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WD 2006/ 121538 PCT/ US2006/ 012615 CAPACI TOR CHARG NG
METHODS AND APPARATUS 5 FI ELD OF THE | NVENTI ON The
WOvert1R188 rel at es t o capacitor chargi ng cir AETIE206E12615
nore particularly to nethods and apparatus for
chargi ng a canmera photoflash capacitor. 10 BACKGROUND
OF THE | FP | node
power supplies, or converter circuits, tor charging
capacitive | oads, such as a canera photofl ash
capacitor, is known. U S Patent No. 6,518,733 to

fﬂb gt TieRtitled "CGrcuits-and Techni ques for
Eg%htfgur—£§§%ﬁ%rgrng Circuits," describes various

f eat

cont 1O AR e bfl oaliie ARAREME kA lny o
mbiihcds aﬁlh appnmtms foochaeningen capard jtotdflash eapaditonl | ed based
on the transformer primary wi nding current and the

secondary w nding current. Specifically, the switch

BACKGROUND OFTHB MTEENTTOM esponse to t he sensed
primary wi nding current and the switch off tinme is

cont I"IthleIu@@lofidanfe@ﬁmsxe;tdlmdda@ompﬁlﬁpm&eﬁwmdmmmts for

wi ndi ng curr nt e above-referenced pate al s

hatine Bt e G el ® SO e BRSSOy 5 Koage. Pr Ratent
N@% ABI7TIREYSchEsl@! &fal | BB ‘arisué AR TéMaﬁllius% 161 adigk Or

in order tg det er mi ne when t he capacitor_is charged

Chyrgipg Clentsy dgsoribesyarionyfgaturgs of sugh p eiiguit JFor exampisy a syyitch
&hﬁﬁ@kﬁaﬁeﬁ@ dQitddtin e <t 3P AQPRAL Hedth tﬁ@fnaﬁ%oﬁw{&t@f Mch is

Inning of each off tinme of the switch since

qon@ollﬁdlbwg@né,laﬁ traasfopraer prigrapg Wik B ctlﬁ@ﬂtm thetseapndmy 25

@%ﬁh@g&% %(gt %Eﬁﬁ @E%%E%gb%ncor ?Erﬁ%}%?g&?éﬁ%a{ﬁé {AHEsensed

primeenwinding caprpitread te swar:h ofif time s ergirorsl ip uespense twihe sepsed
Shopfery APAGE bBlenf ARG B Sltkd pehBY LT Belb A B TR

ng. cou
cﬁﬁmtﬁﬂartp‘utmhige Hipni the bunhelsr saiefolf Iﬂteetransfonml edthtaccobiperator in

it S et e e Gunsiint SRR e P YL B ORI anc

Cil@lélﬂ'y %sé@foﬁﬁﬁﬁ&&h%@itﬁtﬂ %ﬁthb Qoxﬁpﬁwofj'ﬁ)r an odeitd] at ths b@i@{mg
LcatlLve er the utp vol t
UG P o1 S i L1 v e P AU g YR e s

dfﬁﬁ@het iddicative of the actual output voltage.

SUMMARY OF THE INVENTION

According to the invention, apparatus for measuring the output voltage of a
capacitor charging circuit having a transformer with a primary winding coupled to a
switch and a secondary winding includes a filter coupied to the switch to provide a
filtered switch voltage signal and a comparator responsive to &e filtered signal and to a
reference voltage to provide a control signal indicative of whether the output voltage of

the capacitor charging circuit has reached a desired level.
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WD 2006/ 121538 PCT/ US2006/ 012615 1In an alternative
enbodi nent, apparatus for neasuring the output voltage
v 2006f2188paci t or charging circuit includes &CT/US2006/012615
conparat or responsive to the switch voltage and to a

reference voltage, a current sensing circuit for
sensing a secondary side current level 5 and a logic

gat emeh didredive embbdiment; ﬂ:\phraﬁfs fbﬂlﬁeasmn‘:rg&headnﬂput antage®f the
the current sepsin

Ci r cui ate i des
copPtoE SHFBIBH OIS EA BP TG FHRRPTHE SRR O ad ©
a {%,ffel erfcB %ol@a%l@ AChi@ht ShafOdinRgit Chilsehsing diasondagciiedutrbg level

desired | evel only when both of the .follow n

anggrlggie igafh sounlesl tp .ﬂwutpc%yf the, gorapgeaten g & ?Jﬁ@‘élf%}g Egsig
citdg. TR E)Fﬁ:rg%ﬁ: PN ERURS corRbl sidr) inlibRinG D ﬂﬁ&fu&pw véleage of

current reaches gqprom mat er Zero amnp

thacameitinvhareing aireuit has sgachqdthe destredlevel ABa Bt ok the
fo?lg@ﬁlr bl R ard RS b tRSwiBE vol %E Piteeds@hd RBEerRE vbige; and

acitor charging circuit incl'udes a first conparator
) ﬁ&memdam side outrdyé leygli reaches approxiyeately gere GRS f i r st
reference voltage, a delay elenent coupled to the
first comparator to provide a del ayed version of the
ConMaccatding o utfudier sitqmative emhodimentcanpatsb doraensering the

! ! h OllSlVE-
v 3Pl s® Y o el ot ASfRNEnbabyaBRATEy
tohﬁe/ kwigchavofthgesihd itoypfist uefunq:ﬂce srolme fadelayglgment efupled do the

elay el enment cond u
ﬁ@ﬁ@maraéql tp H’é"@g @g]ﬁ%y Sé?l’é{t) éom %}4.:1%1%% 'ﬁ?m%&?tand a
i df‘é’bni ralfdr @ dﬂjvetth fﬂle&ﬁﬁli:]ﬁ obltage @Iﬂﬁb alsgcmnd mfemgcd\lm,ge
t e out put vo of t aC|
Alsasmve%f-‘éﬁ%@logmg A dering g st {78\7\?1@5 SRt ‘?%5‘8’
elb @kt A SecdRd mRBCHobpIed & tBE Bu iituﬂ the(sadond cdlﬁb:ﬁ:ytoh agl an
occurred since the switch voltage exc%ﬁded t he f

vt whish P Yidene BIRFO B S SBRENE (hopEpeolsse of the
cagy%xtt& Qfrar n@ﬁg €23t ab FeasiMatinddesRld BGE only WHeh bbiheF the followmg

rrange a capacitor charging circuit is

ccmdittonaaqsmrﬂﬁdn}/a ddlajchas gepred vigre g EVEdNOIRg %"ICF?@G%? q-H?t
G gnegg %%) ta&% %181&?%5 eosd ﬂ:@e%rﬁ:'e ggftu%g'ékéé@dﬂfle m%[tagez S

age has reac desired | evel
Advantageously the control signal is unaffected by

|t k ar
N
sifi@ butﬁﬁta«fogag’e:gemn@:iauﬂ fcnrgemahﬂg&a\non@ola@nﬂan@fsz whether
th
UG e pr e Bragt et A EeRa ity B¢ coptofifhti
nflieRERd b HEltRP BFiket dBurking bl dRswétth daltait vaerythe wivitchis turned

coupled in
off.

Also described is apparatus for charging a capacitor and having a transformer
with a primary winding coupled to a main switch and a secondary winding coupled to
the bapacitor through a diode. The apparatus includes an auxiliary switch coupled in

parallel with the main switch and adapted to be on when current through the capacitor
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parallel with the main swtch and adapted to be on

when current through the capacitor 2 WO 2006/ 121538
WO DH0d52366/ 012615 is | ess than a predet er m redd2e0s®h2615
and off when the capacitor current is greater than the

Pl PeEE B Mok B R8Ty e o
PrbiRtRRInes REEiWith i hngagieny tefretdie reapenyitingr of 5 dRIHF
DESCRI PTI. ON CF. THE HRAWIE% The a%dvant ages and aspects
reffuceth gyt SBERTINSHPERIBEE O IR Hor e ful |y

understood in conjunction with the follow ng detailed

' j drawi ngs, wherein: 10

I SR o 8L apaci tor charging
circuit having a prinmary side output vgltage nsi ng -
ci r cihe 2@vaiEeh Hg 28R5°8 ﬁgﬂlﬁgﬁéﬁt Y gtl‘%wﬁrw T’gﬁ;}'
&%&%Sd e i8S ARAhe ol ARl REaNEd a&e@stionate asiboinpar ey
C

argi n? citcuit of Figure 1 when the output voltage
draings Vgwtn: r eached the desired | evel; Figure 1B shows

severaluRKe! QAR RSP PEAALEH chirkhlg LHGORIIG Ginkly Gu
of lgure 1en the output voltage has reached
dubyert deltage eahsing gistuit fopayding tooteqspect o HbavPRiIosF an

alte qu%%tr% ¥E ﬁ?%%gb%ﬁ%avgoﬂyﬁsﬁﬂ%l?ﬁle ChAERL BFcuit of .

circui having an alternative primry sid
Ripitre U twheo Hiteagipus erlspanipseiot vai rgachedithgdasisedlavehows

several f or s | At e k] b LECAH t
o B B ST S BLEled 0, Ao AL gl
Figﬁ@?@ﬁ@ It cogmi vﬂﬁgé BﬁseéachéﬁDthEﬁg;\imlé 1e28); shows sever al
wavef or ns_associ ated with the-chargin rcuit. :
Fr QU HaH BT Of L o5 G HaOr oL ey chareing
&e it bERigh@ M lavinf iaf Wite@nalive priagahdermtpue valfagasasing bircuit;
further alternative errbggl ment of vr‘}gh%pf\m LOr. it of
char diilgpge %zﬁls]éq}ystsegefralpyag gnﬁaSﬁ%@qt% FPFgme circuit 0
#bi:8 DRé@eh VR d&fﬂuﬁwmgéha@qmpyat Paschadahd &gRed ROEISI NQ
crrcuit; 25 Figure 3A shows several i\ﬁgve

formg . .
assodiigiredB WV sevreal Iy pigrayrssTater vith e c%u'éﬂg éu%m‘i/\?fe 0
116 QYR inc RO aDBesi0kc WP UEAR Bbet e desi T e

I gure shows several waveforns associ ated

wi t h Rigvee & fror ghematisiof e il fusther gicggties gubgdenent REHE GipsGior
c?ﬁgrlét%gc%cnﬁlgf E 1@%“%‘3\!]&1@ 4 ﬁﬂﬁéﬁ‘ LGSy ﬁ%iﬁnary side output voltage

sensing circuit;

-

Figure 3A shows several waveforms ass@éi'ated with the charging circuit of
Figure 3 when the output voltage has not yet reached the desired level;

Figure 3B shows several waveforms associated with the charging circuit of
Figure 3 when the output voltage has reached the desired level;

Figure 4 is a schematic of a capacitor charging circuit including a circuit for
sensing the output capacitor current according to a further aspect of the invention and a
switch control circuit responsive to the sensed output capacitor current;

Figure 5 is a schematic of an alternative embodiment of the capacitor charging

circuit of Figure 4 including the circuit sensing:the output capacitor current and an
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Figure 4 is a schematic of a capacitor charging
circuit including a circuit for 30 sensing the output -
capacitor current according to a further aspect of the
ﬂg@g}k}lﬁ%and a switch control circuit respanskeeekas
e sensed output capacitor current; Figure 5is a
schemati c of an alternative enbodi t of t.he
e}aqmmﬁiwt yitel hentgl ¢itguit ppopsivyato g Sﬂt-S@CEE LEP% °’1‘Pﬁ°‘F LSSt he
circ 0] A rdaRSo Rk RuRor ChpgiaE tittuitdnpludégte camit fah 3

- WD 20061121538 PCT1uS20061012615 .altern

cdpdinaghe eapgciton chargp UBHAEPTTIE {4yt ﬂ@ﬂ%ﬁ%"ag‘t d“t ““’fi“ bk ©
capa CFI%LQE 65 'd]idv@ @&verﬁ%fo@mﬁass&@@ﬂﬁ@!@lg@m@

capam g n CJrC.UIt ﬁ%{“’gglwwﬁh&h%qﬁm&pr

arg according to yet
@Q@ghhg{d aspect of the invention; Figure 6A shows

severémwgﬁ or rrv?n 35 Q‘fe‘fo%%f%s R akakdng dicdicefi t 5

subst he charging circuit of

ity with thoaitxiliery svoigh- t he auxiliary switch; and
Fi gure 6B shows several waveforns associ at ed wWith the
charging circuit of Figure 6 with the auxiliary

WD DESCRI PTI ON Referring to Figure 1,

argirng circuit 10 includes an input

vol t a £.2 cApabifcR OBk @h@EFonit 80 breludesgndnpot vaitagey

Wi ndl% f@g%;n a saecc?nldary di ga(m%S 18

swrcecH @gans@nmrdé@amg alﬁ‘\’i‘ﬁ‘%ﬁ“‘g’ﬁgg §pa0| )
Iga?n %%‘“E B Whiodk 94,601 shtfRovPacHon26) chupded aSShOWHe

clrcul

as a flyh ack ol i e
lshwplsmmtqﬁéoelrﬁ?oaﬁmt“y 1§ B3 s sopdfbey OB b0l el
H.E\Eﬁ t%vte REbEdifaet) it a dbneFpholoflashehdtbog the ctlrgmhgl 1gay be referred

l h h equirernen
| ﬁ%@ﬁ@ho’g’gliﬁh\f’ggﬁ%%récﬁﬂ&‘% St ﬁ%g%l\p%%h?sﬁwt&@k g s

z{@&ﬁtﬂat&y b @& BOQolw0IThs mpﬂifvelmgwpgmmre@*ef% St
14 ma

Aerdp "1}‘/%5“%3%? %rﬁ%ﬁf@"@?& BE gw dl%vog&emme
D& arflest & an
é@&g B&tved hphRRimat antdl Gmmmb@ﬂb&u“ﬂﬁﬁ @npdimegt g

volts in the illustrative errbodlrrent In
operation, when the switch 22 is on, g}ﬁggls stored
in thmmwhmmdmghzza@mm@maﬁ Wi g

this t he dnd¥d t
ddp P%‘&"T trangforqer. g%ﬁ??ﬁ%&ﬁ[ tor 40%311

i @aivEra@ioteé dueut ba;nafmsr Zﬁ fWhmﬁlee HiteRy
becomes forward-biased and energy is transferred from the transformer secondary

winding 18b to the output capacitor 26.

The capacitor charging circuit 10 includes a switch control circuit 28 for
generating a control signal for the switch 22 which may be a MOSFET device. The
control signal causes the switch to turn on and off until the output voltage Vout across
the capacitor 26 reaches a desired level, such as 300 volts in the illustrated
embodiment, preferably at an adaptive rate rather than at a fixed frequency. Once the
output voltage Vout reaches the desired level, an indication is typically provided to the
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becones forward-biased and energy is transferred from
the transforner secondary w nding 18b to the out put
wapewi12ss8 26. The capaci tor charging circui tPQIUS2006/012615
includes a switch control circuit 28 for 30 generating
BarGRR hlcPlhabihg PRYoARh 30 ey DLLR A2 WHLL Bnd VA8YachFatdh

Confi e thabt OPRupf A 30 ey Bultfied Wil ATkt

devi ce. contr ol causes the s

g
plevteflash 3@ renengnl isotnsigrred fromtfes GRY capagitir 24 e thedead.
across the capacitor 26 reaches a desired |evel, such
as 300 volts in the illustrated enbodi nent,
pr ef eFlegngtch cordre! aidait38vieclndes e firsatdreparathrad lxvirg shiimeding

. Vout. h th
FRPURE  SPRAeR (BL PR R PRRRL.
telpondive to0eROOBEL ValiAe8 &/ réCT AUSRA06/ @ 1261560 hasaneriaputser

t hat e.phot of |.as 0_may. be.ac¢tivated. Wen.the user
o7 PELBRRES BB o a2 CAsrip P PRRE A PP aon
forafing puicasuplet tcapsisior 42 pidGidedtotshese ipagimarh evisiidd @ilent
caontrol circuit 28 includes a first co ator 3
e FRHL FosP PRy vedo B RESereRceaalstesd TP e OutP
stk 3SY\eatiplod @6l the 3&epinput dF REA-IGNTBE biitpGt dMALY 36 is
responsive to_a reference voltage Vrefl. A flip-flop,
P eéf‘bﬁ%@“ﬁé%“’%‘"’% a5 %BYW- provi ded by the out put
signal of conparator 32. A second conparator 34 has a
non- inverting input coupled to a resistor 42 provided
to sdASBETEERD, Bieiondime Rertias of gadusviteh evclaisgortrplied be el ng
[ : i > 8~ V0l \nef The. .
O R ) SEPELOR, P B vrimary
Wingung cofrerit aeachesIoredetramingd fsuel, afestablisthind BB raferenceralitasd

%’ﬁfi BE SfhE 0?&01&39%3&&@4 es ﬁ{%&) 'resleﬁing & I?trué ?F gnc# %}@/lsi];g

on time portion-of eaclt swmtcéh cycle Is-con
thihewitghrdonmelysignahtdigadoe tr shetff the vwlicla??. SErgefirdnye voltage

reskstor 42 | art.i cul ar,, _when t rimar 15
RS et PP R o S e BT By oo
msticabl irphedirieyt efteMara the\solitiagdiayt ¥6R fallshe teuepldl of

C arat.or 34 goes high, thereby resettjng the |atch
SRR e VgD R ettt eom oy 7 Soey i Pohtrighe Fsiowgu
16 lau highfabhd the o wivitei222. The reference voltage |[evel

Vref2 is selected (and in fact, nmpy be user
sel ectable) in order to provide a particular input

cur r emt rdféi@hde vot@NWV feCpr6VE T c¥Rbira@e3 Y aWeleatkd & drer to
the | evel of 20 reference voltage Vrefl,. the output of

|
cawiehe Sititsh 2350 B 8n pRogRhcaeRdaY cumentihas beromaudisgentinpens
(09, P 1RBH 28 afPs) $¥:HENo Adve the circuit operate near the

continuous/discontinuous boundary, thereby achieving high flyback conversion

efficiency. The level of the reference voltage Vrefl does not correlate to any particular
secondary current level, but is selected only to ensure that the output of comparator 32
transitions only after the secondary current becomes discontinuous. In fact, the
secondary current level occurring when the switch voltage Vsw reaches the level of
reference voltage Vrefl will depend on various factors, including the transformer

leakage inductance and parasitic capacitance.
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The reference voltage Vrefl provided to conparator 32
is selected in order to cause the switch 22 to turn
wo2mneasishe secondary current has becone di SEOVIS2006012615
25 (i.e., passed through zero anps) in order to have
the circuit operate near the continuous/di sconti nuous
boundary, thereby achieving high flyback conversion

ef fi i wiie. apﬂ'ﬂaetaie&‘tbﬁ khoed of dréinngfskilldn de aytdzhdtargﬂoddraﬁémauve

selpreant aeine e eh 2 BERINE o beaptin S Bt masforeapee

941 Pint 8fc. 6, swasaade@dnbaaa sﬁﬁﬁ&hﬁbl&ﬁl&@ihﬁlﬁh&&é S\?tllh:ﬂi on
secondar current becone di scontj.nuous. ac

tope i§ SeRFiat {1 1ERROMEHP SPRSG PR (R %cwahm

o\éﬁtr&?eaetn }é%ﬁu:fs@ﬁﬁslaﬁ&dts&&nh@y Qlindaig cuiehte memmemtetragﬁe
depend on various factors |nclud|n%nthe

st vk thejogfeagje convplled BTEPOBIC PigpaEary wimding current
anfl H?ecdbff B0 & corrMRA2PREAIRL BB REIHRAPRI Bl afkat, id t

e appreciated by those of ordinary skill in the
d@ﬁttﬂbtsﬁhdovam panirencepy with Higuies 498fénes for control |ing
the switch 22 are possible. For exanple, the
above-referenced U. S. Patent No. 6,518, 733 descri bes
a swidcchdogrit pod aspedt efrthe inveninng thechargeniiliiediuden ag outpyie

control l.ed..i ' JEalel

elpiomeoi O Sp PR, L BEIRERPLU AR Vo BB RS
mRnee sds elfibe dmsyormen di rsgies;wbteen rdetofaypidhieg high power

tﬁ Lt efx{;}? éeé]\étea}lﬁ a?sggtﬁtgﬁ g%tﬂ sgcopﬁary mﬁg asgg smi ﬁ%ﬂ 1th outgu’%
Rfttlod diRuitd, fTHelolin:m Solta@fansing eﬁc(;juum()r@g%n zemhmlmmm 50,
out ca ur r ent escri bed be

YT S8 A T oK B ias i B ePTE oS T s At §% agistor
@Snﬁﬁ Ghpaftorid2giol M@@Iﬂg@h\a leb1@higiod Fgfdh bitage¢iwi oS a&;lcle
output vol t age sensi circuit 40 far sens
dueing theadt i PhTtitch P+ ﬂagg AR AR Olp%atrwgg% a%ctela)édmg
tHthﬁft €d tzgmsat;@ LI¥RAtch P8 allSoql&d ds@Bbvn.i n order to avoid
the high power dissipation general ly associated with

secondary side voltage sensing in high output 15

vol't %té%&g ete?nenw@hgt%ﬂtﬂtm\v&tutgagﬁﬂ%&ﬁﬁém tﬂé &kttt hode

40 inc summ ng el enment 50, | evel fter in
38hen Ingemtmpinpat gouglied tmthe dipwt ttétagttwme Ah rﬁgl}d ) Qutt?tltﬂoyp Isd to

IF%E‘(:%O eve e vﬁﬁ%%ta?[he &ﬁ%ﬂﬁfvol @B@I%'Sh%d 6&(ife0k cﬁ&%F ﬁ\giqu) is

ed’s age "Vsw over a cyc
paiqfdnt@at h&h@tﬁlftpﬂtlvnﬁagaf‘f csw\mhemtha zmtdl 2P igdf. GBe splthge at
01rc 1?%1(') e £{4 137 gvefre(t)gréd% rg%lslt 19450 capam ot 88in order to eliminate the
effect of voltage spikes occurring at the circuit node 38 when the switch 22 turns off.
The voltage spikes are attributable to current ringiﬁg'ﬂzrough the transformer leakage
inductance and the parasitic capacitance of the switch 22. The filtered voltage at circuit
node 46 is sampled and held by diode 66 and capacitor 70 to provide a DC voltage,
Vsense, that is proportional to the output voitagé Vout when the switch 22 is off and
that is unaffected by the voltage spikes occurring at circuit node 38 when the switch 22

tumsoff Thus, components 64 and 62 (and also capacitor 70) function to filter or
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the filtered signal, and a switch 74, all coupled as
shown. 20 The summ ng el enent 50 has a non-inverting
wopaob/1zeagpl ed to the circuit node 38, an i rREIVES2MG/012615
i nput coupled to the input voltage source Vin, and an
out put coupled to . resi T t ; :
iRt o eeel e L G e Vs PRpEO I A3 Tho b esion
oftfhe dufput PIBROVbitPhAngt cdintitetedotnt pifitctswdlthed gakakomtuines

the switch 22 is off. The vplt [ r¢Uk ode
rwging gu Perabieby e sk Ba oI By iyl o]
aPpre8ihted Oy BlobdbMadiary Bkl igfheacttha fesistir ba gey dpirdadized as 2
occurring at the circuit node 38 when the switch 22
CP’EFP%U‘?}W.TES”FWéS’\J‘/B‘PC{%e spikes are attributable to
current ringing through the transforner |eakage

i nductance and the parasitic capaci E?nce of .thg swift g@ce
22. The Vsense spliage rarrplgdion compriair 82 Iof Squpgrgson do & reter

Vol efbrangd nReldd aR¥niftl 98184 B 6k @Bk bOhdtlertthe output
provi de a DE vol tage, 30 Vsense, that is proportional

voliageréons bespachod desred. Tkt chFash 1Rl SiRicoRFp! SEIRIS4FF 2
13@1988, }I_{]eﬁ%u W bR _‘lﬁfbtv%s BYeHahR dadtsaael B&, 86t the form of a

occurri t circuit node 38 when the switch 22 turns
posk to {fdisste adulipdmeed samBaitensen@ton A LIEFIIRELP QBT $d5e Of the
cé%?lﬁlf R 4?%{%%5_&]!6 lrfvs\glg g@ e iﬂ@u%@@ﬁﬁ?ﬂ@l%%ce voltage Vref3 is

shape the voltage at node 44 so
stlaeted tdhatihe Wsansy vdltagg exceersdle mbranca veltage ahemthe oHtPUbf

t he t put voltage Vi having elimnated the affects
6 tagqggoﬁéeé’ﬁléeﬁéﬁel%alﬁ%dﬁg‘%%e ringi ng and the resulting
vol tage spikes on the switch voltage Vsw. It will be
appreci ated by those.of ordi,nar Kill . in at
resi 48 B7€ &S%e gqﬂélg?rft’zt %cl}fgg%@Sléu(gsh%c?“ﬁ%‘%ﬂlg%ﬁﬁ%éha}@
doBS bighAVed dians (188 the Tauledngehasabichgthe Sesirod feveld It will
a conparator 82 for conparison to a refere

bpapPHBatod (b pHier EROBFiBE AR ANEChe R L FOSPS BA% FhePes o

dofté 'si%ﬁ’él @ Qbh Wigleentinga Rifleffeatuleb@ped Mot abes-
reached a desired, fully-.charged | evel. The control
referpmatd B45. Beteny No- €918.43%h 88, the output of which
provi des a "charge done" signal Ved, 86 in the form of
a pulse toindicate a fully gharged capaci t or
condiThevnaluemifithe msistespbanseapasiton &2 ¢ &0 are selpded PN ERET
i gnal | g4 DO..e0 j radi of B8
e o S
VWbrgsaikes Hiahgeuewbedts switvh timf effe Additipa! facdas hensidere

\%:lile}n%léfecth}/gofjlé S5 yfqﬂé ik %81918 gnehg %ucqt?c%itﬁcel%ﬁﬁéﬂ%lutput voltage

Jevel, the level of reference voltage Vref3, the turns ratio of the transformer, and

whether the components are discrete or incorporated in an integrated circuit (since in
the later case, keeping capacitor values small is critical) to name a few. In one
illustrative embodiment, the RC time period due to resistors 54, 58, 64 and the parallel
combination of capacitors 62 and 70 to reach Vref3 is selected to be on the order of

one-quarter of the nominal switch off time.
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15 In one illustrative enbodi nent, the charger 10

shuts down when the charge done signal Ved indicates
wbabostibissout put vol t age has reached the desire&nivszensal2615
It mﬁll be appreciated that other appropriate action

Kk
e, O B PR R BLR, Ml OD B SRl 5
pebik bﬁwglﬂg)cmﬁuﬁﬁay 5] ﬂnmnam:tjddﬂeﬁmglat B tpdsd of B 5a8paE8r 82.

18 bicpeB a5 b G SO LS R

BeQbbple@diadetin asihe 4&3.1]5@211:6131111)111 lretie pesfated|cadotintenehowever,

ority of the ae i kes t.hat t he
Rk SRREbE SRR S MR o WA Pty e 1t Vit Poithed Bine
Whanssaheedibge, kwhowal ue of the filter conponents
i'nclude the nom nal output voltage |I|evel, the |evel

of reference voltage Vref3, the turns ratio of the

t rans{ Q@74 ARM as MR bOLMOIHETCRARE A&tk SmBle Ss dbt‘c})l‘erdeﬁ e
or |ncorporated in an integrated circuit (sin

napedle] witl papaeitns 7048 SpvTy EPACATDRIRES OR Y asCﬁ%ﬁ“? S%gg
tﬁ%%lg% Qt!h)arg&t%t J&gﬁ@toia'?(f SWendvBr QIM8r oreldf UtibRdWIKE conditions
|

ment peri od due to resistors 54,
ds8ur: 61 tlm@otoﬁl@slpwlamt@meém €Dribe puiptaeltese Youh sarkes the
C%Pl(liﬁ%{l e; %stdgteﬁﬁiﬂg Mhed 61 Vélﬁil & Q)Ec%gdlﬁ 1R Sefeiind \Rltage
er one- q A n1na| tch off tine.
VreX3D 2006/121538 PCT/USZOO6/012615 The sanpl e and
hol d di ode 66 and capacitor 70, referred to
alternatively as a peak charging circuit, may be
el i rrimﬁérﬁﬁlg sleperRifng Lanvaries wpefams fire shewn oniplastator

82. . If e conpar at ot 2|sfas n

Eiagioh T it Rk i O 3peR g NRUH8 woblias bt Eached
e H&Ekd JevEID Wi‘)%fcﬁﬁmtl@bﬂhe lsvamuﬂddmﬁm veltagk elrcmedrc node
enbodi nent however

I h t 6
et e PR T AR L EEe I PAGE R B fhows
ﬂh@ éﬁ( cﬁ&g&@m%@{z&fag‘g%moé@s@ hape shc%ﬁWtHeCi‘BfeFeﬁce wliape Weef3

be a MOSFET device for example, is co

@a:gagl pastr thanethe Yagnae valigee o8 thessbydndiging &t %ﬁswu@&t yoltage
@]Eéjn N Bol fi&1a€BY at the output of
d| sC r‘gS’ﬁ‘g‘%@%ﬁ@@%@e‘%%@m@gﬁﬁé?coéu ? h:{;?{ one of th t%
doodpatair($g reoains atiadeic vedayel. (1) the photoflash 30 is
activated; or (2) the output voltage Vout reaches the
desired Ievel as determ ned by the Vsense voltage
exceeRiifergng Hieo tocfigire B gthe sAmenyeveforms as in Figure 1A are shown.

Here however, the output voltage Vout has reached the desired level, as indicated by

the Vsense voltage 68 exceeding the Vref3 voltage at time A. Thus, the control signal

84 transitions to a logic high level at time A, as shown.

Referring to Figure 2, an alternative capacitor charging circuit 80 is shown, in
which like reference numbers refer to like elements. Circuit 80 thus includes input
voltage source 14, transformer 18, switch 22, switch control circuit 28 (here simplified

for ease of illustration), diode 24, and output capacitor 26. The charging circuit 80
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Vref3. 15 Referring also to Figure | A various
wavefornms are shown to illustrate operation of
wobtm@gmssensi ng circuit 40 when the out put VROITVERE6N12615
out has not reached the desired |evel. Vﬂveforn144

shows the |evel - fted switch vo e.at c

e e M i O BIRTE hid PR ERy Dereags Hpiis e
vOIRA8 séBing 3RShiVAN0RTiAT WhiBthe koM ted digpup eolkage Vantjis densed
Vsense voltage at node 68. Al so shown is the reference

fiowl theprémazy 6198 obthe HaNHI™SFeat er than the Vsense vol t age
68, thereby indicating that the output voltage Vout
has not yet reached the desired ] evel . Thus,

cont EgpufgSqu];m ingudes g respor g,gpﬁgﬂlecblp sexggﬂzﬁgyegfx g}e %lgjut
%p%g% 138 aﬁrﬁ %L%uﬁcpﬂﬁ CensRW BN Bbnt I% €17 iR HeQuipit Edp@ctifoe

wavefornms as in ure | A are shown. i
26ieThe mmes/@mss thegeHsieyAftis Pl@wlﬁg%ﬂ% Wothe crmsitoregpadeapn d e
Jesired | i Rl SRS ‘éﬁédl@ﬂ@ £8will
FeibHing T Yl s ARy 0L FPLE St e SR
bedexcritdd. signal 84 transitions to a |logic h| gh I evel
at time A as shown. Referring to Figure 2, an
alternative capacitor charging circuit 80 is shown, in
30 wirthebutpitkeltagefarsageacut fensudesfasrmmgng ¢lkgent 50 and a

Ci t 80t
ST g M R gloms,
Gl dlerndsht Q(]ﬂﬁdset 1ﬁ>hﬁm¢ertingeﬂputﬁzmrpleﬁas gheofircuit node 38, an

illustration di.ode 24, and out apa The
g e pled S gt TR er T AR uBRy 05
i kdro0s The 0tabb & BbRALERM of Qesisforﬂigaﬁ@‘ﬂ(l &.nattnlod¢ 130) is
circuit 80 includes an alternati vehggtﬁgé% vol t age
peapestiongl te theunut YolFeqY PR Wb THE ter output
vol tage Vout is sensed fromthe prinmary side of the
transfornmer. 5 Crcuit 80 al so includes a resistor %6
coupTaelowiputyehagssensinamitepit { Hoalsinplutes adisiroppariosdl
Piundia dtheied o2 el 94
119\11?% g Oli:g{ﬁ’g%ﬁ?ﬂlpﬂ gc%lpgd@eﬁc\g/c%q?%hgﬁa{:uposs t he resjstaor
aBan Mvptiopopti wsmhsivototaTefcranpareltese Vet r Ehg oytag sienailas
aci tor..gurren topiitq
oG SPPaOL L Pl AP bR SERAD i 1HECCkilR, Byshits
Wiiae fdetupint voloie ¥get sehss adesved lowelt Thuo rferepagdiolage Vietl is

selem to cog'lespon&] via ge %ansformer turns ratio and resistor divider ratio (of

resistors 92 and 94), to desired fully charged capacitor voltage. In one illusirative

embodiment, the desired output voltage is 300 volts and the reference voltage Vrefl is

5 volts or Vin.

A second comparator 122 has an inverting input coupled to the current sense
resistor 36, a non-inverting input responsive to a reference voltage Vref2, and provides
an output signal 136 coupled to an input of AND gate 118, as shown. Comparator 122
senses when the capacitor current Icap, 132 becomes very small, for example about

10% of its peak value. To this end, the reference voltage Vref2 is generally at several
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| evel shifter in the formof a resistor divider
conprising resistors 92 and 94. The summ ng el enent

WO 26uag21a38non-i nverti ng i nput coupl ed to the ROITVES2006/012615
node 38, an inverting input coupled to the input

vol tage source Vin, .and .an output caoupled to

s of BBl BEGaS A B R Bt PR s gy
1&%répGatich delay®r othat nonddel 4®€)s.is proportional to the
out put voltage Vout when the switch 22 is off. The

out put voltage sensing circuit 110 al so includes a
firstrng onparsahar1d be it 01 SprOvatesi 6@ bl siphal thithdicates
coupl ed to node 130 at the junctjon_ of re§%5£€r§ ?2.
tha thegutpup polteael V avt hasrasher Hy demints lovel dhem bt 8t thg oflowing
cbRfiR5 RO %_Gﬁ:uMFo@tE%e VR @adithdhel el dekiadd vbBAgeQével as
conparator 114 is coupled to an input of an AND ga

estalgishesbpiprefeatns? valtege Yenft aad the ut depaciion idlx/deiead %ﬁ a
%&g%ﬁtﬁg&t&%:ﬁs ﬁeigﬁ%hé Bl the¥acitol RiSent bEIRIIRIGiScoBhicas 8

ected to correspond, via the transforner

sensed by reaision 3Gk pegishist, dre wnypldégnal Hjiphigh pnly e diegrdput
g [

o] Byflagubitior L ARRD B o 1B D e EORRA Sl 12 s
latels | 1ég theautpptf wioth mgedéss @agevohs Sgrmhd cd.HER iethe fapcd a
voltage Vrefl.is tS: | '
pis oFE M reAe P A S R o g SRR PR e
tgedhafper 8®&Si stor 36, a non-inverting input responsive
to a reference voltage Vref2, and provides 30 an
out put signal 136 coupled to an input of AND gate 118,
as s inewmingosia Fatues 24, 32vesd narsfonhersddiedaiiathie toeuit 80
current | eap, 132 very smal |

| bec S L, for. exanpl e
SEEOP € B B FEet3B kg AP R 5T b D TR Stput
vggéo%f BAE Qi fRQRd icafedirddSe @ENBY RktcyladtwaefoendBo sibwathe

121538 PCT/ US2006/ 012615 tens of mllianps.
towol-ShiBpd weiichyoliage ot BasiodPA AL BB 3P Ee Sifgiter current

0 e QRAGRIFcORpARIoRY 140 kvaOd el 136 shows
I%%h$? égﬁn€?%3%$%ﬂﬁTﬁgﬁguF%Ut‘gigﬁal0112 o? AND gatmOW

) e
te utprt signalet cempasator B2, anidgraveformaltl 2 shriysdhe eantrobsignah{ 12 at

he_ out Vout has reached the desired | eve
i SnPsP ANy B B

e following conditions are true: the
out put voltage Vout has reached the desired voltage

| evel taplish ) o
e e B e DA i ik st
Sk obltapy ¢ BEoRs tetetolingd spidds bocutring viepdlsi wvdich 2 furemaif have

becom _ng dj scqontinu as ensed resi f
BRmAIRO ey TR S B Er et y Nt R eBhpid e
deiRdqbRdd Utlowever, some of the peaks of the voltage spikes do exceed the

reference voltage Vrefl and thus, the output signal 134 of comparator 114 transitions

accordingly, as shown. When the capacitor current 132 becomes very small, the output

.~ signal 136 of comparator 122 goes high. However, since the output signal 134 of

comparator 114 is low, the control signal 112 remains low, as is desired since the

output voltage Vout has not reached the desired level.
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10 of both conparator 114 and conparator 122 are high.
The control signal 112 sets a latch 116, the output

vob 200 fakespr ovi des a charge done signal Vcd, pt3@iseovsnirers
formof a pulse at each rising edge of the control

S|gnal 112, such, as used to shut.do
char §eferrigg alspso g@*’é“riﬁaﬁﬁ e aY%ft O %Fﬁmék eg\}g rgl}a -
[—l’é’?é‘l?dv%&s 1R All8se Miskdhchdiehe désived levaGs ingicated lba\ﬂm to
| ustrate operation of the volt%g% ?’H ng {E’P 134
Switch Witshe | HUGHCIBRe or g0 8t ks B UF QUEREORThE
? }FE@QOJ ?M%anmﬁ&:sﬂﬁi{ésﬂ)&fdé Rthe Vet spikes kBOms Aoand ﬂtelller,tays
eve

shifted switch voltage at node 1 0 and
highaomsi ol SERBIENE BPSIBAi. chie IR e, RV BFoP rig pchor

?@%‘Yﬁ a rl§2 L Pdsto ShanHuethicle DERRE ahipht sighdl 136aY eb@pdintor
Rows O t he out put

nal of- conpar at or. g1}}22 r]E?
1\2&\ge¢sdugh Bimceghogwput hlen%dﬁ‘g pégomyages | 14 isplsgrhigh 4 time
o?‘# ]%ﬂqﬁl? gﬂawg ate H§Q)G§H%ﬁrhs sﬁoxxnbe ref erence

eing greater than the |evel-shifted
SW tch vol tage 130 once t he vol tage spi kes occurring

when \%@1 51 ‘éﬁr{: %ﬂ% sEﬂ(Q@'Eﬁgt tygus,alﬂ/' ceekRAltRswitch

there out put “vol ttage V out has
vmnagemw weaciveh tza elrnisssz we q)rdveMed fronagffiecting thesepriolfignal

a of .the.v g es

P BRSSP R LR R S S 10 an
glagﬂglp indvﬁ\ihmﬁlg?lﬂaﬁtt 10é ouifut voltapedias icoched feeateiradi lengl,ynly hen the
shown e t e ca
competp: cupia bEeTaen eroilapy b Bt i ap i s 48 whtoge
Bik@ will FowR uREipatsd. N CRhuk, R@erDiff tRWoLiadegikes dJBtl;e eWxtGDVoItage 130
conparator 114 is | ow, the ntro rina
das, theutpw syal 1389t %qnﬁ@éat?r *‘b%ﬂ lﬂ%ﬁ“&Sﬁl 38& ot Phas
%gfl@ Eﬁ%ﬂ shrQi€ et She @atrbesi@lal 1 10w NG02 BOhiH ZihESle capacitor

I 006/ 012615 Referri n al soélt o Figure 2B, the

et Wad vk optrheverrached theglgies ?ﬁ(‘agr YShown. Here

“however, the output voltage has reached the deS|red

| evel as indicated by the swtch voltage
excedtwilipetdppreriated tiwhwbile b chigat Nss IPSP"FF:‘N§ ¢io tbﬁ ¥oltage
out

aCEaS 6eﬁ1§§)r ?g’a tlhe% §cﬂ131nt9£ fof Qéﬁgﬁg @l!ieq{utﬂu% fadabith %hltrézﬁ’ nfr tlhen

e voltage spi Kes at A and
@t-,camsrys;vlhdgg canmbnah be vk tagevidpiak emuh’ra@emﬂ@rgf@r b%} ia@rder

re ti urrent
‘pesras et et i S oD AR RER e DU
signal 136 of conparator 122 goes high. Since the

? :Jhg ult@fgllrlgg %I Fl,r::!fu%gr 3 °§n a&terrﬂgt?‘geagaggcltor C 1arg1ngaJ:ﬁ$c%1t R19BifHent 140

is shown, in Whlch like reference numbers refer to like elements. Circuit 140 thus
includes input voltage source 14, transformer 18, switch 22, switch control circuit 28
(again, simplified for ease of illustration), diode 24, and output capacitor 26. Circuit
140 differs from the charger 80 of Figure 2 in that circuit 140 includes a further
alternative output voltage sensing circuit 144. Like the output voltage sensing circuits
40 and 110 of Figures 1 and 2, respectively, circuit 144 senses the output voltage from

the primary side of the transformer 18 in a manner that ensures that incorrect sensing
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t he out put signal 112 of the AND gate 118 goes hi gh,
as shown. 10 Wth this arrangenent, the voltage spikes
that typically occur on the switch voltage Vsw when
Wwohdogibiss® turns off are prevented from af fretmbaogp/uses
control signal 112 and the charge done si gnal Vcd,

138. This is becau e cont. WP
d@ﬁsgﬁt""?‘ﬁ&}’@%’f’ﬁ‘ﬁ"’t"ﬁfﬁ@e? %Soc?ﬁ”'am]m %?& e hase?ggched

shind deshsorel | evel, only when the capacitor current
becones very snall by which tinme the ringing causing
the vol tage 15 spi kes wi | | have di ssi pated. Thus, ﬁ

i f tdhﬁpﬁt@bltaggxensm irpsit Wmﬂ@ﬁsmﬁ‘ﬂf@wﬂ@%ﬂﬁ‘é@%@éalﬁvﬁ se

L1 GRALRLAS 1641ehd 1168, OThe Bingihing
i ”‘1#‘52 u?p%s voﬁil%gge ]ﬁas not. reached the desi. re]g
clemivm|162 hese nowinveting iope peupled o thgcikquitgee 3 aH g RALLE HZ

th E Q@%@&haﬁwcﬂ%%g&ﬁ&rﬁéo]alﬁiaaﬂw\bﬂt%)utﬁaipleﬁw&smiﬁﬂlﬂieafh& he

volkrig e thejuncgpp @W@é tp4agd F@s‘tx‘é‘rnasﬁn%ea‘?‘gf § %{e ? ag’?“’
ﬁ;%{lt% Rage SOLSHRK 1R3GwittH 12es ofEChenes for sensing the

put capacitor current, or the secondary w ndi ng

.current may be used to provid rat or
122 The cutpiibyoltagegensingsehilid4 ﬂ‘é&g%bg{: rgmg)gr rent

reduces to . a desjred spmall v bsBto
1@5@%*‘?"“‘3’3‘"&‘@@?’1’?&?‘?@% %CIIH ﬂ%’g ar %lﬁfﬁé&%&rcw .

18«17%%%@%51?&1-&% inipt adipmadng racavme&mnm waitageYeflede

n rs r r oo

s et e 091 (I eRaeRE T Sge el Gtdockd, (otpond,

v?a\/ﬂlet @dasfa&ner aistrativ, wordesieil flyrabatged lpwel fr e quput % Itage
fi.ed f 24 d

Vd’l‘ﬁ' I ¥ ﬁ or ?n%acgmg% da.é Jlééﬁé(f (ﬁﬂ%{dg@‘galltfagéji’s a6y gah

rcult

ers fro_m g
r&&aﬁ@ablra%@vm Fiegual to Dvoitnon Yiat Tt joByppicr 267 @P% 2%isy
further Ite t SideC Ui t
cqupled 1p p %n%lu?ﬁttm\fﬁd%&age Sé%ﬁo@&ﬁptﬁ@i@ﬁdl%r i

nsing circuits 40 and -
dlﬁﬁed(%fgnﬂllgﬁltoemmgde 6. respectively, circuit 144
senses the output voltage from the primary side of
the transforner 18 in a manner_ that sureds 4£]gttth
i ncoArsemhdsmqaratcg 160 1as WBZM@E%SS‘B’ to node 1 ¢

A SRR
sedoadrefeseniot edita@edVietd; aal pagvides ey, PRt S%qiggég’ W of
A Gl 56T axanbilie HEk SR W@@fﬁi@@ﬁtlsﬁ@ﬂwﬂm @ntrdvel

Int

t
ﬂgﬁﬂ.mw&mmmmmgags's g reahef i pa A LS 00
Vrr']’ﬁg géﬂﬁ g%g fcﬁgwinﬁ RUditRsRE Bbe: () alddRy Bavcetiirted sinckeh88, an

“output voltage Vout has reached the desired level as established by reference voltage

Vrefl and (b) the capacitor 26 is fully charged for a given smtch cycle as is established
by the combination of delay element 152 and reference voltage Vref?. as will become
apparent from consideration of Figures 3A and 3B. The control signal 164 sets a latch
154, the output of which provides a “charge done” signal Ved, 166 in the form of a
pulse to indicate a fully charged capacitor condition only in response to one edge of

12
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coupled to the input voltage source Vin, and an out put
coupled to resistor 164. The voltage at the junction
wb 200682158%0r s 164 and 168 (i.e., at node 142)pGTaUS2006/012615
proportional to the output voltage Vout when the
switch 22 is off. 10 The o ol t sin

a
oqsityol siieal 164 spelyas fhsrisingcqdget e#?’%?tl‘%éwﬁgﬁ?%e%}f thp pgarger
Jnﬂﬁ uiofmH3n Mﬁvcﬁaltgb Rend sigat VeQUpBh 8sbsthiphrindleatihg Zhanthe

e junction between resistors 164 and 168, an
capavigar 26ngfolly presddapt ed to receive a reference vol t age
Vrefl, and provides an output signal 150. The

ref erence vol tage Vrefl is selected to corres q
Vi & ReerrinednEigarrir, ceimYRTReS Sp6ied qReTR ot 140 2

slbolévu 573 ]ﬁ % £D Sferhiforele ﬂf\eoxyolﬁgeeseﬁéi E@vacul‘[qml ddén m}!@u{put Ydlage

ive enbodi desired outp
Voot Itsaget tesch8d O dagirtd d¢vel. W@Tﬁ’é@r@nk"@ shows @aéevwmeq sgitch

(]E 80&@'014% i Ic Peﬁa‘u}ﬂ thnle% t?%eg Rr& bRt redp gnal

ay el enent 2 that delays the
w:mmatso shmtmmumt gizab! of coppayatot 48, wetedgredl i ypws the

159 to ate 156 f60
e N s
chipshiop Tethet weeefore $ 64 thoms ﬁﬂa&z@n’a@idlgﬁ]&}t thg output of AND gate

non-inverting i nput adapted to receive a second

1p@f er ence vol tage Vref2, and provides an output signa
162 to a second input of AND gate 156, as shown. The

out put signal 164 of Al 3ro

o0 Divonratopaiondbe FrAREE SRR BTl 2 1SR B tevel

1\{’ {,rexlﬂ'ﬁsmft gRoher tdifpadRsd duget higiall SO mmgnommévemhhough
9# oW ng conditions are true: gé{

ot ol age et 8ot BHROGR EeerE de R ol PGS R

a%/h?q,eqa é&? gie%\(ﬁl:h ASnsH @hld B8 @tﬂplﬁ)ﬁ%’n@ﬁ B0 6EMRkbAES to

e capacitor 26 is fully charged for a
tghsidon swealcimesyed Bows. i s est abl i shed by the
conmbi nati on of delay elenment 152 and reference voltage
Vref2, as wll becone 30 apparent from consi deration

of Fi(lj;ms e 18Rl shified3Britc veltago at masle 147 Ells o bedop therscogd
! [+
R e

olﬂsal indat Both tifeldelayed Hignal) £EB andplammxmarammmpm Bgnadhe3/are high

%g%%gi%s?@%g%%%ﬂ gate 15&' go 1\1/91 Zﬁgr%/ s’ngc]eﬁﬁ’esdelayed signal

158 and the comparator output signal 162 are not both high at the same time, the

control signal 164 remains low, thereby accurately indicating that the output voltage

Vout has not reached the desired voltage level.

Referring also to Figure 3B, the same waveforms as in Figure 3A are shown.
Here however, the output voltage Vout has reached the desired level. Thus, the output
signal 150 of comparator 148 transitions several titnes as a result of the voltage spikes
on the switch voltage crossing the reference voltage Vrefl and then stays high once the

voltage spikes have dissipated. Here, however, when the switch voltage falls and
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control signal 164, such as the rising edge. In one
illustrative enbodi nent, the charger 140 shuts down
whemetibsscchar ge done signal Vcd, 166 goes hiRgT/US2006/012615
indicating that the capacitor 26 is fuIIy charged. 5

oot e BUA e L L Ao S B pgABLabetho o
g@ihﬁghélﬂie@ﬁt}ﬂf siirab 16208 f1A20R gaensS6 aigo goes hight aslshdwnttkarelishe

Sy VRSP A 2 RGO G B Sh e th

vol tage Vsw at node 142 in rel ation to the reference

vol tages Vrefl and Vref e 0 shows
bot pife Srigmavigrs Bothial it 1 v Berr e d e
ﬂieiiﬁnélﬁ 12t P tievel-gHRdd s@fitcH ei;mge el IﬁﬂB n42 bR frmxiefpmmu to

2 shows the output signal npar at or /160 and

rvfaxsee@eovcriﬁaaes‘iw% FRVGER ﬂ&fiﬂ%iwéii a?i  Shortnoyaldo grsy b
\é‘i\l}h%e%ﬁfl £s at¥Rbnodk 142 REMRRDusHREAIHNE &n hfvalcatfRithdt Gﬂda

vol tage at node 142 reaches the | evel 15 of
crpciomn fdlycbhnged) el \we fllustaiiygsmbadivenipthe daley slemgal 15250

R Bfhy ohcrd &£ 6 BerhBO g 186 nfibhhdy Glchag fodvoul

not e desired Tevel, the voltage spikes
nagwsaeanidn gCorventivpdleciiti? sintwdation trsheigheschn beaed fyefinetas e
g &f‘gﬁfPUt signal 150 of conparater 148 to transition
R “inmes, as shown. 20 Once the |evel -shifted
switch voltage at node 142 falls to bel ow the second

O e %S BlgAcy, ¥ il e Sk ol 168070

shéwon dekEye Hkesieftieke dirBbanafdr elilorigmaensd. dlircoint o i:ncludes

St o e S 284 B 500
183 thddne, £enbas.atky clﬁtﬂt PPY inSlu@éiadn olfpat aﬂagmﬁinmbgtxlncdﬁﬂ 6
at the sane tine, the 25 control

|
cPuried B8 BB AR EE 7 PO 6 TH AL MR Pl 1.
1‘49'0&" %&es}(e 0t DS efRtVeRAGNGENpE. desired vol tage

eve rring al'so to Figure 3B, the same waveforms
as in Figure 3A are shown. Here however, the output

vol t @g&rggr%g ! n %Q ?&%15{0@ §786x fe@qln Léi"fé? bvith ﬁier@aﬁacltbf'@ﬁ_

out p Comparator 148 transitions
is exder i senseitbcscaaecﬂar vt feapand hawiiehicoritpd ckpiitddd- Siitche

S el AF AL Bk h SEART EnkL L R s

déb(ﬁﬁ)le@ ab@d in Hajuenctidrowitly Bignrevih efﬁnrejmg OS W?Iteiﬂlt(?ret;ml 0(? \a/g:él switch
cyc le I15S co%%gllga in response to sensed primary winding current and an off time
portion is controlled in response to sensed output capacitor current Icap. The output
capacitor current is sensed with resistor 178 coupled between the output capacitor 26

and ground, as shown.
Tt will be appreciated by those of ordinary skill'in the art that the output

capacitor current Icap may be sensed for reasons other than, or in addition to, use by the

switch control circuit 174. One such reason is for use by an output voltage sensing
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WD 2006/ 121538 PCT/ 1JS2006/ 012615 crosses the
reference voltage Vref2, causing the output signal 162
wio wonpes@at or 160 to go high, the output siREEUS206412615
of AND gate 156 al so goes hi gh, as shown, thereby

accurately indicating that. .the. t \/ as
cFetib utrihsauL sy T st ot G R HELLAGE iR
rE8h B SInSIRE e chpitbscumiehtds foe dsd lry thociraigpdhiguted fat speeding
least the tine it I”ﬂik?e‘é tlge | evel -shifted switch
up dher HPREIGT CHAERIRS A9t 9%+ om i ts plateau to
reference voltage Vref2. However, the delay should be
short enough to prevent .the. valtage spik at.
"o qe T B RGRT e RsR L des B R PR 2 ARk A o
lﬁ\;éﬁjn GRSt aGRRAGH beREivé Srdfdibiey voRapegaet] ahdla ao®inverting input
I u§trat|ve enmbodi nent, the del a lement.lSﬁtJﬂ%) .
cpwped dagesisterd| o8y Thnvaltige #irefs FeS&Fofﬁé’ﬁWé’é?P"éﬂPn& § "ggmary
Ja %a%i&g{ﬁ% TUGE 1RDudRPsighA BOSRGARAS 18T 8 highdogit level
[ [

circ ation techni ques can be used to r(gfi Ne | vel
viien theqyimana vindirigoprremdpt isyarertpr thsmp; fEhpgedgtermingd gyrient leve
al t ] rlr | i Eh the pBmiasy wikBin
agﬁ%%gﬁleﬁi@ﬁp% lreepiraél1a E%ﬁ%@%ﬂlﬁ%ﬁs refv(j orto i ke
catrefrgpi B lesCitirap dhe firsti@edeteningélevel nput vol t age source
14, transfornmer 18, switch 22, diode 24, and capacitor
26 coupled to a load 30, as shown. The circuit 170

i ncl queswitth coutrlieireniv] Mafyshes dwndides 2 scordipamppragor 184 having

coupled.taq the.sw.tch no ; of
sy e R oS s oA f e ol ipiaiel S ke e
iAnA Ic é)lffd&& BRftdr 128, s ih;gmemfn Iﬂgsc_)um sighal of mmo@ 84 gs at
i'ncl udes a resistor coupl ed in ser t
adayydedi¢ svelygenifhe W&?W“&% g‘f‘%&éﬂ Fﬁ% %cgé%ag%iﬂ)t{%r&g %Jdr?lrae nt
pﬁ-&ﬁ&nﬁﬂl@d Buroit 1okl a6 941 b GdferehdeotolthgeVidf2 dBdiathigh logiotrvebl

clrcuit 174 provides an alterpative switch. control

o Shreouro ATBCI BT 1998 15 (e (S GO R RFEd e tined fevel.
conjunction with Figure 1. Here, an on tine portion of
each swtch 25 cycle is controlled in response .

sens dtie prtpntsigrabwirgmpeiatoy ﬂg%ﬁt"o‘é{ﬁ?ﬂ o “’t)’F?eFt) F’ipﬂjé(’fta%lp'ﬂop

dggar Ll 08 g ﬂfeodﬁgﬁf’glglgag of ShoiRSRANSR if upRA &PMle St ingut of latch

acrtor curr p. The output _capacitor current
s, mahewesl The dutpus sigasl of latchd 83 arayides thscpwed aieppdo Bigsteof
ca itor 26 and ground, as shown. 30 It will be
5 ‘Sﬁé iated by those of ordinary skill'in the art that
the output capacitor current |eap my be sensed for

reas %? gpe?atlg]o%f whgnatﬂé plgrrnarlyqzvlgggé bRt fp‘fr rektREs Y fitde

predetermined level, as established by reference voltage Vrefl, the latch 188 is reset

and the switch 22 is turned off. Once the output capacitor current Icap falls to below
the second predetermined level, as established by reference voltage Vref2, latch 188 is
set and the switch 22 turns on. By proper selection of the reference voltage Vref2, the

circuit 170 can be made to operate in the boundary ¢ondition between continuous and

discontinuous operation.
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swtch control circuit 174. One such reason is for use
by an out put voltage sensing 14 WO 2006/ 121538
WECTIok)BRABB6/ 012615 circuit, as descri bed ancPCINEA60ER61S
conjunction with Figure 2 for exanple. Another reason
for 99Babdve-def@ibeRRAEIhBh S Wit @nt 74 ];ﬁowfl@és a4 SEidNt Sdh€me for
circuit of Figure 6 for speeding up the caﬁasgltor
@ﬁ&”&ﬁ 'H@ CaPé%mW Jopd %% pgdisularly gpthe Qmﬁﬁaé“@ Rhete Gh%fgfé; I
SipliGatioh umﬂach BGidtdR3tage fahgSit r&RIRAEALE !oa&S?mlaﬁ%
inverting tEUt adapted to recei ve a reference volia
Spheme acameSae pentipsuermaneqywith puplifiebepnit the: laplfrt@fgreswsed
'fﬁl%E’m bE@a%sé’&%'tﬁéﬂ&% oft g‘%és?stéreﬁrh %Blﬂﬁed]‘t% Pnd Qﬁ[ﬁgﬂﬂ EHRAE itdr 9@% sense

to the primary wnding current the out put
B¢ gavapitas ﬁu@@ﬁp@rt&@ ghrovg-gfetencedtU. & Rﬂteglh Nloo@ﬁkﬁ 1 38yehegative
r r.t

e & Wi ROt MADES Dl ool o Bl 1A e o)
mmmrthmu@th@mragmsiwwfl and a low logic | evel when the
primary wwnding current Ipri is less than the first
predeterm ned |l evel. The switch control circuit 174

f ur t FReferiimralsite Figurs &.carticmatinzahaitging ch8dit brabddigent 200 is

on-i.nve ut ad to receive a reference
P S R AR e G SPGB SR GRS 200
in€lades af inphiFoltagSsonbe\Vid, a f[ﬁ)i&tﬁnmbﬁﬁ QEWitH 225 b divdk 28fand an
conpar at.or .184 |s at . a %IC | evel when the

%%Paf%a i OBP e%sr%h@‘ﬁ’fl btk eltage seitsine RMh1 % s alednd

fAbwpeterm ned current |evel as set by reference
voltage Vref2 and a high logic |Ievel when the output
capacitor current lcap is less than the second

predegte Eﬁﬂr@ﬁ% ck&@¥eloo a%e iRl RERIE 174 Spled Bbtween the output
conpar at or 2 is coupled to the reset input of
cﬁpacﬁmf Jod gerunfl gu¢ feras gvhaghds tamﬂd@@ﬂ [yoltags |ughtalt1vwf the

t
GAFRUBG B rhahRUR Bl Bele)fh BEg R0t BhGP4, e
oubpait eapatitoo bursing isaknsed fariee kgisaiﬂle swftch @nirblotirc2ig. 25 In
operation, when the primary winding current |pri
reaches the first predeterm ned |evel, as established
by r &heclangiag viehuiige diffeef from tleacilcait ¢ diBBgirs 4 iethe switch
Lr ne t he out

... On .
Bl 22, PR clie) Sraif 0 pesi e iy i he cEpgtive e
cphies] @ evirshredirdlitehit 173 batstidiut Sheitinpiesket e9EFERire 4).

olﬁfgl%e Vref2, Jatch 188, i B‘ﬁ ﬂdthes t.ch 22
GRoE %%ee?m“%@% %fcetﬂ?lbﬂ“ 1 CyHE 15 qopiEp! é’éf%frllS%\Efe
sofised %rlmﬁﬂj}%ﬁcﬁné? bifrfeit tprilah af 31Tt pHRGE 1§ CoRBEA G edpbnse to

t he boundary_  condition between continuous and
sensed output capacitor current Icap. When switch 22 is on, the voltage across resistor

178 is indicative of the primary winding current Ipri: ‘This is because when switch 22 is
on, secondary current does not flow and so, the only current flowing through the
resistor 178 is the primary current Ipri. Whereas, when switch 22 is off, the voltage

across resistor 178 is indicative of the output capacitor current Icap.
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di sconti nuous operation. 15 WO 2006/ 121538

PCT/ US2006/ 012615 The above-descri bed switch control
W 200€/121538 74 provi des an efficient schene foPCENERGHMI61S
the capacitive |oad 30, particularly in the

' 3 ug&;ﬁ&} oﬁﬁol%@&?ﬁéﬁﬁau@&aarfﬁﬁrcomgﬂﬁ ok 9@4 Ilzﬁ'ihgj an iy

tage range 1s requl red
nh‘aut adapﬂedrmlsszeltem @fel aneh éwtaga afmfé%dsa ew—mw@ﬁg mput coupled to

%ggoa%g%%gh Dot ThaS Auggdt ggnﬁ of eaﬁlsa&a‘mtiua@s i’c%ﬁ%}ﬂfogfces

e use of the resis
levelxphendhd mrindre winding mureaidatis geatoghae Sshedetqrpaned level

i B reepgnes ot et aa%oveagychJe?a@gmsgp by SunAgent

neg ative I'S conpareéed
cﬁt@élﬂiﬁmehamlhdﬁg‘epmcbmmddﬁvet he direction of t he
secondary current through the sense resistor. 10
Referring also to Figure 5, an alternative charging

Ci r c@hd sviatth @Ehtre Birc R O)2i farthes eludes a secoir] aimpiatdte 208 having

reference nunbers refer. to Like copponents. .
aéwwefﬂnge@?uf rdeled (e tecive ?FF;?‘?}F“C\? SP%ES’%W& é‘q %3’?1*%%
QB fesikBr 178, 8¥HooM. 2Bus, ﬂleChuqﬂle sigdal oAcutnparator 208 is at
out% capaci tor 26 coupl ed as %19 a%il ut vol t.age
adew deirgersl mhen the pyipl EPAIIC U AR SRS BRLFG! nﬁ
Fe,'h defoHhihe 220135 SR bl RFbUARS oltsl Wi andl 4Giglaugt webwtehwethm
e output capacitor 26 and ground a%g across whi ch

ougaumamqﬁ@e@uﬁnt/@ les han thegpeond iPredetsrmin urrent
t hrough the output capacitor lcap. Here, as in the

enbodi nent of Figure 4, the output capacitor current
i s s@hsedpitoignass copparhier 204 is 6o p@éﬁ@ﬁtﬂw&ﬂ gy of 2 Thigyflop,

a%c’]_acﬂa ol ?Pg oﬁ{p(lﬁéfél{al gp&ﬁ&afafccﬁ hog F S RIPIEDS 164 ek iphe. TR

tre control circuit 202. Switch
o&tptlt sngial of lnichi212 BRRudehiodhegate tisvitghd2tay peovdt adapti ve
rate control as switch control circuit 174, but
wi t hout requiring resistor 190 (Figure 4). Thus, here
agai My opiation, xt;ludﬁ&hmn:harga winfinpartentmidhesithe fieit eradgtermined

troll t d -
(G P R DA RO TR DO P he 5o as HT e 22
tﬁvl\%§ BN @)ﬁ?é 1ﬁe ggtpﬁﬁﬁﬁacﬁﬂﬁ cﬁiﬂﬁenﬂﬁﬂ:&ﬁﬂi below ltiﬂﬁqfd:ndtpf@iptermmed
en sw tc is on e VO r. is
gl jap eteblishedbyseierehes ﬁaﬁ"aﬂf’fé/m?ﬁg‘}ﬁélﬁ i e pﬁi’h 23 dbhs

ophi's is because when switch 22 is

Referring to Figure 6, a further alternative capacitor charging circuit 220 is
shown, in whicl like reference numbers refer to like elements. Thus, charger 220
includes input voltage source 14, transformer 18, ’switclh 22, switch control circuit 28
(here simplified for ease of illustration), diode 24, and capacitor 26 coupled to load 30,
as shown. It will be appreciated that switch control circuit 28 may alternatively be
provided by one of the circuits 174 and 202, as described in conjunction with Figures 4

and 5, respectively.
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on, secondary current does not flow and so, the only
current flowing through the resistor 178 is the

Wb cowetiMsurrent I pri. Wiereas, when sw tch 2ZTies2@6012615
the voltage 30 across resistor 178 is indicative of

the @y bwiddh. 224,11& ﬁﬁ%ds]aZlSSS
F%g‘i‘gg%o %%g%%&ﬁesgl?ch cojr(n rol cir cre}/{ﬁoZOZ i nc gu%g

M@SFET gevien aghasgicmtedmmﬁa\prq@degﬁo redyes the ﬁézer]s%ﬁec?vmy
of ﬂ%ﬁl&?cﬁ&e 4.apd ﬁlge%g lu% ﬁ}e%srcﬁztr @ﬂﬁ@se\é&héaﬁ}gﬁm}ﬁngfpblaﬁﬁd a

cou resistor 178,
ﬁzh:ﬁﬂﬁbe Munls],s ot"ﬁ:e flybaqmtansfpmllgdﬂc Ip R BAAYT Serpgpts o the

apétp) erd 8 é? - aljot &6 ﬁ anﬁ?{g&% iR ErdRF o TR Yrat¥ tREA R BntELES bETHe

irst predeterm ned I evei 5 as
ausiBlaryiitcR 204, eSypeifivally, thydravsfofer MranZig NS HIE® {8y el

when the rlrm in Liahe® 1188 8% shban t he
EffeFﬁl'éetPaﬁsg H%ﬁg&g‘?ev(g eaﬁ%éﬁgwta{tlch control circuit
202 further includes a second conparator 208 having a

CSP@%&%@%@%& 1 A0 BP1 Sd B LRSI EE-Bley BRES

I'nput coupled to

bedcEiRe %Ihﬁ{l g thé gbafgﬁ§ r@bﬁﬂﬁtﬂn@hﬂswﬂm'eﬂmngb the patagitiglcapppitance
compar at or is ow odi G

bty Ropetpr o 0 Fedp ik EPot EaALnanh,

ﬂ(l%seﬁjlﬁ}u%ﬁ MaBRdizl @ fluc@BcsSEk) Rinsdsaf repmive eunvalt taey Vredgh

d | | it
ottt EBcs Hir(s FHETS BECH O a1 30 P
F]tg%% Ihg th%%"g B«%\%ﬁtﬁé ﬂxﬂpal sxﬁtch%gﬁ'&ﬁ Fele EwR€R22 tarnsouplleel t o

lip-flop, or latch 21 ufo‘fltaé
mapiipdt oﬁthg megativé pmw&lcnﬁelﬁ proggngreases il B8 OPB N
Thi bty g e S s G0 hinihurh 8h1eh 39 ahthas Hpte ot

as shown. In operatiaon, Wn tive
chdrgin@ of i Wpa‘ﬁmf dﬁn @YEW@E@W@%@I’}@S‘?W@H@COF Frryéime e nega
predeterm n

11%,41 p%glt%rg‘?t}ced fllhd b€ ¥'v$1ltchh1 ggl%g bt ResHeP}nd BhgHRnce

a1 i's reset and the switch
cAAcitbrPens clpfded f43ne ¢hah Ioﬁleomseppnss@@p For exspple pyeeiiihy ¢ ap

falls below the seco 188r of 6%-8%.
agliayISFEHR 4R F%’P%‘?'g*ﬁ g %"E&g%%%g? Hy%?ﬁgitwc% 212 1 s
set and the svmtch 22 turns on. 25 Referring to
Figure 6, a further alternati [

ci r céuilipppwitgh 2%‘}1’6\}\’/ﬂuptl W%ﬁ‘ vf%ﬁﬁ Hzg{esrwgﬁggg nsgqn%aetrthse
il BF ik Qi D4 RS0 i ko omaucg ez a@izﬂle spured efgpaitch

I nput v e source 14, tr sfor
294 amplcémt%esm@@erq,f@m’fclz S Bl Wy pRf 22 180, the

Sf)VétC#l no cg:%tg d@EéL@@i to SloRftethesheh aRdcicaEa CWheﬂxr sw2t6h 2 lo&d the

switch 224 is decoupled from the switch node 38. The gate of switch 224 is coupled to

the output of a comparator 228. The switch 224 is selected to have a higher Rdson and

lower capacitance than the main switch 22 in order to have a faster response than the

switch 22.

Comparator 228 has an inverting input coupled to the output capacitor current

sense resistor 178 and a non-inverting input coupled to ground, as shown. When the

18
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as shown. It wll be appreciated that switch control
circuit 28 may alternatively be 30 provided by one of
the circuits 174 and 202, as described in conjunction

Wg'é‘f&ﬁéig&ures 4 and 5, respectively. 17 WM2@a6a6a24538
0061012615  Circuit 220 further includes an

Wi¥dabicftbdousit 16D £2B Belovd 416 apps e de@um campABBEEES goes

evi ce, and assogi at ed I.tr r0VI de Ogi duce
m@h@eqe@o%qn@w@ et Hi e Y pOubRC oS
reddRery Beerellschar ge of the secondary Wi nd| ng parasitic

capaci tance. Mdels of the flyback transformer 18,

i ncluding parasitic elenents of the 5 transforrrer 18
ar emesmmlsuon,@wglm,w@w@ﬁpmﬁ@w&# T t he

AP0 30620l i 188Ut hitforMi tﬁ@mﬁod&%@é‘?hﬁﬁj ly,

gneti zi ngﬁl nduct ance 18¢ fective
ﬂqmnﬂaeumsmtda??é@sra‘ﬂ@e%éﬁa a@ fasiearieseiohBigevittce 18e

vo?z?é %’%\f\ﬂode-gg 6nd 8RS e tlidioh bf th§n&€§vhfc§ BYte h@caeditm e
'ode reverse recovery ting ig 10 becayse during
shertes delesy thexeby Wé"garﬁlﬁ%m@ﬁ?qfé?ﬁac’f% gug h the

parasiti c capaci tance and diode reflected to the

S pri na in %Lée 6& lv’ano%xs %Qefgi'ﬂlstaf‘e rAdel B iRfidratetthd S

cur R OoWs t hrough gneti zi ng i nduct ance
advi Sk LR SxiRark) @ﬂﬁ&hlmwz shiowixiptoptratidnl ufwchtmtdﬂrg loircuitt?2@0

rranet|2|n utance Cur
o B orng A sum i TR, G Wheh
239 e,ﬂﬂ,frdﬁﬂ esl aSiang@ Gﬁsﬂhﬂtﬁ? o?ﬁaﬂmdfmms%@mﬁﬂﬁthlﬁF ﬁis
e e 0
g A SR e %a%%m%ﬁ sl o
SBSMJ&EdﬂmQ@I B0k tHeiomiptisvoltipe me mﬁm?»ﬂ Shovesythg

TG

ZJB@deSaﬂmseMnda&pbmmtlswduced and the switching cycles
beconme shorter and thus, the capacitor 26 is.charged
faster than otherw se possible. For exanple, use of
theAZ® @mﬂummmmmﬂmmmmwmﬁm or

mgcqr,@[agﬂﬁ% syt tc'ﬁz W é&% ed6h HQ ETd@r/Bfﬁ% nan®dsBebids #rthe

i's coupled”in para main swtch
dﬁ@%mebdvatanﬂllimsfaitﬂmsmtdfwﬁth@%wqe@ﬁ102@14“? @e&Bprl ed to

he . dr gf,}g?;rp oS Cithis 244
"0’%8‘3&%"5‘3?*%&3{‘ }@h%&ur ce of SW t c%g"%‘]fj to rosund
naM¥sernd wiverséregvdryiinteryel, duringeagineysls plasin Bae foyghe

cuf O‘%WS rhufly 868 \;H\Aiégae{gl% Qc&%ﬁe%@?{ﬂmm\m@ﬁmﬁﬂm mt@24

| s decoupl ed from t stw tch
cyﬂed:e alBBuatiTélp thg measingin sijchipg froquengyand Byplaws &

charging of the output capacitor 26. With the switch 224 omitted from the circuit 220,
it takes on the order of 76ps to fully charge the capacitor 26.

Referring also to Figure 6B, waveforins 38, 232, 234, and 238 illustrate
operation of the circuit 220 with the anxiliary switch 224 functioning as described
above. Specifically, waveform 38 shows the switch voltage at node 38, waveform 232
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the out put of a conparator 228. The switch 224 is
sel ected to have a higher Rdson and | ower capacitance
than the main switch 22 in order to have a faster

response than the swtch 22. 30 Conpar at YerdRSoebl@Sean
WH\?E“r"tl?lﬁsﬁ i nput coupl ed to the out put capacci tor

current sense resistor 178 and a non-i néper itr%gwisnput
sEewitheskiiuovatag waveform 25 shorvs thyRaiFpagy farenf ‘V%’

006/.1215 Sand GlAb¢Forin 238 Acw the
‘%‘ﬂ?ﬁ‘éﬁﬁzﬁ@rﬁﬂ a{ ng%g%%% 0 an‘géz A héarag t O Ylofea
sﬁ@mmam@nﬂ%{%“@'@é%e“sw@ﬁmiﬂ — SPER A gFarng on” -
Ll By b s A

) ) . - 11
switehy 2Ads tpgeq on yigysu &b?gsgeﬁ%ﬁr%ﬁazu%eﬁt th%t§ :fl ows
SaeLN thiidihgywirich in qs$ the prsoYaraias. deafiog
e o ek yew:xn 1%%1 dilvOYFmirhbauatwi, tTah
tp faster epllanse _*‘ﬁﬂ?‘g‘ff’%‘g&s 878 Taster col [ apse of the
pRichieh) it taked en s vrdertof Ad trmogonda r fieidinle 2¢ ?";’;a’l
initiation of thecne ’ 0atQGEAH B, \bb
@W&P’E%‘?V@%ﬂ} ,m‘{]e%g F%%{/l t":"é%ﬁ‘%ﬁ?g%gwgl\’/ et rall gharging
SriniRy dubtenteapBgint to ﬂOQ&OmlﬂﬂRE‘Pfé’PE@H@C‘F’SmFﬁJ&% @“éﬁ&,g ar

;.‘ffg{?ié%‘:{ ngﬁfa [ ﬁt"ﬁ E})%}e?fhgfébfjl%@udﬂg thd rhSit takésao thaege

auxifiary switch 224 by show ng
@pitaticasn cafpageddd aemtmmﬁﬂEi#%ﬁWS%' )‘%@1 Pgure 6,
but .t b biffabs Bl Gith 326h theormad 6%T8Yafastesin
?ﬁ&g%e&g?h%?ﬁ’é‘%%?kzszéﬁ&234, anﬁ 238, i!%i’ﬂ“q"{’%%‘?ﬁ’ o
érlelilhstrative embgsiément With dre uptef FY™ Fifout” t he
use L# 706 b FOIYY dhedge B3 4apatpeRé.f i cal | y,
Vog‘??é)g%ro%ﬁ%é)%ﬁﬁ)\?ggtt@ysw tch voltage Vsw at node 38,
wavef orm 232 shows the output voltage Vout, waveform
234 shows Flgslagbeﬁ&ﬁd'ﬁéﬂrred(‘euibbdiﬁlbntk pffthe intention, oWl e%r ough
the trans

e p et RSB Gy o T o

APRAS SR heBRcebResseandar y current |sec, 238 reaches
zero anps, at a tine A and the swtch 22 is turned
on, it takes on the order of .114 nanoseconds for the
di 006roRdxarRlel B AV appiociatedibysthbesrof erdimeryakillan fg art fhagbe ot
node 38 to fall to the .jn b Eed ke 8 in adbpaditdri Me
ﬁe@@@ﬁ&ﬁ%&%@ﬁ%@“ﬁ’?ﬁ‘iﬁ%‘%&%ﬁﬁem can begin to flow
I}B&g‘ing]éixémt or aliernatively, may be used selectively and individually. For

example, the output voltage sensing circuits 40, 110, and 144 of Figures 1, 2, and 3,
respectively, may be used alone in otherwise conventional capacitor charging circuits

or alternatively, may be used in a charging circuit that also incorporates other inventive

concepts discussed herein, such as those discussed in conjunction with Figures 4-6.
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nanosecond reverse recovery interval during each

cycle, plus the tinme for the primary 25 current |pri

wo 200anq153sr om t he peak negative current to zexI/USRI0G012615
the mninumswitch cycle or, alternatively the

T S R SR PR DS et e

m&ra?l%vélﬁrhéﬁe @derf dd@d‘nﬂeﬂ & atleu |ekp1ﬁﬁ @he inventivedonsenih thene

e e SR Sy

rat @Plsh%ﬁﬁ He hindih balyty tenginitand scopé of the agriendad dai®0 wi t h
e auxi l |ary switch 224 functioning as descri bed

aboﬁ@hﬂSEé@FF &ally, waveform 38 shows the switch

vol tage at node 38, waveform 232 0 19 WO 2006/121538
PCTI US20061012615 shows the output voltage, waveform
234 shows the primary current Ipri that f |ows

t hrough the transformer | eakage inductance 18e, and
wavef orm 238 shows the secondary current Isec. Wth
the use of auxiliary switch 224 operating as descri bed
above, when the secondary current 238 reaches zero
anps, at atinme A the auxiliary 5 switch 224 is
turned on with sufficient speed. A higher magnitude of
recovery current flows through the secondary w ndi ng,
which in turn reduces the recovery tine, leading to
faster collapse of switch node voltage and | ower
negative primary current swng. In particular, it
takes only on the order of 58 nanoseconds for the

di ode 24 to recover and thus for the voltage at node
38 to fall to the input voltage level, at a tinme B, so
that 10 primary current can begin to f low froma
smal |l er negative current. Thus, the auxiliary swtch
224 reduces each switch cycle, thereby reducing the
time it takes to charge capacitor 26 as conpared to a
circuit without the auxiliary swtch. Wth this
arrangenent, the capacitor 26 charges faster, such as
on the order of 6% 8% faster in one illustrative
enbodi nent. Wth the use of auxiliary switch 224 in
circuit 220, it 15 takes only on the order of 70s to
fully charge the capacitor 26. Having described the
preferred enbodi nents of the invention, it will now
beconme apparent to one of ordinary skill in the art
that ot her enbodi nents incorporating their concepts
may be used. )
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20 For exanple, it will be appreciated by those of
ordinary skill in the art that the different
i nventive features described herein may be conbi ned
for use in a capacitor charging circuit or
alternatively, may be used sel ectively and
i ndividually. For exanple, the output voltage sensing
circuits 40, 110, and 144 of Figures 1, 2, and 3, 25
resfdeAIMS| y, may be used al one in otherwise
conventional capacitor charging circuits or
alternatively, may be used in a charging circuit that
1. al scApprestupior atcasurdigibe outpuensliage of e capeEftoscltirgiog skeat

herein, such as, those di scussed iin, conjunctign wt
hamg@_rté%ls%n@?r Ulthmwwa%i%% %@eﬁ&fﬁ%ﬁf@m
mh&m?‘cbhpl@:{i ﬁparp&tﬁﬁtpégsgdi@} g&ob@hichihd Sutp@roltasd &fthe

circurt” elements and” even | ogic signal 1evel s have
capanitor desginglogduit is odded,tcompripingi n t he i nventive

ts, t di. t f t ' ti houl t

be. 14 A sauped i eara e Bl enal e swith S de
prithRYndifi td HovRR allereddighdicar@pi rit and scope of the
appended clains. 5 What is claimed is: it 21 CLAIM

1. Appaperater Hayingre et inpvgraspensoistp the fiiered gignds 2 gecond

._capaci,t chargin i_rcui [ : e |
inSRSP RIS Ip ST Ig eBpr-aut b ORHUER, Pkl 5 PEE ol
sigha TG COSPV BSthérah@butplt Wwitage apteichpdcitat cleggingloirebit
t he output voltage of the_ capacitor charging circuit
actoss Brecuinis gapastipphasdnergased ta ¢ desireddeishl ed to t he
switch to filter a voltage at the switch and at the
primary.wi nding to provide a filtered signal; and a
2. CONPEeadpphrana\ifztaim If whatini thefilter compurises » eesistortand a
filtered signal, a second input coupled to a
capadief-ence vol tage, and an output at which is provided
a control signal indicative of whether the output
vol tage of the capacitor charging circuit across the
3. out Tle apppatistoficldims] funtherasgntising asagyde prdihdld wetuit

coupled to the filter to provide a DC voltage having a level substantially equal to the
peak voltage of the filtered signal, wherein the DC voltage is coupled to the first

input of the comparator.

4, The apparatus of claim 3 wherein the sample and hold circuit comprises a

diode and a capacitor.

5. The apparatus of claim 1 further comprising a level shifter coupled between
the switch and the filter for shifting the level of the switch voltage.

6. The apparatus of claim 5 wherein the level shifter comprises a resistor

divider.
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2. The apparatus of claim1l wherein the filter
conprises a resistor and a capacitor. 3. The
apparatus of claim1 further conprising a sanple and
hold circuit coupled to the filter to provide a DC
vol tage having a | evel substantially equal to the
peak voltage of the filtered signal, wherein the DC
voltage is coupled to the first input of the

7. conp“dfrpéf%'ﬂs for, megsusingshe patpukvaliage Pfé"l‘ FAPSCiiprsharging Fecuit

a0 gV ) OB o sbonte

w1ﬁdm9bmipletgtoathéeaqmlcltsmmﬁrhpmsmgxupl ed between the switch
and the filter for. s ti.ng the | of .the switgch
vol B &gH comparpips hgwﬁgﬂaéra@n ¥t copple %thm@?fépﬁ send dous
co%ﬂe& {5 &P éﬂeﬁ@esv&ta EShd bR 'i)ut&:‘ﬂt X! \gﬁﬁh 1321%09id9d Z first
ppar at us neasur g the ouatput voltage of
compmatnrbutpuc klgn@ indjcativeaiiiwthetteae voljage at rﬂmm’fltdlmpeaﬂls the
%{g{ % W ndi ng coupled to a switch and a secondary
fir%ir HGE ¥tA8Fed to the capacitor, conprising: a first
ConpagRy ererﬂé%vwﬂaléa tBItﬁe%ﬁrst B@Hf)arﬁt@ﬂ@ﬁl?dt {08 ptdvadigpht ch,
a second i nput led to a first erence vol t age,

delapei artpmlﬂm that i 1s elayeil yex;smnfdle@ﬁ@t £QIABATatog BRpEY SEW

t put I di.cat .
owi BoreRy SoBpatii g T, Pl iBlo To L ARR. Flpchlf
inpiak 6O toAUREGMH feferértR VoithSd, ab®APBHPLOAL wHitlpidt rcﬁ\ﬁded an
providing a  del ayed output signal that is a delayed

outpyt sipen) insticative of whether theaiiteh yplieapesgecdsithgspeond gelerence
Vo%%ogrﬂd conparator having a first input coupled to the
, a second input coupled to a second reference
vol kagde gaethavingalfirpiibp@ticoupled o ite qutpan ofithe detuy eberhuifa
nal indicative of whether the switch valtage

secesag s coupledsiothp quiput o te seeond gppgfator.Avd ag quazﬁt gt which
o 8BS Bl iSO EUBIEC P cARtspls e
onlgrfwhdne(aﬁaedeiayl hamamarrad smce ﬁmgmmh wuttm}exaeedmﬂ itheehfirst s

I ndi cative o

re grrg}?%/egd tage ggcga]%lgtlasegl ;eégelpw tage exceeds the sv?/ﬂgl?%ltage.

8. The apparatus of claim 7 wherein the first reference voltage is approximately
equal to an input voltage to the capacitor charging circuit and the second reference

voltage is at a level corresponding to a current in the capacitor passing zero amps.

9. The apparatus of claim 7 wherein the delay is selected to be on the order of

one-quarter of a nominal on time portion of the switch.
10. A capacitor charging circuit having a transformer with a primary winding

coupled to a main switch and a secondary winding coupled to the capacitor,

comprising:
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only when (a) a delay has occurred since the swtch
vol tage exceeded the first reference voltage and (b)
the second reference voltage exceeds the switch
vol tage. 8. The apparatus of claim7 wherein the first
reference voltage is approximately equal to an i nput
voltage to the capacitor charging circuit and the
second reference voltage is at a |evel correspondi n%
t o anguxilieryt switchtqeupled papambel withsthempain éwﬁdaﬁﬁfgadant.ed 0
he a f ' ' |.S, sel ect ed
e S VR s e T S R
prédettempred léveaf off Whes thd @ipaciidd curkentdp grdiaten thanithe gi ng
circuit having a transforner with a primry w nding
predsigpnigddeyeh main switch and a secondary wi nding
coupled to the capacitor, conprising: 23 Qo an
auxiliary switch coupled in parallel with the main
11swi tThe appatatmd aftiaintl 6 wheeeit thepadatermihethleselas approximately
t hrough the capacitor becones |ess than a
ZEI9rA 8 er mi ned | evel and of f when the capacitor current
is greater than the predeterm ned level. 11. The
apparatus of claim 10 wherein the predeterm ned |evel
12i s dhprepparats of ylaim d 0 duthmysomp@isinghe appar at us of
claim10 further. cor%ri.gi}%%: a rtes_i stor coupled in
ser PESSIRPR FOUPIE 1R STLSI W I SARP ROt SiDar at or  havi ng
I np %to%nfbﬁfb%ﬁﬁvﬁ%fiﬁﬁt&s bhDIEEEIr6dsAhe ARtRANO dh Du%)uﬂit
which 1S provided a control signal coupled to the
whialnds pravidedsagontriol signal savpled to the ausilirry svaidh te wppte] tho 4

au:?ﬂigry switch.
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