a secondary DC output voltage E01. The 
DC output voltage E01 is branched and supplied to the 
control circuit 1. 

[0073] In the control circuit 1, the DC output voltage E01 
is used as a detection voltage and an operating poWer source 
for the control circuit 1. 
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[0074] Further, the power supply circuit is equipped With 
an active clamp circuit 20 at the secondary side. 

[0075] That is, the secondary active clamp circuit 20 
comprises an auxiliary switching element Q2 of MOS-FET, 
a clamp capacitor C3 and a clamp diode DD2 of body diode. 
Further, a driving circuit system for driving the auxiliary 
sWitching element Q2 comprises a drive Winding Ng1, a 
capacitor Cg1 and a resistor Rg1. 

[0076] Aclamp diode DD2 is connected betWeen the drain 
and source of the auxiliary sWitching element Q2 in parallel. 
As a connection style, the anode of the clamp diode DD2 is 
connected to the source, and the cathode is connected to the 
drain. 

[0077] The drain of the auxiliary sWitching element Q2 is 
connected to the connection point betWeen the Winding-end 
edge portion of the secondary Winding N2 and the anode of 
the rectifying diode D01 through the clamp capacitor C3. 
The source of the auxiliary sWitching element Q2 is con 
nected to the earth at the secondary side. 

[0078] Accordingly, the secondary active clamp circuit 20 
is constructed by connecting the clamp capacitor C3 to the 
parallel connection circuit of the auxiliary sWitching element 
Q3 and the clamp diode DD2 in series. The circuit thus 
formed is further connected to the secondary parallel reso 
nance circuit (resonance capacitor C2) in parallel. 

[0079] As shoWn in the ?gure, as the driving circuit 
system of the auxiliary sWitching element Q2, the series 
connection circuit of capacitor Cg1—resistor Rg1—drive 
Winding Ng1 is connected to the gate of the auxiliary 
sWitching element Q2. The series connection circuit forms a 
self-exciting type driving circuit for the auxiliary sWitching 
element Q2. That is, the signal voltage from the self-exciting 
type driving circuit is applied to the gate of the sWitching 
element Q2 to carry out the sWitching operation. 

[0080] The driving Winding Ng1 in this case is formed at 
the Winding-start edge portion side of the secondary Winding 
N2, and the number of turns in this case is set to 1T (turn), 
for example. 

[0081] Accordingly, a voltage excited by the alternating 
voltage achieved at the primary Winding N1 occurs at the 
drive Winding Ng1. In this case, a voltage having the 
opposite polarity to the secondary Winding N2 and the drive 
Winding Ng1 is achieved due to the relationship of the 
Winding direction. With respect to the drive Winding Ng1, 
the operation is also guaranteed if the turn number is equal 
to 1T, hoWever, it is not limited to 1T. 

[0082] The sWitching operation of the auxiliary sWitching 
element Q2 is subjected to PWM control by the control 
circuit 1 equipped at the secondary side. 

[0083] That is, the secondary DC output voltage E01 is 
supplied to the control circuit 1, and the control circuit 1 
applies the DC control voltage corresponding to the second 
ary DC output voltage E01 to the gate of the auxiliary 
sWitching element Q2 to control the conduction angle of the 
auxiliary sWitching element Q2, Whereby the DC output 
voltage E01 is stabiliZed With respect to variation of the 
alternating input voltage VAC and the load poWer P0. 

[0084] Accordingly, there is achieved a system having a 
very high-speed-transit in response to sharp variation of the 
load poWer. 
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[0085] In the case of the construction as described above, 
under the condition that the sWitching frequency is ?xed, 
there can be achieved such an operation that the on-period 
is variably controlled in accordance With the level variation 
of the secondary DC output voltage E01 due to variation of 
the load or the like With the off period of the auxiliary 
sWitching element Q2 being ?xed. That is, the operation of 
variably controlling the conduction angle can be achieved 
for the sWitching operation of the auxiliary sWitching ele 
ment Q2. 

[0086] Here, the conduction angle control is carried out so 
that if a light load state is set and thus the level of the 
secondary DC output voltage E01 is increased, the on-period 
of the auxiliary sWitching element Q2 Would be increased. 

[0087] As a result of the PWM control as described above, 
With respect to the voltage induced in the secondary Winding 
N2 of the insulating converter transformer PIT, the pulse 
Width of a negative-polarity Waveform is increased, and the 
pulse Width of a positive-polarity Waveform is shortened. 

[0088] At the secondary rectifying diode D01, the second 
ary parallel resonance voltage is input and the recti?cation 
is carried out through a forWard operation. Therefore, the 
period for Which the secondary rectifying diode D01 is 
conducted and turned on is shortened, and the other period 
for Which it is turned off is increased. As described above, 
the conduction angle of the rectifying diode D01 is con 
trolled as a result, so that the secondary DC output voltage 
is stabiliZed. 

[0089] In the construction that the active clamp circuit 20 
is equipped at the secondary side as described above, the 
peak level of the resonance pulse of the secondary parallel 
resonance circuit (N2//C2) Which occurs for the period for 
Which the rectifying diode D01 is turned off is substantially 
equal to about 1/2 of the construction that no active clamp 
circuit is provided. 

[0090] In this embodiment, the LCR resonance circuit 
(Rg-Cg-Lg) construction is adopted for the self-exciting 
driving circuit in the active clamp circuit 20Aprovided at the 
secondary side, Whereby the sWitching loss by the auxiliary 
sWitching element Q2 is reduced, and the DC-DC poWer 
conversion ef?ciency as the poWer supply circuit is 
enhanced to the same level as the construction in Which no 
active clamp circuit is provided. 

[0091] FIG. 2 shoWs the construction of the insulating 
converter transformer PIT equipped to the poWer supply 
circuit shoWn in FIG. 1. In this ?gure, for convenience in 
description, the illustration of the driving Winding Ng1 is 
omitted, and the primary Winding N1 and the secondary 
Winding N2 are shoWn. 

[0092] As shoWn in the ?gure, the insulating converter 
transformer PIT constructs an EE type core by using tWo E 
type cores CR1, CR2. Adividing bobbin B is equipped to the 
EE type core, and the primary Winding N1 is Wound at the 
Winding area of the E type core CR1 side of the dividing 
bobbin B While the secondary Winding N2 is Wound at the 
Winding area of the E type core CR2 side as shoWn in the 
?gure. 

[0093] In the case of this embodiment, the Winding direc 
tions of the primary Winding N1 and the secondary Winding 
N2 are set to a so-called inverse Winding structure in Which 
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the Winding directions thereof are opposite to each other as 
indicated by arroWs at the right and left outsides of the core 
in the ?gure. 

[0094] Further, in the case of this embodiment, no gap is 
formed at the confronting site of the center magnetic legs of 
the E type cores CR1, CR2. 

[0095] Here, referring to FIG. 1 again, the connection 
betWeen the primary Winding N1 and the secondary Winding 
N2 of the insulating converter transformer PIT Will be 
described. 

[0096] As shoWn in FIG. 1, the connections of the Wind 
ing-start edge portion and Winding-end edge portion of the 
primary Winding N1 are opposite to those of the circuit 
Which is shoWn as a prior art in FIG. 7. That is, in the circuit 
shoWn in FIG. 1, the Winding-start edge portion of the 
primary Winding N1 is connected to the positive polarity 
terminal of the smoothing capacitor C1, and the Winding 
end edge portion is connected to the collector of the main 
sWitching element Q1. 

[0097] Further, With respect to the secondary Winding N2, 
the Winding-end edge portion thereof is connected to the 
positive polarity terminal of the smoothing capacitance C01 
through the rectifying diode D01, and the Winding-start edge 
portion thereof is connected to the earth at the secondary 
side. 

[0098] That is, as the poWer supply circuit shoWn in FIG. 
1, even When the insulating converter transformer PIT 
having the inverse Winding structure of the primary Winding 
N1 and the secondary Winding N2 as shoWn in FIG. 2 is 
equipped, the primary Winding N1 and the secondary Wind 
ing N2 are connected to each other so that the additive 
polarity shoWn in the equivalent circuit of FIG. 9A is 
established. 

[0099] According to the construction as described above, 
the polarity of the primary magnetic ?uX (1)1 generated by the 
primary Winding current I1 ?oWing in the primary Winding 
N1 and the polarity of the secondary magnetic ?uX (1)2 
generated by the secondary Winding current I2 ?oWing in the 
secondary Winding N2 are set as indicated by the arroWs 
shoWn in the core of FIG. 2. In this structure, the polarity of 
the primary magnetic ?uX (1)1 is opposite to that of the 
insulating converter transformer PIT shoWn as a prior art in 
FIG. 8. The polarity of the secondary magnetic ?uX (1)2 is the 
same as the insulating converter transformer PIT of FIG. 8. 

[0100] In this embodiment, the relationship in polarity 
betWeen the primary magnetic ?uX (1)1 and the secondary 
magnetic ?uX (1)2 as shoWn in FIG. 2 is achieved, and thus 
the primary magnetic ?uX (1)1 and the secondary magnetic 
?uX (1)2 act to offset each other. That is, the magnetic ?uX 
(A(1)) achieved at the center magnetic leg of the insulating 
converter transformer PIT is represented by |(1)1—(1)2|=A(1). 
This shoWs that the primary magnetic ?uX (1)1 and the 
secondary magnetic ?uX (1)2 offset each other and they are 
not added to each other as in the case of the circuit of FIG. 
7, for example. Accordingly, in this embodiment, the mag 
netic ?uX achieved at the center magnetic leg of the insu 
lating converter transformer PIT may be set to be Weaker 
than ever. As a result, the coupling coef?cient k of the 
primary side and the secondary side may satisfy k=about 0.8 
to 0.9 at Which the loose coupling state is achieved, for 
eXample. 
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[0101] Accordingly, in the insulating converter trans 
former PIT of this embodiment, it is controlled so that the 
core is not saturated even When no gap is daringly formed at 
the center magnetic leg, and no gap is provided as a result 
as shoWn in FIG. 2. 

[0102] Actually, since a so-called core sound that is 
audible may occur on the coupling face of the center 
magnetic leg under the condition that the gap length is set to 
0, a gap having a gap length of 0.1 mm or less may be 
formed by applying Mylar ?lm to the coupling face of the 
center magnetic leg. 

[0103] By constructing the insulating converter trans 
former PIT as described above, the magnetic ?uX thus 
achieved at the center magnetic leg is still Weaker than ever, 
so that the increase in temperature of the Winding due to the 
fringe magnetic ?uX occurring around the gap and the 
reduction in poWer conversion ef?ciency like the case of 
FIG. 8 can be overcome. 

[0104] In the insulating converter transformer PIT of this 
embodiment, the magnetic ?uX (A(1)) achieved at the center 
magnetic leg is Weak, so that the leakage inductance of the 
primary Winding N1 and the secondary Winding N2 is 
reduced. Accordingly, even under a heavy load condition 
that the load poWer Po=about 200 W, the main sWitching 
element Q1 can implement a stable ZVS operation. 

[0105] FIGS. 3A to 3E are Waveform diagrams shoWing 
the operation of the main part in the poWer supply circuit of 
FIG. 1 thus constructed. In FIGS. 3A to SE, the operation 
under the condition that the alternating input voltage VAS= 
220 V and the load poWer Po=200 W is shoWn. For com 
parison, the Waveform of the poWer supply circuit of FIG. 
7 is shoWn by one-dotted chain line. 

[0106] A resonance pulse voltage VQ1 occurs at both the 
ends of the primary parallel resonance capacitor Cr at a ?xed 
period through the sWitching operation of the main sWitch 
ing element Q1 as shoWn in FIG. 3A. At this time, the 
collector current I1 ?oWing in the main sWitching element 
Q1 as shoWn in FIG. 3B is achieved. That is, damper current 
(negative direction) ?oWs in the primary Winding N1 
through the clamp diode DD1, the base-collector of the main 
sWitching element Q1 When the main sWitching element Q1 
is turned on, and When the damper current ?oWing period is 
?nished, the level of the collector current I1 sharply 
increases from the negative side to the positive side. 

[0107] Through the sWitching operation as described 
above, resonance current I2 of FIG. 3D ?oWs in the sec 
ondary Winding N2 of the insulating converter transformer 
PIT, and a resonance voltage V2 as shoWn in FIG. 3C occurs 
in the secondary parallel resonance capacitor C2. For the 
positive period for Which the rectifying diode D01 operates, 
a voltage clamped to the voltage E01 level is achieved. 

[0108] By conducting the active clamp circuit 20, the 
clamp current IQ2 ?oWs in the route of the clamp diode 
DD2Qthe clamp capacitor C3, and this provides a saW-tooth 
Wave that ?oWs from the negative direction to the positive 
direction With time lapse. 

[0109] When the active clamp circuit 20 is conducted, 
most of current ?oWs as the clamp current IQ2 in the clamp 
capacitor C3, and little current ?oWs in the secondary 
parallel resonance capacitor C2. Therefore, for even the 
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period for Which the active clamp circuit 20 is conducted, 
the resonance voltage V2 is clamped, so that the negative 
voltage level is restricted as shoWn in FIG. 3C. 

[0110] FIG. 4A shoWs the primary parallel resonance 
voltage VQ1 and the sWitching output current IQ1 ?oWing 
in the main sWitching element Q1. As the condition at this 
time, the alternating input voltage VAC of the AC 100 V 
system is reduced to about 75 V to 85 V at a load poWer 
Po=200 W. For comparison, FIG. 4B shoWs the Waveform 
in the case of the poWer supply circuit of FIG. 7. 

[0111] As is apparent from the Waveform of FIG. 4B, in 
the case of the circuit of FIG. 7, there occurs a phenomenon 
that the primary parallel resonance voltage VQ1 and the 
sWitching output current IQ1 appear in the form of pulse at 
the positive level at the timing that the sWitching output 
current IQ1 is inverted from the negative polarity level to the 
positive polarity level in the period TON. That is, an 
abnormal operation Which is not the ZVS operation is 
carried out. 

[0112] On the other hand, in the circuit shoWn in FIG. 1, 
as shoWn in FIG. 4A, the pulse of the primary parallel 
resonance voltage VQ1 in the period TON is vanished, and 
the Waveform of the sWitching output current IQ1 becomes 
normal Without no pulse. That is, in this embodiment, it is 
shoWn that the ZVS operation is normally carried out even 
under the condition of a heavy load and a loW alternating 
input voltage. 
[0113] Here, the speci?cation of the main part of the 
power supply circuit shown in FIG. 1 Will be described. 

[0114] First, With respect to the insulating converter trans 
former PIT, a core of EE-40 is adopted, the gap length Gap 
is set to 0, and N1=50 T and N2=45 T as the number of turns 
of the primary Winding N1 and the secondary Winding N2. 

[0115] Further, the primary parallel resonance capacitor 
Cr=5600 pF, the secondary parallel resonance capacitor 
C2=8200 pF, and the clamp capacitor C3=0.27 MF. 

[0116] In the poWer supply circuit shoWn in FIG. 7, a core 
of EE-40 is likeWise adopted for the insulating converter 
transformer PIT, and Gap is set to 1 mm. Further, the 
primary Winding N1=the secondary Winding N2=45 T, the 
primary parallel resonance capacitor Cr=6800 pF, the sec 
ondary parallel resonance capacitor C2=0.01 pF, and the 
clamp capacitor C3=0.33 MF. 

[0117] There Was achieved a result that the poWer con 
version ef?ciency of the poWer supply circuit shoWn in FIG. 
1 Was equal to 91.9% for VAC=100 V under the load 
condition: load poWer Po=200 W. On the other hand, in the 
circuit shoWn in FIG. 7, it Was equal to 90.8% for VAC=100 
V under the load condition: load poWer Po=200 W. 

[0118] That is, for the comparison With the prior art, the 
poWer conversion ef?ciency is enhanced by 1.1%. This 
means that the poWer loss is reduced by about 2 W. 

[0119] With respect to the temperature increasing value of 
the insulating converter transformer PIT of the circuit shoWn 
in FIG. 1, a great reduction of about 4° C. is achieved for 
both the primary Winding N1 and the secondary Winding N2 
in the circuit shoWn in FIG. 7. Speci?cally, the temperature 
is reduced from 45° C. to 41° C. for the primary Winding N1, 
and it is reduced from 52° C. to 48° C. for the secondary 
Winding N2. 
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[0120] FIG. 5 shoWs the construction of the sWitching 
poWer supply circuit according to a second embodiment of 
the present invention. In FIG. 5, the same parts as FIG. 1 are 
represented by the same reference numerals, and the descrip 
tion thereof is omitted. This is an embodiment of a com 
posite resonance type converter circuit in Which a sepa 
rately-eXcited type voltage resonance converter using IC and 
MOS-FET is provided at the primary side and an active 
clamp circuit 20 of MOS-FET and a double voltage recti 
fying type current resonance circuit is provided at the 
secondary side. 

[0121] The primary voltage resonance converter of the 
poWer supply circuit shoWn in this ?gure uses the construc 
tion of the separately-excited single end system. In this case, 
MOS-FET is used as the main sWitching element Q1. 

[0122] The drain of the main sWitching element Q1 as 
MOS-FET is connected to the Winding-end edge portion of 
the primary Winding N1, and the source is connected to the 
earth at the primary side. The parallel resonance capacitor Cr 
is connected betWeen the drain-source of the main sWitching 
element O1 in parallel. The clamp diode DD1 is also 
connected betWeen the drain-source of the main sWitching 
element O1 in parallel. 

[0123] The sWitching driving portion 2 is provided to 
drive the main sWitching element O1 in the separately 
eXciting style, and it may be constructed as a single-stone IC. 
The sWitching driving portion 2 comprises an oscillating 
circuit 3 and a drive circuit 4. The sWitching driving portion 
2 achieves poWer for starting through the line of the recti?ed 
smoothed voltage Ei through the starting resistor Rs at the 
starting time. 

[0124] In the oscillating circuit 3, an oscillating signal is 
generated and output to the drive circuit 4. The drive circuit 
4 converts the oscillating signal thus input to a drive voltage 
With Which the main sWitching element Q1 corresponding to 
MOS-FET can be driven, and then outputs it to the gate of 
the main sWitching element Q1, Whereby the main sWitching 
element O1 is sWitched at a predetermined sWitching fre 
quency fs based on the oscillating signal. 

[0125] Further, at the secondary side of the circuit shoWn 
in FIG. 5, the secondary series resonance capacitor Cs is 
connected to the Winding-start edge portion of the secondary 
Winding N2 in series, and the secondary series resonance 
circuit (current resonance circuit) is formed by the leakage 
inductance L2 of the secondary Winding N2 and the capaci 
tance of the secondary series resonance capacitance Cs. 

[0126] That is, the poWer supply circuit shoWn in this 
?gure is designed as a composite resonance type sWitching 
converter so that the voltage resonance circuit is provided at 
the primary side and the current resonance circuit is pro 
vided at the secondary side. 

[0127] In this case, the secondary rectifying circuit is 
formed by connecting tWo rectifying diodes D01, D02 and 
a smoothing capacitor C01 as shoWn in the ?gure. With the 
connection style as described above, the construction as a 
so-called double voltage half-Wave rectifying circuit is 
achieved. 

[0128] The double voltage half-Wave rectifying circuit is 
designed to repeat an operation that the secondary series 
resonance capacitor Cs is charged With the current recti?ed 
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by the rectifying diode D02 at a half period of the alternating 
voltage achieved by the secondary Winding N2, and at the 
neXt half period, the rectifying diode D01 is conducted to 
charge the smoothing capacitor C01 under the state that the 
potential achieved in the secondary series resonance capaci 
tor Cs is applied. Through this operation, the level corre 
sponding to the double of the alternating voltage level 
achieved by the secondary Winding N2 is achieved as the 
secondary DC output voltage E01 Which is the voltage 
betWeen both the ends of the smoothing capacitor C01. 

[0129] Accordingly, in the case Where the double voltage 
half-Wave rectifying circuit is provided at the secondary side 
as described above, if it is suf?cient that the level of the 
secondary DC output voltage E01 is the same level as 
achieved by the one-time voltage rectifying circuit, the 
number of turns of the secondary Winding N2 can be reduced 
to about a half of the normal-case. 

[0130] The constituent elements of the active clamp circuit 
20 are the same as the embodiment of FIG. 1. The series 
circuit of the clamp capacitor C3 and the auXiliary sWitching 
element Q2 constituting the active clamp circuit 20 is 
connected to the resonance capacitor Cs in parallel. That is, 
the clamp capacitor C3 is connected to the connection point 
betWeen the secondary Winding N2 and the resonance 
capacitor Cs, thereby controlling the charging into the 
resonance capacitor Cs With the resonance current occurring 
in the secondary Winding N2. 

[0131] Further, the sWitching operation of the auXiliary 
switching element Q2 is PWM-controlled by the control 
circuit 1 provided at the secondary side. 

[0132] That is, the secondary DC output voltage E01 is 
supplied to the control circuit 1, and the control circuit 1 
applies the DC control voltage corresponding to the second 
ary DC output voltage E01 to the gate of the auXiliary 
sWitching element Q2 to control the conduction angle of the 
auXiliary sWitching element Q2, thereby stabiliZing the DC 
output voltage E01 With respect to the variation of the 
alternating input voltage VAC or the load poWer P0. 

[0133] In the construction as described above, an insulat 
ing converter transformer PIT having the structure shoWn in 
FIG. 2 is provided. Further, the connection betWeen the 
primary Winding N1 and the secondary Winding N2 is the 
additive connection, thereby achieving the same effect as the 
poWer supply circuit shoWn in FIG. 1. 

[0134] FIG. 6 shoWs the construction of the sWitching 
supply circuit according to a third embodiment. In FIG. 6, 
the same parts as FIGS. 1 and 5 are represented by the same 
reference numerals, and the description thereof is omitted. 

[0135] This is an input voltage double voltage rectifying 
circuit, and it is designed so that a voltage resonance circuit 
using IGBT (Insulating Gate Bipolar Transistor) is provided 
at the primary side, and the combination of an active clamp 
circuit 20 based on IGBT and a half-Wave rectifying type 
voltage resonance circuit is provided at the secondary side. 
IGBT is knoWn as having a high sWitching characteristic. 

[0136] In the circuit shoWn in this ?gure, as the rectifying 
smoothing circuit system for the alternating input, rectifying 
diodes Di1, Di2 and smoothing capacitors Ci1, Ci2 are 
connected as shoWn in the ?gure, thereby constructing a 
so-called double voltage rectifying smoothing circuit. 
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[0137] Further, like the embodiment shoWn in FIG. 5, the 
sWitching driving portion 2 of the oscillation circuit 3 and 
the drive circuit 4 is provided to the main sWitching element 
Q1 based on IGBT Which forms the primary voltage reso 
nance type converter. 

[0138] The collector of the main sWitching element Q1 
based on IGBT is connected to the Winding-end edge portion 
of the primary Winding N1, and the emitter is connected to 
the earth at the primary side. Further, the parallel resonance 
capacitor Cr is connected betWeen the collector-emitter of 
the main sWitching element Q1 in parallel. The clamp diode 
DD1 is also connected betWeen the collector-emitter of the 
main sWitching element Q1 in parallel. 

[0139] The sWitching drive portion 2 is provided to drive 
the main sWitching element Q1 in the separately-excited 
style, and thus for eXample, it is constructed as a single-store 
IC. The sWitching drive portion 2 achieves poWer for 
starting from the line of the recti?ed smoothed voltage Ei 
through a starting resistor Rs at the starting time. 

[0140] The oscillation circuit 3 generates an oscillation 
signal and outputs it to the drive circuit 4. The drive circuit 
4 converts the oscillation signal thus input to a drive voltage 
With Which the main sWitching element Q1 can be driven, 
and outputs it to the gate of the main sWitching element Q1, 
Whereby the main sWitching element Q1 is sWitched at a 
predetermined sWitching frequency fs based on the oscilla 
tion signal. 

[0141] In the construction as described above, SIT (Static 
Induction Thyristor) or the like may be used as the main 
sWitching element Q1, for eXample. 

[0142] The construction of the secondary side of the 
poWer supply circuit shoWn in this ?gure is basically the 
same as that of FIG. 1. HoWever, it is different in that IGBT 
is used as the auXiliary sWitching element Q2 of the active 
clamp circuit 20. 

[0143] In the construction as described above, the insu 
lating converter transformer PIT having the construction 
shoWn in FIG. 2 is also provided, and the connection 
betWeen the primary Winding N1 and the secondary Winding 
N2 is set to the additive connection, so that the same effect 
as the poWer supply circuit of FIGS. 1 and 5 can be 
achieved. 

[0144] The embodiments have been described, hoWever, 
various types other than those shoWn in the ?gures, such as 
the combination of the primary voltage resonance type 
converter system and the secondary rectifying circuit, may 
be considered for the poWer supply circuit of the present 
invention. Further, the driving system of the active clamp 
circuit is not limited to the self-exciting type construction 
shoWn in each ?gure, and another self-exciting type or a 
separately-excited type may be used. 

[0145] As described above, according to the present 
invention, With respect to the insulating converter trans 
former of the sWitching poWer supply circuit Which is of a 
composite resonance type and provided With an active clamp 
circuit at the secondary side, the primary Winding and the 
secondary Winding have a so-called inverse Winding rela 
tionship, and the primary Winding and the secondary Wind 
ing are connected to each other through additive connection. 
In this structure, the primary magnetic ?uX and the second 
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ary magnetic ?ux act to offset each other. Therefore, in the 
present invention, the core of the insulating converter trans 
former is not required to be provided to any gap for 
suppressing saturation. 

[0146] As described above, it is unnecessary to provide a 
gap to the core of the insulating converter transformer. 
Therefore, in the present invention, a step of forming a gap 
is omitted in the process of manufacturing the insulating 
converter transformer, and also the manufacturing manage 
ment is easily carried out. That is, the manufacturing effi 
ciency of poWer supply circuits each having an insulating 
converter transformer can be enhanced. 

[0147] Further, since no gap is formed, occurrence of a 
fringe magnetic ?ux in the neighborhood of the gap can be 
avoided, so that the heat and the poWer loss in the primary 
Winding and the secondary Winding can be greatly sup 
pressed. Particularly, depending on the structure of the 
insulating converter transformer according to the invention, 
the current amount flowing in the primary Winding and the 
secondary Winding can be set to be less than ever, so that the 
suppression of the heat and the reduction of the poWer loss 
can be further promoted. 

[0148] Further, in the structure of the insulating converter 
transformer PIT according to the invention, the leakage 
inductance can be also reduced. Therefore, even under the 
condition of the load and loW alternating input voltage, the 
ZVS operation can be guaranteed and the reliability as the 
poWer supply source can be enhanced. 

What is claimed is 
1. A sWitching poWer supply circuit comprising: 

sWitching means formed to have a main sWitching ele 
ment for intermittently outputting a DC input voltage; 

a primary parallel resonance capacitor provided so as to 
form a primary parallel resonance circuit for making 
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the operation of said sWitching means a voltage reso 
nance type; 

an insulating converter transformer having a structure that 
a required coupling coefficient to establish the loose 
coupling betWeen the primary side and the secondary 
side is achieved, said insulating converter transformer 
transmitting the output of said sWitching means 
achieved at the primary side to the secondary side; 

a secondary resonance circuit formed by connecting a 
secondary resonance capacitor to a secondary Winding 
of said insulating converter transformer; 

DC output voltage generating means that receives an 
alternating voltage achieved at the second Winding of 
said insulating converter transformer to carry out a 
rectifying operation, thereby achieving a secondary DC 
output voltage; 

secondary active clamp means that is formed in parallel to 
said secondary resonance capacitor so as to have a 
series connection circuit comprising a clamp capacitor 
and a secondary auXiliary sWitching element; and 

voltage stabiliZing means for applying a DC control signal 
based on the secondary DC output voltage to said 
secondary auXiliary sWitching element to eXecute con 
duction angle control on said secondary auxiliary 
sWitching element to stabiliZe the secondary DC output 
voltage, Wherein said insulating converter transformer 
has a core that is not provided With any gap for 
prohibiting saturation, said primary Winding and said 
secondary Winding are Wound around said core in the 
opposite Winding directions and said primary Winding 
and said secondary Winding are connected to each other 
so that additive polarity is established. 


