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SWITGHING POWJR SUPPLY ~~ARA'!'US 

'.BACKGRQUND QF l1m INVENTION 
1. Field of the Inyantion 

The present invention relates to a awitching 
power supply apparatus which can be · incorporated in a 

perscnal computer. a facsimile machine or the like. 

2. Das~r~tion of the Related Art 
Fig. 7 shows the configuration of essential 

circuit components of an example of a switching power 
supply apparatus. 'l'he switching power supply apparatus 
has a transformer 3 and other circuit elements connected 
as shown in Fig. 7. The positive terminal of a de input 
power source 1 and one terminal of an input capacitor 2 

are connected to one terminal of a primary coil Nl of the: 
transfo:rmer 3. A drain terminal of a main switching 
elemene (metal oxide semiconductor field-effect 

transistor (MOSFET)} 4 is oonnected to the other terminal 

of the primary coil Nl . A source terminal of the mai11 

switching element 4 is ccnneeted to the negative terminal 

of the de input power sou4ce l and to the other te~minal 

(grounded. tartni:cal> of the input capacitor 2. A control 

circuit S for controlling switching of the ~in switching 

element 4 is connected to a ga~e terminal of the main 
switching element 4. 

The anode of a rectifier diode G is connected 
co an output te:rminal of a secondary coll N2 of the 

tran:sformer l. 'I'he cathode of a rectifier diode 7 and 

one terminal of a choke coil B are ccnnec~ed to the 

cathode of the rectifier diode 6. One terminal of an 
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output capacitor 9 is connected to the other terminal of 
the choke coil a. The other terminal of the secondary 
coil N2.and the ai,ode of the rectifier diode 7 are 
connected to the other ~erminal of the output capacitor 
9. A load 10 is connected in parallel with the output 
capacitor 9. 

In the switohing power supply apparatus 
arranged as described above, when the main switching 
elemant 4 is turned on by the conerol operation of the 
control circuit S, the energy of eleetrie charge in the 
input capacitor 2 supplied from the input power source 1 
is transferrad by conduction via the primai:y coil 
Nl and the main switohing element 4 and is output 

from the secondary coil N2. The flow of energy output 
from the secondary coil N2 is rectified by the rectifier 
diodes 6 and 7, passes the ~hoke coil a, is smoothed by 
~he choke eoil e and is output to the load 10. 

When the main switching element ·4: is turned off, the energy 

stored in the choke coil 8 in the on state is output to the load 10 by the 

conduction via the load 10 and the rectifier diode 7. 

As descr~bed above, the switching power supply 
apparatus shown in Fig. 7 is a feedforwara 
convert:er type (feedfcrward DC-DC converter type) circuit 
such that the energy of the de input power source 1 is 
received by the input capacitor 2, and the flow of the 
electric charge energy in the input capacitor 2, 
exeracted through the secondary coil N2 of _the 
transformer 3 when the main switching device 4 tu~ns en, 
is rectified and smcothed by the outpuc circuit 14 formed 
by the ~hoke coil 8 and the output capaaitor 9, the~eby 

obtaining output energy. 
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The cont~ol circuit S ~urns on the main 

switching element 4.with a predetermined switching period 

T, dateets an apparatus output voltage Vow applied 

to the load 10, and controls the on-off operation ot the 

main switching element 4 by changing and controlling, the 

~4itc::h-on period t of the main awitching element 4 (i.e., 

the portion of the switching period T during which the main switching 

element is "on") i so that the apparatus 

ou~put voltage Vour is maintained at a predetermined 

level, as described below. 
Por example, if the number of turns of the 

primary coil Nl is N1i the number of turns of the 

secondary coil N2 is Na; the switching period. of the main 

$witching element 4 is T; th~ switch-on period of the 

main switching alem.ent 4 is t; and the voltage of the 

input power source 1 (the charging vol~age across the 

input capacitor 2} is v1N, che apparatus output voltage 

V0ur is shown by.the following equation (1): 

Vour = (Ni/N1) • (t/'1') ·V1N (l) 

Since the number N1 of turns of the primary 

coil Nl, the number N2 of t:urns of the sec:onda.:y coil N2, 

~he switching pe%'iod T of the main switching element 41 

and c.he voltage vtN of the input powar source 1, shown in 

equation (1), a:i:e predete:rmined, it is possible to 

control and stabilize the apparatus output ~oltage V0 t1T 

by changing and controlling the switch-on pQriod t of the 

main switching element 4. 
This· con~rol for atabili~ins the apparatus 

output voltage VoU't is p~rformed as descr:i.bed bele>w. 

When the apparatus output voltage Vm.~ is lower than a 

predetermined level, the control ci~cuit 5 
compensates . for the decrement cf the 

ii1iii~ifii 
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apparatus output voltage v0UT from the predetermined 
level by increasing the .swit:ch-on period t of the mai.n 
switching element 4 (on-duty (t/T)) by the corresponding 
a.mount. Conversely. when_the apparat:us output voltage 
Vour is higher than the predetermined level, the control 

circuit 5 compensates for the 

increment from the predetermined level by reducing the 
switch-on period t of the main switching element 4 (on-. 

duty (t/T)) by the corresponding amount. 
The voltage Vm of the input power source 1 cf 

ehe above-described switching power supply appa:atus is 
changed, for example, according to specifications of 

the apparatus such as a facsimile 

machine in which the f:lwitc:hing power supply 

. apparatus is incorporated. The chaxging voltage Vz 

across the input eapacito~ 2 is also changed with the 
change in voltage Vm of the input power source l. 'l'he 

input power soUl:'oe l has a predete:rmined variable voltage 
range (the range in which the charging voltage V2 across 
the input capaaitor 2 can be changed) . The switching 
power supply apparatus is designed ; by setting 

the numbers N1 and N2 of the tu:rns of· the primary and 

secondary coils and. other circuit constants aooording to 
~oltages in the variable voltage range of the input power 
source 1. 

However, the variable voltage range of the 
input power source 1 (the range in which the charging 

voltage v2 across the ~nput capacitor 2 can be changed] 

is con$iderably large. If the charging voltase V2 across 
the input capacitor 2 is very high, it is necessary for 

the control circuit 5 to reduce the on-duty of the main 

switching eleinent 4 to a very small value. The on-duty, 
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however, cannot be reduced below a predetermined 
minimum on-duty value a~cording to the circuit 
arrangement. In such a case, it is extremely difficult 
fo~ the control circuit S to suitably control and 
stabilize the apparatus output. 

The circuic arrangement ehown in Pig. 
7 has problems related to variations in the input capacitor charging voltage V2 

The . input capacitor :a 
receives the input power source voltage v~~ 

The; input capacitor voltage 
V2 Ci.e., the s•me voltage as the input power source 

voltage V11-t) is converted according to ! the tuxns 
ratio of the transformer 3, i.e., the ratio of the number 

N2 of tu:rns of t:he secondary coil N2 to the number N1 of 
turns of the primazy coil N1 (Nz/N1). This converted 
voltage . 1$ induced across the secondary coil N2 and is 
applied to the reetif ier diode 7 while the reverse 
voltage across the secondary coil N.2 is applied to the 
reotifie:r: diode 6. Therefore,· the rectifier diodes 

2 O · ld 7 must have ~-hlgh enough peak . ·--i 

inverse voltage .' _ co be adapted to use at the 
predetermined maximum input power source voltage v1,., 

(charging voltage V2 across the input eapaci tor 2 )_ 
Diodes having 

such a high peak inverse voltage have a large forward 
voltage drop and, hence, a considerably large pcn.rer loss 
at the time of conduction. If such diodes are used, the 
power lO$S in the switching powe~ aupply apparatus 
J;:iec:omes disadvantageously lc.rge (the c:ircm.it efficienczy 
is reduced) . 

Moreove:r, if t:he input power source voltage v 1,,. 

(the charging voltage V2 across the input capaaitor 2) i• 

This Sheet Has 
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high, the on-duty of the main switching element 4 is 
considerably short, as mentioned above. If the on-duty 
ct the main switching element 4 is shorter, the effective 
value of the drain current flowing between the drain and 
the source of che main swit~hing element 4 when the tnain 
switching element 4 is on becoines greater, so that the 
power loss in the main swit~hing element 4 at the 
~~edete~ad maximum inpu~ power so~~~e voltage V1N 

becomes disad.vQntageously larse (the circuit efficiency 
is reduced). 

When the ma.in switching element 4 is cff, the 
input power source voltage Vm (the charging voltage 
aoross the inpu~ capacito~ 2) is applied between the 
drain and the source of the main switching element 4. 
Therefore, 
4 to have 
-adapted to 

it is nee~ssa:ry for the main switching element 
a high enough withstand 'V'oltage as to be 

use at the predetermined maximum input power 
source voltage V~-

That is, a high-withstand-voltage device is 
used as the ma.in switching element 4. such a device has 
sueh a large d:rain-source parasitic resistance that 

there is a large loss of power in the main switching 
element 4 when the main switching element 4 is conducting 

This is one of the causes of deterioration 
in the circuit effioiency of the switching power supply 
apparatus. 

Another example of a conventional switching power supply apparatus 

is shown in Fig. 8. This example will be discussed below in connection with 

alternate embodiments of the invention. 
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In view of the above-described problems, 
a need addressed by the present invention is 

to provide a switching power supply appara~us in which 
the input capacitor charging voltage is maintained at a 
predetexmined level regardless of variations in the input 
power source voltage, which is capable of suitably 
stabilizing and controlling the output voltage by 

variable on-duty control of the main switching element: 
even if the input power source voltage is high,, and which 
is designed ~o improve the circuit efficiency (%'educe the 

.. ···- ····-

power loss) of the switching power supply apparatus by making it possible to 

use low-withstand-voltage elements. 

According r to a first asp-ect of the present 
inveneion, there is provided a switching power supply 
appa~atus whiah is a feedforward converter type switching 
power supply, which has an input: power source, an input 
capacitor and a main switching element on the primary 
side of a transformer, and in which ~ha.rge energy in the 
input capacitor is output as output ~nergy from the 
sec:ondaey side of the transformer when the main switching 
elerr.ent: turns on. For 

solving 1:he above-described problems, this apparatus has 

an energy storage circuit for storing energy by receiving 
energy from the input power source when the ma.in 
switching element turns on, an energy supply circuit tor 
supplying the ene%"gy stored in the energy storage circuit 
tc the input capacitor when ehe main switching elemtllnt 
turns off, a voltage detection circuit for detecting the 
gharging voltage across the input capacitor, and an off­
control circuit for stopping the energy storing operation 
of the energy storage circuit during a time period in 
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wbich the input capacitor charging voltage detected by 

the voltage detection circuit is equal to o~ higher than 
a predetermined value. 

According to a second aspect of the present 
invention, the apparatus according to the first ••paoc of 
the present i:nventi.on further compriaes an excess current 
prevention circuit which detects an input aurrene flowing 
from the input power 1ouree into the energy storage 
circuit when ~he main switching element turns on, and 
w-hich stops the input current flowing trom the input 
power source into the energy storage circuit by making 
the off-control circuit operate to s~op the energy 
storing operation of the energy storage circuit during 
the time period in which the detected value of the input 
current is equal to or larger than a predetarmined ~alue, 

According to a third aspect of the p~esent 
invention, the apparatus acco~ding to the first or se~ond 
aspect of the present invention further comprises.a noise 
filter circuit provided on the input side of the voltage 
detection circuit- The voltage deteccion circ:Uit detects 
the input capacitor charging voltage after noise bas been 
removed from the voltage by the noise filter ci~cuit. 

According to a fourth aspect of the present 
.. invention, a tertiary coil is provided in the transformer 

according to the 
·-

first, seco;nd or third aspect of the present _j 

myentioii. In the energy storage circuit; 

the input power source is connected to. 
the input capacitor through an energy control s~itch1ng 
element and an 1nductance element connected therebetween 
in this order, the onMoff ope~ation of the energy control 
~~itching element being controlled by a dzive circuit 
which oparates by being supplied with powe~ from the 
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tertiary coil. The voltage detection circuit detects, as 

the inpu.t capacitor charging voltage, the voltage indu.cad 

across the tertiary coil when the main switching element 

~u:rns on. The off•control circuit turns off the ene:gy 

control switching element by the drive circuit to stop 

the energy storing operation of the energy storage 

circuit during the time period in ~hich the inpuc 

capacitor charging voltage detected by the voltage 

de~ecticn circuit is equal to or larger than the 

predetermined value. 
In the above-described arrangement of the 

present invention, the enargy storage circuit seoree 

energy by recei~ing energy from the input power source, 

for example, when ehe main s~itching element turns on, 

and the energy supply circuit 5upplies the energy, stored 

in the energy storage cir~uit, to the input capacitor 

when ~he ma1n awitehing element tu:ns off. The voltage 

detection circuit deteces the charging voltage across the 

input capacitor, and the off-control oircuit stops the 

energy storing operation of the energy storage circuit 

durine tha time period in which the input capacitor 

cha:rgi:og voltage detec~ed by the voltage detection 

circuit is equal to or- larger than the predetermined 

value (a charge setting voltage). 
As desc~ibed above, the input capacitor 

charging voltage is detected and the energy storing 

operation of the energy storage circuit is stopped by the 

off-control cirouit during the time period in which the 

input capacitor charging voleage is equal to or larger 

than ~he predetermined charge setting voltage. The 

operation of the energy supply circuit supplying energy 

to the input capac:itor is 

also stopped thereby to limit a further increase in the 
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input capacitor charging voltage. When the input 
capacitor charging voltage is lower than the charge 

setting voltage, energy ia supplied to the input 

capacitor. In this manner, the input capacitor charging 
voltage can be stabilized at the charge eeteing voltage. 

The energy in the input capacitor at the charge 
setting voltage is transferred · by conduction 

through the primary side of the transformer and the main 

switching element to be output as output ene:t:'9Y from ~he 
secondary side of the transf o:rmer when the main switching 
element t.ul:'ns on. Aaco:rdingly. t.he fixed voltage and 

current are appli~ to the primary side of the 
t~ansforme:r and the main switching element regardless of 
variations in the voltage of the input power source, 
thereby supplying a p~edetermined constant amount of 

voltage energy to the secondary side of the transformer. 

Thus, even when ~he voltage of the power ecurce becomes 

high, the voltage applied to the ~ain switching elemen~ 

and the voltage applied to the secondary side of the 

transformer are not increased. 
l'herefore, a low-withstand-voltage &witching 

element dan be used as the main switohing element, and 

the components on the secondary side of the transformer 

aan also be formed of low-withstand-voltage elaments, so 

that the circuit efficiency of the sw1tching po"'8r supply 

apparatus can be improved. 
since the appa~atus output · 

can be smoothly controlled through 
on-duty control of the main switching element, the 

swieching power supply appa~atus can stably output the 

predetermined apparat:.us output voltage. 

BRIEF DBSCRlPTIPN OF THE DRAW±NGS 
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Fig. l is a circuit diagram of a first 
embodiment of the present invention; 

Fig. 2 is a time chart of an example of the 
operation of each circuit component ahown in Fig. 11 

Fig. 3 is a circuit diagram of a second 
embodiment of the present invention; 

Fig. 4 is a time chaJ;t of an example cf the 
operation of each circuit component shown in gig. 2; 

Fig. s is a ci~cruit diagram of a switching 
pt1We: supply apparatus which represents a third 
embodiment of the present invention, and which has a 
noise filter circuit; 

Fig. S is a c1rcuit diagram of another example 
of the swit:ching power supply apparatus having a noise 
filt:er circuit; 

Fig. 7 is a circuit diagram of an exa"\Ple of 
a conventional apparatus; and 

Pig. 8 is a circuit diagram of another example 
of a conventional apparatus. 

DESCRIPTION OF i a - EM90DIMENIS OF THE 
'IN"lJ31'1T!ON 

Embodiments of the present. invention will :be 
desc~ibed below with reference to the accompanying 
drawings. 

First 'Embogiment· 
Pig, l shows the circuit configuration of a 

s~itching power ~upply apparatus whi~h rep%esen~s a first 
embodiment of the present invent~on. In comparison with 
the switching power supply apparatus shown in Fig, 1, the 
switching power supply appa.:r:a.tus shown in Fig. l is 
characterized by being provided wich a oharge control 

This Sheet l-l 
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circuit 20, which i~ arranged to control the 
charging of .. _ _ _ an input capacitor 2 by 

energy from. an.input power source 1 so that a 

charging voll:age V:i ac;ross the input capac:itoX' 2 is equal 

to a predete:mined value (charge setting voltage) Ven.. 

The switching power supply app~ratus of this embodiment 

is arranged so that the energy in the input capacitor 2 

at the charge setting voltage controlled by the charge 

control Qircuit 20 is output from a eecondary coil N2 of 

a transformer 3 to a load 10 by an ou~put circuit 14 when 
a main switching element 4 turns on. 
By controlling the charging voltagev2 ·, it is p~s~ible to 

solve the above-described problems of the conventionai 
art. In other respects, the configuration is the same as 
that shown in Fig. 7 and, therefore, no fur~her 

description will be given of it. 
The chaTge control circuit 20 includes a 

eertiary coil N3 provided in the transf o:rmer 3 • As shown 

in Pig. l, one terminal (terminal S) of the tertiary.coil 

N3 is connected to one terminal of an ipductance element 

l~. The anode of a diode 13 is eonna~~ed to the other 

terminal of the indu~eance element 12. The cathode of 
the diode 13 is oonneceed to the connec~ion point between 

the tartiary coil N3 and the inductance element 12. 'I'o 
the co:cnection point between the tert~a:r:y coil NJ and the 

inductance element 12, a source terminal of an energy 
control switching elernen~ (MOSPST) 11 and one terminal of 

a resistor 36 are also connected. A drain terminal of 
tht! energy control switohi.ng element 11 and the ot.her 

terminal of tha resistor 36 a~e connected to the positive 
terminal of the input power source 1. 

The anode of a diode 22, one te~tninal of a 

resistor 28 and one terminal of a resistor 30 are 

-·------
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connected to the te:::minal A of the tertiary coil N3. A 

collector texminal of a switching element (transistor 

element) SWl is connected to the cathode of the diode 22. 

The other terminal· of the resistor 28 is connected to a 
base terminal of ehe switching element SWl. One telmdnal 
of a resistor 27 and an emitter te:rminal cf a ewitching 

element (transistor element) SW2 are connected to an 

emitter terminal of the swit~hing element SWl. The ether 

terminal of the resistor 27 is conneetad to a gate 

terminal of the energy control switching ele~ent 11. A 
collector te:rminal of the switching element SW2 is 
connected to the ancde of a diode 2s. The aathoda of the 
diode 25 is connected to the terminal B of the tertiary 

coil N3. 

A base terminal of the switching element SW2 is 

connected to the connection point between the bas~ 

terminal of the switching element SWl and the resistor 29 

and to the a.node of a diode 24. The cathode of the diode 

24 io connected to one terminal of a resistor 32 and to 

· an emitter terminal of a switching element (transistor 

element) SW4. The other terminal of the resistor 32 is 

connected to a base te:rminal of the switching element SW4 

and to a collectOl'." terminal of a swit~hing elemen~ 
(transistor element} SW3. An emitter terminal of the 
switching element SWJ is connected to the terminal B cf 

the tertiary coil N3. 

A ~olleotor ~erminal of the awitching element 
SW4, the anode of a :zene:r diode 26 and one terminal of a 
resistor 31 are connected to a base terminal of the 

switching element $W3. 'I'he other terminal of the 

resistor 31 is connected to the terminal B cf the 

tertiary coil NJ. The c~thoda of the zener diode 26 ie 

conne~ted to the cathode of a dioda ·23. One te:rminal of 
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the resi$tOr 30 is connected to tha anode or the diode 
23. The other terminal of the resistor JO is connected 
to the terminal A of the tertiary coil NJ, as mentioned 
above. 

The charge control circuit 20 specific to this 
embodiment is thus arranged. The energy control 
switching elemenc 11 and the inductenee element 12, 
constituting the charge control cireuit 20, form an 
energy storage circuit. Zn this enersy storage circuit, 
the energy control switch ll turns on to cause a flow of 
energy f J:Orn the input power source 1 into the inductance 
element 12 when the main switching element 4 turns on, 
thereby storing energy in the inductance element 12. 

The inductance element 12 and the diode 13 form 
an energy supply ciro~it, which supplies the input 
capacitor 2 ~i'Ch the energy stored in the inductance 
element 12 when the main switching element 4 turns off. 
'l'he switching element SWl, the diode 22 and the resistors 
27 and 28 fo:rm a drive circuit for driving ehe energy 
control sl.ritching element ll. This drive ci:t'cuit is used 
to control the on·o~f operation of the ene:rgy control 
switching element 11 in synchroni2acion with the on~of f 
operation of the·main switching element 4 by using the 
voltage generated across the tertiary coil N3. 

T.he diode 23, ehe zener diode 26 and ~he 
resistor 30 form a voltage detection circuit, which 
detects, in order to determine the 
chargirtg voltage V:a· of the input capacitor 2, a voltage V3 

induoed across the tertia:r)" ooil 
'switching element 4 ~witches on. 
SW2, SWJ, and SW4, the diodes 24 

NJ when t:he main 
The switching elements 

and 25 and the resistor• 
31 and 32 form an off-C<Jnt~l circuit, which stops the 
energy storing operation of ~he energy storage circuit by 
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maint~ining the energy control switching element 11 in 
the off state by the drive circuit during a time period 
in which the input capacitor 2 charging voltage detected 
by the voltage deteetion circuit is equal to or higher 
than the charge setting voltage Ven,. 

ThA!l inductance element 12 and the resistor 36 
form a starting circuit. When the input capacitor 2 
charging voltage is substantially zero or very low, for 
example at a staxt of the s~itchins power supply 
apparatus, ene.rgy is caused to flow from the input power _____ ... 
source l into the input capacitor 2 by passing through 
the resi$tor 36 and than the inductanQe element 12 in 
this starting circuit. thereby increasing the voltage 
aercss the input capacitor 2. Charge energy in the input 
capacitor 2 is output from secondary coil N2 of the 
transformer 3 to the load 10 by the output cireuit 14 
when the main switching element 4 turns.on, as described 
above. In this embodi'IUent, a part of the energy is usad 
aa energy for driving the control circuit s. 

'I'ha ope~ation of the charge control circuit 20 
specific to this embodiment will now be desQribed with 
reference to the ti~ chart of Fig. 2. First, when a 
voltage Vee shown ir1 Cal of Pig. 2 ,is applied as.a 
predetermined switch-on drive voltage 
between the gate and source of the main switching element 
4 by the ~ontrol operation of the control circuit s (at 
time t 1), the tnain switching element 4 t~rns on to cause 
the charge ene~gy in the input capacitor 2 to flow 
chrough the P,rimal:'y coil Nl and the main swStching 
element 4. The charge energy in ~he input capacitor 2 is 
thereby supplied from the secondary coil N~ to the output 
circui~ 14 and is output as output energy from the 
output circuit 14 to the lead 10. Simultaneously, the 
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voltage V3 shown by the fQllowing equation (2) is induced 
across the tertiary coil Nl with a higher potential at 
the terminal A. 

V3 = (N',/Ni) ·V,, • • • • (2) 

In the above equation {2), N1 is the number of 
turns of the prima.::z:y eoil Nl, N3 is the number of turns 

of the tertiary coil N3, and Vz is the cha.rging voltage 
a.cross the input capacitor 2. 

?hat is, the voltage equal to the product of 
the inpue capacitor 2 charging voltage v2 and. the turns 
ratio (N,/N1) of the number N3 of turns of the te:r:tiax-y 
coil N3 to the number Ns of turns of 1:he primary coil N1 
is induced across the tertiary coil N3 when the main 
switching element 4 tu:cns on. 

The voltage V3 across the tertiary coil NJ is 

applied tc the diode 22 and to the resistor JO, the diode 
23 and the zener diode 26 1n serias connection. At this 
time. if the input capacitot' 2 charging voltage V2 is 

lower than the predetermined charge setting Yoltage VCTf. 
as in the staee at the time t 1 ehown in (c) of Fig. 2, 
the diode 23 and the zener diode 26 maintain tha switch­
off state, so that the circuit operacion is as deacribed 
below. 

Under this condition, the diode 22 turns en 
in response to : the voltage V3 across the tertiaxy 

c:oil N3, and a base c:urrent flows into l:he base of the 
switching element SW1 from the te~ttiary·coil NJ via the 

resistor 2a, so that the switching element SW1 turns on. 
The energy due to tha vo.l tage Va acx·osa the 

tartia:ry coil N3 is then applied to the gate of the 
energy control switching element 11 via the diode 22, the 
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switching element sw1 and the resistor 27, thereby 
tw:nins on the ene'l:'gy c:ontrol .switching element 11. 

By this switch-on operation of the energy 
control switching element 11, ene;r:gy flows from the input 
power souroe 1 into the inductance element 12 via the 
energy control switching element 11, as shown in (f) ct 
Fig. 2. By this.enel:'gization, energy.is stored in the 
inductance element 12. 

When the main switching element 4 is tu:-ned off 
by the control operation of the control circuit S (at 

time ~) , the vol:tage v3 across the tertiary coil N3 is 

inverted in polarity, as shown in (b) of Fig. 2, so that 
a voltage is generated across the tertiary coil NJ with a 
lower potential at the terminal A. In response to 
this voltage, the diode 22 and the switching element SWl 
turn off. Consequently, the energy control switching 
element 11 turns off_ 

By the above-dascribed switch-off operation of 
the ma.in e~itching element 4 and the energy control 
switching elemenc ll, the energization across the 
induct:.a:nce element 12 with the energy from the input 
power source l is stopped. Simultaneously, the diode 13 
turns on and the energy stored in the inductance element 
12 is supplied to the input capacitor 2 by 
conduction through tbe input capacitor 2 and the d~ode 
13, so that the charging voltage Qcrose the input 
capacitor 2 rises, as shown in {e) of Pig. 2. 

When the main switching element 4 is thereafter 
turned on again by 'C.he control operation of the oont~ol. 
circuit 5 (at time t 3), ~he voltage equal to the product 
of the input capacitor 2 charging voltage Vi and the 
tu:rns ratio (N3/N1) is induced across the tertiary coil 
N3, as described above. The induoed voltage across the 



- 18 -

te:rtiaJ:y coil NJ ia applied to the diode 22 and to the 
resistor 30, the diode 23 and ~he zener diode 26 in 
series connection. At this time, if the inpue capacitor 
2 charging voltage Vi is equal to or higher than the 
eha:rge setting voltage Ven. as in the state at time t 3 

shown in (c} of Fig. 2, each of the diode ~3 and the 
zene:r diode 26 turns on. 

By the above-described switch-on operation of 
the diode 23 and the zener diode 26, the switching 
element SW3 turns on by being supplied, th:rough ita base, 
with a case current from the tertiary coil }.q3 via the 
resistor 30, the diode 23 and the zener diode 2G. 
Simultaneously, the diode 24 turns on, a current from the 
tertiary coil N3 flows via the resistor 2a, the diode ~4, 
the resistor 32 and the switching element SWl, and base 
currents flow respectively through the bases of the 
switching elements SW2 and SW4, thereby turning on the 
switdhing elements SW2 and SW4. 

The switching element SWl is maintained in the 
off· state by the above-described switch-on operation of 
the switching element sw2. The energy control switching 
element 11 is also maintained in the switch-off state 
thereby. As described above, when the energy control 
switching element ll is in the switch-off state, the 
incluctance element 12 is not energized with energy from 
the input power source l and no energy 18 stored in the 
inductance element 12. 

Needless to say, when the switching element 4 
is on, the inpu~ oapa=itor 2 charging voltage drops, as 
observed in t:he period from time t 4 to time t 5 shown in 
Cc) of Fig. 2 since, during the switch-on period of the 

main s~itching element 4, the ~harge energy in the input 
capacitor 2 flows via the primary coil Nl and the main 

iiU1IDi1iiiJf 
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switching element 4 to ba output as output energy from 
the second•ry coil N2 to the load 10. 

'l'he:e~fter, when the main switohing element 4 

is t'Ul:'ned on by the control operation ot the control 
circuit S (at time ts), the voltage polarity of the 
te:r:tial:Y coil N3 is invertad, and each o! the diodes 23 
and 24 1 the sener diode 2S, the switching elements SW2, 
SNS, and SW4 turns off, as described above. Since no 
energy is stored in the induccance element 12 during 
this switeh-off period of the main switching element 4 

(from time ts to time t 6), no energy ean be supplied from 

inductance element 12 to the input capacitor 2, so that 

the input: C!apacitor 2 c:hargi:I?-g_voltaga does noc 
increase, as observed in the period from time 

ts to time t 6 shown in (c) of Fig. 2. 

As described above, the charge control circuit 
20 turns on and of!t the energy control switehing el:ement 
11 in synchrcnization With che on-off operation. of the 

main switching element 4 by utilizing the voltage aeross 
the tertiary coil N3 to chal:'ge Che input capacitc~ 2 with 
energy from the input power source l. Also, the charge 
control ~ircuit 20 detects the voltage Va across the 
tertia.:y coil N3 as the input capacitor 2 charging 
voltage V1 • During the time period in which the detected 
charging voltage V2 is equal to or higher than the 
predete:rminad charge setting voltage Vc:1v the cha:t-ge 

control circuit 20 stops the operation of charging the 
input oapaeitor 2 by maintaining the energy control 
switching element 11 in the off seate, thus stabilizing 
the input capacitor 2 charging voltage Va at the charge 
setting voltage Ven.• 
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As the charge setting voltaga VctL for charging 
of the input capacitor 2, a suitable voltage value ia set 
such as ta avoid application to the ma.in switching 
element 4 of a voltage higher than the predetermined 
withstand voltage of the main &witching element 4 and to 
avoid application to the rectifier diodes S and 7 of a 
voltage higher than the predet:e:z:mined peak inverse 
voltage 8f the rectifier diodes 6 and 7. ~his charge 
see~ing voltage VC't'L is represented by the fo~lowing 
equation (3): 

Ven. : (Nz/N3) • (V24 + Vp + VSWJ) • • • • (3) 

In this equation (3), N1 is the number of turns 
of che primary coil Nl, ~ is the number of turns of the 
tertiary coil N3, V~ is the switch-on drive ~oltage of 
the zener diode 261 Vp is the switch-on drive voltage of 
the diode 23, and V~ is the switch-on drive voltage of 

the s~itching element SWl. 
Since Dumber N1 of turns of the primary coil 

Nl, the number Ns of turns of the tertiary coil NJ, and 
the switch-on drive voltage Vst1J of the switching element 
SW3 in th- above equation are predetermined. the switch· 
on d%ive voltages of the zener diode 26 and the diode 13 
are determined so as to obtain the set charge setting 
voltage Ven., the~eby enabling the charge control oircui~ 
20 to atabilize the lnput capacitor charging voltage Va 

at the charge settjng voltage Ven.. 
This embodiment uses the charge control circuit 

2 o and is ar>:"a.nged so that the charging voltage v, across 

the input capacitor 2 is stabilized a~ the predetermined 
charge sete1ng voltage VcrL· Ae a result, even if the 
voltage Vm ot the input power source l is varied, the 
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input cap~citor 2 charging voltage Vi can be stabilized 

at the predete:tmined charge setting 110ltage Vc:n,. 

Acco:r;dingly, when the main switching element 4 

is turned on, the energy in the input capacitor at the 

charge setting voltage Vc:n. is output ae cutput energy . 

t~rough the transfoxmer 3 regardleSG of variationa in the 

voltage V1N of the input power source l. Therefore, the 

control circuit s can sui~ably stabilize and control the 

apparatus output by variable on-duty ~ontrol of the main 

switching element 4 even if the voltage Vm of the input 

power source 1 is high, thus making it possible to 
improve the reliability of the operation of the awicching 
power supply apparatus. 

Also, a voltage lower than the voltage V~ of 
the input power source l is set as the charge aecting 
voltage for clla.rging of the input capacitor 2, and the 

charging voltage across the input capacitor 2 can be 

stabilized at the charge aecting voltage by the charge 

control circuit 20. Therefore. the voltage applied 

between the drain and. source cf the main switching 

element 4 during the switch-off period of the ma.in 
switching element 4 can be reduced. Also, by the 

variable on-duty control of the control circuit 5, the 

effective value of the drain current of the main 
switching element 4 dUX"ing the switchpon period ot the 

main switching element 4 can be reduced. As a result, a 

low-~ithstand-vol~age switching element can be used as 
the main switching element 4. 

Fu~ther, even if the voltage v,N cf the input 

power scu:rce 1 is high, a predetermined f ixad reverse 

voltage is applied to each of the rectifier diodes 6 and 

7 constituting the output circuit 14 since the energy in 
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the input capacitor 2 at the charge setting voltage Ven. 
is supplied to the outpu~ circuit 14 through the 
transformer 3 during the on period of the main switching 
element 4 regardless of variationa in the voltage VM of 
the input power source l, as described above. It i6r 

therefore, possible to use diodes having a low peak 
inverse vt1ltage (i.e., those having a ~mall forward 
voltage drop) as the rectifier diodes 6 and 7. 

As described above, the main switching element 
4 can be formed o! a low-withstand-voltage element_ and 
the rectifie~ diodes 6 and 1 can be formed of elements 
having a smal.l forward voltage drop. suc::h elements are 
low-los~ element~ and are therefore capable <>.f 

limiting power loss in che main switching element 4 and 
the rectitier diodes 6 and 7. 

When the control for scahili~ing the input 
capacitor 2 charging voltage is performed by the above­
described operation of the oha.rge control circuit 20, the 
energy control switching element 11 turns on with a 
su:bstantially constant switching period T~ (three times 
the switching period T of the ma.in switching element 4 
(T1.. = 3T). as shown in (e) of Fig. 2 1 in this 
embodiment). If the inductance value of the inductance 
element 12 is L~ cu1d if the value of peak current through 
the inductance element 12 5bolll'l1. in (f} of Fig. 2 is I,, 
energy Bu stored in the inductance element 12 each time 
the energy control switching element 11 turns on is shown 
by the following equation (4): · · 

:E = (l/2) ·Lal: ·Ip3 
• • • • (4) 

The peak current value I 1 of the inductance 
element 12 shown in this equation (4) is determined by 
the differential voltage by which the input capacitor 2 
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charge setting voltage Ven. is lower than the input 
voltage Vm of the input power source 1, the induatance 
value L12 of .tbe inductance element 12 and the on-duty of 

tha main switching element 4. ?herefore, if the voltage 
VIM of the input power source 1 :Ls constan~, energy E11 

stored in the inductance element 12 each time the energy 
control switching element 11 turns on oan be made 
constant. Also, if the power conSU1t18d in the load 10 is 
changed, the necessary power can be supplied by changing 
the switching frequency f~ of the energy control 
switching element 11. 

Second Embodiment 

A seaond embodiment of the present invention 
will next: be described. Fig. 3 shows the ci~cuit 
configuration of a switching power supply apparatus which 
represents the second embodiment. Fig. 4 is a time chart 
showing an example of the ope~ation of components of the 
circuit shown in Fig. 3. This embodiment is 
characterized by providing an excess current preveneion 
circuit in the arrangement of tho first embodiment. As 
shown in Fig. 3, this excess cu~rent prevention circuit 
is !oXtned of the zener diode 26 in the voltage dete~tion 
circuit1 a diode 33 and resisto~s 34 and JS. The excess 
current prevention c~rcuie protects the energy control 
switching element ll of the energy storage circuit from 
an excess current, that is, it prevents a current higher 
than a predetermined allowable current through the 
ewitching elemenc 11 f~cm flowing through the switching 
element ll- In othe~ respects, the configuration of this 
embodiment is the same as that of the first embodiment 
and, the~efore, no further de~cription will be given of 
it. 
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In the circuit arrangement shown in Fig. 1, a 

··c"urren.t IL of ene:rgy from the input power source l (input 

current) flows through the energy control switching 

elemsnt 11 and the inductance element 12 when the main 

switching element 4 and the control switching element 11 

tuni on. The current IL increases during the switch-on 

period of the switching elements 4 and. 11 as shown in (fl 

of Jig. a. The peak value I, of the current IL is 
determined by the differential voltage DV by which the 

input capacitor 2 charge setting voltage VcrL is lower 

than the input ~ltage Vm of the input power source 1, 

~he inductance. value L12 of the inductance element 12~ and 

the on-duey of the ma.in switching element 4, as mentioned 

above. 
For example, if the voltage Vm of the input 

power source l is ve'rj' high, there ie a possibility of 

the value of differential voltage DV becoming so large 

that the peak current Ip .is excessively larger than the 

allowable current through the energy control switching 

element ll. In such a situation, thera is a risk cf the 
energy control switching element ll being . 

damaged by the excess current. In this embodimen~, 

therefore1 the excess current prevention circuit is 

provided t.o prevent s~ch an excess cu:r:ren.t through the 
energy control switching clement 11. 

The excess cu~rent pre~ention circuit is formed 

of the ~ener dioda 26 in the voltage detection ci~cuit, 

the diode 33 and the resistors 34 and 35, as shown in 
Fig. 3. The resistor 3S is connected between the energy 
control switching element ll and the inductanoe element 
12 in series with these elements. one terminal of the 

resistor 34 is connected to the series connection poin~ 

. I 
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between the resistor 35 and the source of the energy 

control switching element 11. The anode of the diode 33 

is connected to the· other terminal of the resistor 34, 

and the cathode of the diode 33 is connected to the 

cathode of the zener diode 26. 
The resie~or 35 detects the current I~ £lowing 

~hrough the energy control a~itdhing element 11 and the 

inductance element 12 by conve:ting the current into a . 

voltage. This det.ected voltage ia appliad to the zener 

diode 26, the diode 33 and the resistor 34 in series 

connection. The :zene£ diode 26 and the diode 33 turn or1 

when tha current I,,. becomes equal to a predetermined 

upper limit current value Icrr., as shown in Cd) of Fig. ~' 

after the main switch1ng device 4 has turned on (at time 

t 1}. By the switch-on operation of the zener diode 26, 

the switching element SW3 turns on, as in the first 

embodiment. The switching ele~enta SW2 and sw4 also turn 

on thereby, so that the s~itching element sw1 ~urns off, 

whereby the energy control switching element 11 turns 

off. 
Naturally, no curr~t flows thX'ough the energy 

control switching element ll when the energy control 

switching element 11 turns cf! as described above. 'l'bus, 

an excess current is prevented from flowing thl:'ough the 

ene:-gy control switching element 11. 

That is, the uppe~ limit current value IC1'L is 

set to a suitable value eqoal to or lower than the 

allowable current through the energy cor1trol switching 

element 11 and such that the atnOUnt of energy large 

enough to sufficiently charge the inp~t capacitor 2 can 

be sto~ed in the inductance element 12. When the 

current IL becomes equal to the set upper limit eurren~ 

value Icn., the energy control switching element 11 is 
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turned off as described above, thereby preventing an 

excess current through the energy control switching 

·element 11. It is also possible ~o prevent an excessive 

reduction in t.he switching frequency fL of the ene%'gy 

control switching element 11 since the amount of energy 

stored in the inductance element 12 each time the energy 

control switching elem.en~ 11 turns on can be limited. 

The upper limi1: current value Icn. can be 

expressed by equation {S} shown below if the resistance 

of the resistor 35 is R,s, and the switch-on drive 

voltages of the switching element SW3, the zener diode 26 

atld the diode 33 ~e V8w31 V215 and Vr, x-espec:tively. Sin~e 

the switch-on drive voltages Vsw:s and v26 of the switching 

element SW3 emd the zener diode 26 are determined in the 

sa1T1e manner as in the first embodiment, the resistance Rn 

of the reeistor 3S and the swi~ch-on dziva voltage v, of 

the diode 33 are eet so that the cu~rant I~ is limited to 

the set upper limit value Ien..• thus forming th• e:xcess 

current prevention circuit. 
Icn. ai (V'SW3 + v2, + Vr) /R35 • . . . (5) 

ln this embodiment, the excess current 

prevention circui~ is added to the arrangement of the 

f iret embodiment to prevent: an excess current through the 

energy control swi~ching element 11. Thus, 

in addition to the advantages of the 

first embodiment , the energy control 

switching element ll oan also be protected from excessive 

ene:rgization by reliably preventing an QXCess current 

thereth:rough. It is also possible to prevent an 

excessive reduction in the switching frequency fL of the 

energy control switching element 11. 
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Because of the above-described protection of 
the energy cont%ol switching element 11, it is possible 
to use a lo~-withstand-voltage switching element as the 
energy control switching element 11. 

prlrd Emb9d1ment 

A third embodiment: of the present: invention 
will next be described. This embodiment is characterized 
by adding to the first or the second embodiment 

---- --- - -- i noise filter circuit formed by-a noise 

filter capaci1:oz- 3S, as shown in Fig. 5 0%' 6 
In other 

respects, the configuracion of-this embodiment is the 
same as thae of the aboVe-described embodiments and, 

the~afore. no further desc~iption will be given of i~. 
When the ma.in switching element 4 is turned on, 

there is a possibility of the occurrence of spike noise 

such as that indieated by a broken line in Cb) ot Fig. 2. 

If such spike noise is large, it may cause an operation 
error, such as_ . the diode 23 and the zenar diode 2C 

turning ·on when it is necessary that the diode 23 
I 

and the zcner diode 26 remain off in the circuit : 
shown in Fig. 1 or. 3. 

In this embodiment, therefore, the filcer 
eapaoitox SB is.provided to filter.off noise in the 
voltage across the tertiary coil N3 before the voltage is . . 
applied to the resistor JO, the diode 23 and the zener 

diode 2&. which are co1'U1ected in series with each other 
to £o:rm a voltage detection circuit, as shown in Fig, s 
or 6. 

rhe filter capacitor le is aormeete~ between 
the cathode of the diode 22 and the terminal B of the 
tertiary coil NJ in seriea with the diode 22. One 

·~iili/Ur 
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terminal of the resia~or 30 is connected to the series 
connection point between the filter capacitor 38 and the 
cathode of the diode 22. As descried abcve, the filter 
capacitor 38 receives the voltage across the tertiat"Y 
coil NJ and filters off noise from the voltage. The 
voltage from which noise has been thereby removed is 
applied to the voltage detection circuit. 

In this embodiment, the filter capacitor 38 is 
added to each of the arrangements of the above-described 
embodiments. Therefore, this.embodiment1 having the same 

advantages _as the above-descriQed 
embodiments, also has the advantage of applying the 
voltage ac~oss ·the ~ertia:r:y coil NJ to the voltage 
deteation circuit ~hile removing, by tbe filter capacitor 
39 1 spike noise generated in the voltage across the 
tertiary coil N3 when the main ewitching element 4 turns 
on. It is the~fore possible to reliably avoid an error 
in the operation of the diode 23 or zener diode 26 of the 
voltage detection circuit caused by such spike noise. 
'l'hus, the reliability of the switching power supply 
apparacus can be imp.roved. 

Alternate Embodiments 
l'he present invention is not limited to the 

above-described embodiments. The present invention may 
take other various f o:rms • Fot' example, 
while the synchronized rectifier of the output cir<:Uit 14 
is fol:med of the r.ectif ier diodes 6 and 7 in the above­
desc~ibed embodiments, it may alternatively be formed of 
MOSPB'l's lS and 17 shown in Pig. 8 or the like 

instead of i the rectitier diodes 6' and 7. The same . 
charge control circuit 20 as that of the above-described 
embodiments may also be used in such a case to achi8ve 
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the same advantages as those of the above­

described embodiments~ 
'l'he energy control switching element 11 is 

formed of a MOSFET in the above-described embodiments. 
However, it may be alternatively be fo:rmed of a 
transistor device other than tha MOSFET. 

StJMMABY 

According to the present invention, the energy 
storage circuit, the energy supply circuit, the voltage 
detection circuit and the off-cont.-ol circuit •re 
provided to stabilize the input capacitor charging 
voltage at a predetermined value (cba~ge setti~g 

voltage), thereby ~nabling the input capacitor charging 
voltage to be stabili%ed at the charge setting voltage 
~egardless of ~ariations in the input power source 
voltage. The energy stored j.n the input capacitor at the 
charge setting voltage is output as output energy from 
the secondary side of the transformer when the main 
switching element tu::r:ns on, 
regardless of changes in the inp~t power . sou::ce voltage. 
~herefore, even if the input power source voltage becomes 
substantially higher, the apparatus output 
$tabili.zation c:ontrol can be suitably performed, thus 
imp~oving the reliability of the operation of the 
switching power supply apparatus. 

Since, as described above, the apparatus is 
arranged so that the input c~pacitor charging voltase ie 
stabilized at th~ cha:rge settine voltage, a voltage lowex 
ehan the input power source voltage may be set as the 

30 C!ha.rge setting voltage at which the input capacitor 
charging voltage is sta.bili2ed. Since the voltage and 
current: according to the charge energy in the input 
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capacitor are applied to the main switching element, the 
voltage applied to the ma.in swi~ching element can be 
limited to a small value. 'rherefora, a low-withstand.­
voltage switching elemen~ can be used as ~he ntain 
switching element. 

Also, the voltage of ehe energy supplied to the 
secondary side of the transformer can be ma.de constant 
regardless of variations in the input power source. 
Therefore, even if the input power source voltag~ becomes 
substantially higher, the voltage applied to the ..... . 
secondary side of the transformer is not increased, so 
that the oircuit on the secondary side of the transformer 
can be formed by using low-wit.hStand-voltagc elements. 

As described above, 'the swi~ching power supply 
apparatus can be fo:rmed by using low-withstand voltage 
elements~ Since power less in $UCh elements is small, 
the power less in the switching power supply apparatus 
can be reduced, so that the circuit efficiency can be 
improved.. 

In the arrangement of the p~eaent invention 
having the exoess current prevention circuit, the excess 
current prevention ~ircuit detects the input current 
flowing from the input power source into the energy 
storage circuit, and stops the input current from the 
input power source :i.nto the energy st<'.>;rage circuit during 
the time period. in "Which the input current is larger than 
a predete:mined value. In a case where the voltage of 
the input power sotll."ee is so high that there is a risk of 
an EQCcess current lax-ger than a predetermined allowable 
current flowing tb~ough the energy storage circuit, it is 
possible to prevent, by the operation of the excess 
eurrent pre~enticn circuit, such an excess curren~ from 
flowing through the energy storage oir.euit. Thus, the 
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components of the energy s~orage circuit can De 

protected. It is also possible to prevent an excessive 
reduction in the ewitc::=hing frequency of the energy 
control switching element. 

It is possible to form the energy control 

switching element of a low-with~tand-voltage ·switching 
eletnen~ because an excesa currene is prevented from 
flowins through the energy storage circuit. Since a low­
withstand-voltage switching element is low-priced, the 
apparatus can be constructed at a low cost. 

In the arrangement of the present invention 

having the noise filter circuit, the voltage detection 

circuit can deeect the input capacitor ~barging voltage 
after noise has been removed from tha voltage by the 

':~ noise filter circuit, thereby avoiding an error in 

de~ecting the input capacitor charging voltage, which may 
be caused by noise. Therefore, the voltage detection 
circuit can reliably detect the.correction input 
capacitor charging voltage. The off~aontzol dircuit can 

operate accurately on the basis of the correct voltage 
detected by the voltage detection circuit. Thus, the 

reliability of the switching powe~ supply appara~us can 

be further improved. 
!n r..,\le arrangement of the present invention 

having the transformer with a. tertiary cC?il, the energy 

storage circuit has an energy control s~tchiJ:lg 
element_ the on-off operation of which is controlled by a 

drive circuit whieh operates by baing suppli_ed with power 
from the tertiary coil , a voltage detection 
ci~cuit which detects, as the input capacitor charging 

voltage, the voltage across the tertiary coil when the 
main swi tc:hing element turns on. In this arrangement, -· . 

-- - ·--· ...... . 

i 

the on-off opera~ion of the energy storage circuit can 



- 32 -

easily be controlled by the switch-on/off operation of 

the energy cantxol s~itchins element. 
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I 
1. A feedforward converter type switching power s_u~pl!t 

apparatus, comprising: 
an input p01fer sou~ce, an .input capacitor and a 

main switching element interconnected on the primary side 

cf a i:ransfo:cmer, such that charge energy / 
in the input capacitor is Olltput aa'autput energy from 
the secondary side of the t~ansto:rm.er when the main 
switching elemant turns on, 

said switching power supply apparaeus 
con;>rising an energy storage ci•cuit for · 

receiving and storing energy from the input power 
- --

source when the main switching element turns on, an _ 
energy supply circuit for supplying the energy stored in 
said energy storage oirauit to the input capacitor when 
the main switching element turns off, a voltage detection 
circuit for deteoting the charging voltage across the 
i~put capacitor, and an off-conerol circuit for stopping 
the energy storing operation of said energy eeorage 
circuit dUring a time period in which the inpue capacitor 
charging voltage detected by said-voltage deLection 
circuit is equal to or higher than a predetermined value. 

2. A switehing power supply apparatus 
according to Claim l. further comprising an excess 
current prevent;on circuit which detects an input current 
flowing from the input power source into said energy 
storage circuit when the main switching element turns on, 
and which stops the input current flowing from the i~put 

power source into said energy storage circuit by making 
said off •control circuit operate to stop the energy 
storing operation of said energy storage circuit du:ing 

-- .. -- i 

j 
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the time period in whiah the detected value of the input 
current is equal to or larger than a predetermined value. 

3. A switching power supply apparatus 
according to Claim 2, further comprising a noiae 
filter circu;!.t connected on the input side of 

· · said volt~ge detection circuit, 
for removing noise from the 

input eapaaitor charging voltage -. 

before said voltage is detected by said voltage detection circuit. 

4. A switching power supply apparatus 

according to claim 3, wherein: 

said transformer has a tertiary coil; 

the input powe~ source is connected to the 
input capacitor th~ough an energy control switching 
e].ement and an inductance element connected thereba1:ween 
~n this order in said ene!gy storage circuit; 

. . the on-off operation of s_aid energy control 
switching element is controlled by a drive __ I .... 

-------··--·---

circuit which is supt>l_!ed wi~ power _f!om. s~~:~ertiary coil; 

said voltage detection circuit detects, as the input capacitor charging 
v
1
oltage, the voltage induced across said tertiary coil wlien the main switcliing 

e ement turns on; and 

b 
.dsai<;l off:col\trol circuit turns off said energy control switching element 

y sat drive circuit to stop 
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the energy storing operation of said ener91 storage 
circuit durin~ the time period in which the input 
oapacitor charging volt~ge detected by aaid volt.a9e 
detection ciroui~ is equai to or lar~er than the 
predeteJ:J11ined value. 

S. A swit~hing power supply apparatus according to 

claim 2, wherein; 

said transformer has a tertiary coil; 

through an 
the input power source is connected to the input capacitor 

energy control switching element and an inductance element connected 

therebetween in this order in said energy storage circuit; 

the on-off operation of said energy control switching 
.. 

element is controlled by a drive circuit which is supplied with power 

from said tertiary coil; 

said voltage detection circuit detects, as the input capacitor 

charging voltage, the voltage induced across said tertiarj coil when the 

main switching element turns on; and 

said off-control circuit turns off said energy control 

switching element by said drive circuit to stop the energy storing 

operation of said energy storage circuit during the time period in which 

the input capacitor charging voltage detected by said voltage detection 

circuit is equal to or larger than the predetermined value. 

6. A switching power supply apparatus according to 

Claim I, further comprising a noise filter circuit connected on the input 

side of said voltage detection circuit, for removing noise from the input 

capacitor charging voltage befo:re. said voltage is detected by said voltage 

detection circuit. 
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7. A switching power supply apparatus according to 

claim 6, wherein: 

said transformer has a tertiary coil; 

the input power source is connected to the input capacitor 

through an energy control switching element and an inductance element 

connected therebetween in this order in said energy storage circuit; 

the on-off operation of said energy control switching element is 

controlled by a drive circuit which is supplied with power from said tertiary 

coil; 

said voltage detection circuit detects, as the input capacitor 

charging voltage, the voltage induced across said tertiary coil when the main 

switching element turns on; and 

said off-control circuit turns off said energy control switching 

element by said drive circuit to stop the energy storing operation of said 

energy storage circuit during the time period in which the input capacitor 

charging voltage detected by said voltage detection circuit is equal to or larger 

than the predetermined value. 

8. A switching power supply apparatus according to 

claim 1, wherein: 

said transformer has a tertiary coil; 

the input power source is connected to the input capacitor 

through an energy control switching element and an inductance element 

connected therebetween in this order in said energy storage circuit; 

the on-off operation of said energy control switching element 

is controlled by a drive circuit which is supplied with power from said tertiary 

coil; 

said voltage detection circuit detects, as the input capacitor 

charging voltage, the voltage induced across said tertiary coil when the main 

switching element turns on; and 
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said off-control circuit turns off said energy control switching 

element by said drive circuit to stop the energy storing operation of said 

energy storage circuit during the time period in which the input capacitor 

charging voltage detected by said voltage detection circuit is equal to or larger 

than the predetermined value. 


