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In making constant a direct-current output voltage obtained 
by rectifying an alternating voltage generated in a secondary 
Winding of an isolating converter transformer PIT, an active 
clamp circuit formed With an auxiliary switching device, a 
clamp capacitor, and a clamp diode is connected in parallel 
With a parallel resonant capacitor to be supplied With the 
alternating voltage, instead of using a three-terminal regu 
lator and a chopper regulator, Which step doWn and make 
constant the direct-current output voltage. A control circuit 
effects PWM control of the auxiliary switching device of the 
active clamp circuit and thereby equivalently changes 
capacitance of the parallel resonant capacitor. Thus, the 
direct-current output voltage is made constant, and poWer 
loss caused in making the direct-current output voltage 
constant is reduced. 
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POWER LOSS OF SWITCHING POWER SUPPLY 
CIRCUIT FOR SUPPLYING CONSTANT VOLTAGE 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a switching power 
supply circuit suitable for use in various video apparatus 
such as a color television receiver and a projector apparatus. 

[0002] Some video apparatus such as a television receiver 
and a projector apparatus have an analog circuit and a digital 
circuit, for example, as circuit blocks for carrying out 
various signal processing. 

[0003] Such video apparatus having the analog and digital 
circuit blocks are provided With a constant-voltage poWer 
supply for supplying constant operating voltage to the circuit 
blocks. 

[0004] As an example of a conventional poWer supply 
circuit provided in such a video apparatus, FIG. 8 shoWs 
con?guration of a sWitching poWer supply circuit provided 
in a large-siZed color television receiver, for example. 

[0005] A bridge recti?er circuit Di and a smoothing 
capacitor Ci in the poWer supply circuit generate a recti?ed 
and smoothed voltage Ei corresponding to an alternating 
input voltage VAC from a commercial alternating-current 
poWer. 

[0006] A self-excited voltage resonance type converter 
that includes a sWitching device Q1 and performs sWitching 
operation by a so-called single-ended system is provided as 
a sWitching converter for interrupting the recti?ed and 
smoothed voltage Ei inputted thereto. 

[0007] The sWitching device O1 is driven by a self 
oscillation driving circuit formed by a series connection 
circuit of a driving Winding NB, a resonant capacitor CB, 
and a base current limiting resistance RB. SWitching fre 
quency of the sWitching device O1 is determined by reso 
nance frequency of a resonant circuit formed by the driving 
Winding NB and the resonant capacitor CB. 

[0008] A starting resistance RS is provided to supply the 
sWitching device Q1 With a starting current obtained in a 
rectifying and smoothing line at the turn-on of the commer 
cial alternating-current poWer. 

[0009] The sWitching device O1 is connected With a clamp 
diode DD1 and a primary-side parallel resonant capacitor Cr 
shoWn in FIG. 8. Capacitance of the primary-side parallel 
resonant capacitor Cr and leakage inductance L1 of the 
primary Winding N1 side of an isolating converter trans 
former PIT form a primary-side parallel resonant circuit of 
the voltage resonance type converter. 

[0010] An orthogonal type control transformer PRT-1 is a 
saturable reactor provided With a resonance current detect 
ing Winding ND, the driving Winding NB, and a control 
Winding NC1. The orthogonal type control transformer 
PRT-1 is provided to drive the sWitching device Q1 and 
effect control for constant voltage. 

[0011] The isolating converter transformer PIT (PoWer 
Isolation Transformer) transmits sWitching output of the 
sWitching device O1 to the secondary side of the sWitching 
poWer supply circuit. 
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[0012] As shoWn in FIG. 8, a secondary-side Winding is 
formed on the secondary side of the isolating converter 
transformer PIT by Winding secondary Windings N2, N3, 
N4, and N5. 

[0013] In this case, as shoWn in FIG. 8, a point of 
connection betWeen the secondary Winding N4 and the 
secondary Winding N5 is connected to a secondary-side 
ground. A secondary-side parallel resonant capacitor C2 is 
connected betWeen the secondary-side ground and an ending 
point of the secondary Winding N2 in parallel With the 
secondary-side Winding. 
[0014] The parallel resonant circuit to convert sWitching 
operation into voltage resonance type operation is provided 
on the primary side of the isolating converter transformer 
PIT, and the voltage resonant circuit to provide voltage 
resonance operation is provided on the secondary side of the 
isolating converter transformer PIT. In the present speci? 
cation, the sWitching converter provided With such resonant 
circuits on the primary side and the secondary side is 
referred to as a “complex resonance type sWitching con 
verter.” 

[0015] The secondary Winding connected in parallel With 
the secondary-side parallel resonant capacitor C2 is pro 
vided With a half-Wave rectifying and smoothing circuit 
formed by a recti?er diode D01 and a smoothing capacitor 
C01, so that a direct-current output voltage E01 of 135 V for 
horiZontal de?ection is obtained from the half-Wave recti 
fying and smoothing circuit. 

[0016] Also, the secondary Winding formed by the sec 
ondary Windings N3 and N4 is provided With a half-Wave 
rectifying and smoothing circuit formed by a recti?er diode 
D02 and a smoothing capacitor C02, so that a direct-current 
output voltage E02 of 15 V for vertical de?ection is obtained 
from the half-Wave rectifying and smoothing circuit. The 
secondary Winding N5 is connected With a recti?er diode 
D03 and a smoothing capacitor C03 shoWn in FIG. 8, so that 
a direct-current output voltage E03 of —15 V for the same 
vertical de?ection is obtained from a half-Wave rectifying 
and smoothing circuit formed by the recti?er diode D03 and 
the smoothing capacitor C03. 

[0017] Thus, the direct-current output voltages E02 and 
E03 (:15 V) for vertical de?ection are obtained from 
voltages induced in the secondary Winding (N3+N4) and the 
secondary Winding N5 on the secondary side of the isolating 
converter transformer PIT. Hence, the secondary Winding 
(N3+N4) and the secondary Winding N5 have the same 
number of turns. 

[0018] In this case, the secondary-side direct-current out 
put voltage E01 is also inputted from a branch point to a 
control circuit 1. 

[0019] The control circuit 1 uses the direct-current output 
voltage E02 as its operating voltage. The control circuit 1 
variably controls the inductance LB of the driving Winding 
NB Wound in the orthogonal type control transformer PRT-1 
by changing the level of a control current ?oWing through 
the control Winding NC1 according to change in the level of 
the direct-current output voltage E01. This results in a 
change in resonance conditions of the resonant circuit 
including the inductance LB of the driving Winding NB in 
the self-oscillation driving circuit. This represents an opera 
tion of changing the sWitching frequency of the sWitching 
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device Q1. This operation makes constant the direct-current 
output voltages outputted from the secondary side of the 
isolating converter transformer PIT. 

[0020] Even With such a con?guration for constant-volt 
age control including the orthogonal type control trans 
former PRT-1, since the primary-side sWitching converter is 
of the voltage resonance type, it may be considered that the 
poWer supply circuit variably controls the sWitching fre 
quency of the sWitching device Q1 and at the same time, 
effects PWM control of the sWitching device Q1 Within a 
sWitching cycle. This complex control operation is realiZed 
by a single control circuit system. 

[0021] In addition, a direct-current output voltage E04 of 
9 V to be supplied to the analog circuit block is obtained 
from output of the secondary Winding (N3+N4) in the poWer 
supply circuit, and also a direct-current output voltage E05 
of 5 V to be supplied to the digital circuit block is obtained 
from output of the secondary Winding N4. 

[0022] In this case, the output of the secondary Winding 
(N3+N4) is inputted to a half-Wave rectifying and smoothing 
circuit formed by a recti?er diode D04 and a smoothing 
capacitor C04 via an inductor L21 (4.7 pH) to reduce poWer 
loss. The half-Wave rectifying and smoothing circuit ?rst 
converts the output of the secondary Winding (N3+N4) into 
a direct-current output voltage E07 of 11 V. Then, the 
direct-current output voltage E04 of 9 V to be outputted to 
the analog circuit block is obtained from the direct-current 
output voltage E07. 

[0023] The output of the secondary Winding N4 is inputted 
to a half-Wave rectifying and smoothing circuit formed by a 
recti?er diode D05 and a smoothing capacitor C05. The 
half-Wave rectifying and smoothing circuit converts the 
output of the secondary Winding N4 into a direct-current 
output voltage E08 of 6.5 V. Then, the direct-current output 
voltages E05 (5 V) and E06 (3.3 V) to be outputted to the 
digital circuit block are obtained from the direct-current 
output voltage E08. 

[0024] The direct-current output voltages E04 to E06 to be 
supplied to the analog and digital circuit blocks need to be 
made constant so that variations in the voltages fall Within 
a range of 12%. 

[0025] HoWever, even in the sWitching poWer supply 
circuit employing a complex control method, the level of the 
direct-current output voltages outputted from the secondary 
side is varied, though slightly, according to variation in 
secondary-side load poWer P0. 

[0026] For eXample, as shoWn in FIG. 10, as the second 
ary-side load poWer P0 is decreased, the voltage level of the 
direct-current output voltages E02 (15 V) and E08 (6.5 V) is 
loWered, though slightly. 

[0027] Thus, the poWer supply circuit shoWn in FIG. 8 is 
provided With a constant-voltage circuit to obtain a constant 
direct-current output voltage E04 (9 V) Whose variation is 
Within a range of 12% from the direct-current output voltage 
E07 (11 V) and a constant-voltage circuit to obtain constant 
direct-current output voltages E05 (5 V) and E06 (3.3 V) 
Whose variation is also Within a range of 12% from the 
direct-current output voltage E08 (6.5 V). 

[0028] When output current of a constant-voltage circuit is 
less than 2 A, for eXample, the constant-voltage circuit is 
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formed by using a three-terminal series regulator IC. When 
the output current is more than 2 A, the constant-voltage 
circuit is formed by a step-doWn type converter using a 
chopper regulator IC. 

[0029] In the case of the poWer supply circuit, the maXi 
mum rating of the direct-current output voltage E04 is 9 
V/1.5 A, and the output current is less than 2 A. Thus, the 
constant-voltage circuit for providing the direct-current out 
put voltage E04 is formed by a three-terminal series regu 
lator IC-1 and a smoothing capacitor C041 to thereby 
provide the direct-current output voltage E04 of 9 V Which 
is made constant Within a range of 12%. 

[0030] The maXimum rating of the direct-current output 
voltage E05 is 5 V/ 1.5 A, and the output current is less than 
2 A. Thus, also in this case, the constant-voltage circuit 
formed by a three-terminal series regulator IC-2 and a 
smoothing capacitor C051 provides the direct-current output 
voltage E05 of 5 V Which is made constant Within a range 
of 12%. 

[0031] On the other hand, the maXimum rating of the 
direct-current output voltage E06 is 3.3 V/3 A, and the 
output current is more than 2 A. Thus, the direct-current 
output voltage E08 in this case is inputted via a ferrite-bead 
inductor FB to a DC-DC converter 11 formed by a PWM 
control type step-doWn chopper circuit. The DC-DC con 
verter 11 provides the direct-current output voltage E06 (3.3 
V—0.07 V) Which is made constant Within a range of 12%. 

[0032] The DC-DC converter 11 is formed by a chopper 
regulator IC-3, a ?yWheel diode D11, and an inductor L22 
(20 pH). The DC-DC converter 11 controls its sWitching 
operation by feeding back an output voltage outputted via 
the inductor L22 to the chopper regulator IC to thereby 
render the level of the output voltage constant. 

[0033] HoWever, the DC-DC converter 11 eXhibits a rect 
angular Waveform in the sWitching operation, thus causing 
a high level of noise in the sWitching operation. 

[0034] Therefore, the sWitching noise caused in the 
sWitching operation is suppressed by the ferrite-bead induc 
tor FB provided in a stage preceding the chopper regulator 
IC-3 and a ceramic capacitor Cn provided in a stage suc 
ceeding the chopper regulator IC-3. 

[0035] The direct-current output voltage of the DC-DC 
converter 11 includes a harmonic ripple voltage component. 
Therefore, a pi ?lter circuit 12 formed by electrolytic 
capacitors C061 and C062 and an inductor L23 (3.3 pH) is 
provided in the output voltage line to eliminate the high 
frequency ripple voltage component. 

[0036] FIGS. 9A to 9L shoW operating Waveforms of the 
poWer supply circuit shoWn in FIG. 8. 

[0037] FIGS. 9A to 9F shoW operating Waveforms under 
conditions Where the direct-current output voltages E04 to 
E06 are made constant so that variations in the voltages fall 
Within a range of 12%, and a total load poWer of the 
direct-current output voltages E01 to E06 is 200 W. FIGS. 
9G to 9L shoW operating Waveforms under conditions Where 
a total load poWer of the direct-current output voltages E01 
to E06 is 100 W. 

[0038] When the total load poWer is 200 W, the sWitching 
frequency of the sWitching device Q1 is controlled to be 71.4 
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kHZ, for example, and the on/off period TON/T OFF of the 
switching device Q1 is 10 ys/4 us. 

[0039] A resonance voltage V1 generated across the pri 
mary-side parallel resonant capacitor Cr by the on/off opera 
tion of the sWitching device Q1 is as shoWn in FIG. 9A, and 
forms a sinusoidal pulse Waveform during the period TOFF 
during Which the sWitching device Q1 is turned off. 

[0040] In the meantime, a collector current ICP as shoWn 
in FIG. 9B ?oWs through the sWitching device Q1. 

[0041] At the turn-on of the sWitching device Q1, a 
damper current (negative direction) ?oWs through the clamp 
diode DD1 and the base and collector of the sWitching 
device Q1. The damper current period (0.5 us) during Which 
the damper current ?oWs is a ZVS (Zero Volt SWitching) 
region, and the sWitching device Q1 is turned on in the ZVS 
region. 

[0042] As a result of such sWitching operation, a voltage 
V2 generated across the secondary-side parallel resonant 
capacitor C2 provided on the secondary side of the isolating 
converter transformer PIT has a resonance Waveform as 

shoWn in FIG. 9C. 

[0043] Avoltage V3 generated across the secondary Wind 
ing (N3+N4) has a resonance Waveform as shoWn in FIG. 
9D. An output current I3 as shoWn in FIG. 9E ?oWs from 
the secondary Winding (N3+N4). 

[0044] Avoltage V5 generated across the secondary Wind 
ing N5 has a resonance Waveform as shoWn in FIG. 9F. 

[0045] When the total load poWer is 100 W, the sWitching 
frequency of the sWitching device Q1 is controlled to be 100 
kHZ, for eXample, and the on/off period TON/T OFF of the 
sWitching device Q1 is 6 pas/4 us. In this case, a resonance 
voltage V1 as shoWn in FIG. 9G is generated across the 
primary-side parallel resonant capacitor Cr, and a collector 
current ICP as shoWn in FIG. 9H ?oWs through the sWitch 
ing device Q1. 

[0046] Also in this case, as a result of the sWitching 
operation of the sWitching device Q1, a voltage V2 gener 
ated across the secondary-side parallel resonant capacitor C2 
has a resonance Waveform as shoWn in FIG. 9I. A voltage 
V3 generated across the secondary Winding (N3+N4) has a 
resonance Waveform as shoWn in FIG. 9J. A current I3 as 
shoWn in FIG. 9K ?oWs from the ending point of the 
secondary Winding N3. 

[0047] Similarly, a voltage V5 generated across the sec 
ondary Winding N5 has a resonance Waveform as shoWn in 
FIG. 9L. 

SUMMARY OF THE INVENTION 

[0048] The poWer supply circuit shoWn in FIG. 8 has the 
three-terminal series regulators IC-1 and IC-2 and the DC 
DC converter formed With the chopper regulator IC-3 as the 
constant-voltage circuits for providing constant direct-cur 
rent output voltages E04 to E06 Whose variations are con 
trolled to Within a range of 12%. The regulators IC-1 and 
IC-2 and the DC-DC converter 11 cause poWer loss. 

[0049] For eXample, a poWer loss of about 3 W occurs in 
the three-terminal series regulator IC-1 for providing the 
direct-current output voltage E04. ApoWer loss of about 2.3 

Apr. 18, 2002 

W occurs in the three-terminal series regulator IC-2 for 
providing the direct-current output voltage E05. 

[0050] Since the DC-DC poWer conversion ef?ciency of 
the DC-DC converter 11 for providing the direct-current 
output voltage E06 is about 90%, a poWer loss of about 1.2 
W occurs in the DC-DC converter 11. 

[0051] Hence, When supplying the direct-current output 
voltages E04 to E06, the poWer supply circuit shoWn in FIG. 
8 causes a total poWer loss of about 6.5 W. 

[0052] In addition, radiators need to be attached to the 
three-terminal series regulators IC-1 and IC-2, and also the 
DC-DC converter 11 needs to be provided With the ferrite 
bead inductor PB and the ceramic capacitor Cn as compo 
nents for suppressing the sWitching noise caused by the 
sWitching operation. Thus, the poWer supply circuit shoWn 
in FIG. 8 has a disadvantage of its parts cost being increased 
With the increase in the number of parts. 

[0053] Accordingly, in vieW of the above problems, a 
sWitching poWer supply circuit according to the present 
invention is comprised as folloWs. 

[0054] To achieve the above object, according to a ?rst 
aspect of the present invention, there is provided a sWitching 
poWer supply circuit, including: a sWitching means includ 
ing a sWitching device for intermittently outputting a direct 
current input voltage inputted thereto; an isolating converter 
transformer including a primary Winding and at least ?rst 
and second secondary Windings, the isolating converter 
transformer being adapted to transmit an output, obtained in 
the primary Winding, of the sWitching means to the second 
ary Windings and to have a desired degree of coupling to 
loosely couple the primary Winding and the secondary 
Windings to each other; a primary-side parallel resonant 
circuit formed by the primary Winding and a primary-side 
parallel resonant capacitor, the resonant circuit being pro 
vided for converting operation of the sWitching means into 
voltage resonance type operation; a secondary-side resonant 
circuit formed by connecting a secondary-side resonant 
capacitor to the ?rst secondary Winding; a ?rst direct-current 
output voltage generating means formed by including the 
secondary-side parallel resonant circuit and adapted to sup 
ply a ?rst direct-current output voltage by performing rec 
tifying operation on an alternating voltage obtained from the 
?rst secondary Winding; a second direct-current output volt 
age generating means provided With a recti?er circuit for 
performing rectifying operation on an alternating voltage 
obtained from the second secondary Winding and adapted to 
supply a second direct-current output voltage; and a con 
stant-voltage control means including a capacitor disposed 
betWeen a secondary-side reference ground and an anode of 
a recti?er diode forming the recti?er circuit provided for 
supplying the second direct-current output voltage; and an 
active clamp circuit formed by connecting at least a clamp 
capacitor and an auXiliary sWitching device in series and 
disposed in parallel With the capacitor, the constant-voltage 
control means being adapted to effect constant-voltage con 
trol on the second direct-current output voltage by control 
ling a conduction angle of the auXiliary sWitching device 
according to a level of the second direct-current output 
voltage. 

[0055] According to a second aspect of the present inven 
tion, there is provided a sWitching poWer supply circuit, 
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including: a switching means including a switching device 
for intermittently outputting a direct-current input voltage 
inputted thereto; an isolating converter transformer includ 
ing a primary Winding and at least ?rst and second secondary 
Windings, the isolating converter transformer being adapted 
to transmit an output, obtained in the primary Winding, of the 
sWitching means to the ?rst and second secondary Windings 
and to have a desired degree of coupling to loosely couple 
the primary Winding and the ?rst and second secondary 
Windings to each other; a primary-side parallel resonant 
circuit formed by the primary Winding and a primary-side 
parallel resonant capacitor, the resonant circuit being pro 
vided for converting operation of the sWitching means into 
voltage resonance type operation; a secondary-side resonant 
circuit formed by connecting a secondary-side resonant 
capacitor to the ?rst secondary Winding; a ?rst direct-current 
output voltage generating means formed by including the 
secondary-side parallel resonant circuit and adapted to sup 
ply a ?rst direct-current output voltage by performing rec 
tifying operation on an alternating voltage obtained from the 
?rst secondary Winding; a second direct-current output volt 
age generating means provided With a recti?er circuit for 
performing rectifying operation on an alternating voltage 
obtained from the second secondary Winding and adapted to 
supply a second direct-current output voltage; a third direct 
current output voltage generating means provided With a 
recti?er circuit for branching and rectifying an alternating 
voltage obtained from the second secondary Winding and 
adapted to supply at least a third direct-current output 
voltage; and a constant-voltage control means including a 
capacitor disposed betWeen a secondary-side reference 
ground and an anode of a recti?er diode forming the recti?er 
circuit provided for supplying the third direct-current output 
voltage; and an active clamp circuit formed by connecting at 
least a clamp capacitor and an auXiliary sWitching device in 
series and disposed in parallel With the capacitor, the con 
stant-voltage control means being adapted to effect constant 
voltage control on the third direct-current output voltage by 
controlling a conduction angle of the auXiliary sWitching 
device according to a level of the third direct-current output 
voltage. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0056] FIG. 1 shoWs a con?guration of a poWer supply 
circuit according to a ?rst embodiment of the present 
invention; 
[0057] FIGS. 2A and 2B are sectional vieWs of a structure 
of an orthogonal type control transformer in FIG. 1; 

[0058] FIG. 3 is a sectional vieW of a structure of an 
isolating converter transformer in FIG. 1; 

[0059] FIGS. 4A and 4B are diagrams of assistance in 
explaining operations When mutual inductance in FIG. 3 is 
+M and —M; 

[0060] FIGS. 5A to 5] are Waveform diagrams shoWing 
operations of main parts of the poWer supply circuit shoWn 
in FIG. 1; 

[0061] FIG. 6 shoWs a con?guration of a poWer supply 
circuit according to a second embodiment of the present 
invention; 
[0062] FIGS. 7A and 7B are sectional vieWs of a structure 
of a control transformer in Which a control Winding and a 
driving Winding are Wound in obliquely crossing Winding 
relation to each other; 
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[0063] FIG. 8 shoWs a con?guration of a conventional 
poWer supply circuit; 

[0064] FIGS. 9A to 9L are Waveform diagrams shoWing 
operations of main parts of the conventional poWer supply 
circuit shoWn in FIG. 8; and 

[0065] FIG. 10 shoWs variation in direct-current output 
voltage With respect to load poWer in the conventional 
poWer supply circuit shoWn in FIG. 8. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0066] FIG. 1 is a circuit diagram shoWing a con?guration 
of a sWitching poWer supply circuit according to an embodi 
ment of the present invention. 

[0067] The poWer supply circuit shoWn in FIG. 1 has a 
con?guration of a compleX resonance type sWitching con 
verter provided With a voltage resonance type converter on 
the primary side and a parallel resonant circuit on the 
secondary side. 

[0068] The poWer supply circuit shoWn in FIG. 1 is 
supplied With a direct-current input voltage Ei obtained by 
smoothing an input voltage inputted from for eXample a 
commercial alternating-current poWer supply via a bridge 
recti?er circuit not shoWn in the ?gure by a smoothing 
capacitor Ci. 

[0069] The voltage resonance type converter that includes 
a sWitching device Q1 and performs self-excited sWitching 
operation by a so-called single-ended system is provided as 
a sWitching converter for interrupting the direct-current 
input voltage Ei inputted thereto. In this case, a high voltage 
bipolar transistor (Bipolar Junction Transistor) is employed 
as the sWitching device Q1. 

[0070] Abase of the sWitching device O1 is connected to 
the positive electrode side of the smoothing capacitor Ci via 
a base current limiting resistance RB and a starting resis 
tance RS. An emitter of the sWitching device O1 is con 
nected to a primary-side ground. 

[0071] Connected betWeen the base of the sWitching 
device Q1 and the primary-side ground is a series resonant 
circuit for self-oscillation driving that is formed by connect 
ing a driving Winding NB, a resonant capacitor CB, and the 
base current limiting resistance RB in series With each other. 

[0072] A clamp diode DD1 inserted betWeen the base of 
the sWitching device Q1 and a negative electrode of the 
smoothing capacitor Ci (primary-side ground) forms a path 
of a clamp current that ?oWs during an off period of the 
sWitching device Q1. 

[0073] Acollector of the sWitching device O1 is connected 
to one end of a primary-side Winding N1 formed on the 
primary side of an isolating converter transformer PIT, While 
the emitter of the sWitching device O1 is grounded. 

[0074] A primary-side parallel resonant capacitor Cr is 
connected in parallel With the collector and emitter of the 
sWitching device Q1. Capacitance of the primary-side par 
allel resonant capacitor Cr and leakage inductance L1 of the 
primary-side Winding N1 form a primary-side parallel reso 
nant circuit of the voltage resonance type converter. 
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[0075] Though not described in detail, during the off 
period of the switching device Q1, a voltage V1 generated 
across the primary-side resonant capacitor Cr by the effect of 
the primary-side parallel resonant circuit practically forms a 
sinusoidal pulse Waveform, and thus a voltage resonance 
type operation is obtained an 

[0076] An orthogonal type control transformer PRT-1 
shoWn in FIGS. 2A and 2B is a saturable reactor provided 
With a resonance current detecting Winding ND, the driving 
Winding NB, and a control Winding NC1. The orthogonal 
type control transformer PRT-1 is provided to drive the 
sWitching device Q1 and effect control for constant voltage. 

[0077] As shoWn in FIGS. 2A and 2B, the structure of the 
orthogonal type control transformer PRT-1 is a cubic core 
formed by connecting tWo double-U-shaped cores each 
having four magnetic legs With each other at ends of the 
magnetic legs. The resonance current detecting Winding ND 
and the driving Winding NB are Wound around tWo given 
magnetic legs of the cubic core in the same Winding direc 
tion, and the control Winding NC1 is Wound in a direction 
orthogonal to the resonance current detecting Winding ND 
and the driving Winding NB. 

[0078] In this case, the resonance current detecting Wind 
ing ND of the orthogonal type control transformer PRT-1 is 
inserted in series betWeen the positive electrode of the 
smoothing capacitor Ci and the primary-side Winding N1, so 
that the sWitching output of the sWitching device Q1 is 
transmitted to the resonance current detecting Winding ND 
via the primary-side Winding N1. 

[0079] The sWitching output obtained by the resonance 
current detecting Winding ND is induced in the driving 
Winding NB via transformer coupling, Whereby an alternat 
ing voltage is generated as driving voltage in the driving 
Winding NB. 

[0080] The driving voltage is outputted as driving current 
from a series resonant circuit of NB and CB, Which forms 
the self-oscillation driving circuit, to the base of the sWitch 
ing device Q1 via the base current limiting resistance RB. 

[0081] Thus, the sWitching device Q1 performs sWitching 
operation at a sWitching frequency determined by the reso 
nance frequency of the series resonant circuit. 

[0082] The isolating converter transformer PIT transmits 
the sWitching output of the sWitching device Q1 to the 
secondary side of the sWitching poWer supply circuit. 

[0083] As shoWn in FIG. 3, the isolating converter trans 
former PIT has an E-E-shaped core formed by combining 
E-shaped cores CR1 and CR2 made for example of a ferrite 
material in such a manner that magnetic legs of the core CR1 
are opposed to magnetic legs of the core CR2. The primary 
side Winding N1 and a secondary-side Winding N2 are 
Wound around a central magnetic leg of the E-E-shaped core 
in a state of being divided from each other by a dividing 
bobbin B. Also, a gap G is formed in the central magnetic 
leg, as shoWn in FIG. 3, by making the central magnetic leg 
of each of the E-shaped cores CR1 and CR2 shorter than tWo 
outer magnetic legs of each of the E-shaped cores CR1 and 
CR2. Thus, loose coupling at a desired coupling coef?cient, 
for eXample 0.85, is provided, and accordingly a saturated 
state is not readily obtained. 
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[0084] When the gap G is not provided in the isolating 
converter transformer PIT, it is highly likely that the isolat 
ing converter transformer PIT reaches a saturation state in 
?yback operation and performs abnormal operation. There 
fore it is dif?cult to eXpect that rectifying operation on the 
secondary side Will be properly performed. 

[0085] As for secondary-side operation of the isolating 
converter transformer PIT, mutual inductance M betWeen 
the inductance L1 of the primary-side Winding N1 and 
inductance L2 of the secondary-side Winding N2 provides 
+M operation mode (additive polarity mode; forWard opera 
tion) or —M operation mode (subtractive polarity mode; 
?yback operation), depending on polarity (Winding direc 
tion) of the primary-side Winding N1 and the secondary-side 
Winding N2, a connecting relation of a recti?er diode D0, 
and change in polarity of the alternating voltage induced in 
the secondary-side Winding. For eXample, an equivalent of 
a circuit shoWn in FIG. 4A has a mutual inductance of +M, 
While an equivalent of a circuit shoWn in FIG. 4B has a 
mutual inductance of —M. 

[0086] During a period in +M operation mode provided by 
the polarity of the primary-side Winding N1 and the sec 
ondary-side Winding N2, N5A and N5B of the isolating 
converter transformer PIT, the poWer supply circuit shoWn 
in FIG. 1 charges smoothing capacitors C01 to C03 via 
recti?er diodes D01 to D03, respectively. 

[0087] As shoWn in FIG. 1, on the secondary side of the 
isolating converter transformer PIT, the secondary-side 
Winding is formed by Winding a secondary Winding N2, or 
a ?rst secondary Winding, and secondary Windings N5A and 
N5B, or a second secondary Winding. 

[0088] In this case, as shoWn in FIG. 1, a tap provided 
betWeen the secondary Winding N5A and the secondary 
Winding N5B is connected to a secondary-side ground. A 
secondary-side parallel resonant capacitor C2 is connected 
betWeen the secondary-side ground and an ending point of 
the secondary Winding N2. 

[0089] Thus, the secondary-side parallel resonant capaci 
tor C2 is connected in parallel With the secondary Winding 
(N2+N5A). 
[0090] In this case, leakage inductance (L2+L5A) of the 
secondary Winding (N2+N5A) and capacitance of the sec 
ondary-side parallel resonant capacitor C2 form a second 
ary-side parallel resonant circuit on the secondary side of the 
isolating converter transformer PIT. 

[0091] Thus, a voltage resonance operation is obtained on 
the secondary side of the isolating converter transformer 
PIT, and therefore an alternating voltage induced on the 
secondary side of the isolating converter transformer PIT is 
converted into a resonance voltage Waveform. 

[0092] The secondary Winding (N2+N5A) is provided 
With a half-Wave rectifying and smoothing circuit formed by 
the recti?er diode D01 and the smoothing capacitor C01, so 
that a direct-current output voltage E01 of 135 V for 
horiZontal de?ection is obtained from the half-Wave recti 
fying and smoothing circuit. The secondary Winding N5A is 
provided With a half-Wave rectifying and smoothing circuit 
formed by the recti?er diode D02 and the smoothing capaci 
tor C02, so that a direct-current output voltage E02 of 15 V 
for vertical de?ection is obtained from the half-Wave recti 
fying and smoothing circuit. 
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[0093] In addition, the secondary Winding N5B is pro 
vided With a half-Wave rectifying and smoothing circuit 
formed by the recti?er diode D03 and the smoothing capaci 
tor C03. 

[0094] In this case, a cathode of the recti?er diode D03 is 
connected to a starting point of the secondary Winding N5B, 
and an anode of the recti?er diode D03 is connected to the 
negative electrode side of the smoothing capacitor C03, 
Whereby a negative-level direct-current output voltage E03 
of —15 V for vertical de?ection is obtained from the sec 
ondary Winding N5B. 

[0095] Thus, the direct-current output voltages E02 and 
E03 (-15 V) for vertical de?ection are obtained from the 
voltages induced in the secondary Windings N5A and N5B 
on the secondary side of the isolating converter transformer 
PIT. In this case, the secondary Windings N5A and N5B have 
the same number of turns. 

[0096] Thus, the poWer supply circuit shoWn in FIG. 1 is 
formed by the complex resonance type sWitching converter 
provided With the primary-side parallel resonant circuit for 
converting the sWitching operation into voltage resonance 
type operation on the primary side and the secondary-side 
parallel resonant circuit for providing voltage resonance 
operation on the secondary side. 

[0097] The direct-current output voltage E01 is also input 
ted from a branch point to a control circuit 1. The control 
circuit 1 is formed by for example an error ampli?er and the 
like, and uses the direct-current output voltage E02 (15 V) 
as its operating voltage. The control circuit 1 variably 
controls the inductance LB of the driving Winding NB 
Wound in the orthogonal type control transformer PRT-1 by 
changing the level of a control current ?oWing through the 
control Winding NC1 of the orthogonal type control trans 
former PRT-1 according to change in the level of the 
direct-current output voltage E01 outputted from the sec 
ondary side of the isolating converter transformer PIT. This 
results in a change in resonance conditions of the series 
resonant circuit including the inductance LB of the driving 
Winding NB in the circuit for self-oscillation driving of the 
sWitching device Q1. This represents an operation of chang 
ing the sWitching frequency of the sWitching device Q1. This 
operation stabiliZes the direct-current output voltages E01 to 
E03 outputted from the secondary side of the isolating 
converter transformer PIT, for example. 

[0098] In a case Where the orthogonal type control trans 
former PRT-1 variably controlling the inductance LB of the 
driving Winding NB is provided as in the poWer supply 
circuit of the present embodiment shoWn in FIG. 1, in 
changing the sWitching frequency of the sWitching device 
Q1, a period TOFF during Which the sWitching device Q1 is 
turned off is ?xed, While a period TON during Which the 
sWitching device Q1 is turned on is variably controlled. 
Speci?cally, the poWer supply circuit shoWn in FIG. 1 
performs complex control operation in Which the poWer 
supply circuit controls resonance impedance for sWitching 
output by variably controlling the sWitching frequency of the 
sWitching device Q1 as an operation for constant-voltage 
control, and at the same time, the poWer supply circuit 
effects PWM control of the sWitching device Q1 Within a 
sWitching cycle. 
[0099] The sWitching poWer supply circuit shoWn in FIG. 
1 is further provided With three active clamp circuits 6a, 6b, 
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and 6c enclosed by broken lines. In this case, as shoWn in the 
?gure, an ending point of the secondary Winding N5A is 
connected to the positive terminal side of parallel resonant 
capacitors C32, C33, and C34 via inductors L12, L13, and 
L14, and the active clamp circuits 6a, 6b, and 6c are 
connected in parallel With the parallel resonant capacitors 
C32 to C34, respectively. 

[0100] The active clamp circuit 6a is formed With an 
auxiliary sWitching device Q2, a clamp capacitor CCL2, and 
a clamp diode DD2. A so-called body diode, for example, is 
selected for the clamp diode DD2. 

[0101] A driving circuit system for driving the auxiliary 
sWitching device Q2 comprises a driving Winding Ng, a 
capacitor Cg2, and a resistance Rg2. 

[0102] The clamp diode DD2 is connected in parallel With 
a drain and source of the auxiliary sWitching device Q2. In 
this case, an anode of the clamp diode DD2 is connected to 
the source of the auxiliary sWitching device Q2, While a 
cathode of the clamp diode DD2 is connected to the drain of 
the auxiliary sWitching device Q2. 

[0103] The drain of the auxiliary sWitching device Q2 is 
connected to one terminal of the clamp capacitor CCL2, 
Whereas the other terminal of the clamp capacitor CCL2 is 
connected to a node that connects the inductor L12, the 
parallel resonant capacitor C32, and an anode of a recti?er 
diode D04 With each other. The source of the auxiliary 
sWitching device Q2 is connected to a secondary-side 
ground. 

[0104] Thus, the active clamp circuit 6a is formed by 
connecting the clamp capacitor CCL2 in series With a 
parallel connection circuit of the auxiliary sWitching device 
Q2 and the clamp diode DD2. The circuit thus formed is 
connected in parallel With the parallel resonant capacitor 
C32. 

[0105] Similarly, the active clamp circuit 6b is formed 
With an auxiliary sWitching device Q3, a clamp capacitor 
CCL3, and a clamp diode DD3. The active clamp circuit 6c 
is formed With an auxiliary sWitching device Q4, a clamp 
capacitor CCL4, and a clamp diode DD4. 

[0106] The active clamp circuits 6b and 6c are connected 
in parallel With the parallel resonant capacitors C33 and 
C34, and control circuits 3 and 4 effect PWM control of the 
auxiliary sWitching devices Q3 and Q4 in the active clamp 
circuits 6b and 6c, respectively. Thus, it is possible to 
equivalently change capacitance of the parallel resonant 
capacitors C33 and C34 and thereby render direct-current 
output voltages E05 and E06 constant. 

[0107] As shoWn in FIG. 1, gates of the auxiliary sWitch 
ing devices Q2 to Q4 are connected to, respectively, a series 
connection circuit of the resistance Rg2, the capacitor Cg2, 
and the driving Winding Ng; a series connection circuit of a 
resistance Rg3, a capacitor Cg3, and the driving Winding 
Ng; and a series connection circuit of a resistance Rg4, a 
capacitor Cg4, and the driving Winding Ng, the series 
connection circuits respectively serving as the driving circuit 
systems for driving the auxiliary sWitching devices Q2 to 
Q4. The series connection circuits form self-oscillation 
driving circuits for driving the auxiliary sWitching devices 
Q2 to Q4. The series connection circuits are con?gured to 



US 2002/0044469 A1 

ensure on/off operation of the auxiliary switching devices 
Q2 to Q4 When the recti?er diodes D04 to D06 do not 
conduct. 

[0108] The driving Winding Ng is formed by providing a 
tap to the secondary Winding N5B, and the number of turns 
of the driving Winding Ng in this case is IT (turn), for 
example. It is to be noted that When the number of turns of 
the driving Winding Ng is IT, operation of the driving 
Winding Ng is insured in practice; hoWever, the number of 
turns is not limited to IT. 

[0109] The other end of the inductor L12 is connected to 
the anode of the recti?er diode D04 formed by a Schottky 
diode, for example. A half-Wave rectifying and smoothing 
circuit formed by the recti?er diode D04 and a smoothing 
capacitor C04 supplies a direct-current output voltage E04 
(second direct-current output voltage). 

[0110] Similarly, the other end of the inductor L13 is 
connected to an anode of a recti?er diode D05 formed by a 
Schottky diode or the like. A half-Wave rectifying and 
smoothing circuit formed by the recti?er diode D05 and a 
smoothing capacitor C05 supplies a direct-current output 
voltage E05 (third direct-current output voltage). 

[0111] Also, the other end of the inductor L14 is connected 
to an anode of a recti?er diode D06 formed by a Schottky 
diode or the like. A half-Wave rectifying and smoothing 
circuit formed by the recti?er diode D06 and a smoothing 
capacitor C06 supplies a direct-current output voltage E06 
(fourth direct-current output voltage). 

[0112] The direct-current output voltages E04 to E06 are 
also inputted from a branch point to control circuits 2, 3, and 
4, respectively. 

[0113] The control circuits 2 to 4 are also formed by for 
example an error ampli?er such as a temperature-compen 
sated shunt regulator, and the direct-current output voltage 
E02 is inputted to each of the control circuits 2 to 4 as its 
operating voltage. 

[0114] The control circuit 2 effects PWM control of the 
auxiliary sWitching device Q2 in the active clamp circuit 6a 
according to change in the level of the direct-current output 
voltage E04. Such control operation can be considered an 
operation of equivalently changing capacitance of the par 
allel resonant capacitor C32. This operation controls a 
current I4 ?oWing to the recti?er diode D04 via the inductor 
L12, Whereby the direct-current output voltage E04 is made 
constant Within a range of 9 V1018 V for output. 

[0115] Similarly, the control circuit 3 effects PWM control 
of the auxiliary sWitching device Q3 according to change in 
the level of the direct-current output voltage E05, and 
thereby equivalently changes capacitance of the parallel 
resonant capacitor C33. Thus, the control circuit 3 controls 
a current ?oWing to the recti?er diode D05 via the inductor 
L13, Whereby the direct-current output voltage E05 is made 
constant Within a range of 5 V101 V for output. 

[0116] Also, the control circuit 4 effects PWM control of 
the auxiliary sWitching device Q4 according to change in the 
level of the direct-current output voltage E06, and thereby 
equivalently changes capacitance of the parallel resonant 
capacitor C34. Thus, the control circuit 4 controls a current 
?oWing to the recti?er diode D06 via the inductor L14, 
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Whereby the direct-current output voltage E06 is made 
constant Within a range of 3.3 V1007 V for output. 

[0117] According to experiments, When actually con?g 
uring the poWer supply circuit shoWn in FIG. 1, the folloW 
ing selections are made: the secondary-side parallel resonant 
capacitor C2=001 pF; the secondary Winding N2 of the 
isolating converter transformer PIT=40 T; the secondary 
Windings N5A and N5B=5 T; the driving Winding Ng=1 T; 
the inductor L12=10 pH; L13=15 pH; L14=18 pH; the 
parallel resonant capacitors C32 to C34=022 pF; the clamp 
capacitors CCL2 to CCL4=2.2 pF; the capacitors Cg2 to 
Cg4=039 pF; and the resistances Rg2 to Rg4=22 Q. A 
MOS-FET of 10 A/50 V and an on resistance of 0.2 Q is 
selected for the auxiliary sWitching devices Q2 to Q4. 

[0118] While the poWer supply circuit shoWn in FIG. 1 
supplies the direct-current output voltage E04 of 9 V as 
operating voltage for an analog IC, the poWer supply circuit 
can also supply a direct-current output voltage E04 of 12 V 
for the analog IC, instead of the direct-current output voltage 
E04 of 9 V, for example by providing a further active clamp 
circuit. 

[0119] Similarly, the poWer supply circuit can also supply 
an operating voltage of 2.5 V for a digital IC. 

[0120] As an example of operating Waveforms of the 
sWitching poWer supply circuit shoWn in FIG. 1, FIG. 5 
shoWs operating Waveforms of the sWitching poWer supply 
circuit formed by the above-mentioned components. 

[0121] FIGS. 5A to SE shoW operating Waveforms under 
conditions Where the direct-current output voltages E04 to 
E06 are made constant so that variations in the voltages fall 
Within a range of 12%, and a total load poWer of the 
direct-current output voltages E01 to E06 is 200 W. FIGS. 
5F to 5] shoW operating Waveforms under conditions Where 
a total load poWer of the direct-current output voltages E01 
to E06 is 100 W. 

[0122] When the total load poWer is 200 W, a resonance 
voltage V2 as shoWn in FIG. 5A is generated across the 
secondary-side parallel resonant capacitor C2 provided on 
the secondary side of the isolating converter transformer 
PIT, and a resonance voltage V3 as shoWn in FIG. 5B is 
obtained from the secondary Winding N5A. 

[0123] In this case, a current I3 as shoWn in FIG. 5D ?oWs 
through the active clamp circuit 6a, a voltage V4 as shoWn 
in FIG. 5C is generated by the parallel resonant capacitor 
C32, and a current I4 having a resonance Waveform as 
shoWn in FIG. 5E ?oWs through the recti?er diode D04. 

[0124] On the other hand, When the total load poWer is 100 
W, a resonance voltage V2 as shoWn in FIG. 5F is generated 
across the secondary-side parallel resonant capacitor C2, 
and a resonance voltage V3 as shoWn in FIG. 5G is obtained 
from the secondary Winding N5A. 

[0125] In this case, a current I3 as shoWn in FIG. 51 ?oWs 
through the active clamp circuit 6a, a voltage V4 as shoWn 
in FIG. 5H is generated by the parallel resonant capacitor 
C32, and a current I4 having a resonance Waveform as 
shoWn in FIG. 5J ?oWs through the recti?er diode D04. 

[0126] A comparison of the operating Waveforms shoWn 
in FIGS. 5A to SE and the operating Waveforms shoWn in 
FIGS. 5F to 5] shoWs that the cycle of the resonance voltage 
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V2 obtained from the secondary side of the isolating con 
verter transformer PIT, for example, is 6 pas/8 us and 6 pas/5 
us. Therefore, it is indicated that switching operation of the 
sWitching device Q1 is controlled by the complex control 
method. It is also shoWn that the operating Waveform of each 
part is a resonance Waveform. 

[0127] In addition, as is shoWn by the Waveforms of the 
resonance voltage V4 shoWn in FIGS. 5C and 5H and the 
current I3 shoWn in FIGS. 5D and SI, sWitching operation 
of the auxiliary sWitching device Q2 is ZVS, and therefore 
sWitching loss in the auxiliary sWitching device Q2 may be 
ignored. 
[0128] Thus, the sWitching poWer supply circuit according 
to the present embodiment shoWn in FIG. 1 is formed by the 
complex resonance type sWitching converter, and provided 
With the active clamp circuits 6a to 6c to supply the 
direct-current output voltages E04 to E06 Whose variations 
are Within a range of 12% from the secondary side of the 
isolating converter transformer PIT. The direct-current out 
put voltages E04 to E06 are made constant by effecting 
PWM control of sWitching operation of the auxiliary sWitch 
ing devices Q2 to Q4 on the basis of change in the level of 
the direct-current output voltages E04 to E06, respectively. 

[0129] In this case, poWer loss caused When the poWer 
supply circuit of FIG. 1 supplies the constant direct-current 
output voltages E04 to E06 is primarily made up of sWitch 
ing loss in the auxiliary sWitching devices Q2 to Q4 pro 
vided in the active clamp circuits 6a to 6c and conduction 
loss in the clamp diodes DD2 to DB4 formed by a body 
diode. As described above, the sWitching operation of the 
auxiliary sWitching devices Q2 to Q4 is ZVS, and therefore 
sWitching loss in the auxiliary sWitching devices Q2 to Q4 
is at a negligible level. Thus, the poWer loss caused in 
making the direct-current output voltages E04 to E06 con 
stant is the conduction loss in the clamp diodes DD2 to DB4 
in the active clamp circuits 6a to 6c. 

[0130] Even if the sWitching loss in the auxiliary sWitch 
ing devices Q2 to Q4 is not ignored, the sWitching loss in 
each of the auxiliary sWitching devices Q2 to Q4 is about 0.2 
W and the conduction loss in each of the clamp diodes DD2 
to DB4 is about 0.4 W at a maximum load poWer, or the total 
load poWer of 200 W, for example, so that the poWer loss in 
each of the active clamp circuits 6a to 6c is about 0.6 W. The 
total poWer loss in the sWitching poWer supply circuit shoWn 
in FIG. 1 is about 2.1 W. 

[0131] On the other hand, the poWer loss caused When the 
conventional poWer supply circuit of FIG. 8 supplies the 
constant direct-current output voltages E04 to E06 is about 
6.5 W, as described earlier. Thus, With the poWer supply 
circuit of FIG. 1, it is possible to reduce the poWer loss by 
about 4.4 W. 

[0132] When converting this into an alternating-current 
input poWer, it is a reduction of about 4.8 W, thus making it 
possible to save a corresponding amount of energy. 

[0133] Moreover, the poWer supply circuit shoWn in FIG. 
1 does not require the three-terminal series regulators for 
providing the direct-current output voltages E04 and E05, 
thus also eliminating the need for radiators to be attached to 
the three-terminal series regulators. 

[0134] The DC-DC converter 11 for providing the direct 
current output voltage E06 in the conventional poWer supply 
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circuit shoWn in FIG. 8 has a rectangular operating Wave 
form, thus causing sWitching noise in sWitching operation. 
The conventional poWer supply circuit shoWn in FIG. 8 
therefore requires a component for suppressing the sWitch 
ing noise and a pi ?lter circuit for eliminating high-fre 
quency ripple voltage. 

[0135] On the other hand, the operating Waveform of each 
part of the poWer supply circuit shoWn in FIG. 1 is a smooth 
resonance Waveform, thereby making it possible to suppress 
sWitching noise in sWitching operation. Thus, the poWer 
supply circuit shoWn in FIG. 1 does not require a component 
for suppressing sWitching noise and a pi ?lter circuit for 
eliminating high-frequency ripple voltage. 

[0136] Hence, While the conventional poWer supply circuit 
shoWn in FIG. 8 requires six smoothing electrolytic capaci 
tors, the poWer supply circuit shoWn in FIG. 1 requires only 
three smoothing electrolytic capacitors, thereby making it 
possible to correspondingly reduce the number of parts and 
parts cost. 

[0137] The poWer supply circuit according to the present 
invention is not limited to the circuit con?guration shoWn in 
FIG. 1. 

[0138] FIG. 6 shoWs a secondary-side con?guration of a 
sWitching poWer supply circuit according to a second 
embodiment of the present invention. The same parts as in 
the poWer supply circuit of FIG. 1 are identi?ed by the same 
reference numerals, and their description Will be omitted. 
The con?guration of a primary-side circuit is the same as 
that of the self-excited voltage resonance converter as shoWn 
in FIG. 1, and therefore is not shoWn in FIG. 6. 

[0139] The positive electrode side of parallel resonant 
capacitors C32, C33, and C34 in the sWitching poWer supply 
circuit shoWn in FIG. 6 is connected to a starting point of a 
secondary Winding N5B via inductors L12, L13, and L14, 
respectively. Active clamp circuits 6a, 6b, and 6c are con 
nected in parallel With the parallel resonant capacitors C32 
to C34, respectively. Thus, While the active clamp circuits 6a 
to 6c in the poWer supply circuit shoWn in FIG. 1 are 
connected to the secondary Winding N5A, the active clamp 
circuits 6a to 6c in this case are connected to the secondary 
Winding N5B. 

[0140] Accordingly, When the sWitching poWer supply 
circuit shoWn in FIG. 6 employs the active clamp circuits 6a 
to 6c to make direct-current output voltages E04 to E06 
constant as in the case of the sWitching poWer supply circuit 
shoWn in FIG. 1, it is possible to reduce poWer loss by about 
4.4 W as compared With the conventional poWer supply 
circuit. When converting this into an alternating-current 
input poWer, it is a reduction of about 4.8 W, thus making it 
possible to save a corresponding amount of energy. 

[0141] Also, since the poWer supply circuit in this case 
does not require three-terminal series regulators, the poWer 
supply circuit eliminates the need for radiators to be attached 
to the three-terminal series regulators and also the need for 
components for suppressing sWitching noise and high-fre 
quency ripple voltage, thereby making it possible to corre 
spondingly reduce the number of parts and parts cost. 

[0142] It is to be noted that the con?guration of the 
primary-side circuits of the poWer supply circuits according 
to the embodiments described thus far has been described by 
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taking a self-excited voltage resonance converter as an 
example; hoWever, it is a mere example and the present 
invention may be formed by an externally excited voltage 
resonance converter, for example. 

[0143] In the embodiments, the orthogonal type control 
transformer PRT is used as a control transformer to effect 
control for constant voltage in the circuit con?guration 
provided With the self-excited resonance converter on the 
primary side; hoWever, a control transformer shoWn in FIG. 
7 may be employed instead of the orthogonal type control 
transformer PRT. 

[0144] As shoWn in FIG. 7, the structure of the control 
transformer is a cubic core formed by combining tWo double 
U-shaped cores each having four magnetic legs With each 
other, for example, as in the case of the orthogonal type 
control transformer. A control Winding NC1 and a driving 
Winding NB are Wound around the cubic core in obliquely 
crossing Winding relation to each other. Speci?cally, either 
the control Winding NC1 or the driving Winding NB is 
Wound around tWo adjacent magnetic legs of the four 
magnetic legs of the cubic core, and the other Winding is 
Wound around tWo magnetic legs situated in diagonal posi 
tional relation to each other. 

[0145] The control transformer operates in such a manner 
that inductance of the driving Winding is increased even 
When alternating current ?oWing through the driving Wind 
ing is changed from a negative current level to a positive 
current level. Thus, the level of current in a negative 
direction for turning off the sWitching device is increased, 
and thereby storage time of the sWitching device is short 
ened. As a result of this, fall time of the sWitching device at 
turn-off is also shortened, thereby enabling further reduction 
of poWer loss in the sWitching device. 

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

a sWitching means including a sWitching device for inter 
mittently outputting a direct-current input voltage 
inputted thereto; 

an isolating converter transformer including a primary 
Winding and at least ?rst and second secondary Wind 
ings, said isolating converter transformer being adapted 
to transmit an output, obtained in said primary Winding, 
of said sWitching means to said secondary Windings 
and to have a desired degree of coupling to loosely 
couple said primary Winding and said secondary Wind 
ings to each other; 

a primary-side parallel resonant circuit formed by said 
primary Winding and a primary-side parallel resonant 
capacitor, said resonant circuit being provided for con 
verting operation of said sWitching means into voltage 
resonance type operation; 

a secondary-side resonant circuit formed by connecting a 
secondary-side resonant capacitor to said ?rst second 
ary Winding; 

a ?rst direct-current output voltage generating means 
formed by including said secondary-side parallel reso 
nant circuit and adapted to supply a ?rst direct-current 
output voltage by performing rectifying operation on an 
alternating voltage obtained from said ?rst secondary 
Winding; 
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a second direct-current output voltage generating means 
provided With a recti?er circuit for performing rectify 
ing operation on an alternating voltage obtained from 
said second secondary Winding and adapted to supply 
a second direct-current output voltage; and 

a constant-voltage control means including a capacitor 
disposed betWeen a secondary-side reference ground 
and an anode of a recti?er diode forming the recti?er 
circuit provided for supplying said second direct-cur 
rent output voltage; and an active clamp circuit formed 
by connecting at least a clamp capacitor and an auxil 
iary sWitching device in series and disposed in parallel 
With said capacitor, said constant-voltage control 
means being adapted to effect constant-voltage control 
on said second direct-current output voltage by con 
trolling a conduction angle of said auxiliary sWitching 
device according to a level of said second direct-current 
output voltage. 

2. A sWitching poWer supply circuit comprising: 

a sWitching means including a sWitching device for inter 
mittently outputting a direct-current input voltage 
inputted thereto; 

an isolating converter transformer including a primary 
Winding and at least ?rst and second secondary Wind 
ings, said isolating converter transformer being adapted 
to transmit an output, obtained in said primary Winding, 
of said sWitching means to said ?rst and second sec 
ondary Windings and to have a desired degree of 
coupling to loosely couple said primary Winding and 
said ?rst and second secondary Windings to each other; 

a primary-side parallel resonant circuit formed by said 
primary Winding and a primary-side parallel resonant 
capacitor, said resonant circuit being provided for con 
verting operation of said sWitching means into voltage 
resonance type operation; 

a secondary-side resonant circuit formed by connecting a 
secondary-side resonant capacitor to said ?rst second 
ary Winding; 

a ?rst direct-current output voltage generating means 
formed by including said secondary-side parallel reso 
nant circuit and adapted to supply a ?rst direct-current 
output voltage by performing rectifying operation on an 
alternating voltage obtained from said ?rst secondary 
Winding; 

a second direct-current output voltage generating means 
provided With a recti?er circuit for performing rectify 
ing operation on an alternating voltage obtained from 
said second secondary Winding and adapted to supply 
a second direct-current output voltage; 

a third direct-current output voltage generating means 
provided With a recti?er circuit for branching and 
rectifying an alternating voltage obtained from said 
second secondary Winding and adapted to supply at 
least a third direct-current output voltage; and 

a constant-voltage control means including a capacitor 
disposed betWeen a secondary-side reference ground 
and an anode of a recti?er diode forming the recti?er 
circuit provided for supplying said third direct-current 
output voltage; and an active clamp circuit formed by 
connecting at least a clamp capacitor and an auxiliary 
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switching device in series and disposed in parallel With 
said capacitor, said constant-voltage control means 
being adapted to effect constant-voltage control on said 
third direct-current output voltage by controlling a 
conduction angle of said auxiliary sWitching device 
according to a level of said third direct-current output 
voltage. 

3. A sWitching poWer supply circuit as claimed in claim 1 
or 2, Wherein said ?rst secondary Winding is formed by 
Winding a Wire of said second secondary Winding. 

4. A sWitching poWer supply circuit as claimed in claim 1 
or 2, further including a second constant-voltage control 
means for effecting control for constant voltage by driving 
said sWitching device for sWitching operation in such a 
manner that sWitching frequency of said sWitching device is 
variably controlled according to level of said ?rst direct 
current output voltage, While an off period of said sWitching 
device Within a sWitching cycle is ?xed and an on period of 
said sWitching device is changed. 

5. A sWitching poWer supply circuit as claimed in claim 4, 
Wherein said second constant-voltage control means 
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includes a control transformer, said control transformer 
having a detecting Winding connected in series With said 
primary winding of said isolating converter transformer for 
detecting a resonance current; a driving Winding for driving 
said sWitching means; and a control Winding Wound in an 
orthogonal direction or an oblique direction With respect to 
the tWo Windings for changing inductance of said driving 
Winding by being changed in control current according to 
level of said secondary-side direct-current output voltage, 
Whereby said second constant-voltage control means vari 
ably controls the sWitching frequency of said sWitching 
device. 

6. AsWitching poWer supply circuit as claimed in claim 1 
or 2, Wherein said auXiliary sWitching device is driven by a 
self-oscillation driving circuit formed by connecting a driv 
ing Winding formed by providing a tap to said secondary 
Winding and a capacitor at least in series With each other. 


