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CRCUT WTH VOLTAGE DOUBLER OQUTPUT Technical Field This invention rel ates

to a switchj yer supply circuit which can be ‘incerp a power
supply in {ygpth’g%gy\gl ectroni ¢ apparatus. Background Art Agse\?\;lﬁ@ﬁu?%ﬁ power

supply circuit which adopts a switching converter in the formofy for
exanpl e, a flyback converter or a forward converter is wdely known. Since
swi tching converters of the types nentioned use a signal of a rectangul ar
waveformas a signal for a switching operation, they have a limtation to
suppression of switching noise. It is also known that the sw tching

convert er gedbidRr Swhtditid bbbk b6pprRUARRHETE AN voitaBR WRLBERNY@IRSTON
efficiency fromtheir operation characteristics. Thus, various swtching

power supply cirguids which enploy various converters of the resonance
type havggﬁlé@ﬁdpﬁgiétsed by the assignee of the present application. A

converter of e resonance, type i s advantageous in_ that a hi power
conver si on e&&%’r"é’ﬁﬁ?"%é’ﬁl"% thRas %d%"‘fe;}' %HP(]_’IY SHMY; Yg-gqq’s °P3\é\§t?q zed
because the switching operatjon waveformis_ ,a sine.waveform It is
advant agdsespenatasl asa powser supphain yasious Sleattonic appaxatsnpar at i vel y smal |
nunber of parts. FIG 10 shows an exanple of a switching power supply
circuit. Backgromnddtng power supply circuit shown in FIG 10 includes a
rectifier smoothing circuit for rectifying and snoothing the conmercial ac
power supply ACswittlsing @owief isepply circuit which adopts a switching converter in the
form of, for example, a flyback converter or a forward converter is widely known.
Since switching converters of the types mentioned use a signal of a rectangular
waveform as a signal for a switching operation, they have a limitation to suppression
of switching noise. It is also known that the switching converters have a limitation to
augmentaﬁoﬁ in power conversion efficiency from their operation characteristics.
| Thus, various switching power supply circuits which employ various converters
of the resonance type have been proposed by the assignee of the preéent ap_p]ication.
A converter of the resonance type is advantageous in that a high power conversion
efficiency can be obtained readily and low noise is realized because the si;vitch'ing B
operation waveform is a sine waveform. It is advantageous also in that it can be
formed from a comparatively small number of parts.
FIG. 10 shows an example of a switching power supply circuit. The switching
power supply circuit shown in FIG. 10 includes a rectifier smoothing circuit for

rectifying and smoothing the commercial ac péwer supply AC. The rectifier



WO 01/86794 PCT/JP00/ 02995 2 snoothing circuit is formed as a voltage

mul tiplying rectifier circuit conposed of a pair of rectifier diodes Dl
and Di 2 andwe opgémva of Snoot hing capacitors Gl and M Thewehimes
multiplying rectifier circuit produces, for exanple, where an do input

vol tage equal to a peak value of an ac input voltage VAC is represented by
Ei, a do input voltage 2Ei approximat@ly equal to tw ce the do input
voltage Ei. The reason why a voltage nultiplying rectifier circuit is
adopt ed asmeothing cifévit is formed las agrottage mltiplyivghiestifienciecuit soraposed of 4 S

I ntended to satisfy the condition of a conparatively heavy |oad that the
ac input pair bAgstifier dlodbd DiY aadDi2hddEpaifbiismeathingdeaRtitds Gi? @n/Cin, nore.
The switching converter of the voltage resonance type shown in FIG 10 has
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resonance capacitor CB, and a base current limting resistor RB. A clanp

di ode DD femparetvelyheavlondtattheas inputyolinge isAG WP ¥rndghetmanipmmGbad\O
01/ 96794 PCT/ JPOO/ 02995
power is 150 W or more.

The switching converter of the voltage resonance type shown in FIG. 10 has a
self-excited construction including a single switching element Q1. In this instance, the
switching element Q1 may be a high voltage withstanding bipolar transistor (BJT:
Jjunction transistor). The base of the switching element Q1 is connected to the positive

- electrode side of the smoothing capacitor Cil (rectified smoothed voltage 2Ei) through
a starting resistor RS so that the base current upon starting may be obtained from the
rectifier smoothing line. Further, aresonance circuit for self-excited oscillation driving
is connected between the base of the switching element Q1 and the primary side
ground and is formed from a series connection circuit including an inductor LB, a
detection driving winding NB, a resonance capacitor CB, and a base current limiting

resistor RB.

A clamp diode DD is interposed between the base of the switching element Q1



3 and the negative electrode (primary side ground) of the snoothing
capacitors G and forns a path for danper current which fl ows when the

swi t chi ng @9%%6%4 QI is off. The collector of the sw tpghjsRghnsdegment Q 1 -
is connected to an end of a primary winding N1 of an insulating converter
transfornmer PIT, and the emtter of the switching element Q@ is grounded.
A parallel resonance capacitor C is @onnected in parallel between the
collector and the emtter of the switching elenent QL. The parall el

I €S0NANCgnd {IRightifs elebtrodd (pifimark) idcrbiind) ofihe sinbathixy GdpakhiersiCirand el
resonance capacitor C i1tself and a conbined inductance (L1 + Lc) obtained
froma s e SARTEE HadiDe Curfertt SAHIAD Aows WHEAHRS SRitbhing leldniéht Y1 {¥RSEF.

wi ndi ng. an o ogonal 1 nsulating converter  transformer PRT
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obtai ned by an _action of the parallel resonance circuitwhich causes the
vol t age CAeEmeRt gEg88ral 1 el resonance capacitor Cr to actually exhibit

a sine pulse wave. The choking coil. PCC has a.trangformer couplin
construction Aiparalblneﬁmcgpap@etoaﬁfalqmsgawﬁﬁﬂgpm Fﬂk"ﬁg"rNB. The
detection driving winding NB excites an alternating voltage correspondi ng
to a swi anditlne emittéronf the switchingselement:Qd i Thenpargllelgasonance ofdd from
the primary winding NI of the orthogonal insulating converter transformer
PRT to t fierms)daséd onla capacitan® 6fl thesparalicl vesdnanee eapacitor Cr itself and a

~

combined inductance (L1 + Lc) obtained from a series connection of a leakage
inductance L1 of the primary winding N1 side of an orthogonal insulating converter
transformer PRT which is hereinafter described and an inductor Lc of a choking coil
PCC, a primary side parallel resonance circuit of the voltage resonance type converter.
Although detailed description is omitted here, when the switching element Q1 is off,
an operation of the voltage resonance type is obtained by an action of the parallel
resonance circuit which causes the voltage Ver across the parallel resonance capacitor
Cr to actually exhibit a sine pulse wave.

The choking coil PCC has a transformer coupling construction of the inductor
Lc and the detection driving winding NB. The detection driving winding NB excites
an alternating voltage corresponding to a switching period in response to a switching
output transmitted from the primary winding N1 of the orthogonal insulating converter

transformer PRT to the inductor Lc.

- B



4 The orthogonal insulating converter transformer PRT has a function of
transmtting a swtching output of the swtching elenment Q to the
secondary swéasémer eof and perform ng constant voltage cggdradeRés t he
secondary side output thereof The orthogonal insulating converter
transforner PRT includes, for exanple, as shown in FIG 11, a three

di mensi onal core 200 which is formed sdch that two doubl e channel - shaped
cores 201 and 202 each having four magnetic |legs are joined to each other
at the ends of Thtorthegonal insulatingt hemverfer tFansfomieraPR Twhaslianfidtioandf a
secondary winding N2 are wound in the sanme wi nding direction around two
pr edet er ntraesnittieg a sivitching'ogpat of theegritcling lRmidht €1 € RNELoiddry Gide 200
and a control winding NCis wound around two predeterm ned ones of the
magnet i ¢ {ipcofahd peffortibiigccondtaied onfrel &ﬁgge&mﬁt §aL oﬁt? tﬁ]egéﬂﬂg

direction thereof is orthogonal to the primary wndirg N1 a

T anst or mone BHROf instlbffug Qbnvelfer HaiRAROEE & ea%?‘iéf@“#% fﬂﬁ?l’s‘&.ﬁﬁlé? égg*@{eﬁwn the

_ _ _ _ )
and 20 %‘?E?Sz- 8&%@%3@%%%3@20@@% 8%?%%&@%@??5{9%55 )

' Fl.G ' i .ndi .
or t hogonaP el PSaret]ores A1, 4207 Sach eyt PheRpetcst 6w BdpAed 0 EAch

collector Qf the swi tchi.ng element Q, and {h ot her end qof the primary
wi ndi ng AR&PE 'aégh‘hée &t ettﬁég}%@ile%éh@%é c%?letmmﬂmﬁl\uc&pdcﬁtors
G (rectified, snoothed voltage 2Ei ) through a serjes connection of the

i nduct or E%°°8f1a‘ﬁ’h@"%‘§85iﬂé ari womnd: ins the, sepe; winling dirpction anound evemdar y
side of the orthogonal insulating converter transformer PRT, WO 01/ 86794
PCT/ JP00/ bredgtermined ones of the magnetic legs of the three dimensional core 200 and a

- control winding NC is wound around two predetermined ones of the magnetic legs of

‘the three dimensional core 200 such that the winding direction thereof is orthogonal
to the primary winding N1 and the secondary winding N2, whereby the orthogonal

- insulating converter transformer PRT is formed as a saturable reactor. In thisinstance,
the opposing faces of the opposing legs of the double channel-shaped cores 201 and
202 are joined together and have no gap formed therebetween. Referring back to FIG.
10, one end of the primary winding N1 of the orthogonal insulating converter
transformer PRT is connected to the collector of the switching element Q1, and the
other end of the primary winding N1 is connected to the positive side of the smoothing

- capacitors Ci (rectified smoothed voltage 2Ei) through a series connection of the

inductor Lc of the choking coil PCC as shown in FIG. 10.

On the secondary side of the orthogonal insulating converter transformer PRT,



an alternating voltage induced by the primary winding Ni appears in the
secondary winding N2. In this instance, as a secondary side parallel
resonance IL.Lor C2 is connected in parallel to the wi ndi ng -
N2, a paréﬁ?@?ﬁvggonance circuit is forned froma Ieakgggﬁﬁﬁgggyance L2 of
the secondary wi nding N2 and a capacitance ofthe secondary side parall el
resonance capacitor C2. The alternati Ag voltage induced in the secondary .
wi nding N2 is converted into a resonance voltage by the parallel resonance
ci r cui t . an nlternetihg veltagy indoeed ey theeprimarypwinsding) N 1i appeutsan ieeisevondany
secondary side. In the parallel resonance circuit on the secondary side
fornmed i Gigiifg N2. TaRhiR/instafice] a5 arseb@itiagp side pacaiiel fosohate aapacitqrC®isded for
the secondary winding N2, and rectifier diodes D01, D02, DO3 and D04 and

snoot hin i t ' andeeEiRRt &S shown
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snoot hi ng capacitor. . receives a respnance voltage s led frgmthe
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vol tage. EO1. The_ full: wave rectifier. circui,t cogpqased. of the.rectifier
i odes DoomBemitRulnls Shith S RIAEP TeRRAGRE BPorEtion ATEAAR] 90 18 SEISPUES, he

resonance vol tage supplied fromthe secondary side parallel resonance
circuit sidd. produces a do output voltage E02. It is {IDIA WD 01/86794
PCT/ JP0O0O/ 02995 6 .

: In the parallel resonance circuit on the secondary side formed in such a manner

as described above, center taps are provided for the secondary winding N2, and
rectifier diodes D01, D02, D03 and D04 and smoothing capacitors CO1 and CO2 are
connected in such 2 manner as shown in FIG. 10 to provide two full-wave rectifier
circuits including a full-wave rectifier circuit including rectifier diodes D01 and D02
and smootliing capacitor C01 and another full-wave rectifier circuit including rectifier
diodes D03 and D04 and smoothing capacitor C02. -

The full-wave rectifier circuit composed of the rectifier diodes D01 and D02
and smoothing capacitor CO1 receives a resonance voltage supplied from the
secondary side parallel resonance circuit and produces a dc output voltage E01. The
full-'wave rectifier circuit composed of the rectifier diodes D03 and D04 and
smoothing capacitor C02 similarly receives the resonance-voltage supplied from the

secondary side parallel resonance circuit and produces a dc output voltage E02. Itis



to be noted that, in this instance, the dc output voltage EOl1 and the do
output voltage EO2 are inputted also to a control circuit 1. The control
circuit 1 uwvbbig@ss the'do output voltage EO1 as a det ectycqiypimbaoe and
utilizes the dc output voltage EO2 as an operation power supply therefor.
The control circuit 1 supplies do current, whose |level thereofvaries, for
exanple, in response to the level of tle do output voltage EO1 of the
secondary side, to the control w nding NC of the orthogonal insulating

conver t erto bermoted thatpin thigTinstanges theodomeputsvaltige BRI 1t idethe dooafPut iveltageh a
manner as hereinafter described. Since the control winding NCis wound on

the orthoBo2ate inpattedalso to & comeslicdicuittl e contidl it 1 ufiRzedth
i nsul ating converter transfornmer PRT which acts as a saturable reactor

oper at 05 OGS s S o184 NS RSl ROk Q0 © 17
Cecondar y Peatioh poeAupBhihe RS ThL EFnai il 1 BARGC bR Mieleel onaary
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controlled to_a_constant voltage thereby. It is to be noted that such a
const ant g@ control method as just described is hereinafter referred
to as "parallel resonance WO 01/86794 p PCT/JP00/ 02995 7 frequency
control met hodSince the control winding NC is wound on the orthogonal insulating converter

transformer PRT, the orthogonal insulating converter transformer PRT which acts as

a saturable reactor operates so that it varies the leakage inductances (L1 and L2).

While the leakage inductance L1 of the primary winding N1 forms the parallel

resonance circuit of the primary side and the leakage inductance L2 of the secondary

winding N2 forms the parallel resonance circuit of the secondary side as described

hereinabove, both of the leakage inductances L1 and L2 are variably controlled as the

control current flowing through the control winding NC varies as described above.

Since the operation just described varies the resonance impedances of the primary side

and the secondary side, also the switching output transmitted from the primary side to

the secondary side varies, and the secondary side dc voltages (E01 and E02) are

controlled to a constant voltage thereby. It is to be noted that such a constant voltage

control method as just described is hereinafter referred to as "parallel resonance



FIG 12 shows anot her exanple of a switching power supply circuit. Al so the
power supply circuit shown in FIG 12 enploys AC 100 V. for a conmerci al
power SUme)dE’ﬁf’ for exanple, in Japan or the United pgrabmsoaoesi Ml arly -
to the power supply <circuit described herei nabove with reference to FIG
10, and is ready for the condition that the maxi num|oad power is 150 Wor
more. Further, a self-excited convertd of the voltage resonance type
including a single switching element Q1 is provided on the primry side
of the stiequenoyrcomtrobmethgdly circuit. It is to be noted that, in. FIG 12,

| i ke reference characters to those of FIG 10 denote |ike elenents and
over| appi ng BEG.CI2 shiowsranotesreshmiple afid switchitgpewer supphyciratitr ddsmthency .
Referring to FIG 12, the swtching power supply circuit shown includes an

or t hogongbwep Blpply circafshowiEin FIGT 12 W ACADer¥ ifore somalercinbpowar mer  PRT
i ncludes™a three di nensional core 200 fornmed such that two, double

h | - : . . oi ned
channel - g ggsgg%%ﬁ%p%ﬁgﬂg t&%ﬁ@uﬁﬂ&as&tés?mﬂm&s&h&pompﬁrye j oine

to. each e magnetic | egs thereof. ‘A controlled .

wi ndi ng N\R. i HY WA, r I .
pr edet er ﬁﬁﬁ%@d%gdgﬁe%%%@t‘% eggblgt@'t]}gé%%#é‘e i r(r)gﬂiséicbg%a ' O(l:lore 200.
Furt her, ntrol  wi.ndj ng NC i und n { ' s of
{he. magndettdbs gy ol peyeids 130 N sty Fbdr SR S B BubeileSET 01
direction is orthogonal to th i ndi n di.recti on_of e controlled w nding
NR *wher dugvalfigefrioamac trbn neuihe s sRdlesmpRie Bpa A16 ibatiSon e,

reactor. The orthogopal control transforper, P cgn b r.d as,a.
“vari abl e Primgry gide qw@vﬂmwmmlmnﬁw&ﬂ%w%@#ﬁﬁg% ci%’ be
~reduced in size when conpared with, _for exan?l e, the ]

. like reference characters to those of FIG. 10 denote like elements and overlapping

description thereof is omitted herein to avoid redundancy. Referring to FIG. 12, the
switching power supply circuit shown includes an orthogonal control transformer PRT.
- The orthogonal control transformer PRT includes a three dimensional core 200 formed
such that two double channel-shaped cores 201 and 202 each having four magnetic
legs.are joined to each other at the ends of the magnetic legs thereof, A controlled
winding NR is wound by a predetermined number of turns around two predetermined
ones of the magnetic legs of the three dimensional core 200. Further, a control
-winding NC is wound around two predetermined ones of the magnetic legs of the three
dimensional core 200 such that the winding direction is orthogonal to the winding
direction of the controlled winding NR, whereby the three dimensional core 200 is
formed as a saturable reactor.

The orthogonal control transformer PRT can be regarded as a variable

i AR



ort hogonal control transfornmer PRT described herei nabove with reference to
FIG 11. In this instance, the controlled wnding NRis interposed in
series bet wgg/kd¥es POSI'ti ve electrode ternminal of a snmogidiiaygdsaci t or
Gl and a primary w nding Ni of an insulating converter transformer PIT.
Accordingly, in the power supply circuit shown in FIG 12, a parallel
resonance circuit wherein the switchin® operation of the primary side is
of the voltage resonance type is forned by a conbined inductance (L 1 + LR
obt ai ned indugtanee elesent and can bewedficesl insiseawien coingrired with] for examiples ths i nar y
winding N1 side of the insulating converter transforner PIT and an

i nduct ancerthégefal téretroltransfortnee ERW dediriloediRreinadboveonithtsferencetoFIG 1par al | el
resonance capacitor Cr. In the insulating converter transfornmer PIT shown

in FI G 1f thiwinbiancd)aRecontfolied wiRdin} Nﬁﬁrmﬁbctsbamwﬁsﬁe%ﬁ%ﬁémﬁe 101

and 102 made of a ferrite material,  for exarrp e, in such a manner as shown
Irrggrljletcﬁ Cllélggisrﬂgé lﬁér"le E- ?‘;E Ocorgéag%%t dﬁe%léi Q?}%ﬂ 919%2@1%?4 The
W i ny OBk ﬁ&?%%ng%@%@ %%@rWﬁ%ﬁﬁpﬂﬂﬁ%ﬁt M et 1 al
conver t or P& I2] n@%ahéﬂ ”a%ﬁsw & RS S AR P RDERG go

i nduct ance, ,LI. t he wi ndi n Ni d the | ea i ndu nce L2 of
the secondgdfys #ﬂ’&lv E&r 9%@%63% ?59@%9@5? ffl"‘r’kﬂb) and
anot her vai)ue -M (subtractive poI arity npde) dependi ng upon the

rel at i onsAPtFnsd EOWHPFPf%?aFmﬂHWQ}eka Privesy wisdipgNar y WO
01/ 56794 PCT/JPOO/ 02995 9 winding Ni _and the secondary w nding N2 and the
connect i ofidecok the insylatinge convieglgr drangforreOPEh dndo@) inductance LR of the

controlled winding NR and a capacitance of a parallel resonance capacitor Cr.

In the insulating converter transformer PIT shown in FIG. 12, an EE-shaped
core 100 is formed from two E-shaped cores 101 and 102 made of a ferrite material,
for example, in such a manner as shown in FIG. 14. In this instance, no gap is formed

- between the central magnetic legs of the E-shaped cores 101 and 102 as seen in FIG.
14, The primary winding N1 (and a detection driving winding NB) and the secondary
winding N2 are wound in a separate condition from each other on the central magnetic
legs actually using a split bobbin., Further, in the insulating converter transformer PIT,
the mutual inductance M between the leakage inductance L1 of the primary winding
N1 and the leakage inductance L2 of the secondary winding N2 may have a value -+HM
(additive polarity mode) and another value -M (subtractive polarity mode) depending
upon the relationship between the polarities (winding directions) of the primary



The parallel resonance circuit converts the alternating voltage excited in
the secondary winding N2 into a resonance voltage. The resonance vol t age
i's suppli egoleseda0 hal f-wave rectifier circuits inchudipggaoddes- Wave
rectifier circuit conposed of a rectifier diode DOL and a snoot hi ng
capacitor CO 1 and another half-wave rectifier circuit conposed of another
rectifier diode D02 and another snootifing capacitor C02. Then, do output ,
vol tages EOL and EO2 are obtained fromthe two hal f-wave rectifier

ci r cui t swiisling 1 4nd the secandaryiwinding hiRrndshersonnestion tetherrectifiendiodes
circuitfor obtaining a switching operation of the voltage resonance type
as descr DOqDMHeandiDBDve, the resonance -condition of the parallel
resonance circuit varies with respect to, the swtching frequency which is

fixed.. AcrosFhé parallel Risbfancesiiteit doders trlalteradtingheoltapdickoited h teenent QL
and the. parallel resonance capacitor a resonance pulse of a sine
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Since the controlled winding NR forms a parallel resonance circuit for obtaining
a switching operation of the voltage resonance type as. described hereinabove, the
resonance condition of the parallel resonance circuit varies with respect to. the
switching frequency which is fixed. Across the parallel connection circuit of the .
switching element Q1 and the parallel resonance capacitor Cr, a resonance pulse of a
- sine waveform appears by an action of the parallel resonance circuit in response to an
off period of the switching element QI, and the width of the resonance pulse is
vaﬁabbrconubﬂed by the variation of the resonance condition of the parallel |
resonance circuit. In short, a PWM (Pulse Width Modulation) control operation for .
a resonance pulse is obtained. The PWM control of the resonance pulse width is
control of the off period of the switching element Q1, and this signifies, in other

words, that the on period of the switching element Q1 is variably controlled in the




transmtted fromthe primary wnding NI which forns the parallel resonance
circuit to the secondary side varies, and also the output |evel of the do
out put vol yapamseRRYL and EO02) of the secondary side vari periafspmsesiuent |y,

t he secondary side do output voltage (EO1 and EO2) is controlled to a
constant voltage. It is to be noted that such a constant voltage control
met hod as just described is herei naftd0 referred to as "primary side

vol tage resonance pulse width control nethod". In the swtching, power

suppl y cicondition that theygswitehiog frequsncy imbxed s &sithe onvperied ofdhe swifchingo F| GS.
10 to 15, in order to satisfy the conditions that the ac input voltage VAC
.is AC 10CelsmeniiQlhis varidbly roontratled andhisi matnér, e switohing eutpat whpokt isvol t age
of the level of 20 is obtained -using the voltage multiplying reetification

met hod.  Famshsitted &onaﬂiamﬂmu?awmmgﬂm ohich foxmaethepardliel es888noé cirgar s

bet ween the opposite ends of the switching elenent Q1 and the parall el
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for the switching el'enent Q 1 and the parallel resonancé capacitor Cr, it
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frequency becaones | ower, the sw tching |l.oss and the drjve _power  increase,
and consequentimthe swischingippwensupply cireriats hawing the gppstyuctiops describad maths s

Further, a transfornmer provided in the- power supply .
: reference to FIGS. 10 to 15, in order to satlsfF})' the conditions that the ac input voltage

VACis AC 100 V and the maximum load power is 150 W or more, a dc input voltage
of the level of 2Ei is obtained using the -voltage multiplying rectification method.
Therefore, actually a resonance voltage Ver of 1,800 V appears between the opposite
ends of the switching element Q1 and the parallel resonance capacitor Cr when the
switching element Q1 is off, Therefore, for the switching element Q1 and the parallel
resonance capacitor Cr, it is required to use products having a withstanding property
of the high voltage of 1,800 V. Accordingly, the switching element Q1 and the parallel
resonance capacitor Cr have corresponding large sizes. Particularly where a product
of ahigh voltage withstanding property is selected for the switching element Q1, since
the saturation voltage VCE(SAT) is high and the storage time tSTG and the fall time

tf are long while the current amplification factor hFE is low, it is difficult to set the



circuit and capacitors provided in the driving circuit systemincrease in
size and hence 1in cost, and this nakes an obstacle to reduction in size
and wei ghtyghgsdsguction in cost of the circuit. Al So ipgrBPdmedeshe
constant voltage control net hods descri bed herei nabove with reference to
FIGS. 10 and 12, the insulating converter transfornmet PIT (or the
orthogonal insulating converter transkbrnmer PRT) wherein the primary side .
and the.. secondary side are separate from each other has a_ required

coupl i ngswitching frequimeyi toechighivalneuAssheswite¢hing S quensydiegomas owesethgi ndi ng
(i nductor) Lc of the choking coil or the controlled wi nding NR of the

or t hogongwitelng less dndahe riverpowéHiiciease; and eonseduently, she pewer loss afther i nary
wi nding N1 or the secondary w nding N2. Consequently,a |eakage inductance
conponenpodwdr Supplyp eibiit fiePaakys. Cirther] a transfonsarprovided im thegpoeer sipply. of t he
| eakage T nduct ance conmponent gives rise to an increase of |eakage flux and

My  Posgifli ' iR cRehit 9 ' ielin 836l afd®hésiet h ON
t he | oad%%g%ﬂ?%ﬁwﬁﬁ&%rﬁggﬁ?‘ﬁr educgﬁtﬁ%q?éﬁfe?uuelﬁg% g?d)l eal?age
flux, actually. ' L : ire
s 1 ch rY G5t i Sy bt RERCHIE i ol Bl R od il |

al um num arld vi.nﬁgﬂ ent holes fornmed therein and a connector is provided
for conn&R¥to3 0t & guts and outputs of the switching converter circuit.

FETHERARS i e e S e EL T e
AN T e e 15 BIGY. 10" 0nd 157 e insulating Gonverter Ganstornay PLT (or the

 orthogonal insulating converter transformer PRT) wherein the primary side and the. _ |

secondary side are separate from each other has arequired coupling which is obtained

without a gap formed therein, and the winding (inductor) Lc of the choking coil or the

controlled winding NR of the orthogonal control transformer PRT is connected in -
. series tb the primary winding N1 or the secondary winding N2. -Consequently,.a

leakage inductance component in the power supply circuit increases. . The increase
of the leakage inductance component gives rise to anincrease of leakage flux and may
possibly have an influence on an electronic circuit and so forth on the load side.
Therefore, in order to reduce the influence of leakage flux, actually a structure is N
adopted wherein, for example, an entire switching converter circuit is accommodated 5
in a shield case made of aluminum and having vent holes formed therein and a

" connector is provided for connection to inputs and outputs of the switching converter

circuit. Also this structure makes an obstacle to reduction in size and weight and



Di scl osure of the Invention In view of the foregoing, it is thus an object
of the present invention to provide an inproved switching power supply
circuit. |iydaymgurther object of the invention to provpgfymeawes ching
power supply circuit of the resonance type which can achi eve pronotion of
reduction in size and weight and alsq_in cost, augnentation in efficiency
in production and augnentation in vadous characteristics beginning with a
power conversion efficiency. Still_ other objects and advantages of the

i nvent i orredrotion in pest tofihe wixcuiiuendyinereages the time raquinsd fop gransiactareom t he
specification and the drawings. In order to attainthe object described
above, accmcardmgly. t he present invention, there is provided a swtching
power supplycircuit. The switching power supply circuit includes. a
rectifi erDiolostie oftheBaventibar recei ving a commerci al ac power supply,
producing a rectified snoothed voltage and outputting the rectified

snoot hed vol t fjevrof theTordgoig itiOtHBaf objuét afttheresent inve rboide
transfornmer for transmtting a prinmary side output to a secondary side

where th Fﬁbﬂ) ' HCHARY , wer has a gap fornmed therein so
that a cgat}ip] | ng%v%% 'S EP icfﬁeﬂ?yﬁﬁgﬁgel oose coupling is obtained. The
swi tching po . | | r. . | JAcYs TR alo ' udi ng
Swi tohi ng ol enbit® Achebbiskt be e ivEhid ) TR Hehiighitg SRASRE
states so_.as. to.,be outputied t.0 rigary wndin he.insul.atin
Convert or cif AP TR bRR e ot e HaBieH B el it el
Phe pri rEPARRF A F190 0 EPRS FONRALARI B ASToieR R RIPGHE Gt S angeptiation
capaci tance of a ﬁar al | el, ‘éeeson_ance capaci tor for engblingthe
swi t chi ngReaReus shargelernslcsRegyng XQ@#B%WW’SW” ciency.

Still other objects and advantages of the invention will in part be obvious and

Q

. will in part be apparent from the specification and the drawings.
In order to attain the object described above,-according to the present invention,
there is provided a switching power supply:circuit. The switching power supply circuit
. includes a rectifier smoothing means for receiving a commercial ac power supply,
producing arectified smoothed voltage and outputting the rectified smoothed voltage
as a dc input voltage and an insulating converter transformer for transmitting a primary
side output to a secondary side where the insulating converter transformer has a gap
formed therein so that a coupling which is efficient for a loose coupling is obtained.
The switching power supply circuit further includes switching means including a
switching element for switching the dc input voltage between on and off states so as

to be outputted to a primary winding of the insulating converter transformer, a primary



type and a secondary side series resonance circuit including a secondary
side series resonance capacitor and a secondary w nding of the insulating
converter ﬁ,g)q'%gﬁ; mer, the capacitor connected in seri ¢griPaclrRssecondary-
wi ndi ng of "the insulating converter transforner, such that a series
resonance circuit is formed froma | eakage i nductance conponent of the
secondary winding of the insulating cbhverter transformer and a ;
capaci tance of the secondary side series resonance capacitor. The sw tching
pover supideyardllettesondneetcirenit formediframa leakage insiuctance campponent drome theon neans
for . receiving an alternating voltage obtained at the secondary w nding
of the i pfitlaey whrilie@ofthe tsuldtingeoirogrtartranstirper dnl acapgcitance bf aparallel

mul tiplyirng { full-wave rectification operation forthe alternating voltage
to produggog PaGof 6 ehablifithe Sivitdhing PhdanS o GpeRith asd velldge résatiaticd O twi ce
the input voltage |l evel and a Constant “voltage control neans for varying a
switchin r ' L hnBl - - ; of the
secondar 9’55"1 e d%%g’ﬁ %)Ig{t&@eoféfﬂa%gg%o p%?%i%cru}ls%?%o tageSIa?:gﬁl;{ér\éol of

Fur t her PP @ioTiil f ooty willipg St B nyitibioheflinies, (| o

ower sl Sppapat oo 15 RphS 3Bfng AR GH Blsna RiBll o
drivi ' it f driving.th i t chj I ' | f-.exci ted
WO 01/ 56 msoumen Such Bisbo 5ekiss epaeD0e GFO (R JBHEA FEmLR IBREURIMIE Se | 05

resonance circuit. The constant voltage .control neans iIncludes aa

* or t hogonsbmponeniodf the saeondany wnding &%MEW&WW&W"@H which a
detection wi nding and the driving w nding connected in series to the
prinary wapatitagceo6f theseconrdary sida getieswesenance CAPaROBr rer, and a contr ol

wi ndi ng

The switching power supply circuit farther includes a dc output voltage
pr:c.aduction means for receiving an alternating voltage obtained at the secondary
. winding of the insulating converter transformer and performing a voltage multiplying
full-wave rectification operation for the alternating voltage to produce a secondary side
dc output voltage substantially equal to twice the input voltage level and a constant -
voltage control means for varying a switching frequency of the switching element in
response to a level of the secondary side dc output voltage to perform constant voltage
-control of the secondary side output voltage.
The switching power supply circuit further includes a series resonance circuit
- formed from at least a series conmection of a driving winding and a resonance
capacitor. The - switching power supply circuit may further include a self-excited

oscillation driving circuit for driving the switching element in a self-excited manner



whose winding direction is orthogonal to the winding directions of the
detection w nding and the driving w nding are wound, whereby control
current whiwboisemwariable " in response to a | evel of the wagpnkpees Si de dc
output voltage is supplied to the control wnding'to vary the inductance
ofthe driving winding to variably control the swtching frequency. The
swit ching nmeans further includes a sepdately excited driving circuit for
driving the switching elenent in a separately excited manner, and the
const ant basstltcaye resopance butputof theisérigs sesopancectiscuiin The gomstand voltagdie
switching elenment in response to a | evel of the secondary side do out put
vol t age wbonteo] ineesmis iacladesof f @e orthdgomd] cohtrobwhhsfbirner s of da@bldrer eby
to variably control the switching frequency. In the sw tching power supply
circuit, feasttrionhilich adet@itionrwinlidg vhd4bkdRiving wﬁﬁm@e&ﬂaefcwaeinis%ﬁggw i ded
on the primary side and the insul ating converter transfornmer is forned

such t hat ¢Het &!gﬁ,ﬁgﬁ% ﬂiboﬂn'gﬂgﬁﬁ m{-' . -
wherein ttklljee prrrli}tﬂual I n ?gnce et Wegr?Bt e é[i)lr'l nardfﬁ%r’n [ n%cé%%]t‘ﬂig&név’
secondar Hkég . i-Dj t-s. t. L4t larisi es.to.each, Qt her, nay be
obt ai ned?/W anﬁl |é%r@ﬁe&§5@1g’%§§+’lyt%s&§e%¢ﬁg ?3'8%% r?ff edgetg‘é'?‘}/%s
resonance |t iS. .connected in serigs o the,secondayy, w ndj to
formthe g’m@‘@@% ‘X’Pﬁt‘tﬁﬁf?wgﬁe "Fﬁ@e%%?‘? GHHPP‘?%FFQV%?!% 2 wave
rectifier.circuit,is rﬂv'_ ed makj n gsg of the_series \/\1?81/90794 .
PCT/ JP0O/ ’6’2‘5%“3?8‘0?]58’8 aﬁgssa side,d¢ putputvoliage ispplied fothe gentrol put
vol t age e%o tw ge ,ag al ternating voltage (excited voltage) obtained
at the se P YAy e igdusigngeof thedrvmg windmgto variablyeontrod theyswitchitg dc

out put voltage is_produced by the secondary side series resonance circuit

and t he vEPGUSRSYnihe syitohing mesns further includes 2 separately gxcited drivingéiyegipwer t o
a load. In short, the voltage nultiplying full-wave rectifier circuit is
for driving the switching element in a separately excited manner, and the constant

~ voltage control means variably controls an on period of the switching element in
~response to a level of the secondary side dc output voltage while keeping an offperiod
of the switching element fixed thereby to variably control the switching frequency.
In the switching power supply circuit, a switching converter of the voltage
resonance type is provided on the primary side and the insulating converter
transformer is formed such that it has a loose coupling so that operation modes +M
and -M) wherein the mutual inductance between the primary winding and the
secondary winding exhibits the opposite polarities to each other may be obtained.
Meanwhile, on the secondary side, the secondary side series resonance capacitor is
connected in series to the secondary winding to form the series resonance circuit, and

the voltage multiplying full-wave rectifier circuit is provided making use of the series



provi ded basically on the secondary side to cope with a required | oad
condition. Since power is supplied to the |load by the voltage nultiplying
full -wave §eGikéAEr Circuit in such a manner as deseri hegpdayeds t he

swi tching power supply circuit can augnent an avail abl e maxi num | oad power
when conpared wth, for exanple, the conventional power supply circuits
wherei n an equal secondary side do oul®ut voltage is obtained using a
full-wave rectifier circuit or a half-wave rectifier circuit.

| nci dent gdsbianceveifcuif softhat aheecpndargr sids iddeoutpot valtage equpd touiwicelapi ng
rectifier circuit but an ordinary full-wave rectifier circuit for»

produci nglgmagRg %lﬁ%e f(é&lﬁteﬂe%lﬁ%bel)&ﬂﬁaiﬁw&k thé eetdidlane winditig nigy thege | evel

is provided, the condition desc ed above can be satisfied sufficiently.

Furt her, .iq:the At ah QN5 i ' e o oh
const ant OB%%aégl%ﬂgbﬁyr%go or sstlﬁl&ﬂbz %{“tgh seggbr%a%b}s’it%eg%ut pu

vol t age, _t;he ' | ' | ' PRREre é%"?ﬁﬁﬁ ndary
si de out SS@%%@Q“%S&%?@@Q% o@wﬁ?#éﬁ{gg%@e mpeggﬁce of the
primary sid aral ] el. resgnanc ircuit and. the | i & f the
Sl ey naERanEr fo7 nd” T ARG e volfs Rulipbyife STPRRIeHebtelifa. ) |
w th each other,. Thus, augnentation,of the control .s risi i Vi % is WO
01196794P¥‘U1¢%{'3Qﬁ9 o Se%%‘?@(x%léetﬂﬁ‘m‘?ewﬁﬂﬂﬁﬁs e? 8641[’?16#‘ eration.
The above and ot her objects, features and dvantﬁ es.of fhe ‘Pr esent

i nvent i on w$mc9mmssmpkﬁémﬁpﬂmmevaﬂm P@E&&@h ST he
appended clainms, taken in conjunction w th the acconpanying draw ngs in
whi ch | i kircwitiint suchra miapnesnassdesgeibed abpvsy the) swdtching-pasvrrsupplyiraraut came

nature, principle and utility of the invention will become nore a&par ent
' augment an available maximum load power when compared with, for example, the

- conventional power supply circuits wherein an equal secondary side dc output voltage

is obtained using a full-wave rectifier circuit or a half-wave rectifier circuit.

Incidentally, even if, for the primary side, not a voltage multiplying rectifier circuit but

- an ordinary full-wave rectifier circuit for producing arectified smoothed voltage equal

to the ac input voltage level is provided, the condition described above can be satisfied
sufficiently. -

Further, in the switching power supply circuit, in order to perform constant

voltage control for stabilizing the secondary side output voltage, the switching

frequency is varied in response to the secondary side output voltage level to control

the resonance impedance of the primary side parallel resonance circuit and the

continuity angle of the switching element in the switching power supply circuit

simultaneously with each other. Thus, augmentation of the control sensitivity is

S



fromthe follow ng detail ed description when read in conjunction with the
acconpanyi ng drawings in which |ike parts are designated by |like reference
nuneral s o mkdssacters. Brief Description of the Draw ngerfaiess Mor e
conpl ete understanding of the invention, reference is nade to the

foll owi ng description and acconpanying draw ngs, in which: FIG | is a
circuit diagram showi ng a constructiorléof a power supply circuit to which
the present invention is applied; FIG 2 is a perspective view showi ng a
st r uct ur echieved bgrthéogmpasitecentrod opetatiansf or mer provided in the power
supply circuit of FIG 1; FIG 3 is a perspective view showing a structure

of an insul at ke abeRy ahd Bther bbjedss] Ssatiies Bhdudvirgades of e preyéit isvabion
circuit of FIG 1; FIGS. 4A to 4N are waveformdiagrans 11l ustrating

oper al | ORyiliibeifR/dh &@Mﬁ&tﬁumg%seﬂgﬁ% atPHcpedidéd dlaidls, tlén 1

FIG 5 is a diagramillustrating arelation a swtching

voi tage. o CRSHbH HRR e dtonipHHHE Hiawineh 8 RERAHRS bott OF BBl
oresent dFPOIR Bhike RAEReE RS To & are ci rouit di agrams. Show ng
G LTeren L1 S Sl S, 26 YRS ot iR v b SHSEER,
SROWING & Co the “Fllowing dotailod dosoriphion whan read Jh” cdnjunction with the
accompanying drawings in which like parts are designated by like reference numerals
. or characters.
Brief Description of the Drawings.
For a more complete understanding of the invention, reference is made to the
following description and accompanying drawings, in which:
FIG. 1 is a circuit diagram showing a construction .of a power supply circuit to
~which the present invention is applied;
FIG. 2 is a perspective view showing a structure of an orthogonal control
transformer provided in the power supply circuit of FIG. 1;
FIG. 3 is a perspective view showing a structure of an insulating converter
transformer provided in the power supply circuit of FIG. 1;
" FIGS. 4A to 4N are waveform diagrams illustrating operation of several
companents of the power supply circuit of FIG. 1;

FIG. 5is a diagram illustrating a relationship between a switching frequency and



FIG 11 is a perspective view showing a structure of an orthogonal

i nsulating converter transforner provided in the power supply circuit of
FIG 10; RyGo ,}‘%91':3 a circuit diagram show ng another cogfgpdoleddsg! power
supply circui f; IG 13 is a perspective view showing a structure of an
orthogonal control transformer provided in the power supply circuit of

FIG 12; FIG 14 is a perspective vie¥ show ng.a structure of an insul ating
converter transfornmer provided in the power supply circuit of FIG 12; and
FI GS. 154 sachdhfPsidé dec Gutpiitivoltagaef thefower sapplpicirogit of FIGL L,ons of -t he

i nsulation converter transforner shown in FIG 14 when the nutual

I nduct ance | P it ' B am! wﬂg Boabtridtita dfoanotiadr po Iyt he.

| nventi on Th?m?ggvj\na%ﬂc}nst a det adi | ed dgscri ption of enbo inentssapg thes

pr esent ic@%@ﬂé%ﬂich%%%rées%%fﬁlggﬁﬁoﬂﬁa&)gﬁe&raWi ngs. Referring to FIG 1,

there is Wn- an exa construction of a swtching power supply

circuit to ' e pbresent.iqnyv i LS | 4- ML~ A / 02995

18 appli ed%ﬁ@%ﬁr@%ﬁ?ﬁ%gﬁ?ﬁgwﬂ%‘g&%@%f %(gj%résv&mg chi ng

converter of the voliage,reson e type inc¢l udin i\ ngl e..swi tching

el enent EHPYIEF & aﬁ?"gﬁé@%t%?‘?e?@%? BQ%’B%WPQ?V ?’ﬁ%“g?m;) %ri%de. A full-wave

rectifier circuit conposed of a brjdge rectifier clLrcuit Di d a

snoot hi ng capBiGt W is@ cireuip dingrage ghowing 3 eonsifuction ok 5OH onng‘EWF“E f or

producing a do_input voltage froman ac input voltage, VAC, which is input
t her et o, supplysirceitt i f i ed snoot hed voltage Ei, equal to the |evel of the ac

~input voltage VAC, is produced. The power supply circuit dges not include

a vol tage nul FIG i isq perspective view showing a structure of an orthogonal insulating

‘converter transformer provided in the power supply circuit of FIG. 10;
FIG. 12 is a circuit diagram showing another conventional power supply circuit;
FIG. 13 is a perspective view showing a structure of an orthogonal control
transformer provided in the power supply circuit of FIG. 12;
" FIG. 14 is a perspective view showing a structure of an insulating converter
transformer provided in the power supply circuit of FIG. 12; and
FIGS. 15A and 15B are circuit diagrams illustrating operations of the insulation
converter transformer shown in FIG. 14 when the mutual inductance is +M and -M,
respectively.
Best Mode for Carrying Out the Invention
The following is a detailed description of embodiments of the present invention
with reference to the drawings. Referring to FIG. 1, there is shown an example of a

construction of a switching power supply circuit to which the present invention is

R 1111



rectifier circuit. In the present specification, a rectifier circuit which
produces a rectified snoothed voltage Ei, equal to the level of the ac

L nput volt 1%pfey |1 ke the power supply circuit of Fl Gpehpobroiseéerred to
as "equal voltage rectifier circuit”. An orthogonal control transfornmer PRT
shown in FIG 1 is a saturable reactor including a detection wi nding ND, a
driving winding NB and a control wi ndilg NC wound thereon. The orthogonal
control transfornmer PRT is shown in FIG 2. Referring to FIG 2, the

or t hogonadpplied: Imthetpoaverfsupplyrcirerit showh, aiself-axcitedeswitihingeonyarter ebthe 200
formed such that two doubl e channel -shaped cores 201 and 202, each having
four ‘hagvoltage resoymnce type including & ginghe bwitthing eltmente(bipalar thnsisterhisgnet i ¢

| egs. The detection w nding ND and the driving winding NB are wound in the
same W ndpragidéd’ sif theoprinfby ditd! W0 fill- et eestifiedcitdins compbsednafia diridgel egs
oft he three dinmensional core 200. The control wnding NCis wound I1n a

O et | ONgeHBBOGRAAM DI nd B3inoRfhihd EatieliBF U Mprotididiadh bRk ving

wi ndi ng NB. e detection w nding , driving winding NB and contr 0Ol
wi ndi ng ) o i : . 6794
b 3 pao oakfor Bitdhcill QIEHBRE Gl s B e inpff vaLRSEVAC, wifelRiloa S 100
T, and coptraql w,ndi ngsN = Q0,,T he or, | 0 ansf or ner
PRI has. olPib. B KA HBS spppthe Yatihee B Sat s AHOBFEL 706 BOobl AOtEAGR
I nst ance, .detection. nding ND.of.the ,ort hogonal, control trtansforner
bR a1 B i€ Bipdize o mhe Boma AR ciftuiE dors RYSaERge ABREL RIS ot hi ng
capacitor C_and the primary winding N1 of the insulating conyerter
t r ansf or nigctifierr caguithln thepresen) specilicgtion: auectiier; eiEcudt,why Bgorﬁacsﬁm QI
is transmtted to the detection winding ND through the pri rrarcy w nding N

I n t he mwctifisd smepthedimoltage Ei,aqualiorthe levedrof ths ac mput voltage VAC, like the

power supply circuit of FIG. 1 is referred to as "equal voltage rectifier circuit".

An orthogonal control transformer PRT shown in FIG. 1 is a saturable reactor
including a detection winding ND, a driving winding NB-and a control wmdmg NC
wound thereon. The orthogonal control transformer PRT is shown in FIG. 2. Referring
to FIG. 2, the orthogonal control transformer PRT includes a three dimensional core
200 formed such that two double channel-shaped cores 201 and 202, each having four
magnetic legs, are joined to each other at the ends of the magnetic legs. The detection
winding ND and the driving winding NB are wound in the same winding direction
around two predetermined ones ofthe magnetic legs of’ th‘e three dimensional core 200.
The control winding NC is wound in a direction orthogonal to that of the detection
winding ND and the driving winding NB. The detection winding ND, driving winding

NB and control winding NC have such turn numbers which are, for example, the



driving winding NB is excited by a switching output obtained at the
detecti on w ndi ng ND so that an alternating voltage is generated in.the
driving wig F; 3. The alternating voltage is used aspgratiefosds§or a
driving. tage of the self-excited oscillation driving circuit. Further,
as the control current (dc current) | evel whichflows throughthe control
winding NCis varied in response to al%ariation of the secondary side dc.
out put voltage |level by the control circuit 1, the inductance LB of the
driving mteeﬁmwmmum#bﬁ(nﬂ»dummndmgmw&hmﬂcmommm is
vari ably controll ed. Consequently, the resonance condition of the series
resonanca fpoG .t The éMBoguplal coresl @ansFormdrl PRTOMas drredicedl wieight forf or the
swi t chi ng el enment Q| which is formedincluding the inductance LB of the
driving w ggo Vgs varies the sw tching frequency -of -the
svmtchlnge 8¥ nafter described with reference to FIG 4,

?FS L&ﬁﬁ?ﬁé‘ﬁ?@%ﬁ%ﬁﬁﬂ%@%@%ﬁ%ﬁﬁ% FEReohaonp s“‘vﬁééfﬁ g
R

P $”§f”§ nERTna e&io'a:hﬂ”ﬁ‘hévﬁe% meeaﬁ%w %§W3h@§§’fcﬁﬁgﬁfﬂ? epad Ty "%
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made of G Ak e peaRy Bending NicoLeGR RHBHRE £ORYARER SABHORRGLELT € éee? Fnet ¢

| egs t her eof are opposed tq each ot her pri mar ndj 1 an
secondar §WHFHaE eyt otﬂmvamme@seb%awa%nﬁ&ﬁ /Si in a

separate condition fromeach other on the central magnetic |egs of t he EE-

shaped cbithroughepgimery srindingdbhi I thperkogomabieaniral $feﬁn9%192~}5nhﬁ for the
primary side and the secondary side. A gap Gis fornmed between the central
nmagnet i ¢ dtieg winhding NB is excited by a switching ontput obtained at the detection winding

~ ND so that an alternating voltage is generated in the driving winding NB. The
. alternating voltage is used as a source for a driving voltage of the self-excited
oscillation driving circuit. -

Further, as the control current (dc current) level which flows through the control
winding NC is varied in response to a variation of the secondary side dc output voltage
level by the control circuit 1, the inductance LB of the driving winding NB womndon . -

- the orthogonal control transformer PRT is variably controlled. Consequently, the
resonance condition of the series resonance circuit in the self-excited oscillation
driving circuit for the switching element Q1 which is formed including the inductance
LB of the driving winding NB varies. This varies the switching frequency of the
switching element Q1 as hereinafter described with reference to FIG. 4, and the

secondary side dc output voltage is stabilized by the variation of the switching



t he EE-shaped core 100. The gap G can be fornmed by formng the central
magnetic |egs of the E-shaped cores 101 and 102 shorter than the other two

outer magnefpbmkees. Consequently, a | oose coupling, havpdigypaedeyer
coupling coefficient than that in the conventional insulating converter

transfornmer PIT is obtained, and conseggently, a saturation condition is
l.ess liable to be obtained as much. TheVYcoupling coefficient k in this

i nstance i s, for exanple, 0.85. The secondary w nding N2 of the
insulatin@ﬁqwﬁnﬁwﬂﬁheSwﬁhbmﬁﬁﬁﬂmﬂﬂmﬂ(ﬁ the present embodi nent i s wound
with the nunber of turns different fromthat of the conventional power
suppl y ci r cui t Refetning now to FIGH3; themsnldting converten grahformer Plihokthe powep t he
secondary side ground, and the other end of the secondary winding N2 is

connect edsigply ugftuit cthecpresaitraabodiment ivhsdvsi 46 EEashaped ¢oreC 200 6itiigh Cs to
a junction between the anode of a rectifier diode DOL and the cathode of

anot her Wadkideia b SPELNBER6RA161 did 1024iatih bes fah%aﬁaﬁ%l%nmeogea

of t he rectlfier |ode connectedto the positive e

snoot hi ngy 1@2@ i

connect ed(tg e secondary s %ﬁcg%%ﬁﬂ%r@&ﬁ%@%ggsgédv{g e egk&gdé&? fthe
EZ‘SSLSAPM&Q?W W?éﬂ«%ﬁﬂﬂﬁﬁ%@é (4, thg?c"%iﬂéféf%#‘a’%@%%rﬁghﬁz.
The secondary ;w ndi N2A .has er,tap connected to. 1 and a
full: mv&°#‘é91"??ﬁ@‘9%‘ier°88fl‘t“°8 p Sasit oo S figiceninl Tw%’fgﬁﬁﬁ'ém and
a sm)othl paC| QD2 is. ¢ cte to th secondary. w.ndi ng N2A. The
secondar y |“'r'?§1e ﬁé@“ﬂ‘i‘@sa TRIH & WiRding porkinn 1§ splitiey the prigpary

connection, as descri bed abqye, a volta e multiplying full-wave rectifier
side and the secon side. A gap G is formed between the central magnetic legs of

the EE-shaped core 100. The gap G can be formed by forming the central magnetic
legs of the E-shaped cores 101 and 102 shorter than the other two outermagneﬁc legs.
Consequently, a loose coupling, having a lower coupling coefficient than that in the
- conventional insulating converter transformer PIT is obtained, and consequently, a
saturation condition is less liable to be obtained as much. The coupling coefficient k ‘
“in this instance is, for example, k = 0.85.

The secondary winding N2 of the insulating converter transformer PIT of the
present embodiment is wound with the number of turns different from that of the
conventional power supply circuits. One end of the secondary winding N2 is
connected to the secondary side ground, and the other end of the secondary winding
N2 is connected through a series connection of a series resonance capacitor Cs to a

junction between the anode of a rectifier diode DO1 and the cathode of another



circuit is conposed.of a set of the series resonance. capacitor Cs,
rectifier diodes DOl and DO2,. snoothing capacitor CO 1. The series

resonance gaRdgihpr Cs forns a series resonance. Ci rcui,,g.rﬁp(;ogﬁ@gondi ng to-

on/ of f operations of the rectifier diodes DOl and D02 depending upon the
capaci tance of the. series resonance gfpaci tor Cs itself and a | eakage
I nduct ance conponent (L2) ofthe secondaty w nding N2. Aparallelresonance

circuit for, ing.the switching operatjon_.a,voliage resonance type
Wi ohi nEpotsE RiadeRIOD. Shacatade dtdhe rerlipidinds DOL A gomasivia taepasve
resonance circuit for. obtaining a voltage nultiplying full-wave rectifier
oper at | oflectrode ofie smeotiing sepasiier Sloand e anode v e

In the. present specification, a switching converter of a construction
whi ch i nconmbesed tothewecondary sirleigreuridr Theaidgative ¢leetrque side of thée stroathihg he
secondary side in this manner is suitably referred to as "conposite

r esonanc eapaciter Q0 Niséarect8 8 t@thes€dontianPdide fdand 2Phe stvoriday windingNRAt er .
FIGS. 4A to 4N are waveformdiagrans illustrating operation of the power

supply Cigwind SldepéhdediloPthe docolirg wintingQW). aThY sedondiry widisy KEAS how

operation waveforns at different portions of the power Supply Tircuit when

t he | oad ' cofethdi e %g | t '
a mni nu%gﬁgs\g%}tglﬁtg cac i nputth%%s\)eu!ra&(\l\@[génﬁ% . ﬁ%ﬁi%‘%ﬁﬁ N gﬁ(&)evél%%e?g? [ 1)?1

vavel of e lid oA B03 AN DO S LSS oG G20 SEHNENd B | 020

power is a i num | oa powerI om n € ac |hnpu els a
' . ' Al ). | S | , frol h
el 1 oxcPRocaag: igting Bk, i B8ndaty iRkl N34 dif ProdWRe AR orehit o "°

base C”T%Sﬂége(ﬁﬁi‘” ng. currerlt) | B fI..ows to the bgse Qf t he sw tching

S

- In a connection as described above, a voltage multiplying full-wave rectifier
circuit is composed of a set of the series resonance capacitor Cs, rectifier diodes D01
and D02, smoothing capacitor CO1. The series resonance capacitor Cs forms a series
resonance circuit corresponding to on/off operations of the rectifier diodes D01 and |
D02 depending upon the capacitance of the series resonance capacitor Cs itself and a
leakage inductance component (L.2) of the secondary winding N2. A parallel resonance

~circuit for making the switching operation a voltage resonance type switching
. operation is provided on the primary side, and a series resonance circuit for obtaining
a voltage multiplying full-wave rectifier operation (current resonance operation) is
provided on the secondary side. In the present specification, a switching converter of
a construction which includes resonance circuits for both of the primary side and the

secondary side in this manner is suitably referred to as "composite resonance type

ragtifien diodeddfiir v si de.
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element QL as seen fromFI G 4D or 4K The switching elenent QL perforns a
switching operation with the driving current |1B. Thereupon, collector
current |civomiepls flows to the collector of the swi tchi pgrgseenses Q
exhibits such a waveformas seen fromFIG 4C or 4J. A parallel resonance
vol tage Vcr having such a waveform ag,seen fromFI G 4A or 4H appears
across the parallel resonance circuit 8f the switching elenent @ and the
paral l el resonance capacitor O by an action of the parallel resonance
circuit. SHat anVS%ETG 4A or 4H, the parallel resonance voltage Vcr has
a wavef orm of ulse which exhihits the 0 | evel within a period TON w-thin
whi ch the swi Fiﬁgndi\et%Mrﬁre@aye Qrmp diagramsg, s&%@ﬂ&%&wy@ ne
wave within another period TOFF within which the switching elenent Ql is
of f, and supply aixmitoshoywn mFIEhd: dviovs particularly, SIGSg4Arte AEh shaw opgrasion\\D

01/ 96794 PCT/ JP00/ 02995 23 In response to such a switching operation of

t he pri nawgvefonhas stsdiffessmt pbrtibns af theepowerssupplyhdiroyitovben theilsadpowemied at t he
primary winding N1. This operation is indicated as swtching out put

current Irhasiivah fed péwenEPonid thé ad iniat Moltage islaGninidfmoasstkanceiugs, it
can be seen that a snooth waveform proxinmate to a sine wave is obtained by

the oper ghp@ipoiver (FACKhnF IPIGS: AH 30 UN oW opbidticnMvh¢e¥oftis @f the lsapiet ai ned

on the primary side in such a manner as described above is excited in the

secondar ?oﬂﬁ’bﬁg‘ ' 4R g&” LEg %ﬁgﬁ{ g&d}% Lpl yi ng
full-wav rectlﬁg}ogegggggtgi%ﬁq?g%?%ne @?%}Sgﬁgfifsoﬁ ow r}%ﬁlrran er‘&%rs t he
set of t | ! | Lar ]&% !si;'ﬁrﬁﬂei f | D02,
snoot hi n?gﬁiwégwg@&ﬁggﬂ%pel nabove. E\?\?ﬁ”ft(&bgg%ecl o% [i' "W thin
whi ch t he].nr fiss Mw’d bﬁ%dme thDeOse]lf-'e:Sicigéj ogc'ﬂat%orﬁe.d{i\?ﬁ 'Ji:"c%{t for the switching

element Q1, base current (driving current) IB flows to the base of the switching

- element Q1 as seen from FIG. 4D or 4K. The switching element Q1 performs a
switching operation with the driving current IB.  Thereupon, collector current Icp
which flows to the collector of the switching element Q1 exhibits such a waveform as
seen from FIG. 4C or 4J. A paralle] resonance voltage Vcr having such a waveform
as seen from FIG. 4A or 4H appears across the parallel resonance circuit of the
switching element Q1 and the paralle]l resonance capacitor Cr by an action of the
parallel resonance circuit. As seen from FIG. 4A or 4H, the parallel resonance voltage
Ver has a waveform of a pulse which exhibits the 0 level within a period TON within
which the switéhing element Q1 is on but exhibits a waveform of a sine wave within
another period TOFF within which the switching element Q1 is off, and thus exhibits

an operation of the voltage resonance type.



di odeDQ2 is on, the power supply circuit operates in the subtractive
polarity nDde ~wherein.the polarities of the primary winding Nl and the
secondary ﬁb 4, N2 are M Consequently, by a series pegaRfme®soperation:
of the | eakage |nductance 12 of the secondary wi nding N2 and the series
resonance capacitor Cs, an operation charging the series resonance
capacitor Cs with rectlfler current 1 (refer to FIG 4F or 4A0 obt ai ned.
by rectifier by the rectifier diode D02 is o % i nedq. FI chqdﬂ

indi cate t heln,Fspemse toosuchy 3 sWitchiag operatiqnee emzsl erﬁé s

anot her perlod T2 within which rectifier is perforned while the rectifier
di ode Doabove, afswitching onspwisistabtained af the prinpay Winding N1t fhipepgationis| y
circuit operates in the additive polarity node wherein the olarities of

t he pri mindicatedds swyitéhing ot eusrentdil cobtgined atithepriv@aryvanding Nhaf BHG. | Al Bf
WO 01/ 86794 PCT/ JPOQ 02995 24 operation of charging the snoothing

capaci t odBG&H 4T, STHR| fteafihe sebn that andidotly wavbfor@l proxingate €6 arshsowane is
(current resonance) by which the potential of the series resonance

capaci t o bﬁ‘in ei ok BEhE YoltAETelddiheAFps. THeRRieRRgRaa It obladsidg N2

occurs. t hi rectified current 12" charged into the snDothlng
gﬁgaﬁl Tﬁrﬂ% P Qg@%&ﬂ%ﬁgﬁi@é&g@e@s rom coz)vgpqiréﬁ{ésﬁogr?hgf ét,\ﬁée%&/av for m
hown' | n"RRAEE N TBGH, o8 BuRREy el £S5 ide iy RIAE Sl SR vbeiad) 00, D02
the T eot PRRBFonds opiimesh i th:lEHing Fandhh %ﬁ%é 3ot &8 Tobelf fbbhadl 1 7

-%rkérﬁdgg&oiq%r S%g#ﬁﬁ 40 B B8, o S le Y] FeblpPe (M

hereinabove.

- Within a period T1 within which the rectifier diode D01 is off and the rectifier -
diode. D02 is on, the power supply circuit operates in the subtractive polarity mode - -
wherein the polarities of the primary winding N1 and the secondary winding N2 are -
-M. Consequently, by a series resonance operation of the leakage inductance L2 of the

.secondary winding N2 and the series resonance capacitor Cs, an operation of charging
the series resonance capacitor Cs with rectifier current I3 (refer to FIG. 4F or 4M)
obtained by rectifier by the rectifier diode D02 is obtained. FIGS. 4G and 4N indicate
the voltage V2 across the rectifier diode D02. Then, within anothe_r period T2 within
which rectifier is performed while the rectifier diode D02 is off and the rectifier diode
DO1 is on, the power supply circuit operates in the additive polarity mode wherein the
polarities of the primary winding N1 and the secondary winding N2 are +M, and an

|
e



subtractive polarity node (-M flyback operation) are utilized to performa
rectifier operation, a dc output voltage EO 1 substantially equal to
twi ce the iwdwegsosol tage of the secondary wi nding N2 i cqhipfidissd by the
snoot hi ng capacitor CO 1. In short, in the power :supply circuit of the
present enbodi nent, the condition wherein the nutual inductance exhibits
the two operation nDdes of +Mand -Mi2dutilized to perform voltage
mul tiplying fall-wave rectifier to obtain a secondary side do out put
vol t age, oparation efchatgingthesmanthingicaphcitor CORisdpeafbrmied in a condéticrewhersth t he
maxi mum | oad power increases as nuch. The construction for obtaining the
vol tage nseriesyesdnaged @hrremt yesonends)byewhichiihe pbtential 6f fiaderies dedoriafbl ai ni ng
the condition wherein a saturation condition 1s WD 01/ 86794 PCT/JP00/02995
25  fart hedpabiesrsCd isaidded t@tHesyoMake iftthcld if MleHeBéhdab@ wwcﬁngN At

ose C upllng of

i nsul ating converter transforner PIT to obtain a |0

required Gdes ﬁ?&%ﬁfchﬁ’eﬁf‘fz cli:di‘ved £t e %r Xmﬁ:[%(fa%ﬂ@ ggﬁlégﬁﬁ%uﬁ Ehe

provided in the'i ating convert trans

lyback  HeseePa TR .snss&%%%ﬁ%iﬁ%%' B it B, é¥ w5 sl pu
consi der o GoufthrigbA O Hia s Sgees Ca”%?%%e?m% Jriged qt%érbxga ati on
ol Itggterreﬁﬂe B Shodg L ”';”t S TGE AFier &;ﬁﬂth??{ﬁ%%g%h%:ébh “a&;iﬂ&%as%ialr”?ﬁrﬁs
of “the SlEveiER o ' pRiheractied s 14 Yhis arigen Eamthe Sotthata s tootiebove,
inthe circuit ed to the rectifier diodes DOl and

operation, the potential of the series resonance capacitor Cs is added as descnbed

above.

‘As both of the additive polarity mode (+M: forward operation) and the
subtractive polarity mode (-M: flyback operation) are utilized to perform a rectifier
operation, a dc output voltage E01 substantially equal to twice the induced v’olté'ge of

 the secondary winding N2 is obtained by the smoothing capacitor CO1. In short, in the

-power supply circuit of the present embodiment, the condition wherein the mutual
inductance exhibits the two operation modes of +M and -M is utilized to perform
voltage multiplying full-wave rectifier to obtain a éecondary side dc output voltage,
and also the power supplied to the load side increases and the maximum load power
mcreases as much.

The construction for obtaining the voltage multiplying full-wave rectifier

operation is realized by obtaining the condition wherein a saturation condition is



form. of the present enbodi nent, the voltage appli D02 which formthe
doubl e voltage full-wave rectifier circuit of the secondary side is

cl anped towbmggb@yel of the secondary side output voltagerikdhlessn an of f -
state as can e seen fromFIG 4G or 4N. Consequently, where the actual do
out put voltage EO1 is E01=135 V, a product having a w thstandi ng property
agai nst 150 V can be used for the re2jifier diodes DOL and D0O2. Further,
since a secondary side do output voltage is obtained by the voltage

nul ti pl yiftherdeds Fiatde t6ibeceritéred iy fernaingithe gap G in itdse insulating converiem a
~level equivalent to the secondary side do output voltage obtained, for
exanpl e, hnsfAnEEPRT t obtaee 1664 ¢dupling ofiarreyiired bedglingpocefiicien. f Far
circuit), then the secondary w ndi ng of the power supply 11111~ WO

01/ 86794 clbehpttPRRLAARS Bap & is ok pividelin HHFInRIIRERPborRReFHriibrig PITe 1 OF e

with the AunD equal one half that”of the conventional power
supply ci ﬁ%a nin
si ze andaé\@u%h?‘)%{%ﬁr égﬁgﬁég% P?l Sost d?hé}ﬁegqiﬁgéfsg%llﬁ g C%ﬁgdélrftﬂgﬁidko
transforner PIT. . The r s i [oF .

formed aSPSration; Wﬁpaﬁﬁfgﬁgq&oﬁaqsﬁugm %n%ygqﬁgpbgﬁéﬁce ? Qﬁg\#ﬁ ch

I ncludes a converter of t | t age. re nce res nance
circuit)®© &Ppﬂéﬂcﬁ'ﬂﬁeﬁ% o5 &@Qnaﬂ'b‘i]% M@?eém%a lﬁt and a
voltage nultiplying full-wave rectlfler rcuit proyided ont e secondary
si de as GQMRN“&%MZ@G“ %WW@@P(&@G“%B@?E&"C‘?‘P be "}tl ed
illustrates a rel ationship between the sw tching frequency fs and t he
secondar)applro@aatbb’out put voltage EO (EO | and EO02). In FIG 5, the axi s of

abscissa indicates the switching frequency, and the axis of ordinate
i ndi cat es t heFinther sinte 8 Weltage multiplying full-wave rectifier circuitis provided which -

performs a rectlﬁer operation within two periods within which the exciting voltage of
the secondary winding N2 ie--posiﬁve and negative as described above, in the circuit |
form, of the present embodiment, the voltage applied to the rectifier diodes D01 and
D02 which form the double voltage full-wave rectifier circuit of the secondary side is |
- clamped to the level of the secondary side output voltage (E01) in an off state as can
. ‘be seen from FIG. 4G or 4N. Consequently, where the actual dc output voltage EO1
is E01 = 135 V, a product having a withstanding property against 150 V-can be used
for the rectifier diodes D01 and D02.
Further, since a secondary side dc output voltage is obtained by the voltage
multiplying rectifier circuit, for example, ifitis tried to obtain a level equivalent to the
- secondary side dc output voltage obtained, for example, by an equal voltage rectifier |
circuit (half-wave rectifier circuit), then the secondary winding N2 of the power supply |

11



secondary side do output voltage EO A resonance curve of a broken line in
FIG 5 illustrates a characteristic in the power supply circuit described
herr ei nabowgowW/adyes reference to FIG 12. As can be seen fgcalypliideoesd, for
exanple, in order to nake the secondary side do -output voltage EO a
constant voltage so that it may be EO = 135 V in response to a | oad
variation, it is necessary to control 26he switching frequency fs within a
range of A150 KHz from 75 KHz to 225 KHz. However, as descri bed

her ei naboviscuitvftheprehenteonxidiment can be fforiniss withvthe muglprgf airngequal o oe G 12
is used as it is, the switching frequency of the switching element QL has
a limt ahglfthat ofithel gonvehtiGiil biwef aupplyt circuddst The reduidtivhdn dumbepobiets y. | n
contrast, with the circuit of FIG 1, the switching frequency fs may be

control | efeads {d¥eduétich ifdias at] wlight &k&rédh@ﬁ%ﬂﬁ&o&%@%@ﬁ%nweﬁgf 02995

0 27 KHz to 175 KHz as can be seen froma resonance curve of a solid |line
wbove. FupRaeméx PFL AHY fcier SAENT cirtnflof 16K DB o ItMmBRis frtidd 40T 2o
Foal Dred PetiRg Codfittor of B CsitPkosbBinaB b HhiOH indl AR 1SR ot

enbad: nonoRsgeaR Ao AvmlpaB e tratie piR bRvided i bty Side e

power supply.apparatus of .the present odi t has a,gconstant vaqltage
control agF%/WIEMF?Wﬂnf'Wqu%ﬁ up vsreetiiierciewt prowaded enent
QL by an operation of the constant voltage circuit system conposed of the
control cPRihkg secondsry sideres ean brwesagnizedfomdhe foragoing deseripliottiescr i bed
above. This operation is illustrated also in FIGS. 4A to 4N, and as can be
seen from conpllG.soillustratesenrelationshipabativeen theoswitching frequency fs and the

secondary side dc output voltage EO (E01 and E02). In FIG. 5, the axis of abscissa

indicates the switching frequency, and the axis of ordinate indicates the level of the
secondary side dc output voltage E0. A resonance curve of a broken line in FIG. 5
illustrates a characteristic in the power supply circuit described hereinabove with
reference to FIG. 12. As can be seen from FIG. 5, for example, in order to make the
secondary side dc output voltage EO a constant voltage so that it may be E0 = 135 V
in response to a load variation, it is necessary to control the switching frequency fs
within a range of A150 KHz from 75 KHz to 225 KHz. However, as described
hereinabove, where the construction of the power supply circuit of FIG. 12 is used as
it is, the switching frequency of the switching element Q1 has a limit approximately
at 50 KHz for its voltage withstanding property. In contrast, with the circuit of FIG.
1, the switching frequency fs may be controlled within the range of A75 KHz from 100



waveforns Vc4, 1Cp and IB of FIGS. 4A, 4C and 4D and FIGS. 4H, 4H and 4K,

respectively, in order to vary the switching frequency, the period TOFF

- wi thin whi switching elemrent Q is off is fixed Bzt period .
TON wi t hi nﬁ\%‘i”g 1he swtching elenment Q is on is var}ygg{y C(z)%tgrol led. It

can be considered that the power supply*“apparatus of the present

enmbodi ment operates, as a constant vodtage control operation, to variably

controlthe switching frequency to performresonance i npedance control for

t he swi t Kidztg 155t as aanl be seen frameresdnanse chuovered acsolidilineiin FIGNS,) andc ont r ol

(PWM control) of the swtching elenent in a swtching period This conposite

control tidpeoatrobrange isceapproxiinatelyhone diatfuthat desdriteld sboveui Furthet, eam The
period TON in the m ninmum | oad power Pom n and maxi num assurance thl WO

011867 94h&eiatiep Qe27B88, it the puwdriipblyRireeit oPtheprseatatibédiftient, tnoibasen t he

operation waveforms of FIGS." 4H 4 and 4K correspond is reduced to
S anc e e e R TS i WY, (¥ Gl SR
vavel o e SRR SR i 6 B0 ROR) ofnfnd ST prbla” L1
From a « PRRGTRN 2 A E il s deogibed Wi PRRR ST o Fi e "0 ana
Cont Tl 1 angeTRDGNHMRBLY SPPAEHTER 0 DY ProsBaCi I ent (24 etaRt BoldRe.
SUppl y CReRRloRan s arin thelFor Rme e oF e svaichige paet Qb aBs onance
freque n.Czpe%'gt%of I)f tthg ecog;tianr_tcavro tazie (c]'lg'culol(ta1 gyilt;nel Icomposed of the control circuit 1 and
the orthogonal control transformer as described above. This operation is illustrated
. also in FIGS. 4A to 4N, and as can be seen from comparison between, for example, the
- waveforms Vc4, ICp and IB of FIGS. 4A, 4C and 4D and FIGS. 4H, 4H and 4K,
respectively, in order to vary the switching frequency, the period TOFF within which
the switching eleqlent Q1 is off is fixed whereas the period TON within which the
switching element Q1 is on is variably controlled. It can be considered that the power
supply apparatus of the present embodiment operates, as a constant voltage control
operation, to variably control the switching frequency to perform resonance impedance
control for the switching output, and simultaneously performs continuity angle control
(PWM control) of the switching element in a switching period. This composite control
_operation is realized with a single control circuit system.

The period TON in the minimum load power Pomin and maximum assurance

HEN



resonance circuit and the series resonance frequency f02 of the secondary
side series resonance circuit are shown with respect to the swtching
frequency. wbfrerdsf the inductances and the capacitancepcfueiomedegct ed so
that the parallel resonance frequency fi)l and the series resonance
frequency fb2 maybe equal to each other, for exanple, at 75 ' KHz as seen
in FIG 5, then the resonance irrpedanc:'e.ss of themexhibit a rnmm 7ed
difference and the transm ssiaon efficiency fromthe primry _side to the
secondar yacsinget pawersdAGmaxsondition torvhick the apsmaienwaveorms |t hover
wi th which the power supply circuit can cope. Since increase of the

maxi mum | a4 B comespendisrednosd to appumﬁmatebaflaahatas themmesinnadoatbpower t he
rectifier snoothing circuit for producing a do input voltage in the WO
01/ 8( 794 Péihhx Rad/HnSDum assupaueracsinppt yoltage WiACmin cdralitior se whickhrithosli nent
need not adopt a voltage nmultiplying rectification nmethod to cover the

| 0ad powegperdtieh Wavéforma sheves i FIGS! 42646 a1y eorrqs'?bﬂd.rAfs gresticalothd G 1,
i

an ordinary construction of an equal voltage rectifier circuit which
Consequenty B LR SuraF Ll Mol oSl g! b BB od AT Hom B9 e
s T
T G e S L
crcurt Qe SHfRint b8 el sobol oy bR Tmpr By,
s appr oxARRIER, bb e grvitgHaS HRUBARGGSHT g8 THANCeH JFO BT 8P OB AREh e

descri bed above, the resonance_voltage
- power supply circuit as described hereinabove. '

- In FIG. 5, the parallel resonance frequency 01 of the primary side parallel
resonance circuit and the series resonance frequency f02 of the secondary side series
“resonance circuit are shown with respect to the switching frequency. Here, if the
inductances and the capacitances are selected so that the parallel resonance frequency
f01 and the series resonance frequency 02 may be equal to each other, for example,
at 75'KHz as seen in FIG. 5, then the resonance impedances of them exhibit a
minimized difference and the transmission efficiency from the primary side to the
secondary side is maximized. Also this can augment the maximum load power with

which the power supply circuit can cope.
Since increase of the maximum load power is achieved in such a manner as

described above, the rectifier smoothing circuit for producing a dc input voltage in the



Vcr is-suppressed to approximately % of the resonance voltage Vcr (1,800 V)
which 1is .generated in the conventional power supply circuits described
her ei nabovgowikires r €f erence to FIGS. 10,12 and 16. Furt hewgehiaas the
continuity angle of the switching element Q is variably controlled (PW/
controlled) in such a manner as described hereinabove, the peak val ue of

t he resonance voltage Vcr is control I¥Y so as to be substantially constant

irrespective of a rise of the ac input vol tage VAC. As a result, .in the
power suppwgr supplyicircuit of the ppase@teqmbodmgmw@gtqot adeptaceltsga amlplyingge Vor
I's suppressed to a substantially fixed |evel of approximtely 900 V at the

peak t heretification methiodty gover the loadpoweer. Jlerdfore; as desaribed hepeingbaveent
enbodi ment, products having i 1~10 WD 01/ 86794 PCT/JP00/ 02995 30 a

wi t hst angiithOrefisrensy to\FIQ, 1980oMditiary eenstriction oflari equal veltags tectifiercisduitnent Q
and the parallel resonance capacitor Cr. Since products having | ower

vol t age Whidlpémplbys IfoP eRfple B%n‘kl%@i’e&ﬁ_fﬂéﬁ@irbﬂt bdifbe adptedit i onal  powver

supply circuits can be used for the switching el ement Ql, the parallel

resonance capebhidfuobly Htethacd SEbULOMEINIEN fiBuRIEMRIPACS | T

the power supp It o e present e I nent, the cos or~ the

GeY1CC5 RABETAR BYARS iy DR BFLRim p I U b B0 |
ST S A A e RN
ERICE TR T o= T A WS T,
ot by wiaeaeratod when tho Swiiching lesment O1 is S a the primary side paraliel resombos ¢
| circuit acts upon the rectified smoothed voltage Ei, in the power supply circuit of the
. present embodiment, since the rectified smoothed voltage Ei is approximately Y2 of
~ that upon voltage multiplying rectification as described above, the resonance voltage
- Ver is-suppressed to approximately % of the resonance voltage Ver (1,800 V) which
is generated in the conventional power supply circuits described hereinabove with
- reference to FIGS. 10, 12 and 16. Further, since the continuity angle of the switching
element Q1 is variably controlled (PWM controlled) in such a manner as described
hereinabove, the peak value of the resonance voltage Vcr is controlled so as to be
substantially constant irrespective of a rise of the ac input voltage VAC. As aresult,
in the power supply circuit of the present embodiment, the resonance voltage Ver is
suppressed to a substantially fixed level of approximately 900 V at the peak thereof.
Accordingly, in the power supply circuit of the present embodiment, products having

i
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vol tage drop VF, reverse recovery tine trrand so forth can be selected. As
a result of such augnentation in characteristic, the swtching frequency of
the power pRleérogi rcuit of the present enbodi nent can bgcggeeckegher than
that of the conventional power supply circuits, and reduction of the power
supply loss and reduction in size and weight of various parts can be
pronoted as much. In short, with the38wer supply circuit of the present
enmbodi nent, augnentation of various characteristics such _as the_ power
conver si arwithftandiog pyoparthoff UL Y way he seloeted for Geswitchingelermemt Q) agtdr cui t s
can be achieved and reduction in size, weight and cost can be achieved. WO
01/ 86794 thepahlieDresasdice capaditortCrer, from the point of view of reduction in
size and wei ght of a power supply circuit, while such a construction which

i ncl udes a volSha@eprodudts hayingdoweevoltdge witlttanding plopertivs dbarcthosdimthea dc

i nput voltage as in the conventional power supply circuits requires two
sets of remvehticial pdwer SapplyLifctne (dah e $seE ol 8RS SwitShing R1drhéhtRQYetheS UPP! y

circuit of the present e di ment enploys a full-wave rectifier circuit
adopt. a LA Taspilhed SARIG: CF Bn Y ARl oA oh U bipoBliody Gl o 2"
o e gl oy LAl oo LY P AR Ol »
present SR FRCLESTLON Bl S8 NSMLAISIASTH I St Bl Ehbmidlr T
augrent at AERRoR0; oSt Bl WishiiYe SBgmeRind CBFASHEICe 5 e SO | o
'n the poﬁ%ﬁ. Sllji'glp l'e%/:ax%ip{ef ufi'o;' Sthéj es%v(itrclhlbnegd elhele:t{e%it r&lb,oe\ll eprc\;\gh;cq which has better
characteristics in regard to the saturation voltage VCE(SAT), storage time tSTG, fall
* time tf, current amplification factor hFE and so forth can be selected, and for the
rectifier diodes, a product which has better characteristics in regard to the forward
~voltage drop VF, reverse recovery time trr and so forth can be selected.
As aresult of such augmentation in characteristic, the switching frequency of
the power supply circuit of the present embodiment can be set higher than that of the
conventional power supply circuits, and reduction of the power supply loss and
reduction in size and weight of various parts can be promoted as much. In short, with
the power supply circuit of the present embodiment, augmentation of various
characteristics such as the power conversion efficiency from those ofthe conventional

power supply circuits can be achieved and reduction in size, weight and cost can be

achieved.



reference FIGS. 10,12 and 16, the inductor of the power choking coil or the
controlled w nding NR of the orthogonal control transfornmer PRT is
connect ed YVB 0bBdhE£S to the winding N or the secondary wepdbda@dyg, in the .
power supply circuit of the primary present enbodinent, any of the

wi ndings is not connected in series to the primary W|nd| ng Ni or the
secondary winding N2. Wile, in FIG 31 the detection wi ndi ng ND is )
connected in series to the primary winding N1, the nupber of turns. of the
detection wiFuttey, fiom the point of siew of reductionrin sisecansweight 6f &, POWETHg ND

- has only such an inductance value as can be ignored in terns of an effect
of i ncr esspplgcirduit, whille sueh 4 d@sBiictivh whichdadudeciyoltagonpdipigingyactifietuct ance
of the insulating converter transforner PIT. Therefore, only the insul ating

conver t egirbitfoi pesditioltlof a dolipat vdltage asiinthe cmiven@mdrpa’mensumﬂybmahﬂ;ge flux
fromthe entire switching converter (power supply circuit), and as a

count er e§t@8§ét§§frécﬁﬁ%ﬂﬂﬁd3§éﬁﬂsnh6 Tapadifors, Rince iRy p ply only if
a short a copper plate is provided for the t ransfor ner ody Thus,
for exa”&{r &fgith Stifi& Ut cuR WHioh mdRides)er
supply ci rcw? S%g}é'sleﬂt or 16 1s Ilr?ot reqw red. For exanpl e,

Enl  mum FOAERORET t“%fdr#%t‘i s BB R GRS, RS A

100 Vi 2 FI G
1 vas  aE00ating EReHPL 80A PR %ﬁert B R B o felbba S
Jinsulating converter . trans or nmer ]’1 ll:i1E type core and has .the
‘gap G of costandipamaiuazation ¢ ‘as much can be achiev -

 Furthermore, since the power supply circuit of the present embodiment employs

an equal voltage rectifier circuit, the number of turns of the primary winding N1 is
reduced when compared with that in the conventional power supply circuits. Also this
~contributes to angmentation of the constant vo_ltage' control sensitivity.

Further, while, in the power supply circuits described hereinabove with
reference FIGS. 10, 12 and 16, the inductor of the power choking coil or the controlled
winding NR of the orthogonal control transformer PRT is connected in series to the

 primary winding N1.or the secondary winding N2, in the power supply circuit of the
-present embodiment, any of the windings is not connected in series to the primary
winding N1 or the secondary winding N2. While, in FIG. 1, the detection winding ND
is comnected in series to the primary winding N1, the number of turns of the detection

- winding ND is, for example, 1 T, and the detection winding ND has only such an

inductance value as can be ignored in terms of an effect of increasing the leakage

T



primary .winding NN =.50 T, secondary winding N2 = 25 T, parallel resonance
capacitor Cr = 4,700 pF and secondary side series resonance capacitor Cs =
0.1 uF, stwbioksered i on of the secondary side out put was agwu@sdesgver the
control range of the switching frequency fs = 100 KHz to 250 KHz as

descri bed herei nabove with reference 3@\/ FIG 5, and under the conditi ofs

of the maxi num | oad power Ponmax = 200 and the ac input voltage VAC = 100
V, a power conversigon efficienc hi gh, as % was obtained. FIG 6
shows a cHWLF &BE?PJS egpsulating & W&?ﬂ?f@%@&supply circuit to which

t he present ent onlsapjled It is to be noted_that, in FIG 6, lice
ref erence V\D 0 ping onwrrtes iransformer PIT makss thesourcent

denote |ike el errents and over | appi ng description thereof is omtted herein

to avoi d gensusiipmelicalmgedhnd figmithe Biitfie stvitching quowerters(ppwysupplycirduit)s hown
includes a switching element QL in the formof a Darlington circuit which

i ncl udes andas a cofintrirmehsure against kakage k] 1) isQufficiont, Grlexatmplée gty ifth ode
(Zener diode) DD 1, another danper diode DD2 and a pair of resistors Rl |

and R12 cshvrerihgof aicoppérisliteds provided RS thi waMforfdrbedy 6 Thug fof gection
of the Darlington circuit, the collector of the bipolar transistor QL1 and

the col | egkelds h',{:_f,\_ B b@hfhrd ther
while the em ttgrSégfpmt o g‘(l)klhgl?ﬁ?r nsi sl?tg &SW&%B?% w?Feh(rilit(l)

bi pol ar ty@ngi ¢ 141 0&. QifedcONNect ed each other, and the emtter of the S
; bi pol ar tranozlf stlc?r 3 d;rounded Furt her, the anode of the danper

di ode DD1 d f nsi s loare ed to

each other . ﬁﬁ%ﬁ?‘% E@fdthg coblioh 4 e BTt %%Bﬂwazsese?&fhe@ Lhe

b f o de of

P i B30 e 5 D bl v KR ©
fluctuation of 100. V + 20 %, where the power supply circuit shown in FIG. 1 was

actually constructed such that the ferrite EE type core of the insulating converter
transformer PIT is an EE 35 type core and has the gap G of 1 mm and besides the
primary winding N1 = 50 T, secondary winding N2 =25 T, parallel resonance
capacitor Cr = 4,700 pF and secondary side series resonance capacitor Cs = 0.1 .F,
stabilization of the secondary side output was achieved over the control range of the
switching frequency fs =100 KHz to 250 KHz as described hereinabove with
reference to FIG. 5, and under the conditions of the maximum load power Pomax =
200 W and the ac input voltage VAC = 100 V, a power conversion efficiency as high
as 93 % was obtained.

FIG. 6 shows a construction of another switching power supply circuit to which

the present invention is applied. It is to be noted that, in FIG. 6, like reference



emtter of the bipolar transistor Ql2, and the cathode of the danper diode
DD2 is connected to the collector of the bipolar transistor QL2. The

resi stor RLDhReepnnected in parallel between the base pifpdgngessni tter of-
the bipolar transistor Q2. In the Darlington circuit formed in this
manner, the base of the bipolar transistor Q | is equivalent to the base
of the switching element Q descri bed3her ei nabove in connection with the .
power supply circuit of the enbodiment of FIG 1, and the collector

juncti onchdracﬁazsﬂmtmﬂmflﬂﬁahdemtobkequsmd@@r apping descuipton theseokh e
collector of the swtching elenent-QlL. Further, the emtter of the bipolar
transi st ¢ orpitRed lrerdif 16 bveidieduiizhcy FRefHtNH to BIG. 6; ¢he paverspply ditmmiteni t t er

. of the switching elenent QL. The power supply circuit is constructed such

t hat t he shevh iectadéscal safchingailétient Q1 6 whé férad of ai Darliagtorecitoniit whicky

elenent in a self-excited manner is omtted, and i nstead an oscillation

and driv cﬁﬁde%ud ggﬁmnngéﬁi‘h‘éﬁﬁsﬁ?éjgﬁm@l%d%ww Bamnber aRbEqZeRs i N a

separate y excit Ther ef or I’n t he povver supply CI rCU|t of the

ﬂrgﬁregt [ ﬁg;&ggonvég?%trﬁ rane @#r&e?ﬁg?gﬁd%ﬁe W n %ﬂ\aﬁa recti # | erdgi ode
CA

dod32| ég@a@c' iy dg s SPIE B 5 I‘f@t‘ﬁa. ngch&t%fanotﬁt%%f% fi ode D2

i aﬁﬁéﬁ%ﬁ@e@&o@%@t B ey el of i biofY EaBos 0, 5 ang

-12V are supplied as operati su plles to, the oscil and
drive ci peufemmectedife gag Lﬂt{!?“ﬁ]@fi) eaW&’P@Fr‘i@P"‘Wéﬁ ?‘Pfgﬂf?omer
supply circuit of the present enbodi nent may have a structure i ncl uding a

core si memitternaf the hipolardeansisterdQ 1-ate; qonpested grehother, apd theemytter pEthes

However, the insulating converter
bipolar transistor Q12 is grounded. Further, the anode of the damper diode DD1 and

- the emitter of the bipolar traneistor Q11 are connected to each other, and the cathode
of the damper diode DD is connected to the base of the bipolar transistor Q11
through-the resistor R11. The anode of the damper diode DD2 is connected to the
emitter of the bipolar.trensistor Q12, and the cathode of the damper diode DD2 is

~ connected to the collector of the bipolar transistor Q12. The resistor R12 is connected
in parallel between the base and the emitter of the bipolar transistor Q12. In the
Darlington circuit formed in this manner, the base of the bipolar transistor Q11 is
equivalent to the base of the switching element Q1 described hereinabove in
connection with the power supply circuit of the embodiment of FIG. 1, and the
collector junction of the bipolar transistors Q11 and Q12 is equivalent to the collector

. of the switching element-Q1. Further, the emitter of the bipolar transistor Q12 is



transfornmer PIT in the power supply circuit of the present enbodi nent is
different fromthat of the first enbodinent in that the w ndi ngs NAA and
NAB are woug@oiag94 tionally on the primary side.. The oscpdrmhigsesand drive
circuit 2 is started up by a starting resistor RS and produces an
oscillation signal of a period having f required switching frequency fs.
The oscillation and drive circuit 2 ut¥izes the operati on power supplies
of +12 V and -12V to canvert the oscillation_signal into switching drive
current, Sfii¥alentde;the exntengs the syerhingrtementdd}.02995 35 positive | evel
(on) and a negative level (off) after each switching period, and outputs

t he switchi ng Hh¢ pewexisupply cireuit irecanstmctedr suich shatdthe self-exvited bsciljatione nent
Q. Consequently, the switching elenent Q is driven to performa

swi t chi ngcivget dor dnvingvihe lsvatchimglelement ed self-éxcited gnénimey e payittedand a
Darlington circuit is adopted for the switching element QL as in the power
supply ci fistead, Gin bSlltiGs afd @i GromO2 is. PrévideE andOwkitcHny \E@Riving s

efficiency than that where, for exanple, the switching elenent i's
for red 1  BeiffrugédlshcphaRl PexdieASLR ThEFo il iRy t 1
shown in ]a—l G 6,6?3?6 xarrpfe, a do si g%& efgicttﬁl ?IWSI gﬁg%({ﬂgfﬂa evel
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the switchi.ng fr ency, then_ opgratjgon simlar to that desg¢ribed
her ei naboYal gﬂ\?&{@@h é’E"&FrFﬁQ% bﬁ@nﬂmhqrgempﬁ gapasiar $hform

effects to those of the power ., . .
another half-wave rectifier circuit which produces a dc voltage of -12 V. The dc

‘voltages of +12 V and -12V are supplied as operation power supplies to the oscillation
and drive circuit 2. The insulating converter transformer PIT in the power supply
circuit of the present embodiment may have a structure including a core similar to that
- described hereinabove with reference to FIG. 3. However, the insulating converter
transformer PIT in the power supply circuit of the present embodiment is different
from that of the first embodiment in that the windings N4A and N4B are wound
additionally on the primary side.
The oscillation and drive circuit 2 is started up by a starting resistor RS and
produces an oscillation signal of a period having a required switching frequency fs.
The oscillation and drive circuit 2 utilizes the operation power supplies of +12 V and

-12V to convert the oscillation signal into switching drive current, which exhibits a



supply circuit of FIG 1. can be obtained. Wile, in the foregoing
description of the power supply circuits of the enbodinents of the present
i nvention, w@ etkéel € bipolar transistor (BJT) or a Darli ’il@rﬁ?oo(ﬁisv%wi t which
i ncludes two bipolar transistors is adopted as an exanple o t(1e sSwi t chi ng
el ement QL, such switching elenents as descri bed bel ow may be adopted as
the switching element Q in place of3%he bipolar transistor or the
Darli-ngton circuit. WO 01/86794 PCT/JP00/ 02995 36 FIG 7 shows the

swi t chi ngositiveriavel (on) pod amegativedewgddofraftensachiswitclingyieriod; and euipiats or ;
nmetal oxi de sem conductor) is used. Wiere a MOS-FET is used, a Zener diode
ZD for fthenswijchingadrivef ourrémte thh sk bass tenminab of thei switvhiogg eleinent Qt.onnect ed
in such a direction as seen in FIG 7 in parallel between the drain and the
sour ce oCohfeyuivhily, ibd switchingidlémentaQ] ié deiven i B ewdiching dpefstionlD i S
connect ed fgo%lthe source of the I\/Dg?FET, and the cat hode of "gtdri]ie Zener di ode

ZD i's com@ﬂ;ﬁe@éﬁnﬁa@a sWitthidg fRIqubhdy. '%eﬁ'-:aTDfaﬂ%%h?i dirduitSh adGfted e base,

collector and emtter of the “swtchi'ng el enen n the power supply

P L R e

S o 8 SR i il St VAR B B8 iy 5! o)
et refemieeh O i 3R iof p soel bl ot SPRBAL ¢ connect od o ¢ he
and o {1 er O GoHEol GHFAE hHRPRREFCH S, B GAREIR: 2oL (sprepoasial o of

t he enmbodi nents descri bed above are replaced by the gate, cqllector and
emitter 8falevel yaed inresponse tq thelevel of the secondary side dc output voltage EO1

which is a detection input is supplied to the oscillation and drive circuit 2. Here, if the

- oscillation and drive circuit 2 is constructed such that the on period-of the switching

-element. Q1 is variably controlled in response to a detection signal inputted from the

- control-circuit 1. while the off period of the switching element Q1 is kept fixed tovary

~ the switching frequency, then operation similar to that described hereinabove with

_reference to FIGS. 4A to 4N is obtained and similar effects to those of the power
supply circuit of FIG. 1 can be obtained.

| While, in the foregoing description of the power supply circuits of the

-embodiments of the present invention, a single bipolar transistor (BJT) or a Darlington

circuit which includes two bipolar transistors is adopted as an éxample of the switching

element Q1, such switching elements as described below may be adopted as the

switching element Q1 in place of the bipolar transistor or the Darlington circuit.

HEN



FIG 9 shows the switching element QL for which a SIT (electrostatic
I nduction thyristor) is used. A diode D for formng a path for feedback

current up%‘mg{r’ﬁhl ng off is connected in parallel betypefgpdofasmesol | ector
and the emtter of the SIT. Further, the anode.and the cathode of the

di ode D are connected to the cat hode and the anode of the Si T,
respectively. In the present circuit, 3the base, collector and emtter of
the WD 01/86794 PCT/ JP00/ 02995 37 switchi n el enent of th ower suppl y
circuits of tﬂ"GIGer?bsitdwssﬂleSSWinbbmenaQi/ rawhichep

anode and cat hode of the SIT, respectively. Were the structures shown I n
FIGS. 7 .éffed tramsistodpmictal oxidd seniibemdvtiay) ishdedc iWhe:;e aMOBFETas msed,ed. | t
is to be noted that, where the structures shown in FIGS. 7 to 9 are

adopt ed, Zhesolliode'ZD heownfotirigha path for feedback Gt wbh awitthing oflis vi ng
circuit is nodified so as to conformw th characteristics of an elenent to

be adopt eglyffebtéd th eratﬁaleeﬁsnﬁésééaqnw 1th Hardllef BBRecRithe Rfin SHAER €. the

driving circult pre as a separately~excited configuration so that

-2h§tﬁﬁb!dﬁ E@%&@f}fﬁ?hﬁ?}éﬁﬁﬁeﬁwﬂfﬁ% Eﬁééﬁﬁ*ﬁg%ﬂmcons%a%@ﬁ? s

enbodi et h d¥s“ %wgaﬁtﬁséﬁﬁﬁmmi arﬁ%@gd%giﬁfd%%nc' efﬁ*ﬁo’eﬁ&eiD#“ﬁan&gﬁ&ff ?L;e

terns, su escyri ustr n an s to be
S MO, o SOl Ad gt of

?Ege;fnt (I’):)t or sc?pgbof the follow ng cI al m; I ndustrial_ Appl i ¢cabi #be L e

descri bedSWitehiBg elgment; QL Hp the power s MI‘W‘EMS tr‘ ‘f?sF‘Htefi)resent

invention_ includes a rectifjer snmoothing circuit_and an |nsulat|n
conver t er heseinagbpye aggreplaced by the gate, drain and source of the MOS-FET, reSpectlvely

FIG. 8 shows the switching element Q1 for which an IGBT (insulated gate
- bipolar transistor) is used. A diode D for forming a path for feedback current upon
- switching off is connected in parallel between the collector and the emitter of the
IGBT. Here, the anode and the cathode of the diode D are connected to the collector
- and the emitter of the IGBT, respectively. The base, collector and emitter of the
switching element Q1 of the power supply circuits of the embodiments described

~ above are replaced by the gate, collector and emitter of the IGBT, respectively.

FIG. 9 shows the switching element Q1 for which a SIT (electrostatic induction
thyristor) is used. A diode D for forming a path for feedback current upon switching
off is connected in parallel between the collec:tor and the emitter of the SIT. Further,
the anode and the cathode of the diode D are connected to the cathode and the anode

of the SIT, respectively. In the present circuit, the base, collector and emitter of the



for transmtting a primary side output to a secondary side where the
I nsulating - converter transforner has a gap forned therein so that a
~coupling WRballsdsss efficient for a | oose coupling is obpayiRmdnedse
swi tching power supply circuit further includes swtching circuit
Including a switching elenment for switching the do input voltage WO
01/ 86794 PCT/ JP00/ 02995 38 between o3V and of f stags go as to be outputted
to a prinBtk winding of.the insulating converter transformer, a primry

si de par sdvitdhingeémmtdél cnifrthmpbwbnsup;ﬂyfaimnitaofehkagﬂ)odﬁmbj&ﬂamﬂ)edonponent
fromthe primary winding.of the insulating converter transformer and a
capaci t aglesvenire feptaved bydhe gats cuiode and egthods of the SIT aespdctivelyt Whersthiet chi ng
nmeans to operate as a voltage resonance type and a secondary side series

resonancgriétufdsl $howit i BIGS. 7 ®C9 Qdadupeidda faethe hight efividtesy eapdel t or and
a secondary w nding of the insulating converter ‘transformer. The sw tching

pover  sugplyed! fiGith ﬂedﬁgaarmw%&@ s %vgva'F wi&@ﬁe' on

means for recelvi ng an ternafi ng voltage o tal ne e Seco

a1 oy Ao, P B0t BbafP B! Sdred, (B0 SHRINRFiGR'SE 0} 8 .ng"'véf‘?ige
the' | npUBRSETREHAH B ORISR sﬁa‘#é{?t&hﬁq%ﬁf%ﬂg% ol B et etbiilin, vi ng 2
b Piacs e rovisigd Hert Q3o HEE cERTE, e bR PR PR TSR 201 b e
Sui £ chi nieRseely SuccphEBoe F°fa€é§@ kmﬁh&%&&p&%ﬁfp@gﬁ Bed
above, a rectified snoothed voltage equal to twice_ the ac | g‘lPJt voltage

| evel ngameleowhenertqu@Sr@%swn Gl is wped; ithey driwigicircait sheyl

constructed so as to be driven with a voltage in a separately excited manner.

@

While preferred 'enibodiments of the present invention have been described
using specific terms, such _descripﬁon is for illustrative purposes only, and it is to be
understood that changes and variations may be made without departing from the spirit
or scope of the followiﬁg:claims.

Industrial Applicability
As described above, a switching power supply circuit according to the present
~ inventionincludesa rectiﬁér smoothing circuit and an insulating converter transformer
for transmitting a primary side output to a secondary side where the insulating
converter transformer has a gap formed therein so that a coupling which is efficient
for a loose coupling is obtained. The switching power supply circuit further includes
switching circuit including a switching element for switch.ing the dc input voltage



Therefore, for the switching elenment and the parallel resonance capacity on
the primary side, products having a voltage w thstandi ng property agai nst
a swi t chi ngyo dRkFog0e generated in response to the rectifpegmmyondthed
voltage | evel nust be selected. WO 01/86794: PCT/JP00/ 02995 39 Further, in
t he conventional sw tching power supply circuits, where they are
constructed. such that a do output vol38age is produced by a hal f--wave
rectifier circuit on the secondary side, since a voltage as high as

appr oxi meetigerporsamdoff sEatés Sreas torhe outphtted tocrpriniaigh winding o f thg énsulatingp| i ed
within an off period of the rectifier diode, products having a voltage

Wi t hst anobmmw@msfdmaga@ﬂaﬁﬁdﬁqmﬂﬂdagmbmﬂﬁwﬁéomedﬁoﬂwbk&agwed. I n
contrast, with the switching power supply circuit of the present invention,

since themﬂﬂéthﬁ& RGMHNEANTroM| € ey witding f HRC indul fitheS BRAVERS

voltage level is 1/2 that of the Conventional sw tching power supply

circuits, %&ﬂ&ﬁéﬁaﬂ@wd&ﬂa&w htcﬁ% atdllel $oR ﬁhé&c&ﬁd&%ftﬂr éna s 1/2

that of the conventi onal i ng power supply circuits can be-used for

th it

Lhe oo SRR SRl LSRR oé%%?ﬁe‘ﬂn#’?sé%ﬁf‘%aﬁ%ﬁ% i,
tif t. -ded d bed abov t h t

Lﬁft 1) s il TS 8¢ B e pPOR Beaghaflis paploled ot .,

\(l)mpteL?tn:Aﬁln wheaeln rﬁctlft?; ope atlon IS erforgﬁ %41%%113 i h o teglggd;so

be applied to the.r ifiLe IS suppressed, tqo a | evel substantlally
equal toswavl&mtﬁir@ermﬁ%&f wtp'afq@Fi!asvero dugten megns foryecsymEAn havi ng

a Iovver vol t age
alternating voltage obtained at the secondary winding of the msulatmg converter

transformer and performing a voltage multiplying full-wave rectification operation for
the alternating voltage to produce a secondary side dc output voltage substantially
equal to twice the input voltage level and a constant voltage control means for varying

- a switching frequency of the switching element in response to a level of the secondary
side dc output voltage to perform constant voltage control of the secondary side output
voltage.

For example, in orderfor the conventional switching power supply circuits to
cope with the condition described above, a rectified smoothed voltage equal to twice
the ac input voltage level must be obtained using a voltage multiplying rectifier circuit.
Therefore, for the switching element and the parallel resonance capacity on the
primary side, products having a voltage withstanding property against a switching

voltage generaied in response to the rectified smoothed voltage level must be selected.



wi t hstandi ng property than ever can be selectively used for the secondary
side rectifier diode. Consequently, the cost required for the swi tching
el ement, tﬁ%-o?@ﬂﬂ.l el WO 01/ 86794 PCT/JP00/ 02995 40 resepaifmrdapaci tor on
the primary side, the secondary side rectifier diode and so forth can be
reduced first. Further, it is readily possible to selectively use a
swtching elenent and a secondary si rectifier diode of inproved
characteristics to set the swtching frequency to a high |evel, and
augnent at i on Birthereimthesronyentianal switchiog fposves supply sircps,awhsrethey axeer eby .
Further, also it is possible to achieve reduction in size and weight of
circuit pedstctedsncH thiter dovutphi wiltage ésyprodncsdiby hbalfewave rectifier citoantci r cui t
for obtaining a rectified snoothed voltage from ‘a comercial ac power
supply i gndhe SécndaFysideihce/pyolege asdddh ad spproxigately,2. 5100 B)5diimes the set of
a. snoot hing capacitor and a bridge rectifier diode of the block type can

oon oo . iedNwithi £0perib@ Bfothe G8ctifierciiode) t  scal e
}&%ﬁac L eevﬁosgﬁe cgftgw%na%ei; o B i withirt 86 ofR Peri c

can be o inthis regard. Further, the nunmber of turns of a

controll 1.nd S dbC et S%}?}fblﬁé% %gp L6 ks volése AB¢elaiedNt and
reductioﬁﬂ?#c%oéw %r?yog@g%ogona ?t?(r’% t%g?\@ orrrsér togﬁe US\é\ﬁ*for
constant voltage control can be achieved. Further, since a voltage
nultiply?%‘llﬁctf E e rectifier circuit i's adopted for the rectifier
circuit proviged on the secondary side, if it is.trigd .9 out put
‘vol tage equa ?%Wﬂé&éﬁﬂﬁ&%ﬂ’&?ﬁ%&?@@%@%ﬂ‘ff@ﬁ55%??&?%" g{ﬁb
rectifier circuit, is proyvided,.. then the nunber. qof turns, of. the secondary
wi ndi ng &ige e sveicng valtagowhich ‘KF"IH?”tgﬁéeﬁﬁeﬁ'sﬂ%hqdnvqlﬁgei%vﬁgésnt i onal
sw tchi ng power supply circuits, Furthernore, since the ﬁawi.tchi nﬂagfrequency
i s vari eg'ztb@t@ﬂhﬂ@gnvmqanmmm&w&wpplycﬂwﬁ»m ucts having a voltage

- withstanding property as high as % that of the conventional switching power supply
circuits can be used for: the. switching element and the resonance capacitor on the
primary-side. .

Further, on the secondary side, while the voltage multiplying full-wave rectifier
circuitis provided as described above, since the voltage multiplying full-wave rectifier
circuit performs a full-wave rectifier operation whereinrectifier operationis performed

“within both of periods w1thm which the alternating voltage ié positive and negative, the

~ voltage to be applied to the rectifier diode is suppressed to a level substantially equal

to the rectified smootht_:d voltage level. Therefore, a pr.o_dﬁct having a lower voltage

withstanding property than ever can be selectively used for the secondary side rectifier
diode. _ B | |

- Consequently, the cost required for the switching element, the parallel

~ HAE



resonance i npedance ofthe swi tching output and the continuity angle of the
swtching elenent so that constant voltage control nay be perforned, the
control seRedhimérdsy 1S WO 01/ 86794 PCT/ JPOO 02995 41 auggeibdflgagd t he
control |l able range i s expanded, and consequently, stabilization of the
secondary side output voltage can be realized wthin a control range of the
switchi ng frequency narrower than everd0 Such reduction of the control range
of the switching frequency contributes also to reduction of the nunber of
turns t o resonancecapasitonorytheprimsdry side; the secondary side reptifiensdiede andnolforthi r cui t
and to mniaturization of various parts. Further, in the constant voltage
control aianche tedubed Hiwsts WFantheérm it isareadily popdible toi sebecitivelyi nsees pwitthing of
whet her the circuit systemfor driving the switching elenment is of the

sel f - excidlemehtyAf] Blsettifiare Rileadettifiercdioidt of inpPeredadhatdvteridties ¢6 sed theent

such as the choking coil or a controlled w nding of the orthogonal control

L anet o ttang ey 55 Ui IcOB! W iR OF e Ptk v
povier  SUngikiciy Gl e ddhidel hGRHIFYh, LS i BULRNe BOacHGNMBHhBon in

t ransf or ner, 'S N0 necess covering ower supply
circuit wth shield case as in t conyegntional power supply circuit,
and Ieakai}%e ﬂ(gyetgﬁoggmgfyﬁ%%ogaa%%fwm%pegﬁl y by providing a short
ring of a copper ,plate. Thi cont.ybutes to reductjon i i and wei ght
hnd r educt | on HitegBpte, sinoh dhe, SRHE bt pfgning rreciiied fagthod ifads ot

reduction of the tinme required, for production_can be _achjeved. The
swi t chi ng? ePBmeErial agpower § @%&Aﬂ%ﬂﬂ%ﬁa&ﬁrﬁﬂﬁgﬁm%aeﬁr udes a

bi polar transistor, a MOS. field effect transistor, an insulated gate
bi pol ar tsetdiassmpothing eapasiter and 9t bridge reatifien digde wofythe blagk type cenibe
I nstance, the power conversion _

adopted. Consequently, reduction in cost and reduction in circuit scale can be

- achieved also in this regard. Further, the number of tuxns of a controlled winding is
- reduced, and also reduction in size and weight and reduction in cost of an orthogonal
-control transformer to be used for constant voltage control can be achieved.
Further, since a voltage multiplying full-wave rectifier circuit is adopted for the
rectifier circuit provided on the 'secondary side, ifit is tried to make a dc output voltage
equal in level to that where, for example, an equal voltage rectifier circuit is provided,
then the number of turns of the secondary winding can be reduced approximately to
one half that in the conventional switching power supply circuits.
- Furthermore, since the switching frequency is varied to compositely control the
resonance impedance of the switching output and the continuity angle ofthe switching

element so that constant voltage control may be performed, the control sensitivity is



efficiency can be further augnmented than where the switching elenent is
formed from 11111 MW 01/86794 PCTI JP0O0/ 02995 42 for exanple, a single

bi pol ar tr@iﬁw‘{ﬂ{. In this manner, with the switching pesgbeombddg! y circuit
of the present 1nvention wherein a voltage resonance type converter is

provi ded on the primary side, reduction in cost, reduction in size and

wei ght and augnentation of various cHdracteristics such as a power .
conversion efficiency are pronoted. WO 01/86794 PCT/JP0O0/ 02995 43 C ains
1. A swisupgmemedandthesoptrbllable rangets expamded, sindgonsequently, stabilizationiofy neans
for receiving a commercial ac power supply, producing a rectified snoothed
vol t age fhedseruhdutiytside onth volape fdanches nealized dvitidh teaa gentrelsrangel @fithiet age; an
i nsul ating converter transforner for transmtting a prinmary side output to
a secongaiidhink BRquértlyhdrfowdrdharver O'94eh réduckiohoF s oddirdlaungeoofthgap .
formed therein"so ™ that a coupling which is efficient for a | oose coupling
i s obt ai TSy ' | | s onU iRy michi ng

%‘Sﬁ?"’ﬁ%ﬁfﬁwage BBt Mldo By ot nitdhér TS th BE wollnl

the do i bet ween on an states'so as to be outputted to .a

primary w ndi 3 ' ' i Q.,r%% . £ WRhiatariz3tiBhigFRr Y side
par al | el o?éggﬁgﬂgfﬁ%%@#&%#ﬂﬁglg%‘gm a ngﬁ%%{eielg%ﬁ% ance cgarr%odrﬁnt from
sai d priganﬁ usvga?t%” ng of said insulating converter transfornmer and a

Fuﬂhm;h:ﬂmcwnﬂmnrwﬂugﬁcmﬂnﬂckmﬁrofﬂmswﬂﬁhhgpowwrmqnﬂy
circuit, irrespective of whether the circuit system for driving the switching element is
of the self-excited type or the separately excited type, an inductance element such as

| the choking coil or a controlled winding of the orthogonal control transformer is not
mnmwdndﬁnmnbsunhepﬁhumywmmﬁngorﬂwsmmmdﬁyvﬁndmg.Thmeﬁn@shme-
appearance of leakage flux in the power supply circuit is Hrﬁited only to thé insulating
converter transformer, there is no necessity of covering over the power supply circuit
with a shield case as in the conventional power supply circuit, and leakage flux can be
eliminated, for example, only by providing a short nng | of a copper plate. This
contributes to reduction in size and weight and reduction m cost of the power supply
circuit itself, and also reduction of the time required for production can be achieved.

The switching element may be formed from a Darlington circuit which includes
a bipolar transistor, 8 MOS field effect transistor, an ins1_11ated gate bipolar transistor
or an electrostatic induction thyristor. In this instance, the power conversion

efficiency can be further augmented than where the switching element is formed from,

HiE



capaci tance of a parallel resonance capacitor for enabling said sw tching
means to operate as a voltage resonance type; a secondary side series
resonance &g fidghosl NCl udi ng a secondary side series resppffffOsdHaci tor
and a secondary wi nding of said insulating converter transfornmer, said
capacitor connected in series to said.secondary wi nding of said insulating
converter transformer, such that a serd2es resonance circuit is formed from
a | eakage inductance conponent of said secondary w nding of said

i nsul at i nigr epample; asingle bipdlastrapsistord a capacit ance of said secondary side
series resonance capacitor, 1111} 1101111 ilijI 21212 11 11 L ITTTTAl WO
01/ 91794 PCT/ IRiis Heacr, with te switthing poviet supply ciradtafthe preveatiavéntion
receiving an alternating voltage obtained at said secondary w ndi ng of

sai d i nsuyhérefita ¢6l0aR TbSinabt S Rpe ebnRirter iiprovided@nithepri kilagednetidd P! yi ng
full -wave rectification operation for the alternating voltage to produce a

secondar yin%o?ﬁ réailr?gﬁk!ﬁ Bikize 2hd FBfpht i ﬁﬁ@t&%@hﬁ&n 6fttouts ShiicERistios sudhPUt

vol tage | eve constant voltage co means for varying a swtching

frequencyasoi%Wcomﬁ$b%£{c§r$gbrdlﬂo gsponse to a | evel of the
secondary side dc output voltag 0" pertorm constant voltage control of
t he secondary side output voltage. 2. A swi tching power supply circuit
according to claim1, wherein said swi tching nmeans further includes a
series resonance circuit forned fromat |east a series connection of a
driving w nding and a-resonance capacitor. 3. A switching power supply
circuit according to claim?2, and further



conprising a self-excited oscillation driving circuit for driving said
swtching elenent in a self-excited nanner based on a resonance out put of
said seri eﬁoroglﬁé),g@nce circuit. 4. A switching power supplcyspdofosddst
according to claim3, wherein said constant voltage control means

I ncl udes: an orthogonal control transfornmer serving as a saturable reactor
onwhi ch a detection winding and sai dd3riving w nding connected in series |
to said primary w nding of said insulating converter transfornmer, and a
control wi ndi ng whose w ndi.ng directGlaimsi s orthogonal to the w nding
directions of said detecti.on winding and said driving w nding are wound,
whereby - - --1- A switching powyr-supply-circuit, eofprising: || |~~| CL MS WO

01/ 86794 PCT/JP00/ 02995 45 control current which is variable in response
to a level ofrdclifies Raotiany mestes for pedebihg o/ ebinngsrciab asup@iére supplysai d

control winding to vary the inductance of said driving wnding to variably
control gm&ﬁ}g&&wﬂe& EREOREG Voltape afid Siipuitiiglai DRSS SBBbthed vbRalid
according to clfaim 1, wherein sai swi tchi ng nmeans further includes a
separ ateIFXa%%i ?t‘a driving circuit for driving said switching elenent in a
separ at el'y “exci ’manner ; and sai d constant voltage control neans

variably controls an on perio f | ' .0 el l: e to a
| evel of thea%%ﬁ&&?%@%%“gﬁg‘éfﬂi%ﬁ?f@f%:‘é“%ﬁﬁ@@%&p%‘%g&%ﬁ&@?% peri od
of said switching, el epent. f.i xed thereb 0 variably coptrol, +he. switching
f requency”?‘_"@daw gg&?'ts ‘H@mﬁ%f’o%‘(?ﬁtﬁf 5“@?{?13’6?&%%*6%50’?’?&#%{?%83
wherein Sﬂ?zlttda coupling which is éfﬁcient for a loose coupling is thained;

D)

switching means mc}udmg a switching element for switching the dc input
voltage between on and oﬂ' states so as to be outputted to a primary winding of said
insulating converter msfomer;

. a primary side parallel resonance circuit formed from a leakage inductance
component from said pnmary winding of said insulating converter transformer and a
capacitance of a parallel_ ._resonance capacitor for enabling said switching means to
operate as a voltage resonance type;

a secondary sidé. series resonance circuit including a secondary side series
resonance capacitor and a secondary winding of said insulatjng converter transformer,
said capacitor comecf:ed in series to said secondary winding of said insulating
converter transformer, such that a series resonance circuit is formed from a leakage
inductance component ﬁf said secondary winding of said insulating converter

transformer and a capacitance of said secondary side series resonance capacitor;

* c L M s ¥
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swi tching neans includes a Darlington circuit which includes a bipolar
transistor as said switching elenent. 7. A switching power supply circuit
accordi ng g élsatenn 1, wherein said sw tching neans incl sgeseoanoddes fiel d

effect transistor as said switching elenent. 8.. A switching power supply
circuit according to claim1l, wherein said swtching.nmeans includes an
I nsul ated gate bipolar.transistor as 44i d switchi ng elenent. 9. A
swi tching power supply circuit according to claim1l1, wherein said
swi t chi ng nmeads outphtivoltage: producticosmeans: fongessiving am pitematingavoltaged
switching elenent. [I!llu} 112111 ~I1111 211211 11 ~'1I L N©LIIIIQ
obtained at said secondary winding of said insulating converter transformer and
performing a voltage multiplying full-wave rectification operation for the alternating
voltage to produce a secondary side dc output voltage substantially equal to twice the
input voltage level; and | '

constant voltage control means for varying a switching frequency of said
switching element in response to a level of the secondary side dc output voltage to
perform constant voltage control of the secondary side output voltage.

2. A switching power supply circuit according to claim 1, wherein said
switching means further includes a series resonance circuit formed from at least a
series connection of a driving winding and a resonance capacitor.

3. A switching power supply circuit according to claim 2, and further
comprising a self-excited oscillation driving clrcmt for driving said switching element
in a self-excited manner based on a resonance output of said series resonance circuit.

4. A switching power supply circuit according to claim 3, wherein said constant
voltage control means includes:

an orthogonal control transformer serving as a saturable reactor on which
a detection winding and said driving winding connected in series to said primary
winding of said insulating converter transformer, and

a control winding whose winding direction is orthogonal to the winding

directions of said detection winding and said driving winding are wound, whereby

-
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control current which is variable in response to a level of the secondary side dc output
voltage is supplied to said control winding to vary the inductance of said driving
winding to variably control the switching frequency.

5. A switching power .supply circuit according to claim 1, wherein said
switching means further includes a separately excited driving circuit for driving said
switching element in a separately excited manner, and said constant voltage control
means variably controls an on period of said switching element in response to a level
of the secondary side d¢ output voltage while keeping an off period of said switching
element fixed thereby to variably control the switching frequency.

6. A switching power supply circuit according to claim 1, wherein said
switching means includes a Darlington circuit which includes a bipolar transistor as
-said switching element.

7. A switching power supply circuit according to claim 1, wherein said
switching means includes a MOS field effect transistor as said switching element.

8. A switching power supply circuit according to claim 1, wherein said
switching means includes an insulated gate bipolar transistor as said switching
element.

9. A switching power supply circuit according to claim 1, wherein said

switchingmeans includes an electrostatic induction thyristor as said switching element.
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