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" PONER CONVERTER Field of the Invention [0001] The
present invention relates to a switch node power
supply, and nore particularly to a dual-swtch
forward converter enploying d self-coupled driver to
achi eve - anong ot her advantages hi gher efficiency,

lower part count angpenEOUNESPRIvVERackground of the
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depends on the duty cycle of said control pulses and
the 1input voltage, and it is essentially |oad

i ndependent . Mor eo\Ba¥ckeedimddifile Ik@nvht Chi ng  pul se
wi dt h accordi ngly resuFts i n constant output voltage

even when the input voltage varies. [0004] A )
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e popular forward topol ogy, energy is supplied to
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of kilo-hertz. The output voltage depends on the duty cycle of said control pulses and the
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 énd 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



swi tching transistor suffer fromthe same shortcom ng

as the flyback design, nanely the voltage across said
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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




detai |l ed description provided herewith. Summary of the
I nvention [0008] In accordance with an aspect of the
present invention, a power converter conprises a
transformer and two switching transistors. Said
transformer has two serially-3connected primary
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dual -swi tch_ forward converter

converter (prior art).

[0012] Figure 2 shows the schematic diagram of a dual-switch forward converter

using an isolated transformer-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




using an isol ated transforner-based gate driver.

[0013] Figure 3 shows the typical waveforns of contro

and gate pul ses for transforner-based gate drivers.

[0014] . Figure 4 depicts the schematic diagram of the

dual -switch forward converteq of the present

i nvention. Detailed Description of the Invention
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diagednes iir Figare 8 posef another Bfiltationpd 8% hH8mum duty cycle of the pulses
which controller 402 can generate without excessively driving down the amplitude of the
gate pulses delivered to transistor 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



effective load of the switching transistors and ot her
conponents to the output of controller 402, thus
drawi ng additional current fromsaid controller.
Finally, the anplitude of the gate pulses coupled to
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[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



[0019] In Figure 4, controller 402 is connected to the
gate termnal of first switching transistor 406. The
source of said transistor is tied to the OV return bus
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switch mode power supplies including said dual-switch forward converter of the present

invention. Switching transistors must have low resistance during conducting cycles and
should meet the required bandwidth, voltage and current ratings with safety margin.
Suitable transistor types include but not restricte(ii to FET, MOSFET, IGBT and BJT.
When bipolar transistors are used to replace FETs 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



409 is proportional to that across said first primary
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7 voltage and current requirenents. Hi gher swtching
frequency allows smaller size of the inductor to be
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isolation driver circuit. Firstly, the additiona
second primary w ndi ng 409CILAIMSexpensi ve and
secondly it does not take up additional circuit board
estate; thirdly, the power dissipated in said w nding
wasds eleghed ®f 405 is insignificant conpared to the
typi cal power consunption of a sem conductor isolator
chip; and that an isolation driver circuit, whether
it ' ssive, adds additional |oad* to said
1'puI S{Zp@x&%{%’o&vﬁ%@fc E}Pﬁ‘gmgy, conpared to forward

convetriefornesiiaditignBrst 280 StesHiEserRB REnkHcted Sprith&r§ Wy fndings both
the sel f- coupled driver of the present invention does

Wotge ip dicesameadiaciinmpng pspeardpnvisdinghwith thesesomd en of said second
- 0f: r, . Wile the present
pAEL Sk Ry RROLTS M o IR S
par tai rithany cirenivdoli complisg anm inpat bbitdpe (faﬂéi@té& bﬂ a@f iigi@kource to said
t he enbodi nents are. i]lustrative and that the

first, PERRT DNV EHe 274 instuding (firei pad). seppnde sHitehase periodically biased
saRa] t jnyent | i L
Co{ip ar %ﬁpicgu[?%gs%ﬁlhg{ i ﬁggg?%rﬁ)a%d ?Eﬁtmd“]i‘arﬁy ?ﬁg&igg,t w%tg said first
swith blnsedhby prigsierdic pulseemsvedorm pereraéd fromSucintalieecapable of pulse-
W‘?ﬁgglgﬂﬁﬁg%i agiﬁﬁsac g%ég %V%?tﬁlté B}gg% gfv%ﬂﬁg{}:%ﬁggﬂ gcrrlésg said second
e P ahdigh Yarob BIe nRGARR upli tadl £6
prdescr i bedhbyrot Elg q%pende&lpépgioﬁs%g% %cg&ggggcﬁ}t&emyy winding;
ang fisstand sgenndgmagnetizatism omrens patls Aeivs tapphdrespsctiviebi freu said first

I Sa 4 nverter conprjsing: a transforner o
onl sond P 8Bl AL RRIMEY Wi el nabERRoT Rt o sid inpu
sotnic® dhlygshdnaltl swieshBglarebidsB@ nsABnAictifSan@n and a

secondary winding, with the second end of said second

pr i Reegondaptsiryitdon reunliag thoveltagefiidused aerdssotaidsseicondary winding
to b B%uPJAmEMde%%&%er and a low-pass filter.

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.



a primary circuit for coupling an input voltage

generated by an input source to said first primry

wi ndi ng and including first and second switches

periodically biased conducting for coupling said

i nput voltage to said first pgimary winding, with said

first switch biased by a peri odi ¢ pul se waveform

gen t r t
R v O G R £ AR 8 BBl icnllefplrodic pulses
altﬁmamgdbeameosspsdctdrmmeda rhdlgh poitamr@ndvu pﬂtdétgrrﬁlhécbltgh voltage at a

g? c]g$ E% of. vol t age @cross said first primary
WY Rl gt icha Prefltermingd) o sdpable iR grenrrange v Eher predtermined or
deﬂ%ieﬁsmztgiﬂltﬂﬂeé Mﬁﬂm@ﬁ@@(ﬁ&tgb\é‘ﬁhy of Em%@lt@oft%g SJcros@@Qid low-pass

second ends of said first primary wn
filienghedid secondary circwig randtsei dsdtechaiting urblta@dehremara nhgabimmfrturnln gon

an§ gtd Hwt% es are biased non-conducting; and a
gCofitfar ?cwt for coupling the voltage induced

acr oss saLd secondary winding to an output and
including a rectifier and a lowpass filter. 2. The
5. pov@hecmr@@we@ﬁr ofl elaim 11 whereén lsaldaﬁrst dndr stcond switches in said

B SARLTALED Rt enEL R S o onc

ﬁeid efftctardsigfors W@SFElTsﬁtwi@lﬁ R Id¢ailith dburbe ARMtAnbE wfﬂgﬁ%ld FETs
connected to the zero-volt or ground return of said

arg fpllyfoarasd-beased  The power converter of claiml
wherei n said second magnetization current path in
said primary circuit is a second di ode having the

6. anodéleqmme coedrtenofselhith Seviensn e4id fiaét FEIah4)ifd thsldrain and source
rﬁ] é gl ng anpd the cathode connected to the

te E}ﬂa S ¢BPteslse 9 ab‘géf"iqn@eendt ef s ffrsoprimagygwingdrg and zero-volt or

grGMdr €Bnindl of4$a1<ir ub Srte F&Eé’c@fvte aﬁé el %‘tﬂe}ﬁn ﬂ:&#lﬂzcted to the
said controller dgenerates periodic puls erna

outpst vesud eonrodldetapabiernd pulse-gridthohbddsticand a

predeterm ned | ow voltage at a duty cycle which is
predeterm ned or variable in accordance with the

7. pr e%%%d%eﬁ‘%n%rterd&t Q&ihed Wﬁgxréint SE8SeQndSRAEE Hg@ﬁgt the gate and

voltage and / or the output voltage across sai
soyrgoviqrandnals £onneeted ¢b S@dldetSBEbMang/ endsrafisiatd seaond priindry winding

atl .t age eIs a turnin
resfidiRF o Qi il Bortneflsd g i PisBriplineepr By cepina of
saidl iMp\R IsGirde Sadldch debik®dk being cﬁﬁf&ﬂ:@ sk 6118 Ardi afPidhirce terminals for
allowing a small amount of current to flow from said input source into said first primary
winding at the onset of each conducting 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




primary circuit are field effect transistors (FETS)
i ncl udi ng net al - oxi de sem conductor field effect
transi stors (MOSFETs), with | ow drain-to-source
resi stance when said FETs are fully forward-biased.
6. The power converter of clajgn5 wherein said first
FET having the drain and source term nals connected
' C f id.first prinmary w.nding.and .
ool heREY i ¥ POy o, 37 L] by ARG P e rerminal
confs&ttol the bitpuaditsaidieongdtier daphble HApulkeNI&E nRfiluladoh.ne
out put of said controller capable of pulse-wdth
nodul ation. 7. The power converter of claim5 wherein
ai e V] 1 h n Qur.ce .t erm nal .
120 RS Sorke it e 1Bl 30 e SRl e BR hgving the
bape amdemitudr netintigals camiRert ity ghiy, firaNghdt 2€ord id of Sdidsédind primary
caonnected to the high-voltage or positive termnal of .
wiading respsgtivelpandethe gallector; tegmisabeonseptad te therhigh-veltage or positive
T OS . . 0 U . | .
e S, SRl PSP AT Gl RS AL ROl Bl oot S e and
eniitteotesmimls for sl loptingrmsyall winivain® @f diirrédi@o Glosetromf sakibiaput emitter
..conducting cycle aof said first FET, with the resultant .
infp i st DAL Sndiis 8o oast of bk Gomluciteg syl o ispig st bipolar
-r‘ r‘ &, S . .
e BRIl sord s B8RPl pripty ifing forward
biaségsaid sagond hipolar tragsistdr toprondeety circuit are bi pol ar
transi stors including Insulated Gate Bi pol ar
Transistors (1 GBTs) and bipolar junction transistors
11(BITEne pbwér EeveRBR bit ek O Waetedt shi@SleSiRGR MiescoRddly circuit
transistors are fully forward-biased. 9. The power
coppisigtacthirgrand (festhrl®dosles vin g the indddsi opnediiddolagirst and second ends

oSBT, SR O SIS S ) P

wi nding 10 and zero-volt or ground term nal of said

i nput source respectively, and the base term nal
12¢ onnldtet B erocenyerte, el alairpfl sdierpin gaidrlom pass Jilisaltin saigf secondary
. -\ ' . .po converter of . .
et AP, lhned SPGB Piny, e v
cohixtedomsgaraliel veith bdié redti€ieryi andl the ©atpue obethetRirgavdltage across said

first and second ends of said second primary w nding
capaedi9kct i vel y, and the col lector terminal connected to

t he high-voltage or positive termnal of said input

source; and a resistor being connected across said
13col | otethrodawfcbperating a power converter, comprising the steps of:

providing a transformer having first and second serially-connected primary
windings both wound in the same direction and a secondary winding, with the 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



emtter termnals for allowng a small anmount of
current to flowfromsaid input emtter into said
first primary winding at the onset of each conducting
cycles of said first bipolar transistor, with the
resul tant voltage induced acrgss said second primary
wi ndi ng forward- biasing said second bi pol ar
r j .11. .The power conyerter of .
sofd ERENRH Reoh € R0 Gl i pritlfy FNELs G RUEE Riapdfirasion current to
saigll inputisburce @AY wWhemnghi@switdHes aritlade@ hbh-cEhARBRg; AN I NY
the anodes connected to a first and second ends of ‘
sai FOURMh i Yolgs dnfvred eanpesst aid pscondary wilndingtthednr output via a
] t . The power
Se‘g{glgv rtlg}l R%P H@F%ﬁl%alrgﬁgeﬁgpgtagg‘h)af%f\ﬁvteﬁass filter in
said secondary «circuit conprising an inductor
[ es wWth a capacitor, and said filter

connected in s ] . . ] o
14 ei ﬁ@e E’Gﬂlﬁgc?fga ajty Iaheredn spids Firss anagnetéizatipn jcarrentapath in said
j I i e
pilfy SEANTs SRS 148 508 BGERSRITALM it e o i
pricwany evinding aadrtpe asodegeconhectsd aptheakro-polowi giongd @eturn of said input
transformer having first and second serially-connected
“Fmary windi ngs both wound in the sane direction and
a secondary w nding, with the second end of said
second primary wi nding connected to the first end of
155ai d’heimethodraf rebaimn 4 wdiersin saidugebomigmagnetiaptiin swtdnageth in said

. r . by _an _i.npu ource to said first pr.imr )
RS ERERC I BB R e’ Soilpruterisd o P B end of seid
firstqgiondy sihdiaRafd BRS datdide @bhnkcRidas @ik higRNelisde! drfﬂrgoiiabe terminal of

coupling said input voltage to said frrst primry
SAIRHt SBUrCHi t h said first switch biased by a periodic

pul se waveform generated froma controller capable of

pul se- width nodul ation, and said second switch biased
16by Ikt agehddn & Celain® CI30Sheséth dsh@ COMeolBY igRdritedM figliodR pulses
- through magnetic coupli ng, of the voltage across said
altgrnalng” BetWegn 2 PRefetermpiged Bigh voltage and @ piedeieranined low voltage at a
d ' ' hel k r ctively .

RO AL Rprpliblhe Bl Wt 1 abARRGL MIRPHE rdidimined or
- detoctedumagnithadeti of gaidoinpet woltageragd £bf thatougut §oltigeMtcrdse said low-pass

flsahfd l(ﬂgf%t (?ource only when said swtches are bi ased )
AL SEhAseRdany cirgl 208 sydiakgmatieg vejfags develsaae earable of turning on
and@6ffR8R1 aicflesecondary wi nding to an output via a

secondary circuit conprising a rectifier and a

| ow-pass filter.

17. The method of claim 13 wherein said first and second switches in said primary
circuit are field effect transistors (FETs) 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.



14. The nmethod of claim 13 wherein said first

magneti zation current path in said primary circuit is
a first diode having the cathode connected to said
first end of said first primary w nding and the anode
connected to the zero-volt orqgground return of said

i nput source. 15. The nethod of claim 13 wherein said

552k MRS LE BRI USEAL oL B8 JovBl R g s

tetnuinglai conmected ctoesuid dfirss and sebbiid tenB$ i0fBgayd Wedddl NgrBAY winding
the.c th%ge connected to the hjgh-voltage or positive

regpEF el angrthe Sl trApRAl copnecsed torthe Iighevottagh ol poditive terminal of
®l ighp sbarcdh gy £i | rat riodic. .

sl b 0B ol b LA OSASI T i o

allowingagemal cinzoupt efl etresntito €ldw fHromvald ﬁu%et Surc® infba¥d first primary
redeterm ned or variable in accordance

.cycl ich |
w5 T SPeksdh B Rpictne Cisitet et BauieT dugs horessiit volisge
indudRd e $498BRd 841m§1§/ \;vnﬁirg‘mEud%&sﬁr%s?{@&éﬁﬂ?@éa’fgpdconduct.

| ow-pass filter id secondary cCIr
alternating voltage | evels are capable of turning on

2Oand ff s ia wi.t.ches. 17.. The t hod of claim 13 ) .
aherdiermEdod o il LR i egiin said st andscoond saii@hes, innig, primary
cirGhit @k biptl# trdrR]sthré i @sding F@?A&&g f@{age(:%aﬁ%gﬁ)"rﬂaﬂs‘%{tb’r‘!' (M€BTs) and

.metal - oxi de sem conduct or ransistors
bigolamsiErsipn  wansistorowWBITa) rwitto-lsou reastterasilsitan aesisiies when said
Ld FETs are full f.orwar d- bi ased. 18. The net hod of
tragi?lgtlgﬁs]aﬁ%u eoéYvﬂrdé%l?S&dfi rst FET having the drain and
source termnals connected to said second end of said

first primary winding and zero-volt or ground
21t er rhhganethed ebelaim AQ ytherdu said firsgtdyipalad tvaisistor daving e emitter and

' ted,to the .output.of said . ..
cofidhdh finfHal oS ONAPEL 64 bonlnd ot BHL B plftaryyindingyand zero-
volflve gn@tridadrmihalcofedaitl ihputdRiE®i issertidels SaRANHe b5E hidvihA%onnected

termnals connected to said first

é{g{e ate and source . )
to &"g@éeﬁﬁfﬂl@ﬁa@@kr sanablecd pwisg-pidihmmedulafiondi ng

respectively, and the drain term nal connected to the

hi gh-vol tage or positive termnal of said input
22souflhe;methatl of claimi 20 ohelehi Gd 6QVAE GipdthraGhSISEr Bl the base and

drain and source term nals for
emutter terminals connected to said first and second ends of said second primary winding
respectively, and the collector terminal connected to the high-voltage or positive 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.



allowing a small anount of current to flow fromsaid
i nput source into said first primary w nding at the
onset of each conducting cycles of said first FET
with the resultant voltage induced across said second
primary w ndi ng forward-biasit® said second FET to
conduct. 20. The nethod of claim 13 wherein said
24.1 1 SThean@ttiacondlafii 13C hsreid s&idl BwPpdsSBIer il hiaUideolafy circuit
bi pol ar transistors including Insulated Gate Bi pol ar
compalsEigsgpduqtorarmayctethin sepiepwithra dapavitor, and said fistesbeadmgconnected

TS o A AR SO S5 5 P o

of claim 20 wherein said first bipolar transistor
having the emtter and collector term nals connected
to said second end of said first primary w nding and
zero- volt or ground term nal of said input source
respectively, and the base term nal connected to the
out put of said controller capable of pulse-width
nodul ati on. 22. The method of claim 20 wherein said

. second bi polar transistor having the base and emtter
term nals connected to said first and second ends of.
said second primary wi nding respectively, and the
collector termnal 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 primary
wi ndi ng forward-biasing said second bipolar -
transi stor to conduct. 23. The nethod of claim13
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. 13 24. The nethod
of claim 13 wherein said |ow pass filter in said
secondary circuit conprising an inductor connected in
series wwth a capacitor, and said filter being
connected in parallel with said rectifier, and the
out put vol tage being vol tage across said capacitor.




