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FIELD OF THE INVENTION

The invention relates to capacitor charging circuits and, more particularly to methods

and apparatus for charging a camera photoflash capacitor.

BACKGROUND OF THE INVENTION

The use of conventional switch mode power supplies, or converter circuits, for charging
capacitive loads, such as a camera photoflash capacitor, is known. U.S. Pat. No.
6,518,733 to Schenkel et al., entitled "Circuits and Techniques for Capacitor Charging
Circuits," describes various features of such a circuit. For example, a switch control
scheme is described in the '733 patent with which the main converter switch is
controlled based on the transformer primary winding current and the secondary winding
current. Specifically, the switch on time is controlled in response to the sensed primary
winding current and the switch off time is controlled in response to the sensed

secondary winding current. The above-referenced patent also describes sensing the



The invention relates to capacitor charging circuits

and, nore particularly to nethods and apparatus for

chargi ng a camera photofl ash capacitor. BACKGROUND OF

THE | NVENTI ON The use of conventional sw tch node

power supplies, or converter circuits, for charging
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SIHVINMARYSOF THIE RNV PRIN Ve switch control schene is
described with which the main converter switch is

control | ed based on the transfornmer primary w nding
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the output capacitor. A control circuit is responsive to a regulation voltage provided
across the RC network and provides an enable signal to enable a charging mode during

which the switch is turned on and off to charge the output capacitor and to disable the

charging mode. The predetermined relationship between the RC time constant of the
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SUMVARY OF THE | NVENTI ON According to the invention, a
capacitor charging circuit having a transforner wwth a
primary w nding coupled to a switch and a secondary

wi ndi ng coupl ed to an output capacitor includes an RC
network on the primary side of the transforner that

has an RC tine constant with a predeterm ned
relationship to an RC tine constant associated with

the out put capacitor. A control circuit is responsive

to a regul ation voltage provided across the RC network
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With the above-described arrangements, the output voltage is detected based on a
primary side reflection of the output voltage both as the output voltage increases during
the charging mode, and also as the output voltage gradually decreases once the charging
mode is terminated. Advantageously, the charging mode is not commenced
unnecessarily since it is not commenced until detection of the output voltage dictates

that the capacitor charge should be replenished.

According to a further aspect of the invention, a flyback converter includes a

transformer having a primary winding and a secondary winding coupled to an output
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Wth the above-descri bed arrangenents, the out put
voltage is detected based on a primary side reflection
of the output voltage both as the output voltage
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zero volts, as is desirable to reduce sw tching

| osses. BRI EF DESCRI PTI ON OF THE DRAW NGS The

advant ages and aspects of the present invention wll
be nore fully understood in conjunction with the

foll owi ng detailed description and acconpanyi ng

draw ngs, wherein: FIG 1 is a schematic of a
capacitor charging circuit having a primry side

out put voltage sensing circuit; FIG 1A shows several
wavef ornms associated with the charging circuit of FIG

zeko whlenad B degitableLtd raduké agechigslosses. yet reached the
desired | evel ;

BRIEF DESCRIPTION OF THE DRAWINGS

The advantages and aspects of the present invention will be more fully understood in
conjunction with the following detailed description and accompanying drawings,

wherein:

FIG. 1 is a schematic of a capacitor charging circuit having a primary side output

voltage sensing circuit;

FIG. 1A shows several waveforms associated with the charging circuit of FIG. 1 when

the output voltage has not yet reached the desired level;

FIG. 1B shows several waveforms associated with the charging circuit of FIG. 1 when

the output voltage has reached the desired level;

FIG. 2 is a schematic of an alternative embodiment of the capacitor charging circuit of

FIG. 1 having an alternative primary side output voltage sensing circuit;

FIG. 2A shows several waveforms associated with the charging circuit of FIG. 2 when

the output voltage has not yet reached the desired level;

FIG. 2B shows several waveforms associated with the charging circuit of FIG. 2 when

the output voltage has reached the desired level;

FIG. 3 is a schematic of a still further alternative embodiment of the capacitor charging

circuit of FIG. 1 having a further alternative primary side output voltage sensing circuit;



FIG 1B shows several waveforns associated with the
charging circuit of FIG 1 when the output voltage has
reached the desired level; FIG 2 is a schematic of an
alternative enbodi nent of the capacitor charging
circuit of FIG 1 having an alternative primry side
out put voltage sensing circuit; FIG 2A shows several
wavef orms associated with the charging circuit of FIG
2 when the output voltage has not yet reached the
desired level; FIG 2B shows several waveforns
F Kﬁ Sacihatve @e\k&?fl hvaklbibarﬁbﬁsgéiﬂgd gziith ﬁhﬂ %haﬁg‘ing:rtiﬁuitlbf \Bi@I8 when
t he out put voltage has reached the desired level; FIG
thg optpupvaliage ke 1ot yefreached thedesiggdilpvsls ol t er nati ve
enbodi nent of the capacitor charging circuit of FIG 1
having a further alternative primary side output
Fi¢o 3Bashpews eevsiahyyaréfonng associated with the charging circuit of FIG. 3 when

the output voltage has reached the desired level;

FIG. 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;

FIG. 5 is a schematic of an alternative embodiment of the capacitor charging circuit of
FIG. 4 including the circuit sensing the output capacitor current and an alternative

switch control circuit responsive to the sensed output capacitor current;

FIG. 6 is a schematic of a capacitor charging circuit including a circuit for reducing the

capacitor charge time;

FIG. 6A shows several waveforms associated with a charging circuit substantially

similar to the charging circuit of FIG. 6, but without the auxiliary switch;

FIG. 6B shows several waveforms associated with the charging circuit of FIG. 6 with

the auxiliary switch;
FIG. 7 is a schematic of a capacitor charging circuit having a primary side output
voltage sensing circuit used to implement an output capacitor refresh feature according

to an aspect of the invention;

FIG. 8 is a schematic of one embodiment of the output voltage sensing circuit of FIG. 7;



FIG 3A shows several waveforns associated with the
charging circuit of FIG 3 when the output voltage has
not yet reached the desired level; FIG 3B shows
several waveforns associated with the charging circuit
of FIG 3 when the output voltage has reached the
desired level; FIG 4 is a schematic of a capacitor
charging circuit including a circuit for sensing the
out put capacitor current according to a further aspect
of the invention and a switch control circuit

FIG% S)mhlﬁ'is y&vetad iltisRatbhenssdiornk pssociaed aditt the capacit@charging

5isas Egemati c of an alternative enbodi nent of

GFW€‘€§$§§1%@¥1 harging circuit of FIG 4 including the
circuit sensing the output capacitor current and an
alternative switch control circuit responsive to the
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agitor charging circuit including a circuit
c““nt(jbf(i;%0|ng t he capacitor charge time; FIG 6A shows

several waveforms associated with a charging circuit
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sensing circuit of FIG. 7;

FIG. 11 is a schematic of a capacitor charging circuit including a switch control circuit

implementing a gate sensing scheme according to a further aspect of the invention;

FIG. 11A is a schematic of a capacitor charging circuit including a switch control

circuit implementing an alternative gate sensing circuit;

FIG. 11B is a schematic of a capacitor charging circuit including a switch control circuit

implementing a further alternative gate sensing circuit; and

FIG. 12 shows several illustrative waveforms associated with the capacitor charging

circuits of FIGS. 11, 11A and 11B.
DETAILED DESCRIPTION

Referring to FIG. 1, a capacitor charging circuit 10 includes an input voltage source 14,
a transformer 18 having a primary winding 18a and a secondary winding 18b, a main
switch 22, a diode 24, and an output capacitor 26, coupled as shown, to supply power to
a load 30. The circuit 10 has a flyback topology. The load 30, in the illustrative
embodiment, is a camera photoflash and thus, the circuit 10 may be referred to as a

photoflash charger or charging circuit. Typical photoflash voltage requirements are on
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FIG 6B shows several wavefornms associated with the
charging circuit of FIG 6 with the auxiliary switch;
FIG 7 is a schematic of a capacitor charging circuit
having a primary side output voltage sensing circuit
used to i nplenment an output capacitor refresh feature
according to an aspect of the invention; FIG 8 is a
schemati c of one enbodi nent of the output voltage
sensing circuit of FIG 7; FIG 9 shows several
illustrative waveforns associated with the capacitor
thelvddeg oNYOXValsUTle inputrloBage sbusded 48nayt-fdB.exdfiplesbesa battery, such

as\slag}h@egg@t I eggolxllglf H‘: gr g{ﬂ%ﬁg{rﬂ aattttlsx%/y?pq%ggtgl?r% g\?o%agg En tthg ?an%g %gtlvjx}een

approximately 1.8 and 5.0 volts in the illustrative embodiment.

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 camera user that the photoflash
30 may be activated. When the user activates the photoflash 30, energy is transferred

from the output capacitor 26 to the load.

The switch control circuit 28 includes a first comparator 32 having an inverting input
coupled to the switch voltage Vsw at node 38 and a non-inverting input responsive to a
reference voltage Vrefl. A flip-flop, or latch 36 has a set input provided by the output
signal of comparator 32. A second comparator 34 has a non-inverting input coupled to a
resistor 42 provided to sense the primary winding current and an inverting input
responsive to a reference voltage Vref2. The output of comparator 34 is coupled to the
reset input of latch 36. The output of latch 36 is coupled to the gate of switch 22, as

shown.

In operation, the on time portion of each switch cycle is controlled by the primary
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FIG 10A is a schematic of a further alternative

enbodi nent of the output voltage sensing circuit of

FIG 7; FIG 11 is a schematic of a capacitor charging

circuit including a switch control circuit

i npl enenting a gate sensing schene according to a

further aspect of the invention; FIG 1l1Ais a

schematic of a capacitor charging circuit including a

switch control circuit inplenmenting an alternative

gate sensing circuit; FIG 11Bis a schematic of a
windpgeutrent 1evehagiengedby resistor 42)¢h pattiogam when thelprinoany wodding

circuit inmplementing a further. alternative gate
cugigpiseRgice p predrierminedlepflcas cpsPLisbY el volige V2, the
ouhlt B ESARbAr¥Sr i’/@%’&fs KD tHREHY %s@&ﬁ%\% ¥ [afrh 138 Qn8 BRRGIGHEY switch

charging circuits of FIGS. 11, 1IA and 11B. DETAILED
coDESIGRERT 1oGe low to shut off the switch 22. The reference voltage level Vref2 is
selected (and in fact, may be user selectable) in order to provide a particular input
current limit. When the switch voltage Vsw falls to the level of reference voltage Vrefl,
the output of comparator 32 goes high causing the latch output to go high and turn on

switch 22.

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.

It will be appreciated by those of ordinary skill in the art that various alternative
schemes for controlling the switch 22 are possible. For example, the above-referenced
U.S. Pat. No. 6,518,733 describes a switch control scheme in which the switch on time
is controlled in response to sensed primary winding current and the off time is
controlled in response to sensed secondary winding current. A further alternative
scheme, in which the on time is controlled in response to the primary winding current
and the off time is controlled in response to sensed output capacitor current, is described

below in conjunction with FIGS. 4 and 5.



Referring to FIG 1, a capacitor charging circuit 10

i ncl udes an input voltage source 14, a transforner 18

having a primary w nding 18a and a secondary w ndi ng

18b, a main switch 22, a diode 24, and an out put

capacitor 26, coupled as shown, to supply power to a

| oad 30. The circuit 10 has a flyback topol ogy. The

load 30, in the illustrative enbodinent, is a canera

phot of | ash and thus, the circuit 10 may be referred to

as a photoflash charger or charging circuit. Typica
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generating a control signal for the switch 22 which
may be a MOSFET device. The control signal causes the
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resulting voltage spikes on the switch voltage Vsw. It will be appreciated by those of
ordinary skill in the art that resistor 64 may be realized as a combination of resistors 54

and 58.

The Vsense voltage is coupled to a comparator 82 for comparison to a reference
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In operation, the on tinme portion of each switch cycle
is controlled by the primary wi nding current |evel as
sensed by resistor 42. In particular, when the primry
wi ndi ng current reaches a predeterm ned | evel, as
established by reference voltage Vref2, the output of
conparator 34 goes high, thereby resetting the |atch
36 and causing the switch control signal to go lowto
shut off the switch 22. The reference voltage |evel
Vref2 is selected (and in fact, may be user
velage ey, &) providen detrdl gigneld4 that imindaativeof veliethen thet output
current limt, Wen,t wi.t ch vol e Vsw fall 0
v RRyichasetoched Lagies Ty f%@d@?@-ﬁ%ﬁfﬂ@f‘e}&t%fg‘éﬁets a

lafcB 8RR LafpuBer WIAES plivifds & aé%ﬁik_{%é&iohgesié‘@ﬂ viod B4 i lhe fofin @Pa
hi gh and turn on switch 22. e reference vol tage

pulsectplindieasy s B8ly chersed apnaciieraondiion guly dn espanse fatisredes of the
an?roFgglia? ﬁh,tyﬁgﬁ‘ W e plal%é eﬁ% gsqflﬂstﬁfé(lp'ﬁﬁeerefé?&cé %gﬂé%‘ﬁ%ﬂ is

curre as becore di Scontinuous (i.e., passed through
seleeted sanips Yhel Visensedenltagoeidvawds thdeefarence woltagepeheatthe ondput

t he continuous/ di sconti nuous boundary, thereby
Wﬁ@ﬂ?&VPﬁﬁwﬁ?ﬁﬁwgkyﬁﬁgﬁwgonversion efficiency. The

| evel of the reference voltage Vrefl does not

correlate to any particul ar secondary current |evel

Intowe iflustrgiayeslendimenitythe ghasges Oshyin down Mbep theslaresone signal

v&P Hiﬁ?cragg at the o‘ilfpg;f] %ﬂdﬁg R5s RAed A (%Eiréd‘lgvﬁ.eﬁ VeBL Y
current becomes "di scontinuous. I'n fact, the secondary

appurciatett thhteotledr appropriate actiontreay bdteksvin tresponss!to dypachukgedone

.re s the level of reference valtage, vrefl, wl]l
s Wi peirinerag e gp Bt Mt dr oAl i shelpgiigspocd
Ulseekawyg. 6 pBIgIzance and parasitic capacitance. It wll
be appreciated by those of ordinary skill in the art
that various alternative schemes for controlling the
' BG4 GpadiBfs XAEPDGre deftted ¢ the level-

TEHAR of et ioioR Epachi @ ATRD fro soltSted to avernee the leve
shifiédt swhitch onttagelat sodeetiesoi as tovranutye ahleast e wajonty afithevaeltage

s oo Em SRR ko R R0 1B bR e,

sekRfife theS/AKE BE BHe)filwh BSthpshetitslifichitde. thfndiinhh@itput voltage level, the
alternative schene, in which the on ti ?e IS cg%r&l Itsd
leyel of eafprspesavoltaze Nesthh thedrps it tiibe Eansfamen dp¢ MoReipe
cottﬁadsﬂeﬁé afeQUicfpd !)ﬁ%drgo{a?eagﬁ’ﬂﬁﬁlté tSPARRQS (GHEPithe later case,
capacitor current, 1S described below in conjunction
kagping cEpacBor valwasdmsll is gxigisal) th nane afevndn appidlustrativet he

i.nventio e charge 0. inclu { t o
en AR B R TeS e de e Phas oo i BtputfisBBination
of\abdcitets 67t 7010 Bati ¥ redB iigletteditelbe of tHelveddriofiosd-quarer of

as is desirable in order to avoid the high power
thapg@mbwmcgéﬂ@?m |y associ ated with secondary side

vol tage sensing in high output voltage circuits. The

out put voltage sensing circuit 40 includes a summn
Tl samptit anholdadibde/@d anshiapadiior 70, refieered tor alicotatiziely @s p pe

di vi der conprising.resistors 5 resi
cHaigi € Gsal TRy bEL RS EhA e LSl RelcBRb R 8211 e
comvpatfbr 820k FRPEnoMBNY thy tine &ag/ite) senoditteld 3ipnthat nodié 46 map bef

switch 22, a diode 66 and ca aci%or 70 fa{ saml i n

coxpled dizeethig thecommaraternigputsinghe prefered embedimenh however peak

coupl ed as shown.
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The summ ng el enent 50 has a non-inverting input
coupled to the circuit node 38, an inverting input
coupled to the input voltage source Vin, and an out put
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
elimnate the effect of voltage spikes occurring at
cHah€ing elements 66 anle 76 Brewlahtotprevideihe C ¥Rerseivoitageftd thEtmeput of
vol t age splﬁes are attributable to current ringing
QRGeS ARS sforner | eakage inductance and the
parasitic capacitance of the switch 22. The filtered
voltage at circuit node 46 is sanpled and held
Adiwitde 76 Guelnes mapbe s MOSFRT dqwq@rfgx/m@pép Beoypled aeg@arallel with
Vsens th r.
cARIR ik Tt SRR LR g 3 d QBB THANGPOP,
dlbc}hatgiﬁg Mxphmang 60 sphdoegereitherranernd thetfollowing nbnchtmzts agé8ur: (1) the
whe swi.tch, 22 ns of f. Thus, .conponents.64 an
ppgoitash a0 &t 6 (DIRE SufurrighEss Dom SRR e poyed 198E as
dMavBsdiaRANE W8ense hb IR cRbeciR@ehdrtferbnct NaliadeNarelsense
vol tage’in an accurate indication of the output
vol tage Vout, having eI|n1nated the affects of the
| [ t S g :
Rgfgﬁgggﬁsg '8 ?ﬁg B SErp I\ i drd 8035 Hiuktrflg o8BGS
valfape eem'smge:dcmmm bvhs:ethefoumudwimgy Vsmt hds notweadthed dlne desired

651 e T S G0 SRR RS vt

4@sHOMINRY AkREd Rodtab® bt GRINAGHS M) ah@ waverBine 68 Blekvs the peak
vol tage, Vref3, to provide a cont r ol signal, 84 that js

cHargedd nf\ﬁéfoéiﬁg% @9%68 tAdeo dhompus theaefersgee \ejtage Yagh being
TRs
grge?tglﬁtgﬁrg g% 7S V%ﬂfl%éc 6%‘1 It%eééﬂquﬁ&ei@%ﬁlgqyﬁ khe cﬂvﬂ\ﬁlt Qfﬁﬁﬁg'eql’out has
nqityotieadhed the' @bmdgleve:lo’ﬁlms thie gouattol vigdal %@t the quitpait pHeampsrator
ul se t I, N iﬁang a fully charged capacitor
8%&%%%3% %5 0% I5Vdesponse t o one edge of the contro

si gnal 84 such as the rising edge as illustrated. The
ref erence voltage Vref3 is sel ected so t hat. t he_ Vsense

Refstringgésodq EHa B, thfesamerverveframs ¢t e Limehshopa- Hetedigwvever,
th}é (3 99901\4?79 K’oﬁﬁ_ﬁa@ h&Rndd'@e q@s‘ﬁ‘eﬁ %ilel Q¥ Fﬂdwa{eﬁ B9'the Vsense
strat Fve enbodi nent, the charder 10 shufs down
valtagﬂ 68 bxcecdliag e \&cfﬁevcziﬁalenai tinvc 4. Tt hatcentralisignak Jfetransitions
out ched the desired level. It wll
toﬁ’é %‘F%‘g fi?ggt q’f‘?g?l appropriate action my be
aken in response to the charge done signal Vcd, such
i npl enenting a refresh feature described in th

RefBoine 19 E1(arJ HE AUETORIEC CPRACItORGHATging GEcueSp 15 phvy 41 tkich like
re?écrfr{cla %ugl%&'s SE0F tolitke %%e‘ﬁ?so et LiPEG 1R iRNlled B ﬁ)ﬁf Foltage source

ected to average the level-shifted switch voltage
14 transfdenet 4 8sovih Zaoswmhmwetraltcnrcuégﬁ (heresimplifed for eéffe of

olta es t hat occ he
Bl R AP, RS D e e
chader @0 of FIChE ihithd: eﬁcaosmmelaﬂém zﬂlt!ehiad% mhputn/@ltagredensmg
out put voltage level, the lev refere volta e

cixgugtfl18 withehieh ths SORVErterogpUL YR a%"r‘éﬂ‘étﬂ%?‘ﬁ‘é AR dhe p

whet her the conponents are discrete or |ncorporated in

et

an integrated circuit (sincegin the | ater case, °
keepi ng capacitor values small is critical) to nane a
few In one illustrative enbodinent, the RC tine

period due to resistors 54, 58, 64 and the parall el
conmbi nation of capacitors 62 and 70 to reach Vref3 is
selected to be on the order of one-quarter of the

nom nal switch off tine.



The sanpl e and hol d di ode 66 and capacitor 70,
referred to alternatively as a peak charging circuit,
may be elim nated dependi ng on the speed of the
conparator 82. If the conparator 82 is fast enough,
the tinme varying snoothed signal at node 46 may be
coupled directly to the conparator input. In the
preferred enbodi nent however, peak charging el enents
66 and 70 are used to provide the DC Vsense voltage to
the i nput of conparator 82, as shown. A switch 74,
sifdelohthasranefyrnize. a MOSFET devi ce for exanple, is coupled
in parallel with capacitor 70, as shown. Switch 74 is
turned on by a control signal 78, thereby discharging

CHBRasH hies inflideyDRIRILB6 BblA1Ed inQBBesHet Wt thdbutpicaghcitor 26
condi tions occur: (1) the photoflash 30 is activated;

ang} gromyd fon sensimg e cuesnt kg V8 dropgtuibp eutrutfapardor Fedlhe
Vélﬁaég lac:r 9ssthg fsRidaB ?g%njai‘frnrgpgal Y%g??rggééﬁhxt %?x%n@fé&ﬁ g4 "RBpacitor

reference volta I ng oto FIG
cudrfegnt Yeap iisueaseddedse byshaowpwholtage sondihg cistuitdtl@, as will be
operation of voltage sensing circuit 40 when the
desait vol tage Vout has not reached the desired |evel.
Wavef orm 44 shows the | evel-shifted switch voltage at
circuit node 44, waveform 46 shows the filtered

Thoputpgerokipgaicnens erqwidd 048cludasa swapungelrmed 99mada levsk
AR RS YOSRAE XAl 3fopln ABEE0n B, TheGnn
eloiment<a® has hmagénve8ingti@rtebypledith tbatirewit tode 838 tangnvarting input

vol t \Vout, has not . regched the desired. | eysl
el O PP ot Pha a2t el GUPRIL BPeloT8E: The
vEIRIFP af Ak PincBen 6BREBEIOE Btand MADE.Catinode | 30)6d propatiendlitithe
also to FIG 1B, the sane waveforns as in FIG 1A are
owRweltageeY eutpdige i switthe2d8#8ut  vol t age Vout has
reached the desired level, as indicated by the Vsense
vol tage 68 exceeding the Vref3 voltage at tine A
THhogputtviodtagrosetisiog cisiugtnldl0 abs ineledesiatfirgtreomparator|ldgihaving a

ngrl—glr\]/ell'ti%\g/ %llpu?goépilelﬁeto '%bdéjl 130> ell'%?hV\e/:njhnction of resistors 92 and 94 and an
inverting input responsive to a reference voltage Vrefl. The output signal 134 of
comparator 114 is coupled to an input of an AND gate 118. Comparator 114 senses
when the output voltage Vout reaches a desired level. Thus, reference voltage Vrefl is
selected to correspond, 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
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Referring to FIG 2, an alternative capacitor charging

circuit 80 is shown, in which |like reference nunbers

refer to like elements. Circuit 80 thus includes input

vol tage source 14, transformer 18, switch 22, swtch

control circuit 28 (here sinplified for ease of

illustration), diode 24, and output capacitor 26. The

charging circuit 80 differs fromthe charger 10 of

FIG 1 in that circuit 80 includes an alternative

out put voltage sensing circuit 110 wth which the
peatirvaiiet Bo thindnduthe vefeteagevoltape Viref2 segepentl]lf nosevéraktens of

i mar t he tran for al so
ol bt lipEy b sriostoR oh it o bt ingdp iRt e
m@p&gmbnaaﬁﬁsf&ﬁ&wﬁﬁlaaﬂeﬂ%&ynd for sensing the current

I cap, 132 through the output capacitor 26. The voltage

across the resistor 36 is proportional to the
FHr
TRl foa NG 2R F R AARACLAR) S EAindieath bt e
outfi@, voitaganV dut hbereddmdﬂhda@slredrlwelomeplhothmﬂ thafpdlowergsionditions

circuit 110 cl udes .a su nt. 90.and a I
o fop ot o yelSe§ itafhs PR e S-SR U ined 1B HaeloBlhed by
refe@&ce tvoltszeNreBlNchd e odipet capdviions fellecifded$6r zh@&en’:\swuch
non- |nvert|ngM|nput coupled to the circuit node 38, an

cxc}ﬁﬁérdereﬁ@meﬁ theccanpaiion cyrgent hesonng disqantinyqys a8 supsedby
et 6 R AL UL L S o e
colzaﬁ:)ratbxsl lﬁrmp oompma@lr 122 atteﬂnglo hp contxpd Isiga@,el 1¥sets aldtenl 16,

s, of f qut v e nS|

g g ¢ R BB hEMRRos LY dBa p G pulsea
cAdRYising edgdGfthé Eottfol bighali1NPUucle ihebe ﬁs&dm@ﬁt&u #3Wn &ie charger

the junction of resistors 92 and 94 and an inverting

‘nput responsive to a reference voltage Vrefl. The

out put signal 134 of conparator 114 is coupled to an

i nput of an AND gate 118. Conparator 114 senses when
Rcfnmngwlsplw FlG| Zﬁagevevduvavneﬁmh essocialgeé svithdbe ¢iespét| 80 arhshown

to 1@ %‘a 7 noclg%az{) Pr{;ﬂgf ﬁ’lF u %ge sglbssngjgsc(:allrce Cttrlgg Iw n ?19 Og{u\?ﬁ.\g gglgarge\’Vo%t
hds @bt fee&ieatﬂw@esﬁai 0el. Bpartidutar e sieferth raﬂ)l shywe tirrigeti shifted
Qgga0|tor volta In one illustrative enpbodi ment, the

ivolgeet g | %?)cﬂnéav&aefogmééé Shyt's G SHRACHHEFEREFdhce
WhRLH AR €3 VERMs thSoutpQlidnal & coMiparator 114, waveform 136 shows the

output signal of comparator 122, and waveform 112 shows the control signal 112 at the

output of AND gate 118.

(IJ

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
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A second conparator 122 has an inverting input coupled
to the current sense resistor 36, a non-inverting

i nput responsive to a reference voltage Vref2, and

provi des an output signal 136 coupled to an input of

AND gate 118, as shown. Conparator 122 senses when the
capacitor current lcap, 132 becones very small, for
exanpl e about 10% of its peak value. To this end, the
reference voltage Vref2 is generally at several tens

of mllianps nmultiplied by the resistance of resistor
c&ﬁp@h@NEZng@m hight Bowewosiceftior outpus prpgalt 3¢ of dmtnpgrat(or 114 is

ef f ect The out put. si gnal 2. of AN

o PREOLNGHT LTRSS St PHalCe Bge PR hes
ndth&achtd MldediRlitid@e Vout has reached the desired | eve
when both of the followi ng conditions are true: the

out put vol tage Vout has reached the desired voltage

I

R% %}eéﬁlguat %téggia%ﬁ I's %\%{f(ﬁ’fﬂ@ g‘r%@db?ere %ﬁ"g{“v Iélgl%quever’
thsw'utpuhvcd;agb hasasacdhed dterdeﬂme:d lbyel ahindeafrd iyt switthneltage 130

b ' ' ti db 36.
RO QP 25 e b e LGHE Vot ST malte gupth S8R Erfaradnpily 114
trhRRicAY hpﬁéﬁgl_dhfse fahé v&@&g@ @plﬁém titnb4A andithe BlASS B bnckdBe
are hi he control signal 112 sets a latch 116, the

veltaep &tngﬁhfw’] ﬂ@ﬁpﬁ?@ﬁ@é@teatlwﬁdwg%tllaé Be theicgpagitox gygtent fsap

' ' P&Qx%)aﬁ’;t A fh% high.
1%:%?1? ror Eogslrnﬁ'ﬁlf;{ah?e h:ﬁ,}%&ﬁ&as %%gilg%ﬁ lgggd to s hﬁ goes '8
Sinbesthe Imatpgtamgm 13Ref ermpangjoral 14as tlso Riglhat e Bs éwmua#ut s1gna1

vef or, assogjated.with,the circuit 80 are shown to

lﬁa?fﬁﬁ? ?‘gi)eg%?)gfga%QCBg“%\{‘f 2 8%0ol t age sensing circuit

110 when the output voltage Vout has not reached the

desired level. In particular, waveform 130 shows the

Wit s aapgemeat. g \tOétﬁgwﬂfeégléat syigdy @cquenhs Wi RtodR%R
Vs winh SWRcH FELEARGE %Fev%lf-ﬂﬂ’eﬁ &3k dffRBng iR \:6APS1 'ﬂ%ﬁﬁﬂl 12 and
shows the outpu1 conparator 114, wavetorm
thg 8Bargh doves sigrel Yod, |dl36 Bhig isdiecafse,dbrpantret signa 2122 camngp high,
vefo 12 sho t he con nal, .1 2
i oy O REPH ek e SRR b SRR e nfL ot g gopscto
cdtfﬁnf B@emvs eérly shigil g, whiehtigie thdwainpihdeavksimg elhe ﬁdlla@é gsikes will

swtch voltage 130 once the yoltage plkes ocgg&rlng
haR e PRIEIS R G/ D o thervoléazs FPikRBRRt swirhxpliage fhe

odtg&jt Eg'ﬂgf 19 JFRBhphfr 944 Ri"éo ¥igh LRGSR thEQdtpuld @§lt hay&dt reached

t he deS|red I evel wever, sone of e peaks
theflesited lensl, thaontpl skwl d62 wxdba@t@th@ smqeéh@mmtcmcuagté 132

and th S|gnal 134 of conparator
W\ﬁﬂi tlh?v‘?ﬂrgf“fhegﬁg &aélé Eﬁ as shown. Wen the
capaC|tor current 132 becones very small, the output

136 of
It w1l% be appremated that while the circuit 110 is responsive to the voltage across
resistor 36, other schemes for sensing the output capacitor current, or the 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 FIG. 3, an alternative capacitor charging circuit embodiment 140 is shown,
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conparator 122 goes high. However, since the output

signal 134 of conparator 114 is low, the contro

signal 112 remains low, as is desired since the output

vol tage Vout has not reached the desired | evel.

Referring also to FIG 2B, the sane waveforns as in

FIG 2A are shown. Here however, the output voltage

has reached the desired | evel as indicated by the

switch voltage 130 exceeding the reference voltage

Vrefl. Thus, the output signal 134 of conparator 114
intwidiclslike refeserica numbgre mefer todike h:hamentst Giyeuit ph(kibes mtlutiesmeput

A and the stays hi onc he lI'ta spi k have
oS St Taporarmes 1B S22 FelD <Pl HBL 7 GERh: simplified
fo§ a&%fafnﬁfstrstwnlj efbde 242 BndlSApuitRepueasr 160 Caidhit [140 aiffess S48 he
hat the out put si naI 136 of conparator 122 goes

chhlr@h 80 of A& 2tinghas etrﬁ@ut 149 igefudes pFurther altermpliyequiput Yolages
seﬁglflg ?J’ll.gpllﬁt Lf %&t%%twgﬁg%%nsgﬁwéﬂg{ﬁﬁg 4(”[1%1 Pf() 5mG’§NPand

goes i's arrangenent,
2 trb@e«*/tﬁjelyagmcmpl %nseh tte duppit valtdgg fooc te poimamsidsoi theh

t age. Vsw wh 2 t
R FL R ROTeR L oRtes e e e TierieRy ok SRR e
reSiURSe ol ke 3lEks 0é@Brind bih helsSitloR 0altpe Vst wWheswitcd 22 turns
signal 112 can go high, indicating that the output

offiol t age has reached the desired | evel, only when the
capacitor current beconmes very small, by which tine
the ringing causing the voltage spikes wi ||l have
Odipssvgdapesknsifip uscuitidninclidé¢sresumomhing glemept ki@sandra leved shifter

. SWtch voltage cause t he oy 34 of .

indiffofmal 3o FYg S PG Rren R oA SO T8 fufbing..s

el&@ént 162 GResndRIvEEia] gt EoupRld to iR ON hb@d 3& iag Iit&]ertihhﬂnput
wi Il not go high since_the capacitor current 132 w

cowplediathe PR ¥AIECSARCE Y40, 1aed a8 RAPHL SPHPIgd to Tepisipr Lp4- kTéle
Vd?%g% Etcth }uﬁxgtlérh&treﬁgbxlsq 6l BRd ¢6¢ ﬁlé' bt 1‘1‘6’(@ 148) & Wﬁ%n\éﬁto the

tage across resistor 36, other schenes or
omputsziohget‘{’mltmlmepmesa\aphdﬂnmffcurrent, or the secondary
wi ndi ng current may be used to provide an input to
conparator 122 in order to determ ne when the

Tli‘étﬁﬂﬁittv@ﬁag’éu;éﬁs@ﬂg cﬂ‘cﬁdu@le Surtl@er inctiries 4 €ebt 8omparatoall 4&having a
Referring to an alternative_ capacitor chgigupﬂm

NQIFIpKEItipg EWBb?ﬂuﬁ@ﬁt 0 m@ 142 at H&%nctlon between resistors 1

an inverting input adapted to receive a reference voltage Vrefl, and provides an output
signal 150. The reference voltage Vrefl is selected to correspond, via the transformer
turns ratio, to a desired fully-charged level for the output voltage Vout. In one
illustrative embodiment, the desired output voltage is 300V and the reference voltage
Vrefl is equal to 5 volts or Vin. The comparator output signal 150 is coupled to a delay
element 152 that delays the comparator output signal to provide delayed signal 158 to
an AND gate 156.

A second comparator 160 has an inverting input coupled to node 142 at the junction

between resistors 164 and 168, a non-inverting input adapted to receive a second
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in which |ike reference nunbers refer to like
el ements. Circuit 140 thus includes input voltage
source 14, transformer 18, switch 22, switch contro
circuit 28 (again, sinplified for ease of
illustration), diode 24, and output capacitor 26.
Circuit 140 differs fromthe charger 80 of FIG 2 in
that circuit 140 includes a further alternative output
vol tage sensing circuit 144. Like the output voltage
sensing circuits 40 and 110 of FIGS. | and 2,
relfe&sm:eo/blw@ VYrefX and pmotvldbddn s@pstesgriah 6 20totapatondohps g€ AND

ol P S TR Lol 1 LORBLOIAEE M 0 Bt s

1@?&&%&6&6@&9@@@ Buth@t VoMab @YUt K@ShACHE Aésired 1698l Whé both
switch voltage Vsw when switch 22 turns off., Qutput

ofithe follgavi Higne arediict (a) 2 delay bps Rrsyrred singaihe gutewe‘i?étﬁge
H A LN I T G 9 ) e
capheitoe| aﬁ id16Hylchargad foo agl\rmeswutclm gydlaus estahlishetby et he

C‘?(i’:lﬁric I t%dlgi-’: g@%ﬁ@’é% gcég‘ﬁ%tﬁ? Sﬁ%‘?i;%%}gif@awnge apparent

frb 8 Tofdi@rati@fof FTGS IRbhEYB. me doh&ol' diftel 1 &Nself a Tar%i 158.0the
164 and 168 (i . at node IS proportlonal tg the

owsputof tvhich nravgéesvo (¢hargp éﬁnft"rﬂzg & H 66 the foy of ampydse to
t

inflith@ 4l PLABAR ERTOP forchdditbrty AieroHEd e el LG

sigrali p64 c*ud:h)asrthciasmg 2dget It dree 111usttat1|vo embedimert the@l;mcxok@

B asP ey oot eIV (b P AT B R RFg

aééaunfbesﬁ@§eh@gag voltage Vrefl is selected to
correspond, via the transforner turns ratio, to a

desired fully-charged I evel for the output voltage
R th FIQNEA IcbhMA a3k ioths S¥BAH Wit thd BfutagbaR%hown to

out pot voltage is 300V and the reference voltage Vrefl
illustragejoedration & theotaltsgosenying c1r¢mel%wmthc ovtpuiitqiiage Vout has

a nent
Qe RdetsAI R SirELE Y BT A0S skl
VSiAO#talodd 8 inGreRtiorAlNE3he ﬁdf&eﬂ&&zolt&g@é\&@fl%rﬂdfm@r & aivefohﬁ(l 50
has an inverting input cou | ed ge 142 th Lof
stjogis &l 1P LSRN cPBRSICS | 45, eSS | ghows (hC oulput signal o

dé“éyﬁérﬂé!rﬁ 51532 Rgadeﬁ%t 16248046 Eileto%tﬂu% ghé'l Qf BormpARIAF 160 and
reference voltage Vref?2, provi des an out put signa

wagfornol & shews the donfyolt sigrfal m@e geipet AfFEND ggteditown. The
out put signal 164 of AND gate 156 provides a contro
signal 164 that indicates that the output voltage Vout

Intopsrationotias thdRveleshifteddwireh @bltadean nbdet H2atachbethe level of
f.ol | ow ng congltlons are true:

del h
refenge vahass Yie e?fep%atpba&ltpvfoﬁlgrﬁé ig%gqfﬁ Brehe HPgag YR dheush the

oxgﬁlﬁ'vbﬁggel V(Ytﬁ |ha@§ot e&dcA&Y ihelisdrdMeve® ftﬁ‘é ?Jlﬁl%e ¥19kés€tﬁ@umng at
and the capacitor 26 is ful charged for

ncgiexléa it tlcehwatyb hanseff |cgu8§éln%mltm§r$mab Ot somparator 1480

|nat e el enent 152 and reference voltage
%?1 Bseé§8&F$? %@%@%% apparent from consi deration of
FI GS. 3A and 3B. The control S|gnal 164 sets a latch

REMTE T TRER NI

fully charged capacitor condition only in response to
one edge of control signal 1$4, such as the rising °
edge. In one illustrative enbodi nent, the charger 140
shuts down when the charge done signal Vcd, 166 goes

high indicating that the capacitor 26 is fully

char ged.




Referring to FIG 3A, certain waveforns associ at ed

Wth the circuit 140 are shown to illustrate operation

of the voltage sensing circuit 144 when the out put

vol tage Vout has not reached the desired | evel.

Wavef orm 142 shows the level-shifted switch voltage

VSWat node 142 in relation to the reference voltages

Vrefl and Vref2. Waveform 150 shows the output signha

of conparator 148, waveform 158 shows the out put

signal of delay elenent 152, waveform 162 shows the
valtigp WrefRj thaalitpof sigmainpél aff cxmpb@orai6a gﬂmlla'gm rassi@un. mbywhen

oo bAE a3 ol e Bt P g LA gt e
oﬁtp@temghélzmmmheﬁ ghtee sk %wathmHefeefs@é@m@ deModd @g@l V5 Eeéﬂd, the

conpar at or out put signal oes high. Here,
CQUPRAIAT QUi SN2\ M@@t}x)aab alt{he sawas tlm@éb%@altrph@gnal 164

re%%g‘l \r/%ﬁg’n t S§I acc'ﬁ?a?ﬂy ﬂldtl&gﬁ% ??i't e %u ‘E%lf Qg’oﬁ{ hddQ@€reached

SW turns caus utput si gna

ﬂﬁS@ﬁuﬂ\ohwydcﬁﬂor 148 to transition several times, as

shown. Once the level-shifted switch voltage at node
142 falls to bel ow the second reference voltage

RMkﬁ‘fn%, aldohe mtﬂltthésaﬁfba{'avbﬁﬂm@fas GOFMOABAt0¢ shbed. Hefshowever,
, as shown. when both the del aéfd S|gnal 158

ths ﬁatwh@l@éﬁffﬁ%haé .reasb%dp@? desiggddgvel ghusthe phtpH Sipakl

&#ap%&i ﬂSQlé‘ﬂEm& BeQbra R SRl £redCorfdRe I ?e sﬁ'ﬁés%n At BFfch
ayed si 158 and t he conparator out put

veltagcl alossig@tha rrdemce Witage ij}h apd theh @tasahrgh oherethe vplgage spikes

trol 164 re ) ther cur
ha[Vﬁ (r_r;l?sglé)ﬁea glg?rﬁ at{ov%eﬁ%r g?xb H}e swat\(:\% galéa gbl¥ zﬁxg cros e%s(ﬂuy reference
vdlege Ve t daasife GeroRtbuy Sigh#1d62 o€ ¥sthparator 160 to go hl gh, the output
signal 164 of AND gate 156 also goes high, as shown, thereby accurately indicating that

the output voltage Vout has reached the desired level.

The delay provided by delay element 152 is selected to correspond to at least the time it
takes the level-shifted switch/voltage at node 142 to fall from its plateau to reference
voltage Vref2. However, the delay should be short enough to prevent the voltage spikes
at the node 142 from erroneously resulting in an indication that the capacitor is fully
charged. In one illustrative embodiment, the delay element 152 provides a delay on the
order of between 60 and 150 nanoseconds, such as 100 nanoseconds. Conventional

circuit simulation techniques can be used to refine the optimal delay.

Referring to FIG. 4, a further alternative capacitor charging circuit 170 is shown in
which like reference numbers refer to like elements. Circuit 170 includes input voltage
source 14, transformer 18, switch 22, diode 24, and capacitor 26 coupled to a load 30,
as shown. The circuit 170 includes an output voltage sensing circuit 176 coupled to the

switch node 38, as may take the form of any of the circuits 40, 110, and 144 of FIGS. 1,
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Referring also to FIG 3B, the sane waveforns as in
FIG 3A are shown. Here however, the output voltage
Vout has reached the desired |l evel. Thus, the output
signal 150 of conmparator 148 transitions several tines
as a result of the voltage spikes on the switch
vol tage crossing the reference voltage Vrefl and then
stays high once the voltage spi kes have di ssi pat ed.
Her e, however, when the switch voltage falls and
crosses the reference voltage Vref2, causing the

2,and pudesgcivedy, ad 62anppleconpar at or 160 to go high, the
out put signal 164 of AND gate 156 al so goes high, as
shown, thereby accurately indicating that the output

CHREdrage aldpicliliRS a r@REd199 8 Bl SR seQss Witly Bl capdt@ofEd idyorder

provi ded by delay elenment 152 is selected to .
togense dkerapaciton curent kg angd A switeiheoninol ¢igguis! 7¢ngwitch control

oA A AR e 42 e g

eau re
abde¢ ayconjunotich with FM@rit Herwag bn timepogicartf catheswitshtcsigle is

Sﬁjﬁ%ﬁ@at t he node %42 fron1&rroneo%sI¥ reéﬁlg %ﬁﬁl}

cogoletiP CEPPRY 1 AAISC] HEMEpHef 8 FUr L AT Y ORI

coRBlléd ih4&dpbadeity SerRedoEtpifRsapacitbheuretat Ryip.eftereiut ¢apdcitor
provi des a delay on the order of between 60 and 15

cuprgRiols eespdiyith sesestorald 8 couplehbrgeeroha SutPEIAPasitr df aw? ground,
zw%k&&ﬁit simul ati on techni ques can be used to refine

the optimal delay. Referring to FIG 4, a further

al ternative capacitor charging circuit 170 i s shown in

nich |i ke .reference. nunbers..refer i ke el .
gl B rors e e iy Dol Pt Bal e SyfpL EBRiRn
culfeATRAPMAR be ddhsedRir t€abond Dthef lR@Sordd adéirion R pachy the skfich

coupled to a | oad 30, as shown. The circuit 170

contie) qirsuis 14k Qnasyah repean 15 oy use BY an QUIPRE Yaiiage Sensing SEpHLgs

i vl ; t f f
O ey g o . Y PG hTPhnat

sengsp thetcapasityr cuarsniix forpise by tiehrncyit of FI® 6affos specdiol unéee a
resjistor 178 coypled i.n series with the capacitor 26

C%WP-F&%FgP%‘§§Hﬁ§egﬁ%n§§£acitor current lcap and a
switch control circuit 174. Switch control circuit 174
provi des an alternative sw,tch contro chenme to t

/ al t, he .
The sighconteol guewt | teiackys “ishcoé‘&iﬁ‘fadﬂclltgiz ViR pyegingpnput
adEEtﬁ& to éleei%‘a Fdrn Rt VRE] BRCHNSWInkEfing Yifu€ cdupled to a

trolled in response to sensed prinmary winding
resistor Et. Thavoltage @fros iepistop 49Q isprorostiarehtorthe pemaryvinding

response to,.sensed .outp ' .
A SRR PR SRR LY ol e v
priveap aadibe twedin [prhe gedated tHancaraigpreduter@incalrrgntdeved as ses by
hown. L .
re?ere%vc\g voltage Vrefl and a low logic level when the primary winding current Ipri is

less than the first predetermined level.

The switch control circuit 174 further includes a second comparator 184 having a non-
inverting input adapted to receive a reference voltage Vref2 and an inverting input

coupled to resistor 178, as shown. Thus, the output signal of comparator 184 is at a low
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It wll be appreciated by those of ordinary skill in
the art that the output capacitor current |cap nay 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 circuit, as
descri bed and shown in conjunction with FIG 2 for
exanpl e. Anot her reason for sensing the capacitor
current is for use by the circuit of FIG 6 for
speedi ng up the capacitor charging, as wll be
logedeval lndeln thiEvatpicdpabitarentrent| Icap is greater fliad aisaginddes a

o BB B S BV R DL GRS R

whéthe DUt ¢apbciton Bukirer detpliSkss tBadthe88donit PredbRBmind &evel.
vol tage across resistor 190 is proportional to the

primary wi nding current Ipri. Thus, the output signa

TR o 1&:@%%@ (%T comparator 188 1@00*&1)19@ td ¢ 'ré‘se{ 1?1}5&' of‘@ﬁﬁﬁ ﬂtoB %r latch

pri ng current I's greater than a first
188 aunieh@outpmtescgnamfrosmpatamrelI84 ascogpled bg/theesbtsnpln@ﬁ latch 188, as

SRR AR 46 88 b R PP Bt

opredeterm ned |l evel. The switch control circuit 174
further includes a second conparator 184 having a
non-inverting input adapted to receive a reference

InV(gJefaﬁgff i Re %ﬂgmﬁmlhﬁﬁ‘ﬁ {u'r&ﬁ! I%@%Ehéé%ﬁﬁgp&@etermmed
sistor 178, e out put si of
legdmpeastablished 84 r¢ferente ‘aplﬂagew rafbgh@: laICélvleSIS 1m¢t apd} ¢ghe switch 22
ut C tor urrent | ca cond
sPLBLDEARATH Sip bl oAl i BT Rlp i dort?
pre@dteratgedveed Zas aaﬁtdblashhd gja rdfeghez voltugd Vvdm Nattlh €8istspitiind the

capaci tor current ss than t
SWHEt BT PREE Pr@s’%n sele %‘l&g‘ﬁ{ﬁf“g‘?c@ﬂé? ta%ﬁ‘?@%%&# 170
ca]a%% hatleGOHPrd irf ﬁe%@%&a?f‘@énditﬁﬁlﬂet\&gen dohtiduduf P Or
['at ch 188 and the out put” signal of conparator 184 is

disenpheapstoperetien. set i nput of |atch 188, as shown. The
out put signal of latch 188 provides the control signa
to the gate of switch 22.

The above-described switch control circuit 174 provides an efficient scheme for

charging the capacitive load 30, particularly in the illustrative photoflash charger
application in which a wide voltage range is required by the load. Furthermore, this
scheme achieves efficient performance with simplified circuitry than heretofore used.
This is because of the use of the resistor 178 coupled to the output capacitor 26 to sense
the capacitor current. In the above-referenced U.S. Pat. No. 6,518,733, a negative
voltage is compared to a reference voltage because of the direction of the secondary

current through the sense resistor.

Referring also to FIG. 5, an alternative charging circuit embodiment 200 is shown, in
which like reference numbers refer to like components. Thus, circuit 200 includes an

input voltage source 14, a transformer 18, a switch 22, a diode 24, and an output
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In operation, when the primary wi nding current Ipri
reaches the first predeterm ned | evel, as established
by reference voltage Vrefl, the latch 188 is reset and
the switch 22 is turned off Once the output capacitor
current lcap falls to bel ow the second predeterm ned
| evel , as established by reference voltage Vref2,
latch 188 is set and the switch 22 turns on. By proper
sel ection of the reference voltage Vref2, the circuit
170 can be nmade to operate in the boundary condition
cdpatitue @6, @oplet s shosvra Qutidit Scloage isensoigsiropie l 26 isaiso shbren.
above-descri bed switch control circuit 174 provi des an
efficient schene for charging the capacitive | oad 30,

TRAEHak ik &Fdudt 200 alsB8ndlhided $ésistdri 178 chiEDbrRedh B Biitger
application in which a wi de voltage range i s required

cappCifas @6 japd aroursd anchacrops eich i provider grieltagindigafave of the current
S . s el . Lt
Ol SULRTAPGE 1 LD U e 040, A
capesiics comrerit 78seosdfbedsetby thhevithtoputrolcangaiti t or 26 to
sense the capacitor current. In the above-referenced

U S. Pat. No. 6,518,733, a negative voltage is

TEOTHARRElcitRitR200 Al fBdre oM tHOtitagtel 7T0E BLG e iafthd Sigitch control
direction of the secondary current throg&h t he sense

cipcai 20 oy Witqheroptrel Giiguih P82 a¢lieves the same Siype gt pdantye rajecontrol as
s»ﬁﬂ%rc%hf?% it ¥4, e AT ir%%qe%isctoxsmlﬁi 4. MisChere again,

e reference rfumbers refer to [ike conponénts. Thus;,
arcorr me por2ion of eech swétsh ayrlé ispantrellsdtimipsperse tasendet, prianary

transforner .18, a switch 22 . a di .24 d t
WA g 54 af ol Sl E ol eR i FonfRE i o R i
caphditod ctirrdnf GeapSWaks SwBEIOIMis o e @blddgg iab@sEiesictor 1 72130
~also includes resistor 178 _coupl ed. bet ween t he géput
indigatirq ofdhe pramaniaViptiBe Aerea i diiss bygariv i Sp%gi &0
se¥QdaRPGurteRfd &R bW hnd &8 ;&Lun%}emn%hﬂwg@ tﬁﬁasgmg E’ééz‘rstor

capacitor lcap. Here, as in the enbodi nent of FlI

1'18rie theutrimary carpent Inro Wirareasewhen syiteh?2dsloffghe yeléagsycrope

re‘gi\é\fo}' ?J?S ﬁ?@&iga?ilve 6 fhe l<J)|11Ep'ut capacitor current Icap.

Switch control circuit 202 includes a first comparator 204 having an inverting input
adapted to receive a reference voltage Vrefl and a non-inverting input coupled to
resistor 178, as shown. Thus, the output signal of comparator 204 is at a high logic level
when the primary winding current Ipri is greater than a first predetermined level as set
by reference voltage Vrefl and a low logic level when the primary winding current is

less than the first predetermined level.

The switch control circuit 202 further includes a second comparator 208 having a non-
inverting input adapted to receive a reference voltage Vref2 and an inverting input
coupled to resistor 178, as shown. Thus, the output signal of comparator 208 is at a low

logic level when the output capacitor current Icap is greater than a second
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The charging circuit 200 differs fromthe circuit 170
of FIG 4 in the switch control circuit 202. Switch
control circuit 202 achi eves the sanme type of adaptive
rate control as switch control circuit 174, but

wi thout requiring resistor 190 (FIG 4). Thus, here
again, an on tinme portion of each switch cycle is
controlled in response to sensed prinmary w nding
current Ipri and an off time portion is controlled in
response to sensed output capacitor current kap. Wen
pedetemhin@®level asisct Hyhrefewankt agjéaga dire@ sind eshigltlogic 1ex8l when the

R o L

does not flow and so, the only current flomnng t hr ough
the resistor 178 is the primary current |pri._ \Wereas,

Thnevtpratsignehofxpmpgrag204 ineouplsriia e resst gyl Qfé‘sﬂlgtﬂ@i)a ardgich
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sigfal off mm}m; 2ascouplegrto itheggatepiswitabl ARt asdhown.r ecei ve a

reference voltage Vrefl and a non-inverting input
coupled to resistor 178, as shown. Thus, the output

hm;@mion%h&ﬂﬁ@gﬁmh@rwﬁaﬂaglcanau raachesgthe ﬁm pedbemBihedMeeel, as
w ndi ng current IS greater than

h
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OXE&Shk oﬁffJQt LKQWrL: it I+‘| g\fﬁ rw tHecdAll r%?&febénﬁﬂn@g 1V, as

current ess an t st predeterm ned | evel
estabdiskad hyuhfewm Ndltagc iVref2} tatch(X 2fisisct bt thi witeii22 tuans on.

second conparator 208 having a non-inverting input

adapted to receive a reference voltage Vref2 and an

RéfMa gl tb FIG] 6) AUlirtlsed Wpeetitecap&Sios tigigidd 81;01&1522$)h§)§hhwn 1n
Thus, the output S|gnal of conparator 208 is at a

whighilike refrence ggibersstes tr bk el@ai;ﬁ% i [y, CBYEREA70 lugssi l%put
v&lf E@E&frcé ﬂf’”ﬂraﬁ’sféﬁfe‘? g, svAfcBde! ﬁﬁlf@hrb%ﬂtr&ec\ﬁ%hlt ag (lﬁa‘?é sﬂ?ﬁbhﬁed

erence voltage Vref2 and a hi gh ic level
fqr kased ulputram@abvdec% eud ¢apatitar 26 Ice@de todpad He asém\md It will
r edet The u c
b @&mfma%%cgh% swd% go%tﬁoé creu %% Hlﬁ. uﬁerﬁ?uvel}ﬁel pﬁ?{rﬁ%{) E?}; &e of the
citaaits 1742 4nt 202¢lad described pul boxgurgdmah wath RIGSp4mad S),rresi.‘x@&mew
coupled to the set input. The output signal of |atch
212 is coupled to the gate of switch 22, as shown.

Circuit 220 further includes an auxiliary switch 224, here provided as a MOSFET
device, and associated circuitry provided to reduce the reverse recovery time of the
diode 24 and speed up the discharge of the secondary winding parasitic capacitance.
Models of the flyback transformer 18, including parasitic elements of the transformer
18 are also shown in FIG. 6 in order to illustrate the advantages of the auxiliary switch
224, Specifically, the transformer magnetizing inductance 18c, effective parasitic

capacitance 18d, and leakage inductance 18e are shown.

The reason that it is desirable to reduce the diode reverse recovery time is because

during the reverse recovery time, the current through the parasitic capacitance and diode
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In operation, when the primary w nding current reaches
the first predeterm ned |evel, as established by
reference voltage Vrefl, the latch 212 is reset and
the switch 22 turns off Once the output capacitor
current lcap falls below the second predeterm ned

| evel , as established by reference voltage Vref2,
latch 212 is set and the switch 22 turns on. Referring
to FIG 6, a further alternative capacitor charging
circuit 220 is shown, in which |like reference nunbers
rdfkef:tted td the Iprikmryesidn@ et sincd swigch 22hiapffethifrentrodiokydtows
in vol . source t r ansf or nmer

L R R DR e S T
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| oad 3 as shown. It wll| be appreciated that swtch
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W ndi ng parasitic¢c capacitance. Mddels of the flyhack
EiCHe R qtherwissrogublsgF s example; wseof e diopy Sopied 224 can

re}dflf*ea@&egqsgﬁﬁ@a?ﬁtﬁhéeyémmra&oﬂs&a 8. in order to

antages of the auxiliary swtch 224.
Speci fically, the transf ornmer magneti zi ng i nduct ance
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because during the reverse recqvery ti he current
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h the tdZIi 0 8 t hat
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turns on. The nmagni tude of the negative primary
sWitthr%nt swing i ncreases with the output voltage. The

negative switch current limts the mninmmswtch

cycle and thus sl ows down charging of the capacitor
Compargipr 22%ibasi angnyenéngiinpulecorplpd fosbie otpbyeapgeitar gacrent sense
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capacitqgedrrém dtaprfalldisaiow zé&re ramps,ethp ostputd feomparatoe 228godes, high,
use of the auxiliar ' . 224 can.reduce, t he
e AR Ce A e hg 2y his S R SBIEE e ifde gecovery

interval.

When switch 224 is on, the current Ipri, reflected from the current that flows through
the secondary winding 18b of the transformer due to the diode recovery time, flows

through switch 224 to ground. This leads to a faster collapse of the switch voltage Vsw

23 °



Auxiliary swtch 224 is coupled in parallel wth the
main swtch 22, so that the drain of the switch 224 is
coupled to the drain of switch 22 and the source of
switch 224 is 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 sw tch

224 is off, the switch 224 is decoupled fromthe

switch node 38. The gate of switch 224 is coupled to

the out put of a conparator 228. The switch 224 is
atgekle 38 and albovwsdhe imtidtioghvé theResoswitthdytle weoccuapith shater delay,
than the. main swi.fch 22 j.n arder to ve a faster
e A Sl 5s BrSBhasiPedlr 258 has an
inverting input coupled to the output capacitor

current sense resistor 178 and a non-jnverting_ i nput
Refsupieda HE: epotaraus wavedoraimare mpwided ioillystigie the adymmtaeenef the
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capacitor 26. Referring to FIG 6A, various waveforns
are provided to illustrate the advantages of the
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turned on, it takes on the order of 114 nanoseconds
orflgrroft/Rais o by charge thareapesier 2&nd t hus for the switch

vol tage at node 38 to fall to the input voltage |evel,

at atinme B, so that positive primary current can
Réfeqging atso td FiGv. 6Bl lwasefbids A% 1262 £23dn and 23 8atlsdrateapeyaioy of the
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Isera pédi the nse2€f auxiliary switch 224 operating as described above, when the

secondary current 238 reaches zero amps, at a time A, the auxiliary switch 224 is turned
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Referring also to FIG 6B, wavefornms 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 232 shows the output voltage,
wavef orm 234 shows the primary current Ipri that flows
t hrough the transforner | eakage inductance 18e, and
wavef orm 238 shows the secondary current Isec. Wth
the use of auxiliary switch 224 operating as descri bed
omlyith syfficleanspetd Asbixgherdaagmtudﬂ ofgmatovRdurreniciherws theugh the
a ,at a ti t he iliar turn
sefy RingEhes pBicaih ol i ans, R e e pd e
off SERYGbYe Cdlfapehhd fol\n%)‘\ﬁe%? VOpiiaty RS RGMIS HlYpM)tl&ﬂhtDQ,takes
which in turn reduces the recov§%¥ time, |eadi

ol on dhe Qrdtriof 38 argseennds fr thrstiads i todgrovannd tysler (he voltage
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arrangement, the capacitor 26 charges faster, such
ChMEQHmw@mdQKZQf 6% 8% faster in one illustrative

enbodi mrent. Wth the use of auxiliary switch 224 in

circuit 220, it takes only on the order of 70 s to
Réfeiring 16 F8G OR ah hReri@pRGapaitoRénardieg eirduitrAF0tiosHok, inAyhiainlike

al ternative capacjtor chargjng circujt 250.is,

reque%ﬁ mppmbets gefer ke Sarentry b rapariiar sharghe it HP the
f_‘%ﬁ&raﬁﬂ bE@l‘?to%@ﬁ)%? Iak e SRR RS Hell bW e and sl fhcRided put
eneral flyback topology as the circuits
VCd@S@ $QWD@C!1 4ty O‘(/lélnamj intgsor batery yalage hgeiabeled Yera. transformer

urce 14 oV I e
1B TR P bR s P hd LRGuaR] whRbCF, SOIhOBC iR o
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cont r.ol cuit 28, |o e 24, and ut aci.tor .26
camerRhot vﬁﬂ may heosyp eguﬁw syatch cen ﬁ%?s@r/é@ﬁ various
fobRs. FRH Eia@ﬁiple TResvaiNht @RtrSIUNCHR na bk ©¢ tHe t%’e d@Bideake

various fornms. For exanple, the switch control circuit
camgetion vith Klfie2 lilyWélcbéhfthtYéd)nl tineis ﬁﬁ@tmlleénn spensgfaghe 2
pxirgaryéhﬁg}ttlgn&lr %WC%? ?\gﬁ%h t{sfg elig 0031(?1% l&? ?p h {o%ﬁ&l%@é%f the
smﬁzhcmhhgedV dvedt dfithe gp dm&bédlntcbmdcemimth fFIG heinswhitic the on
vol t age SW/Or of th e described in co tion
tigge tsrfogﬁre; cigh DR erRETgEY PR @f@&h?ﬂ&ﬁ? ot} thme 1s
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controlltbbypdetevting a changeritn tHegokiritypofthe kleps of the kwiéh vdlfage
is controlled by detecting a change in the polarity of
the slope of the switch voltage. The circuit 250
differs fromthe above-descri bed capacitor charging
circuits in that it include3ssan output voltage sensing
circuit 254 for inplenenting a "refresh” feature
according to an aspect of the invention. Once the
out put voltage Vout reaches a desired | evel, capacitor
charging is termnated and the switch 22 is turned
of f, thereby conserving power. The interval during
whi ch the capacitor is charged (i.e., when the switch
is turned on and off) is referred to herein as the
"charging node." In order to keep the capacitor 26 at



Li ke the above-descri bed output voltage sensing
circuits, circuit 254 senses the output voltage Vout
fromthe primary side of the transforner 18 as is
desirable in order to avoid the high power dissipation
general ly associated with secondary side voltage
sensing in high output voltage circuits and does so in
a manner that prevents incorrect sensing in response
to voltage spi kes occurring on the switch voltage Vsw
when the switch 22 turns off. Advantageously, the
Tlautipuit 260 Hiffegefremitss stpveidessnibed epdcithecbargingtoireuitrin dt it

. vol.t age Vout .continuousl| n.after the ghardgi,

inf e oD ko AP stk gt 2R plsientieie Pt 2w

acooddpig!to Ul hipretof \Beinve@iddOace the putipiBvoltagé Weutreidhech desired
of the output voltage both as the output voltage

leygl cGapacitos charging & teraingted ppd g sHe22 infmse o, herebye
co%%rpﬁ&g gx%t. 39 ifHERAURL Y vIRA Bas ci%?9§cﬁa§]§‘etdﬁ2@.,r @hifthe

node i's termnated. Wth this arrangenent

svatehiigiumedronded off) roeferrsdhehereid ag thed'ckargimginigdes'iln oeder to

i S..,not _co ced, ynt,i ction.of, th ut, Qut, ..vol tage
e ap AT 2 Sty L S et By a8
voltagd Rnélsind dgaid beargel{i el trefyesh tod gplehishp the G apdcitotiastneeésdarly $o

shown_in bl ock dia?ran1forn1Ln FIG 7 to include a
mafptajrpthg Gapaciien 1p adullyeheesesicordidse and an att enuat or

258. These elenents are simlar to |ike elenents

descri bed above, for exanple in connection with FIG 1
Like the abgvaeddseimbed) auiipatt tvolaResnubing diesvids, cypiif 224 senses the output
| S| S| IS, T , ' r
AR AR e 0o B 0GR
avpld theihigh\powei digsijflipnaieferhieassbdistadiaith secdn8ary Bidetveltalgain
the | evel of t%&ﬂgitference vol t age. The attenuat or
septip I PYRYeolass drepiiipiand,Jass 80 1 LRAMS Haf pevelis pgprrect

seN@hd Adespy¥a to%ﬁ%et s?ﬁ(e§ Whdurtingen the s@ftth véitdst 'Vg%rwhen the
shown in FIGS. 8 10 and 10 may be provided at the

svatgh gdturps offhe attenuator 258 in order to average, or
snoot h the attenuated voltage VA

Advantageously, the output voltage sensing circuit 254 detects the output voltage Vout
continuously, even after the charging mode is terminated. Thus, the circuit 254 detects
the output voltage Vout based on a primary side reflection of the output voltage both as
the output voltage increases during the charging mode, and also as the output voltage
gradually decreases once the charging mode is terminated. With this arrangement, the
charging mode is not commenced unnecessarily since it is not commenced until
detection of the output voltage Vout dictates that the capacitor charge should be

replenished.

The output voltage sensing circuit 254 is shown in block diagram form in FIG. 7 to
include a difference voltage generator 256 and an attenuator 258. These elements are

similar to like elements described above, for example in connection with FIG. 1 as a

26



A sanmple and hold circuit 260 is responsive to the
attenuat ed vol tage VA and provides a sanpled and held
vol tage VsH The sanple and hold circuit 260 may take
various fornms. For exanple, in the enbodi nent of FIG
8, the sanple and hold circuit operates to sanple the
attenuat ed voltage during the switch off tine and
hol ds the sanpl ed voltage thereafter. In the
enbodi rent of FIG 10, the sanple and hold circuit
charges a capacitor to peaks of the attenuated voltage
sMnargcbld:rmm; 50ra1yd bleveeshiftar benipﬂi:ingrasiatoim/@l ndas8. dhps e
ar ger in Fl 10A, | e and hold circui.t
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atthingation 2 Peinendar 4e beragst oml)ooalnﬂhepttmuatsbdsroktagee‘gul at i on
vol tage VREG to a chargi ng node control circuit 270.
The regul ati on voltage VREG tracks the output voltage

A\danibleadit hoRiscifchie 2601 i5xdéponsive a0Be hifkdieRs 96ltdde. \ex and provides a
tracks the positive slope of the output voltage) and
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out put capacitor 26 has a capacitance and a | eakage

resistance associated therewith. The | eakage
Tlnas@itsuta/nb@ei sengmeircui2 54 futhvs indlwles as putputreplicating cirQit 264
0 P P fer t
that Irephécaaei%ﬁl{;]% (ﬁ%:chg%g cﬁgxggtiggﬁcs of the eog%)uk Ya g%:lg % Z%L&ng glogle
gemamagu thatrexhibitedischaage a@ra&&hsﬁcdﬁaamg&rmmwrmmddeelat1onsh1p

odi nents of FIGS. 8,.10 and 10A.
wib Spestio f ot sepasitor dseRerka aa«%&r@%ﬂs éPRﬁgPWé({irgs a regulation
vdlaba Wi, 9 dhateth Ao dnkOECIFRR DY BNt hAe st GH Riktald VEEG tracks
the capacitance and the | eakage resi stance of t
the gefpyt valaga¥uidrotipes threptpukeaiigbe incraaees Rt ranks &@rp@s@m:

I e
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ddci‘eiaSesc(asetraoﬂ(h thermegativatsiape of dietcmgmt VEllE@e)NIASI willibeelesontbed, the
fal.l, or decay at the sane rate u ol t age
chygips mas S EAEIMAPETd (iS¢ Flé RRAGIORES P Euitiedbpasptgn the
reSilbGoH %lt%gé1 VRBYarnkd8h&S |€ohftknced BRed 68 8 nidadied ﬂl@m%on of
I me constant of the output capacitor 26, in which
ougpy roltage dreqpuWath Bis ajesngerpRRtAIRBGT i donsaryeskbynnd uppgepssarily
i s arrangement may
"%gﬁéé’g\{/nﬁﬁg&e%%‘gg ?%gggg okl s o [ ANOCTE
desirable to nore closely regul ate the out put voltage.
The RC const ant of circui 264 | so
MgiRcar e NP Reare s 2D0RS GiRectspice fnd b o resstance
capacitor. In order to ensure that the regul ation
vol tage VREG decays at a przdetermned rate wth °
respect to the output voltage, it is advantageous to
closely locate the circuit 264 and the out put
capacitor 26, so that they experience simlar
tenperature variations. In the case of the
illustrative photoflash charger application, the
conmponents will be sufficiently closely spaced since
they will be housed inside a canera. It is also
advant ageous to use the sane type of capacitor for the



dotted line) and provides an enable signal YEN to the
switch control circuit 28, as shown. When the enable
signal VENis at a first logic level, such as at a

high logic level, the switch control circuit 28 is
enabled to turn the switch 22 on and off (i.e., the
chargi ng node is enabl ed). Wereas, when the enable
signal YEN is at a second logic |evel, such as a | ow
logic level, the switch control circuit is disabled,
thereby preventing the switch fromturning on and off
asgodlateé theravathi. ihe tehleage newigancg inshdemn (@s a separdtheessivaelgimegt 27

e .is disable rin s FI G. an .
o MGttt s Shetemilve e it Sisp eBe bukts R Shmsisrae
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CI rcuit 274 includes a difference voltage g;nerator in
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on the order of 1.5 volts to 10 ts, the transforner
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out put voltage I1s on the or er of
thg Té&guilation ombah@d»’ pnao vmlh esmnqoﬁaﬂ fosterthea thpeutaut \@ﬂtage Thls
anplifier her e. rowde i,n..the fgrmof an
R Sy oA S p o PUBIPL B hin e 1 s lopo
cld&Py refulateahe entfutarvitagy Ehe RO tiridroRishasofithe cit@iitl 25atney also be
voltage sqQ as to renove at |east the majority of the
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as descri bed above in connection with the filter of
FIG 1. The output voltage of the filter, here the
Inalrd@rm ammb t»h@l thcagagulatlkn V@lsagp Mo desdysiat apredetesminedreigavith
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The switch 286 is coupled in series
the same type of capacitor for the output capacitor 26 and the capacitor of the RC
network 264, such as both being electrolytic capacitors. While the output replicating
circuit 264 is described herein as being an RC network, it will be appreciated by those
of ordinary skill in the art that alternative circuitry could be used to replicate the output
capacitor, particularly in terms of the rate of voltage decay, or discharge characteristics,

such as an LR network.

The charging mode control circuit 270 is responsive to the regulation voltage Vg and

to the attenuated voltage V4 (or the sampled and held voltage Vsy as shown by the

28 °



between the filter 278 and the capacitor 288 (i.e.,

between circuit node 290 and a circuit node 292 at

whi ch the sanpl ed and hel d voltage Vsfi is provided).

In operation, when the voltage at node 290 i ncreases

above the voltage at node 292 by nore than the forward

vol tage drop of the switch 286, the output of the

conpar at or 284 goes high to turn on the switch 286,

t hereby causing the capacitor 288 to be charged to the

| evel of the attenuated voltage VA at node 290 (i.e.,
datted dine)pndipeovidds|ap chahle sighg Menvotheawitch cotbm] simeril 28 s

At other .ti th 0 rator, output is |lo nd .t he
syt WA ot BB IebE Vortuac oL B OB et B 088 eve,
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the voltage Vs-_at_circuiit node 292 tracks the
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inturn, is coupled to the output replicating network,
theyewisch fiom ferningrom aofl offranRGrmanating khe3dargingmwpoeds(ing the charging
nﬁ;é¥ ﬁ&%& 02 and a capacitor 304. Wth this

Arra geng t, the RC network 300 is charged with the

sanpl ed and held voltage VsH so as to cause the

regul ation_vol tage VREG across the RC network 30Q to
Refprziag atsdo B8 py emBBmentor74toh Sheqitpi i ONREeSERfNg cpisyy 254
oflF16. P ATRbRE BRGUARK ol sdltho\GicHit 234 HltRRIE@R Bitfkdnke voltage

equal to the regulation voltage VREG as the out put
geoerptee int e fors efrrarqperstiond emplifier VNedaying@ gaindd. The output of the

< f ev, . .eq i 0 ..
anfiitRL 276 R R bRl RS Brh G oG LR wpin is
proptidiaal gettle bipogitagd ¥ ostajuding thar swa8 offftihes. Isoredhustradde
rovi.ding.the buffer 294 jn the form of ri-state
erpachtyih &#E%tgvpﬁs@alawtmﬁaﬁhw 5 gr f}@rorrréiwﬁ 300 pojis e
nohf8d YRPE vbItiek IeorPiRa Bl Rr 8T 05 3bitMeN 0328 s ARE Behstier tiitiSratio
the buffer 294 disconnects the RC network 300 fromthe

is 9@ theloades of tanotng the pmplifiengaionA ishen tha atslee ok 1/gh.dhe nemingb e
[,S: ¢l I , Gy node is term nated).
%Rgﬁ@ﬁg?%ggﬁwgggﬁ%ggﬁgl§;9b&%$ides current charging
capability for charging the capacitor 304 when the

it .286 is closed. T char gi ng no contr .
A BT Pl S S i O s obagtion, amp e Rang ere s
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flip-flop 318. The output of the flip-flop 318 o
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thc?x%ﬂa%@ Lpiﬁésrtﬁéf'okc&%vlﬁzﬁ 2 sv@ch tﬂﬁ? offONPREAIHA a8 iHaS a
Irst I'nput, here the non-inverting input, coupled to
cohteetismwith dlct Al o EIG Ivdhe agpuivisitagnef the Sierohee ithestenuated
ere. the inverting input, at is coupled to a
vofiecY et eroPied bilRas2! the out pot of ¢ he
conparator 310 provides a reset signal VR 320 to the

flip-flop 318. In operation, when the output voltage
Thedilfer 2 6%is Kewpled iessample and ol circhi hpseicoramesing g gpmparator
for C ' t. ..
23 S oS e P 1P oy o8 A3 op g
covfiied ®2Be {ibbergy 8] mumverting mpuhatupledhie thelrapapitoy 238 drd an output

Thu the reset. signal \ e referred to .a full

cogF o PREPEEFBP dikaniionaRe, Bundlas6 b il il
is selected so that the output of the conparator 310
transitions to indicate a 2911y charged conditi on when
t he out put voltage Vout has reached the desired fully
charged | evel
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Conparator 314 has a first input, here the inverting

i nput, responsive to the regulation voltage VREG 296

across the RC network 300 and a second input, here the

non-inverting input, coupled to a second reference

vol tage Vref2 316. The output of the conparator 314

provides a set signal Vs 322 to the flip-flop 318. In

operation, when the output voltage Vout falls to a

| ow, unacceptable |evel, the output of conparator 314

goes high to set the flip-flop 318, which in turn
betwermahe filter 298 abdl thegiapavitor ¥$8\ieobejwetn gjicuitmode AR amska circuit

t.h har gi node, ,Th the s signal, s 322 can be
1“@8?8?Péﬁﬁ?ggﬁngPPSﬁﬁgg@daﬁ§%¥§%%é%ﬁrV%F r ge indicator
signal. Here, the second reference voltage Vref2 is

selected to be a percentage_of t he firgt reference
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repleni shnent of the paci har ge.. Thus
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voltags @ifHelglamplée). @t otHee tiftlkes, thbdquml | dtdsrleom ﬁnlbw\anlkitm@mitch 286
Vout falls to an unacceptahl e |evel an oes |.o 0..
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eferring to FIG 9, illustrative waveforns associ ate
Vaeitt h the capacitor charging circuit of FIGS. 7 and 8
are shown. In particular, the switch voltage Vsw
waveformis shown to include intervals, |abeled
Thecampipd an® teld @ohsdecV; s couplatigo whiuffar 29ethatyint tain, BZoupled to
turned on and off, as |l ahel ed ton d toff ..
the etpRITEPHAainE ngtyPTky ererir fhéfory o} 2 K vk SUhCorBp Mg
redS¥t YRVRHQ b toL304) WiktBSs AranShAdndGhdRES BGRB8 charged
interval during which the switch 22 renmains off. Also
wighthasampledpil hadd veltaga Vishiiso gt foaensedhotrgplation ypifagg e/ nyo agross
i
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seconda i ndi ng_and f.romthe seco r i nding to
CapEIoD e BES L ATSE Thebassshe Rope menanic g be putfer S04 Hismis he
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IG 9 inrelation to the output voltage Vout. The PC
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o OSORFPLP rPUSEIEF ERRL A e
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twenty percent bel ow the FC | evel. The attenuated

chergingAbe capacitg S0 mden thecwatch 286 éflesefode 290 of FIG 8,
is shown in relation to the Vrefl voltage and the
Vref2 voltage. Recall that the Vrefl voltage is

Theehagingdnéde cotrolasipoin thclwles the butfiet 394¢ h dfulledharge) acparator
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The regul ati on voltage VREG 296 is also shown in
relation to the Vrefl voltage and the Vref2 voltage.
Recal | that the regul ati on voltage VREG i ncreases once
the attenuated voltage VA exceeds the sanpled and held
vol tage Vsfi by the small voltage drop of the switch
286 Thus, the sanpled and held voltage VsHis
substantially equal to the VREG voltage 296 during the
chargi ng nodes. Myre particularly, here, the
attenuat ed vol tage VA exceeds the sanpled and held
pmidteagle g lsxgnahyga 32h antheswittlocomrobicidnati? 8o F1G 1. The

e aus the switch, k286 t
Qi s s SR P Bt M e il SRR i Snple
aicheld Golta@® W sf; 8nd SERbAd dnpaf, here thd ifRerting 1n@t1t tHatB codpled toea
regulatlon vol t age VREG exceeds the Vrefl voltage,
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It takes to charge the output capacitor 26 frontzero
regdiet she desiged Gully Chargmbbvclf approxi mately 300 volts. For
exanple, in one illustrative enbodi ment in which the
out put capacitor is a 10 uf capacitor and the battery
Cyapira@e3isham ﬁrhanplttﬂl&rre e 1ﬂ,ve8t1ngahpu=t teSpohGive @ ths regulation
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| t has d d l ht I t he full
CEHIGEA BHBTARE. Qb Tl HEMF S CHAPUELTEEs 2lfy-
oﬂtﬁﬁcdeﬁﬁbﬂe%hh@@ indlat R eBnYREGr N8R sfaéﬂnti Q&'eieﬁcé Ptk §héf2 is
level , causing the reset signal VR 3 | ow.
selsctgditd be anerceniagerns thefitst xferense xgltage \{Iﬁﬂ w%ms@o% Mcag e
ge}{grlé l}/ 'hgwg\%}t? ﬁg%&%%r?tye%oﬁ%%etf?’a’ f Sél@é’tg f?)fc ﬂfectfl% sét signal Vg
322081g0 gghewlmm tie owtpyarvetiegechasifalkad tas eth aﬂtacoemzkblqi)leexll rsdltsrmg
f d f th t put | 1 V
reBleSERg oA car%a@t:%tﬁ%? Yt tedgehla ot Vo P gaes isto
cotrhdhck bR dhﬁ%ﬂ% 1HEdNET opeitadibn iwhed the oBipaPbIBIge Vot f@lls t an
e

As nenti on ove, in sone enbodi nents, it may

ungeesptalsl level andgqesdow tRemingis thaeheraipg mege when ﬂl@tomwk
Vov:f\fngg%ﬁ%ﬁ ?&th% rﬁﬂj Harded 3 el 6 id de'gﬁabqg nstant associ ated

acitdr as a way of nore tightly
regulatlng the output voltage

Referring to FIG. 9, illustrative waveforms associated with the capacitor charging
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By tinme t5, the output voltage Vout has decayed to the
unaccept abl e | evel UC, as shown. Shortly thereafter,
the regulation voltage VREG falls to bel ow the Vref2
vol tage | evel, thereby causing the set signal Vs 322

to go high to set the flip-flop 318 and thus, causing
the enable signal VEN 326 to go high to comence the
chargi ng node. Once the charging node is enabl ed, the
out put voltage Vout begins to increase again and by
time t6, the output voltage exceeds the unacceptabl e
cohar of FIGSve hnd&?are$hmvn [Ty pmh'mulaaftheeswitchtvottagvé»/ dwiwavefigrm is

cg%ﬂoﬁécl:l?(ﬂeem a?% IEE exceed El X hef 2 Vol—uﬁg?tgmwuch 22
ist@hcaof af @bl d%tlﬂﬁelédCtoﬁ ms&_toem gm&@e loratié Figsh cyfié. The gwitch
and the regulatlon vol tage VREG tracks the rise of the

veltags Mswitaveigym, 2 Ispgnelhiea. chasee mofl gisghled iptgrvel @nngovhlch

HRwACh 95 RahdiNE e nbodi ment 350 of the output voltage
seR?%ng c?%édﬁ% 250 of FIG 7 is shown. Essentially,

t he out put voltage senS|ng circuit 350 dlffers from

AlsernfiD By Flo 3 5 bl ye el ket R B! ¥Rt 6 putwut
VM@igE ARt HERThINtifé theWiwitcB30 is tafled dﬁ$ataﬁh1apemabhagais
mplifier 354, 1ike operational lifier 276 of FIG

d@lvefqﬁiaff% theunrirssy winding Hiafathss owingmeand fiom thar v
ir¥Rhd RYfe ﬁﬁelb&‘tt& a%1t9f %39{ RilQRagei&el, h@oe%tﬂw tind an

tage during t smn off times. Crcuit
ulﬁasmmdﬂe theegalded, GCfarg tsl@chIB@@ IGh & tn reldtion td thletoatputzvﬂtam

thes t.h d v re
Vbt gpF £ R B bt e Btlolen Rt 0P ok 2
c@rwldeﬁdd fully cisar@ddfand TeeUQ ué\mu is th@bdlaigeleselrt&ilovg whichahid dutput
350 i ncl udes_an qut put pllca i n

veliage irRgeeRtablesand s, isthe hliasaley Wcaﬂgcﬁor charge
SRRV, replRRish&S 1154 grénc 1/ ghoRdithst @Eargéﬁggﬁéaﬁﬁn ?tlYé"U@rlgvel is on the

sel ected to provi t he RC networ k an RC tine
onsloneft tem to m@m}’m}rﬁnﬁd?Wﬂ@rFrﬁ lewel-rel ati onship with
respect to the RC tine constant of the output
capacitor 26. The voltage at node 362, here the
Thé stesnuated dolvagk Vages prbyided atcinepit @ddd 200sH RGeS, anshowal id

relation to the Vrefl voltage and the Vref2 voltage. Recall that the Vrefl voltage is
selected to correspond to the fully charged capacitor voltage level and the Vref2 voltage

is selected to correspond to the low, or unacceptable capacitor voltage level.

The regulation voltage Vygg 296 is also shown in relation to the Vrefl voltage and the
Vref2 voltage. Recall that the regulation voltage Vrgg increases once the attenuated
voltage V, exceeds the sampled and held voltage Vsy by the small voltage drop of the
switch 286. Thus, the sampled and held voltage Vgy is substantially equal to the Vrgg
voltage 296 during the charging modes. More particularly, here, the attenuated voltage
Va exceeds the sampled and held voltage Vsy by more than the forward drop of the
switch 286, thereby causing the switch 286 to close and the Vrgg voltage to rise, at l
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circuitry including a conparator 364 and a switch 366.
A second input of the conparator 364 is responsive to
the regul ation vol tage VREG 368 and an out put of the
conparator is coupled to a control term nal of the
switch 366. Switch 366 is coupled between a voltage
source, such as the battery voltage VBAT as shown, and
the RC network 370. In operation, when the attenuated
vol tage VA 362 exceeds the regulation voltage VREG
368, the output of conparator 364 transitions to a
tilegliabelbd ght2, &y ehd t8o Shaertly eftertens @, atdhne%themeguimwuomltage
e batt.e t
Vgt Vel oty ou Rk beinb! SahB IR0 sapien o
indftdteaMit it oudMf volaeal cut B5s xaacpea khecdesitgefully ohdrpédie@dl The
the, VREG vol tage 368 at the peaks qf the attenuat ed

reges steagleV n/22 hgung high cayses the ﬁ@a@%ﬁgmé & e id0 Fegilof b

dlyzﬁ;ﬂng'ﬁ{eci‘.‘hax@né ﬁo@&ﬁgého% the regul ation vol tage VREG
Int mbodirent of FIG  10. Once the output voltage

Vout begi ns to droop t he out put of t he corrparator 364

Owci +1 {;ﬁzﬁ%mg I;réoﬁ,g 18 é%z?% e% thﬁ o e%lyvol oHp W{lf1 owlC ? 3'1,

droop.liage: iNfatise &nbédlﬂhéﬁxpm the al&seﬁ&e&ff@tl&z[d]‘tm:&ﬂltput Voltage Vout
rel atlonsh|p Wi th respect to the output vo tage 54‘5?

degays Yeanslewly, prigganly as@ r%&%&hﬁ‘d@@@%pﬁtﬁ?&ﬁ% BRS 5P

the lﬁHe 1t ﬂaﬁesttb %hﬁffg& tHelbtput BHa¥itirDBIRNARRb vBRs {0 il @harge of
sw tch for “charging the cag‘gm tor 374 may be any

ammlabﬂebf WIVlOéthF ot amrmle in bnpillysirative gmbadiment imrwhich the

ofAREHSack: i AT IR BARH G art o B ML ER AR AR Fvores

examnp
toQioatolts,igtakesta themtdeod)f Ics rocnhatgeyha mﬂ)m desaciof ﬁmsrﬁ fzeroftu B0O

v T e 01 1o 236 80 QUG eecie Ger P Flatsoly
Ch%.%éd RERY. THE $infeGale Bﬁ@l‘e%aﬁdcﬁﬂfﬁhs e39€ordendel e FM?} t9GBr ease

control circuit to enable and disable the chargin
ofrierératiqy @@gwﬁwth@ tme 3gmingd $orgh¢ regulatipmpeltage Yaretordigcharge
t ge
QUL B BRA-RGRLEY L 0 ALERHBED gL AR
drbaspedrﬁonm glghﬂp abovd thafullyscharpa leve] tack dowe fiethefialéy charged

382. The qutput of .t rator 380
el g i Tinon e ageVsmo ortelivn 6 e direlTFTeD cAise hageset
sigral YRBLAd ghlowihen the output vol tage Vout reaches the
desired, fully-charged | evel, the output of conparator

380 goes high to reset the fI i p-flop 390. Thus, the
Slg’ﬁg‘%{ﬁ?’g{r}‘ggiﬁé 82@3&9 Of g ou{p‘ﬁt %l’fa%g Vot i@%u@stafnlt‘ildfly gcﬁéf 2%he

rate of decay of the regulation voltage Vrggs, as shown. Recall that, most generally, a
predetermined relationship exists between the rate of decay of the output voltage Vout
and the rate of decay of the regulation voltage Vrgg, with the rates being equal in the
example of FIG. 9. As mentioned above, in some embodiments, it may be desirable to
set the RC time constant of the network 300 to be shorter than the time constant
associated with the output capacitor as a way of more tightly regulating the output

voltage.
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The conparator 384 has a first input, here the
inverting input, responsive to the regulation voltage
VREG 368 across the RC network 370 and a second i nput,
here the non-inverting input, responsive to a second
reference voltage Vref2 386. The output of the
conparator 384 provides a set signal Vs 378 to the
flip-flop 390. In operation, when the output voltage
Vout falls to a | ow, unacceptable |evel, the output of
conparator 384 goes high to set the flip-flop 390,
which in turn causes the enable signal VEN 394 to go

By hEnany elnes FoR b TV Raty Sisboie B a8

sHoR@! SEortl eticeaulfier, i @p@htion Qg @UREIfall$ RebesRe B Vref2 voltage
reference voltage Vref2 is selected to be_a ercentggﬁ
leyel, theeby causingthe &t signdl ool 22dg &orgbrtp setdhg fipalorgpighand thus,
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thegspiier, aliimgJethe regylationvaltageee ckreds thargelidgoltre ctiiing the

setél E‘i%neglv Pisb 1y g{) g@g_?h}fg'ﬁgﬁt @&tagg SordtitubytoGiia rd\‘c;imﬁlti’%&fé% E{Nitch off

I's desira vef or associ at ed
time apdithevegulaipe volingsi Vg diackathe rigsof the omp@, voltage peshown.
substantially identical to Iike waveforns associ at ed
with the output voltage sensing circuit 274 of FIG 8

RéferripQid tb FIG! 18, af altdradtBiclehibgdiaieno3 0o ffthEoutpiiAjoltage sensing
further alternative _enbodi nrent 392 og t he outﬁut.

ci(;:gitt?.gg of ElGidiig @hQ}’VI?" LE@*;ang@e tlgﬁ: outipys volragese fcuiméo differs

O RLir iR DY A QB FRE i M8k Gindptdiidd Id¥@ciftiulthe a8 will BEdsBEbed.
circurt 350 of FIG 10 in'that the sanple and hold

Tlisy theiouipyt veltagh eensinglciniin 3 Giacludes an eperasiond egwlifigedps, like
Th th { t ' ' ' '

o B 195 Bl o) 5

wit@lirgy voltagd whick ispropatiynalitotie bgtpuotdlage dwigthe switch off times.

PR haRel b ieyedinh YO e Shriaa b S b,

reflB@td SARGL RERnlole teahdjess A O dIRFEsPiltes tRATRYEr When the

maj ority of the voltage spikes that occur when the
svgifghttetas offr ns of f. The out put voltage sensing circuit

392 includes output replicating RC network 370

including resistor 372 and capacitor 374. As above,
Thdautpie SoBagersedslie druaitt3dso ks ah ontpdi/dplivating BlCacteotki3G0

. prqvi de the network. 370 wi.th an RC ti. nstant
ing, N8 raﬂﬁ?reﬁgtaeﬁm %@%f%?%"r S AEAY S T rfﬂgg%@@ea&f‘ e,
cdpB&toRe74 h¥ReIeOBS tpYoviab tHd¥eC auiwRuit 3TBRAR bh RIC e constant

having a predetermined relationship with respect to the RC time constant of the output

capacitor 26.

The voltage at node 362, here the attenuated voltage V4, is coupled to sample and hold
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Chargi ng node control circuitry includes a first, ful
charge conparator 380, a second, |ow charge conparator
384, and a flip-flop 390. The output of the flip-flop
390 provides the enable signal VEN 392 to the switch
control circuit to enable and di sable the charging
node. The conparator 380 has a first input, here the
non-inverting input, coupled to the attenuated voltage
VA at circuit node 362 and a second input, here the

inverting input, that is coupled to a reference
civalitraineludingfa coggrratorx§4snd pawitds 36&1 é\ s,eémﬂamamtcﬂf 80
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Ina@%m%og SFRAE Bl S Rad N, NOELNE g%ee@%}lgt;@wgggge Vieo
368 meanmpm bf ocfmpdnﬂox:ﬁ‘ﬂpminons ©84logic tighdese] #o sase thegwith

sebineencisS VI isalieh 288 iy b ASEYHER et Thap Grespgeciin

3BP8hi$ ﬂfe%aip@fhtdr@ 62 a8 EWREL FH efralf@a bhﬁgerttb @naintain the
buffer 396 is coupled to the netmor 370 t

Virookaltases3 8y th el the aljeuatad sokamey 88, andéh@hwampled
9
an-g}gellqc%‘%{ évg%&xga gﬂateayag%é g{se%%@ﬁéoﬁ oitﬁ%tVl%g ﬂféeeﬁ‘ib%@ﬁment
ofVHN. :BQEDIgmlt]nfgodtpxw voIlfhggsVouMbeglni tvadreom thesowspuy nﬁththENparator
94 th in de), .t
sty P p ot e G PE e SGP bRy BB L dhercby
alﬁ%@ﬁ%th@ gegdnaﬁloﬁa@ﬁsget wm%s to d¥ddp vﬂﬂ@preaaemﬁﬁadaie&t@hgﬁyﬁwh
VEN 394 is low (i.e., when the charging i S

regpechiorthe exfput W@g% a¥ Palesidle. & %@dﬁr@@ﬁi@glaﬁd&ym@ﬁ%@f frstinary
o t

SR, SO0 ERE Rt RO Setop Bl dlor s

mzy he ahyy sutgble heltargeamgabhgofrmdedmg suffigicat yh%gn todh¢ eapacitor

AL G T BE o
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The waveforns associated with the output voltage
sensing circuit 392 of FIG 10A are substantially
identical to Iike waveforns associated with the output
vol tage sensing circuit 274 of FIG 8 as shown in FIG
9. Referring to FIG 11, an alternative capacitor
charging circuit 400 is shown, in which |ike reference
nunbers refer to like elenments. Circuit 400 thus
i ncl udes input voltage source 14, transforner 18,
switch 22, diode 24, and output capacitor 26. The
refaddo oz futhdiargengdicatorcugrtal. 400 al so i ncl udes an out put
vol tage sensing circuit 402 which nay take various
forms, such as those described above in connection

TNG édanf;ake% 384, hasa fidst i hbf: the rnvemg@;h;mt rédpRnsivé puhe

vol tage sensing circuit 402 may ﬂP provi de an
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More particularly, in operation when the switch
voltage Vsw rises or falls, the capacitor 412 is
charged or discharged, respectively. The resulting
conparator input voltage Vci contains positive and
negative pul ses corresponding to tines of switch
vol tage increases and decreases, respectively. And
when the switch voltage Vswis constant (i.e., has a
substantially zero slope), the conparator input signal
Vci is at zero volts. In the illustrative enbodi nent,
mbjoeity dMthetblege spikéd thegeoccsr wikinght swditchctutnisaff. t he
compar at or out put signal Vci is high except when the
sl ope of the switch voltage Vs wtransitions froma
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to a reference voltage Vref, such that when the
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congloy 1 TR o Gt e OO BN B o rir |V be
refer®dgoasa hilldhate emdiédier sigmatk signal input (i.e., the
set signal Vs 422) goes high and stays high untiI it

is reset, here on the rising edge of the reset signa
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A A L
thé ebmpmmgnmpromﬂemw sipualr en3 78 tpithe flipafidp 399. t he
predeterm ned | evel. The one-shot interval is selected

to be at |east as
A reference voltage source 398 providing a third reference voltage Vref3 398 is coupled

to a buffer 396. The output of the buffer 396 is coupled to the RC network 370 that

provides the regulation voltage Vrgg 368, as shown. The buffer 396 is a tri-state buffer

that provides an open-collector output in response to the enable signal Ven 326 going

low. Thus, when the enable signal Vgy 394 is high (i.e., during the charging mode), the
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|l ong as the duration of the voltage spikes on the
swtch voltage Vsw. The OR gate 432 and finer 436 are
provided to ensure that the switch 22 will not fail to
turn on follow ng power up of the circuit 400. More
particularly, if a predetermned tine | apses after the
swtch 22 is turned on, the output of the tiner goes
high to turn on the switch. The output of the OR gate
432 provides a set input signal to flip-flop 430 that,
in turn, provides the gate drive signal for switch 22
buafiferi306 peovades purtrent ahaxgmg\mpablility\ﬁ)ﬂ dhatgingsthe cguciaared4bind
hose of, .or.di in the art that the sense.
whi B shapp el k394 i o e Vi bl shef s e d ifinatea). the
bkf&Go6 Uﬁc@r&ﬁe&tﬁ fhe B¢ hefwdak BYElym thRIGERS &oBNel\CRfI3D8. The
be provi ded one or nore switches of an arra

thirgrrafierrgce v@tangtr%fﬁ 398 that ghagegsdhepapasifos 344 Hg@l%%ﬁp chagging
e AS

méagur egirn tgplt g?@a@fagé( E’&‘paﬁ& O?m%?g%;ff?ta)e/&o# fhe sense
capatitarhofivetyictbéae pattary delfage\Viahés ensiekemple2 it sel f. Thus,

in this case, a separate capacitor coupl ed between t he
drain termnal and the gate termnal of the switch 22

Irﬂfpefdﬂ@ni Wi tedbuthbl Jobtbgs Wp@ThI LI Gdow] urtabeeptadld letel ABe output
provi de the nechanism. for detecting the slope of

ok QB A higle toasiitherBpnfion 89g arlich e cagses Ghgeenable
mgﬁi‘cﬁlmN 894 {5 1gﬁ {PORBIERAL cﬂs?éingﬁloﬁé A d8He QY signal \és 378 can

mnating t sense sw tch 410 and capacitor
belyradrigas zhbw&g at enagﬁemblt chrerg2intligatohsi gred Hérnagain, thg second

ut o r. .4 and VI d acitor
ref APtk ooV R LR et e et PL O e R RR Heegs
Viefl,Guctess 90%. IM@legamhlly htb\sev&f; hlemieferertce WalfadeeVeRCI8osar y
to have the gate floatin ed by the diodes.
sefggfed! tp sapisr fhesetignal s 3¢ St ﬁl?tﬂ%%@f”? dep dhiy Qugput voltage

hA3GAERLH ¥n uBﬁ:t:@ﬁtﬁBl@ vl I%Qulhﬁ% 6,ﬁmslailri%nt @F’ih@&atp%lf@tchﬁrge

capacitor charging circdit I's shown in which .
Thusf the endde siged) des 3P¢ ge¢s ltlgh toi dommnagngerthstcharg@igrmede ofAperation

i ncl ud 89
whel e 0t ARt 28U el €l AR RPLER 10 ] BRI eyt
thé SRarfring tnivele whea thedasp nrohhgeerrseatd the fidiy chalged tavel, ad is
circuit 454. Like the switch control circuit 406 of
desireble11, switch control circuit 454 controls the
switch off tine in response to detection of a polarity
change in the slope of the switch voltage Vswin
Tl ‘d@refqrmsmﬁq@rc@tpdwﬂathz erput writage sinstgieiraehdozef g 10A are

o QA AN 1 FRURTERRELERY, LB AR SR Sensing

rne St as
cinonitt2g4 oﬁEICI‘r 35 adehcbmtﬂ EIG O. Refétrivg to \BIGCH, Ay altma‘:ts& capacitor

Her.e agai.n, SWic r ol CII‘CUI 454 contro
charging que#oem W Ihig BE hickerengemm Fré\YEfFr Brlikeiglements.

CRéUif & thdPhiludRriepaRo AR BB YiradsfofinB1 8L 8@itch 22, diode 24,
and output capacitor 26. The capacitor charging circuit 400 also includes an output
voltage sensing circuit 402 which may take various forms, such as those described
above in connection with FIGS. 1, 3, 8, and 10 for example. The output voltage sensing

circuit 402 may simply provide an indication of full capacitor charge. Additionally or
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The switch control circuit 454 is simlar to switch
control circuit 406 of FIG 11 with the exception that
the sense switch 410 is elimnated and capacitor 458

is a discrete capacitor, rather than the MIler or Cgd
capaci tance i nherent in the DMOS device geonetry. The
capacitor 458 nust be capable of w thstanding the high
switch voltage Vsw. In one illustrative enbodiment, in
whi ch the output voltage is on the order of 315 volts
and the transforner turns ratio is ten, the capacitor

altetatativelys the batpdt vilfagasensing stredti4® may ingplovnért aprefiresh dedtare in

toIeran s and ,vo].tage swi t.chin i I [
G RBRFR e Ot V8L§?E§%F‘t%‘?g e BrhcRpaidghlobrias. .8
1(y\mﬁrmrés?@ctiva@hnol ogy's gate oxide is only rated for

8 volts. Thus, capacitor 458 has a first term na

coupled to the drain of the switch 22 and thus, to the
] i bigli ififlubdie
ASHAED Rt Binall SRl S ALt It
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curteat Ipprtbmugleﬁletpkuemmmrtdmg:kﬁat rol signal at t he Q
output. As will be described, generally when the set
signal Vs 422 goes high, the switch 22 is turned on.
Alsénsep@itett 4 T0hasaciaih heminil tedpladodb tixgdravsof thid @ﬂ&h@& and thus,

falls, the capacitor 458 is charged or dischar
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0§OS|tlveSOpe as shown in

geltssfooexample. Ihd ogtprpelr the mmmx@oafﬂ%o Ipfpwlpﬁe @f:t trtpué egeaé Vs
42tg[}rﬁlrr§1¥ﬁhnaﬁg¥hﬁ:-ﬂ eéﬁgée %rldzangdr)%%gtte n'f ng]ﬁlﬁ ficgfmﬁ ﬁ%@@ldes the

svethabhtral Bglalyyt tHeh@ otiphie 8wl beakicaidped, \geadrally Wherthe Beftsignal
of _conpar r 438 goes high to et the flip-flop 430
VAP 5% Righs e i o1 Eapmedon éi]@llﬁﬁfotppaw%‘@gtheﬁe 8 crdinary

skhﬁﬁwﬁeﬁh tﬁatawﬁﬂé métc cit60MRAE SRWn £536se ?aqtea;o £dnt wApUt
f ch 22 from bei ng

0 %wﬁg prevents the sw
retmtrfedhwnm ¥ 8 the capgcitormeayiliernstivelybe Rrpidedibydhe
| tage Vsw when the switch
n%%%&hﬂ %ﬁ%{agg?%ygﬂﬁy@& 31 ﬁ%f conmparator 420 is
coupled to the clock |nput of the Dflip-flop 428 that

IS responsive to a | ta | eve

Mpi T COpRE: & WSRO “Or e ¥ ausesvepn et pr Bl hgcapasitor
is coupled to a first input of an OR gate 432 that is
al so responsive to a tiner 386. Wth this arrangenent, °
as descri bed above, the one-shot bl anks the out put
signal of the conmparator 420 for a predeternmined tine
following the primary current Ipri reaching the
predeterm ned | evel. The OR gate 432 and tinmer 436 are
provided to ensure that the switch 22 will not fail to
turn on followi ng power up of the circuit 400 as is
al so descri bed above. The output of the OR gate 432
provides a set input signal to flip-flop 430 that, in




A further alternative capacitor charging circuit 460
is shown in which |ike reference nunbers refer to |like
el enents. Like the switch control circuit 406 of FIG
11 and the switch control circuit 454 of FIG 11A
switch control circuit 464 controls the switch off
time in response to detection of a polarity change in
the slope of the switch voltage Vsw in order to

i npl enent a zero (or at |east near zero) voltage

swi tching schenme whereby the switch 22 is turned on
41j2uis thaged dralishirgeh rmpbcttia/gb' Th¢ tesulting eemparsetot input ‘azktafg%Vci

irable to

e RO e e B PR RO PR CE RO Bpeitfeses

arldiet R840 18 %pettdvel G\ﬂdGM@n e switvh voltageEVitw IsRohstati(iadidias a
the primary winding 18a. The switch control circuit
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111&%&&% Eltﬁb&hﬁl X ffel Ve%?fsét%ltaéeh? sdLQdes ddth@BinghtRoRRput

I m nat ed T é significance of renoving the diodes is
s1gteds MCI i dighi excens when thieastopsiof Fhetsiwitcharoldgsr iy tednsitiogs from a

ot her r. C t.he ci of FIG 11A is like
Qe £ Pari R s 1 MErdb Fiotof2 o to FiG 10,
illustrative waveforns associated with the switch
control circuits 406, 454, and 464 of FI.GS.. 11, 11A
Agpeied, here thesyishy gntang is copiolled dnrespepse ¢ fhe@gimapy cyrprgt Ipri.
T&M&ﬁ é’félsfst%g 24V Wu ﬁl@&j béthRePihk ¥Biirke Gf'ﬂhé ehitcH mn@grsund

shown urlngasvvltc cce Durlngt e swtch on
andiarreppatator @0 s iras 3n wputs bfm: themon-inearpeg imput, Agupleditp e resistor
¢ urr l.
as éQUS$ n’lghets dond Y ul%p ?r}l t)ﬁg I n‘galrn 18 u?dt gl%{ Jgn( ﬁgqq(kr 4\hé§ i3
re§pasive tderefdrénee fvbh@e%@f auch thatr vmhdhftﬁe pﬂ‘ihﬁa@\/uuheﬁt Iﬁﬁ reaches a

The outp f conpar at or 438 oi n o tri
PredReTBARSISFST aa&@abltsaﬁébsh@efﬁ 8%%1 ’i?le%l’&%%e
coﬁﬂﬁrzﬁér'@Sf b@sﬂné@ﬁ) feot 'ﬂfé"ﬂihfi'lont‘B’O faﬁd tu'i‘ﬁ offeRSdwitdie2,

bl"anki ng |nterva Once the switch 22 is turned off,

the switch voltage Vsw rises, between tines ti and t2.

AP 401 BB o B8 A SR
D iflsp-flopd i, or(kftlﬂcs pr;:geﬁthl&a mtthfﬂét(mfi béing atrned (gn[gbmhdm'rel}’l, asa
t t Fl G
resitopltpgecpiles fha s o Baraarvalitgat sengiafveich 24 s

tufnle8 BF, TR 5&@6&&&@%@4@& 'cbhp'lé‘d ) tBEBloYR1Hpatst thED flip-flop
associated with the di ode 4 whereas in the circuit

428 glopt o reppagsive i lqgwénglomiagalqypl PSP i-puinkhie Qentpytaagnal
l@f’&“ t{‘x?? ﬂ;cﬁi‘ggw is cgl.\{p?%i t()'ar}ﬂhtc@{, %f BY Oqgéelt jt tllqgtq§ lso

I nce es are I'm nat
res;fontlheto&/mma{ﬂ%omagms‘dmngeamt shet Q onpuboffiipiflopet 28 %pes
hlélp\%hen t%e a'Jock mgnefﬂ 11 Iust (1t eo tﬁee ge(t) s?énal \7Q's 422) goes high and stays high
until it is reset, here on the rising edge of the reset signal 448 provided by the one-shot

446. The reset signal 448 stays high, thereby preventing the Q output of flip-flop 428

from going high for the one-shot interval. In this way, the one-shot blanks the output
signal of the comparator 420 for a predetermined time following the primary current

Ipri reaching the predetermined level. The one-shot interval is selected to be at least as
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At atime t3, the switch voltage Vs w begins to fall
since the secondary current (not shown) has fallen to
zero anps. The switch voltage Vsw continues to fall
until slightly before a tinme t4 when it changes
polarity due to the reverse recovery of the di ode 24.
As the switch voltage Vsw begins to fall, the
capacitor, such as capacitor 412 of FIG 11 or
capacitor 458 of FIGS. 11A and 11B, is discharged,

t hereby causing the conparator input signal Vci 424 to
logg anthgaluiatien of thetviobagsi spdags bn #@Gwatch Fbk&gei\’kwaiﬂhe @Rrgatﬁ 432

0 of FIG 11 he co tor . .
i 6 FrroTduble Srid Trbfrieh 2P At B SRR p R o fowing
pASGeBiof Rttt BOO. Moﬂélp@.d&ulﬁﬂlﬁ,, if wigsde@eminad tlﬂe la’.psés‘:aftet the
460 of FI G _ 11B, the conparator I nput si gnal \Vci 424

switghi 2 is Biraed el quipe Pl (F e gesduglytodwiniaadh switsdy The
ov.?t WoF tﬁchR %5%4 ?ﬁ)\)%ég dest ifp& sf#n'af?oqgﬁ Sdp 436 fhat nxPHﬁ‘n

gnal Vci ays negat|i arine t4
pnohdestlmelgaﬂ@ dvivt sigod fet Upe:hrZQtamtﬂQ quiput.easshowausi ng t he
signal Vci to return to zero volts. Since the
conpar at or 420 conpares the input signal Vci 424 to
It &R be ¥eprodiate@ by tHogaf ordinasy skilnipah@hro thaothie fseﬂse swiciad 1 Oust
422 remains high until slightly after time t3, when |
FiChd 1 imayihe r&?\@%ﬁ as\icSeparale) disarele B iy AllEnatively he g switch
f gé]{:tj
ity B BroviF Y BB oy SR R ah 2y P he ST, K general
the sense switgndil0 ivof thexseme tipetah ewu@eZ%ﬁ‘efgs,é?MQSg nal , as
shown. The Q output VQ 434 of flip-flop 428 is reset
by the blanking signal 448 at tinme tl. The output of
Akh iﬁﬁﬂfei’ ﬁl&gﬂezﬁe,r taeRinetonadity ofithé benbdiewitih Iﬁﬁ)glﬁhaﬂ)rogldeGby the
at about tinme t4, as shown. Owce out Q
SVGF %fQiZ tiself| Yps4n ghigy 6asss %?e@hratet%éa%ﬁ‘}f pRHP "gﬁ’e&?e&é g
teERRS! MGk pkdREARYI SRS b\ﬂlﬁ:htﬁ%rftﬁé RhéleAMARY cﬁﬁgltance of the
causi ng the swtch 22 to be turned on to start the
switcht2290d)t prhvidy teanechanigi|for deéectipp thesiape of ﬂwwmb yeltage Vsw

fr((():)1|5 I naré/ @ké Ials oh@e){aﬂjph? 'iﬁlf L.Ili]ﬁ’} eltng rﬁ%{! %eglg}loﬁlﬁ% 539 L:liminating

tha B@ise e@itd:locﬂl@ and cnﬂsuoi:thr 41 c@.thhg thevgakd‘ algevitos @2 thoths nowt
. reach,zero_volts bef re it Sé’larts to.clinb.

ingeTE AR LR OEPPBIPTAR cAndipEen] ng A capasHer PV tpaﬁram and gate

tefthinfls BR{RSWIBE 20 a8 @r(ie? ko MPISAGHR (19 5ahBMk SiP thaly Be ABssary to
particul ar voltage |evel.
have the gate floating and clamped by the diodes. This requires special construction of

the device geometry.

Referring also to FIG. 11A, an alternative capacitor charging circuit 450 is shown in
which like reference numbers refer to like elements. Circuit 450 thus includes input
voltage source 14, transformer 18, switch 22, diode 24, and output capacitor 26. Circuit
450 further includes an alternative switch control circuit 454. Like the switch control
circuit 406 of FIG. 11, switch control circuit 454 controls the switch off time in

response to detection of a polarity change in the slope of the switch voltage Vsw in
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It will also be appreciated that while the inventive

circuits and techni ques are described herein in

connection with a capacitor charging circuit, such

circuits and techniques can be used in converters for

various other applications. Having described the

preferred enbodi nents of the invention, it wll now

becone apparent to one of ordinary skill in the art

that ot her enbodi nents incorporating their concepts

may be used. For exanple, it will be appreciated by
ortiérde émplementch zeae (oreklehst near Zetg valtagetsiwaithing echginfefvareselty the

i t.ive feat.ures .descrjbed herein_m e combin
syfh SR e PR B GP Eh APt U P ol of MR to
redbde®wiR@hiny @dsyes. ABYE dpgin|ihe @witeh edttdoV eikanitad3d controls the switch
i ndividually. For exanple, the output voltage sensin

nal '\ outp
orgtirpg if} gegpongs tothelevelpd thecrrisnt Iprideyough th prigrgy winding 132,
respectively, may be used al one in otherw se
conventional capacitor charging circuits or
Thed svdtchapntvad [circuitd3A issiniae do switch contelgiineyit 406 eUFIG. b atith

al so j.ncQrporates other..i.nventive concepts diLSc
fFRplio GHRRE 8% mOhdThh oL ¥EBls e R RS AR TN ARG e
capaddor, rétih& thand thWMiﬂleﬁﬁ)&d@p&ﬁﬁﬁ&ﬁhﬁér&d it HetDMIDIY device
particular circuit elenents_and even ] ogic .signal
gepgky sTheppaciort tmystheisaratiqoloyithstandine gb@p@lgﬂl ngﬂl_avoltage
Vg‘xﬂ\lﬁfﬂﬁé NBstERRE RbSdinteRE P WRRH B Sut 9b1tddaSs bMRILBf 315
should not be limted to the disclosed enbodi ments,
voltg and thetesnsfomarr|tem eatioi isdenetie gapagitenA58meust giand off ahlgast 31.5

voits Wifh ncl)aflrgltn or %Pc@a?nr(]:gse gndc \llo‘”i'tiagg $witching spikes. In this embodiment, the
capacitor 458 is rated for 80 volts; whereas the technology's gate oxide is only rated for
8 volts. Thus, capacitor 458 has a first terminal coupled to the drain of the switch 22
and thus, to the switch voltage Vsw, and a second terminal at which the signal Vci 424
is provided at an input, here the non-inverting input, of comparator 420. Diodes 414 and
416 and resistor 418 are coupled between the capacitor 458 and ground. A second input
to the comparator 420, here the inverting input, is responsive to a small negative offset
voltage -Ve, as may be on the order of -0.3 volts for example. The output of the
comparator 420 provides a set input signal Vs 422 (through a D flip-flop 428 and an OR
gate 432) to a flip-flop 430 that provides the switch control signal at the Q output. As
will be described, generally when the set signal Vs 422 goes high, the switch 22 is
turned on.

In operation when the switch voltage Vs rises or falls, the capacitor 458 is charged or
discharged, respectively. The resulting comparator input voltage Vci contains positive
and negative pulses corresponding to times of switch voltage increases and decreases,
respectively. And when the switch voltage Vgyw is constant (i.e., has a substantially zero

slope), the comparator input signal Vci is at zero volts. In the illustrative embodiment,
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Cainms Wiat is clainmed is: 1. A flyback converter

conprising: a transfornmer having a primry w nding and

a secondary wi nding; a switch having a termn na

coupled to the primary wi nding; and a switch contro

circuit having a first circuit portion for controlling

the on tinme of the swtch and a second circuit portion

for controlling the off tine of the switch, wherein

the second circuit portion conprises a slope detection

circuit to detect a change of the slope of the voltage
that Ve hifses wbltage it salevtadaso that dim empagpen ongpus kigpa , Vonksdrgh except

he. sl ope tection circuit conprises; a capacitor op

wheR inR OB p4 the Wil Y1t Vers GO T & nEROTE ROPR 1R Retive
slgpdadsho®@man¥IGeran nal ; a resistor coupled to the

second term nal of the capacitor; and a conparator

coupled to the second term nal of the capacitor and

di t j | t i1 0ns
ARG ke GubP IRl Bp il S 438 B Bisch TR
curtest Bvdpe thott whine theqirinzege catent frei aghtes h prasictermiakd level, as

e P rrE o ed R OB et of COPRARY FH s Blen o

re§S Y fli Shop 430208 Birhl 9FIHE §wikchCX2U Pheghdtai4b keusivd between the
term nal and having a control term nal coupled to the

oufpIE 9 gompAraon 438 aKd ateeet dnpvhel @ Brilip-Alon 448 ereypys thsapiiteh 22

B L L
vatage Ve svhan thetwetck 2 it tumed @i iThej owtpintt affeoinpanaton 439 istdenpled
to%euélgcl:ki itn utooff tl?eV\f.)tﬂ%]—%%p 428 that is responsive to a logic high voltage level
on its D input. The Q output signal Vq 434 of the flip-flop 428 is coupled to a first input
of an OR gate 432 that is also responsive to a timer 436. With this arrangement, as
described above, the one-shot blanks the output signal of the comparator 420 for a
predetermined time following the primary current Ipri reaching the predetermined level.
The OR gate 432 and timer 436 are provided to ensure that the switch 22 will not fail to
turn on following power up of the circuit 400 as is also described above. The output of

the OR gate 432 provides a set input signal to flip-flop 430 that, in turn, provides the

gate drive signal for switch 22 at its Q output, as shown.

A further alternative capacitor charging circuit 460 is shown in which like reference
numbers refer to like elements. Like the switch control circuit 406 of FIG. 11 and the
switch control circuit 454 of FIG. 11A, switch control circuit 464 controls the switch off
time in response to detection of a polarity change in the slope of the switch voltage Vsw
in order to implement a zero (or at least near zero) voltage switching scheme whereby
the switch 22 is turned on just as the switch voltage falls to zero volts, as is desirable to
reduce switching losses. Here again, the switch control circuit 464 controls the switch

on time in response to the level of the current Ipri through the primary winding 18a.
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4. The converter of claim1 further conprising a clanp
coupl ed between the second term nal of the capacitor
and ground. 5. The converter of claim11 further
conprising a flip-flop having a set input responsive
to the conparator output signal and an output at which
a swtch control signal is provided, wherein the
second circuit portion of the switch control circuit
conprises: a second resistor coupled to the switch

and a second conparator having a first input coupled
to the second resistor, a second input responsive to a

ref erence olta and vi din out put, . si
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thé @iBéFﬁérﬁﬂiam&’ diddedd 14r aASH 6 aredlintihatbd. 6!‘ hesigheficino dfaémigving
coupled to a termnal of a swtch and a secondary
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re%ﬂ%@tssl!hg REcff of‘f’FI&}o:l f@gsehléttléé Bec&IrFiaal 1 of the switch

om a negative sl ope; furning the switch on in
response to the detection, wherein detecting

pri : i g t h . '
R 3P B T B SR b PR g
ciReROM0b, 484, Hnd abs oPFIBS. di Mg AbardeSiB; k3petRUR| &€ shewi.he
second term nal of the capacitor; and conparing the

Sneeificali the sviles velagsntw adihaarimagy qursntdaR A6 thewndyring a
svxﬁﬁfl %88? Surkf the 9\91télporfjt‘?x{1ﬁ Qt xﬁmgrégﬁeﬁtrl £ & @PRAt Qtime t1,

tage at the swtc fro a negative
the pmpery cu?renfrdxeeamtatpmﬂewimuﬂeéﬂmla cawserzehe odputeaficomgarator

3t Slatrfres B Binsflab i Eitu AT BRI RF rpe lghPof

coltiputafg 438 $Bm@Mgh A1 rigBérs tiRy dhiebabt 4460cHusing theoutie signal Vg
second_ term nal of the capacjitor; and. clanping the

434 ot flggf@pg}opﬁgg tQ Emainjow @[r &t leagt the blanking interval.

Once the switch 22 is turned off, the switch voltage Vgw rises, between times t1 and t2.
During this interval, the capacitor, such as capacitor 412 of FIG. 11 or capacitor 458 of
FIGS. 11A and 11B, is charged, causing the comparator input signal Vci 424 to rise. In
the circuit 400 of FIG. 11 and circuit 450 of FIG. 11A, the comparator input signal Vci
424 rises to the level of a positive clamp voltage Vd associated with the diode 414;
whereas in the circuit 460 of FIG. 11B, the comparator input signal Vci 424 rises to a
higher level (indicated by dotted lines) since the clamping diodes are eliminated. As the
slope of the switch voltage Vg tapers to zero at time t2, the signal Vci falls to zero

volts.

At a time t3, the switch voltage Vsw begins to fall since the secondary current (not
shown) has fallen to zero amps. The switch voltage Vsw continues to fall until slightly
before a time t4 when it changes polarity due to the reverse recovery of the diode 24. As

the switch voltage Vgw begins to fall, the capacitor, such as capacitor 412 of FIG. 11 or
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8. The nmethod of claim®6 further conprising clanping
the voltage at the second term nal of the capacitor.
9. The nethod of claim6 further conprising: neasuring
a current in the primary winding to determ ne when the
primary w nding current exceeds a predeterm ned |evel;
and turning the switch off in response to the
determination. 10. A flyback converter conprising: a
transforner having a primary wi ndi ng and a secondary
wi nding; a switch having a termnal coupled to the
capréitmaA§8 wf Fidihd 1Aa1ndl 14B, iswispharg@b titerebly consingithe comparatgr
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signal Vs remains low until shghtly after time t4, when the input signal Vci exceeds the

-Ve offset signal, as shown.

The Q output Vq 434 of flip-flop 428 is reset by the blanking signal 448 at time t1. The
output of flip-flop 428 remains low until the Vg signal goes high at about time t4, as
shown. Once the Q output Vq of flip-flop 428 goes high, the output of OR gate 432
goes high, thereby setting the flip-flop 430 and causing the switch 22 to be turned on to
start the next switch cycle.

It will be appreciated by those of ordinary skill in the art that the switch control circuit
406 is particularly advantageous in applications in which the switch voltage Vsw does
not reach zero volts before it starts to climb. This is because detection of a change in
slope polarity eliminates the need for voltage comparison to any particular voltage

level.

It will also be appreciated that while the inventive circuits and techniques are described

herein in connection with a capacitor charging circuit, such circuits and techniques can
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be used in converters for various other applications.

Having described the preferred embodiments of the invention, it will now become
apparent to one of ordinary skill in the art that other embodiments incorporating their

concepts may be used.

For example, it will be appreciated by those of ordinary skill in the art that 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 FIGS. 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 FIGS. 4-6.

It will also be appreciated that while particular circuit elements and even logic signal
levels have been described in order to explain the inventive concepts, the embodiments
of the invention should not be limited to the disclosed embodiments, but rather should

be limited only by the spirit and scope of the appended claims,
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Claims
What is claimed is:

1. A flyback converter comprising: a transformer having a primary winding and a
secondary winding; a switch having a terminal coupled to the primary winding; and a
switch control circuit having a first circuit portion for controlling the on time of the
switch and a second circuit portion for controlling the off time of the switch, wherein
the second circuit portion comprises a slope detection circuit to detect a change of the
slope of the voltage at the switch terminal from a negative slope, wherein the slope
detection circuit comprises: a capacitor having a first terminal coupled to the switch
terminal and a second terminal; a resistor coupled to the second terminal of the
capacitor; and a comparator coupled to the second terminal of the capacitor and
providing a comparator output signal that transitions from a first logic level to a second
logic level when the slope of the voltage at the switch terminal changes from a negative

slope.

2. The converter of claim 1 wherein the slope detection circuit further comprises: a
sensing switch coupled to the switch terminal and having a control terminal coupled to

the second terminal of the capacitor; and a clamp coupled to the control terminal.

3. The converter of claim 2 wherein the switch is comprised of a plurality of switches

and wherein the sensing switch is one of the plurality of switches.

4. The converter of claim 1 further comprising a clamp coupled between the second

terminal of the capacitor and ground.

5. The converter of claim 1 further comprising a flip-flop having a set input responsive

to the comparator output signal and an output at which a switch control signal is
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provided, wherein the second circuit portion of the switch control circuit comprises: a
second resistor coupled to the switch; and a second comparator having a first input
coupled to the second resistor, a second input responsive to a reference voltage, and

providing an output signal to a reset input of the flip-flop.

6. In a flyback converter having a transformer with a primary winding coupled to a
terminal of a switch and a secondary winding, a method comprising: detecting of a
change in the slope of a voltage at the terminal of the switch from a negative slope; and
turning the switch on in response to the detection, wherein detecting comprises:
providing a capacitor having a first terminal coupled to the switch terminal and having a
second terminal; providing a resistor coupled to the second terminal of the capacitor;
and comparing the voltage at the second terminal of the capacitor to a reference voltage
to detect a change in the slope of the voltage at the switch terminal from a negative

slope.

7. The method of claim 6 wherein detecting further comprises: providing a sense switch
having a first terminal coupled to the switch terminal and having a second, control
terminal, coupled to the second terminal of the capacitor; and clamping the voltage at

the control terminal.

8. The method of claim 6 further comprising clamping the voltage at the second

terminal of the capacitor.

9. The method of claim 6 further comprising: measuring a current in the primary
winding to determine when the primary winding current exceeds a predetermined level;

and turning the switch off in response to the determination.

10. A flyback converter comprising: a transformer having a primary winding and a

secondary winding; a switch having a terminal coupled to the primary winding; and a
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switch control circuit having a first circuit portion for controlling the on time of the
switch and a second circuit portion for controlling the off time of the switch, wherein
the second circuit portion comprises a slope detection circuit to detect a change of the
slope of the voltage at the switch terminal from a negative slope, wherein the slope
detection circuit comprises: a sensing switch coupled to the switch terminal and having
a control terminal; a clamp coupled to the control terminal; a resistor coupled to the
control terminal; and a comparator coupled to the control terminal and providing a
comparator output signal that transitions from a first logic level to a second logic level

when the slope of the voltage at the switch terminal changes from a negative slope.

11. The converter of claim 10 wherein the switch is comprised of a plurality of switches

and wherein the sensing switch is one of the plurality of switches.
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