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H"’"”WMW FORWARD POAER CONVERTER Field of the
[0001] The present Tnvention relates to a

swsdih node power supply, and nore particularly to a
dual -switch forward SEDF-@OCPLEDDRIMER a sel f-coupl ed

cr 1 ci cHpD T AL AW RORWARE BBHER CotuERTER
Background of the Invention [0002] Swi tch node power

supplies have been widely used in a great variety of
appl i cations and appliances which require |ight and

conpact regul ated powet, soyrces of .. high efficiency.
In addition, said poﬁw@wﬁaﬁﬁi&venm high reliability .
and | ow power |oss, and they can easily be configured

[odod) Step qmeaﬁgseswmeariglgg%aeélelts Zag%itél{‘ H?og%ggeo%geggsgpwys Bnd more

design requirenents. n sWwtc
pagicppsirly, to podwai-switgh Fatiaohcinyedercangl by inp eckelfycoupled| driveg to achieve

ulse-width nodulation to the swtching transistors,
anftfe e A hugBes Phet BfeteBey: o SR pd Rt e
ratio of said transistors which operate at frequencies
up to hundreds of kilo-hertz, The output voltage
depends on the dut yBackagraurd ofthedn¥emptiony] pul ses and
the input voltage, and it is essentially |oad

i gdependent. reover . changi the switching . pul se :
o F e cor i Pg® e FUBTAS B Deonr Ao b 4 e vaie of
app@iond end tpslianoediivhichl reg@ife liyir dndSconh P Adgufsted power sources of

ality of power converter topol ogies has be

.plu R¢ : . . as. been

hl&be%friﬁg@acx-énéééms saigh gowey; supphieyhavgdighyreliabiite and lpyp power loss,
Fanks \a Il ' z : :
anfl S Wit eatiB By corfttobld to fept B ALy OUlldRS in accordance with
desigh sequireingnisar ge transforner cores and sw tching
ransistqrs, and,they are suitable for appl,cations .

QR Ch T et $ SONGH, BaNS POBEHEUED POV SoRrtcn o pecomplished by
apfﬂ?ﬁngb@.ﬂé&l—ﬁ'!dtﬁ Qﬁd&ﬁﬂﬂioh% Qh@ SWitcline h%sibtﬁrs,s up 9&8&6@1&, Qhe control of

t he out put_ capacitor while the switching transistor

thg en-timsda effrigs rafiriof sidemsisicass whidhrnrrerateat frgqusagiesyp to hundreds
o MBI Lol LGB LR Bl AP s s v
input voltage, and it is essentially load independent. Moreover, changing the switching
pulse width accordingly results in constant output voltage even when the input voltage
varies.

[0004] A plurality of power converter topologies has been devised to address the
different design issues such as power level, output voltage and input-output isolation.
Flyback converters, for instance, require relatively large transformer cores and switching
transistors, and they are suitable for applications which require low part count and low
power levels. In the popular forward topology, energy is supplied to the output capacitor
while the switching transistor is conducting, and it achieves significantly better transformer
utilization than the flyback design. However, forward converters employing single

switching transistor suffer from the same shortcoming as the flyback design, namely the

voltage across said transistor is inherently unconstrained. This results in higher voltage
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as the flyback design, nanely the voltage across said
transistor is inherently unconstrained. This.results
in higher voltage Date of réceipt: 13 March 2007
(13. 03.2007) PCT/ SG2007/000056 2 rating requirenent

rafing raqhhfemw'lttfoh thegswitching tsarrsfstoramﬂ llabgeg\@ltugé tragstents which must be

t t whi. ch, I t
B8 B e ST RES R R S s i i
snlibtses cirBulS?dsﬂlts i%rlUQ@xeﬁovﬁérrCBH{/érmBﬁ%fﬁ(ﬁeﬁc n lower power |
conversion efficiency. [0005] iTTustrated in Fi gure

[0005] 5 t wo-Asniillegiratasy \Narﬂlgmmvler@ eﬁWOt-WtQhatfd)vaardamdnsmer typically

en]isﬁfg)é Sto@%c} ?&i&%}ggé rtx%g?ls 5166 %gﬁé‘t S[r)]rgh?&eﬁ gg-t?/a&gfonner 102.

Mégnetitihi r@r&hﬁbtﬁﬁ%d&jﬁ&mﬁﬁg BRI doddactindN®iiodsi When said transistors turn
transistors turn off and interrupt the current path,

off ped Aterert; the ryrredpathatheemagnesiziag indyaiancs gstssaun coltage source.
ReJeME VDA ?X&Iﬂ%sflﬁ 1(/9 E%@gﬁf%&% i%g %ﬁ%éj B%edtwo diodes 403

bi ases a turns
& @i ho siamtainrcueent ﬂd)WV\In éulf‘ﬁcmmftfrhe;itbmmagnMng inﬂuctance is depleted
ce is degleted this volta

SR ol St B BRBGnerey Abraiid oo nipuseaAEe s clamped

traﬁh@ﬂ;nnélt %l&%@%@ﬁtloﬁrﬁﬁﬁf&hﬁﬁhﬁﬂ Hh@gﬁfcﬁao@f 9(5%0 BiloWé EXsy reset of
a maxi mum cycle of 50% allows easy reset (f)

tratnﬁfézﬁ@?ro@%ﬂwr the vetage acness said swifehing trawsistord i constrained to the
1n}:\57ﬂ1 A faig%en d{h?ﬁq?ﬁ ﬁoﬁo%ve% & %ﬁz}l{g i:%eeqtgg%srl]\}f ?V%%%}m?g Eransmtors to be

usekpensi ve sw tching tranS| stors to be used. (0006]

The conv TH:I onal two-switch forward configuration has
WBE knowr! heqicenyRpaiRRalgdworsditeh y forvards ogfigaratipn bes one known

dléiﬂflaﬁﬂé ela'z ah GS81Ate8 dirkvar CRURY elOﬁUilsﬁggm,fré'cp ) cou%le pulses from

controfer to transistor 407. Sai rive circ
conoliasn#®hity tramsistomefifed Seid hirivaddiquitoisatommonkyr 1mplemented with
I active .ation. deyi

adb{ARRL I aBeo Bt St peeueRarah o i BHER BVl Vgl together

wiflX Refsal OforhpunieRs & k! éxpéﬁsmtefnb@bseaosm-opﬁlwlal cost, power
consunption, part count, ~and overall circuit board

COBRRIION, PaybHEOANL, m@éwaxaﬂgmymttbﬁ@rd@sqa@ an inperative
d for Y, e r t . -
0BT e ARPRYRIY ol it el Sl for RERATT. Pl Whive circuit

deklm ogsth aodld awepabe inwieasihg niedengdofuer highfficiescy, Tloe-cost and
over co verter of the RLes nt i nvention

compact switch mode power supplies. The power converter of the present invention

satisfies the need. Other advantages of this invention are apparent with reference to the

detailed description provided herewith.

Summary of the Invention

[0008] In accordance with an aspect of the present invention, a power converter
comprises a transformer and two switching transistors. Said transformer has two serially-
connected primary windings with the first winding connected to a first switching transistor
which is biased by a pulse controller, and the second winding couples the voltage across

said first winding to bias the second switching transistor. Thus, the power converter of the
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are apparent with reference to the detailed

description provided herewith. Summary of the

I nvention [0008] In accordanc® with an aspect of the

present invention, a power converter conprises a
préseaniventicrr desschot wequsiei 4 sthhdvglont asatidnOdidver Sppically used to couple
uia%ansfor rr has, two serially- _connected pripary . )
Pul§es gEnsgateqitysaid eontrollex tq\ppgiph thecmitrhingewansistors 1 iny articular, said
ok ie) Poup SRR itk RO Culeh 2B Al e L5 spid spdtohes e
copducting. Isaadditian ghe wiireditnon ttbe hirasary hsids exfosaitl transformer further

co%\ﬁ{itégsgtlpg f:orgl%&ss{psa iy Wﬁg‘g %B%r?gﬁ%\@géd g%(n?\;r)%{nit %5 tl%;c setcgreldary side
ColpTkSPRRHAA0MAMoW-pdsPrilter. 3 Present invention does

not require a stand-al one isolation driver typically .
[0098kd t o dewmother psnest sheypresenttinvertipnsproviden atmeshod of pperating a

t stors. In.partigcular, sai .

poffeE cBivaraE SHipHSL M MERF St 3bPga ¥ RS Yot o s et primary
wi‘ndtipgguélﬂ(p’eriﬁﬂieal#o btabingfsaﬂﬂh\ditﬁ%ilg €dafsistafscby d@ﬂ@dgﬂﬁréllﬁé-and a self:

I jtion, the ¢gircuit,_on the primary side_of sai
COPHr’]Sﬁié‘FWPﬁEPPlFH‘FPfﬁé With aid seeend pRimAy Wwindings of saidjtragpsformer; and
defPRIB N SRPUORoR U GitputidPadi israqu' -Diks tifer 3§ i

esi dg co Lrli s?es a (rﬁg%%i f?grlﬂ)zn a lgv\"w/_ %gsm%ﬁ tgé}aqﬁ{c}élt on the
sejoddag] sidenofsanst thansfampeect , the present invention

provi des a nethod of operating a power converter

conprising the steps of coupling an input voltage to

said first primarBriefDeskiriistici 6k theDradiiggd | Y bi asing

said switching transistors by said controller and a

sel f - CO\l;Iﬁm ed driver inplenmented with said second )
[003P] nary Wrefgrmd emtbodithents ragpertingnteo thea preserdeinveritingp sill now be

t : ito id .

defieRl it RRB D B SEREE B Wl LR SRR ety donote tike
elenteawssf or mer. Brief Description of the Draw ngs [0010]

Preferred, enbodiments according to the present )
0914l ent | o?Flam PHE«%F&*@H eSEPmAy digetam pep &RitRl dvpeWileh forward
coﬂ&t&%oriaft&"\hi ch Iike reference nuneral s denote |ike

el ement s. 011] Figure 1 illustrates the schematic

[0ddRhgr am dfigare % ghayed theschematiccdiagramwef @ duddeswitshtforward converter
usigl rain(fsrolﬁreé lr'ansformer—based gate driver.

[0013] Figure 3 shows the typical waveforms of control and gate pulses for
transformer-based gate drivers.

[0014] Figure 4 depicts the schematic diagram of the dual-switch forward

converter of the present invention.

Detailed Description of the Invention

[0015] The present invention may be understood more readily by reference to the
following detailed description of certain embodiments of the invention.
[0016] One solution to said challenge of designing cost-effective forward

converters is to use transformer-based gate driver circuit 201 & 202 as shown in Figure 2
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.[0012] Figure 2 showBate ploreepifiyetdeMarch 203 (B3 827) BCT/SG2007/000056
dual -switch forward converter using an isol ated
transforner-based gate driver. [0013] Figure 3 shows
the typical waveforns of contfol and gate pul ses for
transforner-based gate drivers. [0014] Figure 4

ingteqsi eff wsing thesrelativalyi wsdy agnmnndﬁctdrheoldtﬂ@{ dﬁWtrtcﬁxl?cmt 101 in Figure

o L B ek VAL T o
solfteeqU1 aild TR phighady d«ﬁh&l’hg%}" #RsorhRa Moy vméréagflf‘sr ERE GQerminal is

to the follow ng detailed description of certaln
coppigd de theriegonstaryt Winding efrt seopnd t[rwicﬁ-]nemel wihichtlias thet fixst end of its

prﬁﬁg%rg P Eec'agﬁ][eg fbl}j ef?% ?i ng‘?)o ¢ Oﬂg)élg 8% I V%‘é)fllg{ X\@dl"he second end

of&aiderirha.QIO\izm&u&OiB cafneztedd thé) 0¥ &tWrBurdd E@Grﬁ Wk of in &ut source 401..

rec? Bl 13 NMarch 2007 (13.03.2007) PCI/ SG2007/ 00
wltgge levehithuespact i Hbptithe squasseef tvansgstqrd@ﬂ lignot constant. When

traﬁ?igio? qp¢ Yscéd?lrduﬁf‘rﬁd alil %lt&j%et 14641 A%Ja/l&xfo%lc Louhf quap e A 2 é:ﬁ)'oug %ﬁae%a 401. On

per swtc trans et we
thQ hﬁlehhghi whért H‘gnslimsﬂlﬂf is Innpcﬁndustmg, ceid4ltage il deop to a level that

o Rl % & BB velygtooh e Eobhiri) Cob AUIRS: Sy 401, and this
VORBED Bidrtt 1t8 18 OWRR] t1é0dne Y%‘yﬁi‘tﬁ@&r%h@ ﬁlllgﬁﬁssﬁﬁg:d‘)fAs' £§esult said

primary w ndi ng coupl ed capaci tor 202 to 'the output
tragsfopser 20| sesyesa9 an indvstiveequpling device betwigenl contiotigr 02 and gate-to-

e oun return bus of

ol o B Ly B el bt poct o
[O(IEW) at tHa @ilel o€ éts @fivantzye Sthe tabbvelfdnsferniteibasedippadiich may not be

stor 40Q7 i.s conducting, said voltag | evel

Su@ﬁ% P PGaRATS: B1ingEht, SORSEAHtE d{:}é cgmponey fqogerint due to the
coﬂ§1@§5bl@%% Iedhs Ed'rﬂiglshﬁf Gh ad?ﬂi?m' Eatﬁ Afiv %Mg 20} couples the

said voltage will drop to a level m)st equal s
effiecti®@Voad of the svdichingdramkistoneanyt chﬂdcompqnentsbu theodutputmficontroller

1038 s B e e BB bl Bl A e e

puBeé doupléd b fransigbr Z@ﬂlssﬁw@a PBopittibiil 46 thev@utd @Yk dFGhe control
feV|ce bet ween control | er 402 and gate-to- source
pu

Spgenesated Paﬁgpg?léﬁr 493:7 T relptionshin, avipgheis dMestiptsch iaghe waveform
didgediRg &) Fidur $ds ;J.n%t Pt feaBbn 't %heaﬁ%ﬁ?ﬁ e%ugﬁ I&?:é%f)fé the pulses

_ ove trans r- bas approach may no
whidr cepyulier éﬂZ 0ms gondrite twithout exaessively mrivingndoventhersanilitude of the

ate putls%s deflvc(:jrgg to 8an81s?or 407, which fails to turn on when said pulse amplitude is

lower than the cut-off threshold of said transistor. Coupling capacitor 202 must have large
enough capacitance, otherwise it would round-off pulses generated by controller 402 and
those coupled to the gate of transistor 407, which further limits the duration of the turn-on
time or the maximum duty cycle of control pulses.

[0018] The present invention provides a dual-switch forward power converter
using an efficient yet simple self-coupled driver configuration in the primary side of the
converter circuitry. Said self-coupled driver does not require any semi-conductor device or
stand-alone transformer as the isolation driver circuit 101, 201 & 202 (refer to Figures 1 &

2). Figure 4 illustrates the schematic diagram of said dual-switch forward converter having
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_consi derabl e size of Date afyséeiptSrMA0H 2007 (1380.d007) BOT/SG2007/000056
gate driver transforner 201 couples the effective
| oad of the switching transistors and ot her conponents
to the output of controller %02, thus draw ng
additional current fromsaid controller. Finally, the

selfopipled dirivet. tCoatghee 40Ruparfmteo ppticdict pulkdsaBBérnhig between a
?5% [ {Lsely proportlonal to the duty cycle of the

pr HWIH}@C‘W&& Seltage gad & @@ dejgrmained QW | waltage 2t atdity cycle which is

préd%ie%hhﬁﬁ%ﬂ'v@na% iy Q%dof‘ drich Wit tRY Efédh{%rﬂhﬁx?d‘ﬂ?\ége?tre agmtudes of

diagrans in Figure poses  anot at’ion
inpud wioltegn ddit yndy cdrethefoutpub vplidgeeacrosshéaphciton nil1dp hhé rsaid Qidternating

T
Alﬂﬁﬁgh W &é%cxﬁﬁthérﬁ of thet Ml&h@ﬁuyéaeiﬂ tﬁé"p?es@h’ﬂ ﬁ@cgﬁfﬂﬁ' istrbfifenced to a

| ower than the cut-off threshold sai
Wﬁerﬁlf@dﬁﬂ)‘?d trapsipiornf isagnacant mthngsknhlgt lthW at Itlmt g&d switches can

e SHPBIERBPIF S5 0 T8, )t BAGaRld o, ot ot

tratmstbise (BETS), ohaetalarxﬁestsammﬁaucwm fisldfeffeth etransistork S(MOSFETs)
turn-on tine qr the nmaxi num ut!}:

ing ftdegaa?% E*f Famﬁgxss(é@BTfmmp%réuﬁvtwérwsasm%eﬁH@
[ocRSPVi des 13 Figdke M donltoflQr H?Z qs %ﬁﬁ%ftﬁp RYGhe Sate YihddGal of first

an efficient yet Sinple self-couple river
swielring transistoof06.nThésoypee oftsaid samsestarfis tiké to therdMerdtem bus of i 1nput

o LS ton S e R 57 5 R PGB o e i

voRsget b@vérsaﬁsﬂbf %Blddidp‘ﬁﬁrso@dcé a1t THkforalet 445286mpriRk &vo sets of

to Fi ures Figure 4 illustrates the schematic
Pﬂma@gw 4%?@ Q&Pahavs% Nmtﬁlﬂtﬂmrlmbéb@ﬁ/@msgpsmgwam First set of

B B o o B3 AR g i i

tra@istor 406 end ﬂ&qumcaeoﬁSaed; sgond admmsmul Se&:endlptmamtvm@;ng 409 has

b ween a eterm ned _high volta and a
idtﬁt@dﬁq ecit TRABPELGE 5&915 ﬁ@ﬁev@emwsﬁ said second
tra@ﬁﬁ@ﬁhﬂ A NGt SaghetizafiBh %uh@ntaﬁaﬁﬁﬁgéf&?ﬁed’\w Hirdth@ode 403 with its
tgredeterm ned or detected magnitudes of i'nput voltage
ca

ode anddanode conpretest xegpactively ttadlee highposver hpaiof E@d inpay source 401
anc?rt}% &%in oia.L:atlc? (rijﬂ l#ﬁ?sﬁto\fq!()%a L%écgoeg c%rneepﬁgﬂﬁ L?ox%gded by second

urning on an W't ches
diccler0d vié its cathbdoaghaidie ddasaxddicspurtioélyttd ehsydureheSsaid second

used in the p ent |nven ion . is referenced to a  type
traggistpy ‘é‘f]’dares’r 81, 0V poyes big 8*5 djnprt %O%if:pgt}len‘% Tepigtor h‘@éés connected
acx%gd {Hee&ahf‘ aﬁ(h Qodch thrAdhals ¥f ‘%aﬁv\éetcﬁﬁ‘@%aﬁﬁgtor 97. Fglally, secondary

lemented with a variety of devices 1 ncluding
wmrbng 4#8 tof i transtormer #1% haviag MNhciumber refrtuinstis conifeetetistp, a rectifying

—

?E%mal 0 oxﬁ]‘ nd ra %h]rncl &oﬁe Hﬂ & sefrfeg lvxgtheiuh?c or Hfansﬂ csatpg&fc'or 414. Second |

end of said secondary winding 410 is connected to the anode of a fourth diode 412 whose
cathode is tied together with the cathode of said third diode 411. An output voltage source
is derived across said capacitor 414.

[0020] Referring again to Figure 4, controller 402 outputs a continuous stream of
pulses of pre-determined amplitude and duty cycle to turn on and off first switching

transistor 406 alternately. No isolation driver circuit is required between said controller

(VEVIRS"
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junction transistors (BJTs). [0019] In Figure 4,
controller 402 is connected to the gate term nal of
first switching transistor 406. The source of said
transistor is tied to the OV return bus of i nput
403 candcsecdidl swielting dramsistor MOTg Whiennsdid thist tﬁﬂ?sidﬂ@S406 $s conducting,
ect ed to vol ta

e 1S SRS et 96 e ol aonout O oven 1 st Hatormer primary

AR 4088 The Walta IR ni%lg 180 d
w1ha\|i;6|§ ng l\flpl anolt %pgcrﬁﬁsn‘%dg(? of I%(rurn d‘?glgbecﬁb\%gl ?/l%gtl ?%%als to the
olp

voliage ¥ pputesoyrasi i ﬁ@p1498v inaBhet valtagé actoss emdmd pnmary winding

405 38 FEcFipteS 38 s cpcrord e PEE ot vindBE AN Vae: = mVagr with n
dehétaipsths hah ratﬁ?N&WdN r T{Iﬁf féthlé“@HO@&l SR thasv,,} WosuPficibAtdy large to

ends connect ed respectlvely to the gate an ’Sour ce
tusnnrfajfiiesonst transistorsddomden said firstsransistop #06 s ¢andwceting), which has,

T T A, T -

" pringary hﬂn&mgmwomwaalﬁm@f al} dtsdeurfant tlowo WiroGgk @did ﬁédnd switching
the dr ?d %ﬂhsal d, fi rst transi stor 406, and a second
traggstop n§07 2 Whens spigh fisat yvitchingn dransistgr e40fpdiswineh Gongucting, the

m%%ﬂ%%n %ﬂ&eﬂ%‘iﬁn%ﬁﬂ@ﬁﬁdﬂ%@%ﬁ@ﬁgg@éﬁ Qb St éigh'éscnﬂn & 404

sal d second transi st power
andfbaghkitel sandpuuputs saurce 400.1 At Ahis etdgs; the mﬁlfagesaomm reaid ﬁdst primary

th d d s t I d
o RSl Dl B v -
f -
L SEPGUERY w45 AN S ilod WIS, (BSOS o

Thup, sadd iseeondi swit¢hinig drapsistpt #0nis mpambnascd 4. it Sgemsndonducting.

f. s ndi S._cQnNn ed.t he
S0y oL, SGRORE AL B A0S RS R s pover
cotm‘eget lo€ thevpredent érefifiéh afbecaphbls df beingi taghed | diadeﬁld“dﬂi sinfMltaneously.

ut volta%e source |s derived across sai

Thepiisee derass 40 KL és pi Eﬁseawtbrmqsluh’% Veltage which jumps
beﬁ%&hrrﬁm £ Emcflfgae&gtcm&sto PVE O lgupdﬂa%s $itef ?(‘)'Pn?:f bypiﬂdﬁgt%r 413 and

of pre-deternined anplitude a ty cycle to turn on
output| cgfafitén 41gk produdes lanmyerape salue Stoor sadd Soltdgeercrass ehigl. fourth diode

1goRh §uft VBudde dfFentit o the iy RAR I S5 95101 48 5B e imput
voltége, &@ﬁ@gés@&ﬁﬁﬁg\h&diﬁdé&%dand second swi t chi ng

transistor 407 en said first transistor 406 is __ .
[0628hduct i fdwe cheisgijaftcompopentp affosts dhe avesall gorvsrsion gHigjency of any

o e gl 53k R TR CBATIS e s
1n\wnt1dm n¥witaHid fraasistost masubdve oo tesistance during conducting cycles and
should meet the required bandwidth, voltage and current ratings with safety margin.
Suitable transistor types include but not restricted\ to FET, MOSFET, IGBT and BJT.
When bipolar transistors are used to replace FETSs as the switches, the base, emitter and
collector terminals of the bipolar transistors replace respectively the gate, source and drain
terminals of the corresponding FETs. Diodes should preferably have low on-resistance,

low forward voltage drop and they should meet the required forward and breakdown

Uo0
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vol tage across second primary winding 409 is
proportional to that across said first prinmary w nding
408: VNP2 = nVNpl with n dendting the turn ratio Np2
/ Npl. Turn ratio is chosen such that VNP2 is
valtage iand entreyt teguigeméns. Higher owmitching r8qeenoy allo@p shilleF size of the

el Eneen fullgsb gt ster 406 1< copluctTogl S0
[ob£gi st ancy i§ balerdt ?&ﬂﬁ)&@!ikﬂ&f’m the Hﬁ’t\]aﬁ MLBLSRRG f?rward converter

tprlrmry wi ndi ng 409 draws al nost its current
Y m%m%entauluve@t;gmnmoms ahanyy advamstaghssbeer 7 willgnused designs

e St A P BB dRBob sy SIS g 409
1né)tp’eﬁsigh aﬁd rseéondBditsRed ndt eikedfSadiifortil 4R4uit BS&dbe%Fer L 8irdly, the

sai d inpput source 401. At this stage, the voltage

poyer Shissinatgddingspidsingingngnd, resigion 40 g ds m&mfg:amaqtqmmro@g) the typical

t th l. t
%\5 gpgilgﬁgt@ﬂpw se?%%ﬁ‘cﬁlc%?émvlgﬁ%% ig 31&4 (It}%a%gg é%)gét oélc%gsr circuit,
wigatherait yis vactige roy pHSive,saddseddaitioral YOIRPR to= said DAY controller. Finally,
Thus ai.d second switching. .transistor 407 is
ORI I0 PNl aRYIcES SPAlyin ereiorme: basad vl sigpyts, the self-

coplel &MidrCBi MBe t;fré?:@ﬁﬂ ?ﬂ%ﬁﬁoﬂ'%e@ A4 7p 6§f3 Ecﬁﬁnonal limjtation on the
dual -switch forward power converter fesent
mwﬁn@md@mcmleowpaﬁ@n@oknulm4 ng turned on and of f

I tan I vol t age 0SS fo
fisly' LA G o oG R EbAO BTERE ehitee i l6reito partioutn
enﬂ&ﬁmﬂa{ts ,iYNpill B& dhinderkové | that ﬂl‘éeelhsbcﬁMentIhﬁe liDY¢tAESE and that the
filter for med by inductor 413 and output capacitor

Inyen§iop SRR 104 50 &%Feég eAlfemaféver erabediments o thexpresent rinwention will
{
beé@rhg aE?yExgikgdﬂélg%ehavﬁ'rggrgngtﬁyr o%E%IE Stélé %%tlnlggxs]ﬁgﬁ REL gfesgﬁlt invention
pevtainsa§ewh aliemite ensbodisents nel ¢Q,nsidemd tb lhéeqnemdpa[med within the spirit
e choi e of .conp nen ffects th ver al

and ioes of dfe Ertpert infhoyor & ¢ £ #4988 OF St present invention is
desaHtRl ibgshé Asteddiddaisd Mddy sl £pawea {7 tHeOfob Mo RBM SR,

of the present invention. Sw tching tranS|stors must

have | ow resi stance during conducting cycles and

shoul d neet the required bandw dth, voltage and

current ratings with safety margin. Suitable

transi stor types include but not restricted to FET,

MOSFET, 1 GBT and BJT. Wen bipolar transistors are

used to replace FETs as the switches, the base,

emtter and collector termnals of the bipolar

transi stors replace respectively the gate, source and

drain termnals of the corresponding FETs. D odes

shoul d preferably have | ow on-resistance, |ow forward

vol tage drop and they should neet the reqU|red forward

and br eakdown
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Date of receipt: 13 Nateofre@i(d:713(MB D302 00.03.2007) PCT/SG2007/000056
" PCT/ SG2007/ 000056 ) 0 5 b 7 voltage and current

requi renents. Hi gher switching frequency all ows

smal l er size of the inductor®to be used, at the

expense of higher switching | osses of the sw tching

transistors. [0022] It is evident to those skilled in

the art that the dual -swit orward converter of the

present invention provides Sidvant ages over the

wi dely used designs enploying isolation driver

circuit. Firstly, the additional second primary
Whet ati¢lagneiis: i s i nexpensi ve and secondly it does not

take up additional circuit board estate; thirdly, the

power dissipated in said wi nding and resistor 405 is
L. | nsiAgpov bicanbertarapaisingo the typical pover

consunption of a sem conductor isolator chip; and that

an RsEnstoraer davipgrfist prd;isecond\jerigleconnecied primaryewiidings both

, ' tQ.saj .

R P4 U PRl b PR ooh 080 pip i ln Y SEond end of said second
prienapy winding tomested torthe fvstead oflsaid €irstiprienary svindihg, sel f -

coupl ed driver. of the, present invention d %s- nQt pose i

I PRFRATY of EHi for ouRling an ineut YeliaeRganctuiey by gaIipdiouree to said
firdt"BrifRRY rWindRig 968 inkARE] AN hits 'BEorY SRABRcs! PYRBNILAILY biased

has be€en described wth reference to parti cu?a
corduisting fenteupling said inpbt voltapertot saglifirdh primdme winding, with said first

di ts aredllustrative and that the inyentio
sw 30 B B, § 2Bt R ot el PR Frammt corrBE gl of pulse-
widthempdllawer, ant\aidl se@bnd\bwitch BREQI By aPRAFLIHdué 4d1656said second
having ordinary skill in the art to which the present =
Primage iRdipg thyepghmagnetis comphing ef meltagecasrrss ispid first priary winding;
| I C . . . .
o e o i e BRTRARRR pltht [l et bbveRliom said firs
and$ecbheé epdeafesaid firsy primagnwimlingleseir acghstizatien eypean dedaid input

oo R SRR Ll LS SRRl Tg coser 91 o
. 03 7
PCTh S6eMAaHPERARGoPERBIinS tid-tdIMBe idthiRbd hdo&d AldRIohdary winding

1. A power ‘converter conprising: a transformer having
to 41 putputand igeluding ageetifier nyd 8 lawmpessdiltess i mary wi ndi ngs
both wound in the sane direction and a secondary
wi ndi ng, with the second end of said second
2. The power converter of claim 1 wherein said first magnetization current path in

said primary circuit is a first diode having the cathode connected to said first end of said
first primary winding and the anode connected to the zero-volt or ground return of said

input source.

3. The power converter of claim 1 wherein said second magnetization current path in
said primary circuit is a second diode having the anode connected to said second end of
said first primary winding and the cathode connected to the high-voltage or positive

terminal of said input source.
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. primary w ndi ng connBat efdreeipt:t IReMdrihr 2007 3 43.26075RETEISG2007/000056
first primary winding; a primary circuit for coupling
an input voltage generated by_an i nput source to said
first primary w ndi ng and inc?uding first and second
smntches perlodlcaluy bi ased conducting for coupling
4.sai df h%Werv‘iﬂnﬂ’Q@@ ofcclaim @ whergin spidi ecrmirplled petienaes périddic pulses

[ S eriodic | se. vefo
S SPGB BB L S BRSEET L e o
duty dydlatvitich 1sapfbdsarrduﬁéc‘cﬁmir1§%t1ﬁrhc@bx%ﬁﬁ‘& P¥n4Rb Eﬂgﬁtermmed or

|nd ced acr,oss_said second primary w nding through

deffchidnagniuden el said BPut Beltaggand d o5 dke eutpur Yaltage apmsmi@low-pass
filt¥r BE k38 secofBskf tion current .
“paths ber ng ?rgpdélgg&r@ggsgc zﬁ{\%e th?%gﬁng fl CYCl Are sctapa@ﬁ&f turning on
and @ffosaitl ewitchesf said first primary winding to return

magneti zation current to said input source only when

said switches are biased non-conducting; and a

5.secarndapdivér écﬁﬁbﬁexf of cﬁﬁlel Wﬁgre'irhgal\ﬁoﬂutsﬁgﬁ sgc%glﬁegvltches in said

across said secondary winding to an out
primazy (féricay aae rfeedd jeffieetr tramidst@rsl(m phﬂmllfdmg metal%md’dﬁ semiconductor

ter i.n said firs
T
areaflﬂhyrfsthddmemaw ng the cathode connected to said
first end of said first primary wi nding and the
anode connected to the zero-volt or ground return of

6.5al Ghel ry&%} aéﬁ%ﬂ'fé? of &la Sainl g%lﬁ?«%’ﬂ? galﬁg Ft?%[f,]f Elﬁ\g{l% %l‘fenéram and source

wher el sal second magneti za

terganals ponmested wi saidiisecomsl endsef eid ﬁﬁlso?ﬂrrfaﬁy/ iwifidihBend zero-volt or
to said second end o said first

Er G Ord ST T SOHEe SRPHOTEIe SRpds e feminel connected to the

outpufl Bf 3484 tHIRIRE ci{ﬁﬁletdf\f)%lsetvﬁam M8duRorsal d i nput
source. Date of receipt: 13 March 2007 (13.03.2007)

PCT/ S&007/ 000056 V U 9 4. The povver converter of

7. cl aipp, r ai ontr rat es 1,0di
puI ses 0% ecﬁ)rﬁlg lﬁer{ggfb eso wherﬁ e“FFﬁ'ﬁ‘egE{ﬁ lbewmg the gate and
sowrod: teaxgénals) Cortepted detseidfideshd SdoN@ lehd’sg@f @lid SecofldtpYimary winding
ycl e which is predeterm ned or variable in accordance

fewthelm &ng the draiy farmingl @Pnne@@dé@ttb@ highgynltagel@s pesitiyeteaminal of
saill n%ﬂrt) s¥@kt: aﬂ\ aalréglséor BEin gfb‘amﬁ’é& r3/s9 lsélﬂgﬁ%lﬁ%ﬁg ggurégkf:(iinunals for

ass ter of sal secon
allaxlvmgramnalh gmouoht a’TgeJri'e(m‘/ai ﬂowrfeomapﬂhhputos‘outwmtmguda first primary
Sa
wmcﬂng aI {he onlse osf each conductmg cycle of said first FET, with the resultant voltage

induced across said second primary winding forward-biasing said second FET to conduct.

8. The power converter of claim 1 wherein said first and second switches in said
primary circuit are bipolar transistors including Insulated Gate Bipolar Transistors (IGBTs)
and bipolar junction transistors (BJTs) with low emitter-collector resistance when said

transistors are fully forward-biased.

9. The power converter of claim 8 wherein said first bipolar transistor having the

emitter and collector terminals connected to said second end of said first primary winding

VU vl



. 5. The power conver t Bate off receipi ¥h Marehn2002(13.03.2000) PCT/8G2007/000056
and second swtches in said primary circuit are field
effect transistors (FETs) including netal -oxide
sem conductor field effect flPansistors ( MOSFETSs) ,
with | ow drain-to-source resistance when said FETs

andzerof vt 9r fround tetntina s daidbinpiithsoupmvrespectinelgs ot thef base termmal

cofisGieled B Sa SAREETs aapa ok kb et B moRaPna

first primary wi nding and zero-volt or ground
termnal of said i ngut source respectively, and the
10gat dhe @oiien gpnvesten ot claimtSowherein sid pﬁppndfbl[&ﬂmdtranswtor having the

ont,r e of se-wi.dt h_nodul
ba S B PR ool S b ind Bop8 ol i 19Sond primary
witidinj Rgsptdiredg tagd alcol BRtdr G&rndifdl BoRad cte QNS B @fl vbIRage or positive
said first and second ends of said second prinmary

terpginadi 9 paid inpyk epwrgey gnd arresistae beingj gpnpegted agtoss said collector and
emgtgeir}z}gﬁﬁlﬁgls %0r Illtfkﬁwltﬂggah d%{:ﬂl 'él%gﬁntocgf (Rlbl%hI tovﬁo&etréén?'nn%kd Ihput emitter

i nput "sourc I'stor conn
inta&smdsfsstspmda@rmnﬂurgm the bnsee of exdhi mldsctfny cychds| of\wailgfist bipolar

snall a nt of current to f om1fro sai d i nput source
trapsigtgn A ir?%lstam%s? mfmfhmgssase jeoRshprmagy waging forward-

biaSiR AHid!seEEhdDIFbIGr Rhnsidditocbhdifct, FET, W th the resul tant
vol'tage induced across said second primary w nding

f orward- bi asi ng said second FET to conduct 8. The

po converter rE|n
1180 Tha THeF enlterfts L 3, PHEPD i Behpin i ‘Rl ieandary cireui
coxhpﬂﬂﬁg 8 tthik® andIrthddibdes Hasitgahe Anddak Soxﬁle@ﬁ:ll&é a first and second ends
Transistors (1 GBTs) and bipolar junction transistors

of sapdy secpndary Winding sespeetively and wdthsheir eathedes sernsgtrsiio saghjother.
transistors are fully forward-biased. 9. The power
converter of claim8 wherein said first bipolar

121 r af$e gtosrer lrauverter tdfeclaiemilt whereanshid dbw episo lﬁliteE rimisaial secondary

cannected to sa& d second end of sai.d first
CirGyih SOTRETI7A 80 SPAYSLRE FoBRectad in ghrieR Vfo# pRasi@s, SGo8Rd filter being
contfedledGR QA0 ARGl Mcdfidy and thePbitpdeydlea FQ |bEm%rvcgfagé‘ Rekoss said

term nal of said input source respective

capgger-t ermi nal connected to the output of sai d
control l er capable of pul se-w dth nodulation. 10. The
power converter of claim8 wherein said second bi pol ar

131 r amsinsthod ofapéragng H powbrecmverte, &mpristig thelswipp af:s
connected to sald first and second ends of said second
pri REAWAIng hdrangiormepebaving first and sacend osarigllygpnnected  primary

wihdihge Bith woRRE & HRahf difRibh 9ha ¥ LdoRSyWinBRY With&he second end

of said second primary winding connected to the first end of said first primary winding;
coupling an input voltage generated by an input source to said first primary
winding via a primary circuit comprising first and second switches periodically biased
conducting for coupling said input voltage to said first primary winding, with said first
switch biased by a periodic pulse waveform generated from a controller capable of pulse-
width modulation, and said second switch biased by voltage induced across said second
primary winding through magnetic coupling of the voltage across said first primary

winding; and first and second magnetization current paths being tapped respectively from
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~ terminal of said i npBate gfoweeins:; 13Marctn2002 613 43.407HRGHHG2007/000056
connected across said collector and emtter termnals
for allowing a small anount of current to flow from
said input emtter into sai d1first primary w nding at
the onset of each conducting cycles of said first
saififjystl and setomhends tof isaidviirshprimneryr windingamtretuty mageetization current to

.d.nduced acrass sai d. second primary w nding.forwgrd-
saif {0RAY Roures PR SR PSS Arp bized npmspondiingiand | 11
The coepRTy HRNMEMak& indiiced | aid¥s Saldh@icdhrP ifldingCbl 4d Bltput via a
in said secondary circuit conprising a third and
secopdarty ceficuid éemprising g redifien andiatove-passditeed to a first
and second ends of said secondary w nding
respectively, and with their cathodes connected to

14eaciThetmethod cf2claifd3p@hereirc o4id efifse imaghetidatiom clirrent path in said
wherein said_|ow pass filter in said secondar

Prigyafy: gireuit S firss dinge havingdthe cathode penneeted to salddjrsteand of said first
o . . L ior hej . o
o PR AEA L @Ok 1 Rl ey BRRRESHES bPsid inpu
solre¢.ng vol tage "across said capacitor. 13. A nmethod of -
operating a power converter, conprising the steps of:

providing a transformer having first and second

155er Tk iiethOMRE I 1Y wWhefein siit NeEdHISmRAI iz Burréhttfaéh in said
same direction and a secondary wi nding, with the

Prigwey Eh‘mfjh tha wcogéid](?pdgelwh;g thei amadg, cmmgﬁeﬁ dgo @@lﬁn@gp@j end of said
e e S R Bl 20 P S sy v o

sail@nsiAiseurce.r st primary wnding via a primary circuit

conprising first and second switches periodically

bi ased conducting for coupling said input voltage to

sal gpbl hRtnda | i 1301 reifl §id S@ntrofiey Wit Gltiodic pul
16bi aggg E% a pé’m%ff%m I|yozoﬂIvg%’rt\"/baveéf?or mnggner }{eré%faf ro?n o PUses
altemating bétereex approtdaterniingd) high- veltage ndodpied¢teomipedidolw voltage at a

sai d,second. switch hiased b ol.t age induce Cros .
au§irS S A R vAGRAlR % dgerirlh dri B spsgnined or
deRbtel MeagMRLIAAST Al i@pst voMage hhd fbr fiel S volthgtdadiess satllow-pass

first and second magneti zati on current paths bein

filtenpipwid pasopdagy icireniy and spidpitemating veltagedevelsige papabie of turning on
an%gléps {iRe£007) PCT/ SG2007/ 000056 U U !3b 11 said
st and second ends of said first primary winding to
return magnetization current to said input source

onl y_when_ sai wi tches are bjiased non-conducting, anq .
17cpué'!hierfﬁetpﬂg °§§?"c"&ggi“a’&%'édaléc$’6% §“‘£é‘?"&’ng é@dﬁbﬁﬁgw Sa‘g primary
cirbhiP e ¥Gelll RfRB: PAtsRtbrs YFETH including metal-oxide semiconductor field effect
transistors (MOSFETs), with low drain-to-source resistance when said FETs are fully

forward-biased.

18.  The method of claim 17 wherein said first FET having the drain and source
terminals connected to said second end of said first primary winding and zero-volt or
ground terminal of said input source respectively, and the gate terminal connected to the

output of said controller capable of pulse-width modulation.

RVRel



secondary circuit coPpepfecipt:al3Mth 2002(13 452008 PCT/SG2007/000056
| owpass filter. 14. The method of claim13 wherein
said first magneti zation current path in said primry
circuit is a first diode havi ag t he cat hode connect ed
to said first end of said first primary w nding and

19t he Témadethodmfedaiad 17 ovhdreinzsaid se@ntl FET draoingdthe egauer and source

of said in e. 15, The nethod_of.claim,1
terfnal S cnb iRt o SR Hhit ot soctmdorndipr i SSHoRY; iirearyy winding
respEHIVRIYY a@l [tk Ufain &rﬁuﬁlﬁ‘éé?ﬁ}ﬁcéﬂqgethg ﬂ)’ghn\%l ?@ of‘lBQﬂﬁve terminal of
connected to said second end of said first primry

saidiippiit sgurgpicandreresigion belag sonmrstadaagrass said elrain ghd e@lrt:ageemmals for -

oIRKROR Y G el 1 ABchrom Bhi RBH Sfros it st primary

wm?dihg acithe dasdtof actbédnductaig 1@l waidITirst IR EAGitiethe resltant voltage
h vol tage and a_predeterm ned | ow voltage at_a

mddle@q/afé%ﬂ @idsgecend pémpy aviading forveard diasing saigieeondFET to conduct.
accordance with the predeterm ned or detected
magni t udes of said input voltage and / or the out put

20vol Thgemethodsif chaindld evereds saidffilst end edcondistvichesoindsdiy primary

Ci.r cui nd sajd alterpating vo]tage_|evels
cirgui, 475 Enpgf ar LANSES{OEs emfudg%aj W%ateﬁaﬁagesz@ﬁeEranSiSﬁorsTﬂQBTs) and

big®edrNAfhcBbn Ctlrﬁismt&g’ ?E)e'vﬂths b Eificedr- (% tﬁle‘\r?%?gance when said
swtches 1 n said Clrouit are field effect
trangigtoxsi ase ﬁ:llsfi(OEEﬁ'lsl)blasndl ud| ng net al - oxi de semn conduct or

field effect transistors (MOSFETs), with | ow

drai n-to-source resistance when said FETs are fully

21f or Wwae Gndth@b 6claikB20 Wherelesdid direfbigdia thanbibtoMhayiRizthe emitter and
said first FET having the drain and source termnals

CO%FﬁTefétl’é'dlakSchO@BMeds@cm seqead end <of sdidr fiyst priprarh#iigding and zero-
volfloP %H]gldqglqmﬁglr&' s\c/tﬂf 1&1 sou%e 5}%}]{1@@1 a{}l%l th@ i)a atllmqnmal connected

I nput source respectl e term na

to theraegntt fl sdid cbriteolleouagmble affpuimwdlddombmdhﬂlm. capabl e of
pul se-w dth nodul ati on. Date of receipt: 13 March 2007
(13. 03.2007) PCT/ S&2007/ 000056 12. 19. The nethod of

22C1 aiThe hethbtepLEIRinS 80 WheRHP S 5&bnl BYioG &Jﬂﬁs%hﬁvnﬂ@ fhe base and
source termnals connected to said first and second

emittet Jerpfiinglaicdnnastadtd spidi finst gndisevdnd gndy efsgpat sdoond wmmnyi winding

resbgcgivg[yg Iélﬂil il?%g},ll}l%éoé Srminal tc%r‘?netc(t)edt tr(])ethg lhlqgl?l vo‘ﬁage F po posmve terminal

of said input source; and a resistor being connected across said collector and emitter
terminals for allowing a small amount of current to flow from said input emitter into said
first primary winding at the onset of each conducting cycles of said first bipolar transistor,
with the resultant voltage induced across said second primary winding forward-biasing

said second bipolar transistor to conduct.

23.  The method of claim 13 wherein said rectifier in said secondary circuit comprising
a third and forth diodes having the anodes connected to a first and second ends of said

secondary winding respectively, and with their cathodes connected to each other.

-



sai d i nput source; aBateaf reeditst3dvarle09y (GORAT] BAT/SG2007/000056  J ) OO
across said drain and source termnals for allowng a
smal | amount of current to flow from said i nput source
into said first primary mﬁnaang at the onset of each
conducting cycles of said first FET, with the
24y esibe amethod| af agjeim i18 dubereinasid $ow s fidter dmdajdr sevandary circuit
winding fo rd-bi asi,ng said .second FET to ¢ HQUCtu
comghisihgin T cepnecrediin oSS B & F#pagiorand sald Hifagoeing connected
in PAEIN) it dali® RRSfikr) aBdHHE REJuERENageHelpA ' itor.
?ar?ansi stors including | nsuq at ed gGat Ee%%% a?cn%bsoé%kc%apacuor
Transi stors (1 GBTs) and bipolar junction transistors
(BJTs) with low emtter-collector resistance when said
transistors are fully forward-biased. 21. The net hod
of claim20 wherein said first bipolar transistor
having the emitter and collector term nals connected
to said second end of said first primary w nding and
zero- volt or ground termnal of said input source
respectively, and the base term nal connected to the
out put of said controller capabl'e of pul se-w dth
nodul ati on. 22. The nethod of claim20 wherein said
second bi polar transistor having the base and emtter
termnals connected to said first and second ends of
said second primary wi nding respectively, and the
coll ector term nal connected to the high-voltage or
positive termnal of said input source; and a
resi stor being connected across said collector and
emtter termnals for allowing a small anount of
current to flow fromsaid input emtter into said
first primary winding at the onset of each conducting
cycles of said first bipolar transistor, wth the
resul tant voltage induced across said second prinary
wi ndi ng forward-biasing said second bipol ar
transistor to conduct. 23. The nmethod of claim 13
wherein said rectifier in said secondary circuit
conprising a third and forth di odes having the anodes
connected to a first and second ends of said
secondary wi nding respectively, and with their
cat hodes connected to each other. Date of receipt: 13
March 2007 (13.03.2007) PCT/ S&007/000056 L) 0 b 1 13
24. The nethod of claim 13 wherein said | ow pass
filter in said secondary circuit conprising an
i nductor connected in series wiwth a capacitor, and
said filter being connected in parallel with said
rectifier, and the output voltage being voltage across
sai d capacitor.



