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(54) SWITCHING POWER SUPPLY APPARATUS (57) ABSTRACT 
A switching power supply apparatus has a transformer 

75 _ having a primary winding and a secondary winding, a ?rst 
( ) Inventors: Tats“)? H0s0tam> Kyoto'fu (JP); switching element connected in series with the primary 

H111)?!“ Takemul‘a, Kyoto-£11 (JP); winding, a ?rst control circuit for controlling the on-time of 
YasuJl I 0kam0t0> Kyoto'fu (JP) the ?rst switching element whereby the output is controlled, 

and a recti?cation circuit for rectifying the output from the 
Correspondence Address: secondary winding, whereby input voltage is applied to the 
OSTROLENK FABER GERB 8‘ SOFFEN ?rst winding when the ?rst switching element is on and 
1180 AVENUE OF THE AMERICAS causes current to How therein so that energy is stored in the 
NEW YORK’ NY 100368403 transformer, and the energy stored in the transformer is 

_ _ _ released as electric current from the secondary winding 
(73) Asslgnee' Murata Manufactunng Co" Ltd‘ when the ?rst switching element is off, and the current is 

_ recti?ed in the recti?cation circuit to obtain an output. The 
(21) Appl' NO" 09/797’963 recti?cation circuit comprises a recti?cation diode, a second 
22 Fl (12 M _ 2 2001 switching element connected in parallel to the recti?cation 

( ) 1 6 ar ’ diode, a second switching element drive winding provided 

(30) Foreign Application Priority Data in the transformer to generate a voltage which causes the 
second switching element to be on, and a second control 

Mar. 3, 2000 (JP) .................................... .. 2000-059393 Circuit for turning on the Second Switching element by use of 
a voltage from the second switching element drive winding, 

Publication Classi?cation and turning off the second switching element after a time 
determined by a predetermined time constant by use of a 

(51) Int. Cl.7 .................................................. .. H02M 3/335 further switching element connected to the control terminal 
(52) US. Cl. .............................................................. .. 363/18 of the second switching element. 
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SWITCHING POWER SUPPLY APPARATUS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a switching power 
supply apparatus in which output produced by switching 
D.C. input on the primary side is recti?ed in a recti?cation 
circuit, and is supplied to a load, and more particularly, to an 
energy-storage type switching power supply apparatus in 
which a recti?cation diode and a switching element in 
parallel to the recti?cation diode are connected in the 
recti?cation circuit. 

[0003] 2. Description of the Related Art 

[0004] Conventionally, for switching power supply appa 
ratus which can satisfy demands for high quality and can be 
formed at relatively low expenditure, the RCC (ringing 
choke converter) as disclosed in (1) Japanese Unexamined 
Utility Model Publication No. 63-100993 has been 
employed. In such ringing choke converters and ?yback 
converters, a diode is connected to a recti?cation circuit on 
the secondary side of a transformer. That is, when a switch 
ing element on the primary side of the transformer is on, 
input voltage is applied to the primary winding, allowing 
current to ?ow, so that energy is stored in the transformer. 
When the switching element is off, the energy stored in the 
transformer is released from the secondary winding in the 
form of current. The current is recti?ed and smoothed to 
obtain an output voltage. The output voltage is stabiliZed by 
control of the on-time of the switching element. 

[0005] (2) A switching power supply apparatus disclosed 
in Japanese Unexamined Patent Application Publication No. 
2-261053 has the following constitution. Aswitching means 
is connected in parallel to a recti?cation diode on the 
secondary side of a transformer. An output voltage obtained 
by recti?cation in the recti?cation circuit and smoothing is 
applied via the switching means to the secondary winding of 
the transformer, and energy is regenerated in the primary. 

[0006] (3) In a switching power supply apparatus dis 
closed in Japanese Unexamined Patent Application Publi 
cation No. 9-271167, a synchronous recti?er comprising a 
MOSFET is connected to a recti?cation circuit on the 
secondary side of a transformer. When energy stored in the 
transformer is released in the form of current, the MOSFET 
is turned on, whereby the recti?cation loss is reduced. 
Moreover, the arrangement is such that the MOSFET is 
driven by means of a drive winding provided in the trans 
former. 

[0007] However, the above-mentioned switching power 
supply apparatus of (1) to (3) have the following inconve 
niences. 

[0008] (1) Japanese Unexamined Utility Model Publica 
tion No. 63-100993 

[0009] In the method using only the diode as the rectifying 
means, the forward voltage drop of the diode is large (about 
0.6 V). This causes the problem that a loss generated by the 
voltage drop reduces the ef?ciency and increases the tem 
perature of the diode itself. 

[0010] (2) Japanese Unexamined Patent Application Pub 
lication No. 2-261053 

Sep. 6, 2001 

[0011] In this switching power supply apparatus, recti? 
cation on the primary side of the transformer is controlled 
with the switching means connected in parallel to the diode, 
so that the output voltage is stabiliZed. Therefore, the 
magnetic ?ux change range is constant, irrespective of the 
output power, and the maximum exciting energy is stored in 
the transformer at all times. Thus, the conduction loss and 
the core loss of the transformer, and moreover, a loss caused 
by the regeneration of current is large, and especially, the 
ef?ciency at light-loading and non-loading is reduced. 
Moreover, described is an example, in which the current to 
be regenerated in the secondary winding is made constant, 
so that the magnetic ?ux amplitude at light-loading is 
decreased. In this case, it is necessary to provide a circuit for 
detecting current to be returned to the secondary winding, 
and the power loss caused by the detection circuit is prob 
lematic. 

[0012] (3) Japanese Unexamined Patent Application Pub 
lication No. 9-271167 

[0013] In this switching power supply apparatus, the 
MOSFET, which is the synchronous recti?er, is driven only 
by the drive winding provided in the transformer. Accord 
ingly, the on-time of the MOSFET is determined by the 
relation between the generation voltage in the drive winding 
and the threshold voltage at the gate of the MOSFET. In 
general, generation voltage in a drive winding is determined 
by a turns ratio, so that it is difficult for the generation 
voltage to have an optional value. Thus, adjustment of the 
on-time of the MOSFET is difficult. Moreover, the threshold 
voltage of MOSFET is not constant and is varied in some 
range in general. The on-time of the MOSFET is consider 
ably changed, depending on the threshold voltage, and it is 
very dif?cult to determined the optimum on-time of the 
MOSFET. Furthermore, since the MOSFET is turned off by 
use of a voltage drop caused by spontaneous discharging of 
the gate terminal voltage of the MOSFET, the turn-off speed 
of the MOSFET is low, the switching loss is large, and the 
ef?ciency is low. The MOSFET is heated. 

SUMMARY OF THE INVENTION 

[0014] In view of the forgoing, the present invention has 
been devised. It is an object of the present invention to 
provide a switching power supply apparatus with which a 
high ef?ciency, high stabiliZation, and small-siZe and light 
weight can be realiZed. 

[0015] To solve the above-described problems, the switch 
ing power supply apparatus comprises a transformer having 
a primary winding and a secondary winding, a ?rst switch 
ing element connected in series with the primary winding, a 
?rst control circuit for controlling the on-time of the ?rst 
switching element whereby the output is controlled, and a 
recti?cation circuit for rectifying the output from the sec 
ondary winding, whereby input voltage is applied to the 
primary winding when the ?rst switching element is on and 
causes current to How therein so that energy is stored in the 
transformer, and the energy stored in the transformer is 
released as electric current from the secondary winding 
when the ?rst switching element is off, and the current is 
recti?ed in the recti?cation circuit to obtain an output, 
wherein the recti?cation circuit comprises a recti?cation 
diode, a second switching element connected in parallel to 
the recti?cation diode, a second switching element drive 
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Winding provided in the transformer to generate a voltage 
Which causes the second switching element to be on, and a 
second control circuit for turning on the second sWitching 
element With a voltage from the second sWitching element 
drive Winding, and turning off the second sWitching element 
after a time determined by a predetermined time constant by 
use of a further sWitching element connected to the control 
terminal of the second sWitching element. 

[0016] The sWitching poWer supply apparatus in accor 
dance With the present invention is an RCC (ringing choke 
converter) type sWitching poWer supply apparatus, in Which 
energy stored in the transformer When the ?rst sWitching 
element is on is released in the form of current to the 
secondary side When the ?rst sWitching element is turned 
off. That is, When the ?rst sWitching element turns on, an 
input voltage is applied to the primary Winding, alloWing 
current to ?oW, so that energy is stored in the transformer. 
When the ?rst sWitching element turns off, the energy stored 
in the transformer is released as electric current from the 
secondary Winding. The current is recti?ed and smoothed to 
obtain an output voltage. In this case, When the ?rst sWitch 
ing element is turned off, voltage is generated in the second 
sWitching element drive Winding provided in the trans 
former, and the voltage is applied to the control terminal of 
the second sWitching element, so that the second sWitching 
element is turned on to conduct. Then, the current from the 
secondary Winding ?oWs through the recti?cation diode, and 
the second sWitching element connected in parallel to the 
recti?cation diode. HoWever, since the second sWitching 
element is selected so that the voltage drop of the second 
sWitching element is smaller than that in the forWard direc 
tion of the recti?cation diode, most of the output current 
?oWs in the second sWitching element. Accordingly, the 
recti?cation loss can be reduced. 

[0017] In general, as the voltage drops of diodes, forWard 
voltages are dominant. Even if the diode is connected in 
parallel, the voltage drop is scarcely changed. On the other 
hand, for sWitching elements such as MOSFETs or the like, 
voltage drops caused by on-resistance are dominant. 
Accordingly, the voltage drop can be easily decreased to be 
smaller than the forWard voltage of the diode by parallel 
connection of the sWitching element such as a MOSFET or 
the like. 

[0018] The sWitching means connected to the control 
terminal of the second sWitching element turns on after the 
passing of a time-period, determined by a predetermined 
time constant, from the time When voltage is generated in the 
second sWitching element drive Winding, Whereby the sec 
ond sWitching element is turned off. At this time, the reverse 
voltage is applied to the second sWitching element and the 
recti?cation diode. The capacitive impedance equivalent 
from the standpoint of the recti?cation diode and the Wind 
ing inductance of the transformer resonate With each other, 
and voltage is applied to the control terminal of the ?rst 
sWitching element, so that the ?rst sWitching element turns 
on. As described above, the ?rst and second sWitching 
elements are alternately turned off and on so as to sandWich 
a time-period When both of them are off, and the on-time of 
the ?rst sWitching element is controlled, correspondingly to 
the output voltage, Whereby the output voltage is stabiliZed. 

[0019] When the load is light, the output voltage is applied 
to the secondary Winding of the transformer before passing 
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of the time-period determined by the above predetermined 
time constant. After the second sWitching element turns off, 
the regeneration current ?oWs in the input source via the 
primary Winding of the transformer. The ?rst sWitching 
element can be turned off, With the regenerative current, 
after charges at both ends of the ?rst sWitching element are 
discharged, so that the voltage across the ?rst sWitching 
element becomes Zero. For this reason, the Zero-voltage 
sWitching operation of the ?rst sWitching element is enabled, 
so that the sWitching loss is reduced. Moreover, if the load 
becomes light, the ?rst sWitching element is turned on after 
the second sWitching element is turned off after the time 
period determined by the above predetermined time con 
stant. Accordingly, the oscillation frequency can be pre 
vented from increasing When the load is light, and thereby, 
intermittent oscillation or the like Which contributes to 
deteriorated response can be prevented. 

[0020] Since the recti?cation loss is reduced, and the 
sWitching loss is decreased as described above, a sWitching 
poWer supply apparatus of high ef?ciency can be realiZed. 
Moreover, the on-time of the second sWitching element is 
primarily determined by the predetermined time constant. 
Accordingly, intermittent oscillation can be prevented, in 
Which the oscillation frequency is increased Which Would 
contribute to poor response. 

[0021] According to an aspect, the second control circuit 
comprises a transistor connected to the control terminal of 
the second sWitching element, and an RC time constant 
circuit connected to the control terminal of the transistor, and 
is arranged so that output voltage from the second sWitching 
element drive Winding is applied to the RC time constant 
circuit. 

[0022] Since the second control circuit comprises the RC 
time constant circuit including the transistor, parts such as a 
control IC or the like are not needed. 

[0023] Inexpensive parts in less number can be used to 
form the circuit. 

[0024] According to another aspect, the second control 
circuit contains a resistor connected betWeen the control 
terminal of the second sWitching element and the second 
sWitching element drive Winding. 

[0025] A resistor Which can delay the time When the 
second sWitching element is turned on is provided. Accord 
ingly, given is the time in Which charges stored at both ends 
in the off-period of the second sWitching element can be 
discharged. Thus, the second sWitching element can be 
Zero-voltage sWitching operated, and the sWitching loss can 
be reduced. 

[0026] According to still another aspect, the second con 
trol circuit contains a capacitive impedance connected 
betWeen the control terminal of the second sWitching ele 
ment and the second sWitching element drive Winding. 

[0027] The delay time of the above explained second 
control circuit can be produced by means of a resistor 
connected to the control terminal of the second sWitching 
element. By additional connection of the capacitive imped 
ance in series to the resistor, the delay time can be adjusted 
to be optimum. Furthermore, the capacitive impedance can 
be singly connected for adjustment of the delay time, instead 
of the resistor eXplained above. 



US 2001/0019489 A1 

[0028] Further, DC current ?owing from the second 
switching element drive winding into the control terminal of 
the second switching element can be cut. Thus, the drive loss 
can be reduced. 

[0029] According to still another aspect, the second con 
trol circuit contains a time constant adjustment circuit for 
changing the time constant based on a signal corresponding 
to the magnitude of a load. 

[0030] In the above-described aspect, the time constant of 
the second control circuit is ?xed. Accordingly, the turn-off 
timing of the second switching element is constant, irre 
spective of the magnitude of the load. 

[0031] Normally, if the load is light, the direction of the 
output current is inverted while the second switching ele 
ment is on, and energy caused by the output voltage is stored 
in the secondary winding. When the second switching 
element is turned off, the energy stored in the secondary 
winding is released as regenerative current in the direction 
opposite to the ordinary one into the ?rst switching element 
in the primary. When the regenerative current ?ows, the 
charging electric- charges of the parasitic capacitive imped 
ance of the ?rst switching element are released. The ?rst 
switching element is Zero-voltage switched, so that the 
switching loss is decreased. On the other hand, if the load is 
heavy, no regenerative current ?ows, so that a switching loss 
in the ?rst switching element is generated, due to no ?owing 
of the regenerative current. However, the regenerative 
energy is energy which is fed from the secondary, and is 
regenerated in the primary. If the regeneration amount is 
large, conduction loss is caused in the switching element and 
the transformer, due to the regenerative current. As a result, 
the overall ef?ciency deteriorates. 

[0032] Accordingly, if the apparatus is con?gured so that 
the ?rst switching element causes regeneration current to 
?ow to such a degree that no switching loss is generated, 
irrespective of the magnitude of the load, the switching loss 
and the conduction loss can be signi?cantly reduced. The 
apparatus can be made more ef?cient. Accordingly, in the 
present invention, the regeneration amount is caused even at 
heavy-loading by lengthening the time constant when the 
load is increased, and to the contrary, the regeneration 
amount is reduced by shortening the time constant when the 
load is decreased. 

[0033] According to still another aspect, a capacitive 
impedance is connected in parallel to the ?rst switching 
element or the second switching element. 

[0034] By connecting the capacitive impedance in parallel 
to the ?rst or second switching element, the voltage across 
the switching element at switching can be prevented from 
changing steeply. Thus, noise reduction can be realiZed. 
Moreover, especially by connecting the capacitive imped 
ance in parallel to the second switching element, the reverse 
recovery loss of the recti?cation diode can be reduced. 

[0035] According to still another aspect, a switching 
power supply apparatus further comprises an inductor con 
nected in series with the primary winding, and a series 
circuit comprising a capacitor and a third switching element, 
connected in parallel to the series circuit comprising the 
inductor and the primary winding, whereby the ?rst control 
circuit causes the ?rst and third switching elements to turn 
on and off alternately, so as to sandwich a time-period when 
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both switching elements are off, and controls the on-time of 
the switching elements, whereby the output is controlled. 

[0036] In this embodiment, when the ?rst switching ele 
ment turns off, the second and third switching elements turn 
on. When the third switching element turns off, resonant 
current ?ows in the primary winding, caused by the reso 
nance of the inductor and the capacitor. Then, the third 
switching element and the ?rst switching element turn on 
and off, alternately, sandwiching a time-period in which both 
of the switching elements are off. 

[0037] According to the invention, the output current has 
a sinusoidal wave-form in which the wave rises mildly from 
the Zero voltage, due to the resonant current in the primary. 
For this reason, the current peak value can be reduced as 
compared with a conventional inverted triangular wave 
form. If the sinusoidal wave-form and the inverted triangular 
wave-form are compared in the same average current level, 
the effective current can be reduced. Thus, the conduction 
loss, caused by the recti?cation circuit, can be decreased. 
Moreover, by forming a resonant wave-form, that is, design 
ing the conduction time-period of the second switching 
element and a half of the resonant cycle of the resonant 
current to be equal to each other, much current can be 
supplied to the load in the conduction time-period of the 
second switching element, irrespective of the magnitude of 
the load, and on the contrary, the current ?owing in the 
recti?cation diode can be reduced. Therefore, the recti?ca 
tion loss can be further reduced. The switching power supply 
apparatus using the third switching element is described in 
US. Pat. No. 6,061,252 and Japanese Unexamined Patent 
Publication No. 11-187664, both of which are assigned to 
the assignee of the present invention, and the disclosures of 
which are hereby incorporated by reference. 

[0038] According to still another aspect, the switching 
power supply apparatus further comprises an inductor con 
nected in series with the primary winding, and a series 
circuit comprising a capacitor and a third switching element, 
connected in parallel to the ?rst switching element, whereby 
the ?rst control circuit causes the ?rst and third switching 
elements to turn on and off alternately, so as to sandwich a 
time-period when both of the switching elements are off, and 
controls the on-time of the switching elements, whereby the 
output is controlled. 

[0039] Also in this embodiment, similarly to the above, 
the output current waveform in the secondary can be made 
a sinusoidal wave-form which is mildly led from the Zero 
current. 

[0040] According to still another aspect, the switching 
power supply apparatus further comprises an inductor and a 
capacitor connected in series with the primary winding, 
respectively, and a third switching element connected in 
parallel to a series circuit comprising the inductor, the 
capacitor, and the primary winding, whereby the ?rst control 
circuit causes the ?rst and third switching elements to turn 
on and off alternately, so as to sandwich a time-period when 
both of the switching elements are off, and controls the 
on-time of the switching elements, whereby the output is 
controlled. 

[0041] Also in this embodiment, similarly to the above, 
the output current waveform in the secondary can be made 
a sinusoidal wave-form which is mildly led from the Zero 
current. 
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[0042] According to still another aspect, the inductor is the 
leakage inductor of the transformer. 

[0043] The number of parts can be decreased, and costs 
can be reduced by use of the leakage inductor of the 
transformer. 

[0044] According to still another aspect, the ?rst control 
circuit controls the third sWitching element so that it turns off 
after the second sWitching element turns off. 

[0045] In this embodiment, control is carried out so that 
the third sWitching element turns off after the second sWitch 
ing element turns off. By this, energy, Which is released as 
output from the primary, is not regenerated in the input 
source. By this, no energy transfer occurs betWeen the 
primary and the secondary. The loss caused by the regen 
eration (circulation loss) can be reduced. 

[0046] According to still another aspect, the ?rst control 
circuit, With a bias Winding provided in the transformer, 
controls the on-time of the ?rst sWitching element based on 
the output of the bias Winding to control the output, and 
oscillates autonomously. 

[0047] According to still another aspect, the ?rst control 
circuit, With a bias Winding provided in the transformer, 
controls the on-time of the ?rst sWitching element and the 
third sWitching element, based on the output of the bias 
Winding to control the output, and oscillates autonomously. 

[0048] By employing such an arrangement, the autono 
mous oscillation is enabled. An oscillation IC or the like is 
not needed, and the number of parts can be signi?cantly 
reduced. Moreover, the ?rst and third sWitching elements are 
driven by use of the magnetic coupling of the transformer. 
This easily enables a time-period When both of the tWo 
sWitching elements, that is, the ?rst and second sWitching 
elements, or the ?rst and third sWitching elements are off, 
respectively, is provided, and both of them turn on and off, 
alternately, sandWiching the time-period. In addition, a loss, 
due to short-circuit current or the like, caused by simulta 
neous on times, and damage to the sWitching element can be 
prevented. 

[0049] According to still another aspect, the at least one of 
the ?rst, second, and third sWitching elements is a ?eld 
effect transistor. 

[0050] Since at least one of the ?rst, second, and third 
sWitching elements comprises a ?eld-effect transistor, the 
parasitic diode betWeen the drain-source as a diode element, 
and the parasitic capacitance betWeen the drain-source as the 
capacitive impedance can be used, respectively. 

[0051] According to still another aspect, the recti?cation 
diode comprises the parasitic diode of the ?eld-effect tran 
sistor. 

[0052] Since the recti?cation diode comprises the parasitic 
diode of the ?eld-effect transistor, it is not necessary to 
prepare the recti?cation diode of the recti?cation circuit as 
a discrete part, and the siZe and Weight can be reduced. 

[0053] For the purpose of illustrating the invention, there 
is shoWn in the draWings several forms Which are presently 
preferred, it being understood, hoWever, that the invention is 
not limited to the precise arrangements and instrumentalities 
shoWn. 
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BRIEF DESCRIPTION OF THE DRAWING(S) 

[0054] FIG. 1 is a circuit diagram of a sWitching poWer 
supply apparatus according to a ?rst embodiment of the 
present invention. 

[0055] FIG. 2 is an operational Waveform chart of the 
above sWitching poWer supply apparatus. 

[0056] FIG. 3 is a frequency-load characteristic graph of 
the above sWitching poWer supply apparatus. 

[0057] FIG. 4 is a circuit diagram of a sWitching poWer 
supply apparatus according to a second embodiment of the 
present invention. 

[0058] FIG. 5 is a circuit diagram of a third sWitching 
poWer supply apparatus of the present invention. 

[0059] FIG. 6 is an operational Waveform chart of the 
sWitching poWer supply apparatus of FIG. 5. 

[0060] FIG. 7 is a circuit diagram of a fourth sWitching 
poWer supply apparatus of the present invention. 

[0061] FIG. 8 is a circuit diagram of a ?fth sWitching 
poWer supply apparatus of the present invention. 

DETAILED DESCRIPTION OF EMBODIMENTS 
OF THE INVENTION 

[0062] Hereinafter, the preferred embodiments of the 
present invention are explained in detail With reference to 
the drawings. 

[0063] FIG. 1 shoWs a circuit diagram of a sWitching 
poWer supply apparatus according to an embodiment of the 
present invention. 

[0064] A transformer T comprises a primary Winding T1, 
a secondary Winding T2, a second sWitching element drive 
Winding T3, and a bias Winding T4. A?rst sWitching element 
O1 is connected to the primary Winding T1. This ?rst 
sWitching element Q1 may comprise a MOSFET Which is a 
?eld-effect transistor. A ?rst control circuit CT1 containing 
the bias Winding T4 is composed of a section for detecting 
a secondary output voltage of the transformer T, and a 
section for controlling the on-time of the ?rst sWitching 
element Q1, based on the voltage. The section for detecting 
the output voltage comprises a circuit containing a photo 
diode PD1, a shunt regulator Zd1, and resistors and capaci 
tors as shoWn. When the output voltage becomes higher, 
in?oW current to the photodiode PD1 is increased. The 
section for driving the ?rst sWitching element Q1 contains a 
transistor Tr2 of Which the base is connected to a phototrans 
istor PTr1, and an RC time constant circuit R1, C1 con 
nected to the base of transistor Tr2, and When the output 
voltage becomes higher, causes the on-time of the transistor 
Tr2 to occur earlier, so that the on-time of the ?rst sWitching 
element O1 is shorter, Whereby the output is reduced. 

[0065] A second control circuit CT2 is connected to the 
second sWitching element drive Winding T3. The second 
control circuit CT2 is connected to the control terminal 
(gate) of a second sWitching element Q2 Which may com 
prise a MOSFET Which is a ?eld-effect transistor. The 
second sWitching element O2 is connected in parallel to a 
recti?cation diode D1. The cathode side of the recti?cation 
diode D1 is connected to an output terminal OUT. 
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[0066] Capacitors C2 and C3 are connected in parallel to 
the ?rst switching element Q1 and the second switching 
element Q2, respectively. As the capacitors C2 and C3, the 
parasitic capacitive impedances of the sWitching elements 
may be used. 

[0067] The second control circuit CT2 contains a transis 
tor Tr1 connected to the gate of the second sWitching 
element Q2, a RC time constant circuit comprising a resistor 
R4 connected to the base of the transistor Tr1 and a capacitor 
C4, a resistor R5 connected in series With the gate of the 
second sWitching element Q2, and a capacitor C5. 

[0068] Vin as a dc. poWer source is connected to the 
primary Winding T1. The DC poWer source Vin may be 
obtained by rectifying an AC voltage. 

[0069] Next, the operation of the above-described sWitch 
ing poWer supply apparatus Will be described. 

[0070] When the ?rst sWitching element Q1 turns on, an 
input voltage Vin is applied to the primary Winding T1, 
alloWing current to ?oW, so that energy is stored in the 
transformer T. When the ?rst sWitching element Q1 turns off, 
the energy stored in the transformer T is released as electric 
current from the secondary Winding T2. The current is 
recti?ed and smoothed to obtain an output voltage. 

[0071] In this case, When the ?rst sWitching element Q1 
turns off, a voltage is generated in the drive Winding T3 
provided in the transformer T, in the positive direction Which 
points up in FIG. 1. Avoltage is applied via the capacitor C5 
and the resistor R5 to the gate of the second sWitching 
element Q2, so that the second sWitching element Q2 turns 
on to conduct. Since the voltage drop in the forWard direc 
tion in the second sWitching element Q2 is smaller than that 
in the recti?cation diode D1, the current from the secondary 
Winding T2 ?oWs through the second sWitching element Q2, 
not through the recti?cation diode D1, and is fed to the 
output terminal OUT. At the time When voltage is generated 
in the positive direction in the drive Winding T3, current 
begins to How in the RC time constant circuit comprising the 
resistor R4 and the capacitor C4, due to the voltage in the 
positive direction. When the charging voltage for the capaci 
tor C4 reaches the threshold voltage (about 0.6 V) of the 
transistor Tr1, the transistor Tr1 turns on, so that the voltage 
at the gate of the sWitching element Q2 becomes absent, so 
that the sWitching element Q2 turns off. Then, if the recti 
?cation diode D1 is non-conducting, reverse voltage is 
applied to the second sWitching element Q2 and the recti 
?cation diode D1 at the timing When the second sWitching 
element Q2 turns off. If the recti?cation diode D1 is con 
ducting, reverse voltage is applied to the second sWitching 
element Q2 and the recti?cation diode D1 at the timing When 
D1 becomes conducting. The capacitive impedance equiva 
lent from the standpoint of the recti?cation diode D1 and the 
Winding inductor of the transformer T resonate, so that 
voltage is applied to the gate of the ?rst sWitching element 
Q1, and the ?rst sWitching element Q1 turns on. The 
above-described operation is repeated. Thus, the sWitching 
elements Q1 and Q2 alternately turn on and off, sandWiching 
a time-period When both of the sWitching elements Q1 and 
Q2 are off, and the on-time of the ?rst sWitching element Q1 
is controlled, correspondingly to the output voltage. Thus, 
the output voltage is stabiliZed. 

[0072] FIG. 2 is an operational Waveform chart of the 
above-described sWitching poWer supply apparatus. 
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[0073] If a Q1 gate signal is turned on, so that the ?rst 
sWitching element Q1 turns on, a Q1 drain current Id starts 
to ?oW. The ?rst sWitching element Q1 turns off at timing t1. 
Then, a Q1 drain-source voltage Vds is established. In this 
case, the leading gradient is reduced, and surge a is sup 
pressed, since the capacitive impedance C2 is connected 
betWeen the drain-source of the ?rst sWitching element Q1. 
At the timing t1, the energy stored in the transformer T is 
released as secondary current. At this time, the Q2 gate 
signal is established At later, due to the capacitor C5 and the 
resistor R5 of the second control circuit CT2, and the input 
capacitance of the sWitching element Q2. Therefore, from 
the timing t1, the secondary current ?oWs in the recti?cation 
diode D1 only during At. Then, at the time When the Q2 gate 
signal is established, the second sWitching element Q2, 
Which comprises a MOSFET having a larger voltage drop, 
turns on. Therefore, most of the current ?oWs through the 
second sWitching element Q2. 

[0074] While the secondary current ?oWs in the second 
sWitching element Q2 as described above, charging current 
?oWs into the RC time constant circuit comprising the 
resistor R4 and the capacitor C5 in the second control circuit 
CT2. When the time-period required for the capacitor C4 
charging voltage to become constant (about 0.6 V) has 
passed, the transistor Tr1 turns on. At this timing t2, the 
second sWitching element Q2 turns off. If the load is higher 
than a rating, the secondary Winding current Is further ?oWs 
through the recti?cation diode D1 after the second sWitching 
element Q2 turns off at the timing t2. At the timing t3 When 
the secondary Winding current Is becomes Zero, the Q1 
drain-source voltage Vds drops toWard Zero. At this time, 
since the capacitive impedance C2 is present, the gradient at 
Which the Q1 drain-source voltage Vds drops is reduced. 
With this voltage, at the timing t4 When the Q1 gate signal 
is established, the Q1 drain current Id increases again, and 
energy starts to be stored in transformner T. 

[0075] In the above-described operation, in the time-pe 
riod from t1 to t3, the secondary Winding current Is ?oWs in 
the second sWitching element Q2 in the time-period of (T1 
- At). Accordingly, as a Whole, the recti?cation loss can be 
signi?cantly reduced. Moreover, the capacitive impedance 
C2 is connected betWeen the drain and the source of the ?rst 
sWitching element Q1 to reduce the leading and trailing 
gradients of the Q1 drain-source voltage Vds. Therefore, 
especially, surge in the portion With noise is decreased. The 
reduction of surge at the leading edge of the drain-source 
voltage Vds also results in surge reduction at the leading 
edge of the current Is. 

[0076] The length of the above-described time At can be 
set to be appropriate by adjusting the capacitor C5 and the 
resistor R5 of the second control circuit CT2. OWing to the 
time At, ?rst, the secondary Winding current Is ?oWs in the 
recti?cation diode D1, and thereby, the second sWitching 
element Q2 sWitches at Zero voltage. Accordingly, the 
sWitching loss of the second sWitching element Q2 can be 
reduced. 

[0077] On the other hand, When the load is light, the 
operation is as folloWs. 

[0078] In the case Where the ?rst sWitching element Q1 
turns on, the Q1 drain current Id increases, and the ?rst 
sWitching element Q1 turns off at the time t1, ?rst the 
secondary Winding current Is ?oWs in the recti?cation diode 
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D1, and after At, the Q2 gate signal is established, causing 
the second sWitching element Q2 to turn on. Thus, the 
current Is starts to How in the second sWitching element Q2. 
However, since the load is light, the current Is goes negative 
at t5, and energy is stored in the transformer T. The current 
Is becomes Zero at the timing t2, that is, the time-period T1 
later, Which is determined by the RC time constant circuit of 
the second control circuit CT2. Thus, the energy represented 
by the hatched area c is stored in the transformer. The energy 
is regenerated as regeneration energy on the primary side. 
The secondary Winding current Is becomes Zero at the 
timing t2, and then, the Q1 drain-source voltage Vds drops 
to Zero With a gradient caused by the capacitive impedance 
C2. The Q1 drain current Id, of Which the positive-negative 
polarities are inverted, starts to ?oW, due to the above 
described regeneration energy. The hatched area indicated 
by d corresponds to this regeneration energy. The charges in 
the capacitive impedance C2 and the parasitic capacity of 
the ?rst sWitching element Q1 are discharged until the Q1 
drain current Id, of Which the positive - negative polarities 
are inverted, starts to ?oW. For this reason, the Q1 gate signal 
is established at timing t6 after the Q1 drain-source voltage 
Vds becomes Zero, as shoWn by e. Thus, the ?rst sWitching 
element Q1 sWitches at Zero voltage. 

[0079] If the load is heavier than the rating, the ?rst 
sWitching element Q1 turns on While the voltage Vds has a 
potential as shoWn by f. Therefore, no Zero-voltage sWitch 
ing operation is caused. For this reason, When the load is 
heavy, some sWitching loss is generated. 

[0080] As described above, even if the load is light, the 
timing at Which the transistor Tr1 in the second control 
circuit CT2 turns on is not changed. Therefore, When a light 
load is applied, the regeneration current is produced, and 
thereby, a Zero voltage sWitching operation of the ?rst 
sWitching element Q1 on the primary side can be realiZed. 
Moreover, since the time-period T1 until the Q2 gate signal 
is removed is not changed, the timing at Which the ?rst 
sWitching element Q1 turns on does not fail to be after the 
time-period T1. For this reason, in the case of autonomous 
oscillation, generally, When the load is light, the sWitching 
frequency becomes high. In this embodiment, When a light 
load is applied, the sWitching frequency can be suppressed 
from increasing. As a result of the suppression of the 
sWitching frequency from increasing, intermittent oscilla 
tion operation, Which causes deteriorated response at a light 
load can be prevented. 

[0081] In the above-described embodiment, the capacitor 
C5 is provided in the second control circuit CT2. The 
capacitor C5 has a function of adjusting At shoWn in FIG. 
2. The capacitor C5 does not need to be provided. Even if the 
capacitor C5 is not provided, the time At can be attained, 
since there is a parasitic capacitance in the gate terminal of 
the second sWitching element Q2, provided that the resistor 
R5 is connected. Moreover, since the second sWitching 
element Q2 comprises a MOSFET, the parasitic diode 
betWeen the source and the drain can also be used instead of 
the recti?cation diode D1. Furthermore, instead of the 
capacitive impedances C2 and C3, the parasitic capacitances 
of the ?rst and second sWitching elements Q1 and Q2 
comprising MOSFET’s, respectively, can be also used. 

[0082] FIG. 4 is a circuit diagram of a second embodiment 
of the present invention. 
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[0083] As regards the arrangement, the apparatus is dif 
ferent from that shoWn in FIG. 1 in that a phototransistor 
PTr2 is connected to the transistor Tr1 in the second control 
circuit CT2, a terminal Load for inputting correspondingly 
to the magnitude of a load is provided, and a photodiode 
PD2 is connected to the terminal Load. To the terminal 
Load, a signal L is input When the load is heavy, and a signal 
H is provided When the load is light. 

[0084] With the above-described arrangement, the transis 
tor Tr1 in the second control circuit CT2 turns on later When 
the load is heavy than When the load is light. Accordingly, 
the second sWitching element Q2 turns off later. Thus, even 
if the load is heavy, the regeneration current shoWn by c in 
FIG. 2 ?oWs. As a result, the Zero voltage sWitching of the 
?rst sWitching element Q1 in the primary can be realiZed for 
a heavy load. In the case of a light load, the transistor Tr1 
turns on earlier. Thus, the second sWitching element Q2 also 
turns off earlier. As a result, the regeneration current can be 
reduced, and the conduction loss, accompanied by the 
regeneration current, can be suppressed. Accordingly, in 
FIG. 2, the time-period T1 becomes long When the load is 
heavy, and becomes short When the load is light. By design 
ing so that an appropriate regeneration current can How in 
both of the cases, the Zero voltage sWitching operation of the 
?rst sWitching element Q1 is enabled, and the conduction 
loss, accompanied by the regeneration current, can be set at 
a minimum. 

[0085] FIG. 5 shoWs a sWitching poWer supply apparatus 
according to a third embodiment. 

[0086] In this sWitching poWer supply apparatus, an induc 
tor L is connected in series With the primary Winding T1 of 
the transformer T, and a series circuit comprising a capacitor 
C and a third sWitching element Q3 is connected in parallel 
to a series circuit comprising the inductor L and the primary 
Winding T1. The third sWitching element Q3 comprises a 
MOSFET as Well as the ?rst and second sWitching elements 
Q1 and Q2. For the control terminal (gate), a control circuit 
is provided, similarly to the ?rst sWitching element Q1. 
Furthermore, a bias Winding T5 having the reverse polarity 
to that of the bias Winding T4 is provided for the transformer 
T. Output from the bias Winding T5 is applied to the control 
circuit for the above-mentioned third sWitching element Q3. 

[0087] Next, the operation Will be described. When the 
?rst sWitching element Q1 turns on, input voltage Vin is 
applied to the primary Winding T1, alloWing current to How 
therein, so that energy is stored in the transformer T. When 
the ?rst sWitching element Q1 turns off, the primary Winding 
voltage of the transformer T is inverted, the inductor L and 
the capacitor C6 start to resonate on the primary side, and on 
the secondary side, energy stored in the transformer T is 
released from the secondary Winding T2 as electric current. 
This current is recti?ed and smoothed to obtain an output 
voltage. 

[0088] When the ?rst sWitching element Q1 turns off, 
voltage is generated in the positive direction in the drive 
Winding T3 provided in the transformer T. The voltage is 
applied to the control terminal (gate) of the second sWitching 
element Q2 via the capacitor C5 and the resistor R5. Thus, 
the second sWitching element Q2 turns on to conduct. 

[0089] At this time, on the primary side, the inductor L and 
the capacitor C6 resonate so that resonance current ?oWs. 
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Therefore, the secondary Winding current Is has a moun 
tainous Waveform having a mild gradient from the Zero 
current and exhibiting a maximum peak, that is, a sinusoidal 
Waveform, based on the Waveform of the resonant current. 
At this time, ?rst, current ?oWs in the recti?cation diode D1, 
caused by the presence of At, as shoWn in FIG. 2. HoWever, 
since the secondary Winding current Is has a mountainous 
Waveform starting from the Zero current, the current ?oWing 
in the recti?cation diode D1 during At is very small. Most of 
a large current in the center thereof is passed through the 
second sWitching element Q2 having a small voltage drop, 
and therefore, as a Whole, the recti?cation loss is further 
smaller as compared With that of the sWitching poWer supply 
apparatus shoWn in FIG. 1. 

[0090] The operation of the second control circuit CT2 is 
the same as that of the above-described sWitching poWer 
supply apparatus. That is, at the time When the positive 
direction voltage is generated in the drive Winding T3, the 
charging of capacitor C4 in the time constant circuit starts, 
caused by the positive direction voltage. When the voltage 
of the capacitor C4 reaches the threshold voltage (about 0.6 
V) of the transistor Tr1, the transistor Tr1 turns on, and the 
second sWitching element Q2 turns off. When the second 
sWitching element Q2 turns off, a reverse voltage is applied 
to the second sWitching element Q2 and the recti?cation 
diode D1, the capacitive impedance equivalent from the 
standpoint of the recti?cation diode D1, and the Winding 
inductor of the transformer, resonate With each other. Volt 
age is applied to the control terminal of the ?rst sWitching 
element Q1, and the ?rst sWitching element Q1 turns on. As 
described above, the ?rst and second sWitching elements Q1 
and Q2 are alternately turned off and on, so as to sandWich 
a time-period in Which both of them are off, and the on-time 
of the ?rst sWitching element Q1 is controlled, correspond 
ingly to the output voltage, Whereby the output voltage is 
stabiliZed. 

[0091] Moreover, the ?rst sWitching element Q1 and the 
third sWitching element Q3 are controlled so that the sWitch 
ing elements Q1 and Q3 are alternately turned on and off, 
sandWiching a time-period When both of them are off, by 
adjustment or the like of the RC constant of the ?rst control 
circuit connected to the sWitching elements Q1 and Q2. The 
polarities of the bias Windings T4 and T5 are reverse to each 
other. Accordingly, the constants can be set easily so that the 
sWitching elements Q1 and Q2 are alternately turned on and 
off, sandWiching a time-period When both of them are off. 
The inductor L may comprise the leakage inductor of the 
transformer T, instead of a separate component. 

[0092] FIG. 6 is a Waveform chart of the poWer supply 
apparatus shoWn in FIG. 5. 

[0093] Here, Vds1 designates a voltage across the capaci 
tor C2 connected in parallel to the ?rst sWitching element 
Q1, Vds2 a voltage across a capacitor C7 connected in 
parallel to the third sWitching element Q3, Id1 a current 
?oWing in the ?rst sWitching element Q1, Id2 a current 
?oWing in the third sWitching element Q3, Vs a voltage 
across the capacitor C3 connected in parallel to the recti? 
cation diode D1 in the secondary, and Is a secondary 
Winding current. 

[0094] As shoWn in the ?gure, the secondary Winding 
current Is has a mountainous Waveform having a leading 
edge starting from the Zero current and exhibiting a maxi 
mum peak value. 
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[0095] FIG. 7 is a circuit diagram of a sWitching poWer 
supply apparatus according to a fourth embodiment of the 
present invention. 

[0096] This sWitching poWer supply apparatus carries out 
the same operation as the sWitching poWer supply apparatus 
shoWn in FIG. 5 With some difference in arrangement. That 
is, the inductor L is connected in series With the primary 
Winding T1, and the series circuit comprising the capacitor 
C6 and the third sWitching element Q3 is connected in 
parallel to the ?rst sWitching element Q1. The operation of 
this circuit is basically the same as that of the circuit shoWn 
in FIG. 5. 

[0097] FIG. 8 is a circuit diagram of a sWitching poWer 
supply apparatus according to a ?fth embodiment of the 
present invention. 

[0098] This sWitching poWer supply apparatus carries out 
the same operation as the sWitching poWer supply apparatus 
of FIG. 5 With some difference in arrangement. That is, the 
inductor L and the capacitor C6 are connected in series With 
the primary Winding T1, respectively, and the third sWitch 
ing element Q3 is connected in parallel to the series circuit 
comprising the inductor L, the capacitor C6, and the primary 
Winding T1. The operation of this circuit is basically the 
same as that of the circuit shoWn in FIG. 5. 

[0099] While preferred embodiments of the invention 
have been disclosed, various modes of carrying out the 
principles disclosed herein are contemplated as being Within 
the scope of the folloWing claims. Therefore, it is understood 
that the scope of the invention is not to be limited except as 
otherWise set forth in the claims. 

What is claimed is: 
1. A sWitching poWer supply apparatus providing an 

output voltage comprising a transformer having a primary 
Winding and a secondary Winding, a ?rst sWitching element 
having an on-time and an off-time, the ?rst sWitching 
element connected in series With the primary Winding, a ?rst 
control circuit for controlling the on-time of the ?rst sWitch 
ing element Whereby the output voltage is controlled, and a 
recti?cation circuit for rectifying an output from the sec 
ondary Winding, Whereby input voltage is applied to the 
primary Winding during the on-time of the ?rst sWitching 
element and causes current to How in the primary Winding 
so that energy is stored in the transformer, and the energy 
stored in the transformer is released as electric current from 
the secondary Winding When the ?rst sWitching element is 
turned off, and the current is recti?ed in the recti?cation 
circuit to obtain said output voltage, 

Wherein the recti?cation circuit comprises a recti?cation 
diode, a second sWitching element connected in parallel 
to the recti?cation diode, a second sWitching element 
drive Winding provided in the transformer to generate 
an output voltage Which causes the second sWitching 
element to be turned on, and a second control circuit for 
turning on the second sWitching element by use of a 
voltage from the second sWitching element drive Wind 
ing, and turning off the second sWitching element after 
a time determined by a time constant, a further sWitch 
ing element being connected to the control terminal of 
the second sWitching element for turning off the second 
sWitching element after the time. 
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2. The switching power supply apparatus of claim 1, 
wherein the further switching element of the second control 
circuit comprises a transistor connected to a control terminal 
of the second switching element, and an RC time constant 
circuit connected to a control terminal of the transistor, the 
second control circuit being arranged so that the output 
voltage from the second switching element drive winding is 
applied to the RC time constant circuit. 

3. The switching power supply apparatus of claim 1, 
wherein the second control circuit comprises a resistor 
connected between the control terminal of the second 
switching element and the second switching element drive 
winding. 

4. The switching power supply apparatus of claim 2, 
wherein the second control circuit comprises a resistor 
connected between the control terminal of the second 
switching element and the second switching element drive 
winding. 

5. The switching power supply apparatus of claim 1, 
wherein the second control circuit comprises a capacitive 
irnpedance connected between the control terminal of the 
second switching element and the second switching element 
drive winding. 

6. The switching power supply apparatus of claim 2, 
wherein the second control circuit comprises a capacitive 
irnpedance connected between the control terminal of the 
second switching element and the second switching element 
drive winding. 

7. The switching power supply apparatus of claim 1, 
wherein the second control circuit comprises a time constant 
adjustment circuit for changing the time constant based on 
a signal corresponding to a magnitude of a load connected 
to the switching power supply apparatus. 

8. The switching power supply apparatus of claim 2, 
wherein the second control circuit comprises a time constant 
adjustment circuit for changing the time constant based on 
a signal corresponding to a magnitude of a load connected 
to the switching power supply apparatus. 

9. The switching power supply apparatus of claim 1, 
wherein a capacitive impedance is connected in parallel to at 
least one of the ?rst switching element and the second 
switching element. 

10. The switching power supply apparatus of claim 1, 
comprising an inductor connected in series with the primary 
winding, and a series circuit comprising a capacitor and a 
third switching element, connected in parallel to a series 
circuit comprising said inductor and the primary winding, 

whereby the ?rst control circuit causes the ?rst and third 
switching elements to turn on and off alternately, so as 
to sandwich a tirne-period when both of the ?rst and 
third switching elements are off, and controls the on 
tirne of the switching elernents, whereby the output 
voltage of the switching power supply apparatus is 
controlled. 

11. The switching power supply apparatus of claim 1, 
further comprising an inductor connected in series with the 
primary winding, and a series circuit comprising a capacitor 
and a third switching element, connected in parallel to the 
?rst switching element, 

whereby the ?rst control circuit causes the ?rst and third 
switching elements to turn on and off alternately, so as 
to sandwich a tirne-period when both of the ?rst and 
third switching elements are off, and controls the on 
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time of the switching elernents, whereby the output 
voltage of the switching power supply apparatus is 
controlled. 

12. The switching power supply apparatus of claim 1, 
further comprising an inductor and a capacitor connected in 
series with the primary winding, respectively, and a third 
switching element connected in parallel to a series circuit 
comprising the inductor, the capacitor, and the primary 
winding, 

whereby the ?rst control circuit causes the ?rst and third 
switching elements to turn on and off, alternately, so as 
to sandwich a tirne-period when both of the ?rst and 
third switching elements are off, and controls the on 
tirne of the switching elernents, whereby the output is 
controlled. 

13. The switching power supply apparatus of claim 10, 
wherein said inductor is the leakage inductance of the 
transformer. 

14. The switching power supply apparatus of claim 11, 
wherein said inductor is the leakage inductance of the 
transformer. 

15. The switching power supply apparatus of claim 12, 
wherein said inductor is the leakage inductance of the 
transformer. 

16. The switching power supply apparatus of claim 10, 
wherein the ?rst control circuit controls the third switching 
element so that the third switching element turns off after the 
second switching element turns off. 

17. The switching power supply apparatus of claim 11, 
wherein the ?rst control circuit controls the third switching 
element so that the third switching element turns off after the 
second switching element turns off. 

18. The switching power supply apparatus of claim 12, 
wherein the ?rst control circuit controls the third switching 
element so that the third switching element turns off after the 
second switching element turns off. 

19. The switching power supply apparatus of claim 1, 
further comprising a bias winding provided in the trans 
former, and wherein the ?rst control circuit controls the 
on-tirne of the ?rst switching element based on an output of 
the bias winding to control the output voltage of the switch 
ing power supply apparatus, and said ?rst control circuit 
oscillating autonornously. 

20. The switching power supply apparatus of claim 10, 
further comprising a bias winding provided in the trans 
former, and wherein the ?rst control circuit controls the 
on-tirne of the ?rst switching element and the third switch 
ing elernent based on an output from the bias winding to 
control the output voltage of the switching power supply 
apparatus, said ?rst control circuit oscillating autonornously. 

21. The switching power supply apparatus of claim 11, 
further comprising a bias winding provided in the trans 
former, and wherein the ?rst control circuit controls the 
on-tirne of the ?rst switching element and the third switch 
ing elernent based on an output from the bias winding to 
control the output voltage of the switching power supply 
apparatus, said ?rst control circuit oscillating autonornously. 

22. The switching power supply apparatus of claim 12, 
further comprising a bias winding provided in the trans 
former, and wherein the ?rst control circuit controls the 
on-tirne of the ?rst switching element and the third switch 
ing elernent based on an output from the bias winding to 
control the output voltage of the switching power supply 
apparatus, said ?rst control circuit oscillating autonornously. 
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23. The switching power supply of claim 1, wherein at 
least one of the ?rst and second switching elements is a 
?eld-effect transistor. 

24. The switching power supply apparatus of claim 10, 
wherein at least one of the ?rst, second and third switching 
elements is a ?eld-effect transistor. 

25. The switching power supply apparatus of claim 11, 
wherein at least one of the ?rst, second and third switching 
elements is a ?eld-effect transistor. 

26. The switching power supply apparatus of claim 12, 
wherein at least one of the ?rst, second and third switching 
element is a ?eld-effect transistor. 
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27. The switching power supply apparatus of claim 23, 
wherein the recti?cation diode comprises a parasitic diode of 
the ?eld-effect transistor. 

28. The switching power supply apparatus of claim 24, 
wherein the recti?cation diode comprises a parasitic diode of 
the ?eld-effect transistor. 

29. The switching power supply apparatus of claim 27, 
wherein the recti?cation diode comprises a parasitic diode of 
the ?eld-effect transistor. 

30. The switching power supply apparatus of claim 27, 
wherein the recti?cation diode comprises a parasitic diode of 
the ?eld-effect transistor. 

* * * * * 


