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CAPACI TOR CHARG NG METHODS AND APPARATUS FI ELD OF THE
I NVENTI ON The invention relates to capacitor charging
W@20060021538 and, nore particularly to nmethods anBCT/US2006/012615
apparatus for charging a canera photoflash capacitor.
BACKGROUND OF THE | NVENTI ON The use of conventiona
switch node power supplies, or converter circuits, for
char gi ng AR FHARGENG MEERORS ANEEABPARGBIS | ash
capacitor, is known. U S. Patent No. 6,518,733 to
Schenkel et al., entitled "Circuits and Techni ques for
Capacitor Charging Circuits," describes various
FIEERt QF 831IHOINSENAT@NCI rcuit. For exanple, a switch
control schenme is described in the '733 Patent with
Whi ClhetiRt@enti®h Rel@RR ULEdpatitos Whirgthgl SrecGRNAND B phasee: o
the transfornmer primry w nding current and tﬁe
mefhedsrpnd Pyt iforgrhet e camesp @gpﬁoiﬂéﬁfﬂ tapacife switch on
time is controlled in response to the sensed prinmary
wi nding current and the switch off tinme is controlled
BAOKGRPON® OF FHIMENEENd@dNsecondary w ndi ng current.
The above-referenced patent al so describes sensing the
CONVEHehRE 0B ehtivel EREEL Mb@FHERE NP ¥r sondert@fcidchigs, for
transformer with a conparator in order to determne
chatgare ¢dpacitizapeds. opch & aeramagepheteflasheaprodior.agkneyp| U.S. Patent
- il LU 'S « 1 I ; £
NGRS el SR 2o BRE LR PR FechiG b hythor
Cleagihg ofifcults, meeefibéheridus fatursd sfeach heirvat. t Bgexspplkes switch
occurring when the switch shuts off are not .indicative .
cogfrok ssherge is dascrghpdgnths, dpe Baient withmie themARECoONEALREMERD is
RS L D R e e
wihdinigregrrant rSpesifioaliys thaxvitthangimersropnisblibeli ingespousd tedhd sensed

a switch and a secandary.wi.nding inclydes a filter
PrERAE MBI TG R AR ISR HOPREE SonftofleifonaRig torfhe sensed
se?&ldﬁ%hﬁhr@@ﬁreﬁﬂ 0TI ARV BleREcd 2900 ARb \i8sdrBel 5h%si_n§ the

Iltered signal and to a reference voltage to provide
coaverten onput $olipgalfrann tequimiare side ohkhstttrasformer with pgpmparator in

or eorl tg) %gt%rrgfne when the capacitor is charged to the desired level. One-shot

circuitry is used to disable the output of the comparator for an interval at the beginning
of each off time of the switch since the voltage spikes occurring when the switch shuts

off are not indicative 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 coupled to the switch to provide a
filtered switch voltage signal and a comparator responsive to the 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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the capacitor charging circuit has reached a desired
l evel .In an alternative enbodi nent, apparatus for
wOore@saeisey t he out put voltage of the capacit or PCIYESZPO6IQL2615
circuit includes a conparator responsive to the switch
voltage and to a reference voltage, a current sensing
circuit for sensing a secondary side current |evel and
a
PR REEF BBpAE hBR R Bithe Alh P poIRALBAY of the
cap@&wfl dﬂ@ﬁgntghﬁroﬁmﬁhdl@dles&l @n’rqiaratmdlesmmslmg td ﬂnatswuﬂq]e Volllitgﬁ:lﬁnd to
vol tage of the caPaC|tor cha CIrCUIt has. .re %q I
a rofpreneReElliags 3 @Rt RPN FHEN! 11e 3 $5ORBYY Sidde ﬁlj”en eve
ancf% ﬁcI o 5‘0@71&1 th Qh@outﬁ@of{tﬁkecoﬁﬂﬁa&ﬁ& Ml th VYL R¥GE SHSing
reference voltage, and (b) the secondary side
cirauit rErtlogiegele preddércthe aplgtmi >Slgma1t @ﬂyatzlg thatthp gutput voltage of

Accor. d| to a.

tneiggpaar ok g S bt e R S S GRRRY, BRG) bptp ot he

fol HRRARE bA Mt &R %feg‘drﬁkg (&) the€ bvitcH ﬂﬂfagé esceadd ihe s¢fepopasiadger and
responsive to the switch voltage and to a first

(b)rtled sacendrey vidk cagent levedeqaghesappipsHRAtEly AT RH RS t he
first conparator to provide a del ayed version of the
conparator output signal, and a second conparator

I espRBGduE tha fhhﬁelsi\l‘ﬂeﬁﬁhvel élrhb@cgﬁleain dppiacatas fe aomduring the
reference voltage. Al'so provi ded | S a

I
oqua‘g,yql@gg of ’pl),e§ppaq;ﬁgh ghag g&g CEEUit Hrejudgs %ﬁ{sgg?m&% { éesponswe
%? %}% toff Ivgﬂ%ﬁ C?na 00 2 FirtSERAM cd PRtHoe GO efnni J@)@plébltt@ tle

conparator and an output at which
firqcoripai@tbr ttd provadeta dﬂla;&dgnashon ofdhe earnpryatoh Q‘ﬂtpﬂtffégltﬂlbt%@ta

seq\éoﬁlgtcglggaﬁggtr?sz\ggg PaG Iti} % aﬁg 81%& {oﬁé" ée%:ollh ?ef&gﬂ&eh\?o%age.
Al&ﬁﬁg'vfd'e@ Sa ﬁ)[g?c daidiRavikga fidst dghuyoupisl 10 @Mdﬁdtpﬁk of It]ﬁH:@elay

swtch voltage exceeded the first reference

elenwint aigky seanud {pyt edvpleskie dhriowtpiter diciecoisl goayRRERE L
ou‘[.pélﬁ a’rc\\i(f\fels 4 ﬁl}g}nt Ia% gle con{ml EFa? %d%aﬁﬁg g%mt(ﬁl’tplﬁl Volt e of the

CII‘CUI I'S provi a pri ry

cap?alc%r Ok b cielit RgeestBg ilrglesiredieive] dnby whembothtof tig fallowing
control signal indicative of whether tpe out put

copdifipagare as: (ebadpled haneccyuss sipge fhevayich 7-'(8\3%%@%%‘8@ figp first
re%&%ﬁg g&t[a&% ﬁft (%2 He d se e{r&ﬁ% %Q{}\% 4PLdIR AR SAtReRItage.

tage nthe switch is
turned off. Also descrlbed IS apparatus for charging a
¢ apav%;t{l %gesg Qg aﬁgae\rgeg% 2611 cg]ga%pcg; c 1arg1ng circuit is provided with a primary
side output voltage sensing circuit for generating a control signal indicative of whether
the oufput voltage has reached the desired level. Advantageously, the control signal is
unaffected by voltage spikes occurring on the switch {/‘oltage when the switch is turned

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 capacitor 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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with a primary wi nding coupled to a main swtch and a
secondary wi nding coupled to the capacitor through a
waelemda215Fhe apparat us i ncludes an auxiliary sweTS2006/012615
coupled in parallel with the main switch and adapted
be on en cur n thr he capacitoris |ess
i Ipsidnam Broda B iaal AR G ROaR B St S Eay e the
pr eﬁﬁ{eﬁﬁﬁﬁid i SeBr Wlecﬁlstan‘aﬂgetlﬁb%t RREHSLRE E@c@@&y'tﬁﬂ@bf thy\ﬁkﬁe is
I's arrangenent, the reverse recovery tinme of
reddeat ¢hdrebyr gdedieg np thegeigyf deadisitprup char gi ng of t he
capaci tor. BRI EF DESCRI PTI ON OF THE DRAW NGS The
advant ages and aspects of the present invention wll
BRIEF MESCRIPTIONUDEEEE DRAWINGSNj unction with the
folTow ng detailed description and acconpanying
dr awh D98y MIRE GhDaspELI UE el prdsen@BinSGRABLil Ge@hor® fully
capaci tor charging Ferreurt having a primary side
undarstpod invainjageios ent the fadioming detzitdlotegiringionand peccagparing
d of, the invention; Figure | A shows several waveforns
raydagy WEEd Wi t h the charging circuit of Figure 1 when
t he F@é}lﬁ@ Wtis ¥ WieaBbc RS caRkitiedhafSRcEieaitiheingesiigy side
|l evel; Figure |IB shows several waveforns associ ated
outpiut holtetge selrngtimyitecearding toPnepgpaeteolthemsentiaie out put

Vol 98 NASIhGRERHI NSRS b8l RUSliin fb UHiSid diuf of

sch an erna ive e

Figap @Gﬁfﬁeﬂﬁh@ bapai eltags hastiot yerfreddhgd tle desiad/lengl; an
alternative prinmary side_ out put voltaae se

ci r dugure 1B Bawe S%swé rEwefosny assariatzed v bﬁhﬁﬁp%{gg“%&“&% gt
%{4 {&'i‘ v!zﬁé% tﬁmﬁtghﬂ%lﬁgé AN cgated FicHdsRePicwbien the out put

has n reached the desired [evel; Figure
2B SPthWB 29ew ecla:lmaWa‘a)é fuo Rl nassen wdedentiof t'hetcla,pacﬂor charging

charging cjrcuit of Figure 2 mhe t he ut volta

cirhul of BRI H RS Rasreli e vty B are St B URH R
of &isikhla {HetkRESeral vk ReRRkk esoefaRAd iR He cRhrghd¥rircuit of
capacrtor charging circuit of Figure 1 having a

Figure 2helrencthe eu‘llpa’t Yd’@g@ hasnat yetseadied @%qoiﬂﬂrvblewalg e
se n?dg,%? ég{ OfNﬁ S?\heé l{{;'a%eg’ormg Egs\%la?e%%ﬁ?{he\éﬁé{r% n(gd'ﬁ:mt of

ass arging-cir
Figure 2 when the output voltage has reached the desired level,

Figure 3 is a schematic of a still further alternative embodiment of the capacitor
charging circuit of Figure 1 having a further alternative primary side output voltage
sensing circuit;

Figure 3A shows several waveforms associated 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 3 when the output voltage has not yet reached

the desired |level; Figure 3B shows several waveforns
waz®oatEsed wWith the charging circuit of Fi gurBCBUS#9661012615

the output voltage has reached the desired |evel;

Figure 4 is a schematic of a capacitor chargin
altexmiatizeiswiténedniol pigeudt lesnoasive t Bie ssisse PHEpUE et syrent;

capacitor. curf . ' Tol

e G ERO R Bfeind Ui IPRARAT iR ibe
redddigs SeRESLbitOLERIEe t@apaciotding cuyatenther #pgetrad th: inyertion;

schematic of an alternative enbodi of the . .

capdened @}ﬁYsgﬁeﬁ%}'a]cY\’? rfnsc?issqg?ag??{r‘gﬂfi TS A the
subg’tlaﬂt?a;ﬁé/tsilﬁﬁ&st'o e &1&?%% bRt SRk 6O butChMiidRm theastiliary

ana rnatirve swtch control crrcuit responsive to the
swit@nsed out put capacitor current; Figure 6 is a

schemat i f a ca itor. chargin ' [t 10.NG '
i e R i S
FioBRPWHh i dRilvReY seither aspect of the invention;

I gure 6A shows several waveforms associated with a
charging circuit substantially simlar to the charging
circuit of Figure 6, but without the auxiliary swtch;

DEEIAQLEDQDES_&CEB)E@N\B several wavefornms associated with
the charging circuit of Figure 6 with the auxiliary
SW RefrriddRbANEER 1DES&FRC R dBbkdRef erouitly iholubesyuriepds, vadtage
capacitor charging circuit 10 includes an i npyt g
sowad g‘_agérastsﬁ@m‘iél' 1¢having ¢ pRRREHEAINEd SA A ﬁ@e%?na?fiymmg
Wi ndi.n nd .. i-ndi , | e
186y g g 22 Q4G PE AT SulpDlpRck 38: (IR R shothoe

sup%'['y%‘di‘weﬂt@ aSb@pd . Plavercuitd Odal o dgbak tofitlegyei Flawiond 30, in the
has a fl yback topol ogy. The_l

s rahady BB Phoralsh ek BRSEOT LLRagRg roferred
to %ﬁq%@%ofn{afg%ﬁ%g%%& br ARy ciR&itr alylcarshdio a8 V@lta%e requirements

rger or charging'circuit. Typica
vaede bppekinvatlydge 308 quits. eheninputwaliped sawse 14 may, for example,

be 2 %g&%;;{ sqlgzgreals )él)w( %Jf%qqlél,golg i l, %r;i{lgﬂlaﬁaﬁgrﬁapﬁégg%%@g vOP4eGf the
1'a1@|8 %@{Wé%ﬁzaﬁmo%lnat@fy 1L8 tukd $10WBRS fnehy illustrettvekimighdament.

I'tage in the range between approximately 1.8 and 5.0
volts in the illustrative enbodi nent.

In operation, when the switch 22 is on, energy is stored in the primary winding

18a of the transformer. During this time, the diode 24 is reverse-biased and no current
is delivered to the output capacitor 26. When the switch turns off; the diode 24
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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In operation, when the switch 22 is on, energy is

stored in the primary w ndi ng 18a of the transforner.
wesnglsshi s time, the diode 24 is reverse-bi aBErUS2006/012615

no current is delivered to the output capacitor 26.

a}é@?epugepﬁ MGté)g‘B’g)tfgmle% SI &’be ’?vactiecp d@hgﬁ't 1%%}%gﬁc?1ﬁ%tes the

rmard ener ransferre

pHothish 60 nekrgeis ondatredfrogithgodtBt dapaditde 264d tHetload.
capaci tor 26. The capacitor charging circuit 10
includes a switch control circuit 28 for generating a

contfpl svﬁ ARG 1t161°<51 Lie SSlﬂY}lﬁ(‘feg a%s%h@%l AT5Y3 %ﬁﬁﬁl%’ﬁ% ting

devi ce. e control si gnal causes t SW t
input canpﬂedttcﬁ therstuiitch tvbh:a@u‘t’ spw tt nodk Bﬁglﬁd Yowh-iavartss idphe

capac 6 reac S|r % 300
reGORES e M P (s ot ot ot TR aE 7 TP
pr @@a@d by ﬁlercﬂlttlﬁlt s Resf c‘oﬁﬂﬁra@& B.fA §f—§:@ln(ﬁ E&ﬁﬂﬁﬁf&‘ 34 QA€ non-

the output voltage Vout reaches the desired |evel, an

inyerting amllbepupéedttym resibtoy4ppiovidgd do samse H@cmmema vwisding current

PP AT TS, MED e

cofrparatéd et ie ub@plted afhaedstOihpaioftgch Be. Thaehutphines 16800h B6Hs
control circuit 28 includes a first conparator 32

conpletl gy thergaterRismiichd2i #pleWBoupl ed to the switch
vol tage Vsw at node 38 and a non-inverting input
responsive to a reference voltage Vrefl . Aflip-flop,
o r | latopbraB6n,ths om tisetportigud! daclowwitédeskie ik entdoiigduty the

nal, qf co arator 32. second copparataor 34 has a
ity el AP, BotBrP T EoS0r A8; Bl B isiaet, Mbgh dicptimary

wih@ing @08 ent1BEHRE h FRIdé 1R M e€ US Eﬁ%hsﬁ@&h\oﬁ%fbﬂ%ﬁ@é @dlﬁge
I nput responsive to a r ef er ence vol t age

Visth, phet oudputed epapatatnr 3340eshightpérebly tesetting thedlsteh 3|6rqndtcausmg

t h tot
i P igt150 B 10k S o R Rl C e RensR bl
le\wD Mréfons 8dle@@tting W F2h n(idyyodtesbrSse%éEHb[é) lizh 6ﬂiepib $88ide a
primary Mﬁndln% current | evel as sensed bégre5|stor

pazrzculqr rmmﬁrstml@u iant. When thereviishivietinge Ve dallsgo dhe leesltof
L
1efe? g?g?}l& eR? ?1 il (E;{t@ﬁ%f c?%ﬁ&ato?%Z%%éflg oﬁ%tgs%l Hhe 1%%1 output
togOQSgHmﬂhurntd'iﬁvehylﬂ”Zesettl ng the latch 36 and causi ng
the switch control signal to go lowto shut off the
switch 22. The reference voltage

The reference voltage Vrefl provided to comparator 32 is selected in order to
cause the switch 22 to turn on once the secondary current has become discontinuous
(i.e., passed through zero amps) in order to have 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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|l evel Vref2 is selected (and in fact, may be user

sel ectable) in order to provide a particul ar input
w@eeosezts3g i mt. Wien the switch vol tage Vsw f ab@¢BHUS®06/012615

the | evel of reference voltage Vrefl, the output of

conparator 32 goes high causing the |atch output to go

hi gh and turn on switch 22. The reference voltage

Vr efft will By aﬂﬁé*cl&ted 99 'EI’R)@E af @xrduﬁaEy 5811 $etR Gt \fém@ﬁéj Slfernative
to cause the switch turn on once the secondar
gég:‘-,mced

sclpamesefint cm@llb@ctbﬁrewacls% meumaszbﬂs For exampadbeebavar
3BTRS b B RINTeh DEuRh el ARALEL B o

tinkE R BMirdIlednih @b pbhidia cknse @ pviaiasy Qﬂlc’@fﬁgc ¢L@t®ﬁﬂ@1}d th&'bﬁf time is
| evel of the reference vaoltage Vrefl does not

copplied inresponsenyersse speomiany %@él@a&amntc ok Fsther plispagtive
scﬁéﬁtle ik v@ﬂhetgé Slq tl%l iy c&ﬁrcﬁféﬁ ?es%#lﬂta td 18 Hﬁz{?g N éﬁ)cfmg current

npar at or transitions on ter t sec
and uﬂlier efiff tturbaes oonesol etid Sic CHSPG)IIBEI (01 sr:nsd:dwoﬂtpuﬁ captdier smm@npha ry
curra | evel occurrin mhen witch vol tage Vsw

Ao G dond Bt v L BT hge Wi of | o |

depend on various factors, including the transfornmer
| eakage i nductance and parasitic capacitance.lt wll
be appoetih@teehanspediobthedhvantidiithe ghaskeér 10 ingludéreansmutput

R YR S SRR DR PR VPR e
praRay 8ideff iR tbrideS as RAdeRitibldh 01debibBivéidithel apbirjohes a
switch control scheme in which the.switch on tine is

digsenftion [greatalinassepion seth sscapdaseddpyolinge yengingdnhigh output

n |80 C qhl: T
Vogtééé gn uétgc gggd gﬁtyﬁt I/ol%_lgggeﬂgﬁh rcgfr%[.l{t Q'k 11?(%1%(%6{% étrsﬁﬁﬁﬁﬁg €lehRnt 50,
a la{/élghtfa:t e Somne os lelertOMdInﬁdimtcbmpﬂmng irem'std)ls S5dantisdl 4 edistor

in response to the g .cur nd the off
64 ankeapACTiOB A2 1 VEREINg P tﬁ&ﬁ%@é&‘ﬂ“@@ﬁk"é’ ag piyrover a cycle
dlﬁﬁg %f&%)ﬁ’ ﬁmf‘eucffr s@xmch ’)Q S, GB3C66 Qﬁ(gc# BLIRW 70TFoF QMM ta'n@ nloldmg
i'gures . According to one aspect o
theﬁﬁamﬂmqmalaméaswadg%4zmnmumcﬂaddswan out put voltage

sensing circuit 40 for sensing the converter out put
vol tage Vout fromthe primary side of the transforner,

as I phOASIhARleRndht 80 68 a héh-ANMHEhglifGut RbENePVVBE circuit node
di ssi pation generally associated with_secondary side

38yeh u1a@et11ge1ngu‘1tn:guplﬁd i @]ﬁ V()L ygktage source Vin, and an output coupled to

resistor 54. The voltage at the junction of resistors 54 and 58 (i.e. at circuit node 44) is
proportional to the output voltage Vout when the switch 22 is off. The voltage at
circuit node 44 is averaged by resistor 64 and capacitor 62 in 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 ringing/through 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 Voltagé Vout when the switch 22 is off and
that is unaffected by the voltage spikes occurring at circuit node 38 when the switch 22

turns off. Thus, components 64 and 62 (and also capacitor 70) function to filter or
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voltage circuits. The output voltage sensing circuit
40 includes a summ ng el enent 50, a level shifter in

wo b@ofiorses of a resistor divider conprising resPGL/USRIGH 2615
and 58, a resistor 64 and capacitor 62 for averaging

Wa%ﬂgﬁﬁﬁ]#g’ylg :Y@ gé; gtt%gﬁé %OC I@W @18 hﬁ%%e%iﬂag%ﬁ{ean()aécéﬁ% indication
of ﬁ‘x@ %?1 ok 951t%g@ A 1§§ﬂ@7éhﬂgnﬁaﬂﬂféch|fﬁb’t@ @ iheeditalt aid@Gtance

a switch coupl ed as shown. The
r mgmgmndu gheeleautting veltagh apikes prothe iswiteh tpkiage Yiput ltedlpeed

s S BB s B R P SRy

cotBRbB6Rbf R4istol1®4 Ml $5ge at the junction of resistors
54 and 58 (i.e. at circuit node '44) is proportional to
t he out put voltage Vout when the switch 22 is off. The

vol 439 %/S%B%e%orltégé i ng]?{gd et &ﬁn BLARE @ork&ﬂlﬂ'pg?% t8fa 1@£9e1 ‘ence

and “capacil to e I'mnate the ect of
voN&del ¥gef3 sfi fresidoa cuuttrdl signal 84t thet isiimdicstive b déethSr thia entput

the swwtch 22 turns. o The vo]tage i kes
Vol DRIURBIEC 1S A BT HGEHG ol gh bR el 84 sets o
latkH] @@%ﬁ@() [I'E'g{lt Afe\ﬁ]ﬁ@lgﬁrolvﬁgb‘ GEanese @d’iﬁ”tsfg%a]p@&@%@lh ¢he form of a
capdci t the swtch 22. The filtered vol tage at

pulse te mcﬁcatmﬂiﬁﬂléf@hmgeé amplkcidor @ndltll@eloajl}blyl re§potise ©Engrdge of the

capaci t 70 to provide.a DC.volta Vsen
coffftreT bharch & Bhe oacne N TayEt vhn T iAdke kR VRO s
selsWed 6h 1R tHesV Rhibe ANMAgé BadeedsSthel E’e’ﬁ:lfeﬁcd ﬁﬂta@y V\Ihbﬁ tiodiitpge
spi kes occurring at circuit node 38 when the switch 22
vottagen¥owfreachphths, desizniideydnt s 64 and 62 (and al so
capacitor 70) function to filter orwaveshape the
vol tage at node 44 so that the Vsense voltage in an
aIC CUhahe ilgmdht@\ai éfn?@dﬁlﬁeﬁthtﬁe obidrpeit 1 (vablutsadpsviMahien thhaliingg
elimnated the affects of the |eakage tan
don HGAQY e o BB TErLiRy  VoRAssge: Sarheulins feaa Teyghe Bl
{
be SPLIERRRAEH gt BbiohaE PRALERY BLEMcRIn RARBES] e chare
donesighaleded such asdmipiensniiog a oéfrash eatordssGibed mdﬂE&lbOWﬁe

~Vsens |t age d to a conparator 82 for
lef@&%%cfpsgr?af t r@%&?g e voltage, Vref3, to provide a
control signal 84 that is indicative of whether the

out put voltage Vout has reached a desired, full
charGedvaluws of the‘lfhesto?o@‘% aws) ca@a@mﬁ 63andH @eéeheafteé ko gerage

thg,['sael %%R?%S\?%Célwo&%% no e gg o gs to Igl% Q& afjlggset‘ the ﬁl%%ﬂ]ty of the

voltage spikes that occur when the sw1tch turns off. Additional factors to consider
when selecting the value of the filter components include the nominal output voltage
level, 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.



10

15

20

25

30

pul se to indicate a fully charged capacitor condition
only in response to one edge of the control signal 84,

W@ emwh/12153% he rising edge as illustrated. The repdBUS00€012615
voltage Vref3 is selected so that the Vsense vol tage

exc ds t | t !
Voutl Fé%}E Eehi el e Her BOa O o R B Lot % =
pe% E‘fmul{ heyRadigfhatdLdshding da\We seedof ihe comph@eor 82.
one SI gnal Vcd'indicates that tﬁe out put vol tage has

If the acthpar atOIn 82 defist awuplavks timp tvaxping smaeothesdyyisnd! at eeferipapay

?%)llgp %chglﬁ(g%lygr I;c]h:et cseolm eit&{}g ys uc tﬁé%_ﬂe& r@%lrﬁ?gﬁ @&'ﬂ?ﬁo&z@vm
Peﬂ@él{a@ﬁﬁ%\bﬁﬁkﬁﬁ% 8L CT0i ab@ﬁised o ploeridettby E)CéVeasnsa &e]dagld t&@the

Pat ent 6,518, 733. The values of the resistor 64
1M%ﬁ@f@§bﬁﬁwpbgéiézlﬁﬁﬁ 70 are selected to average the

| evel -shifted switch voltage at node 44 so as to

renove at |east the mpjority of the voltage spikes

t hatA switelr 74ysech asheagshe 4 MOSHE?héemef for sgampleon abupled n

factors to consjder. when,s. n
porflEt Qi cOo e & P S G 5 ATRAT OBIE BUomGeITEgL7S
théﬁ%ﬁéhscﬂa ng!g exRkit®f 70, dheRRBEEithed bhageth¥iTell vink kenditi6ms
ratio of the transformer, and whether the conponents

ocaure(1d |t1m:p1mt@ﬂa‘sh 3|0ns: antiyetedt @cm thetiuh vekirsst \bept eeackes the
oel T E LD P B et SO FARBALb o B e

viefodi nent, the RC time period due to resistors 54,

58, 64 and the parallel conbination of capacitors 62
and 70 to reach Vref3 is selected to be on the order

e%el%%g Ls%rto ¢ dc:}urr@ £A NN k)va§¥¥of1ﬁ£' a1%fsf10\§vh 'i@llf[@@ate

de 66 and capacit 70, referred to
opaiaheﬁ nato ek wemsn@cipmitkl Ochizmghe guipit mjtag¢ Vivayhdsenot reached

(ggesTrA ke BOEANROGITEs 16 1REEER0SUHC FHRE Phrouit node
44V @YD ﬁ%ﬁ&ﬂ?%esﬂl&w v RS cAR nBBY 46) %n@%b@’laﬁ)‘iim 68 shows

dlrect to the conparator input. . In the preferred

th@ph&dmngnﬂ\h@mgvﬂﬂmgméamdch&r@Mmgmehﬁnéﬂﬁse%ﬁmaﬁddﬁwe\HGB
are used.to vide t 0 the ut

begye %Bﬁﬁaﬁhﬁlﬂg nsea%olgﬁ%% thege qub(:ﬁl u}% glag b Ul ut vo age
VAR 13s MSRER 684 66 dESred 8%NPTRus, 1h& ceaLdl eghal 84 at the output of

comparator 82 remains at a logic low level.

Referring also to Figure 1B, the same waveforms 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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paral l el with capacitor 70, as shown. Switch 74 is

turned on by a control signal 78, thereby discharging
weapag2tses 70, whenever either one of the fol | PUI/I§2006/012615

conditions occur: (1) the photoflash 30 is activat ed;

or (2) the output voltage Vout reaches

des

difflersvfeam theschaeges d fiohBigury T inbatagni s \}B?lt“;%i 1@%@%’@8"% gutput
Volfagg se[ngn rc%gﬁ&\éég ]lcv%t@lgrr@ny{l Bfel (ﬁn@{e? g)[ljﬂagﬂgltt%g \Iecﬁlt i QHER
fro2ABE plinety side ofthe agesfe@msi ng circuit 40 when the

out put voltage Vout has not reached the desired |evel.

Wavef orm 44 shows the |evel-shifted switch voltage at

C' r @Hh‘ﬁt Be9Ro ﬁfclud@@‘é%éﬁt@ﬂ %co%@ﬁ:‘dﬁn thesfetwenhae output

tage at circuit node 46, and waveform 68 shows the

cappelak %rmdge«zhﬂds”enmsmglth@@,@r@at Icapdies2aBtough gk @hpirFapagitor
ference

26. VE]éq’l‘é tagg pfrgéset\f]g ées@?}e%, e%%)?’?p%gﬂloqg %rtﬁg%,%{atcft{ﬁha&meﬂﬁmg The

cap‘é&'t&qﬂlﬁ eNOlehp RRasndeatioy@de Hy&B@bﬁguft\hﬂtage sdnsiag clireviell 10 as will
hus, the control signal 84 at the output of

bed@nph@htor 82 renmains at a logic low level. Referring
also to Figure IB, the sane waveforns as in Figure I A
are shown. Here however, the output voltage Vout has
r eaghedufpnevdege Eﬁdlﬂgem&mt 148 irichaies atseintyg elomevs¥hasl a

vol t 68 d th f3 |
PR ErecGNT oo TP B SRS S r Ao oThe
smg:_rr]ﬁ]l% a%lgﬁﬁ@llft A hak 2 HBnAnvdins RpWeouBrRias thddrcul nbtig8s.an?,

: ernative capacitor charging circuit 80 is shown,
mvieftln@hnptllt doirpled tefheriepit aoliagetsentse rg\éﬁeaﬂdtaéi quitke coupled to
rcuit. 80 thus ncl.ud
reskyin o i YlPEETE Rap 0! B A G Pkt B 130y i
pré(?o?t?dﬂal tod8e ORBLEVAaBB Mot ®Herf Ok sa@sk 20fs offl ustration),
i ode 24, and output capacitor 26. The charging
CerUIt 80d|ffers fromthe charger 10 of Figure 1 in
t ha C|r O i.nc I
sendRUB e TG R B FrRALING Al i) o
ha%ﬁﬁk ta&};ﬂﬁ—u\{ﬁ&hn% HipaeEptbdito anidd b grheamytici dferemfstOtSfﬁéZ and 94
ransf or mer rcuit 80 al so include tor 36
ond U BT e RO ik Vedbadhi B Py 14
of %(r)]?lgg}gt X gﬁ% gse&)%?ﬂ:g. th BE irfpk 68 ANEPPate 188 CHLPMED 18 senses
when the output Voltage Vout reaches a desired level. Thus, reference voltage Vrefl is

selected to cotrespond, via the transformer turns ratio and resistor divider ratio (of
resistors 92 and 94), to desired fully charged capacitor voltage. In one illustrative
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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26. The voltage across the resistor 36 is proportiona
to the capacitor current |eap. The capacitor current

wo e@p/121538ensed for use by the output voltage BenBEs1996/012615
circuit 110, as will be described. The output voltage
sensing circuit

0 j ncl udes I t and
ten of BYMRTER Y iR B <P SR P ST IBE PG E Y i dccont
for ﬁj‘?@’drgﬁnbﬁ‘@elﬁ §i ShanddeARee84. The summi ng el enent 90

on-1nverting I nput coupled to the circuit node
an |nvert|ng i nput coupled to the input voltage

sou e Vin O resjstor
vol dgetizpt s n el Aol er AL PEVIS Bl fiot Hefates
thaftheR@Sut 13 gd \%OLH haPRatheBé dédret Ne/ePUhBY both A tiddRllowing
Vout en the switch 22 is off. The output voltage

congbigisraye Bbe:dhe pUIPIOVOliagd Vorchasdeashed fhe ﬁn%ﬂowé@geiedﬁl as
114 . hayin on-

oY, D e Y S50 AR FOUBLE, 3,

givieR\é@fitch Bgcle Bpddtemasabbsihe @apazitar Ctﬁffeejt bmbﬁlm@ Hisageinvbef as

1. The output signal_ 134 of conpar 14 | | ed
sensgd AH reshion 3 o fln RArtiNgar.ghs %Oniffg Slge%l 1%1 igh 0@4""@%{3@&“’@“

of %ﬁ%o}r&%a MHRY LY 951 g&%’to\l{q b af&ﬁgltﬂeq hé cgﬁt%lrs?gilla eMedets a

erence voltage Vrefl, i s”sel ected
latelot T @ sipoadputvif avhidteprovidnsd obargs dcmwrsngla& é(tcdol 38rd the form of a
esi stor. di vi der atlo tor.s a
ol fasd e 72 SR e ediguael oSt e P shl down
thé&kﬁ&ﬁ@@tlve enbodi ment, the desired output voltage is
volts and the reference voltage Vrefl is 5 volts
or V'n A second conparator 122 has an inverting input

non% ﬁd él%.lg L?g Gf‘ci) E{J ru%eeil}; seggr%fswg br‘?ﬁso ss @atec?wﬂh thc? c11cult 80

! re’s onsli ve erence vo
areVdlRfdy to aANektRfePettidn A1 tl&l.ttoﬂliage §elngm§|01r&ﬁ16 1t@uwhke thetmntpm

i nput of AND gate 118, as_shown rator 122 senses
volipgmV eHchag &Bb“@ﬁ(ﬂ’@ﬂ the desaed leI"%la pIn Pﬂ@@l@éc"&f@?f% shows the

16\?62:? %1%&63% g%t{:]ﬁgﬁg%l? Gt ﬁ&%ultm]a?l%("v%fve i 1@9%&&0%@{1{&% }oJc(i’tm current

erence vo tage 'S genera
IepevWwaedfoand30thawd the antpst sigihdl iof bmlﬁﬂarbﬂyn ihe wae/sfosmalr%e;hows

thjeuyt GnabpHErHBHOY Ko PILPREaPan | Theiot b EOSRg fgnal T12 a
th&g%ﬁﬁfcgﬁﬂg)%gkeH%18 provi des a control signal that
i n

cates

Also shown is the reference voltage Vrefl being greater than the level-shifted
switch voltage 130 once the voltage spikes occurring when the switch 22 turns off have
dissipated, thereby indicating that the output voltage Vout has not yet reached the
desired level. However, 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.

10
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that the output voltage Vout has reached the desired
| evel when both of the followi ng conditions are true:

w0 b@soztsprit vol t age Vout has reached the desi rBdI/US2006/012615
vol tage | evel as established by reference voltage

Vrefl and th t t ful h
gi vEsieayng g]ﬁg ggc,)ﬁ g%a?SBC a]gqa%hﬁo\%%v& gﬁ'lstqs‘én gzlg%fg gye Shom.

Hegéjl'id'\femer k{ﬁg&ﬁg{‘tgvo%ag@%trb%@& $heAfesBENROH RYIndi€ftSbPhe
art | he control signal 112 is high onl

swmbiemoltdge 180teperedof tb@telﬂer@mm&tagmvleﬂﬂbm theoripit ateppl 134

ont r ol t
of exEP Pt Beik e prbuioase BB Biar G o Pl gh g Gl
highZhck fad NRtabOEFTke hae Alskipaical A€ a(Izitelf tirge rl@reetﬂlge Bofhet dapacitor
control signal 112, such as nmy used. to shut_ down

currére ledral Geredews iRandf Valh@wiléléattﬂaﬁ @i’f@UrSégnzNo %ﬁﬁ&%m ator
12?%%465521?1% IBsfee i | ﬁlq s%dtngﬂﬁtéirb? cﬁfni{gllé'tch 189 ;8416 $i H“é(f‘tntng B,

te op era e sensing circu
theldfipwtrgamat hEZ oflthp lAlND ghttd 38 g&’mltlgh&\s shownr eached t he
desired level. In particular, waveform 130 shows the
| evel -shifted switch voltage at node 130 and wavef orm

132 \GhRves Lhgn e aRAC 'tﬂeokfoltﬁ%@f §80ds theappicMBVelar M hd4witch

shows the output si conparator 114, waveform
voltafe Ehowhen lseitou®p utrnswfé Al pr @‘felwrﬁn@n affoetinepthe C@lﬁtpl signal

1 12’3{1@& @p}gjézﬁ@%g gltvésgaltl\?c%i ?%? Stl% ssbe%ause ﬁ%éoﬁ% 1a1 1 12 can

go2el 398 canBfthatied S@p@rORhES hds ﬁédl:hécﬁl &16| Rviedd lshd:lf dnﬂszl When the
switch vol tage 130 once the voltage spikes occurrin
capdveinr eWresns Rpeaares2eryt ama b Frhielaties dicsdngeg eysingriat éfggﬂge

nd| h t
RSB e d oL L Logee YO, Bl Sy o
ca@fe thbButyal $igge 1SpoReansioatex Cheid gol'iﬁ gl ehen drcatpu vodape has
Vrefl and thus, the outpuﬁ

not negchqdethe FesitsAdeveb dbs BNG §,1gn%gﬁsmg 410?%%@%%%&2‘%16 capacitor
cuft] gnalthgléfote ¥ eadid (REGAESsHRN vaisem! | the out put

f conparator 122 goes hi gh. Fbmever si nce
the output signal 134 of conparator 114 is low, the
cont r ol nal. r i.ns | ow, . i.s desire
he Tottlhe Sinreiage Cobanin g ot AacT iR fedinefese
ackRY edsidmsi R biRYsAkSes fR skttt tBe SBiput EpasiadFRuBNEbOMmES
as in Flgure 2A are shown.
secondary winding current may be used to provide an input to comparator 122 in order

to determine when the capacitor current reduces to a desired small value.

Referring to Figure 3, an alternative capacitor charging circuit embodiment 140
is shown, in Wthh 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

11
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Here however, the output voltage has reached the

desired I evel as indicated by the swtch voltage 130
wezweazlissg) the reference voltage Vref 1. Thus, PETES2006/01261S

out put signal 134 of conparator 114 transitions in

response to the voltage spi kes at ti

does nalyecchf ipHreenesee tnelipas srkes ApIEBE oRd %S‘Hﬁtgls‘fcﬂ%% Jswphen

mmﬁ I t&H1§dﬂﬁe here tine B, the capacitor current |eap
uces to small value such that the output signa
136 of conmparator 122 goes high. Since the output
signal 134 of conpar.ator %14 i s al so hi

th eO@Qppbmltagp éﬁ%ﬁmglcj}@ugfl 4 a&&{ngnlﬁ}g glegltggé i (%f%e adﬁ a level

Shl]@% in tﬂ%rm\élfﬁ I?eéﬁbﬁdl@fd%ﬁélﬁﬁlﬂ%‘ﬂﬁg rebiB®ry Pd4 BEel 63P |"[K1@ %ummmg
typically occur on the switch voltag éV'sw
¢

elem\amt I 122 aumnnsvemﬁlﬁg mpat Cmuelﬁérw & dijcprhng %tﬁllﬁ@"ﬁtlwé% input
COL tg%lpﬁ up Q\%{&Tgé%%(g@ge ﬁag Gnd gtgcﬁut c%ﬂﬁleﬁ t(gg% stc}{cl%ﬁl The
Voltﬂgg Rt tHe e Eidh iof Gestdtat 164 @ncDLﬁ&O@b ‘elthhdchgl@@h Bpr opmtlhlmji to the
the desired | evel only when the capacitor current
owbebﬁﬁéseﬁbﬂywhﬁhﬂﬁs“ﬁy whicHEt i me the ringing causing
the voltage spi kes will have dissipated. Thus, even if

t he vol tage spi kes on the switch voltage 130 cause the
out gYé osipgnadltagd éelﬂfngaxmpa a4 Gurtlict nclwlegandi @jnst \mmpal ator

14% ngggtﬁgg%ﬂyx%té%dﬁp%%gu efl fo ﬂ(bcf h]g4g q%qbeﬂgg%i,?é e{;\ﬁ%en 1eS1st01s
165 3RPFEL Oh 11%Fﬁ 1811-13a%a]¥‘ﬂeh ko fé@&w@ BY&ecfcfds igithot heefl, and

desired snal be appreci ated that whi | e
prdvides ahroatput sigld nsg fldse pefnmweevqltag@ R’eeﬁl db sedemiechioregsigspond,

Si st r 36, other ch ensi
vindhp Bep o s pio. B thaed Cbr ORI B bR yoltage
VIRYIheURRHatiOe Bﬁl@&ﬂﬂ%nﬁ e d¥Ritéd blﬁpﬁmﬁbﬁgais(ﬂOOYZﬁdlthe
order to deterni ne when the capacitor current reduc

referenee ddtige dteliakqua) & éoltmff%mr i1 cpBPRiaf it Slgﬁﬁ 150 is

al.ternative c C
cof O SRR RSP RS SR 0
deb&&fm@hﬁﬂﬁ@&&anﬁmﬂugmk1140 t hus includes input voltage

source 14, transforner 18, switch 22, switch contro
circuit 28 (again, sinplified for ease of

| LA By B8 G iy COBRG) gt 0
juidtiat beiweenirésistd® liohahd d#68; amohtinyéreng input adapted to receive a
second reference voltage Vref2, and provides an output signal 162 to a second input of
AND gate 156, as shown. The output signal 164 of AND gate 156 provides a control
signal 164 that indicates that the output voltage Vout has reached the desired level
when both of the following conditions are true: (a) a delay has occurred since the
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 switch cycle as is established
by the combination of delay element 152 and reference voltage Vref2, 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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alternative output voltage sensing circuit 144. Like

the out put voltage sensing circuits 40 and 110 of
woe@anezs3g and 2, respectively, circuit 144 sePGEBES1006€012615

out put voltage fromthe prinmary side of the

transfornmer 18 in a manner that ensures that. incoyrect
conghsignadedssuabes Becisng tieee Yporsidustptive cpRgeingsi-iag charger

14RO, HERRAEE O KLU AGE, Mko Bl ah ot e

caplcifdHDEin gl cherpt. 162 and a level shifter in the form
of a resistor divider conprising resistors 164 and
168. The sunn1ng el enent 162 has a non-inverting input

co UR|3 gxujigoto 1rE BAC Hélrtau'i‘ QG Bfns ARotiMéE KiltNEe tRAME 140 are
coupl e |nput vol tage source Vin, and an out put

shmuqollﬂuistm owsatsm@xf t1166\lbltag¢| ecngipigtcagbit éf14 then therrerpu yoltage

Voﬁ?lbﬁrﬁg]t%f feaglhq% tﬁ%éefs”gg J) g Wa\/%ﬁof%qHZ (1)%\% t\k%@ve nfted switch

Volﬁiget\}f‘sl@v #4008 197 fn relblfi®n @(blﬂiéltéfeydihbé ageageeNeeMandi Vl efl?i t
further includes and a first conparator 148 havin

Wevefrom-15Wsbewh Hiy duiplisiceal (i compertardds. wavelam { peshows the
out{pHg%gnaZ 858«5%}&"\@]§meﬁte 153425 LWabSrohi4 6306h J58e o?%u& Qéﬁaﬂto'f ng

0 recerve a reference vol
corBpatafor 050 @Qﬁw@%f@ﬂmﬁ per sigivgrtat cdrBd] sipnal atd{eecmépw@f AND gate
voltage Vrefl is selected to correspond, via the
15¢.ransfornmer turns ratio, to a desired fully-charged
| evel for the output voltage Vout. In one illustrative
enbodi nent, the desired output voltage is 300V and the
r ef @1 epaetionkhag ﬁle\k@fprShlf@dES@mT&h voltags aj spdes1 B regghes the level

The co r at u 150 0 t
or g oLge CFell uBtrayer R oial SERGHTR el e Mouen
the &1tﬁ(t%!t9§e deliane dosiesirl tHdEstred HﬁelABE Withge dfikes o%cun ing
second conparator 160 has an inverting input coup

at nmﬂaﬂdaewlmzhgswmbeturn}mff ¢avie HheronEnt sigdali loOgt §01f9@ara£m&48 to

non-.i nverti L nput adapted to receive a second
Uﬁpgﬁg?gﬂ@gﬂJgﬁﬁéle ref2, and provides an output signa

162 to a second input of AND gate 156, as shown. The

out put signal 164 of AND ate 15 S tro

o e Tesieysa oo i s et e BLIAIATo VPt Sge-uped

i 26@'?:8& Qx%%dh%b BEhigh, as shown.

LIS MO MEPAIR 8 i v
011 Gthieh @dihsthe ddaﬁdﬁ’ﬁlgnal 158 and the compa1ator output s1gna1 162 are high
does the output signal 164 of AND gate 156 go high. Here, since the delayed 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 times 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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out put voltage Vout has reached the desired | evel as
established by reference voltage Vrefl and (b) the
w@apaa2tsss 26 is fully charged for a given sw PCHUS2006/€12615
as is established by the conbinati on of delay el enent
152 and reference voltage Vref2, as wll hecone
crosish drecisterencs v Ets) Wk SENSRE B SBAGE sghald £ 55 G0 gapratpy 460 to
tral  sion: b : - e
N e e S e R
acchctely afidieatimg|tsa theooutpativodtage Hotitias yeacherd e destpddevalor
condition only in response to one edge ofcontro
signal 164, such as the rising edge. In one
i 11 ggt bathl peoveraasd deeRtelethéiet 16038 Gedctelidl coiredpdnd et least
when the charge done signal Vcd, 166 goes high .
theitiné taakien ghetlneal-shified sujial velsrgess npde 147 toyfalt Fapyéyplateau to

Referri ) Fi gur C ' V. i
reffiepss Yol Vel Pt G B 8 PR A3 B Aeitine
voledgetspikey ol ha@eds e4sirtig efioneatisty tbédting anart indicetudrpthht the

véitage Vout has not reached the desired | evel.
capAgife IS YL 0BT &Ho ke OphElUSEYEYe. BN (ERY a2
Pr(\\é?%%s%tdae%r%? él.fdeg\gf Sle@bPE0 bl %MMB%&BS&C Suchaktiages

veform 150 shows the oufput signa

nafsecanipaCahomtibdd, cireaiv effroratiobS8clepws cathlee wagtl pairefine the
signal of delay el enent 152, waveform 162 shows the

OP%@@gﬁﬂméignal of conparator 160 and waveform 164 shows
the control signal at the output of AND gate 156. In
operation, when the |evel-shifted switch voltage at |
nodBefetiing waliars 4 héurthey elterapti veefappaior ehapsing £HEUN/A &9 [S
conpar at or...out put signal 1 ' :

shE B ARG S Ted By 18P B s s, Sk Y bt

infesblag doanell4, thsforalet agavwiphkesdiode s, rindgapdcitonztecoupled
142 when the switch turns off cause the outgut.signm

to 2 Bgd¥0, enshearatide cigpit ¢ 40 chiiss an SHPEEVAREF STsTgLIC)E 176

coﬁaga\?o'aﬁh%%ﬁgﬂ E(gﬁié G iensctg itzilgee[ge fdlﬂfnt StnY Ok hRASrcBks 49 Cifq 8, and

ow’t econ eference vol tage Vref?2,

144 log Fogitr@ut, 25 ighRlrespb@irely, aorpangleor 160 goes hi gh, as
shown. Only when both the del ayed signal 158 and the
conpar at or out put signal 162 are high does the out put

(Sji lg'@llar 55,‘1‘7@5115&1}@1191%5 & respfor 9T 8Mobpled HBEeBies HithaRe Edbacitor 26
in 0?de?¥oe senié ’glrelzaclzapacitor current Icap and a switch control circuit 174. Switch
control circuit 174 provides an alternative switch control scheme to the circuit 28
described above in conjunction with Figure 1. Here, an on time portion of each switch
cycle is controlled 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.
It 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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158 and the conparator output signal 162 are not both
high at the sane tine, the control signal 164 renains
wO o0s/121388 eby accurately indicating that the oRPECPUS2006/012615
Yolt?ge V?ut has not reached the desired voltage
eve Referring also to Fi.gure vef or ns
circat, asmes@rgmd@néA?%%ubw&mm PR Ao PREL St
1easo%|f{> gn s ba%ﬁmfcﬁ aghed it e vdesi iRdilcai oF Fightwis fortsheeding

conmparator 148 transitions
mpﬁewaﬁ&hotﬂnmgngsmamﬂésMkﬂX@ﬁdthe vol tage spi kes on the
swtch voltage crossing the reference voltage Vrefl
and then stays high once the voltage spi kes have

di S”Fl'lé)s%tu% coifbBeirdi@WeM eficludR @b @ngatdteil S2dialvagen
falls andcrosses the reference voltage Vref2,  causi

invetieg @umro adantedfiearcel 622 wfererneyaltagor 1e1b6ne 8 neR NS iHput
coug@e%st s%t{)lﬁ %&P ahlel\%f‘ta? a%mg 19§ §r 1RBis ghﬁ%r%ﬁeﬂlg Brimary

reby accu catln
wuﬁllﬂﬁg%ﬂne‘{lﬂiﬁragﬂnidpﬂhé oh@ﬁt ﬂlgm foé dompﬂaubeé B2 excht ladny@i logirHevel

del ay provided by del a
wh@@t-heég%@ﬂam Wpédlgg )cllpréegg ipti ]%leger@rg%%éh%l? a% fi {éﬂi Qge%F%gt{nened current level

as seﬁ@ 1<>If§113 LEd %:ita%%‘”\?@ﬁ 40hUse % At 1ReOehdifHAe peinfady Widdiem

teau to erence voltage Vref2, However, the
cmﬂﬂh§y1shamhﬁmbmeihﬂqmubhmmghdﬂ@wbrevent t he voltage

spi kes at the node 142 from erroneously resulting in
an indication that the capacitor is fully charged. In

onerh| LWFEK é’éﬂtﬁb? cRfhotiampther ihfladéelel R¥ol] emmiatdbXRB4 having
provides a delay on the order of between 60 and 150

a nnmmmmwmsut mpwdé@rezwe praplosaevHelinge dgaldemegiayerting
. circuit. sinulat
inpuf, go%qq tRIESISAY g‘&" a ePIr ?Iﬁlgﬁ,ttglg'@ tgﬁtr éé@ o}" Q?Iﬁﬁgl hidf 184 is at
a 1@&‘1@%}@ RivbMRh&AMAGUtpat ca@)hatcglcngeml Ibafpj]stg1@1’l@ than zsshawmi in

ich like reference nunbers refer ikg anFnt%.
pre@ﬁeuumed trgetieyehdeset P pefereven Yoltee 83 yﬁézé’él fi“g ogic level
whgg ne|Sf gﬁxtqf%ralgélﬁ or d %‘1@ 'ﬂ:aé%s hegé Q98 14 ecHIrERRARI AT 1e ¥4,

own. The circuit 170
i ncl udes an out put voltage senS|ng CIFCUIt 176 coupled

to the switch node 38, form of
t he 16 ulE 51288 01 £opPAahe LEA G %d ﬁ’esreiet PU dﬂ% -flop
or Ea%‘ip?g"g én\ﬂec é{ 0 %ﬁt ﬁé@ﬂ@f Ssmpdehiaf 09f 1sl:39pl@di &0the Red itple S datch
resi stor upled in series with the capacitor 26
188, as shown. The output signal of latch 188 provides the control signal to the gate of

switch 22.

In operation, when the primary winding current Ipri reaches the first
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 condition between continuous and

discontinuous operation.
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in order to sense the capacitor current |eap and a

switch control circuit 174. Switch control circuit 174
w@e@eilehs3s an alternative switch control scheneP@DUS1966/012615

circuit 28 described above in conjunction with Figure

1. HekboRdQRribd EViRD b1 é:ﬁ“cugqe]h _p?Wi&(%%n&%’fi‘%ignti seheme for

controlled in response to sensed primary
chergingthe capagitive lodd 3Q,ipagicpbrlyiin thd ilugotitve phdteflashncharger

response to.sensed out put capaci.tar, current | eap. The .
-PBHPRE Rk B e AenineE Baauied b s FarBirmpre this
sch@up h&tlewee eiRemt hBEo@HnRY (ithdRASH il ci8itANHa® hQERTore 3Sed.

shown. It will be appreciated by those of ordinary
Thyxis|ecquse phheatse of Hiatresisier bisk qoupled dpshei quarut capacint 26 to sense

. n n .
L SR SR L AROORS Pl Y 10 g

voliage Suompredson réfdrehos volsaye bycaue 6£MhD diredtnt #3Re secondary
spnsinqchrcuit, as. described and shown in conjunction
cuieRihEgugh e senpiesisieanpl e, Anot her reason for sensing
the capacitor current is for use by the circuit of
Figure 6 for speeding up the capacitor charging, as
wi | IRdberride sibsoith Etburd heansalietizbive olmtrging catwit sinbodidént 200 is

incl.udes ;a.first conparator 182 .having an inyerting
s R R T R BB P ol Bt ihueriag d o o 200
in@B8ksan Qi voMSIel dolietel 1APH trak ISR £ 8t s RitdieS) St de0 and an

The voltage across resistor 190 is proportional to t%e
OUBTIL Aeag1teN 44 coigpledins shawvnl pPitputTynitage s¢nsinguiipuit 186 gradso

conparator 182 is at a high logic | evel when the

shgxtvn. N I .

primary winding current lpri is greater than a first

predeterm ned current |evel as set by reference

voltage Vref 1 and a |ow |l ogic | evel when the primary

wi ndifigheigheeRtcutzOp ajse m@g%&rﬁsaﬁmt W gouplegl between the output

. . I

copleRURer il APl SYEeros il lst B Rl U e el the
currem-thiough thengitput papacidajehp.d Heve,rag deiheentbodhi@tt @ABRure 4, the

voltage. Vref 2 and an _ i.nverting input coupled to :
oulgL FEPGHOTEREERLS STRGCT UPhGE 119 B IBeBle! Gicgital of

conparator 184 is at a low |logic | evel when the output

capacitor current leap is greater than a second

pr edée ehamighedituit 280 differy Bbmabe sietuibl70r efégwadean the switch

oS0 250 ST P LSk SR NG SR e e
copiclGekritoh b&frd] eMelit 174, but without requiring resistor 190 (Figure 4).
Thus, here again, an on time portion of each switch cycle is controlled in response to
sensed primary winding current Ipri and an off time portion is controlled in response to
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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The output signal of conparator 182 is coupled to the

reset input of a flip-flop or latch 188 and the out put
wG@@eat1sed conparator 184 is coupled to the sePCT/DR2ID6/012615

of latch 188, as shown. The output signal of latch 188

p ro Iﬁ\%ﬁ%gtc%nb ﬁol%%ttéﬁ S{)% fcilcﬂ%ag atf(i’st CHI%B%{O? ggﬁ }%W%lé %H il?\%l‘ting
11115'11@@&%@@&1 tbhecelver zﬁﬂef@érﬁﬂeﬁoﬁﬁgﬂ Vﬁﬁ 1 hﬁV@hon—ﬁﬁ/eﬁﬁtgabpmt&beﬁled to

by reference voltage Vrefl, the latch 188 s regg@iand

resister 19 Rohopp. {1dus. thheutpatfignabateonanrsatat (4 8 aka Biekilpgie
1ev%%v[1$ N he! éj? {r @Ju!xcﬁh%&u%ﬁlt W [NFe GG RECHRISEThRRE level

{Ab erence vol t age Vref 2,

as batbghetBBice solsee \anfl aﬁdﬁa lsw logia 1&21 whem theqgmimaBy V\Dndlpgr

sel ection of the reference voltage Vref2, the circuit
curfe 1g ﬁS%@nﬂﬁﬂng@e%ﬁ@PEP%ieﬁdthe boundary conditi on

bet ween conti nuous and di sconti nuous operation. The

above-described switch control circuit 174 provides an

ef f iThieenitcls corgrnd cironit 0afyiheyinchiderapreend Fuaparaigy 289 having
a 1@%%{1{/6@ l g? %W 1} (}L]c{]a\}xi?la%ﬂ receyﬁset&rlg e|1?\{1[%e Q/hﬂ n\él%%%]alﬁlhaq{ﬁ%rtl dg
i chiyfed @adsistbt I 1d1@E BRIven. Tlﬁlls§t1ﬁ®h€;ﬂ1ﬁ sigadliofeemparator 208 is at

ef ficient perfornance with sinplified C|rCU|try t han

a lpwriegieiviebwherthe owus canschiuicaisat l6ap israscaieidhyt 2 perond
préd%ﬁesr%h%ﬁ 1vEBa SO Bk eeteficd Oﬁta%g t\HtEl% @Rk %ﬁ R)rg czlgvél%hen the

e capacitor current. In e abov erence
outpubcarflait@ndur ﬂ&ﬁt i 6es By ABBsecand pgdttensinedldvage i s
conpared to a reference vol tage because of the
direction of the secondary current through the sense

r €S il QfutpuRe ﬁ{tlrdf 136 n%hl%@bl 04kl R0 tiRI Vet tilﬂ:fu!‘ﬂ afh ‘ﬂ‘ﬁ) flop,

chargi ng C|r diment 200 is shown, in which
or ldtkle2 redelrtbe oetpnmglgﬂ of eahparatop 203 16@0@1@1@@ tmigtsst infiy sthe

circuit udes an. inpput. valt our & 14,
Ou’fpr”éﬁ’gfl?}rq?ﬁartdigfiECQHPIF% g 2 q 35 ﬁgﬁ% asgﬁgwan oSt put
capaci tor 26, coupled as shomn Qut put voltage sensi ng

circuit 176 is also shown. The charging circuit 200
al sdniopeteticlesvicaghe pemany7gindigpsluegniyeacise mettet adgermined

leY/e pe%% CeI ttaglrlshég bg ngfel%glg%{)?lﬁ%g q]r@ﬁr 81%%%{? Q?f‘ 1sI resd? bRy ﬂ@%@w@h 22

Ive O
turns off. Once the output capacitor current Icap falls below the second predetermined

level, as established by reference voltage Vref2, latch 212 is set and the switch 22 turns

on.

Referring to Figure 6, a further alternative capacitor charging circuit 220 is
shown, in which like reference numbers refer to like elements. Thus, charger 220
includes input voltage source 14, transformer 18, switch 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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current through the output capacitor |eap. Here, as in
the embodi ment of Figure 4, the output capacitor
w@eosaes3g8 s sensed for use by the switch cont redT/US2006/012615

circuit The charging circuit 200 differs fromthe

glor 110§W| ?é %ur@gerr] ﬂ e aff alrfilibSvaihDOR, 1easbiodldediat aui t

circuit 202 achieves the sane ty ype
MOSFERdapice ad raaioelamdrmmitryay ogiged thredugettheFreverseéghoyery time

174, but
of thprfljade fﬂa?g gcr TP thgﬂiu%h gﬁ%ﬁ 9 s%% 1rd x]91ngg (‘gﬂﬂﬁfsﬂﬂ)
capacc%ﬁ]l(]i@e 'l\ﬁo&@mﬁf @k eHadkraneSP@BSES, tu(;):llsdmg patagitic Alements of the
ng current Ipri_and an off time
transforherol 8 :ad alsn Sh@@p snBiguted Weidedo éléHSBGEe t{‘,%\i‘)%@fniag?s of the
urren
auxﬁlé@f YiLgh @ p§c1 Rwﬂief%?so gb%h&Q%$%t1zglrg§Qw&h%;ﬁﬁ 386 0SS
effeClNd SihsifiPbdpacildiics 186, dnédenisge inllectaimai I8¢ far eghoia. on,
secondary current does not flow and so, the only
current flow ng through the resistor 178 is the

pr i ﬁ\éfl‘s:o%rtﬁﬁq{ isldREikabl NBGEBRS thaViBle RMEsE tchQeﬂySmﬁﬁ 1fs
t he' Vo age across resistor 178 is indjcative of th

becgtbégg muhnlg dpacidss recovarg timel, tausentthipugh HierRsrasii qg@pcfnance
andj Qqq@quré{%ﬁgtgg F?p‘ﬁ?)? E)é{}%b{ ég n‘g%r I%tg]g re st%%éh 59}@ JH RN current malnly

ve a“réference voltage
ﬂo%%ﬁ&m%ﬂﬁ 1fét191%1 ThdiéRhEd DEL) ichidt a@xegmiveduirmtrteﬂlosﬁbrough

h
the 2@4nti$ziag 11'aiuh11ag¢¢ ]u&igat@ulﬁgggﬁae\lﬁ@@%%?qggw H@ggg%d ﬂéﬂolﬁap in
F1gf63 @rgg nlgglagnré:{gatbv 1% Al et @‘x@lx Bwhid §\;mcﬁ1r fﬁt%}@srdﬂ na

erence tage Vrefl and a |ow

ma% dide drevehegphenpriherymiienr swing ndieagescuitl tetoumit veliage.
an the first predeterm ned | evel

Th@ hegative swOch purrah ERif feq g WG Q‘% €H@A Qtugths%‘)%%z‘%?éﬁl

havi n

non r
chql &g rog m:e cay%(ﬂ \28 @:yr}?%dcﬂ 12 %Q}?ﬁ&ﬁsﬁ%@ﬁgéﬁﬁ?&iﬁg gll}% ;12%21‘[1\/6
inifif FBshSk @cfduﬂﬂcBmld&he S‘hﬂviznng Erjmh@ bechase @mr@g gnd fhyisaihe of
conparator 208 is ow. |l o

capegiierci@ ischauged gqﬁer @Qﬁ)ﬂ?e%wﬂfre éagﬁs‘él?le ﬁ g) %té%%opﬁ{é put
amgk%% %ﬁ{cﬂ‘zaﬁ dod RYGLe B8 c\%ﬁ%ﬂ@ﬁ’cﬁa@ﬁlﬁg ﬁﬁﬁ:&)y\/c@i hageleVpe6%-8%.

h™ T ogic level n the output capacitor
current is less than the second predetern1ned | evel .

The SSLRS oS0 Ths RleoRAIRRI SR S0 paUR RS 12004 i e
dr gﬁﬁ' %P#He s%@ﬁ ab4 of cuPEaas ateatraidQ siviicl D2 phdthetsowchef switch
224 1sp coupled to the source of switch 22 and to ground. When switch 224 is on, the
switch node 38 is coupled to ground through switch 224, When switch 224 is off, 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
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out put signal of latch 212 is coupled to the gate of
swtch 22, as shown. |In operation, when the primary

wowrmditzig3gur rent reaches the first predeterm nedI/Us2006/012615
as established by reference voltage Vrefl, the latch

outgikZap&itof S@erdNehptiils Sl gbroZéngisiihie Hugit of Enesarktbe228 goes
out put capacitor current |leap falls bel ow the second

higlythereb v usping @0 agvidiary syatch24p Tihis theipgieing ¢fifbe diode
yrefZ, latch 212 is set and the switch 22
16C¥&% gﬁ%n "Referring to Figure 6, a further alternative
capacitor charging circuit 220 is shown, in mhich like

reference. nu rsr fer to.like_el enents
e hEn SSuBR ToE s ettt 1pb Egu ST Bhiroe St that flows
tlnﬁu%ﬁ@ﬁé‘ %Hﬁ‘dar% %ﬁmdiﬁ‘g 1 ShoBe tlﬁﬂ!f@)&ﬁbr GREtd Ak d@dcfe(ib,’é&ve§'8t1me,
ere sinpli for ease of lustration), diode 24,

ﬂomm@r@mhas@\ntct;rﬂ%o emupﬂ edihis éeald@ ada Beter asllmscmﬁthe Iswitgh | |
e r tch ontr ci.rcuit
voll3Ee SRR ET 5 mhd Blostith SR ol B Sk S¥efty S Bopgye with
shoﬁelddéi&gz fche?él)}d&a@élh@ﬂﬁ dver aﬂwhhﬂgmgt 188 foM daPadriogBb.es 4
and 5, respectively.15 Grcuit 220 further includes an

auxiliary smntch 224, here provided as a MOSFET

d t
ekt FANNCHRL Gl bR SLUIBH GBS
advhiageh df(thﬁmgﬁhmﬁl stviiteh 32¢ by elarwingvopethtian ar @sdiuitilike circuit 220

capaci tance. Mdel s of the flyback t ansf rmer 18,
of Flﬁ‘é‘? @df)&lrgwwhgﬁu%}l@rséw@r%?é THROY§k fhaéws rWF%%@Sérge

2322b50 SH0YB il P1g%ké36'A S1Bthit PEREDn BPtHe cllﬂéﬁltt bad GithBE the use of
advdnt ages of the auxiliary swtch 224. Specifically,

auxilivey swHels 224 n@ecm}imwweﬁgm }&:Blnom loes v, vodthfe ¥swag node

rasiti ~C e eak ctance 18e
35, D2 VERES MR Pifeer VS PR R E B A ity
curfeReI i ﬂadteﬂ@vay@ﬁ &ﬁghrtﬁ@@mwntet MRkide @ERMRS 188 dnAGvadvBRrm
reverse recovery time, the current through t he

ZJ&ﬁ%@@ﬂhﬁ%w@@b@ﬁPWﬁﬁ@éwand di ode reflected to the
primary side (i.e., since switch 22 is off, this
current mainly flows through nagneti zi ng i nduct ance

18chs bappeeng wirgdid sceoclary antent Bet,| 238 redvhesigdto bhgs, at a
magneti zi ng i nductance 18c (a current that flows
timg %ék%l@é\?\{lw £83s Bred1ama 1t|t%1§t]§ opphe order of 114 nanoseconds for the

diode 24 to recover and thus for the switch voltage at node 38 to fall to the input
voltage level, at a time B, so that positive primary current can begin to flow. This 114
nanosecond reverse recovery interval during each cycle, plus the time for the primary
current Ipri to ramp from the peak negative current to zero, limits the minimum switch
cycle or, alternatively the maximum switching frequency and thus slows down the
charging of the output capacitor 26. With the switch 224 omitted from the circuit 220,

it takes on the order of 76us to fully charge the capacitor 26.
Referring also to Figure 6B, waveforims 38, 232, 234, and 238 illustrate

operation of the circuit 220 with the auxiliary switch 224 functioning as described

above. Specifically, waveform 38 shows the switch voltage at node 38, waveform 232
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Fig.6) and thus a negative initial switch current when
switch 22 turns on. The magnitude of the negative

WEeoraLN3E Ur rent swing i ncreases with the out pRCT/US2006/012615
vol tage. The negative switch current limts the

b e R EprRO R TR R ) dpgne
tlud&%ﬁqgff{éé(nss&}r?%h 1daRE:TBARANCE 188 dntidbavefimeIdR shows aguced

! Ing cycl es becone shorter and thus, the

secominag biroant 2eci FViththeged of ausiliary swieh dheRekfting as described

possj bl e. For .exanpl e se of ilia i 2
oG bl s PRET aper o TEdryeld ot plnte Byt elhifad
switdh 2% B&urfdixdd taxh ¥uSitidn€ bpedd 4 Al lsiglese uplgadudanofaceter pburrent

wth the main switch 22, so that the drain of the .
flowwittreueltha s¢oondwypriadingoVhinh nrugh irdggesdly TocRveS Py loading

e source - S\ [ | [

o B AHBS Rl YD R PR B s S . 1
parfivhlbg it thiedenBBoit thewodilofd8 manapecundd fartthe digde Sdite edgover and

224. W itch 224 s off, the. swi i

thue G PP oG GVl e ST oy & R B B

priéléﬁi %ﬁreglgb‘ﬂ wdid @ AR 0k PithalRh 11@%&%@'8’@@1&@1&0 IThdg 8he dbéliary
g

. 4 1s"selected to have a higher Rdson and
switdne4 edpasiehenoeitdtheyele; herabairadusive thh tie it fikey @ehaies

capggiggq&a{s;%trqep%@?tg Ip o Srsc?u']i ‘B‘ﬂhﬁlr(]) ttotﬁg F@%ﬂié@@g&ﬁébb g?lglﬁ‘?ﬁ ator

arr%?%%ﬂfein{, Phe CAPREIRIH26SDRTRS FREE SO asldiBthandda of 6%6-8% faster in
non-inverting i nput coupled to ground, hown.

: . : . as . n.
on¢ Hbsuetpetenaadanento Vigh theaise of anpliary |SW§01E>%¥%W %ﬂl&}%& it
anps, 1 out put - of r igh, thereb
tm?gBﬁWﬁﬁng%O%%ngY fvgg@ﬁf%ﬁggaﬂga%ﬁggﬁﬁgﬁthe beginni%g

?L the di ode recovery interval. When switch 224 is on,
e current lpri, reflected fromthe current t
f I owkavingrdssepbedribe g@&mrﬂvqmmgf the BWSPQ‘?IH éPVthl now
be%cﬁ%@%}; QfdIRt, & ecéf‘ojdﬁlg& SiIPHELE 8¢ PV bIhet EMBodifdeais
ro éﬁ SWtcC 24 to"ground. This leads to a faster
indo@pdragpgethef comepsmnsyche vollt age Vsw at node 38 and
allows the initiation of the next switch cycle to
occur with shorter delay, thereby reducing the overal

charg, @Qarhulblgﬁt {1 bE apRetikien b GhosBef efdindng sitill i tigremat the
'6A, various waveforns are provided to illustrate the,
different inventive features described herein may be combined for use in a capacitor
charging circuit or alternatively, 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 those discussed in conjunction with Figures 4-6.
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advant ages of the auxiliary switch 224 by show ng
operation of a circuit like circuit 220 of Figure 6,
whedcmetsks t he auxiliary switch 224 renoved. TheET/US2006/012615
the wavefornms 38, 232, 234, and 238 in Figure 6A
i1l ustrate operat.ion of e circuit. 220 Wit ho .
usdt ol dsxpe E@IW%R‘RE that, W%gﬁ PargGRIA} ¢ "119?615/\)‘%5%‘} %‘Pe% lgge
si gnaﬂﬁy/\@ls ﬁl M, tie b i6ed LRl M ¥xplaid en @B tivaetRb ek nihd 32
shows the output voltage Vout, waveform 234 shows the
embpdimatty ofthe ieentidpsioutdvaet bellivigedtn thadjsrleged embodiments, but

transforner, | eakage i nduct ance 18e, rm 238
rathet e 4 W T SEE Ay U B Sue A bl 2
t heypgCoRRahYd GuUrrent |sec, 238 reaches zero anps, at
atinme A and the switch 22 is turned on, it takes on
the order of 114 nanoseconds for the diode 24 to
recover and thus for the switch voltage at node 38 to
fall to the input voltage level, at a tinme B, so that
positive primary current can begin to flow This 114
nanosecond reverse recovery interval during each
cycle, plus the tine for the primary current Ipri to
ranp fromthe peak negative current to zero, limts
the mnimumsw tch cycle or, alternatively the maxi mum
swi tching frequency and thus slows down the chargi ng
of the output capacitor 26. Wth the switch 224
omtted fromthe circuit 220, it takes on the order of
76nms to fully charge the capacitor 26. Referring al so
to Figure 6B, waveforns 38, 232, 234, .and 238
illustrate operation of the circuit 220 with the
auxiliary switch 224 functioning as descri bed above.
Specifically, waveform 38 shows the switch vol tage at
node 38, waveform 232shows the out put voltage,
wavef orm 234 shows the primary current Ipri that flows
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 atime A the auxiliary switch 224 are turned
on with sufficient speed. A higher nmagnitude of
recovery current flows through the secondary w nding,
which in turn reduces the recovery tine, leading to
faster collapse of switch node voltage and | ower
negative primary current swing. In
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particular, it takes only on the order of 58
nanoseconds for the diode 24 to recover and thus for

wo b@ontzisssage at node 38 to fall to the input vPCT/H§®06/012615

level, at atine B, so that primary current can begin
to flow froma smaller negative current. Thus, the
auxiliary switch 224 reduces each switch cycle,
thqﬁggﬁﬂgeducing the tine it takes to charge capacitor
26 as compared to a circuit without the auxiliary
switch. Wth this arrangenent, the capacitor 26

charges faster, such.as on.t order _of . 69,8%.f ast.er.
Lin H@“WPFagP ETRE BRO8 Pﬁgﬂ%geﬁ??ﬁagﬁggh%%ﬁ%ﬁgéﬁaﬁt
hav?ﬁ? A REAnRMAIG R ﬁﬁﬂar;y RviGdih€ bbupldP,a dviitchakds secdylann

order of 70ms to fully charge the capacitor 26.
winbimng, cgmplesieg:i bed t he preferred enbodi ments of the

i nvention, it, wll .
or o Hapy gl Sl lQH P ARETE ARRE HEME kAR RFpdlide o
filtdrBE AERAN aid Nng their concepts may be used. , For

exa e, it wll be appreciated b hose of. ordi nar
ski # Pompamips hayips fALE: RINE I‘WP?%Y%%{J‘-? Rt pigaal asgionds
inpgt:csc’)%%iegqg al?ﬁf'éf‘e'nee (B Ya PSP ORRIuRRA of RhicH3EproRided a control
pacitor charging crrcuit or alternatively, may be
sigitfs aetlicive off imhethyr andutpwidiolteguel thy carReitoesharging cirgiichas
out put yol{agF sensing circuits 40, 110, and 144 of
reaghegifrdesirgd 1eyCl ang 3, respectively, may be used al one
in otherw se conventional capacitor charging circuits
or alternatively, may be used in a charging circuit
2. t haffhahpparitus of Peinal ediewsimie filisy epmpiees agpdypt did a
di scussed herein, such those discussed in conjunction
CApRFYY- Fi gures 4-6.1t will also be appreciated that
while particular circuit elenents and even |l ogic

signal |evels have been described in o&derlt&%eﬁguain
3. t he Tihaveparpipe of gaue hifurther GEMBHEBE A TERPS 23f hpffkeicn
| nventi o OV ey d Bt heHng @ 1dResbseatiaseehual to
colE M heRE B vk PRk halnk limted onl ?e %%/ the
theSiRhk ivbliagchfakofikerod sighs, appeintbe D! wilimge isgvapledgo the first
~ clainmed 1s:CLAIMS 1. Apparatus for neasuring the
inpytiepihe BIPEEEE- of a capacitor charging circuit having
a transfornmer with a primary wi nding coupled to a
switch and a secondary w ndi ng, conprising: . .
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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afilter coupled to the switch to filter a voltage at

the swwtch to provide a filtered signal; and a
weowparssor having a first input responsive toPCHES2006/012615

filtered signal, a second input coupled to a reference

vol t age, an o
7, 108200, 200 S0 SLPHE Bl LF oLV GPRasanh il
ha\{n%:?ﬁhﬁs%mfel? FiH DBridhiyGHhlinB @Suﬁledifﬂkemﬁclﬂzﬁﬁil d ®@dondary
he apparatus of claim1 wherein the filter

‘WHEMmpmmskdtaﬂﬁegmswbn @mﬁﬂﬁﬂwapa0|tor 3. The apparatus

ci reoeed e EaE b AT PR TR RIS el
codﬁﬂ’éﬂ' 8@ rafekai¢evoRates bidhdr @lthiyt aeqmaih it pravivedpaatatm lstgag]e
the filtered signal, wherein voltqge IS
mdc:@um ebwhethetevalfags ot thy ﬁwclb?m@ g% %&WH&?%Y 38 The
appgr a%é{ 591§s1 ééﬁdﬂt ‘gﬁlﬁg@ hient9 &R hl?tll%@gcchﬁh@

circul a capacitor. 5. The
wiihpareat us of claiml further conpr|3|ng a level

shifter coupled between the swt t
shi RLPFHg Spiday e i FPHsotRt kh FPé‘b b il X
secBl® rp%, HSudd ©! 1AL BlrrentB@hRiotirchie ah@Mebutphi dttvich is
conprises a resistor divider.7. Apparatus for
pravixeslur dongyot $ignad indieative of thegartif veltaggd a%,qhmﬂa easedisvgl
circuit. havin r ansf or
ontfibdt) 18 ENTpARIREA BBl Bl LA
levil tRARRGhEDY wiBGRP liéa&hésglppﬁ)xﬁﬁﬁtb@rz&t@mnbtaw ng a first
i nput coupled to the switch, a second input coupled to

a reference voltage, and an output at which is

brov %%%ggﬁgﬁ%tf%ﬁ oAl b ERldaS, 8 At gher a

& SWtch excee reference voltage a
current sensing circuit for sensing a current level in

t he secondary MAPdIn
9. The apparatus of claim 7 Whelem the current sensing circuit comprises a

)y U

8.

resistor in series with the output capacitor.

10.  The apparatus of claim 9 wherein the current sensing circuit further
comprises a second comparator having a first input coupled to the resistor, a second
input coupled to a second reference voltage, and an output coupled to the second

input of the logic gate.

11. 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 coupled to the capacitor, comprising:

a first comparator having a first input coupled to the switch, a second input
coupled to a first reference voltage, and an output at which is provided a first
comparator output signal indicative of whether a voltage at the switch exceeds the

first reference voltage;
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a logic gate having a first input coupled to the
out put of the conparator, a second input coupled to

W0 b@oea2nseent sensing circuit and an out put at RNT/UR2006012615

provi ded a control signal indicative of the output
vol t reachin ' I A g
ovi Ry a5gs Bl Al LK ERRRMPARR et
delah&l utpiitasiinal Bidels d deldyee veswardalie/fimt crunpeyatoe actipessignal;
approximately zerq anps..8.. The a ratus of claim
whe RSPHPIAFEMPEERTRY hiing § rs@ap%ué%? &o thy swigh. a secon
infP RS decGlPierdnddBIigd) abdEn GMPEECAIIANSIRGvided an
circuit conprises a resistor in series wth the output
outpapsighdl dndicate of néretipp theatmitsh obliadeaixneddls wWiresegpmd tefiemence
ﬁur(en sensing circuit further conprises a second
Vol atat or having a first input coupled to the

resi; 34 Ak ga 1BeEGis iRt c%@ffi]@li esltHe @uebus 6€ AR WlelH diRnt &
vol tage, and an out put coupled to the second input of

seqomd inpyiceunjed . the Puipppihe sasend sPRAFADLAEFIRE W 8t put
vqgl tage .of, a ¢ 1tar. eh [ Cl [ V] :

R R S Bk R R S S G

dedlid 18ves @apNEiadry(aW dellap acedepired since thaawitapaocktigerexceeded
conprising: a first caonparator _having a first input,

the-Bisprediyoncs tohasa wd On theseendgrEerangp 1‘[%&?&&%6&18&%5%011

\mﬁ£%§t reference voltage, and an output at which is
provided a first conparator output signal indicative
of whether a voltage at the switch exceeds the first

reference volt »a . delay.el.ement coupled, to .the first
12 o APBF g CO LR AN PG e et Gy el O Bt
ap ogﬁﬁételtyréﬁhal' t8 aft igjRh FYRELMS KR! @Padfor ERBginiglcSicuit and the
onparator output signal; a second conparator having a

seddndgtierengeatvoliaasph eth tegeliderresnpinelisl to & cywerd thagspacitor
coupled to a second reference voltage, and an out put

¥m§?“£&$%ﬁ“?§ provi ded an output signal indicative of
whet her the switch voltage exceeds the second
reference voltage; and a | ogic gate havin

‘ a first
13i npUkhecpnprey of 6lamd 1gvheprip terdefayds aepdsd % Reihthe ogder of

one-quarter of a nominal on time portion of the switch.

14. 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:

an auxiliary switch coupled in parallel with the main switch and adapted to
be on when a current through the capacitor is less than a predetermined level and

off when the capacitor current is greater than the predetermined level.

1\5. The apparatus of claim 14 wherein the predetermined level is approximately

Zero amps.

16. The apparatus of claim 14 further comprising:
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second i nput coupled to the output of the second
conparator, and an output at which is provided a
w@ovbnis3si gnal i ndicative of the output vol t aper/Uus2006/012615
reaching a desired level only when (a) a delay has
occweegto§ b&ﬁﬁe& ﬁaeseﬁw \tvﬁﬁl Qb AgRrexpaeeded the first
reference vol'tage and (b) the secon reference vol t age
exc efe@@nmli@’tosm\tﬂwlnvmstcag]dcd 4@ossThe respparaatlas oafpuc hiai m
W FORP AL St R Sule i e st ppanteol e
augaﬁ@¢QWﬁmlcharglng circuit and the second reference
voltage is at a level corresponding to a current in
the capacitor passing zero anps. 13. The apparatus of
claim 1l wherein the delay is selected to be on the
order of one-quarter of a nomnal on tine portion of
the switch. 14. A capacitor charging circuit having a
transfornmer with a primary winding coupled to a main
switch and a secondary wi nding coupled to the
capacitor, conprising: an auxiliary switch coupled in
parallel with the main switch and adapted to be on
when a current through the capacitor is less than a
predeterm ned | evel and off when the capacitor current
is greater than the predeterm ned |evel. 15. The
apparatus of claim 14 wherein the predeterm ned |evel
is approximately zero anps. 16. The apparatus of claim
14 further conprising:a resistor coupled in series
Wi th the capacitor; and a conparator having inputs
coupl ed across the resistor and an output at which is
provi ded a control signal coupled to the auxiliary
switch to control the auxiliary switch
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