WO 01/ 86796 PCT/JP00103038 1 DESCRI PTION Switching Power Supply GCircuit
Technical Field This invention relates to a switching power supply circuit
t hat can WO oi/sxdew porated as a power supply in various @CTIPININE devi ces. .
Background Art A sw tching power supply circuit nmay adopt a sw tching
converter such as a " flyback converterp or a forward converter. Since these
switching converters use a rectangular waveform signal for a sw tching
operation, a sw tching power supppSCRIPTON adopting such a converter is
also called a hard swi tching power supply. FIG 7 depicts a hard sw tching
power su o A +Nng a Ringing Choke Converter ("RCC')
system %giv%lr]ﬁgmégsm P&é?%%o Is used as a standby power supply

provi de ar.at froma main power supply and is constructed so as to
satisfy%?c’léﬁg%)me, a low load condition where the | oad power (Po) is 50
Wor less or of her .condi%i oq wher e, t he | oad powgél Po |gﬁ8 5 WOIS | ess.
As shown in FHis Hvenfon relates) to 2 swtohing, pgwer, SERRYS cuew, 1ogh fap be
transforper CVT having. a drjvjng w ndkgg NB,, a, primary winding N1 on a
pri mary HcgEporated as a ROWKESYRP ’Ri‘fg?B'PH@e pRCAH¥EHndary side. Thus, power
supply circuit 700 is divided into a primary side 710 and a secondary side
715. PomBﬂclgﬂﬂn@AéTrcui t 700 includes arectifier snoothing circuit 705 for
receiving a commercial Aternating Current ("AC') power supplyw th an

i nput AC vol t Agavitoldng power supply circuit may adopt a switching converter such as a

flyback converter or a forward converter. Since these switching converters use a
~ reetangular waveform signal for a switching operation, a switching power supply
circuit adopting such a converter is also called a hard switching power supply.

FiG. 7 depicts a hard switching power supply circuit 700 adopting a Ringing
Choke Converter (“RCC”) system. Power supply circuit 700 is used as a standby
power supply provided separately ﬁom a main power supply and is constructed sd as
to satisfy, for example, a low load condition where the load power (Po) is 50 W or less
or another condition where the load power Po is 0.5 W or less.

As shownin FIG 7, power sui:ply circuit 700 includes é converter transformer
CVT having a driving winding NB, a primary winding N1 on a primary side, and a
secondary winding N2 on a secondary side. Thus, power supply circuit 700 is divided
into a primary side 710 and a secondary sicie 715.

Power supply circuit 700 includes arectifier smoothing .circuit 705 for receiving

acommercial Alternating Current (“AC”) power supply with an input AC voltage VAC



WO 01186796 PCT/JP00/ 03038 2 and producing a Direct Current ("DC') input
voltage-"Ei . Rectifier smoothing circuit 705 is a full wave

vol tage-nulw',é-gj,g@,&g rectifier circuit conposed of a bri doggct/ssebhdoser
circuit DI and a snoothing capacitor C . Rectifier snmoothing circuit 705
produces rectified snoothed DC i nput &ol tage Ei that is substantially
equal to AC input voltage VAC Furthers, an inrush current limtation
resistor Ri_is interposed in a rectifier current path of rectifier .
oot h n@ndipredneingaorert st (IDCHinss yoknge Bh Rectilier snofing gt
spice fromflow ng into snoothing capacitor G, for exanple, when power
suppl y AJ05sis iarﬁllli-\ua\rquimﬁmuhltp%ong rectifier choBit compaised pf afridge reottfiept
recei ves and switches DC input voltage Ei to produce a swtching output.
Il ust r atdironityDi and asphauthingacupasitor Ci.s Restifief smoething birogit J08 produd@s.  The
collector of switching element QL is connected to a positive electrode
term nal (QttifEPRhbbMSd TR0 ffput 9bltage EfthatRubstasfialipeqil AT ifPut olRigemar y

wi nding N1 of converter transforner CVI. The base of switching element QL

s or o WAL, Rl 4G b HBRIAE o KRGS fferp Uy il |
ooty BuRBh v G b AP S8t 78 BERR 0 Bl B e

swi t ching el enen . An end. of drivi.ng windjng. NB is grounded. A

bac t -t $ptksan, HAHIE ing, sooging SRS G TORICEEs, ROFD. HOWAT: i ng
resistor RB, diode D4, driving . w nding _NB, and capacitor CB cooperatively
forma sefupPbxAQ sdnially prayided teieire@tZ03cuit which oscillates and drives
swi t ching el enent in a self-excited manner.

- - A switching element Q1 receives and switches DC input voltage Ei to produce

a switching output. lustratively, a bipolar transistor is used for switching element Q1.

The collector of switching element Q1 is connected to a positive electrode
terminal of smoothing capacitor Ci through a series connection to primary winding N1
of converter transformer CVT.

The base of switching element Q1 is connected to receive rectified smoothed
voltage Ei through a starting resistor RS so that a base current may be supplied thereto
upon starting. Further, a series circuit connection of a base current limiting resistor
RB, adiode D4, and driving winding NB is connected to the base of switching element
Ql. An eénd of driving winding NB is grounded. A capacitor CB is connected in
parallel to diode D4. Base current limiting resistor RB, diode D4, driving winding NB,
and capacitor CB cooperatively form a self-excited oscillation drive circuit which

oscillates and drives switching element Q1 in a self-excited manner.



WO 01/ 86796 PCT/JPOQ 03038 3 The emtter of switching element Qi is
connected to ground through a resistor R7. Converter transfornmer CVT is*
provi ded t Qud sesdgi t @ switching output obtained by prigRepspsdsss’10

of power supply circuit 700 to secondary side 715 and has primary w nding N
1 and secondary w nding N2 wound theregn. Al so, driving wi nding NB for
self-excited oscillation described above is wound on the primary side of
converter trapsfornoer . A hal f- .rectifi circujt fornmed by a
Fectifior di odbe S vt emet QL ibiemnestodio B dumsh & psesior
secondaré‘wi nding N2 of converter transformer CVT and produces and outputs
a second Kl side DC output voltage EO 1. Secondary side DC output voltage
EOl is supplied to a load (not shown) and further inputted as a detection
vol tage to a Convenldrtransforiner CWhis provided ta transinihig ewttclning oltpuCobtaimsd
circuit 7 includes a photo-coupler PCto isolate, in DC, parts thereof on
secondar pypiraeary sidel710rofipawes supplpeirouit 300todecotidary side 3¢5 andlbas privagsy 715,
control circuit 7 conprises a pair of resistors R3 and R4 that divide

secondar Yyifig NiCaritideeeh At 2 wouH therBon, dAIoI@TviNG Wi INB iUt ted

to a detection input of a detection elenment B. An end of detéction

v ough SoifereAaT BEaURHon Res GRS dbot 3F SR oL e piloaly Sl ot kol O ©

phot o-coggl ﬁf{[ﬁg{, ot her end of detection elenment B3 is grounded. A
series ci © ?ﬁ@‘i’tion of a capacitor d | and a resistor R2 is

connect ed | ARERRLEL it Ui rothed 6 2 USERS HbES DO S sSSE O ©
capacitor C01 is connected to secondary winding N2 of converter transformer CVT
and produces and outputs a secondary side DC output voltage E01. Secondary side
DC output voltage EO1 is supplied to a load (not shown) and further inputted as a

- detection voltage to a control circuit 7 for constant voltage control.

Control circuit 7 includes a photo-coupler PC to isolate, in DC, parts thereof on
sebondar_y side 715 from parts on primary side 710. On secondary side 715, control
circuit 7 comprises a pair of resistors R3 and R4 that divide secondary side DC output
voltage E01, and the divided voltage is inputted to a detécﬁon input of a detection
element Q3. Anend l.Df detection element Q3 is connected to receive secondary side
DC output voltage EO1 through a series connection of a resistor R1 and a photo- diode

~ PD of photo-coupler PC. The other end of detection element Q3 is grounded.

A series circuit connection of a capacitor C11 and a resistor R2 is oonﬁected in

parallel to resistor R4. Another series circuit connection of a capacitor C12 and a

i
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1 1111Y1 WO 01/86796 PCT/JPOO' 03038 4 resistor RS is connected across a
junction between resistors R4 and R3 and a junction between det ection

el enent B : o-diode PD. On primary side 710, contrgbrgdoo/estzt 7
i ncl udes a‘gﬁgy%?gansi stor PT of photo- coupler PC. A hal? wave rectifier

circuit formed by a diode D3 and a capzcitor C3 for rectifying and
snoot hing an alternating voltage excited in driving wwnding NB is

connected to the .collector of phototransistor PT so ha DC V.ol t age
obt ai ned megistor RS ingpanagdedacress 3 junetior betyren resistoshR é@é’fl uagheRi ed as
operatin power supply to phototransistor PT. The emtter of

phototra dﬂfcﬁmchmm@jand)phﬂe-tbaéeel’& a transistor 4, which

serves as an anplifier. A series circuit connection of a resistor R8 and a
Zener di ode IDh primanrg sidectlObeontesivitchit Zinchides aqfhotuttansistord B bbphétb-and a
junction between driving winding NB and di ode D4. The coll ector of

transist Qfou?er'PC %?ﬁﬂ&r\ﬁﬁié re@ifidiiraft Fothed By h AiddeD3 bedR Bapdditor C¥fért he

emtter of fransistor i s grounded. The base of tran3|stor A is

glop(r:lﬁﬂ egro%ﬁgg?gon o‘#ﬁa re? ﬁ\%k%ﬂﬁ%?‘a apaC| t %@é@é@' s

T T ELTE R T

fj‘m”ﬂd?ngap lhaﬁrwgv_\ésrecg greélrglil{ (%5 nd 83)may be QITPGP O as'ope Iplosxlertso ' mary
‘to phototransistor PT. -

The emitter of phototransistor PT is connected to the base of a transistor Q4,
which serves as an amplifier. A series circuit connection of a resistor R8 and a Zener
diode ZD is inserted between the emitter of phototransistor PT and a junction between
driving winding NB and diode D4.

The collector oftransistor Q4 is connected to the base of switching element Q1,
and the einitter of transistor Q4 is grounded.

The base of transistor Q4 is connected to the emitter of switching element Q1
through a parallel circuit connection of a resistor R6 and a capacitor C13, and is, thus,

- grounded through resistor R7.

A reset circuit 10 is formed by serially connecting diode DRS to a parallel
circuit connection of a resistor RRS and a capacitor CRS. Reset circuit 10 is
connected in parallel to primary winding N1.

A snubber circuit 11 includes a capacitor Csn serially connected to a resistor



A snubber circuit 11 includes a capacitor 'Cain serially connected to a
resi stor WO 01/86796 PCTI JP00/ 03038 5 Rsn. The'collector of sw tching

el enent Q]w'bgngg,%ynded. t hrough snubber circuit 11. Respérgpobessss 10 and
snubber circuit 11 are required to suppress a spi ke voltage that appears

upon turning off switching elenment d 5 A switching operation is started by
applying current to switching elenent “QL through starting resistor RS,

t hereby turning opn swtgching.el enent .. When itchin | enent. Q.1 is on,
magnet i cRéhelBg cp w@%%walﬁmweiwiﬁﬂﬁmﬁ nsf or ner
CVT. When switching element Q is off, the magnefic energy aé?or din
primary wi-ndiResehrireut 1) endsnubber eiscuih bl awasaersed tosTuppress asp tage

transformer CVT. This operation is repeated to produce an output voltage on
t he secthatiappeass upomfurning.off switchingre 1.cvT. Control circuit 7varies
t he amount of current passing through detection elenment @ in response to

secondar y si dg shichirignerin Roarbby Bpplyingusrne to Pitohing slmhéntiQY var i es

the base current supplied to transistor 4 in response to the anount of

cUr T ent G0 S 4alglE 65! U e G sAR)oIUBMA U, { Whes! | et or

current Si'nce thHe coll®ector of transistor Q4 is

comect edh bl YasR O is 3 FABAR AT b mhdprty gmgINL o[ vo
Sui t chi nPrBIRERb angorape CVIS Whed Bt SRR 1 it abllBicBRTef,
and. as. Sored by PP SOAG At Rchighd.yo; SEATERIRY R QarPRERE ner ey
pertorm E'gnscfgpriteraE%/T. This operation is repeated to produce an output voltage on the
secondary side of converter transformer CVT.
~ Control circuit 7 varies the amount of current passing through detection element
Q3 in response to secondary side DC output voltage E01. Photo coupler PC
controllably varies the base current supplied to transistor Q4 in response to the amount
of current flowing through detection element Q3, thereby varying the collector current
of transistor Q4. Since the collector of tl_:ansis_tpr Q4 is connected to the base of
~ switching element Q1, the base current (drive current amount) to flow from the self-
excited oscillation drive circuit (resistor RB, diode D4, driving NB, and capacitor CB)
to the base of switching element Q1 varies in accordance with the collector current of
transistor Q4.. Consequently, the on time of switching element Q1 is varied, and as a

result, the switching frequency is controllably varied, thereby performing constant

voltage control.

!
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vol tage control. Kklhlklk WO 01/.86796 PCT/ HO0/ 03038 6 In power supply
citcuit 700 having the construction shown in FIG 7, a constant voltage
ef fect may figofiithsy Ned by controlling a swtching frequenm/jﬁos/),;;o‘gg)
increase in response to a rise in AC input voltage VAC or a decrease in
the | oad power Po. sThe range of contrgl of switching frequency fs is set
to a wide range of 25 KHz to 250 KHz ecause the control sensitivity is

pover | suppl y 18POREF ubmpciratis 30§ Hiwingels camsisueti %“Sf% PG 2 Rt
resistor R7 (between the .co]lector of $WItChI el ement (é),and gr ound)

has a waviagemetiestmay herebtamed bysomirollings ewi /fse%a%m temoreass

vol tage Vcp exhibits a 0 | evel over a riod TON when switchi ng el enent QL
is on, bunrespmbetcsaasémACanputvoétaga?vgﬁﬂlaraﬁacmesméhebadpewen oTdbe when
SWitChI ng element QL is off. As can be seen fromthe pul se waveform of

vol t age \fapgebHyentiol of tviatcliing freqa@idyds indet age wide page o£25 KHipior 2 30K Hizng

off switching element Qi by a |eakage inductance conmponent of converter

t r ansf or ngdcangethettmitrdl Jéitsith ‘hﬁqsqgwgapam ty (electrostatic capacity)

bet ween w ndings N, N2 and on converter transfornmer CVTI. Reset circuit

the vavef or ﬁfiﬁfév%’f#‘a%e'ﬁ%ﬂﬁ% EPHIES 8 e 3C Tl BhaBlof ATHHAT, o
current | C!-R)pi {%6’ the collector of sw t ching element QL in
-A.voltage Vcp across switching element Q1 and resistor R7 (between the
collector of switching element Q1 and ground) has a waveform such as the one shown
in FIG. 8A. As shown by FIG. 8A, voltage Vcp exhibits a 0 level over a period TON
when switching element Q1 is on, but exhibits a form of a rectangular pulse over a
period TOFF when switching element Q1 is off. As can be seen from the pulse
waveform of voltage Vcp shown in FIG. 8A, a spike voltage is generated upon turning
off switching element Q1 by a leakage inductance component of converter transformer
- CVT and a distributed capacity (electrostatic capacity) between windings N1, N2 and
NB on converter transformer CVT. Reset circuit 10 and snubber circuit 11 are
provided in order to suppress a portion of the waveform of voltage Vcp where the
spike voltage appears.
A collector current Icp flows into the collector of switching element Q1 in
response to a switching operation of switching element Q1. Collector current Icp

- flows in a waveform as shown in FIG. 8B during period TON.



response to a switching operation of switching element Q. Collector .
current Icp flows in a waveformas shown in FIG 8B during period TON. WO
01/ 86796 PWCYIIQQ/,QSO% 7 Arectified current 12 flows frpor/sroo/nsoss
secondaryw ndingN2 into rectifier.di odeDO1 during period TOFF when
switching elenent QL is off, correspo[?di ng to the swtching operation of
an RCC. The switching converters (flyback or forward) used in a hard

onver i on' of ArestBIfRFat L AouR Som Seop i N IR BP0 oy e

Thus, variaqus soft_sw tching power supplies, . which enplo esopnance type
swi t chi ndudngpeiedTOFF yeiensavi elm%éiam@ W&P"%Mﬁm&ter i s
advant ageous because it can readily obtain a high power conversion

ef fi ci enoperaionof an®CWerter al so. generates | ower noise than a converter
used in a hard sw tching power supply because the waveform of a sw tching
operation of The switchiagcontsetesrs (fiybacktoriforward) asetkinaheard switchiiggpowesonance
‘type is also advantageous because it can be forned froma conparatively

small nu ,Osfucgaﬁ Eftcuif 760V dr& i@ dRRPSWersconRbisic éffidiency @Ad tHoaimagiti ST i es
the | ow condition of 'having a | oad power Po of 50 or less or 0.5 W

or less i i E ' b Cd th e ol bvier's Qs to :
t hose i nbﬁ@@gﬂgrﬂgﬂ(?etﬁgyggn g@ﬁg@%@%ﬁéﬁ@gﬁ%ﬁﬁﬁﬁaﬁma&i isd and leligsr’
descriptign,s 1tted.  Referr] . I ' ' 0 :
I ncl gdesw @gl}!ﬁ@,{/;ﬁ%ﬂ&%k&& v@?d{'ﬂéﬁ Eé‘%ee Cusrw?é%a%g%ﬂo ype“I grei n a
et T e N hvitor 395 aFanthSeots Feoafisd' R ol FEAHily" ShBRE high Power '

_conversion efficiency. Such a converter also generates lower noise than a converter

 usedin ahard sWitclﬁng power supply because the waveform of a switching operation
of a resonance type converter is a sine waveform. The resonance type is also
advantageous because it can be formed from a comparatively small number of parts.
A switching power supply circuit 900 that satisfies the low load condition of -
- having a load power Po of 50 W or less or 0.5 W or less is shown in FIG. 9. - : ;
Far simplicity, like portions in FIG, 9 to those in FIG. 7 are denoted by similar |
reference numerals and their description is omitted.
- Referring to FIG. 9, power supply circuit 900 includes a self-excited converter
of the current resonance type wherein a rectified smoothed voltage Ei is used as an
operating power supply.
_ The switching converter of power supply circuit 900 includes a pair of switching

elements Q1 and Q2 connected in a half bridge connection, as shown in FIG. 9, and

~ HREI



The swi tching converter of power supply circuit 900 includes a pair of
switchirng elenents Q and @ connected in a half bridge connection, as
shown in Figg 1%6‘@”‘1 WO 01/ 86796 PCT/ MDO/ 03038 8 i nt er pogeghpopbsomen t he
positive el ec?ro e side junction of a snoothing capacitor G and ground.
Starting resistors RS1 and RS2 are int grposed bet ween the coll ector and the
base of switching elenments QL and 2, Pespectively. A pair of clanp diodes

DD1 and .DD2 are,interpgsed between the hase and the emtter of sw tching
el enent s mjermms b@weqne RASTHNG §1¢°%°£“e$1a€é“%°&ﬂ 12 %ﬂ?@é‘iﬂ %?Paﬁﬂmé&l
resonance capacitor CB 1, abase current limting resistor RBI, and a
drivi ng wodgreandBl (having an inductance LB 1) is interposed between the
base of switching element Q1 and the collector of switching el enent @,

t hus cooper at iStmitingfresisiong R81sard RS2 rape antarposed between thercolletfor andithed
oscillation and determning the switching frequency of sw tching el enent
QL. Si m Ibagé pf switchifg elehfinite 1 HndQ2, iresRoHesly] Apair oftclifp dicdee DD RRAG! t OF
CB2, a base current limting resistor RB2, and a driving w ndi ng NB2

havi n : ] J _ . -
fal e\r/r{entg @g%yg}é‘%ﬁ?&?ﬁwﬁéﬁgﬂ%% %g@ﬂ@régf%‘égg%%@%ﬁe@%?ﬁs *?ﬁgxgi ted

oscillati Lrmning the swtching frequency of swtching el enent
Q. Parti(g?’@ggaocglg’%& capacitors CC 1 and CC2 are connected between the

| | ect d, th 1 Tt f i {.chi I t. - dvely.
Par 6l 1 esondhEEHes RpH CPRReteB of s Hefties SEbGRE b LB aFt COTREAE s b b

i t chi i f swtchi
" Mtesistor RB1, and a drtving winding NB1 (having an inductanco LB1) s interposed

between the base of switching element Q1 and the collector of switching element Q2,
thus cooperatively forming a series resonance circuit for self-excited oscillation and
determining the switching frequency of switching element Q1.

Similarly, another series circuit connection of aresonance capacitor CB2, a base
cuzrent limiting resistor RB2, and a driving winding NB2 (having an inductance LB2)
is interposed between the base of switching element Q2 and ground, forming a series
resonance circuit for self-excited oscillation and determining the switching frequency

- of switching element Q2.

Partial resonance capacitors CC1 and CC2 are connected between the collector
and the emitter of switching elements Q1 and Q2, respectively. Partial resonance
capacitors CC1 and CC2 are provided in order to absorb switching noise of switching
elements Q1 and Q2, respectively. They further act to obtain a zero voltage switching

operation upon turning off switching elements Q1 and Q2, respectively, in accordance



elements Q1 and 2, respectively. They further act to obtain a zero

vol tage switching operation upon turning off switching elenents QL and @2,
respecti velys pilgbpgccor dance WO 01/ 86796 PCT/ JP00/ 03038  Bcwinkdo/esdis
switching frequencies which are controllably varied by a constant voltage
controlling operation perforned in su a manner as hereinafter described..
The operation reduces the swtching I“oss. A drive transforner PRT. (Power

Regul ating_ Transformer) is ptovigded to driv wi tchi.ng el enents,Ol and @
and contmht&ﬁlsy’lﬂﬁgﬂg %’ﬁ%“%?sc‘ﬁg’r?g ?Pé’&&b’ﬁ f .Vaﬂ?gb;yg‘?f’ opltage, '
vol tage control. Drive transformer PRT in power supply ciycuit 90 IS an
or t hogonaontrelling apsration: pexformesh inysnely agnanames mé&r °PLb<£4d %Ib? and a
resonance current detection w nding ND are wound, and on which. a control

wi ndi ng opizatien reduces the switchingidssn ort hogonal to windings NB 1., NB2, and
ND. An end of driving winding NB 1 of drive transforner PRT, is connected
to the base Afdriveitiatbforthet PRITN(Power Reghlating Transformer) ispronideditodrive

resonance capacitor CB 1 and base current limting resistor. RB 1, and the

ot her engvﬂéhiﬂgiﬂéd;ﬂsgeeﬁqﬂiaaa O ahd icontrSIAKIS Glabel the siitehiagi kécifentfes3oi t Chi ng

el enent An~end of driving wnding NB2 1s connected to ground, and the

ot her en [Lvi ; ' 21 - e i ng
ol oment " SpriprR Gt Wilas Bkl DrfveifiRRinfet PRT infowel Sa5plg skl 60

current Limti resi stor. RB2. Drivi Farel . dild Nt wadi ng
NB2 are %%8@%&@%?@“@feﬁﬁf§r ﬁgr@gﬁkﬂ\g’g&g g}g&]&ﬁ%@ﬁ}g{‘%&épom #ad]q
polarities. An insulatjng,converter transforger Pl T {Power |solathon _
Tr ansforﬁ%ﬁ%ﬂn‘{ermt@"gﬂo’?@ﬁpﬁ&g Btk ogp ’s%dtD@nWﬁ’gfgeﬁmﬁimnd @
totts S?\l('_:é) ?sdv%’(rn)llrnds 1lnc_]|ae direction orthogonal to windings NB1, NB2, and ND. -

~ An end of driving winding NB1 of drive transformer PRT.is comnected to the
base of switching elem,ént Q1 through a series connection to resonance capacitor CB1
and base current limiting resistor RB1, and the other end of driving winding NB1 is
connected to the emitter of switching element Q1. An end of driving winding NB2 is
conﬁected to ground, and the other end of driving winding NB2 is connected to the
- base of switching element Q2 through a series connection to resonance capacitor CB2
and base current limiting resistor 1§BZ. Driving winding NB1 and driving winding
NB2 are wound such that they may generate voltages having opposite polarities. -
An insulating converter transformer PIT (Power Isolation Transformer) .
transmits switching outputs of switching elements Q1 and Q2 to its secondary side.
In this instance, an end of pnmary winding N1 of insulating converter transformer PIT

is connected to a junction (switching output point) between the emitter of switching

or CB2 and base

|
T



In this instance, an end of primary winding N 1 of insulating converter
transformer PIT is connected to a junction (sw tching output point)

bet ween th%ﬁq’&‘%\‘r of swi tching WO 01/ 86796 PCT/ JP0O0O/ 0308834 /nsts€meNt A
and the collector of switching elenent @ through resonance current
detection wi nding ND. The other end oft§)ri macy wi nding NI is grounded
through a series resonance capacitor so that a swi tching output signal
maybe obtai ned. _Thus, =~ a series resonance_ci rcuétrélgpr current resonance
type swi telement Q4 apsl thercallsstar ofoswitehing lerpent; Q4 pRANCELCWFEM ey | es
resonance capacitor Cl and a | eakage inductance conponent of insulating
conver t erdeteckiosfwinding WDT The btheir egd of iprisary winding 1 i grovededthroughaance
wi nding). On the secondary side of insulating converter transforner PIT, an
al t er nat igegies abh@g capaditar Cléd that agwviechingoutpat sigaalineay bevinsined dEhys,

wi nding N2 by the switching output signal supplied to primary winding N .

A tap is PiiesIesbriafibe EREHPEG o curfbrl $bsthahie %jzewiﬁﬁﬂé b&tivefieP dfsraliohl. D02

and D03, and snoothing capacitors CO1 and are connected as shown in

FIG 9. f - ChdefalnB b W ok ol Tl [ DOL
and D02 gﬁafbs%‘#got :atr?ggc&aﬂ;ﬂaa%ﬁ?%% ﬁgﬁﬁﬁgggﬁﬁﬁf%\%ﬁg [ |He£ri 18C| Cuit is
formed by. ectifier diod 3 and. snoat hi ng,capacitor 2 Jhe i1l -wave
Fect 11 enmEREnRs SoRPRBETOT el iRy raE SeBbPred BT Rsipiite primdty o
capaci tor .1 ﬁgrfor.ms a full-waye rectification operationto produce a DC
out put vo‘l“@!ﬂﬁ is%@ﬁ%ﬁqcﬁé”@&%é-ri c power to a load (not shown) in the
next stage. DC output voltage EO1 is, inputted alsgo to a control circuit 9
and utilized 4anshejsacendunpide of insylating conmerten transfemmer RIT, py altperatingor

protecting fromshort-circuiting the |oad, a oo L
voltage with a switching period is excited in secondary winding N2 by the switching

output signal supplied to primary winding N1. A tap is provided for secondary

winding N2, and rectifier diodes D01, D02 and D03, and smoothing capacitors C01

and C02 are connected as shown in FIG. 9. A full-wave rectifier circuit is formed by

rectifier diodes D01 and D02 and smoothing capacitor C01, and a half-wave rectifier
- circuit is formed by rectifier diode C03 and smoothing capacitor C02. -

The full-wave rectifier circuit formed by rectifier diodes D01 and D02 and
smoothing capacitoi' CO01 performs a full-wave rectification operation to produce aDC
output voltage E01 and supplies electric power to a load (not shown) in the next stage.
DC output voltage E01 is inputted also to a control circuit 9 and utilized as a detection
voltage by control circuit 9. Further, for protecting from short-circuiting the load, a
fuse, for example, an integrated circuit (“IC”) link, IL is interposed between DC output

“voltage E01 and the load.



fuse, for exanple, an integrated circuit ("IC') link, IL is interposed
DC output voltage EO1 and the | oad. WD'01/ 86796 PCT/JPOQ 03038 ii

bet ween
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descri bed. Co
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@B. isc
t hr ough

Ci REo'bisisssSuppl i es a DC current, whose |evel is g debmshiR

in response to the | evel of secondary side DC output voltage EOL,
trol current for controlling 1\3& ndi ng NC of drive transforner
to performconstant voltage control i

trol.circujit 9 . ncl s a paiJ ofresi.stors and R4,. by
EonBplSroied mpplies a s Gerbothes 1a7ais ueriod or GrmPein 0| ¢ age
ted to a detection elenent . The cat hode of detection el enent.
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such a manner as herei nafter

a series connection to control winding NC and the anode of

det ect i orontrellingwiadingNG of drive transfosmer BRTdo pexrform constant voltage oénizol

capacitor Cl2 and a resistor R5 is interposed between the positive

el ect r odén @ich smanhér sigheraimadier desciibed. and a j unction between resistors R3

and R4.
resi stor
the junc
supply c
el enent s
when AC
el enent
that.it
resonanc
primary

Anot her series <circuit connection of a capacitor O i and a

R2 i€ohﬁb%if8ﬁ@ﬁh@ﬁdé§_§gaﬁa.ﬁgm§%%r?mﬁﬁ YHid I cBh@dyRideB and

n a sw tching operation of power

UG i 3Piag 01 BGEAC Fod SRRl & bl PR s |
B 5P 1 S S i o3 S Bl M SR . o
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ti on between resistors

wi ndi N, and ) . ol . .
NLD, and the anoc?e of detection element Q3 is grounded. A series circuit connection

of a capacitor C12 and a resistor RS:is interposed between the positive electrode of

smoothing capacitor CO1 and a junction between resistors R3 and R4. Another series

circuit connection of a capacitor C11 and a resistor R2 is interposed between the

~ cathode of detection element Q3 and the junction between resistors R3 and R4.

to the bases of switching elements Q1 and Q2 through starting resistors RS1 and RS2,

In a switching operation of power supply circuit 900, starting current is supplied

respectively, when AC power supply AC is first provided. For example, if switching
element Q1 is switched on first, then switching element Q2 is controlled so that it is
switched off. Then, as an output of switching element Q1, a resonance current Il
flows through resonarnce current detection winding ND, primary winding N1, and
series resonance capacitor Cl. 'Switching elements are controlled so that, when

resonance current I1 decreases to zero, switching element Q2 is switched on and

tching



series resonance capacitor Cl. Switching elenments are controlled so that,
when resonance current 11 decreases to zero, switching elenment Q is

swi t ched ong@yHs¥¥es 01/ 86796 PCT/ JPOO 03038 12 switching qlcay®idossds i S
switched off. Then, resonance current 11 flows in the reverse direction
t hrough switching el enent 2. Thereaftgl, a self-excited switching
operation, wherein switching el enents %rz and 2 are alternately sw tched

on, is perfarnmed. As switching. el ts Q1 and . ternately repeat

on- of £ opersitrng cirenr Uhis Switfed El hom Botnditesuubl L fOPSIB T s
an operati ngpower_ supply, .drjve curren havi ng a wavefgrm proximate to a
resonance@ﬁ?‘i‘%tﬂlﬁﬂw& Wll@gsdﬁmﬁp%égo §}heﬁiﬂi§er, W Belf-sycited swi ating
converter transformer PIT while an alternating output is obtained at
secondar y operationg whigreii switching elements Qlgand 2 are altgrnately switched fon dser .
PRT is perfornmed in the follow ng manner. Control circuit 9 controls the

| evel of perfonthedl current flow ng through control w nding NC to increase
in response to a rise in secondary side DC output voltage EO1. Wile drive

transformer PRAgkwitchinglefdferitd QIRRAQE MramnarlyFepbatn-opkLEtioRs ayiggg‘e

i nfluence of the variation of magnetic flux generated in drive tr or mer

cond 11 on PR RREEE Bt e B0 SpAHE (lasahiobiink pBeP Sprlly ghyBbindhe. 11

vt chi ngSFv R piokimall b Rhanch SRR R e e RE S e |
winding N1 of insulating converter transformer PIT while an alternating output is
obtained at secondary winding N2.

The constant voltage control by drive transformer PRT is performed in the
following manner.

Control circuit 9 controls the level ofa control current flowing through control
winding NC to increase in response to a rise in secondary side DC output voltage E01.
While drive transformer PRT is inclined to approach a saturation condition by the
mnfluence of the variation of magnetic flux generated in drive transformer PRT and
thus dropping the inductance of driving windings NB1 and NB2, the condition of the
self-excited oscillation circuits is varied by the control current so that the switching
frequency may be raised.

- While the switching frequency in power supply circuit 900 is set in a frequency
range higher than the resonance frequency of the series resonance circuit of series

resonance capacitor C1 and primary winding N1 (upper side control), if the switching



range hi gher than the resonance frequency of the series resonance circuit

of series resonance capacitor C and primary winding N (upper side )
control), b diRgrpeW tching WO 01/86796 PCT/ 000/ 03038 13 Pf:'f'ﬁfb?/ﬁibﬁé’ rises as
descri bed above, then the switching frequency is spaced away trom the :
resonance frequency of ‘the series resg ance circuit. Consequently, the .
resonance i npedance of the series resonance circuit wth respect to the i
swi tching output, increasges, .,As the resonancge. i npedance ingreases in this |
manner, WAEIHCY FISCLIR ﬁgﬁqc@)aq%re,%ggﬁhq%tcagn freauencyis spacad anay drom he

primary side series resonance circuit is suppressed. As a result, the
secondarthegesenance faquensyrafdhe saiesiresonane cirnuitd Consaquanslys theuesnnapce

constant voltage control is achieved (switching frequency control FIGS. 10A

to 10H ampedaned wfrthdi seyiesnmesondncst cirduin withpeespeco s thé switohing sufputy

circuit 900. Particularly, FIGS 10A to 10D show operation waveforns of

di f f er enincreagésd.ons of power supply circuit 900 when the | oad power Po is at
a mnimm |oad power. (Pomn) and AC i nput voltage VAC is at a maxi mum AC

itEgugaggmﬁgrt%%%gg%pg@(%%ﬁ%ﬁ ﬂtlc}qg %’2@6{ e.el oa ggg\/\génlgoo{s
AC | nput PSP 12 prORE wibRENY, O he brishi side sbARE roschiph, Bl i
wi  chi rPBERRERT ADS Tt 1 AGERdne WAk ooiE velaet 0] is HeptiedyBhd gur | ng
pul S of CORSPETEH, GORSERh BRBBTCOTRPhE AoErSh (swithRng, Feuency Comrol - ©
system). | o
FIGS. 10A to 10H are waveform diagrams illustrating operations of power

DI

supply circuit 900. Particularly, FIGS. 10A to 10D show operation waveforms of
. different portions of power supply circuit 900 when the load power Po is at 2 minimum
- load power (Pomin) and AC input voltage VAC is at a maximum AC input power
(VAC max), and FIGS. 10E to 10H show operation waveforms of the same portions
.as those of FIGS. 10A to 10D when the load power Po is at a maximum load power
(Pomax) and AC input voltage VAC is at a minimum AC input voltage (VACmin).
.As switching element Q2 performs a switching operation, voltage Vcp, obtained
between the collector and the emitter of switching element Q2, has a waveform which
exhibits the zero level during a period TON within which switching element Q2 is on,
but which exhibits a pulse of a rectangular waveform during a period TOFF within
- which switching element Q2 is off, as shown in FIGS. 10A and 10E. Further, as can

il



which switching elenent Q2 is off, as shown in FIGS. 10A and 10E.

Furt her, ‘as can ui WO 01/ 86796 PCTI JP00/ 03038 14 be recogni zed from
conpari son Q,Bo\ﬂg%ﬁgges Vcp shown in FIGS. 10A and 10E, thecrapbdddbssng
frequency i S contfolled by the constant voltage control operation described
above such that it is higher when the Igad power Po is at mninmum | oad
power Pomin and AC i nput vol tage VAC ild at nmaxi mum AC I nput vol t age VACTax
t han when the |oad power Po is at_ maxi mrum | oad power Pomax aqg Ag i.nput

vol tage \perecogmizedArameomparisonef voltages Vepashown inFIGY. J04,ang 10E, the
collector current Icp which flows to the collector of swtching elenment Q
exhi bi t s switching frequencyhistcoatrolled by thescanstanit yoliagd control operaginnids d

el ement 2 during period TON but has the zero | evel during period TOFF, as
shown i naidveSuch @atdnid higher il the loxl pewért Rosag mininputh 1oad pewer Raminmar y
side series resonance current) 11 which flows through primary w nding N

and seri cand g@ﬁ@ﬁeeol "FP?A@ fd'at ﬁkem&ifﬁhphtﬁinﬁuﬁﬁlfa%@w}&@ﬁﬁhﬁ when the

substanti cofresponding to t sw tching® frequency, as shown in FIGS.

10C and 1 . Nl 4 ' PomaxC .
primry s?ogg @?&gﬁe M@%@ggﬂwﬁ have %a(ilg%ﬁ%ﬁgﬂtggé é}:}%(g %ge
correspondi.ng to e current onance type whenthe switching frequency is
| ow. As tW&Wc&éﬁﬁp‘ﬁr@&%r@&f' Cr eases, the waveforns of collector
current Icp apd_prjimary si series resonal current roach, .

wavef orms of a %F’éﬁﬁﬂ‘fﬂ‘bﬁgﬁﬁﬁmﬁwquﬂgﬁ sw%afé#&?&o?%mm&
noted that sw tching el ement Q2 provides waveforns, having phases shifted
by 180 deglemeant Q2 exhihitsna weavsform swshrthatitrflows to the collector of switching

element Q2 during period TON but has the zero level during period TOFF, as shown
- in FIGS. 10B and 10F. Meanwhile, switching output current (primary side series
resonance current) I1 which flows through primary winding N1 and series resonance
capacitor C1 exhibits a current waveform substantially corresponding to the switching
frequency, as shown in FIGS. 10C and 10G. As 'shown in FIGS. 10B and 10C,
- collector current Icp and primary side series resonance current Il have waveforms of
asine wave corresponding to the current resonance type when the switching frequency
is low. As the switching frequency increases, the waveforms of collector current Icp
and primary side series resonance current I1 approach waveforms of a saw-tooth-
wave, as shown in FIGS. 10F and 10G. It is noted that switching element Q2 provides
waveforms having phases shifted by 180 degrees from the waveforms shown in FIGS.
10A to 10C and 10E to 10G.
On the other hand, on secondary side 915, rectifier diode D02 is rendered



10Ato IOC and 10E to 10G On the other hand, on secondary side 915, |
rectifier diode D02 is rendered WO 01/86796 PCT/JP00/ 03038 15 conducting
subst ant i atvoyBé7egt i M ng of period TON within which swtcBrpspgsfiENt @ s
on. Consequently, rectification current 12 which flows from secondary
winding N2 to rectifier diode D02 exlg' bits a waveformas shown in FIG 10D
or 10H In addition, operation of rectifier diode DOL provides a waveform

haV| ng a Shlf 180 .degrees fr, he wayv rm,shown_in FIG | OD
R o rﬁmﬁﬂ &a&ﬁm tig of pgriod:I1 Iﬁ Ey‘glt himgelement Q2 ng

frequency fs controllably varied as a constant voltage control

oper at i o¥ Ofs Q%@E‘E‘F@@U mastificationenment 12 which Sows foouseco: ngarymdmg\NZy for

t he constant vo e control is low, the range of variation of the

swi t chi n@ﬁ@ﬁm@@&lﬂ&nﬂﬂmﬂnwﬂefmm shioven inFIG. 20D:61 0FD ISddition,

KHzasdescri bedher ei nabove. Therefore, whenthel oadpower Pobecomesmi ni uaum

| oad poveperiidon of seutificratiodé D provideg s wavsfolrn HuvaR e phhsy \shifther $80 t chi ng,

| oss increases and the power conversion efficiency drops significantly.

Furt her, g¢ &m&mrthemfdrmﬂmmg 0D S FRHC! reui t 10 and snubber
circuit 11, which are connected In er to suppress a spike voltage upon

;F'[glrlﬂgt EL; VRl P fdgcgién7%ftggg{cé§y§gﬁnthﬁ sRitobinz flopty %sa bul se
[ t t
i e
exanpl e, "PHPVE; W‘B"etgcc%'é?tﬁeﬂ? goqp@aa%‘fy Magecqnten] is lngﬁm e

appr oxi ely 1 W.ar
PP maft'\ran)alttlon of the switching frequency fs is comparatively wide from 25 KHz to 250

- KHz as described hereinabove. Therefore, when the load power Po becomes minimum

load power Pomin and the switching frequency fs becomes low, the switching loss-
 increases and the power conversion efficiency drops significantly. Further, the power
loss is increased by reset circuit 10 and snubber circuit 11, which are connected in

order to suppress a spike voltage upon turning off a switching element. -

- Further, as seen from FIG. 8A, the alternating voltage which is generated by a

~ switching operation is a pulse signal of a rectangular waveform, and switching noise
- i8 generated upon turning on and upontt_n'ning_ off. Therefore, in order to allow power
supply circuit 700 of the RCC system to be practically used as a power supply, for
example, for a video apparatus, the load power condition is at approximately 1 W or
less, while the application of power supply circuit 700 of the RCC system is limited

to an application as a standby power supply, whose load power Po is approximately




| ess, V\:hi_.| e the application of power supply circuit 700 of the RCC system
islimtéd to an application as a standby power supply, whose | oad power
Po i's approwigmiseley t![ WO 01/86796 PCT/ HOO/ 03038 16 0.5 pMfpedRey: O the
ot her hand, in swtching power supply circuit 900, a current resonance
converter by a hal f-bridge connection erein capacitors for parti al
resonance are connected between the coFlector and the emtter oftwo
swi t chi ng, el ts is provided in order to realize a zero volt (zero

vol t age) Q%% -operation upon tuning off of a swtching el ement Hence,
sw tching power supply circuit 900 generates |ess noise than power supply
circuit 700 arfanagsothienhamdin switchingpever supplycitcuiti 206; a cuttentresonance

swi tching power supply circuit 900 does not overcone all of the

shor t coni eapventer byrachalf-bfiilge coamettion wWherdin capacitare ey pamial esvonsncsh@e t he

| oad power Po approaches mnimum | oad power Pom n and the sw tching

frequenc Ydeedtddﬂjetwaﬁﬂthefcbner the Bxfitiéd df@wﬁfs%&hﬁig“élelﬂéﬂ@ s nprov1ded

significantly to, for exanple, approximtely 60% Furt her, ce power

fggglngng:a converter \Aﬁgﬁzgfd;\lvtsmgéér\?\n%g%gﬁg ef&% are anng%@eﬁﬁog hal f

brid G,
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However, switching power supply circuit 900 does not overcome all of the

shortcomihgs of circuit 700, namely, the invalid power increases when the load power
Po approaches minimum load power Pomin and the switching frequency fs drops, and
the power conversion efficiency drops significantly to, for example, approximately
60%.

-Further, since power supply circuit 900 adopts a construction of a self-excited
current resonance converter wherein two switching elements are conmected in a half
bridge connection, it requires formation of a switching circuit system including two
self-excited oscillation drive circuits. Consequently, the number of components
increases as much, giving rise to a limitation on the reduction in size and weight of a
power supply circuit board.

Furthermore, power supply circuit 900 is not provided with a load short-
circuiting protection fimction. In particular, upon short-circuiting of the load, the

control current (DC current amount) flowing through control winding NC of drive



Furt hernore, power supply circuit 900 is not, provided with a | oad short-
circuiting protection function. In particular, upon short-circuitifig of the
| oad, the weRtes current (DC current amount) flowi ng tBepysboesest r o

wi ndi ng NC of drive WO 01/86796 PCT/JP00/03038 17 transforner PRT is
reduced substantially to zeroA,Cbnsquﬁntly, the switching frequency fs
decreases alnost to a lower |imt of e control range, and also primary

side series reson e.current, 11 flaw.ng through the prinmary sigde series

r esonancEangprae ?ﬂ&sm ﬁ%‘i‘%ﬁ?@oﬁ‘{%étﬂnﬁ\é\h?éggez.emﬂ &ﬁﬁ‘%e ¥, thgegt ration
by switching loss at switching elenents Q1 and. (2 increases to a |evel
whi ch cafreguensy fs dacreases almost tocalowesr bignit of therqomtnol mngssand slse primaryne
possibility that thernmoru naway may occur and destroy switching el enents

QL and (Ride Beriesfesorandeocureertt il fiowing thiomgh the printry%ide seridssresamanceary t o
I nterpose fuse IL to cut secondary side DC output voltage EO1 and the |oad

f rom eachiréiib @y inekinsd $8dhbreuiss C Ul thitOstat; beat weidtatitie by aadtchings tosklatal so

i ncreases the size. of a circuit board and decreases power conversion
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I nvention to pro wi tchi'ng power supply <circuit which is snmall
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the load from each other yhgmshbn-cﬁcuiﬁng occurs with the load. Fuse 1L also
increases the size of a circuit board and decreases power conversion efficiency.
Disclosure of the Invention
It is an object of the present invention to provide a switching power supply
~ circuit which is small, lightweight, and highly efficient in power conversion while -
- satisfying a comparatively low load condition such that the load power Po is, for
example, 50 W or less.
. In order to attain the object described above, a switching power supply circuit
according to the present invention comprises a rectifier smoothing circuit for receiving
a commercial AC power supply, producing a rectified smoothed voltage of a level
equal to a level of the commercial AC power supply, and outputting the rectified
smoothed voltage as a DC input voltage; an insulating converter transformer including

a core having no gap formed therein so that a desirable coupling efficiency may be

[T



equal to a level of the comrercial AC power supply, and outputting the
rectifiéd snoothed voltage as a DC input voltage; an insulating converter
transf or nery ing a core having no gap forned therei a

desi rabl e %%?ﬂ‘z% ef fici ency maybe WD 01/ 86796 'PCT/JPOO’%%%%E‘S’BIB%%S

obt ai ned, and aprimai yw ndi ng and a secondar ywi ndi ngwound onthe core with
such polarities that an additive ope‘r%ﬁ I on node is provided; a sw tching
circuit including a switching el ement for switching the DC inpyt vo]tage
on and ofobtained,ande prunayypudingand asecondary winding worad an ths corewr ating
converter transforner; a primary side parallel resonance circuit forned
from a | qeolaipesithatan additive operatiemmoasletis provided; aswitbhing cipéuit includwmgiaat i ng
converter transformer and a capacitance of a parallel resonance capacitor
for oper aitthi slehieht forisedthinpcthe DO inpinivblithgegn ahdoffizo asso bontpurted

vol tage production circuit for receiving an alternating voltage obtained at

h . “\\M 1 o of B 1 .
the secqg@;‘égW of {43 ihA MRS éaeFRPHAASEBFmbY; ApHhRiTRideARsalle]

performn ectification operation for thé altérnating voltage

| ovel o ‘el ARG skl trte b ol B Pt B e T RARE, ' G,

varying a i tchinng frequency, of the switchin | enme N sponse to a
| evel of ‘Tfrsf@e plating Fony T %‘i@aﬁ'@%n% 6|P35311‘°3§§ﬁ%?}?&’§°
i npedance of fhe_ primry side &ar all el resonance cj I‘Cl.ii t and ontinuity
angl e of 4apaciter,for.pperaling anvaitags Jesanange (¥ps SIHCRBISTISMEG & Ol OulBH 1 o
of the secondary side output voltage. _ Preferably, in order to satisfy a
| oad powevoltagadpradustion gireuit fem recoiwingi aw | alfernatinge voltages obtaiaed \at sthge
paral |l el resonance capacitor is connected in parallel to the

secondary winding of the insulating converter transformer and performing a half-wave

rectification operation for the alternating voltage to produce a secondary side DC
output voltage substantially equal to the level of the DC input voltage; and a constant
voltage control circuit for varying a switching frequency of the switching element in
response to a level of the secondary side DC output voltage to control a resonance
impedance of the primary side parallel resonance circuit and a continuity angle of the
switching element so as to perform constant voltage control of the secondary side
output voltage.

Preferably, in order to satisfy a load power condition higher than a particular
level, a secondary side parallel resonance capacitor is cormected in parallel to the
secondary winding of the insulating converter transformer so that a secondary side
parallel resonance circuit is formed from a leakage inductance component of the

secondary winding of the insulating converter transformer and a capacitance of the



secondary wi nding of the insulating converter transforner so that a
secondary side parallel resonance circuit is formed froma | eakagé

i nduct ancegweQRelent of the secondary winding of the inpgl/gdobshsgonverter
transfornmer and a capacitance of the WD 01/86796 PCT/ JPOQ 03038 19
secondary side parallel resonance canglt For satisfying a | oadpower
condition | ess than a particular lev the secondary si de par al | el

resonance ca aC| r is,qmitted. Prefera t chin ult i ncl udes
a seri esS§cen W?Q%FFSWPP%?H ?‘JQ}{%@S?J@&gE %ﬁ° tignlesg st o
driving w ndi ng and a resonance capacitor., The sw tch| ng power supply
circuit ﬁanmned@hvgbihaswmﬂa@@h parallelsiesonance eapacites ixemiited.  f or
driving the switching elenent in a self-excited manner in response to a
resonance ouPgefidrably, theeswitchingrircaitinchodes aseries iesonafice cirowis foxmedfidm age
control circuit includes an orthogonal control transforner as a saturable

reactor gRebd ebniidttiofedfost least adtitingowindinl ald @ @sonvinge capasitory Thenect ed
in series to the primary w nd| ng of the insulating converter transforner

and a Coggs, Wéﬂlgg‘ﬁ%p% Fouttf ng Bl d?ﬁ&kh@élﬂeﬁcﬂéd&&éﬂ%hd&ﬁedr@ﬁ{t of t he

det ect:on ng are wound. The constant voltage
Fevel of R %@%ﬁ%ﬁgryhﬁzﬁ%ﬁfﬂ ffi*&@age Wj%lébﬁ%nt%’%fr BBy Co
cw T chi rh ”«pp@g.ﬁ@ﬁ% °e#cg$%an§slc¥r‘mﬁh®n” %@s%waaﬁ@@%%ﬂ%ﬁafaﬁ%nﬁvﬁgfﬁa‘ff%ng

w nding a for d fromthe sane t terl%maed 6or th control
wi ndi ng. or %’Gﬁﬁlsﬁ IEET’ €t hat

the sw tching (;l_rcwt i ncl udes a separatel y excited driv CI_I‘CUI'[ for
drivi ng andthednidng windingsennested in series to wmfgn insulating

converter transformer and a control winding whose winding direction is orthogonal to
that of the detection winding and the driving winding are wound. The constant voltage
control circuit supplies a control current, which varies in response to a level of the
secondary side DC output voltage, to the control winding to vary an inductance of the
 driving winding to controllably vary the switching frequency.
Preferably, the detection winding and the driving winding are formed from the
same type of material as used for the control winding.
The switching power supply circuit may be constructed such that the switching
~ circuit includes a separately excited drive circuit for driving the switching element in
a separately excited manner, and the constant voltage circuit controllably varies an on
period of the switching element while keeping an off period of the switching element

~ fixedin r_espbnse to a level of the secondary side DC output voltage to controllably



a separately excited manner, and the constant voltage circuit controllably
varies anon period of the Switching el ement while keeping an off period of
the swtchiyigefdedsgent fixed in response to a level of thecpaweesiasy side
DC output voltage to contraollably 11111~ WD 01/86796 PCT/ JPO0O/ 03038 20
vary the switching frequency. The sw tghing el ement of the sw tching
circuit may be fornmed froma Darlingt circuit which includes a bipol ar
transi stor, MOS fLeIg@effect transi stor, an insulated gate bipolar
transi st JArbHbesVitahang HEQUEAGYe i nduction thyristor. |Inthe switching power
supply circuit, a voltage resonance converter js provided on the primary
side, and the swiiching clomeat tofr the switchinge eirenit may dws foasd fromg. aon

t he secondary side, a secondary side DC output voltage is produced by a
hal f - wav éarlgtarf éirenitovhichirichides abipdlgr transistot, a MOSdteld effactitremsistoman he
construction for constant voltage control, the resonance inpedance ofthe
primary Sh&ﬂaﬁﬂr%%bé BipolsR TRMBIEGE il anCaledtrostatit indachanthiyiistdry angle of the
switching el enment are controlled sinultaneously by varying the sw tching

LT, ARG Ve e e Sl Satoerfirs
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side and an .insuj) at.i ng converter transfornmey, whi.ch includes
- rectifier circuit togsupply power to afioati. f"urtiler, in the construction for constant

voltage control, the resonance impedance of the primary side parallel resonance circuit
- and the continuity angle of the switching element are controlled simultaneously by
- varying the switching frequency in response to the secondary side DC output level.

Thus, augmentation of the control sensitivity is achieved by such composite control
~ operation.

More particularly, where the switching power supply circuit is formed, for
example, so as to satisfy the comparatively low load condition ofhaving aload power
of approximately 50 W or less, it includes a voltage resonance switching converter
provided on the primary side and an insnlating converter transformer, which includes
a primary winding and a secondary winding that are wound such that the mutual
inductance between them may provide an additive operation mode (+M; forward
system). Further, a half-wave rectifier circuit is provided on the secondary side so that

a secondary side DC output voltage may be obtained from an alternating voltage



a primary wi nding and a secondary wi nding that are wound such that the

mut ual i nduct ance between them may provide an additive operation node (+M
forward sygffidme FUrther, a half-wave rectifier circuitpepmuoesssied on the
secondary side so that a secondary side DC output voltage may be obtai ned
froman alternating voltage WO 01/867%3 PCT/ JPOO/ 03038 21 (excited

vol tage) obtained at the secondary w fiding by a hal f-wave rectification
operation of the_ half-waye rectifier circuit_,in_the adgditive opgration
mode. Fufexsited veltage) ebtatnad,at thensecondaty,winding by £ 'W&M?FS‘F’% on
stabilizing the secondary output voltage, the sw tching frequency of the
primary epehation of the kalf-wave rectifiersitcyitiinshe additive operatign medeput vol t age

| evel t hereby conpositely controlling the resonance inpedance of the power
suppl y ci r cui Furting, tabea constructicny fam gbmstmit voltagesoontodli foy stabilisimg. ther om t he
construction described above, the foll owi ng advantages can be achieved.

Si nce t hgesWdh@i| it sse, h tb]i!ﬂﬁ Srédueht @fﬂbd\/pﬁnﬂ:ﬁ‘ ®ide 13 vaziediini s of

t he vo|§§§% resgﬁgﬁgg type, zggaﬁtc inéiopg?ation whi ch produces | ess

noi se th anse;gt%é;%ggg%a?gﬁe Gl elWéltﬁ%?@be%fxgHQﬁeiyé&ﬁfdmﬁgthe

. ]
Consequent Fy, tchimng power sup of The RCC System a

power supply circuit aredi t ; | ' 0, quire a
oset i Feghetios ibecREE AF R el fBp PR ol WE Wopiullp BRglObS 1
Accordi ngl y, whea conpared with a switching power supply of the RCC type,
the swt tﬁ’gng e%tuppl y circuit of the present invention achieves .

significant i rovenent in power cqQnversion effigiency. ,The swi tchi,n ower
sugpl y : Ir'*‘rlpom. the consu'uc_:t?on- escribed o ove, the f’oﬁowmgl advantages - can be? P

achieved.
:_Shumiheswﬂdﬁngcamww&mofﬂmamwﬁdﬁmgpowmrmqu&?aﬁmﬁlisofﬂu: %
_-voltage resonance type, a switching operation which produces less noise than a. |
switching power supply of the RCC system is realized. Consequently, as opposed to |
~ a switching power supply of the RCC system, a power supply circuit according to the
present invention does not require a reset circuit or a snubber circuit to- suppress a
spike voltage. Accordingly, when compared with a switching power supply of the
RCC type, the switching power sﬁpply circuit of the present invention achieves .
significant improvement in power conversion efficiency. The switching power supply
circuit of the present invention also exhibits significant improvement in power
conversion efficiency, when operating with maximum load power, over a current
resonance converter, which is considered to have a comparatively high power

~ conversion efficiency from its characteristics.



circuit of the present inventi.an also exhibits significant inprovenent in
power conversion efficiency, when operating with maxi num | oad power, over
a current «g3pe@sce converter, which is considered to hagergesa@s@dsr atively
hi gh power conversion efficiency fromits characteristics. H MW 01/ 85796
PCT/ JPO0O/ 03038 22 A current resonance_converter is formed froma half

bri dge connection of two sw tching el gfrents. Si nce the swi tching power
supply circuit of the present inventjon can be lclo tructed such that

subst anti al | y AguEent ssgenanegsonyvertenis formed froma @Qi’nﬂg%on@mﬁp@mfﬁyo

el ement because it is a voltage resonance converter, the nunber of parts is
decr eas edswasching blentemds. rSitce theswitching poaversupplytcircartdf the preséntimeentionc ui t
can be pronoted. Further, since the switching power supply circuit of the
present | gutele éctidtiusteduuchihiataubstantially eduedl 1o4d pewérs obtaimednisingd siggle
frequency to control both the resonance inpedance for the sw tching output

and the Cm&éﬁ]ﬂi%aenfa%ecaiselim aSVOldgRirBsbrh 8B et vertek, thb Hambee bf fArt 0
constant voltag he

control, the control” sensitivity Is inproved and t

controll a | S £X nse _ S AN ' .
secondar y&éc?g&es%ﬂg%t %‘uﬁtﬁ\/g@gg@“’??% %‘e&gg’ﬂ%\y%l& %)I\f;tgrc b%tzﬁgﬁ%%érm%on rbc? I
range of the s&m@tchi ng frequency. Such reduction of the control range of

the swt c?ﬁ%o ‘equency contributes to reduction of the nunber of turns

and i i at ur i ARG FiHoS fhe SRHCRINE BUNeLBIpOnERYE 2 hé RErucaventon 1s °'
constructed such that it varies the switching frequency to control both the resonance
impedance for the switching output and the continuity angle of the switching element,
thereby performing constant voltage control, the control sensitivity is improved and
the controllable range is expanded. Consequently, stabilization of the secondary side
output ‘voltage can be achieved over a narrower conmtrol range of the switching
frequency. Suchreduction of the control range of the switching frequency contributes
to reduction of the mimber of turns that need to be wound on the transformer forming
the power supply circuit and miniaturization in size of various components and
devices.

Where a self-excited circuit system for driving the switching element is
provided in the constant voltage control ¢ircuit, an orthogonal control transformer on
which a control winding, a driving winding, and a detection winding are wound is
provided. In thisinstance, if the detection winding and the driving winding are formed

~ from the same type of material as used for the control winding, then production



Wiere a self-excited circuit systemfor driving the switching elenent is
provided in the constant voltage control circuit, an orthogonal control °
t ransfor ich a control winding, a driving w ndi detection
wi ndi ng 2?@0&3’%*3“13 provided. In this instance, if thepgg%@g@?og% wi ndi ng
and the driving wwnding are formed fromthe sane type of material as used
for the control winding, then product?dn WO 01/ 86796 PCT/ JPO0O/ 03038 23
efficiency of the orthogonal control transfornmer is inproved. \Were a
secondar sfficiensy ofithe prthogenal cantrel wansfenmeasis impraysdect ed in parallel to
the secondary winding to forma parallel resonance circuit, the half-wave.
rectifier ciWherea sécontdarysidepaialie] resonencecapaciter isconmectedinparaflelsot age,
which is a resonance output of the parallel resonance circuit, to obtain.

as seconggrsécendiy Bﬁnﬁﬁig)td forfl & gaeallel Cosvmance dirbyit, the halfowdve toutifier
s,

i ncreases. |In other wor the switching power supply circuit can cope

with a '&f&iﬁpeﬁﬁie%ﬁggwmer&%s%mam' Slolthe, WWHiBh Ys B1€SeHdnBe.  the

secondary si de par esonance capacitor. ere the sw tching power

2oy it O St A AR A B TR
o o ol e Sl B b BRI oo
R condar Sratitienneah With & 1088 Raves HERg AR PATpareR Gvel by Ay oS ting) |
resonance circuit is provided on the secondary side, ,the parallel

r esonancthewsstondpey isideparallelaasananee eapasitor i XYhere fhejawisching RAWET SHRply -

circuiting of the load occurs. Thus, the switching frequency does not drop
even upoeircuit is applied to an application such as, for example, a standby power supply and

. is required only to cope with a load power lower than the particular level, the
secondary side parallel resonance capacitor may be omitted. Thus, adjustments -
according to a required load power condition can be performed simply by inserting or

. removing the secondary side parallel resonance capacitor.

Further, since the parallel resonance circuit is provided on the secondary side,

the parallel resonance voltage is obtained on the secondary side even when short-
circuiting of the load occurs. Thus, the sw;itching frequency does not drop even upon
load short-circuiting. ‘In short, the switching power supply circuit has a protection
function against load short-circuiting. Accordingly, with the switching power supply
circuit of the present invention, the necessity to insert an IC link fuse or the like in the
secondary side output is eliminated. Consequently, improvement in power conversion

efficiency and reduction in size and weight of the circuit can be promoted.

X IIIiIi"i



| oad short-circuiting. In short, the switching power supply circuit has a
protection function against |oad short-circuiting. Accordingly, with the
swit ching. pply circuit of the present invention, p&Reprdd sity to
insert an ﬁ@&ﬁpﬂﬁﬂ?use or the like in the secondary sidepgutpu?ﬁ§§

el i mnated. Consequently, inprovenent in power conversion efficiency and
reduction in size and wei ght of the ci#duit can be pronoted. WO 01/ 86796
PCT/ JPO0/ 03038 24 In the switching power supply circuit, the_sw tching

el ement can bdnfthe switchingspewerssupply girenit thectwitchimg element ican de formedol ar
transistor, a MOS field effect transistor, an insulated gate bipol ar
transi st dirpmoa Darlingtent civemtitiwibech imbladescmn bipojar transistor,HeMOS fiéld effeatr
conversion efficiency can be further inproved over, for exanple, a single
bi pol ar ttraukidtet, abh ibsulatetligate bipoli tiansistor! bf 4n BRGABStatic didiction Shyristore
present invention, reduction in cost, size, and weight, and inprovenent of

resent i nve | an
char act erfiphid el toneiiin SAIRIGHY A b8 ik RpNoRiFoves! BFRkEHplLh @

power supply ¢ircl s a"voltage resorfance converter on the

Dy <G YighE gt PR g Lvely | o o, The sbove and ot e
con; unct i on. wiBTBRTE R AHRAGRE 50 B BRoRGE Yot P FR oG 7. @hmont <
o1 6 conpVEiEkt IGREF HERAE O CHaFRSteHiRHGH SR A5 PRVET GHEETHEn AEUATRD B

foll ow ng descri % i on and acconpanyi ng draw ng(s), in which:
promoted for a power supply circuit that mcludes a voltage resonance converter on the

primary side and is ready for a compafatively Jow load.

The above and other objects, features and advantages of the present invention
will become apparent from the following description and the appended claims, taken
in conjunction with the accompanying drawings in which like parts or elements

- denoted by like reference symbols.
Brief Description of the Drawings

~ For a more complete understanding of the invention, reference is made to the
following description and accompanying drawing(s), 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 1 is a circuit diagram showi ng a construction of a power supply
circuit to which the present invention is applied; FIG 2 is a perspectlve
Vi ew shovm‘ggog,?‘%g ucture of an orthogonal control transp@t/smbroies®Vi ded in
t he power supply circuit of FIG 1; WO 01/86796 PCT/JP00/03038 25 FIG 3
IS a perspective view showi ng a struc Sre of an insul ating converter
transfornmer provided in the power sup? y circuit of FIG 1; FIGS. 4A and 4B

are circuit di rans illustratin erations of th |n.sulat|n converter
t r ansf or mer gﬁﬁ?ﬁnﬁwameépeshméme wgom&mmﬁtm g % T ngs s

+M and -M respectlvely FIGS. 5A to 5J, are waveform di agrams il lustrating
oper at i otransfompmw q;bmhqpnwgrmpnlmnm FlGpl y circuit of FIG 1;
FIG 6 is a diagrammatic viewillustrating a rel ationship between a

Supply oi1 cu.@f%ﬁe'@@ﬂqﬁé%&“&%ﬁhg. It R s %mn@"w
vt or nPUNEEIER FEE “me' v TS bt B el ihance biaondh s

power supply circuit of FI FIG 9 is a circuit diagram shovm ng a
construcls and M orespec ent ional power supply circuit; and FIGS. 10A
to 10H are waveform di agrams illustrating operations of several

FIGS. 5A to 5] are waveform diagrams i]lustratmg operation of several
components of the power supply circuit of FIG. 1; |
| FIG.6isa diagran?matic view illusiral:ing.a relat_ionshib between a svﬁtéhfng

~ frequency and a secondary éide DC output voltage of the power supply circ_:uit of FIG.

1; .

FIG. 7 | is .a cl:ircuif;fdiagram showing a con__st_ruciion of a conventional power
supply circuit; | |

FIGS. 8A to SC are waveform diagrams ﬂlustranng operations of several
components of the power supply circuit of FIG 7,

FIG.9is a circuit diagram showing a oonstructlon of another conventional
power supply circuit; and |

FIGS. 10A to 10H are waveform diagraths illustrating operations of several

components of the powéf supply circuit of FIG. 9.

Best Mode for Caﬁying Out the Invention

T



conponents of the power supply circuit of FIG 9. Best Mde for Carrying
Qut the Tnvention WO 01/86796 PCT/JP00/03038 26 FIG 1 shows a

cdnstructi Qo gsedoesW t ching power supply ci rcuit 100 in peEPFesBE W th
the present 1nvention. As shown in FIG 1, power supply circuit 100

I ncl udes several conponents in conmon %th t hose of power supply circuits
700 and 900. It is noted that descriptton of such comobn conponents is
omtted herein_to . ayoid redundangcy. Referring to FIG 1, powet ply
circuit 100 i AdGudeshows 8 cengirychion, ofjajswitehig ppveT| ?uMXiQW%WéHi ng
converter of the voltage resonance type which includes a swtching elenent
Q |. A bigscprdance with the presepyinventiont As shown is FX3.ob, powey swipply cirewit 100o| t age
wi t hstandi ng property is adopted for switching elenent Q 1. The base of

swi t chi ngneludex sévethl dompumentsinednimon withithoset of povedr supplycircnits 00 amdot hi ng
capacitor C (rectified snoothed voltage Ei) through a series connection to

a base cuopenit ik ndtdd et desdription difswhdommba cohiponeaisiis bafitte® hegeihtot base
current may be obtained froma rectifier snoothing |ine upon starting.

Furt her, ﬁﬁ&%ﬁ%i rcuit for self-excited oscillation driving

(sel f-excited lon drive circuit) is connected between the base of
switching el ement QL and ground and is forned froma series circuit
connection i n&@ﬁﬁh@b&ﬂﬁgdupwwmmpplﬁmm Hsingludes, B, itssprimoaryrfade 105,
capacitor CB, and a detection drivingw adingNB. Switching element Q 1is
driven f aa selfiexcited gwitching cbriverter of thevolinge resdnance typebwhiehtiheludeé af r om
the self-excited oscillation drive circuit after it is started with a
starting switdhing element Q1. A bipolar transistor (BJT: junction transistor) having a high

voltage withstanding property is adopted for switching element Q1.

The base of switching élement Q1 is connected to the positive electrode of a

* smoothing capacitor Ci (rectified smoothed voltage Ei) through a series connection to
a base current hmmng resistor RB and a starting resistor RS so that base current may-
be obtained from a rectifier smoothing line upon starting. Further, a resonance circuit
for self-excited oscillation driving (self-excited oscillation drive circuit) is connected
between the base of switching element Q1 and ground and is formed from a series
circuit connection including base current limiting resistor RB, a resonance capacitor
CB, and a detection driving winding NB. Switching element Q1 is driven for switching
with drive current applied to the base thereof from the self-excited oscillation drive

circuit after it is started with a starting current.



WD 01/ 86796 PCT/JP00/ 03038 27 A clanp diode DD is interposed between the
base of switching elenment QL and the negative electrode (prinmacy side
ground) of woR@fng capacitors G and fornms a path for pggPRfnsdsy’ I Nt
which flows when switching element Q1 is off. The collector of sw tching
element QL is connected to an end Ofn& wi nding primary N1 of an insulating
converter transfornmer PIT, and the e 27ter of switchi ng elenent QL is

grounded. Consequent|y, .a sw tching output_of sw {ching elenent 1lis
transmtted z&mwm&&ww&m%m&”?@éWMMng i s
connected in parallel between the collector and the emtter of swtching

el enent themegative elestrode (erirmaryeside geauind) of emopthing capagitexs Ciandformpaci t ance

of parallel resonance capacitor Cr and.a | eakage i nductance LI of primary

~ wi ndi ng path fof damper catcreng which/flows when switthingeieniint Q bisfoff. rhie/colledtor :
parallel resonance circuit for voltage resonance switching of the i

SWi { Chi nf aheRRRlg SbmentiO iy edhuiboied et ¢AACSH @ prticy Swhidhg 1 besa, vhen

switching element” QL is off, voltage resonance Operation is obtained by

ggfoggt iresona.ngg@ocapac: P%Lrls%?ﬁteg@ggieaﬁ W%%%Pa pui sgselév\ig\é/{gag? igcgi ne
. DT : 1
sat ur abl BOG8E, COUBRRenEONS St Ophat B ewihina e AGR 01 it g, °

and a Coa;[ rol w Qv(l;lnlﬂg I\HC' |1 ALBI WO 01/86796 PCT/ JP00/ 03038

- A parallel resonance capacitor Cr is connected in parallel between the collector

and the emitter of switching element Q1. Parallel resonance capacitor Cr forms, based
on a capacitance of parallel resonance capacitor Cr a_;ld_a leakage inductance L1 of
.. pnmary winding N1 of insulating converter transformer PIT, a primary side parallel
resonance circuit for voltage resonance switching of the switching element QI.
- Although detailed description is omitted here, when switching element Q1 is off,
voltage resonance operation is thainedby the acﬁon of the para_lle.l resonance circuit
which causes voltage Vcr across resonance capacitor Cr to actually exhibit a pulse

wave of a sine_ waveform.

An orthogonal control transformer PRT, as shown in FIG. 1, is a saturable

reactor including a detection winding ND, driving winding NB, and a control winding
NC.



28 As showni nFig. 2, orthogonal control transforner PRT has athree

di mensi onal core 200 that is fornmed by joining two doubl e channel - shaped
cores 201 npsloriddds €ach having four nagnetic |egs, to eaudypobigdosst the
ends of the nmagnetic |l egs thereof. Detection wi nding ND and driving

wi nding NB are wound in the sanme w ndi rk%e direction around two

predeterm ned magnetic | egs of three @Sensi onal core 200, and control

wi nding NC is wound in_a direction orthogonal to th of detecti opw pndin
ND ang drivi AQShommﬁlg\@wrrhpaonn%cqm@&gﬁeﬁépr@eiBﬁ' afhren D@f )
ort hogonal control transfornmer PRT is interposed in series between the
posi t i ve cotee200 thatis formedby juimng tap donblerch@melshaped ¢ores J0hind202; each  of

i nsul ating converter transforner PIT so that switching output of swtching
el ement Qaving fonemtagdetiedegs tdaiachtdther at thei exgls T tho magrtetiorlegsthereof. ndi ng
NI . In orthogonal control transfornmer PRT, driving winding NB is excited

by a swi Mé&%ﬁ%ﬂhg%ﬁhﬂ?%hﬁ%ﬁ&ihk%%%ﬂﬁn@%%ﬁe tsaite Wihdin,

alternating voltage T's generated 1n driving wnding NB. The alternafing
vol t age i : : ' : kt ed
oaci || at (CHR YR A3 ctodrtified HacfofltIofh of Bre@lindibitsil B J00EHA €, |
vary the | eyel of..a trol ,curnpent.(DC.current upal i e . CONt

wi ndi ng Iﬁ&nﬁ'ﬂ{ @?gwgl?%%‘c%#“%ﬂuﬂggg @ﬁa*e“%a‘t‘ﬁ'a‘ﬂ‘g‘ﬁ?i‘% t age
EO1 inputategd t her et o,. I;N#s noted that control circuit 1 may have such an

i nt er nal Aring winding NJ3. exanpl e, as that of control circuit 9 described
her ei nabove with reference to FIG 9. WO 01/86796 PCT/ JP00/ 03038 u

In this instance, detection winding ND of orthogonal control transformer PRT

is interposed in series between the positive electrode of smoothing capacitor Ci and
primary winding N1 of insulating converter transformer PIT so that switching output
of switching element Q1 is transmitted to detection winding ND through primary
winding N1. In orthogonal control transformer PRT, driving winding NB is excited
by a switching output obtained at detection winding ND so that an alternating voltage
is generated in driving winding NB. The alternating voltage is outputted as a source

of a drive voltage to the self-excited oscillation drive circuit.

A control circuit 1 shown in FIG. 1 operateé to vary the level of a control

current (DC current) supplied to control winding NC in response to the level of a

| 'secondary side DC output voltage E01 inputted thereto. It is noted that control circuit
1 may have such an internal construction, for example, as that of control circuit 9

described hereinabove with reference to FIG. 9.



29 As the level of the control current (DC current) to be supplied. to
control winding NCis varied in response to a variation of the secondary
si de DC oUixiiuseig! t age | evel by the operation of contropceinFomsdss 1,

i nductance LB of driving winding NB wound on orthogonal control
transforner PRT is controllably varie Cbnséhuently, t he resonance
condition of the series resonance cir in the . self- excited

oscillation driv for svmtchln nment |ncI din i nduct ance
LB of drivinds Wﬁﬁgﬂ‘ﬁg Wﬁng (ﬂé‘ Srt&b &’y ‘glhe
switching frequency of svm tch| ng el ement as here| nafter described with
r ef er encavinding|NC ig vazied inhfesporsectoad vsna@mg f the secomdary;side DG PYL si de
DC out put vol tage EO1. Insul ating converter transfornmer PIT of power supply
circuit YoRagelessibytheroperition 6f coutrol cincaitrly imtisctancBILE ofidriving windingy
converter transformer PIT includes an EE- shaped core 300 fornmed fromtwo

E- shaped NBI fpusf1 oanérédgonaldofifrob traisfoitger RRET isalcoatidllsslybivatdd.such
that magnetic pol es thereof are opposed to each other. Primary w nding N1

and Secoﬁﬂﬁ#sé’%m egcﬂﬁoﬂﬁsoﬁm t@lﬁﬁ&l Q%Qﬁéé/ ré¥oRGhdedcidAfY in HeLselpund

separ at el t her on centra magneti c | egs of EE—shaped core

358 E{S'”%%s%%ﬁ#%?héﬁﬁ)ﬁ%cor i‘gﬁ%’ﬁﬂé%ﬁﬁﬁel iiefilid Lhcfinls LBYS ef'w‘iin
3

égﬁhci”zﬁé@r &wﬂ%ﬁ%l“ﬁﬁda%ﬁg ?E?%F%ﬁt% R W@%E&%ﬁﬁ%ﬁfﬁﬁ“ vis

0. G0, | o spipking slem e Obeon Lol gdssoribed with Toferenes to kit 5745

operation acts to stabilize secondary side DC output voltage EO1.

~ Insulating converter transformer PIT of power supply circuit 100 is shown in

~ FIG. 3. Asillustrated in FIG. 3, insulating converter transformer PIT includes an EE-
shaped core 300 formed from two E-shaped cores 301 and 302 made of a ferrite
material and combined such that magnetic poles thereof are opposed to each other.
Primary winding N1 and secondary winding N2 (and another secondary winding N2A)
are wound separately from each other on the central magnetic legs of EE~shaped core
300 using a spht bobbin whose wmdmg portlon is split for a primary side and a

| .secondary side. Accordmg to an embodlment no gap is formed between the central
magnetic legs of E-shaped cores 30_1 and 302. Consequently, suqh a loose coupling
condition that a required saturation condition is obtained is established. Thg coupling

coefficient k is, for example, k =0.90.



30 In this instance, in insulating converter transfornmer PIT, an
alternating voltage is excited in secondary winding N2 in response to a
swi tchi ng oyigiissfogansmtted to primary winding N1 In i gadpbddiess
converter transformer PIT of power supply circuit 100, a tap 1s provided
for secondary wnding N2 as shown in FI.G 1, and the anode of a rectifier
di ode D01 i s connected in series to theé&k ap out put of secondary w ndi ng N2.
The cathode of rectifier diode DO 1 is connected to the positive electrode
of a smoot hi ngln tiaginstanse, indsulating eonverteyansformenRiT; au altemating yoltage)
capacitor CO is connected to ground. In short, rectifier diode DOl and
snoot hi ngicexsatedtinseamdary windingN2 invesponsedtotd §witchingongmit transmitted to ves
an alternating voltage obtained fromthe tap output of secondary w ndi ng
N2 and pepfiatarg windingMle rectification for the alternating voltage to
obtain secondary side DC out put voltage EOl. Secondary side DC out put

voltage EOL is suppljed to a | oad (not ) and al so inputted as the

det ection vol tf&b@sgg“wate"c ?éﬂﬁ\é\?P%’&r Fepnly ¢ieuid 00 atapds | t he
anode of rectifier diode D02 is connected to.a winding starting end of
secondar y Pipided fomezcondary windingIN2 ad shownrin FIG: ileand) ode dfiasrectifierct ed
to the positive-electrode of snoothing capacitor CO2 thereby formng a

hal f - wave diestet DP1 ds comnected in senigsotoethecthp axtyniti off sedondiary Hending N2s e hi ng

capacitor CO 1. The half-wave rectifier circuit formed by rectifier diode

DO | and satbotlbiofgectifiraliods DODid comustiedto the PobitBR/AEctUdE oFPRh8sdasy 31

anot her. secondary side DC output voltage EO2 and supplies it as an

oper at | ng c@patifor C01, and the negative electrode of smoothing capacitor C01 is connected to
ground. In short, rectifier diode D01 and smoothing capacitor C01 form a half-wave
rectifier circuit that receives an alternating voltage obtained from the tap output of
secondary winding N2 and performs half-wave rectification for the alternating voltage
to obtain secondary side DC output voltage EO1. Secondary side DC output voltage
EO1 is supplied to a load (not shown) and also inputted as the detection voltage to

control circuit 1 described hereinabove.

Further, the anode of rectifier diode D02 is connected to a winding starting end
of secondary winding N2 while the cathode of rectifier diode D02 is connected to the
positive electrode of smoothing capacitor C02 thereby forming a half-wave rectifier
circuit composed of rectifier diode D01 and smoothing capacitor COL. The half-wave

rectifier circuit formed by rectifier diode D01 and smoothing capacitor CO1 produces



supply to control circuit. 1. In insulating converter transfornmer PIT shown
in FIG 3, a nutual inductance M between inductance LI of.prinmary w ndi ng
N1 and indwg?m L2 of secondary wi nding N2 may have apypipsgosohd (additive
node: forward system or another value -M (subtractive node: flyback
systen) dependi ng upon the relationshjp between the polarities (w nding
directions) ofprimary w nding N1 and Secondary wi nding N2 and the
connection of rectjfier, digdes DOL, and 2. For exanple, in an operation
wher e t wéw&ﬁxﬁsmsiaa wéﬁﬁ?fg suHslings E0Z sad SeRRles it 333 PRATAHRE BAWEE shown
in FIG 4A nutual inductance Mis +M but in another operation where the
corrponerﬂlpphstamt@lleﬁcutdonnection. configuration as shown in FIG 4B,
mut ual inductance Mis: M In circuit 100, the polarities ofprimzy

V!

pover "Supp! SRR it Ottblodf B LY, biSRB Bl
3 For ¥ fetwen Bxfegedalh of grouey vighnecy) dol tgtinne 2 Rb scrmdary |

capaci tance, of___secondary si de_parall.el resopance, capacjtor . The

par al | e|wmémgﬂa@aa3thamYaluechZacﬁrghmE&dséfqmdmm&n}@rg@ & valee i n
seconda;&w’ nding N2 into a resonance voltage. Consequently, the voltage

r esonancM (mbtaactivemodep Sybacksydtesn) dapeodimgruponghelrelatiaons wegnihe supply

circuit 100 includes a parallel resonance circuit ~iui W 01/86796
PCT/ J POQiddafitiss (3dndipg divedtions)of prinsy windidg NilCnd secomdary minding M2 afd ng

operation of the voltage
the connection of rectifier diodes D01 and D02.

For example, in an operation where the components mentioned assume a
connection configuration as shown in FIG. 4A, mutual inductance M is +M, but in

- another operation where the components assume such a connection configuration as-

- shown in FIG. 4B, mutual inductance M is -M. In circuit 100, the polarities of primary

winding N1 and secondary winding N2 exhibit the additive mode.

Further, in power supply circuit 100, a secdndary side parallel resonance

capacitor C2 is provided for secondary winding N2. Thus, a parallel resonance circuit

- is formed from leakage inductance L2 of secondary winding N2 and capacitance of

secondary side parallel resonance capacitor C2. The parallel resonance circuit

- converts an alternating voltage excited in secondary winding N2 into a resonance

voltage. Consequently, the voltage resonance operation is performed on secondary

side 110. Thus, power supply circuit 100 includes a parallel resonance circuit

oy



resonance type, and another parallel resonance circuit provided on
secondary side and fornmed from secondary w nding N2 and parallel resonance
capaci tor %01:;67363 noted that, in the present specifi capéRipoomsossV t chi ng
converter of a construction including resonance circuits for both of the
primary side and the secondary side in this manner is suitably referred to
as "conposite resonance sw tching conv¥ter". Were secondary

si deparal | el resonance capacitorC2 isprovidedfor secondary w nding N2 in

t he nmanndgrovided rom @iinaryveide 105 don makinguer switching ORFEIEON; jof dhe 1¢oltaggon
rectification operation increases by a resonance operation of the secondary
si de parresdnaince tpenamtanotherparallelrésonancaicipmiitprosidedioasecondary sideandower
supply circuit can be increased. For exanple, power supply circuit 100 can

cope W t Hofmbd Fbnd s¥ddndafy winding N25shdaallél res@iante eapaditog 0. dh ivhoted
secondary side parallel resonance capacitor C2. However, where the |oad

power conglig i | : : + K ggﬁ%rf%w ' 11,4:h80 1S
used as ar{mslét’ %%@ﬁﬁéﬁﬁe&pﬁo@gﬁ%hrgm e paroal e s?igg%%%ﬂelﬁd&g

et or msahutiis SRbpeh BBl of Sy tintaly fi0¢ s e AURany din g iy *\
part!cularl EIGS. 5Ato 5‘E show, operati on eforne a .ifferent.
portions 8 e tg ag; FempPs%geS\Rﬂ%'?Fﬁ% °%Y)%£“rs at maxi mum | oad

power (Pomax = 50 W and AC input voltage VAC is at m ni num AC i nput power
(VACmi n = 80 Wheredborddrpside patallebréséraide € F 00 dedifer seohdarysane
portions as those WO 01/ 86796 PCT/ JPOQ 03038 33 of GS. 5A to 5E but when

the | oad g N2 indthe Sndlindk ggseﬁmdam&egméé’g/e@g%on Badondady Ae 170Ut

voltage VAC I s af ‘a maxi num I nput vol t age
upon rectification operation increases by a resonance operation of the secondary side

parallel resonance circuit, the load power available with the power supply circuit can
be increased. For example, power supply circuit 100 can cope with a load power of
1 W to 50 W as a result of insertion of secondary side parallel resonance capacitor C2.
However, where the load power condition is 1 W or less, such as when power supply
circuit 100 is used as a standby power supply, secondary side parallel resonance

capacitor C2 is not inserted to adjust the load power.

FIGS. 5A to 5] are waveform diagrams illustrating operation of power supply
circuit 100. More particularly, FIGS. 5A to SE show operation waveforms at different
portions of power supply circuit 100 when the load power is at maximum load power
(Pomax = 50 W) and AC input voltage VAC is at minimum AC input power (VACmin
=80 V), and FIGS. 5F to 5J show operation waveforms of the same portions as those



Further, waveforns indicated by broken lines in FIGS. 5B, 5C, 5D and 5E
illustrate operations where secondary side parallel resonance capacitor’
C2.is om_t%%,s%%g waveforns indicated by solid lines ipcihfesnsd® 5C 5D
and S5E illustraté operations where secondary side parallel resonance
capacitor C2 is connected. Since sw \tlégl ng element @ perforns a switching
operation, a resonance voltage Vcr ch appears between the coll ector and
the emtter of switching elenent Q has a waveformwhjch exhibits, as seen
from FI fBIGS5A K0 SEmmeath@mdmmmg at 3 migimug 1 mép {Borgini(Pr
switching. elenent Q is on but exhibits a pulse of a sine waveform during

a peri od=Ti)ffandi AGi mpmnlvoltagw\htﬁlmgtelmaamnmlAGSnpnﬁvoltaget(ﬁéﬁCmaa}. can be

recogni zed by conpari son between resonance voltages Vor illustrated in
FI GS. 5AFafile® waveRansvindivatedoby brken lings s FIGS. IB) 5@,@519 and 5B ifnstrateal ue
when the load power . is at mninmmload power (Pom n 0) and AC i nput

I I h
lvgafjagg Xﬁé}as 8gi§‘bvhei@ aﬁpsid%geﬁw;aﬂél rodciRmty dapRvitor CB% Uniftédn THeen t he

maxi rmm oad Pomax = 50° W and AC i nput vol tage i
VAC i s al _nig '

¥$$1 Y) Qﬂs&ep%%q | t age
control OB&ra ?nﬁggtep EBH a ove rge%’g%(gos Co Pector curreéent %E% whi ch.
flows to the collector chin el ement exhibl.ts. a waveform such
that it secgndsty sidg P@?Wsirea?n %W@H&g ﬁf?’@é%a‘ipcw JPOO 03038 34
element Q during period TON but exhibits the zero | evel during peri od
TOFF, as shoSack nswitdhing 2heraatt QOF. pérforiyes , svavdhiing iopgration) at resonamoet

which flows through primary winding Ni, has a formof alternating current
cor r espoygiriieh V&bﬁhﬁﬂtabﬁééﬁé befveen the collector and the emitter of switching element

Q1 has a waveform which exhibits, as seen from FIG. 5A or 5F, the zero level during
a period TON within which switching element Q1 is on but exhibits a pulse of a sine

waveform during a period TOFF within which switching element Q1 is off. Further,

- as caﬁ be recognized by comparison between resonance voltages Ver illustrated in

_ FIGS. 5A and 5F, the switching frequency is controlled to a higher value when the load

power is at minimum load power (Pomin = 0) and AC input voltage VAC is at

maximum AC input voltage (VACmax = 288 V) than when the load power is at

- maximum load power (Pomax =50W) and AC _inp_ut_ voltage VAC is at minimum AC

.input pov_ver. (VACmin =80 V) by the constant voltage control operation described
above. |

Thereupon, collector cuﬁent Icp which flows to the collector of switching

element Q1 exhibits a waveform such that it flows to the collector of switching

T



a switching frequency and has a waveform proximate to a sine wave by an
action of the primary side parallel resonance. circuit. The rectification
operation Qfo §h&sdary side 110 of power supply circuit 1f8resnses additive
node (forward system, as described herei nabove with reference to FIG 4.
It is illustrated as an operation wherg rectifier diodes DOl and D02 are
rendered conducting and rectificati ordurrent 12 flows substantiall y
corresponding to period TON during which sw tcHi neg el enent , is_on, as

shown i n clenzsnt @ dugmgperiodVEQN bnt exhibits, theozera dgvel idysing-periadTOFEs apance

voltage V2 generated in the secondary side parallel resonance circuit
exhi bi t s showaninFIGH. SBcand 5Gt Funthen, svetching eutput cansent, which-flowpirongh
non-conducting (of), it is a negative sine wave, but when rectifier diodes

DO 1 and.prmagaﬁimdmgwmphwwfc(rmbf alidrnatinghuargt donespondinembistaafiallg tout put
vol tage EO (EO1 or EO2) with positive polarity. It is noted that, where

paral | el J Q3REEAE BAGY it hésa Wavefdm ito Wik Whte by aRGcHEMRF | S at

maxi nrum | oad power PomaX 1s (Pomax = 50 and AC input voltage VAC is at

m ni num ' L Lh o2 he switching operation waveforns
Al peilry RIS a6 T foranB0 it

(lop, 11, vary as shown by the broken |ine waveforns of
FIGS. 5B to 5E. WD 01/86796 PCT/JP00/ 03038 35 As can be recognized from
t he for egoi ng Thesectification operation ofigerondanyi sidei1 10 6 powies sipplyreitcuit 160
-conposite resonance switching converter which includes a voltage

r esonanc €is an additive mddefadwaed systaalas desaibedtiekgingboveiwititrefrenes toFIG. si de

105 and a parallel resonance circuit and a half wave rectifier circuit
provi ded pnyseswRstAtYd 8k R operation where rectifier diodes DO1 and D02 are rendered
conducting and rectification current I2 flows substantially corresponding to period
- TON during which switching element Q1 is on, as shown in FIGS. 5E and 5J.
Meanwhile, a secondary side parallel resonance voltage V2 generated in the secondary
side parallel resonance circuit exhibits a waveform such that, when rectifier diodes
D01 and D02 are non-conducting (off), it is a negative sine wave, but when rectifier

diodes D01 and D02 are conducting (on), it is clamped at the level of DC output
voltage EO (E01 or E02) with positive polarity.

It is noted that, where parallel resonance capacitor C2 is not inserted, when the
load power is at maximum load power Pomax is (Pomax = 50 W) and AC input
voltage VAC is at minimum AC input power VACmin = 80 V, the switching operation
waveforms (Icp, 11, 11, V2 and 12) vary as shown by the broken line waveforms of
FIGS. 5B to SE. |



110. FIG 6 illustrates a relationship between a switching frequency fs and
secondary side DC output voltage EO (EO01) in power supply circuit 100. In
FIG 6, thgowtiss9ef abscissa indicates the switching frpapsmoesasd t he
axis of ordinate indicates the level of secondary side DC output voltage
EO. As can be seen fromresonance curggs i ndi cated by solid lines, with
power supply circuit 100, for exanple; in order to stabilize secondary
si-de DC output voltage EO | _at esired | evel .(for exanpl.e,.approxi mately
5'V) against As Ganbertoemaed e the forespmz desCrption, Jwer STRPL kst 100
vol tageVAC, swi tching frequency fs is controlled to be wthin a_range from
100 KHz iscfopmed iasa composite resongaceswitching gonverter which inshudes g,valtagap| e,
where power supply circuit 700 is used, in order to convert secondary side
DC out putesendricegenizérter (pacalle]l cesonamce civomit) puevidedion pirinayy sidectifeand af s
shoul d be controlled to be within the range, for exanple, from25 KHz to
250 KHz paraHel reodahiod Qirehit 488 a hkfwavsrecifier difvrdt frevied dnaecondany sideason
that the control range of switching frequency fs iIs reduced for power
supply cijguit 100 will now be descrmbed. Trial WO 01/86996 PCT/JP00/ 03038
36 In power supply circuit 100, the constant voltage controlling action is
provided by controllably varying sw tching frequency of sw tching el enent
QL by an operBEiG.@énllustrateswrelationskipbetweenaswitehing Gequengy & B‘%@Vem
conposed of control circuit i and orthogonal control transformer PRT as
descri begids @@ ioagpm weltagh ES (Et) it powerisupply circuit 100. In FIG. 6, the axis of

abscissa indicates the switching frequency and the axis of ordinate indicates the level -

of secondary side DC output voltage EO.

As can be seen from resonance curves indicated by solid lines, with power

supply circuit 100, for example, in order to stabilize secondary side DC output voltage

. EO01 at a desired level (for example, approximately 5 V) against a variation of the load

or a variation of AC input voltageVAC, switching frequency fs is controlled to be
within a range from 100 KHz to 200 KHz (i.e., a range of 100 KHz).

In contrast, for example, where power supply circuit 700 is used, in order to
convert secondary side DC output voltage E01 into a constant voltage, switching
frequency fs should be controlled to be within the rahge, for example, from 25 KHz
to 250 KHz (i.., a range of 225 KHz), as described hereinabove.

The reason that the control range of switching frequency fsis reduced for power

supply circuit 100 will now be described.

"
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il lustrated also inFIGS. 5Ato 5J. Forexanple, as canbe recognized from
conpari son between the waveforns (Vcr and |op) of FIGS. 5A and 5B and

FI GS. 5F argg s order to vary the sw tching frequencyerpseRiessuprp! y
circuit 100 controllably varies period TON during which swtching el enent
QI is on while period TOFF during ngg switching element Q is off is
kept fixed. In other words, it can be nsi dered that, as constant voltage
controlling operation of power supply circuit 100, it _operates to ,

control | ably Vappwersupply ciramit 406, thg genstont voltage controlling sghien s previdgdc e
control for the switching output, and to sinultaneously performcontinuity
angl e corby aint(odiably varyingswitohing frequeéncypfewitching shtment Q1 byan operagioper i od.
This conposite controlling operation is realized by a single control

circuit syftherdonétabtebltage sditroliieg titouil spstem\6dmposed df Yohtrolbikrait hand
operation waveforns shown in FIGS. 5F and 5G correspond, period TON

decr easesoﬂﬁbg?ﬁap Qﬁﬁ@oﬁ]&aﬁlﬁm&mwgieﬁéﬂ%@ﬁﬁﬁ&aw%.% @e&eﬁoﬁ R0 W
t . BA an

and VAC = 80 to whic he operation wavefornms shown in Fl d 5B
Flove. | nibupfRRI BRI IS, SARES), Yor SR by SRR Hocinitl Bl cobiparllBny’ | ¢
4C t o't harethpon e wetomnh s and e IR, 74 B BB eI ¥ o3 g o
e

paral |l el resonance. frequency fo2 ofthe secondary side, aar al | el resonance

circuit .period TONswring whishswitshing efemaentdtis ongv. 1g which

exanpl e, ifthe inductances andthe capacitances are sel ected sothatparall el
r esonanceswitching element Q1 is off'is kept fixed. In other words, it can be considered that, as

constant voltage controlling operation of power supply circuit 100, it operates to
controllably vary the switching frequency to effect resonance impedance control for
the switching output, and to simultaneously perform continuity angle control (PWM
control) of switching element Q1 in a switching period. This composite controlling

operation is realized by a single control circuit system.

Actually; when Pomin =0 and VAC = 288 V to which the operation waveforms
shown in FIGS. S5F and 5G correspond, period TON decreases in response to the
switching frequency from when Pomax = 50 W and VAC = 80 V to which the
operation waveforms shown in FIGS. 5A and 5B correspond. Consequently, also the
current amount of current I1, which flows into the voltage resonance converter from
smoothing capacitor Ci is limited as can be seen from a transition of current 11 from

that of FIG. 4C to that of FIG. 4H. Consequently, the control sensitivity is improved.
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y foX and parallel resonance frequency fo2 nmaybe equal to each
or around 80 KHz, as shown in FIG 6, then an operation that the
e wpemages ofthe two parallel resonance cir cuigegsdsgsgnt rol | ed
eously to controllably vary the secondary side output voltage is
by the swi tching frequency c% rol operation (constant voltage
s operation also inproves the

sensitivity sianjfjcant By inproying the control sensitivity in
er. dei’eﬂh dn eé @a{'&hmmea ofol; af the pamary siseed” wi

operation) described above.

pply circuit 100. Consequently, the variation wdth of the

parallslresaaancesircu and a peradlelresonansedraquency f2 ofthesssondary sider
supply circuits 700 and 900. A pul se obtained as resonance vol tage Vcr,

i | | ust r atparhliehrésbfamceiiruitsFith vespbeirto switching ffeghéndysfsaenshiowre dHbreg fotse t he
e of the parallel resonance circuit on the primary side of the

vol tage eRe@pR)ERhEMdDICIan0Es Aitthe U@H&tﬁéds'&?&éelé&édﬁﬁﬂatﬁa&ﬁléltésbﬁﬂm‘é‘mm hed

Ei. Alevel Lvcr of the pu se of resonance voltage Vcr is

tﬂ%@:}%?j(%ﬁoaé@ﬁélééré ere %ﬁgls t e rectl?le%lﬁl %ﬁé%ﬁge

oA 0 R e il A o AR of ool R edopn a1
D Bt oS i 8 e ST 65,

the secondary side output voltage is obtained by the switching frequency control
operation (constant voltage control operation) described above. This operation also

improves the control sensitivity significantly.

By improving the control sensitivity in the manner described above, the

- substantial control range is expanded with power supply circuit 100. Consequently,

the variation width of the switching frequency can be reduced when compared with

those in power supply circuits 700 and 900.

A pulse obtained as resonance voltage Vcr, illustrated in FIG. 5A or 5F, within
period TOFF is generated because the impedance of the parallel resonance circuit on
the primary side of the voltage resonance converter acts upon DC input voltage
(rectified smoothed voltage) Ei. A level Lvcr of the pulse of resonance voltage Ver

is represented by

Lver =Ei{1 + (z /2)(TON/ TOFF)} ... (1)



V and AC 200 V as commercial AC power supplies. VWWere AC 100 V (VAC = 80 V)
i s used, DC input voltage (rectified snoothed voltage) E is 110 V, and

where AC 2 C =288 V) is used, DCinput voltage (p&fidobbfss Snoot hed
vol t age) EIQPOO]YSI&XA Thus,. DC i nput vol tage (rectif.ied snoothed voltage)

Ei for AC 200V varies within a range approximately 3.6 tinmes that of DC
I nput voltage (rectified snoothed vol t%ge) E for AC 100V. As descri bed
above, the constant voltage.control of power su(gﬁay circuit 100 varies the

swi t chi ngvheretiumw@pﬁgdrsmcmthesbmlmgaﬂw andbiQN aregmarengths

switching elenment QL is on while period TOFF during which sw tching el enent
QL is ofofanefiepiodidndan on periotivithimonesyitching patiodgbswitching eleirent 1,
operates such that, as DC input voltage (rectified snoothed voltage) Ei
increase&esﬂgcﬁdgg_reases period TON as nuch. If this operation is nmade to
correspond ‘to expression (1) given hereinabove, even if rectified snoothed
vol tage Ei for AC 200 V has a variation w dth of 3@3 times, that for AC 100
V, level Lvcr lopasssmanddhre thas powgesupply esemst HY isused eommanty withg¥r 100n  to

ariseinrectified snoothed voltage Ei, but the r|S|n§0rat|o I S

suppr ess&d andAQ200 Y, aswondieR Sl HKC powed Agplies0 ¥thae ACI0G¥(VACsRIFVES. 5A
and 5F, when. AC input voltage VAC varies fromVAC = 80 V to VAC = 288 V

(that is,isused, XC mpuotoleage (i'éctiﬁedrmmdtbeﬂ voltdgeyBeisHil), V) andsvhdre AAC 200
resonance vol tage Vcr varies from Lvcr 550 Vp to Lvcr = 715 Vp. Thus, the

i ncreasi ng (Val@ £ 288 V¥ ﬁbed-\D(D m[ﬁlt%ﬁag@ﬁ'é@liﬁéd)sﬂﬁah@d voRagd) Eils 400 MTES.
Therefore, for swtching el enent QL and parallel resonance capacitor C to
which a pHLRepR input voltage (rectified smoothed voltage) Ei for AC 200V varies within a

range approximately 3.6 times that of DC input voltage (rectified smoothed voltage)

Ei for AC 100V,

As described above; the constant voltage control of power supply circuit 100

- varies the switching frequency by controllably varying period TON during v&hich
switching element Q1 is on while period TOFF during which switching element Q1 is
offis kept fixed. In other words, the voltage supply circuit operates such that, as DC
input voltage (rectified smoothed voltage) Ei increases, it decreases period TON as

much.

If this operation is made to correspond to expression (1) given hereinabove,
even if rectified smoothed voltage Ei for AC 200 V has a variation width of 3.6 times
that for AC 100 V, level Lver of resonance voltage Ver does not increase in proportion

to arise in rectified smoothed voltage Ei, but the rising ratio is suppressed. Actually,



resonance voltage Vcr is applied, a device having a voltage w thstanding
property against, for exanple, 900 V may be selectively used.
Consequent {gh o1akrok NEXPENSi ve devi ce can be sel ectively peegpdomsossw t ching
el ement QL and parallel resonance capacitor Cr. Particularly for swtching
element @ which is a bipolar transi s#gr, a device which has better
characteristics in regard to the saturéation voltage VCE(SAT), storage tine

tSTG fall tine if rrent anpl | fi Lon fagtor NEE, and,so ri h,gan be
sel ect i va$ jeenstsem E‘IQ%J@ apd hWilﬁ%@ MV%VQ&V@W%Q%& ol

w nding NC, detection wnding ND and driving w nding NB of orthogonal
control Wrten€AGr 788 AR(thet isyvatiation of rpefiied smeethed ypitags Eijlsvel byof: he
managenent of parts and the process of production are sinplified and the
product i pesopdidecveltape Ver ivarienfieth Livor £h&50dpeto Evare Plsndip. s Thps.ythei r cui t
100 includes the secondary side parallel resonance circuit, a state

wher ei N SREQHRS Mtid it Lt 18 uphressedne approxiragrely/P 3itinesp Theteferd, faan. be
obtai ned by a parallel -resonance operation of the secondary side parallel

e/ 3 P00 BIRREJRERE Q1 n Tarflll fesnidld e e S P ol Tage E01
Or 0P, 1 esoBRRIT et St el vt il SIRES Wil pralhr Y,
that. up@FRPHs PrmamPer T0.Y dhigbe SBrtvrg el Cotsedueint MdbEAfbSHe 51070
cireutt _ :cLlexiri%e scr;gréé %la egtli\iretﬂ?rdusséa itoiJ astvviéctt]nfnngle%J_r__r'ce(ﬂ a%ap[%rbﬁéi lte%onance .
capacitor Cr. Particularly for switching element Q1 which is a bipolar transistor, a
device Which has better characteﬁstics in regard to the saturation voltage VCE(SAT),
storage time tSTG, fall time tf, current amplification factor hFE, and so forth can be
selectively used. | |
Further if the same wire material is used for control winding NC, detection
winding ND, and driving winding NB of orthogonal contrél transformer PRT provided -
in power supply .circuit 100, tht?n :the management of parts and the process of
production are éimpliﬁed and thé production efficiency is improved.
Furthermore, since power supply circuit 100 includes the secondary side parallel
resonance circuit, a state wherem secondary side parallel resonance voltage V2 is
produced can.be obtained by a. parallel resonance operaﬁon of the secpndaly side

parallel resonance circuit even if load short-circuiting occurs.



control wi nding NC of orthogonal. control transformer PRT is maintained to
prevent a drop in the switching frequency. As a result, an increase of the

prinmary sidgoffskdg resonance current 11 and the col | ect Gior@pbdis | CP
which flows to the collector of switching elenent QL is suppresseciz and,

t hus, thernorunaway of switching element, Qi is prevented. In short, power
supply circuit 100 has a | oad short-ci Ay t ng preventing function therein
and can continue its stable_sw tching, operation. even upon |oad short-
circuiting. @%%F@OWWWFWCQQQWWME% dropesfor pxampled f or
a protection agart such as an IC link fuse. In an experinment for testing

t he per f otork® e fiom 15\ rwhich pay océ¢uradiringl odlinaxy opevationg supply of secaidary i ency

of approxi mately 90% was obt ai ned when | oad power Po was Pomax = 50 Wand

AC input sidetoagput\WAsitageE0465 colédl irciiftdncdrobelmpimeined Patitg Sp&iwett supplt0 W
and AC i nput voltage VAC was VAC = 240 V, a power conversion efficiency of

appr oxi bt SR 1 Gomithl duckl 1, vphf RAAYHOIFSHonife ' gp;r%@ggow

conversion efficiency of power supply Circuit 100, pa 86796
exchi bi s Sxiicaticn M Ebror trcbis RANRLGitcrch A0 MR VI Loty RMRR 0., o
Cel  -exci PSRRI NCBE ol Ghonil Kol 608 PR E i mped 26 befiemt 105
o7, BB VA e
oscillation drive circujt so that_the swtching elenent of a voltage

resonance current I1 and the collector current Icp which flows to the collector of

switching element Q1 is suppressed and, thus, thermorunaway of switching element

Q1 is prevented.

In short, power supply circuit 100 has a load short-circuiting preventing
function therein and can continue its stable switching operation even upon load short-

circuiting. Consequently, power supply circuit 100 eliminates theneed for a protection
-part such as an IC link fuse.

In an experiment for testing the performance of power supply circuit 100, a
power conversion efficiency of approximately 90% was obtained when load power Po
was Pomax =50 W and AC input voltage VAC was VAC =100 V. When load power
Po was Pomin = 10 W and AC input voltage VAC was VAC = 240 V, a power
conversion efficiency of approximately 80% was obtained. Thus, the experiment

shows that the power conversion efficiency of power supply circuit 100, particularly



resonance converter is driven by the oscillation drive circuit. In this

i nstance, as constant voltage control, a drive signal waveform produced ° by
the oscil l\ghigpBsdg i ve circuit is controllably varied in pefpaRé O
secondary side output voltage level EO1. In the control, the driving

si gnal waveform maybe produced such éfat period TOFF during which,
swtching elenent is off is fixed, whereas period TON during which

switching ele i,s on is decreased in response to.a rise of secondary
si de out%ﬁev’g;t%éé ROWA| 13g49¢ Mg leéﬁi-tﬂo&ef:j E%hlg%!%@@rmﬁywp?suppl y
circuit 100 operates simlarly as described herei nabove with reference to

FI GS. 5/eppsoxigmtely200s over alternativapawen supphetitcuit§ch a separat ed excited
construction as just described is adopted, orthogonal control transforner

o e 0 A S,
L e A D SRR RSB B

Darlington connectiqQp. ,AlsqQ it,is possible to .. in plage of .the single

bi pol ar Wndumgmﬁmi@wmmg@szfme%@nﬁimﬁm mrp}thaaantET (MOS
field effect transjistor; netal oxide film sem conductor), an | GBT

(i nsul atafithgael-exciied ascillations dave circwit sethat the switching elemant of aveltegs on
thyristor). Where the Darlington circuit or one of the devices nentioned
above i sessmnhcasonvertertis dgiveh byihe osgillatiomdrve eifdiit:i ency can be achi eved.
Where any of the devices is used as switching el enent QL, though not shown,
e constr uct o ekl 38 bl veithbo EHirdlh &8 g v rmBrolihd e

by the oscillation drive circuit is controllably varied in response to secondary side

output voltage level EO1. In the control, the driving signal waveform niay be produced -
such that period TOFF during which switching element is offis fixed, whereas period
TON during which switching element is on is decreased in response to a rise of

~ secondary side output voltage level E01. By the control just described, power supply
circuit 100 operates similarly as described hereinabove with reference to FIGS. 5A to
5J. Itis tobe noted that, where such a separated excited construction as just described

is adopted, orthogonal control transformer PRT is omitted.
Further, where the separately excited construction described above is adopted,
it is possible to adopt, in place-of the single bipolar transistor (BJT) as switching

~ element Q1, a Darlington circuit wherein two bipolar transistors (BJT) are connected

in a Darlington connection. Also jtis possible to use, in place of the single bipolar
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as to satisfy a characteristic of the device to be actually adopted in
pl ace of the BJT. For exanple, if a MOSFET is used as switching el enent

QL, then tReodimkesss Circuit for ~switching element Q1 mayp@fykieesiss uct ed
such that it drives switching element Q1 in a separately excited manner.

It wll thus be seen that the objects t forth above, anong those nade
apparent- fromthe preceding descripti®n, are efficiently attai ned and,
because certain changes _may be made ip .the_construgtion(s), set, forth

wi t hout deansistom ¢BF L brat MOSBET; (MO§ fi opteck t{%lwvwz% oxide ﬁm
intended that all matter contained in the above description and shown in
t he accomemigondpcthr)im FSBIhansulatedi gate bipolarcuansistor) orsa SATi(electrostaict i n

alimting sense. It is also to be understood that the following clains are

i nt ended jh@netiviethyristor)f Whére the Durlingtoncironitosrfone éftheulevices tmértioned
I nvention herein described and all statenents of the scope of the

i nventio | e@asasvﬁ%mﬁ% u REEdibndecairtbdladifleded. |  therein.
WO 01/ 86796 P(Ciiél]'}l?] POO 03038 %mlllérlllgl%lt’%ermpl i cabili t? Aiug ‘(tjeeascri bed above,
a switching power supply circuit according to the present invention

i ncl udes an i NWhees anyofdbe devices istused a8 spntshing plempnt Q15 honghnpyshowr e
with no gap and a primary and secondary w ndi ng wound on the core such

t hat the thetconstrustiotuaf theadriveativomitnfor switching elementeQh iviould bemmodifiietlisoe
node. A half-wave rectifier «circuit is provided on the secondary side of

t he circuadtodatdsfad Elnirastetisticof thel devidenio beogrtially aopted inhglacslof thevBITode to
obtain a secondary side DC output voltage. In a
For example, if a MOSFET is used as switching element Q1, then the drive circuit for
switching element Q1 may be constructed such that it drives switching element Q1 in

a separately excited manner.

It will thus be seen that the objects set forth above, among those made apparent
from the preceding description, are efficiently attained and, becanse certain changes
may be made in the construction(s) set forth without departing from the spirit and
scope of the invention, it is intended that all matter contained in the above description
and shown in the accompanying drawings shall be interpreted as illustrative and not
in a limiting sense.

It is also to be understood that the following claims are intended to cover all of
the generic and specific features of the invention herein described and all statements

~ of the scope of the invention which, as a matter of language, migﬁt be said to fall

therein.



constant voltage control circuit systemfor stabilizing the secondary side
out put voltage, the switching frequency of a switching elenent is varied
in responsgoleiAg secondary side output voltage |evel pepsnbsas the
resonance |rrpe(§ance of a primary side parallel resonance circuit and the
continuity angl.e of the switching el epent conpositely. Thus, the sw tching
power supply circuit which is small, 4 ghtwei ght, and highly efficient in
power conversion can be provided. WO 01/86796 PCT/JP00/ 03035 44 Clains 1.
A swi t chindystoiahdpplcalility circuit, conprising: a snoothing rectifier for
receiving an AC power supply, producing-and outputting rectified snoothed

DC i nput volt L vels - : ' fitse cegql'-ng y;, an

i nsul ati ng co‘ﬁ%gers{agpbgrg‘gﬁgé’%rsﬁ%r Eéﬁ%‘g&aﬁgglgl éeHs.cst&core 0 &%‘g{e I ﬁﬁ% a
predet er;mined coupling effijciency. an i nmry W A - dary

wi ndi ng W@ﬁ%?%mmﬁﬁﬁgﬁﬁﬁﬁgﬁﬁyﬁeggg?? Pgeg&%ﬂé)er ation
node is provided; g switching gircuit, . for s 't-crgji%‘gl t he i nput yoltage on
and of f BhgeRaady PIMALY an ée@aﬁﬁ%wdmwagg P8 3@&?‘5&%%%‘}% of
said insulating converter transforper, thereby creating an alterpating

vol t age imlustance betweaeuthy windumigs exbibits ancadditve modeg Adsllywaye pectifier

transforner; a primary side parallel resonance circuit formed froma

| eakage ¢irehitisgroeided mmptheesecondaryside of thesiscuiti and peyformssarestifiegtiont i ng

converter transformer and a capacitance of a parallel resonance capacitor
for opergpérafios i thesadditié hepdei tocebtaini srsecondary side DC output voltage. Ina

constant voltage control clrcult system for stabilizing the secondary side output
voltage, the switching frequency of a switching element is varied in response to the
secondary side output voltage level to control the resonance impedance of a primary
side parallel resonance circuit a_nd_ the continuity angle of the switching element
compositely. Thus, the switching power supply circuit which is small, lightweight, and

highly efficient in power conversion can be provided. |
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vol t age resonance type operation; a DC output voltage circuit for receiving
the alternating voltage at said secondary wi nding of said insulating
converter tvpag?g&,%smar and performng a hal f- wave rectifipef/stosast he
alternating voltage to produce a secondary side DC output "TITITI"TI111
Lrere el i it €L MS W 01/86796, PCT/ JPOO 03038 45 vol tage having a
| evel substantially equal to that of t4t rectified snoothed DC i nput

vol tage; and a constant voltage control circuit for varying a.: swtching
frequency of said switching circuit Glaimsesponse to a level of the
secondary side DC output voltage to control a resonance inpedance of said

primary side r gl b GUL L EV.. a continuity angle of
said switchi nggc‘fgrs%ﬁcpi%&%&f%pglé{ orn?’%%ﬁ?@lﬂvg'vol tage control of the
secondary side DC output voltage. 2. A switching power supply circuit
according to a smoothing wettifier forreceiving am AE cpowear supplyle produeing land
resonance capacitor connected in parallel to said secondary w nding of
sai d i nsuhaphttigGeified ahobthed DO it voRadd indvisg 8 Ryehepial teihdeoPtieACe!
resonance circuit is formed froma’'l eakage i nductance conponent of said
secondary, oﬁ&éﬂ%ﬁﬂ/'m said insulating converter transfornmer and a
capaci tance of d secondary side parallel resonance capacitor in order
to satisfy a |oad power condition higher than a predeternmned level. 3. A
swi t chi ng powean insplatingcconygrter svansfariney having ai gaplesswenareefon obtaining a

predetermined coupling efficiency and a primary winding and a secondary winding

wound on said core with polarities such that an additive operation mode is provided;

a switching circuit for switching the DC input voltage on and off and outputting
the switched voltage to said pn’méry winding of said insulating converter transformer,
thereby creating an alternating voltage at said secondary winding of said insulating

converter transformer;

a primary side paralle]l resonance circuit formed from a leakage inductance
component of said primary winding of said insulating converter transformer and a
capacitance of a parallel resonance capacitor for operating said switching circuit in a

voltage resonance type operation;

a DC output voltage circuit for receiving the alternating voltage at said
secondary winding of said insulating converter transformer and performing a half-

wave rectification on the alternating voltage to produce a secondary side DC output

_—

A



said constant voltage control circuit conprises an orthogonal control
transforner as a saturable reactor having a detection w nding and a driving
winding ceyegdend i N series to said primary winding of Sgirfpéoisessat i Ng
converter transformer and a control w nding whose winding direction is
orthogonal to those of said detection,w nding and said driving w ndi ng,
and controllably varies the swtchi ng4T5requency by I 1rrrril rrerrr rennl

[T |1 1/ PCT/ JR00103038 46 .varying a
cont ol valtRgskavag alfve 1@%?@&‘&&%“2 i oF 64 moptied DGARRRE
secondary _side DC output voltage so as to vary an inductance of said

driving Wlmg,ndsai d switching circuit conprises a series resonance
circuit formed froma series connection of at least said driving w nding

Sel 1 oxci ol couRARF bbftheo Bledl UltuR R RBE ARG SrodSebe BRSRRP ' °°
I f d f d
Cer os. r SUURBRESTRICE %@%Wf ek e Formrdactside, D R VAl 91 ng 1 o

claim 3, whereln sald det [ wi.ndj ng and sai.d driving winding are

f or med fpm#?er%mcpme ﬁ&?ﬁal d primagy side parails] reganance sEewbAnd VY| ng. 5.
A swi t ching power suppl CI rcw t according to claim1, wherein said

swi t chi ng contipuity angle| takying eirenitseasto parfarm canstant yoltage oentreli vi ng
said switching circuit |n a separatel y excited:manner, and said constant
vol tage of the secondaryside DC output voltage '

2. A switching power supply circuit accordmg to claim 1, further comprising
a secondary side parallel resonance capacitor connected in parallel to said secondary
Windjng of said insulaﬁhé converter transformer so that a secondaxy' side parallel
resonance circuit is formed from a leakage inductance component of said secondary
wmdmg of said msulatmg converter transformer and a capacltance of said secondary
side parallel resonance capacltor in order to satisfy a load power condition higher than

a predetermined level.

3. A switching po_#ver supply circuit according t_o claim 1, wherein

said constant vo_ltage control circuit compﬁses an orthogonal control
transformer as a saturable reactor having a detection winding and a driving winding
connected in series to sa1d perary winding of said insjilating converter transformer
and a control winding W_liose wmdmg direction is ortho go_ﬁal to those of said detection

winding and said dnvmg wmdmg, and conﬁ'ollably varies the switching freqﬁency by

AR T
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control |l ably varies an on period of said swtching circuit while keeping an

off period of said switching circuit fixed in response to a |evel of the

secondary sy¢leydemeout put voltage to controllably vary thecewebtedessg
frequency. 6. A switching power supply circuit according to claima1,

wherein said switching circuit conprises a Darlington circuit, which
I ncl udes a bipolar transistor. 7. A sWtching power supply circuit
according tq claim

, wherein.said .,swtgchi,ng circuit . .co L ses a fiel
Sftoct t VaRdngs opRolonfkent 1A S Cortrol AR B SosBRARRIO BASRIDEEP SeRtdary / o

swi t chi ng, power supply circuit accordjng to claim/, L wherein said
swi t chi ngide PE gty &9 ag to vasammdyctgace ob pasd | dxiving windmg,or - 9.

swi tching power supply circuit according to claim1l1, wherein said
switching cir gttt ' . 184 deSondiid Cirkci ' .
YIAREARRARER F@P%fﬁt@ﬂﬁ@ﬁﬁ%&ﬁﬂﬁﬁé} Egﬁﬁffg‘? . fortléd ftbfifa series
connection of at least said driving winding and a resonance capacitor, and
said power supply circuit further comprises a self-excited oscillation drive
circuit for driving said switching circuit in a self-excited manner in response to a

resonance output of said series resonance circuit.

4. A switching power supply circuit according to claim 3, wherein said
detection winding and said driving winding are formed from the same type of material

as used for said control winding.

5. A switching power supply circuit according to claim 1, wherein said
switching circuit includes a separately excited drive circnit for driving said switching
circuit in a separately excited manner, and said constant voltage control circuit
controllably varies an on period of said switching circuit while keeping an off period
of said switching circuit fixed in response to a level of the secondary side DC output

voltage to controllably vary the switching frequency.

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

switching circuit comprises a Darlington circuit, which includes a bipolar transistor.

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

switching circuit comprises a MOS field effect transistor.

-_
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8. A switching power supply circuit according to claim 1, wherein said
switching circuit comprises an insulated gate bipolar transistor.
9. A switching power supply circuit according to claim 1, wherein said

switching circuit comprises an electrostatic induction thyristor.
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