;e3e_ZZ[T\: & Tz"6"T_Iu8,~ , Mnebea Co., Ltd. M30183PCT(L) A-sychronous
rectififer circuit 5 10 15 20 25 30 35 The invention relates to a
sychronous rectifier circuit for use in a push-pull d.c. ]M}Wﬂmﬂmﬂ%ﬂ
verter. It is the task of d.c. voltage converters to tra ct
vol t age plie their input into a direct voltage which iswewhkput at a
di ffereﬁg’\?g?atfgo'iﬁqd to do so nost efficiently. The output val ue nay be
greater M30I$3RCIE:) t han t he i nput value and nay be adjustable. In a d.c.
vol tage converter the direct voltage input, first, is transformed with the
hel p of switching stages into alternating voltage having a, rectangul ar
waveshape. During the sw tch-Agygheonad rectifiapeetuidi rect vo m/’lmym r ed
in tlge form of nagnetic energy in a choke. During the swt I d, it
acts”as a self induction voltage at the output of the d.c. vol4sags

conver t the iRydntiod %1hRYfo & APMEEARE SeQRRE RIbNIIAGEO LA Bt ul BicS vélkdgdGoRl €
are referred to as choke converters. They have their inputs and outputs

gal vani oaftely separated. It is known in the art to use transforners to

achi eve separation of potential. Here, the induced voltage occurs at the
secondary w nding, and the voltage transformati on can be determ ned by the

nunber gf jswhhsk85d.cHdltagd cbivedtel 0Gansfond adTrdct {o1dge appIkdl & their input into
transforner-type convertéer used as d.c. voltage convertier. Fllg. 1 depicts
Ya

t he 1Basiadirecevatags vdrichaistouimg aiba didferent yalugoandetotderso mesilefiddienslyadhe apiput
swi t chi ng, stage, 10 ower,.transformer 12 a.rectifigr girguit, 14 .and an
out put FAIEaRTae Breafty BF MRRG AR LR Ao ) B Al 3 g & VB
d. c. conyavdrer $hedigech wehagetihputy gt ag erahsfannéOWitRtBe hélp Dif RYAt€hinp 3&@edlinto
converter may be regarded as being a sinple electronically controlled
swi t ch, al{p@Rtng velipeediviiget restrngular Sisyeshapd Dyinghthe sehtchwn peyiort shepped

t ransf org; : i NoJq i.0di
requi r o el PubieB Ry SR o Al AEC honf R b DR RO P fiB ol
conuért eicdl, taoneshasdfiimdyetombbldge al the et tof drei dic.swlthghaneertérs DaC.owibagé shed

by two switching stages, and current always fl ows th{lough one of the two
pri mary SAPHTRYRPeratig achoreing tekhis @riaeipte arprafersed o ghele gouyeriestl Theydrrage
transf Ortﬁé”lf ﬁg)u{s”an‘ar &ﬁéﬁtg gFlvﬁhﬁﬁll E@Qfa@é&. It XAUoRAREn th@ AR BT b & IS Oy ed
in switch node power supply, such as server architecture for

t el econrawhiceaséparaioap] potattiabridere, the Padhced vdlisder o@irsagipthe cadondary, wadthgrany
other sityations. The invention ig especially advantageous in djstrjbuted
ener gy <HENS Vs ERestopAien cey be drieaniagh By teavathin v aing BecLEabgRk | n
newoger \Rigrah Gitistrating a trandorm @GV pE Ehwelt@usbd@d RBCRItaPO¥STvefilPPl y units are
used in which the mains voltage, to begin with, is converted into a bus

vol tage of sone 48 to 50 V. A second conversion to +12 V, for exanple, then
t akes plac i.thip the serve b-system . The speci f.i .0l t ages.. requi.r ed
For  the Mt el B rAfe R Rohls AR b SaP Tk dhiucifand Hidy S fghg
producedtdgeqd! b YoWwyr irsforineL D, % re@ificr @frciiie 04| aati @h o Fifisr V8)iAC hisBAcion is

connected to the 12 V rail. Each of the converting stages nust operate as
ef fi ci enmadg iasthy ggshepween single aass d-eheonyeriers sand gyshrpell jvokagss transferaresntA

POVES SLAGRS phfdd d TRELAVERCE hdy® beMe¥artit BE 1RRTAL GplY LilcrPdidatl) LR lled

switch, whereas switch-over operations occur with push-pull voltage transformers, and a

transformer 12 having two primary windings may be required. Push-pull transformers can be
derived from two single phase d.c. converters connected in parallel. The electronic switch-
over is accomplished by two switching stages, and current always flows through one of the

30  two primary windings. The invention relates to the field of push-pull voltage transformers.

In practice, such push-pull voltage transformers are employed in switch mode power supply,
such as server architecture for telecommunications applications, in PCs, industrial applica-
tions, and many other situations. The invention is especially advantageous in distributed en-

35  ergy supply systems where several stages are connected in succession. In new server archi-



power supply, optim zation in ternms of energy loss is required regarding
each and every 10 source thereof. Energy |osses depend not only on the type
of converter or transformer chosen, be4rt a single phase d.c. converter or
a push-pull voltage transfornmer, but are determ ned deci sively by the node
of operation pf .the rectifier circuit. Ki ng. gopd use of the inductivities
s vl | CURG, R insichePaen ORI prest {7 DRiGEE mil fiabddo ARRECYIt NS

pr esent js@GoRvdrteddid N RESK 1AL P4 fo 300V AGBcdrdadalakiTR"S +1ANQHeExam-
advantage is the great effrciency of the transfornmer and the high output
pover apleatherthkesplgee within the sermembisystein: dhe spagifigraliages requipedsfor the vari-

vol tage transformner ovided .wi th Schot diodes for rectificatio t the
secondarys ErtoRents s Bh o B mitobiheEBal RALE, fer Rt el A AN Pils' ' e
know; Vdifagh wpaldt@mbduleloshich BRonheste RPN BV fail. Bi | 1ings, Keith "Switch
Mode Power Supply Handbook", 2nd edition, McGawHi|l, New York, 1999. This
converter conprises a power transfornmer 18 having a primary side 18a and a
secondagy.Siedf. Joﬁ&ert%gesta@{eé Hﬁ"sé’?ﬁkﬂ@aé@ﬂﬁc?eﬂﬁ E?gos%ﬁﬁé)[hdﬂééé oF tflesehiBD gAch
conprlse(imo W ndi ng secti ons. For driving pﬁrp ses, two power ¥ansi'stor s
20, 22 nectiono$ diffatmcpower Btapése Forvmawinh refifi d ermdyi torte abtaindiewth spitchaiodesi de
18a. Two secondary di Qdes 24 and 26 are associ ated,, respectively, with the
two wi nBYWHY BWeD» SREMAFatioRdNSIEERhH A F93r§V38551¥§bFeqb}1ﬁ%isé°g&¥dé%§a‘g‘r an¢ S¥HEct ed

to o] i t
oo AR b o208 Rt Cp o0 B3 EOKRR AP R g
dri ven, bd rma singdd pise d.cbyorvectendrraopush@ulinaltagh wamsforni2o, b atehdetdrndmesl decnr 22
is driven, current vviél flow th};é)u h_.the associ ated w ndi ng section of the
power  t 4l P¥ hemodBobersration et ihe SHfer e ansi stor 22, The polarity of

t he associ ated wi nding section at the secondary side 18b of the power
transi stor 18 causes the diode 26 to cut off. At the sane tine, voltage is
i nducedMaking good tuseobthh érdustividichas welt as dmviag therfeansduosh itapositiiedad b8gativiehus

causd ng.current to flow thrqugh the diode 24 vja the stoyage choke 28. Wen
27o 0 "R bt g AV BRAER o ST SaBes v acte e AR A o y
si de t OthelpRead SATUNGRY VT HledfinsfofBer sndNhé Righlout PbWekdtaided! | Ng t he next cycle
the transistor 20 is driven. The current now flow ng through the second

wi ndi ng section of the primary side 18a causes reversal of the polarity of

t he assgci at.e i ndi.ng. at. t.h ecendar i 18h. [k 24 bl , ile
i ode: bk 2158 e Rl YRR SER R PR P I o8 S kT Sl
choke 2y disdeduor Rgtifibiohi dt $he yehdary Jide TBleepisteillt fodkard h@ntavter Pdw¥eiated
transistors 20, 22 will not be conducting at the sane tine conpul sory

: . € . Sam b, &
br edk, thbgsdicknowy ity Bagherls dryciibrds or exampleip dillingst leidh "$wich Made and
second i a Pur iv$:11f i actric
circui tpéﬁéfﬁuﬁ eglt%{rll%g)(r&; ?Ih g:edil b’ 0 trh{e‘]{ I?I}Iéﬁyg?ﬁgf q?%'ﬁlgﬁ?gornr\{% gro"?lnt?he
st or ageprifeskaepR&r ttangforhar ykaviapa pritary Side 18hend @ stvandenndde 1 8indlldi mes 24
and 26, m%?ydsitdg ?8& ggc? t Cet see(cjzorll a%(/j si%gcit8bSegghwgorlngrigehgvod\rzv%mil?gg ge'ctions. For driving

purposes, two power transistors 20, 22 are associated with the two winding sections at the

25  primary side 18a. Two secondary diodes 24 and 26 are associated, respectively, with the two
winding sections at the secondary side 18b. These diodes are connected to an output filter
stage made up of a storage choke 28 and a storage capacitor 30, as may be seen in fig. 2. The

power transistors 20, 22 are driven, for instance, by a control IC (not shown).

30  As the transistor 22 is driven, current will flow through the associated winding section of the
power transformer 18 and also through the transistor 22. The polarity of the associated wind-
ing section at the secondary side 18b of the power transistor 18 causes the diode 26 to cut off.
At the same time, voltage is induced also in the other winding section at the secondary side

18b, thus causing current to flow through the diode 24 via the storage choke 28. When a suf-



Fig. 3 presents idealized waveshapes of the output voltages u0O,, u02 at the
two wi-hding sec tions of the secondary_side 18b of the power transforner

18, forward currents i01, i02 through'@he di odes 24 and 26, and the out put
current 10 through the storage choke 28. 15 A positive voltage u0l is
generatgd during the first .ti interval from.tl to.t2. D ode.24 i

Sonduct Tt SrdPebEherey Bhsstt FebBid B hEPHboLaa; i uRgHoRiEY siffetisng

t hr oughtridiestatResloS&C DRGag Yhathddd ichdle SRCtramistarf 20 i3 QiriveMEThel dudfent AW EIowL8
toward the output. The rise in output current is determ ned by the voltage

dih f f er eifgdhigugh themepanst windingoieetinyef thaarimeey %idm‘l?ﬁ cauRes teversl oftha m}ara'tWeZ of
o7 - S bl ok RESSR Wp a0 DHRE RS hRgE biEBRN

to the So-Ca ree 0 ads es u of the

trarssf odweging,l thus perngieting cukfat ¢l flo@nthrduhi the dRbley P8, N8 diubingtthe firsichyclel Tot i es
of the secondary circuit. If the upper and_ | ower w nding sections at the
secondamgkesurgtha thgbwe pewer Eansivars 20n22 guillprat beugondwetingoatithe game dae. an

two. E i TIRRY t 10
Dur' ng. FinE tpdr Bredk 8 o elocERoclcrlifg hake 1 Brilcd Wb cin® thB b sty
i nt er vatyclesatestidbedmbode. Dy this/ freavdiecige phidk2, the ghscndiiciechivadhelisedada§ i s
o SR TR L, SoRET B I Shet Lol o,
POVRT L {SIrahaS: ABles2d 126! HARE cBlecteliadbi GRS it e @ading92 once

1 C s to the

agaln are zero, correspon reewheel 1 ng phase. -4 In the
enbodi nent of the d.c. voltage converter shown in fig. 2 the secondary

tifigr is enbodied. by di T tifier diod duce I. whi ch
epend B SRESRBRATDIZGY PEAERESRHs qie ahubaoBiect v S tafe NG Hi0EE oF
f orwar djbRSstafic 3dndMy Isflel 189 JFARS ?@vg?l‘ftrér@ﬂ)rﬁieplj&g‘orv@?rahﬁrr&gé W i&;BFi 8 hPDC

of a diode is given by the produc its forward vol tage drop its

f or war dthewliodsaf4iaml 26 smddhsoutputgurght ipthgough the storage choker2® forward vol t age
risEf as the load increases; it lies between 0.5 V and 1.5 V, depending on
the"type of diode provided. If the transducer output voltage is 3.3V, for

exanpl eA piRitis8 voRade ¢ & FensRBAMUridgahPfiRRE AfeafiteMal Fasey 6. DR 2aSs 36h-% of
t he voltagz_e will drop at the rectifier diodes. Wth higher transducer

out put GeAtinggEhe orergll onput/current é isdwpsed thiough dhessamepandcthrqughdhe upreres-t age
drop at J i rat. , | t | Qi The
v i Ry BiREEE sdefof GEARIRNEY ot 18 Wbarfithd puBll TREAL By chi

rent is determined by the voltage difference ug;-up (output voltage) and the sum of the induc-

20 tivities of the secondary circuit.

The second time interval from t; to t3 corresponds to the so-called freewheeling phase. The
output voltages ug, and ug of the transformer 18 are zero. The current iy is determined by the
inductivities of the secondary circuit. If the upper and lower winding sections at the secondary
25  side 18b are identical the output current i is divided in two. Each of the diodes 24, 26 will

carry one half of the output current ig. During this time interval the output current drops.

During the third time interval from t; to t4 a positive voltage ug; is produced and diode 26 is
conducting. The resulting behavior corresponds to that of the first time interval.

30
During the last time interval from t4 to ts of period T both power transistors 20, 22 are turned
off. The voltages ug; and ugp; once again are zero, which corresponds to the freewheeling

phase.



PDS=QF' u'f 20 where QF is the recovered |load during the fall time of the
reverse current of the diode, f is the reciprocal value of period T, and -
is the peak val ue of the diode t ur novef - vol tage. A reduction of the forward
| oss di scussed above can be achi eved only by reducing the vol tage drop. 25

On | ut | 1 d Ln th f MOSEET | th t
di ode. Tiiaf embSdpisinol fherd's volfecrisa riaEaneon &F By ALE SHOUAENRSHRFORET o
forwar dyglisEsy | Hl%ﬁed ) h@?ﬁfﬂtl‘ﬁ%ﬂdi‘bﬁesﬁ ﬂﬂ%dﬁ’dquﬁes ¥MeEh depbitd britREErvedrd vohgaR dfhe

current is reversed his is called synchronous rectification. The diode,
such asthdidintles 2446 @@,ar«r cpmpczspd@ﬁfqrwmlyloms s vEicainglpsses pEdREPRdeps t he 30
MOSFET used is of vertical structure its antiparallel diode or inverse

di ode (body diode) is utilized. This is illustrated in fig. 5 which shows

| i kes meThefcswhiielots Phcest ddiolld agiveaf 18 e @eodudtef itd for@srd voltap@drob. upking its5
diagrammatically illustrates the replacenment of the diode-type rectifier 14
by a syfewpidrasntipdsaealsorfigi®cuit 32 on the basis of MOSFETs. -5 Wth
reference to figs. 4 and 5 it becones clear that the voltage drop uDS at
the MOSFET is determ ned by the switch-on resistance RDS(oN) of the MOSFET
and the actual drain current whichPpustureigial the diode current iD. The
followng nust apply if the energy loss is to be reduced: S [uDSI -

| RDS(ON) ' | DhuF The forward | oss, therefore, can be reduced by sel ecti ng a
MOSRET I

si gnal ?fée ﬁg{gg}lar&em %?E%%I%%ﬁk?%g R%g%égﬁgﬁnhdc}?vp‘d g?‘a ing the
con trothestypnaf divale prodided.sifuthe itrahbdvearc eutpnt voléagsvik tkh\hg“obehanplo; which

Mor eover, the ener |l osses in this circuit e 0
boner dePapldRre ot 2 RESdraiar galalen BuReRb Al of 08 v rgsvulen b e

rectifigfis S0HR Wit BigRerMERE&Toer 30Put HelagiR k. %Jﬁsr@@ﬂft’éléfcoﬁlrﬁ&ﬁéeftioﬁg apgli-sel f
controlled, IC controlled. and current controll ed . 6is a

si npl i f casidnglithgreltagefdrarhas thediodetss pompatetivgly fessdiut stdbmtrrmghglbles ynchr onous
reﬁggfler circuit. Again the same reference nunerals are used to designate
ers corresponding to those of fig. 2. The power diodes 24, 26 shown in

fig. 2 FheswRAHIREREs bYa Mo Edbbe3dtiatated3f, the @SIRRARE ¥@laYion:The first winding
section at the secondary side 18b is designated Ls i and the 20 second

wi ndi ng section is designated Ls2. In the case of the self controlled
synchronous rectifier according t fgg 5.1 Ee out put vol tage of the power
transfornmer 18 is used to cont roI %bs?—‘E s 34, 36. This circuit has the
advan tage of necessitating only I|ttIe expenditure in circuitry since no
additional driver circuits are 25 needed to drive the MOSEETs 34, 36.

20  where Qr is the recovered load during the fall time of the reverse current of the diode, fis the

reciprocal value of period T, and - is the peak value of the diode turnover voltage.

A reduction of the forward loss discussed above can be achieved only by reducing the voltage
drop.
25
One solution resides in the use of a MOSFET connected in parallel with the diode. That is
shown in fig. 4. The MOSFET is turned on when current in forward direction is applied to the
diode, and it is turned off when the current is reversed. This is called synchronous rectifica-
tion. The diode, such as diodes 24, 26, in a circuit may be replaced by a MOSFET. If the
30 MOSFET used is of vertical structure its antiparallel diode or inverse diode (body diode) is
utilized. This is illustrated in fig. 5 which shows like members identified by like reference
numerals as in fig. 1. Fig. 5 diagrammatically illustrates the replacement of the diode-type

rectifier 14 by a synchronous rectifier circuit 32 on the basis of MOSFETs.



Wth reference to fig. 3, the output voltage uol at the first w nding
section LSD is positive dur ing the tipne interval fromt~ to t2, while uo2
is negative at the second w ndi ng sect?on Ls2. Wth these conditions, the
p- channel MOSFET 34 is switched on because its gate voltage is 30 negati ve.

Correspondi ng sw tchi ng, behavior is true.of the, p-channel K luring
Che 1 e Rrgte bf e S 5 1t SFeonseiet Wl e PPREHRBRPs e ORI 56
I's turn@gerBfinedPeiiR $wifth-of rebiBRndREEIN) DHACHESSIIA atbthélctay didie Serréno
time intervals i's satisfactory. During the freewheeling phase, however, no
cont r ol whish tnausé efjeal g diode surrentrie. The ?Cé}@twmg swst apply ifgthe enemytlpss isnodese

di odes of %Ee MOSFETs, whereby hi gher forward | osses are produced than
necessd?ggc urthernore, it is disadvantageous with the self controlled
synghronous rectifier design th@k|5ﬂgx?m§mgﬁmRNCSFETs are needed which are
much nore expensive and have a higher torward resistance than conparabl e

n- channel MOSFETs. Mbreover, the transfornmer output voltage range is
restricted te val FET . t i gher
than ¢ noit FraEd e i PRhE A Pt BhRebe R ORTR R iR fofdnd

vol t agerepibtabER A EsIsnadf. approxi mately 30 V. 10 Fig. 7 is a circuit

di agram of the secondary side of a synchronous rectifier with IC drive,
correspondi ng nenbers bei ng designated by the sane reference nunerals as in
fign 6. AWV t hi Qg ' i Mar ; .

pr ot oA tohll ki YRGB g FROSEE Plo BESMEhed i MR e ety o
who of f ol sigrehhspededisiee thffuerce drChefsaiitching behaonou dMareater, ths ehagy lossésan| C
conponents 38, 40 scan the secondary vol.tages of.the transforner . 18,. and
the MOSHESTSIryit myg be EakF%ﬁﬁ‘F@oFOBﬁgﬁﬁa 18- ,hea%ﬁ%mrws OtNﬁemsfgif)g?Pf giving
profi | esynIR@nEhERitiARs CofPiisid! a RAGHFES, MANGRY UG PMhBNLRGiAN anskial f of
t he syné%ronous rectifier.” However, the scarce commercial” availability and
t he r el aintrodleg, 10T qphtroldet, andiodrent eanteolledxpendi t ure i nvol ved in connecti ng
andﬁgeeding the driver 1Cs 3 8, 40 are points agai nst nmaki ng use of driver
ICs"20 3 8, 40. Fig. 8, finally, is a circuit diagramof the secondary side
of a CUFfeBls Q@Hﬁﬁlﬁie’d&ﬂ%%é{rﬂ@frt@é\_ﬁéénde@?Tsidfeloq?reus_eﬁ”%ﬁtr@ﬂlecp n¢hioReusiepefierpar t
of the secondary side 18b which includes the first secondary w ndi ng

sect i oncirayit- Agairhibe spmg gefgrance humgealy FRaised it designatd tgmbgrst oarespangdig to

secondapy 25. w ndi sect i.0n 2,kS. M rrok inver .

cont ol INGeE QM GHEaR™ PPy B 26 Sndh b ARkfitsq bp MOSEETS 38 3ha 26,
shown i fespéctivel§) The fe@nkindldgestctibn atigR Rcendareside tIRdris fdesigiatedt Ls, diEthe
current transformer 42 is connected in series between the upper w nding
sect( onsqcend windingsestion ifclesignatedds18b of the 30 power transformer 18 and
the MOSFET 34 and conprises a primary w nding 42a and a secondary w ndi ng
42b. The secondary wi nding 42b is connected to the gate of the MOSFET 34 by
way of n thelchsege th selflemtrotiap ogetronbud wotifiersicsérding td4ig. 8 the output volthigaoft he

t f 18 i trol.led h th h h,th i ndi
St onthegiovist tpr oGt s PeiPaaniraine SIOSRETs s ThIS P, b s Rt e
i nver Seta%i: de n@ées&ith@in%’a@rﬁl:ﬁ-&tl%Aep(pérnfr‘tuf;éjirnr&f&hitﬁyr ansd ¥ ARTitidal HEU& GRRAS afd NQ

current nits secondary w nding 42b. This current brings about a voltage
dr o5 acnersled tddriveethe MOBFRBEs 34, 34. nagni t ude equal to the gate voltage of

With reference to fig. 3, the output voltage uy; at the first winding section Lg; is positive dur-
ing the time interval from t; to t;, while ug; is negative at the second winding section L.
With these conditions, the p-channel MOSFET 34 is switched on because its gate voltage is
30 negative. Corresponding switching behavior is true of the p-channel MOSFET 36 during the
time interval from t; to t4; MOSFET 34 is turned off, while MOSFET 36 is turned on. Opera-
tion of the MOSFET switches 34, 36 during these two time intervals is satisfactory. During

the freewheeling phase, however, no control voltage is generated. The current flows through



5 the MOSFET 34. The value of the voltage drop is adjustable by the ratio
bet weenh the two resistors 44, 46. MOSFET 34 is turned on during the tine
interval fromt~to t2, i.e. it is on &rso during the freewheel i ng phase.
When current flows in the opposite direction the output voltage at the 10

d de 42 of t d MOSFET
34t ur nbaRrSerdiBa s hEMEAT S, wheBPS FRE oS SR AR BP I 1T ne

second MPBFET 36 (not shown in fig. 8) behave accordingly, yet mnth
opposite sign. Controlling synchronous rectifiers by means of current
transforners, such as illustrated in fig. 15 8, has certain di sadvant ages.
On the hand FET require rent pulse to on
ahi o' et e GRt 1 Re 3R HnEiticrheliopdf Puif Jesaers,
be |DW. plchadiee MOSFENCske dRRedddakkich @fe nheh ﬁioh@éxﬂbﬁﬁide ahdBa @24 Bightr foewhrdof

t he NCSFET i's negllglble whi ch nmeans _that a high windings ratio n2/n 1 of
the curfesistance dass emnarable nrchgunel MOSPBET Mersevetp theotsansforpyer outpat vokiagsi | ar
L0 mhat DS {DRECUASEIBRL AROYSIacR Ul WURISFIA SIS, 365 BALEoPRRG hal iR ¢
transf of rono rec |ca ion, including

t r ansf othgshold wolfage bed fowpdhdnnthe Smhhﬁmrpmmsaetet gdté oattagerbffﬂmer MOSFREs 6ty A
Current Transforner” by Y. Kubota et al., NTELC Conference Proceedi ngs,
Septenb@ﬂ”?ﬁ@@ﬁebégé% 267 to 273. 25 It is an object of the invention,
stajding fromthe state of the art as described above, to indicate a
synchronous rectifier circuit for a push-pull voltage transformer that

at t ai nsFighd i§ astrewt diagssi bf the seeandiiyrsideodt & Symchmenabs mxtitﬁkﬁ wighnl € drideicbor

field effect_transist NCBFET ile, at.the same
st pOSBiE BRTBRT eing QAR brie SahereTarepee Banpals i dh FEa o PRt
gener at b)ﬂﬁhﬁbnﬁhg Flé%’hﬁéx‘"’tlé Qlﬁv@ﬂﬂ’(fﬁﬁ% 40P4re tﬂ?&lmﬂﬁéﬂle%(ﬁs@ﬂ@ %ﬁd?,@e

time of Tlow 30 through é inverse diodes as short as possible
keepi ngThére ade onlg acﬁawrmmtufa@mm&ho aﬁferpsmb isp¢cafioviyertie fdxmﬁmneuseectn t he

on- at so s .o mnimze,p SSI ion.,The i
S TRE A ReMopheies aP 0 anhs Stchoam dotests abe RaestBmerti 8. Endits 1

| n M@SYFE?TH BYsard Rfphddl difér i, rd‘é?éﬁdn?g)&pf}ieﬁio%tlﬁl Fréfilee The eRON¥EHIE @bn-Of
the ki nd describéd above, the invention nore speci fi‘cal |y provides for
desi gni #gl tats@rqsmynsltr@n@\@r switchinge og iand eoff Oédh@/émceror@u& wegiler oHpwevard#hes i r st
and second. sec d T I rst
secon dar%/aq m rcil | eY%}&%llH?%P Ire Yl%ﬁl&hﬁg Lo r e t\épe)gae%gl%frg m\t}ﬁvefdon d
secondatryc&n&m agl feednhgah@dﬁeéralusmt %0 |a@a/\p@1nfsr&glainsgﬁialalng'ﬁf$e fogfdeive; ICshe
first secondary wi nding can be utilized for quickly turning on the MOSFET,
t he2@at é8cHpaci t ance of the MOSFET being charged rapidly by the relatively
great switch-on current. In the second stage, the MOSFET whi ch has been
turned on is kept in the on state with relatively |low current gain, and
t hat redig. Befinallysimh lcacuic diageant of theuscdrideryMii-&ila icarrentsoapolldld gynofrobeusng

driven quickly and, 10 turned.gn, being k wth lowloss inits

v ¢ chedFeutisy ShoVe Ny Hieainoes Baft ariisar AL B W&RF@HP\A{HH@S Prdreste,

the el eehiQpiveindinh seifn 10f. Tﬁleestﬁ)@ﬂﬁ@ 0@ wwe%thf in@fudﬁigrtﬁb”sécd%ﬂ%e@éﬂaﬁﬂ‘

by MOSFETs and thée invention wll be discussed below in the context of that
t yp@5 of winding sestiond.s; someveinvetted el ectronic switches |ikewi se may 15 be

i npl emented as bi polar transistors or any other suitable type of switch. In
addition, the invention provides for a transconductance choke to reset the

secondarhy tid d@rdn ofroll&te spdéhfdidhs réqifiet, OthBBjowk?, MOBEEThDK €artluPH,0fobi A6t t he
resetting or dema nEtlzhﬂ%ﬁOf the current transforner 42 after the

swi t chi sowp it fgi s comralied (terovgln A suBerfdtansiosmechbldy arreniirnsformer 42 is
| g
o or b 8 Bbe ST SRR BRT, B oRRYARE S ASE e

t r apgcopduei aﬁn'seoxﬁte@ Ke and th ' MPSFEB4 ayd Gémbhﬁs &qﬁnﬂﬁgrqﬁnaingmzafanu haesec-
current transforner gerntts the resetting operation to be acca |shed in

cl ear | y opdary wingipg 440+ hhg seeondary winydiegfthis conngstpdste thegatp of thedyd

shortery, t_cQf gﬁﬁﬁq t he push- pul | voIt age
transfor KEV% Og(r%‘{ Et&ée Nﬁlgf" Sgggf%{’oa{ég mé%&%?gher frequency and/or in the
sense of greater variability of the clock ratio. As the freewheeling phase
beconmes shorter, the clock ratio of the transformer can be adjusted nore
flexibly, in response to the energy to be transmtted. A shorter
freewheel i ng phase also contributes to increasing the efficiency. 30



Preferred enbodi nents of the invention are indicated in the dependent
clains. The invention will be described further by way of a preferred
embodi ment with reference to the draw Ags, in which: -9 Fig. 1 is a block
di agram of a push-pull voltage transformer circuit in which the invention

b d;. Fig. .2 i .sch t] ' it di f :pul | .
T anst ofihen e Gtistaameg | &iscioganes tiphehat dprrent s Throgen Sy eeian bug
waveshapege eécohhﬁrg%eowb e{fhlehggg& “%T‘f'lo%'ﬁﬁﬂ-ﬁtgh(ih@ n9Bise sRik drife PISEFHAtSS,

vol tage transtormer shown 1n 2, F 471s an equivalent circuit
di agr anthefcuarehiBFEDHrnki 42) thvagenepling eurtdnt indito seesnddrpwrinding 2. Tidis cafer®i g. 5

Il lustrates the repl acepent of the diode-type rectifier of fig. 1 b

synchr oﬁ%‘%&“ a&’@E’i ¢ V&ita@te ‘{rr“?alb F‘EIB“T‘Sn%e &S #%T?élzr)ﬂlag‘?fgldﬁﬁqﬁ?l&f’ the %‘&8 ¢ th?ﬁéa‘gr am
Fi 9.5 6 {3 MOSTRIMHY. i TheCydlGbt tHd RUGEIURTp R IBeARNBRINe Fitidehedhvedh &8ltlvo
controll ed synchronous rectifier; FIg. ‘P Is a schematic circuit diagram of

t he secmsigtory44idde of an I C controlled synchronous 15 rectifier; Fig. 8 is
a schematic circuit diagramof the upper half of the secondary side of a
synchronous rectifier including a current transfornmer, the |ower half being

mrror MOSFREEJ4 ifh@nedoh Judng elenmt iistepial Gohd t,dbagriamioik dnhadsd gpéig thel f  of
the secondary side of a synchronous rectifier circuit accordin? to the

i nvent | Grewhdebing pliese. e eurany flawisin the Apeasite diregliorrthg. outpnt witage ehihtat i ¢
CLT g t se%'og&rr? rs@d%hfo?’?he“&ﬁ*?ernt H%llsffor?f{er t4E%egﬁﬁgfr%%ﬁﬁvesémsm%f%%sh&?
The second section Lg; of the power transformer 18 and the second MOSFET 36 (not shown

in fig. 8) behave accordingly, yet with opposite sign.

Controlling synchronous rectifiers by means of current transformers, such as illustrated in fig.
15 8, has certain disadvantages. On the one hand, a MOSFET requires a great current pulse to be
turned on, which means that the windings ratio n2/n1 of the current transformer must be low.
In the switched-on state, on the other hand, the gate current of the MOSFET is negligible,

which means that a high windings ratio n2/nl of the current transformer is required.

20 A description of prior art similar to what has been described above, but relating to a single
phase forward transformer with synchronous rectification, including a current transformer, is
to be found in "Synchronous Rectification Circuit Using A Current Transformer" by Y. Ku-

bota et al., NTELC Conference Proceedings, September 2000, pages 267 to 273.

25 It is an object of the invention, starting from the state of the art as described above, to indicate
a synchronous rectifier circuit for a push-pull voltage transformer that attains the fastest pos-
sible switching of the metal oxide semiconductor field effect transistors (MOSFETs) while, at
the same time, causing the least possible power dissipation. This aim is to be reached, above
all, by generating a higher switch-on current for the MOSFETs so as to keep the time of flow

30  through the inverse diodes as short as possible, and of keeping the drive current as small as

possible when the MOSFETS are in the on-state so as to minimize power dissipation.

The object is met by a synchronous rectifier circuit comprising the features recited in claim 1.



nous rectifier circuit according to the invention, simlar to the
illustration in fig. 9 but with further details, in a first operating
phase; Fig. 11 shows a circuit di agramgsim'lar to fig. 10, in a second
operating phase; Fig. 12 shows a circuit diagramsimlar to figs. 10 and

in thir erat hase 25. Fi 13 shows .idealized apes of
the out Bt VSPIRBEs Rt O phorpistsLobient RN EpR A b AETLISUERA G
circuit th%(iﬁ@zrnﬁbﬂ ehor® sﬂe‘cﬁﬁallﬁ- 9rdvﬁ)de% Zor d'_dsiknm% thé transFbinsed iof tHH eleBM veridie
upper part of the secondary sid he synchronous rectifier according to

t he i nvsuchiasro mtﬂedd 6mean43aacpn®$eqonéar§e@odma$ jo diiviethe M@SFEdYinjtwoestagesl. The

0 Sl R P A g AR Bt

desi gnamshlhg/ yielR 6 ed@iveBf Rive BGi@er (AR, Altrefore; e ﬂxtst kdcond@g omidaing cahde, the
synchronous rectifier circuit accord%Bg to the i nvention cogﬁalses a first

secondarilizgdnier ryickbe turaingLan thsf MO EJovbe seicarrpraiianes of ghe MHARIE b deing
F
convert ety BYmE QRN hickd SURRCETTl A, A ScdbiEls, HiuOUFED

wi ndi ngwhdh, hak fbeerl irhel orbi3i kept i the oﬁdtatmwohtrmuﬁelwlm|cngemgatn ang tBle-1 and
48b2. The first secondar% wi ndi n(s section 48 1% I:s connect ed to a first
branch @AFesH smaller surrenth bhs e MOPIES dy siseepuble of Rpingdriyenquickdy aad.dviyde 50

and; @ tﬁaaéﬁgnggﬁéaggpwgpghg %u11yﬁwgﬁggggwsecondary wi ndi ng section 48b2

is connected t di ode 54 and a re5|stor 56. The

transconductance choke 52 is also known as "magnetic anplifier” " mag
anp" he f d secon ranches e onn cted vi.a another esi stor
P R A B (S e s cttlt S, As

I's knowehaﬂgusaﬂea@ﬁamu b dhBbdid bﬁm@‘meadahﬁts RGN il be meeaed be-

capacitor 30 are prol5 vided to forman output filtering stage at the
out put tdfw irhthesopnteiit ofithat type of itfansistorsi Howiever, Theeeleeironid switaies ﬂlhew1se may

syn ropous rectifie ui t. n _prin bas the foll ow ng
o FEhy BE TBelh s a5 igla: itndjotsthe Bui- el sSipb e EMBH , "hi g curr et i s
generat ed across the second secondary w nding section 48b2. At the sane

time, relatively low current flows 20 through the first secondary w nding
sect i onlmadditiomribe tmentlm stovtyk:arf@ma inansgendustance chekmtacsactdhe segopdary e 52

s | Ocatﬁfggg-&%e cilgr%tﬁt ans e? 4!“ tﬂg 'cﬂcg(e %&’h&tlﬁg tlliéql%sél{lﬁ Bﬁé}ﬂg@gggﬁﬂ o‘f‘rt]ﬁcd' ng

sections e pri‘mary wn I'S SuUl

parti Cubﬁlﬁentarahsfofmtrr@df&rt}&tsl\@tchﬁl@ o’perailohn the order of magnitude of 10:1
of the second secondary w nding section 48b2 to the primary winding 48a is
cho2@n so that a high switch-on current will be generated 25 and the MOSFET

34 be t 4ned ARy Ri¥tahdPlbkYs afe Kot WD, iRk WerB 20t BhnpldYed B8 £ &igEr Of

in synchronous rectifiers or for resetting current transformers. The specific provision of the
transconductance choke in the circuitry of the secondary side of the current transformer per-
mits the resetting operation to be accomplished in clearly less time so that the freewheeling

25  phase can be chosen to be shorter. That offers the advantage of permitting the push-pull volt-
age transformer, on the whole, to be operated at higher frequency and/or in the sense of
greater variability of the clock ratio. As the freewheeling phase becomes shorter, the clock
ratio of the transformer can be adjusted more flexibly, in response to the energy to be trans-
mitted. A shorter freewheeling phase also contributes to increasing the efficiency.

30

Preferred embodiments of the invention are indicated in the dependent claims.

The invention will be described further by way of a preferred embodiment with reference to

the drawings, in which:



magni tude of 100:1 of the first secondary wi nding section 48b 1 to the
primary w nding 48a together with the high inductivity of the
transconduct ance choke then lead to sfr8w current rise in the first branch
As the current increase, the inductivity of the transconductance choke 52
decreases - the transconductance choke 52 is "switched on" - and
consequently the current 30 across the resistor 56 becones very smal

agai n. fgg. § 8 bRk Wah8RF LpushSpulileoliae kB BFRACINItTh Wiigh the invention
transconduct ance choke 52, nanely having a high inductivity at |ow current
and acting | e bamseshen switch. As the current in -11 creases, the
inducti¥it? decrﬁﬁseﬁ untLg the tr nscondugtagce ﬁhoge act.s like adchosed
swi t ch. © s SSWPTERERG SHEWh IR O & RIPEPHY F OReRFaeREEBHE Holsgingpdiode:
invention. | gperégifiecee, the switch-off behavior of the circuit is somewhat
nore conplicated than in the 5 other circunstances descri bed above. In a

pract i c&lg Prphasvfeidealized vavephapes of the api valfgres: anshewtpelothstshisneisthy mash-
necessary an ﬁg& ' i gatyon with a non-ideal transconductance
choke, as w Pﬁgé eggsgﬁga&ggﬁgﬁﬁhﬁgdé. 10 to 12 illustrate detailed

ci rcui t Filj. dgisadisequivaldne cisgticdingramust o MOSHETewhich hedyi replacehe didigs $kbwioint he

i nvention. The main constituent parts of the secondary rectifier continue
to be the cufi8r®nt transformer 48 and the MOSFET 34, the current

trapnsfo I [ S Ny 0, 1t -ar, ikcghq hocl .
traggco?l: 'gt gﬁlgfe‘r&gﬁgifeeggcgﬁé ttoﬁtéhed#iggéé{ygg,r@gﬁ%r\g?? b%)r?gcao%g%rto h Fanc

whi ch i ncl udésr inbidhigeded OSF Edh th thhdomesf sblock Biagram addition to the circuit
of fig. 9, figs. ,10 to 12 show a di.gde 60 which is copnected parajlel to
Che r st 6r Sasctialinatnut At ok FersScndie e of nclpridled SodhroRant & or
58. The firstecafgr;second branches connect the secondary wi nding 48b of the
current transformer 48 through the diode 62 and resistor 58 and,

f urt her fig. €, ist hsddeylatia circeihdiagtanr obthecoromsiatieside of pad@ldosirold $ynchionpus
espfgially a bLEoLar pnptransistor, to the gate of the MOSFET 34. 20 Figs.
10 to 12 furf%@‘cghOMIthe transconduct ance choke 52 having a first w nding
52a in the 8f iy SichBmahe BirditdideaRcoTike ¥ppee hild oPER seQIBST S8k bl $BChRRORL a
diode 66 and a resistor 68, this series connection being connected in

paral | el wit kectifier inchdingacirsstvargidrmendhelpweabalfbgingenigioemveried;i gs. 10 to
12. 25 er,ation,of the synchrono rectifier.circuit. according to figs. 10
Lo 12w %t SRL8relichr Tl G PaaR L et bEPL e S kafCiE & L mbBroph
waveshapes i kdctisier et deBortling to He invéiRionpha llowathalfbeaphaas iferfedg. 13

denmpnstrate the qutput voltage uo ~ of the upper w nding section Ls ~ of

t he2Qec&iidPys & pehempp ceuit dagrisnel the uppey the secandafyideof erspachsen put
current ion I i i W | . - DS
o the NoSFET e i eSREnk 10 dhchnyey R, HELGF I CUR BaNEEn YPRRO0 G
reset the cumithrfurtherdeerilsgin at firansfecatimgrphdse; and t he transconduct ance choke
52. -12 The, output voltage uol is zero.during the tinme interval fromto
to t~ (§& lfshows ﬁlrc'ﬁﬁlﬁg{gmtswgarﬁaééeiﬁmaéw (OPEEHBABRAED t he

fr eewheer«ﬁ%ng SRS eir QU dla A lil fb B S 2t 113 é‘{h‘r“rd%@ﬂlf‘ﬁﬁé bRgke( NOt  shown

inthe figs. but mrror inhverted to the presentation in figs. fb to 12). 5
At 25 me Fig 13 ahovenidealized Wwayeshaptw afithbh ovtput voliagesanddiutpls cofreOBFEE s3rchrd4 g.
10) and the current transforne& 4§. Acqﬂrdbfgly, current also flows through
the di ode 5479RHCHREST FErop acsortige 14 fies- TRi0{ 2capaci t ance of the MOSFET 34.
This current depends in the first place on the winding ratio n21/nl of the
second secondary w nding section 48b2 to the primary w nding 48a of the

cur r ent Fiprvie arcateuit diagsdne ofrthe uppenpart ehthe wecandary. sidepofghe émq%gqrwgz IREHERT
current fl t. c 0, > Ik h | st
e nerodperR BedBven. 1Y 0GACRGP St SR8 S5y B niHol AeekeE e
secgodarpusturdiMie pe@hiyaidedBiybé of kdvevrpddsigar y wi ndi ng 48a of the current
converter transformer 48, the transconductance choke 52 itself and the | oad
all influence the sw tching behavior of the 15 MOSFET 34 (see fig. 11 ).
The wi ng i : ] ' 0 nce
choke 530t SoRapofaty Bt (i R SRAACH 00 f Par dABRIRN T

i nt er valsamh®ré¢fbrenta mnsaralsduct ance choke 52 is saturated and the MOSFET 34
fully turned on (see fig. 13). 20 The diode 69 and the resistor 56
determ ne the | evel of the gate-source voltage of the MOSFET 34. The
resistor 58 serves to attenuate oscillations in the gate circuit.




At time tl the MOSFET 34 continues to be conducting, while the other MOSFET
36 (not illustrated in the figs.) turns off. Consequently, all the out put
current flows through MOSFET 25 34. Du]rQ'ng t he freewheeling phase, tine
interval t2 to t3, the behavior of the circuit corresponds to what has been

descri bed. above., Begj npin t tinme t t he .vol t age uol across the secondary
i ndi ng L8 presaceg s M idnhethFoditer pliful sk RASe K e RIS FBRGHS e
MOSFET 8t decopda§’ WdRiy: sebGo LS 05 BRYINEE trah R 1 P e@meael A Selidkewith a
secondary w nding sections 48b 1 and 48b2 of the current converter

t r ansf oewreent 4gnerter fransdpmmey 48tand atMESEES: dhe eurrerd sonesstes dnaasfermerdt 8agnm-

t hereby, .accel erat es. turnin ff of the FEJo134. - 13 .The. negati ve

Vol t agelriss ARG Sy TRHe, SRa PrigCda wHETE RS, the e Baing Bl Tplar o

t r ansf ofviiiing Sectibad 48H1Nend' 4812t The GrdesesRgaryoliniihg set@siS48H10 Chameedabake

52. A reset current i REs flows through the resistor 68 and the diode 66,
T

reset ti fAEpt Praack whidnin the smbpdiment ilhstrated in fie- §.ingludssidliedartandnbpascoy (see
fig. 12 t r i i3 . r 88HS1.0 hy i 66
makes sé?cet%%gkﬁl oggfsg'er@ Hv?néﬁhtdf %eg%kdégi ?Kﬁgm?%isé&ﬁ)ﬁt Lg@\%a'% (g)ﬁg%etéd E)gg %‘f%gﬁr rent
i Res st bpsch including adiddatSdrankireuresiator S6MEhd danseemductsacéd cleskehPeisialg ploane
begins. 10 If hoth FETs 34, 36 should be non-conducting when the
synchr oAb UBagels pppdhes Of SRAE ARG on t he respective inverse di odes take
carggof the flow of current when it begins to flow through the secondary

wi nding 18b of the power transforner 18. At the same tinme, current also

fl ows tAhediyst andeseporidnterayches madi canné&ad oia deheruesistnt 58 oo aerotremort redershaer ner
48 and thus.through the first.and, second secondary w ndi ng sections 48bl,
48b2. TH%teP?%m%@?‘frﬁi'ﬂﬁhrﬁ?gm’tsarﬁgﬁeEﬁg?(‘ét'SZ prevents current from flow ng
through the first branch, but current serving to charge the gate

capaci tances of the MOSFETs 34, 36 does flow through the diode 54 of the
second BwsdnkhowThed slsalshown imBgi & i steragerchakei28 anden sienage capfacitor 30 ¥k prove

second secqndary w ndi ection 48h2 to rinmary w ndj. 48a..of the
cur Pont VEG e Rinky oY ST ERER 38 ARGt T S Phiokel BRGRE ARl « chi ng
current and results in extrene acceleration of the 20 driving of MOSFETs
34, 36. This quick charging in turn cuts the tine of current flow across

t he i nvdheduagtinneef thehsyncloopets sertifige cisewibnigsprinsirlecisi basedon: e follpwingo| d
vol t age ] . ] IS C I . ent
i  or SV RAHAE B o Dot du P VPSR 3F, L RRPRR Tg Bl S Bhikhu BT e

bl ocked tiat secbhd sddofittary Asinding &8ctiond48h2r ithahe sahs tindel) eelitiviys bon dugemnb@ve hoke
52 iis bl ocked during this first switch-on phahsée. 25 The_trg_n conduct ance
chok@ shraughstheJirgt seaepdsry windipg sestion 48R and thechisst brapgh fnswiieh,the, fragscon
certain i I t : . (rat ed,
whi ch carr B ARk o e 7 Lt BER RN R OPHE <, IS PETR e
capaci t astiens#8h I SMDRFBE BidnarP Gvinding 4Bd s sitablyetiotenr bupdrtictlar, diloeevisd and

t hus the synchronqus rectifier is, full ntrolled. The selec 30 tion of a
ar at or 11 HASHE ot BEerdstich magbivedied 16T o o0 ARERIEHA AR ghon
wi ndi ng 4482 1PiMd fptrilﬁ?aﬂ' Wisding 882 RAMoYero WhOhipR GWiteR-oft RRrrdnOhill hegdigfi@nt
converter transfornmer 48 brings with it a smaller charging current and,

t heR2f orned theeMOSHET 35 be wpedon yeryt tapidly rc highrivindingaetio mi2ein] in thel ardawsof

al ready nenti one i1 ks a dvant ageous. feat ure,pf .t invention.th t he
Cr anacomeatig 1k el e Bl RRART et SBrbred ks PEARLI R B e
reset OfoddEHER Ml the BIbhGhdekility 8N the@mdbdondadthile chokeMhes addo QR @lrtedPrisel 0
this end, the transconductance choke 52 is provided with a second w ndi ng

52b, as inrthe fivst braaeh. iAs the gyrrentoinersasep theyniediivityyof b transsanrductangs chokey 5%
le. T . . . : , i nt .
o g degas- 1AL Wnlob SRR HIRC 82 i PoARBET EH. - Bt WBhsBhuehile Sbfent ¢

t hr 60gh abkdithe hesistersiGbeabmeSyersamallngaidas current limter, and the di ode 66
preventing current to flowin the opposite direction. The reset operations
of the transconductance choke 52 and the current converter transforner 48
each t ake: : [RigTe R ' ﬁﬁ@@,e t i

this lo&ﬁ%@%%rn?éjogbt éér\r}glcgiaeggkﬂg? Ebtr e o?fr)glseptongié%ﬁg\t}ﬁ%ﬁgﬁ?kggsczt’ :%énme([:}? t he
secondarhgviag cehighbndifctivite ap bwve cutrertresitoactieg k8 ansopeagatiiche AsDbe cuwenthins
negative potential, current will flow through the resistor 68, diode 66,
transconduct ance choke 52 and secondary w nding 48b of the current
converter transformer 48. The voltage at the secondary side of the current
transforner junps to negative potential, and the subsequent falling current
fl ow magneti zes the current trans 15 former and the transconductance choke
in opposite direction. The return current i RES breaks



off (see fig. 13) as the voltage at the secondary side, e.g. Lsi, of the
power transfornmer 18 returns to O volt (freewheeling phase). Thereafter,
both inductivities, of the transconductlance choke 51 as well as the current
converter transformer 48, are demagnetized and ready for the next sw tching
operation. 20 The, gui del.ines bel ow may be foll owed for selecting,and

o mens| GRS BRI L S BEEORRE: b GRnrad SHEH FORKL RS DI Aro B Mgk ¢
accor di fgiskQitchifig bBNAASH 19 Bxpldi& &Rf‘éﬁ'&gé@@l@&fg%@ﬁ{v%nti&@FETsy inthe first

pl ace are selected with a viewto a |ow for25 ward resistance, preferably a
forward resistance Rps < 50 n52, a drain-source voltage and a drain-source
current  dependi on.th ired t put .vol tage . and output..current. The

opt | munt™ PUAFGH 00 ity Gepividind Wit BRtul R ROSeRl mory SRR SEh i e
det ey M p@dr exOBhdtARES Aelctibed ABERE I NG PihctibR iRPDIdrhéittdtivh, Caseforf, somel dddat i on.
Wnding ratios of the primary 30 winding 48a to the first secondary w nding
sect i ontigg tompondnés are NeeRSSTE GO @dyantagend mgcosrination wigba net-ideabamsscerrd
1:100:1 ave provi de 0 . ults in this configuration. -15 In
the rec ???5:(§?$%3§F%JEﬁgg¥b§%£%%§%Uctance choke 52 assunes the function
of a switch. It is responsible for a second stage of driving the MOSFET to
take place after. a certain_tine TD, as described above. 5 A . .

t ranscohtiicthiocle itnekate detaiest qieauityliagspnas ot he synchrengus reghifier eirtwil agrordre
MRONEL! f QG dnfiGh AR R Rl P BBondhREr U AL G 1D fheRrt N
core is alnost rectangular. e nmagnetic swtch s elther on or off,

dependi rant aandfrencde@rand tiod MOSHER 34 ahé¢ ourrant trahdfominyldd®. cohipeishnelwafrisooutphit t he

transconduct ance choke will be described brjefly. Wen_voltage is, applied
Lot he DifORe M PAMKEY ﬁheitrtayswpg%@m@ Rke 3¢ A g fi/l?ge ¢ %r@seﬁf’%9&_ W no
cur rent pfhofshid ihllh@ddhe Bd8e 3HAKE therbliGibr 5€19n aaMEiEn & tR cRefhit eflﬁgfg,_tﬂgge_ D,
the choke enters Into a state of satu ration, and then its InduclTivity is
very smalto 12Ashaviaslisdeabewhichris eornetledwerallel wuthh reststork atidhanodtier tdhadle 62
trapsconduct ance choke, .the.magpetic switch is closed. The magnetic fl ux
denbs ¢y CORTFRIA 40 SFHOSE 5 HSa S ieofi 480 shiond SEFFDR CFmsHe e uRtITERe
flow of weiih@a8b bR IRUSRrehD BaficthRr 48 thidLSh E1ePdiBGe 67 andRARedr 3B ddedtther-
strength decreases while the nmagnetic flux density 15 continues to remain
const anmorg,f theoughr a éransistow 6f ennpeéted tim epatgdleb svithe them, easpecially aeapelat pnpent )
or if a,negative,volta i i the inductivity of the choke goes down
tomardsU?%$ Ogﬁ)Wﬁﬁﬁqéﬁﬁqﬁgﬂggﬁkggctance choke will becone denmagneti zed.
If the reset current flows for a | ong enough time the transconductance
choke will end ugfbeing fully demagnetized and thus be reset. In _case the

resd? chirgseh? t@badinhesshow the Banscprductanse chpkeut: baving & fsitevinding Hadpiee 20
magnet i [ it j i i C i i e

agai . 10 bidhoh A SRBCHR sinfing 30k cBfhegRitin s BINELALCEM £ikslsRn SRR

di odes SétesTbnneunidn IRingy enasdted s paralieirwighnthef fistmaiid ssdond beanchesy ak neay be

bl ocki ng phase of the 25 MOSFETs 34, 36. Schottky di odes, for exanple, may
be sel eé¢@dndigac oH@ir 1 0ss is rather small due to their small forward
voltage and as they allow relative great currents to be applied. The
resistor 56 and the Zener di ode 60 serve for adjusting the gate-source

vol 2age Opteretionefitlx3€yntronsd® wetifigscimsitacgatingrtedigst Ui tot 12 wilppe dessribed in

illations. e, th i si f th i St t f
Che. tr aielr el St Skt 1o sterey TEafiiede 13, THRAIEHRT)e
ef fici eRgvesfapbd\6f Y @Balenonbtib ke diiputRIBYEH,, Of¢R: %e winldiBg bécliBRI[3} 6f 64

serves for dischar |ng t he gate capacitance of the FETs 34. 36. The
r esi st othes®cemtary bide dBb a6 thegoseer (ransformerdidn fitermpieghe Retpbt eisenbhd oE thihce

choke 5%\&1‘%1 1(rjlg tsgc jofi rSE,earﬁE tltler rra]tigrlf-soc{ug&rvoft%'ge ups of the MOSFET 34, as well as the reset
30  current ires (see fig. 12) to reset the current converter transformer 48 and the transconduc-

tance choke 52.



- 16 The features disclosed in the specification above, in the clains and
drawi ngs may be significant for inplenenting the invention in its various
embodi ments, both individually and in- Bhy conbination. 5 The invention
provi des a synchronous rectifier for use in a push-pull voltage

t f b t | 1. ff Kk Thi
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the same tinme, to obtain switch node power supply operating at’ "hi gh 10

fr equendyctmgc[hoirshbwmng thel fegsi bitemizor iegeed ® thh erasemtetiorn mtfigs. 10teel ) nvent i on
Is particularly ad vantageous for switch node power supply wth | ow out put
vol tage, such as < 24 V, where the |osses of a diode-type rectifier are

espegi alaltYin®d g 0irfrét af) tlovEXBFREE thelhvaiPliioadbf M@srame 34s dg Lo10)) aﬁ&i&ler&mﬁt
supply for telecommunications systens, conputers and ustri al

appl i caltfl‘ﬁb?fgrmtaémwémoré@glyo Feraens alsqfloivs thesugh t@db@%ﬂ ek aginsgagharge the
t hi gh
Por ¢ ent et Yol ddf IO 42 Rl Db epdrith i GAYQIEL bRIES WAL, 3"

10 15 2@atiddnBth135f the séodpd secntlighvindingtse@onldBbpaystic friraagHwindig 484 of the
rectifier circuit 16 output filter 18 power transfornmer 18a prinmary side of

t he pOV\éWr%rﬁ&ﬁ%‘feéﬁeﬁﬁ’ﬁnS’fWeéé§@ﬁ€l8¥1§'fhesPﬂ% of the power transformer 20 power
tramnsi stor 22 power transistor 24 secondary di ode 26 secondary di ode 28
storage choke 30 storage capacitor

A negligibly small current also flows through the transconductance choke 52 during the first

time interval TD (see fig. 13). The winding ratio n22/nl of the second secondary winding
section 48b2 to the primary winding 48a of the current converter transformer 48, the
transconductance choke 52 itself and the load all influence the switching behavior of the

15 MOSFET 34 (see fig. 11). The winding ratio n22/nl must be chosen depending on the
transconductance choke 52 such that drive losses will be minimized. At the end of the time
interval TD the transconductance choke 52 is saturated and the MOSFET 34 fully turned on
(see fig. 13).

20 The diode 69 and the resistor 56 determine the level of the gate-source voltage of the

MOSFET 34. The resistor 58 serves to attenuate oscillations in the gate circuit.

At time t; the MOSFET 34 continues to be conducting, while the other MOSFET 36 (not il-
lustrated in the figs.) turns off. Consequently, all the output current flows through MOSFET
25 34,

During the freewheeling phase, time interval t; to t3, the behavior of the circuit corresponds to
what has been described above. Beginning at time t3, the voltage ug; across the secondary
winding section Lg; becomes negative. Thereupon, the current through the MOSFET 34 de-

30  creases. As a consequence, the voltages across the secondary winding sections 48b1 and 48b2
of the current converter transformer 48 are inverted, the transistor 64 becomes conducting
and, thereby, accelerates turning off of the MOSFET 34.



32 synchronous rectifier circuit 34 MOSFET, electronic switch 36 MOSFET,
el ectronic switch 38 driver I1C 40 driver IC 42 current transformer 42a

primary winding of the current transfother 42b secondary w nding of the
current transfornmer 44 resistor 46 resistor 48 current converter

transformer 48a primary wi ndin f current conve ransfornmer 48b
secondar Pe\MeH%ﬂ‘f?gVQJFagE% A mseegrm%& CERIPE eGagr 80 14 4BA7 PT (8 CWEEH RSy

wi ndi ng [ t [

tr anscono@jﬁ%{r éﬁ?éﬁgﬁ% Qﬁggﬁﬁeg%% tl}glhérygth al\?\ﬁt%g% ndélgge thhg I?gegr?ggrgﬁtdlﬁ% ance
choke 5Zwsebough \bhmwsmg)rtﬂi% anidethe déntis o) desettagabe choke tshsibrmae4%@nd ¢ss st or
58 resistor (8 di ode i%ﬁtfde 641 ;ran5| stor 66 di ode 68 resistor M nebea
Co., Lt danjgepduckseschy 2) A synchronous rectifier circuit,
conpgising a power transforrrer (12, 18) which has a primary side (18a)
including first and second primary w ndi ng sections and a secondary side (
18b) i ndhadéseycdriansis lian'rlec’sby:tlwdesistonﬁ&laThe d/ibdﬁ:lémglakwur@ﬂ@t curéerd wik dlowf i er
circuit at the con side o e r tr

ohi on r dbiing 185 inipSaCABRT dRisth SRt fies SORR B HBhnt MRUBRT Bitee iR lte (34
36) assgekwhedin pthbset idsi rst and second secondary w ndi ng sections ( 18b),
respectively, f| rst and second current transform ng neans (48) associ ated
with the first and second secondary w nding sections, respectively, and

(L0, 20 SO0 MRS 34 e b Bl B B i,
means (4®jtclgeingt tHei petbiivesinvand déwries tdkecdate efthe fWw o current when it begins to
flow through the secondary winding 18b of the power transformer 18. At the same time, cur-
rent also flows through the primary winding 48a of the current converter transformer 48 and
thus through the first and second secondary winding sections 48b1, 48b2. The transconduc-
15 tance choke 52 prevents current from flowing through the first branch, but current serving to
charge the gate capacitances of the MOSFETs 34, 36 does flow through the diode 54 of the
second branch. The small transmission ratio in the order of 10:1 of the second secondary
winding section 48b2 to the primary winding 48a of the current converter transformer 48
brings about a relatively great switching current and results in extreme acceleration of the
20  driving of MOSFETSs 34, 36. This quick charging in turn cuts the time of current flow across
the inverse diodes. The MOSFET 34, 36 becomes conducting as the threshold voltage is
reached. In this context, the resistors 56, 58 serve as current limiters and the diode 60 as a
voltage limiter. The transistor 24 is blocked at this time. As already described, also the
transconductance choke 52 is blocked during this first switch-on phase.
25
The transconductance choke 52 acts as a magnetic switch in this circuit. It is only after a cer-
tain charging time that the transconductance choke 52 becomes saturated, which corresponds
to a closed switch condition, so that the gate capacitance of the MOSFET 34, 36 is fully
charged through the diode 50 and thus the synchronous rectifier is fully controlled. The selec-
30 tion of a greater transmission ratio in the order of 1:100 between the primary winding 48a and
the first secondary winding section 48b1 of the current converter transformer 48 brings with it

a smaller charging current and, therefore, less driving losses of the synchronous rectifier.



are dependent on the current of the associ ated secondary w nding section (
18b) of the power transfornmer (18), and each drive circuit (50 - 58)
conprising a first branch (50, 52) andl4-second branch (54, 56) to receive
the first and second currents, respectively, generated by the current
transform ng device (48), and the first branch conprisjng a
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and 1he 1ot A speAarenmce cholle Boumats Bitas: Jhe fum greahe) CBRs he
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char act ekkzftdhing dpetatiohe swi tching el enent (64) is a bipolar transistor.

20
20

The guidelines below may be followed for selecting and dimensioning the various compo-

nents of the synchronous rectifier circuit according to the invention.

The power transformers, MOSFETs, in the first place are selected with a view to a low for-
25  ward resistance, preferably a forward resistance Rpg < 50 mQ, a drain-source voltage and a

drain-source current depending on the desired output voltage and output current.

The optimum transmission ratio of the current converter transformer should be determined
experimentally, depending on the particular case of application. Winding ratios of the primary
30 winding 48a to the first secondary winding section 48bl to the second secondary winding

section 48b2 of 1:50:5 and 1:100:10 have provided good test results in this configuration.



9. The synchronous rectifier circuit as clainmed in any one of clains 2 to
8, characterized in that the first secondary wnding (48b 1 ) of the
converter-type current transfornmner (48)15has a greater nunber of w ndings
than the second secondary wi nding (48b2) of the converter-type current
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in the @sdescriged abovg0: 10. 30 11. The synchronous rectifier circuit as
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The resistor 56 and the Zener diode 60 serve for adjusting the gate-source voltage. The resis-
30  tor 58 serves as a gate resistor to suppress oscillations. Furthermore, the provision of the re-
sistor 58 upstream of the transistor 64 abbreviates switching-off of the MOSFET 34, whereby
the efficiency of the overall circuit is improved once more. The transistor 64 serves for dis-
charging the gate capacitance of the MOSFETs 34. 36. The resistor 68 and the diode 66 serve

for demagnetizing the transconductance choke 52 and the current transformer 48.
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power supply and, at the same time, to obtain switch mode power supply operating at high
10  frequency and/or being flexible as regards the clock ratio. The invention is particularly ad-
vantageous for switch mode power supply with low output voltage, such as <24 V, where the
losses of a diode-type rectifier are especially significant. Examples of applications are switch
mode power supply for telecommunications systems, computers and industrial applications,

as well as voltage supply for processor cores, and particularly all those applications which

15  require low voltages and high currents.
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16 output filter

10 18 power transformer
18a  primary side of the power transformer
18b  secondary side of the power transformer
20 power transistor
22 power transistor

15 24 secondary diode
26 secondary diode
28 storage choke
30 storage capacitor
32 synchronous rectifier circuit

20 34 MOSFET, electronic switch
36 MOSFET, electronic switch
38 driver IC
40 driver IC
42 current transformer

25 42a  primary winding of the current transformer
42b  secondary winding of the current transformer
44 resistor
46 resistor
48 current converter transformer

30 48a  primary winding of current converter transformer
48b  secondary winding of current converter transformer
48b1 first secondary winding section
48b2 second secondary winding section
50 diode

35 52 transconductance choke
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10 68 resistor
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1. A synchronous rectifier circuit, comprising a power transformer (12; 18) which has a
primary side (18a) including first and second primary winding sections and a secondary side
(18b) including first and second secondary winding sections,

10  arectifier circuit (32) at the secondary side of the power transformer (12; 18), which rectifier
circuit comprises first and second electronic switches (34, 36) associated with the first and
second secondary winding sections (18b), respectively, first and second current transforming
means (48) associated with the first and second secondary winding sections, respectively, and
first and second drive circuits (50 - 58) for the first and second electronic switches (34, 36),

15  respectively, each current transforming means (48) generating first and second currents which
are dependent on the current of the associated secondary winding section (18b) of the power
transformer (18), and each drive circuit (50 - 58) comprising a first branch (50, 52) and a sec-
ond branch (54, 56) to receive the first and second currents, respectively, generated by the

current transforming device (48), and the first branch comprising a transconductance choke
20 (52).

2. The synchronous rectifier circuit as claimed in claim 1, characterized in that each cur-
rent transforming means comprises a converter-type current transformer (48) including a pri-
mary winding (48a) and first and second secondary windings (48b), teh first and second
25  branches of the drive circuit being associated with the first and second secondary windings,

respectively, of the converter-type current transformer (48).

3. The synchronous rectifier circuit as claimed in claim 2, characterized in that the elec-
tronic switches (34, 36) each comprise a MOSFET.

30
4, The synchronous rectifier circuit as claimed in claim 2 or 3, characterized in that the
primary winding (48a) of the first current transforming means (48) is connected in series to
the first secondary winding section (18b) of the power transformer (18) and the primary
winding of the second current transforming means is connected in series to the second secon-

35  dary winding section of the power transformer (18).
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first switch (34) is connected in series to the first secondary winding section (18b) of the
power transformer (18) and the second switch (36) is connected in series to the second secon-

5  dary winding section (18b) of the power transformer (18).

6. The synchronous rectifier circuit as claimed in any one of claims 3 to 5, characterized
in that the first branch connects the first secondary winding (48b1) of the converter-type cur-
rent transformer (48) via a diode (50) and the transconductance choke (52) to the gate of the

10  associated MOSFET (34), and the second branch connects the second secondary winding
(48b2) of the converter-type current transformer (48) via a diode (56) to the gate of the asso-
ciated MOSFET (34).

7. The synchronous rectifier circuit as claimed in claim 6, characterized in that the first
15 and second branches are connected to the gate of the associated MOSFET (34) through a

switching element (64).

8. The synchronous rectifier circuit as claimed in claim 7, characterized in that the
switching element (64) is a bipolar transistor.

20
9. The synchronous rectifier circuit as claimed in any one of claims 2 to 8, characterized
in that the first secondary winding (48b1) of the converter-type current transformer (48) has a
greater number of windings than the second secondary winding (48b2) of the converter-type
current transformer (48).

25
10.  The synchronous rectifier circuit as claimed in claim 9, characterized in that the
winding ratio (n1:n22:n21) of the primary winding (48a) to the first secondary winding
(48b1) to the second secondary winding (48b2) of the converter-type current transformer (48)
is in the order of 1:100:10.

30
11.  The synchronous rectifier circuit as claimed in any one of the preceding claims, char-
acterized in that the transconductance choke (52) comprises a switch winding (52a) and a re-
set winding (52b), the switch winding (52a) being disposed in the first branch and the reset

winding (52b) being disposed in a reset branch parallel to said first branch.
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14.  The synchronous rectifier circuit as claimed in any one of the preceding claims, char-

acterized in that an input switching stage (10) is connected upstream of the power transformer

10 (18).

15.  The synchronous rectifier circuit as claimed in any one of the preceding claims, char-
acterized in that an output filter stage (16) is connected downstream of the rectifier circuit
(32).

15
16. A push-pull transformer comprising a synchronous rectifier circuit as claimed in any

one of the preceding claims.



