, "_e3eSP\ (H6~T6< ~ Switching Power Supply Field of the Invention

decr ease zing switching |l oss under |ow | oad. Background of

t he i nvention a circuit diagramof a swtching power supply of
this type in HeQYT dance with a conventional techni que. In FIG 4, switching
el ement 310 swi tches and convert s IlScriptioh vol t ages into AC vol tages and
provi des stabl e out put voltages via output transforner 360 to the secondary
si de of SwitehingdPeter Bapply60. Pul se wi dth nodul ation (PVMcircuit 320
controls the OV OFF state of switching el enent 310 according to a feedback
anount obtai ned by the detection of @ﬂ"mwmm,mmg Qut put vol t age
detection circuit 330 detects output eds a signal back to the
primary FielkoPthedIngeatiohnmer 360 so that uke&sout put vol tages are decreased
when they are above a predeterm ned val ue and the output voltages are

i ncreased wheThishRieatRnbeblavest b8 PRFRhFIPIRbrVaiply Ehalbetdteal By 340 is
provi ded for the above-nentioned feedback purpose and transmts t he” si gnal

obt ai nedmfininizRiE Pt da@bARI SndRERGEAGN Whér Ulohd3Powep B Wceldfealll 1320 on
the primary side. Frequency variable oscillation circuit 350 changes

osci | | athﬁbmgqgggﬁgamowoggedback current so that the
oscillation frequenci es decrease at | oad power bel ow a predeterm ned val ue
-and they increase at | oad power above the predeterm ned value. The ,primary
side .of transformer 360 is connected to power supply 370. Connect ed to the
~ 2 J U Bade8l3 uﬁaqﬂ@gggﬁvéﬁ of transformer 360 are rectifier diode 380,
rectifying capacitor | oad 400. The conventional switching power

supply confi OpIGd &y Q&&cﬁﬁ’lﬁéﬁfahgg’gtgﬁﬁg%%;)gﬂ?ﬁ df%histr\ﬁi)é%ﬁ' ng or

decreasing them accor Ing tot changes in
out put v i‘ﬂ% RAVROr bel ow the predet erm ned val ue.
Thi s feegﬁ& rmunt he?éox%,fé(;ﬁ?eﬁﬁft& ated to the period of time duri ng Whl ch

transistor 31f, pag c@:'i‘ﬁ‘%@le??é 1 Ors%ﬁéqe@t co%%egt%’\b 1t vdl

det erm ned by out put’ VO power o SW t vver S pIy i's

?ﬁpresseﬂ%t%%l??ﬁ%‘%f%ﬁ@?%ﬁ@?maﬁg Mputiohs i g W@%@%@??ggt of
i d f 360 i
e b5 Aokl sact SheGheampialSeker SSIalnLALLARS] @ITERD 300 15

generate erel na back €lectronotive gener tinme")

is T2, tE 11% @dh%?ol@fthy@ﬂ?dé?ﬁ%ftm%ﬁ%vbﬁ? téT&nQﬁEBﬁbgatgove g BfidCN°Y s

F, and t power Ts power 1'S critical
cont 1 nuotaedBack ARl AR LY Bl ASeLBREGE gﬁﬁﬁﬁé‘fﬁ%‘? DR 1, ()
F =11 -ﬁletecﬁon(c’ﬁ)cuwg’ﬁb BB ctLAEDRE White 'shd¥EL YA ikl Balkk 6 the Bﬁﬁﬂa?rg}t and

oscillati
side of transformer 360 so that the output voltages are decreased when they are

ﬁi?ééf@?ﬁm Wlfﬂiﬂé MIE:”EI ng o decr aser i 6f {1 ci oncy when oalOPbRDD3 <

above a predetermined value and the output voltages are increased when they
are below the predetermined value.

Photo coupler 340 is provided for the above-mentioned feedback purpose
and transmits the signal obtained from output voltage detection circuit 330 to
PWM circuit 320 on the primary side. Frequency variable oscillation circuit
350 changes oscillation frequencies according to feedback current so that the
oscillation frequencies decrease at load power below a predetermined value and
they increase at load power above the predetermined value. The pnmary side |

of transformer 360 is connected to power supply 370. Connected to the



frequency F is constant, pulse widths T, and T2 change with the crest

val ues of the output and i nput voltages of the transforne vu ndi ngs. The
crest’ value of the transforner output volpage is equal tQ up‘ggog

out put voltage and the crest value of the transforner |nput VO

equal to that of the input voltage. Direct current does not devel op through
the transfornmer w ndings. Therefore, Vi xTl - vo x T2 =0, i.e. Vi xTl Vo
X T2, hol dssdchadagt sital dfytranbinaes 360 amresctifier|diodd 3saumt£fm@g@@abnopul se
Wi dth and when the 3 12 J U N 2003 frequency is constant, pulse w dths
Tl and T2 0890, 418l kb 400. i nput vol tage Vi and out put vol tage Vo and do not
relate to | oad power P Consequently, as indicated by the waveforns

generated under fThactoabevondleswitthingapowsy EPHly nfighedd asnalidvescortralad
5B, | oad power P has no relation wt eedbac armunt (T,, T2. FI G 5A shows

a wavef or m ggitehiice dretfiRciedeh Omt:ré%ﬂlgr&e dRBfbakie TReiN UB0AINE VDS Chen

gener at ed when the load is sna he difference between themis only the

current wavgdedbatk Waedurits %hh@&drypwwf chandeBifWuthat G6ltadcatlhether €hby are €.
when the load current is snmall and the transforner does not carry

continuous gHe¥ERk bdlog 1R ?QmétGrrﬁM vale. hafds fBedbdck) ¥motdeay0ododely 3)
P=(1l 2) xFxT, ZxVi 21 L (4) Vix T2xVo (5) where equation (3) is based on the

out put  vol t agat&f td tﬁ'e béﬁ&& CPYIRS dapRiE WhOH (rhfsisttrBl0 Sio! (hopGiaRen

(4) . is based on the input voltage of the transformer seen fromthe input

side, and egemitento( &) "ORMMe® k3 ﬁ@férﬁﬁﬁ&ﬂbz%%uﬁ%ltééét PRoad YokrgT and

pul se widths. Like these, equation (4) shows that ‘out put power Prelates to

the square @he isRRtEhiNEpbWEL s ?plﬂ%%kp@é@eﬂ't?‘e teduftibishovn BEKW, Religbance

L of the transformer are constant, and the edback anount correspondl ng to

ON-tinme Tl ghe ON-tithe 0f trainRistbS3 R0 £0T S €hS imitit: volfa@e 4 WE Whe Qlitp @t vdladgedson a
feedback anmount starts when the feedback armount is a predeterm ned val ue,

i.e. when thp fihe ML NS SWRItH th backoédtiddtive forlce agfsbatput 310
is constant. Therefore, when i nput "voltage Vi is low, the frequency control

starts at | gpaidu@her 8360 iWhesheratud at@ibﬁﬁmr\@efé&echlteths thekf eleetiefRYive
control starts at high power. Voltage waveforns generated when the load is

bel ow the crgehbfatiorf WM s T2E 1B Mductinéd 6F £ ﬁ@ﬂsﬁ%net?l@tﬁ/the obeillationN

2003 4 shows a case where the frequency control starts at high power when

t he i nput V(ﬁé@%cyssklfg{umoaapmrqg)pstant FI G 6B shows a case where
the frequency , , ~' control starts at |ow power when the input

voltage is |ow Fﬁﬁsta%\éﬁ HRToh @ PRtes ik bbbV PRI chkieRt,Yi.d)athddthe load
foll ow ng problem | n a conventional switchi ng power suppl y, |l oad power P

i s obtai ned gaydrhig I&QF &€ CfHeOtyadkfoRnicReshisicl dibtinibus therdmtadibeke dolldiing
varies wth output vo tage Vo and input voltage Vi, when the |oad power is
constant, i .eguationsletiation f 3) is constant. Furtherm)re when | oad power
P and out put voltage Vo are constant, i.e. output voltage Vo and pul se
width T2 are consfiaxT,=Vé& T.eedback armunt varies wth input voltage Vi.
For this reason) when t he frequency control based on a constant feedback
anount is perforrledl/sﬁmte@ oaqgpower P is proportional to the square of
i nput voltage Vi oad power at which the frequency control starts is
proportional to tWaeadtld dogd powert ivobdlewetMs atitibalughrnt hahdassciltatton
shoul d be constant. Therefore, the frequency control is not perforned at
the | oad powesqutaicy'Figeshstaes pulay widthstT ngd T, chinigeagithvéheafrestrealues of
generated when the load is below a critical current, T2 is constant) and
I nput vol t agdhe\butpat dnflfiapativoragesobie tranfbfinei ivindiohgéB. Thes ceésbwalue of
FIG 7A, when input voltage Vi is high, the frequency control starts at high
| oad power; thrdtransfrnien dutpht GoltBge Whequahfuithatodf thgeoMput sroltage dxtiethe
frequency control starts at |ow | oad power. This has been the problem
Accor di ng t acrebievilileofithe trfdrngst inpe velthge 1 eepuali ésltlmtofithe inmat vodvage.
supply conpri sing:

Direct current does not develop through the transformer windings.

Therefore, Vi XT, - Vo X T, = 0, i.e. Vi XT, = Vo X T,, holds theoretically.

Changes in power will not cause changes in pulse width; and when the



detecting neans for detecting pul se waveforns of output transformer to
determ ned | oad power; frequency decreasing neans for deg\r,\zasiwq mschi ng
frequencies to a first , predeterm ned valgue when | oad p r sty than a
second predeterm ned val ue; and control neans for perform ng pul se width
control when said frequencies are |lowered to the first predeterm ned val ue
or |less ... 51 2ZJ UN 2003 The invention also provides a correspondi ng
net hod. The ffQAa@nbp \Céorisbater, pulkw widdhs TS attl OB anly relagé eslivputtvotage Vaend dt h
of the output transformer as shown by equation (4). Thus, detecting the

pul se wi dthd_‘utpmMl@aqéwf&&n&/auelb@mhﬁétdllaadwwe&qz; of the transformer
w ndi ng provides the 1oad power; and when the load is bel ow a predeterm ned

val ue, |owering tdypssad g £ i e .
e ti ol ency ndar T o pacil SR IRGUANHIN krPlobid gt Ab iR Joddabove

predet er m negel@ttbap BUftbnt, SALILAR tn HICKHA ShUTE, 185d PRRKE [VRAS 289RIARM

| mproves power supply efficiency 1n a stable nmanner at | oad power below a

., _predeter %&ﬁqey&dauﬁ-aﬁsuﬁtoqg, 'g,gwemtswgl&vb@a%%ﬁa BeRBrht¥a visen gﬁ@b' e

out put can be supplied wtht iginal power supply operation. Brie

Descri ption jgiq tié"f‘az@é%‘Hd”EFG.%B%Hov?é‘Q‘Wa%fSﬁﬁcé‘éjﬂerQﬂeﬁ%ﬁgﬁ the Jos1id &RANY

power supply i n accordance wwth a tirst exenplary enbodi mnent of the present

invention; Pifs difthen® Bet@ebh thimds s8R bwRenORdvaRR detecting circuit
2 hORE

in the switching power suppr; FIG 3 shows a circuit diagramof a sw tching

pover supply in agggh C@ﬁ}g{,gﬁé’r SEHORY ThE PRIt ’RARad RN Itﬁ@ load

present invention; FIG. a circult diagramof a conventiona

swi t chi ng poMk ANFAGS - ' QrRRA! &hd ON
of the power su%lg#%?bﬁéf%s#%tgﬁ %%@%éﬁgﬁﬁs%ﬁ%vﬁb ﬁ‘éﬂ‘P ﬁgg r(gl'per at1 gltrllé of

the power  following equations hold:

P=(Q/2)XxFxT2xVo¥L (3)

P=/2)xFxT2ZxVi*. (4)

VixT,=T,x Vo )]
where equation (3) is based on the output voltage of the transformer seen from
the output side and equation (4) is based on the input voltage of the transformer
seen from the input side, and equation (6) shows a relation among input and
output voltages and pulse widths.

Like these, equation (4) shows that output power P relates to the square
of input voltage Vi, when oscillation frequency F and inductance L of the
transformer are constant, and the feedback amount corresponding to ON-time
T, of the transistor is also constant.

Frequency control based on a feedback amount starts when the feedback
amount is a predetermined value, i.e. when the feedback amount corresponding
to ON-time T, of transistor 310 is constant. Therefore, when input voltage Vi is
low, the frequency control sta‘\rts at low power; and when input voltage Viis high,
the frequency control starts at high power. Voltage waveforms generated when |

the load is below the critical current are shown in FIG.6A and 6B. FIG.6A



supply; and FI Gs. 7A sand 7F3 <are waveforns show ng the: operation of the
power supply ™ 12 J U N 2003 ° 6 Preferred Enmbodi nents of the Invention
Exenpl ary enbodi nents of the present invention are descrL?ﬁgHg Zpg?fter \
with reference to the acconpanying draw ngs. (First Enmbo N 1 shows
a circuit diagramof a swi tching power &upply in accordance with the first
enbodinent. In FIG 1, the other termnal of DC power supply 1 whose one
termnal is grounded is connected to one termnal of auxiliary w nding 16
of output transforner 2. The other termnal of auxiliary winding 16 is
connect edshosrsom easuwhietre the fiegpienof comirokstionts &t highnpovder whendhbdnpatit put
termnal of switching elenment 3 is grounded via primary w nding 15 of
transf or reoltage isdigh bindrT gisostmsidnt. anFIGEB sliowng casp adidrothd freqleacy

term nal ‘of oscillating €apacitor 17 whose other termnal is grounded is

connect etcontrdl seaite at Jow poinebvtheaistlid input osltagd 3low. 8. One term nal of
m ni mum frequency determ ning resistor 13 whose other termnal is grounded -

i s connected tPhd Absiementionet Mg bdédvézt s1@ipl§ hagthé féllowihe ppoblest, of

frequency variable oscillation circui is connected to pulse width

nodul ating (P a cohventional switthistpewér Alpphyibad pewet Pls bBta‘ii.r&‘éH‘B? tRd to

the input termnal of swtching elenment 3. ga't ween the node of frequency
vari abl e @stebdibtdfon febdisatld aBodiitt. PWHeCfoo@badk Anddithtt ¥EriBs {wﬁ&ht&&ﬁhlﬂal of

power supply 1) resistor 12 is connected. The other termnal of auxiliary
wi ndi ng Ifoltdge ¥ansed SaphP voltge Ve whéd Thedba®poRfitels &mbAnt, 1.6V FPin -

rectifier diode 4 and rectifying capacitor 6. The cathode of rectifier

di ode 4 i gL ES)a8 chAstale, Obem&ﬁfo%,rWhe&iodH)WeﬁP%d’o&?ﬁit%oliﬁ%é‘_

resistor 18. One termnal of output voltage detecting ciacuif 6 conprising
a vol t agevp g4l e’ﬂﬂs%ht‘,j'i.féd‘i‘)ldtﬁ?ﬁ%nﬁ@é 9% Afd Yidsd WA A, s édiﬁ?aﬂt?%?élt or

18, i.e. the other termnal of power supply 1. The othér termnal o oad.

12 JUN 20fadbasleaivdit vhBicsSwith thped ¥iltdgad Vihe other terminal of output
vol tage detecting circuit 6 via a photo-diode in feedback photo coupler 7.

AS for a phot OFbﬁﬂﬁbi'ééléod, Ry IdiDtle ﬁ'@&@étﬁ:? chntrol basdd b ﬁrmh&aﬁﬁgéﬁﬁﬂﬁﬁk?nd
its collector is connected to PWM circui 9. The anode of rectifier diode

10 is conagfohed i5 PelfopmiedvRiced6h® poiwes Frisprebbrtichaltothe %aaafeeafrmgﬁlt i's

grounded. Between frequency variable oscillation circuit 8 and | oad power

det ect i ngvéltagalVi, th. lohd Pwesicat WRIH' the firéficticy cohfrol Stea e isropartioia

swi tching power supply with the above arrangement of the first enbodi ment
i's struct ¢ elhe bQuikaVef iapR voltapk Aimlteheb dueh Johd Powmterishovldbé Basstaht.out put
transformer 2, i.e, primary winding 15 and auxiliary wi nding 16; and the

out put of Thiagefaid, thie \firddfrland@cBftrol i BoY SdHfdrmad SOTHERE hokbr fdebsteihed
variable oscillation circuit 8 Wen the period of tine during which back

el ect ronoidesd foprstertiy fenalodagd waveloimytgehbrdtafdl okhen tBeilsadéd balogaker
than a predeterm ned value, the oscillation frequency of oscillation
circuit 8critichbearredt, Biishconstauit, angeifput WltagerV sdiffesehttbroshewnini mary
and secondary sides of the transforner that has been necessary in the
convent i oFIGs@TA angeBNt Ashelbwhnin-FEGHA,t whenainpowi voltsigb eVis iy hiigh)rheof
switching power supply to be sinplified. Next) its operation is described.
In FI G 1, fidquenss rcoatioblsyaittssaiphighe boddnpoiveycned as@Howdt it (EIGRTB) mdten?
converts output voltages fromprimary wnding 15 side to auxiliary w nding
16 side. SmputholbgpeVeisdow, thehbyasicy donprol staEt<at oenloatipos@rc uThisrtias
Rectifier diode 4 converts AC current to DC current. Rectifying capacitor 5
snoot hes drdnchapeoblsnt.he pul sati ng-DC current converted by rectifier diode
4 to stable DC current. %Jt ut vaqltage detecting Gitcuit, 6, detects output
vol tages. Phot AAEBHHNE to g Bissent dryaion; tiea & HEVIEd dWiiFhing PRWer BPPG e
detecting cﬁh@ﬁﬁfn .6 back to the prinary side. Frequency variable
oscillation Ccircuit 8 can change oscillation frequencies according to

ext ernal si gnaldstecBu#/] mieamsuifor Odatemtingopslse ®atformy dff 0GBt plrarséorwiedt tws
accordi ngé%{) t he feedback amount. M nimum frequency deternmining resistor 13
prevents A&NHRNEdIPAAPYTT case in frequency Frequency control resistor 14
controls frequmh@&ﬁaecﬁkﬁg Mk | fbtrSdéc%smgxswmiﬁ FRBRNed- 960 RYET
detecting circuit 19 detects Toad power according to back el ectronotive

f or ce genaredetamingdmalueowiuin loadpowerisiessithanhoeeandfpredetarminadyvalyendiichg 16. A

wavef or m anal ogous _t o that. of primary w ndi. 15 1 uppl i. o] xiliary
W ndi ng 16, LoddnielaicehE ot eibiine dute" PR fodebl DR ddPefify o
force gengswtde@Ro tHeThstipteddlerlifedwtllssormassef orm of primary wi nding 15. Wen
beck el ectronotive force generation tine TZ is not greater than a

predet erm ned val ue, the swi tching power supply controls the frequencies of
frequency variable oscillation circuit 8 so as to |ower themfromthe

o b o -, o o




12 JUN 2003 Moreover, frequency variable oscillation circuit 8 is
qonfi'gure'd sb as to control output voltages in a stable nner. That is,
the pul se width control restricts output pul se when |oad pZ)v@U ﬂﬂq
decreased that output voltages are made high, regardl ess of whether 1| oad
power detecting circuit 19 controls to | 8wer oscillation frequencies to a
predeterm ned val ue or | oad power decreases and the frequency control
suppresses output voltages. FIG 2 shows a detail ed exanple of | oad power
detecting circuit 19. In FIG 2, one termnal of power supply 28 whose other
termnal is groufhtduvénsionalsogroddestacorespaidiganésd.of transi stor 22 via '
| oad resistor 2 e,termnal, of c jtor 27 0se, other .terminal,.is
grounded is con &%@W%@’@@Fﬁ%‘ﬁi&?‘ﬁsﬂﬁ%geén?%@ t(?ft&‘ﬁ{b‘ﬂﬁ%ﬁfgit ofthe st or
22 is grounded and it/s base is copnected to,ong terpinal, of auxiliar

wi ndi ng 26 Pk AR IRbY paugHR ?ﬂg Thusclefecting thaguleurdth
termnal of,auxjliary wnding 26.is groundged. The, cat hode of di ode 24 and
one t er m naitoB thepuge &‘t&vﬁg’r@a tVortage ogﬁ'é’ translormey Windingpryidesthe he
above transj stor 22, respectively The ode of _djode 24 apd the ot her

t er mi nal offoﬁatw?’% iagg wﬁpa&h@ dpad s &S@“g ARIsdetermined yalve, dpyexiae: the he
operation of the |oad power detecting circuit, with the ahove arrangenent
will be des%w@@_g&muwwmmeqrﬁmg iciepay yaderlpa opdauxi | i ary
winding 26 is integrated by integrating resistor 25 _and i%ﬁgrati ng
capacitor 23 and generates trianghtaprésendnvention, gllows,p detackion of gnal
is detected with base-emtter voltage_ VBE across . the base and emtter of
transi stor predgtemminedclgad @ower uregavdless hcvayiations nfwinpuin yoltages and

el ectronotiye force of auxiliary winding 26 _are |arge, back el ectronotive
force gener HapEayespawerosunply taflicieness in wastableomanner: a4 loag pawendelow a
"increase and thereby transistqor 22_conducts antgécurrent fl ows through_| oad
resi stor 21Prefietermined, valuek Atdead memter\above the predetermingd valuer stable j y
N 2003 10 22 to condquct better. Wen the |oad power is |ow, back

el ect r onot | PBIHHCER fgrith the.originghRowerSWRRIE OPOEARAN. of t he
triangul ar wave decrease and thereby transistor 22 opens and no | oad
current flows. These operations allow the detection of |oad power at

pr edet er m n@d,v ues,. The first epbodinment is a circuit for detecting Vo x
T2, and al s&rief riptiog of theDrawmgs det ect | ng Tz when vo is constant. In a
case where the whnding phase, of, the transforpey,is opposite, .TI x \i can be
det ect ed; theremg;l&(’%@ﬁuﬁ% agram P %SWL%B%?%FW&@IWdﬁ&%r
can be det ect.%i in asim]ar. nggl reg}_ahdl ess of the, phase of auxiliary

wi ndi ng out Buth pdirshexemplasy gmbo gidhe rrepeat MR \wer can be detected

wi th any wi ndi ng e dl ess of prjmary and segondar i ndi ngs, in.an
phase, in a sim {}-ﬁﬁa‘hﬂ‘é‘ﬁ.a.ﬁ%ﬁ?i agﬂ%ﬁ"?@fﬁ)ﬁé Rﬁ%?dé%?b g R Hlﬁil‘Pmary
wi ndi ng only .1[ ad govver can be detected. (Second Enbodinent) FIG 3 shows a
circuit di a&f"’érﬁgﬂr‘?g OWGK $YM Wy power supply in accordance with the second

enbodinent. In t cond enbod| ngent, power r.eduction has en accoypl i shed
nore effectivel yﬁﬁ;ﬁs PR a(‘}fmf“rfg‘gf‘ﬁ‘g’ﬁ)"ﬁeﬁﬁ&’d power supll)]l%'m accordance

with a second exemplary embodiment of the present invention;

FIG.4 shows a circuit diagram of a conventional switching power supply;

FIGs.5A and 6B are waveforms showing the operation of the power
supply;

FIGs.6A and 6B are waveforms showing the operation of the power
supply; and

FIGs.7A and 7B are waveforms showing the operation of the power

supply.




In FIG 3, the sane reference nunerals are given to the conponents simlar

to those-shown in FIG 1 for ease of explanation. The conpo S hn
FIG 3 are starting resistor 51, start detgction circuit 52T21Jl3ﬂ€2603tor

53, i.e. a switch. The collector of transistor 53 is connected to power
supply 1 via resistor 12. The base of transistor 53 is connected to power
supply 1 via starting resistor 51 and al so connected to start detecting

circuit 52. Preferred EmboditNeAt¥T the Inventiexx of transistor 53 is connected to
t he node of frequency variable oscillation circuit 8 and PMMcircuit 9, and

al so connect ed t Exeheplandeembodineiets 1 @fanHe C ppeseint Olindentidi akke ddes@ibeh
circuit 52 is connected to | oad power detection circuit 19. Next, the

oper ati on ofhezemsaiffed Witly réforerice 10/ Phe scodnipfaryitg dbowingal r angement will be
descri bed. When power supply 1 is turned on, transistor 53 is turned on via
starting resistor 51. Then, supply voltage is supplied from power supply 1
via resistor 12. After the activation) voltage can be supplied tomthe node
of di ode 10 @t Faplesdibent)ll to continue the circuit operation and thus
transistor 53 is turned off At this nonent, start detecting circuit 52

detects out put PUWHIERS sBows laMRiust dia@raal dfA0eviREHIAE oW oh abéordahsd or
53 and turns off the transistor. Start detection circuit can be

configured |with thed@stembodigedgcti on circuit 19. As nentioned above, a
swi tching power supply of the second enbodi nent can interrupt the current

fl owing through rasFk}.ef thelothbi esrndiglal BEDIOPowdéipplp ar whosdofié BerthRio id
power. | oss and reduce power nore effectively than that of the first

embodi ment . groduded |8l coiftictedpltb | orie/ térrBiMedl cof BEIIWST winidinlgy 16f of luiput -

invention has a switching circuit for supplying a predeterm ned out put

vol tage regatrihefesmet 2| 0gthe\dtheftdrdiinaboflaclidey Winding I8! is ¥oticresbtd o
t he predeterm ned out put voltage; a pulse width control circuit. for

control i ng ¢uitpusertihal ofi witchinga eldniént 13. f oThdebtltdri batp @R depaiedl ofind
an oscillation ~equency variable oscillation circuit. This arrangenent can

change the sgwitchingoelbialedas groanded viy Grimar eeindage 16N of ftfAwdfenasr @nder
| ow | oad. ., 12 J U N 2003 12 CLAIMS 1. A switching power supply

conpri sing: ghetifiet i digderel) Sardd reéitfiybtd icapaditdrs @1 WaQzieotérnidial 26 ostilating
transfornmer to determ ne | oad power; frequency decreasing nmeans for

decr easi ng sgdpgaeitondl”? rehickenetles terpsinkl rist gyidded eismcoddedtad U \fsgjuehopd
power is less than a second predeterm ned value; and control neans for

perform ng puhdsbleiodtiliationicirehit'é) e rOna@tdniihahofniiiasnarfeequumeyalétéanining
first predeterm ned value or less. 2. The switching power supply according
to Claiml, ypdésister 03sehdsedth@ctarignakbinfronfdead iy @inected tdefireghendgachriabler

regardl ess of a phase of a wi nding of

oscillation circuit 8. The output of frequency variable oscillation circuit 8 is
connected to pulse width modulating PWM) circuit 9. The output of PWM
circuit 9 is connected to the input terminal of switching element 3. Between
the node of frequency variable oscillation circuit 8 and PWM circuit 9 and the
other terminal of power supply 1, resistor 12 is connected.

The other terminal of auxiliary winding 16 is connected to the other
terminal of power supply 1 via rectifier diode 4 and rectifying capacitor 5. The
cathode of rectifier diode 4 is connected to the other terminal of power supply 1
via load resistor 18, One terminal of output voltage detecting circuit 6

comprising a voltage regulation diode is connected to one terminal of load

resistor 18, i.e. the other terminal of power supply 1. The other terminal of load
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oscillation circuit 8. When the period of time during which back electromotive

-

force is generated in output transformer 2 is not greater than a predetermined
value, the oscillation frequency of oscillation circuit 8 is lowered. Such an
arrangement eliminates insulation on primary and secondary sides of the
transformer that has been necessary in the conventional arrangement shown in
FIG.4, thus allowing the structure of switching power supply to be simplified.
Next, its operation is described.
In FIG.1, DC power supply 1 supplies input power. Output transformer
2 converts output voltages from primary winding 15 side to auxiliary winding 16
side. Switching element 3 converts input DC current to AC current. Rectifier
diode 4 converts AC current to DC current. Rectifying capacitor 5 smoothes
and converts the pulsating-DC current converted by rectifier diode 4 to stable
DC current. Output voltage detecting circuit 6 detects output voltages. Photo
~ coupler 7 feeds error signals detected by output voltage detecting circuit 6 back
to the primary side. Frequency variable oscillation circuit 8 can change

oscillation frequencies according to external signals. PWM circuit 9 controls



10" 10" 10";110% & ()- 7!'10% & ()-5!10% & ()- 3110% & ()- 1!10% & ()- )8 V

e ()1 10L& () . dEvNoLI 10661 1 10% Ue' () -, 10% e 1 JUBFR0BY() - (100

U& ()-S&s10% U& ()- @! 10% -

U& ()-4567Gb@/ 109 @! 10%& ()- @' 10%&' ()- St 10%& ()- 10 U 10
pulse widths according to the feedback amount. Minimum frequency
determining resistor 13 prevents an excessive decrease in frequency.
Frequency control resistor 14 controls frequencies and also restricts the
maximum frequency. Load power detecting circuit 19 detects load power
according to back electromotive force generation time T, of the output waveform
of auxiliary winding 16. A waveform analogous to that of primary winding 15
is supplied to auxiliary winding 16. Load power detecting circuit 19 detects
back electromotive force generation time T, in the pulse waveform of primary
winding 15. When back electromotive force generation time T, is not greater
than a predetermined value, the switching power supply controls the
frequencies of frequency variable oscillation circuit 8 so as to lower them from
the maximum one to the minimum one according to its load conditions.

Frequency variable oscillation circuit 8 is configured so that it can be set
to a predetermined operating frequency. This operating frequency is
determined by oscillating capacitor 17, minimum frequency determining
resistor 13, and frequency control resistor 14 that are connected to frequency
variable oscillation circuit 8.
At low load power, the frequency is lowered according to the signals

detected by load power detecting circuit 19 and the operating frequency is
determined by the current flowing through frequency control resistor 14.
Moreover, the frequency is restricted below a value determined by frequency
control resistor 14. Frequency variable oscillation circuit 8 is also configured so
that the frequency is maintained above the predetermined value even when it is
sufficiently lowered. In other words, even when load power detecting circuit 19

operates and the current through frequency control resistor 14 is lowered to zero,

the minimum frequency is restricted by minimum frequency determining

resistor 13.
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restricts output pulse when load power is so decreased that output voltages are
made high, regardless of whether load power detecting circuit 19 controls to
lower oscillation frequencies to a predetermined value or load power decreases
and the frequency control suppresses output voltages.

FIG.2 shows a detailed example of load power detecting circuit 19.

In FIG.2, one terminal of power supply 28 whose other terminal is
grounded is connected to the collector of transistor 22 via load resistor 21. One
terminal of capacitor 27 whose other terminal is grounded is connected to the
collector. The emitter of the above transistor 22 is grounded and its base is
connected to one terminal of auxiliary winding 26 of the transformer via
integrating resistor 25. The other terminal of auxiliary winding 26 is grounded.
The cathode of diode 24 and one terminal of integrating capacitor 23 are
connected to the base of the above transistor 22, respectively. The anode of
diode 24 and the other terminal of integrating capacitor 23 are grounded,
respectively.

Next, the operation of the load power detecting circuit with the above
arrangement will be described.

In the circuit shown in FIG.2, the voltage of auxiliary winding 26 is
integrated by integrating resistor 25 and integrating capacitor 23 and generates
triangular waves. The pulse width of this.signal is detected with base-emitter
voltage Vg across-the base and emitter of transistor 22 as a threshold value.
When the output power and the back electromotive force of auxiliary winding 26
are large, back electromotive force ge_neration time T, and the crest valué of the
triangular wave increase and thereby transistor 22 conducts and current flows

through load resistor 21. The larger back electromotive force causes transistor
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opens and no load current flows. These operations allow the detection of load
power at predetermined values.

The first embodiment is a circuit for detecting Vo x T,, and also serves as
a circuit for detecting T, when Vo is constant. In a case where the winding
phase of the transformer is opposite, T, X Vi can be detected; therefore, as seen
from equation (5), predetermined load power can be detected in a similar
manner regardless of the phase of auxiliary winding output for output power
detection.

Thus, load power can be detected with any winding, regardless of primary
and secondary windings, in any phase, in a similar manner. Even in a

switching power supply with a primary winding only, load power can be
detected.

(Second Embodiment)

FIG.3 shows a circuit diagram of a switching power supply in accordance
with the second embodiment.

In the second embodiment, power reduction has been accomplished more
effectively than that of the first embodiment.

In FIG.3, the same reference numerals are given to the components
similar to those-shown in FIG.1 for ease of explanation. The components added
in FIG.3 are starting resistor 51, start detection circuit 52, and transistor 53, i.e.
a switch. The collector of transistor 53 is connected to power supply 1 via
resistor 12. The base of transistor 53 is connectéd to power supply 1 via

starting resistor 51 and also connected to start detecting circuit 52. The
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capacitor 11. Start detection circuit 52 is connected to load power detection
circuit 19.

Next, the operation of a switching power supply with the above
arrangement will be described.

When power supply 1 is turned on, transistor 53 is turned on via starting
resistor 51. Then, supply voltage is supplied from power supply 1 via resistor
12. After the activation, voltage can be supplied from the node of diode 10 and
capacitor 11 to continue the circuit operation and thus transistor 53 is turned off.
At this moment, start detecting circuit 52 detects output pulses and lowers the
voltage across the base of transistor 53 and turns off the transistor.  Start
detection circuit 52 can be configured like load power detection circuit 19. As
mentioned above, a switching power supply of the second embodiment can
interrupt the current flowing through resistor 12 after activation. This

operation can prevent power loss and reduce power more effectively than that of

the first embodiment.

Industrial Applicability

A switching power supply of this invention has a switching circuit for
supplyiﬁg a predetermined output voltage regardless of load variations gnd
converting input voltages into the predetermined output voltage; a pulse width
control circuit- for controlling the switching circuit; a circuit for detecting load
power; and an oscillation frequency variable oscillation circuit. This

arrangement can change the switching frequencies and prevent a decrease in

efficiency under low load.
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determine load power;
frequency decreasing means for decreasing switching frequencies to a
first predetermined value when load power is less than a second predetermined
value; and
control means for performing pulse width control when said frequencies
are lowered to the first predetermined value or less.

2. The switching power supply according to Claim 1, wherein said detecting
means is operable to detect load power regardless of a phase of a winding of
said output transformer.

3. A power supply switching method comprising the steps of:

detecting pulse waveforms of an output transformer to determine load
power;

decreasing switching frequencies to a first predetermined value when a
detected load power is less than a second predetermined value; and

performing pulse width control when said frequencies are lowered to the
first predetermined value or less.

4, A method according to Claim 3, wherein said detecting step detects load
power regardless of a phase of a winding of said output transformer.



