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Cl RCUI TRY AND CONTROL METHOD FOR CHARG NG CAPACI Tl VE
LOADS 5 CROSS- REFERENCE- TO RELATED APPLI CATI ONS Thi s
application clains the benefit of U S. Provisional
Application Serial No. 60/563,902 filed April 21,
2004 and U.S. Provisional Application Serial No.

60/ 564,395 filed April 22, 2004, both of which are My

i ncor por at ed heIRCOTPRY NS EONTROP, FTETHROD FOR

di scl osure rel at esCHA RENE CWPACITT INGgADRA0S and
nore particularly, ToO capacitor cnargrmng crfrcuitry

that controls switching and delivery of power. _
BACKGROUND 15 Capacitor charging circuitry is used to
charge capacitive | oads, for exanple, in conventional
phot of | ash systens. | n conventional capacitor charging
circuitry, RS- REFERENEE TO RELATEDDAPRBICATIONS
control the delivery of power froma power source to

t he cdfissapplieatidnodsimsithelbenefieofUIR) Prevadon ADlibRd S¥fial No.
out put voltage requirenents, the output voltage Is

reorsé3goedilad Apsre 1, 2004 find 6.8%ﬁﬂréiﬁﬁsﬁa&@pﬁﬁﬁon}s*éﬁgfﬁ&?éﬁ/sm,s%.

vol tage and | oad "20 requirenents. exanpl e

o Cl . r&Qing circyi 10Q i s, shown
(BRG] 252008 WAL Pk B A Sl hokem by rhipic
to capacitor (C 12 via transforner 14. \When a power
switch 16 is activated, current flows into a primary
coi-l of the transforner 14. \Wen the power switch 16
is de-activated, the energy EEddIrd in the transforner
14 is | transferred to the capacitor 12. The out put
vol t ad@isvbiselosies mistestto chatging copayitivetioads and more particularly, to

capacitor charging circuitry that controls switching and delivery of power.

BACKGROQUND

Capacitor charging circuitry is used to charge capacitive loads, for example, in
conventional photoflash systems. In conventional capacitor charging circuitry, a power
switch is turned on and off to ¢ontrol the deli\-rery-of power from a power source io the
capacitive load. Under varying load conditions or output voltage requirements, the
output voltage is monitored and switching is adjusted to meet the output voitage and load
requirements.

One example of conventional capacitor charging circuitry 10 is shown in FIG. 1.
In this circuitry 10, power is delivered to capacitor (Coy) 12 via transformer 14. When a
power switch 16-is activated, current flows into a primary coil of the transformer 14.

When the power switch 16 is de-activated, the energy stored in the transformer 14 is
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secondary coil of the transforner 14 via resistive
divider 20 (Rl and R2). One disadvantage of this

nmet hod of nonitoring Vout is the | oss of capacitor
energy due to the | eakage current flow ng through the
resistors Rl and R2. 5 The power switch 16 is
activated and deactivated by a latch 18 coupled to the

otk idferfil 16 mm&ﬁ@f $2.2%he S@putdiltafe VoMb mtor&fhrouch the

activation of the power switch 16 Tn "response to tfe
" deBBtdhol Bl of i riliorey 1 v SR AR 2R iR e

limt, the switch 16 is deactivated and the energy of

¢ isadipgn of thia method of Tomiiosing, s ds the dess o4 gepacitor enppey due to the
This method of |limting the primary coil 10 current

| Aeakage putzent flowin theoesistors RhandR2g control uses

a sense resistor 30 at the primary side of the

t r ansf dFhegrowkdswitdhel Glis aeivaratl aaaleattivatidbyElaid 8oupled to the
current protection and charge control is the power

digkfiue of tatipdiaiErs2a, 16 WHiP bcHdNthe lﬁﬁvég?fsoglﬁ%}%grfr $witch 16 in

resi stor is also used on the secon

3
t . the ary.,coil rrent .
| SO Bihc ftnarf RO SR SEEROAR b Srpn Ty it e primary
start a w 15 .chargqj CV. .. JAgcordingly, there is
2 oL st i snfchcf ¢ B, Sk iy T8 Ecpctivaroond e nesegion he
control nethod that mnimzes current |eakage and
pmfoaw#@mmsmﬂemmmmmmmﬁ%mmmm coil
20 Features and advant ages of enbodi nents of the
c eatrend dprfobpusrent pratection wid ¢hargieg cordrod ppesracsehseassistoe 30 at the
followi ng Detail ed Description proceeds, and upon
r ptimagnside ofithe tramsf@nmenil A9 Onedistdomitage dfthiswigthéd 6f current
depict like parts, and in which: FIG 1 is acircuit-

dpR@éciion ahd CIRRYERInlONBIthE R dRIpafbRAeE RIhE Fsfstinks K. A sense
2 FIG 2A is a schematic diagram of capacitor chargi H"g

Chesfutir'32)s £196'8dedlofi'the Wobfliary side of the transformer 14, and once the

secondary coil current I, drops below a limit, the switch 16 is activated to start a new
charging cycle.
Accordingly, there is a need for capacitor charging circuitry and a charging

control method that minimizes current leakage and power dissipation.

BRIEF DESCRIPTION OF THE DRAWINGS

Features and advantages of embodiments of the claimed subject matter will

. become apparent as the following Detailed Description proceeds, and upon reference to

the Drawings, wherein like numerals depict like parts, and in which:

FIG. 1 is a circuit diagram of conventional capacitor charging circuitry;
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one enbodinment FIG 2B is a schematic diagram of
capacitor charging circuitry consistent with another
enbodinment, 5 FIG 3 is a circuit diagram of one
enbodi nent of output voltage neasurenent circuitry
used in the capacitor charging circuitry; FIG 4 is a
circuit diagram of one enbodi nent of discontinuous

conductFIen 28588 scifeRialh: - | stent wi
(CCP) circuit rysﬁsed in e ég%@é%@'}h%@%ﬁ@‘mmmem with

ci ' : , FIG 5 is a circuit diagram of one
er%l%wr?rgﬁltmeb?’ constant ON-tine generator circuitry

used i he capacgitor charging circuitry, and FIG 6

is a tir}ﬂbngBd? %ﬁ‘&‘ﬁﬁ‘i’?‘? 3&9&%@ ¢egaditor shaging cingnityyconsistent with
mode of operation of power sw tching control

cispethet embodiment; 7 is a tining diagramillustrating

wavef orms during another node of 15 operation of

pover UGt 3 i g@ronitdidgelm of bdehbodimentdiodine b ﬁégé easur
follow ng Detail ed Description wll procegjglgwot o mmt

r : %ﬁe@ﬁitﬂgcapﬁﬁﬂﬁ'ﬁhggﬂ i ve enbodi nent s,
many alternatives, nodifi cgt(%ﬁ%hfst‘,%and vari ations
t her eo i b [ t hase.skill.ed in.the art .
Accord?%%q ‘%/{“ig I's |;'ﬁﬁe&%8£§m‘twgq°%ﬂlﬂ§m°§‘ f%‘gl'““ﬁﬁ’f eduction mode
b i ewed broadly, and, b inped only as set forth in
¢ FRENB A5l prrgiient bxction L) srextrapedin teramnsin cherging
general , a capacitor charging circuit charges a '
cSBEBEYsi ve |oad by initiating a power delivery
swi tching cycle during which power is switched on for
a consFHptS is a circuit diagram of one embodiment of constant ON-time generator
circuitry used in the capacitor charging circuitry; and- )
FIG. 6 is a timing diagram illustrating waveforms during one mode of opetation
of power switching control circuitry.
FIG. 7 is a timing diagram illustrating waveforms during another mode of
operation of power switching control circuitry.
Although the following Detailed Description will proceed with reference being
made to illustrative embodiments, many alternatives, modifications, and variations .
thereof will be apparent to those skilled in the art. Accordingly, it is intended that the
subject matter be viewed broadly, and be defined only as set forth in the accompanying

claims.
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duration referred to as the ON-tinme. After the
constant duration or ON-tinme expires, 5 power is
switched off. The capacitor charging circuit nonitors
voltage levels to determi ne when to initiate another
power delivery switching cycle. The capacitor :
charging circuit may al so nonitor output voltage

level s indirectly to JdREFATLED DERIRIPTIONt Op capaci tor
chargi ng. According to one exenplary application, the

capact i Pbafch o Srdltlabl s e gad y g o
e B S M oSy st

devi ce such as a  digital canera. Those skilled in the

aduragion refersed igas the Oﬁlawmf:h Afienthesongant dratigh og ON-timeiexpires,

may be used in other applications and devices. As used

i powms/is switchidrodfit Theecapacitor changinpiitchit anmitosi voltaid Tevels to

may conprise, for exanple, singly or in any

c defeiniiat when toliittute shwithicd hotver Gélivery swildhfll GRS capacitor
or “firnmar

circuitry, state machine circuitry, an f

r
g o 50 A S A s BT Sin i

circui

g%@?wfﬁ% ',rormy mean a seni conductor device

m croe nic device, such as, for exanple,

a sem gonductor integrated circuit chip. FIG 2A

1T st AGEGng fo,one xeMplA epRlication Akt sapncitarshiyeing circuit is used for
circuitry 100 for. 20 charging a capacitive | oad. The

ethe gsnarafonafhigh voltage Fanthe phptefiash @if @ cgmeR0 The chpatiter charging
power transfer circuitry 101, power sw tching control

céirapitimaybel0naponentaifiagqmever measganee systeth foraidigital 40ce such as 8
A power source 106, such as a battery, is coupled to

t digitalpamera. (Thesesdkdliedsintheirt will #eldgnibdBa@¥Ripasibl Gt circuit
control circuitry 102 and the voltage 4 neasurenent

Clkpbé hided irl Gther ApplidRasisahd GetiaRd _&rms@%;ﬁfcf%ib%t $ierein,

coupled to the power transfer circuit

mﬂ ﬁngn?&ah&?" nia; copiibe/ foCxaMPY, Qhgy U iPRE combination,
“hardwired circuitry, programmable circuitry, state machine -circuitry, and/or firmware that
stores instructions executed by programmable circuitry. “Integrated circuit”, as used in
any embodiment herein, may mean a semiconductor device and/or microelectronic
device, such as, for example, a semiconductor integrated c1rcmt chip.

FIG. 2A illustrates one en_lbodiment of capacitor charging circuitry 100 for
charging a capacitive load. The exemplary capacitor charging circuitry 100 includes
power transfer circuitry 101, power switching control circuitry 102 and voltage

measurement circuitry 104. A power source 106, such as a battery, is coupled to the

power transfer circuitry 101, the power switching control circuitry 102 and the voltage
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circuitry 104 may conprised discrete conponents, or
may be enbodied as an integrated circuit. Although the
exenpl ary enbodi nents of the circuitry described bel ow
have 5 specific configurations or designs, those
skilled in the art will recognize that other circuit
configurations and designs may be used to performthe

f UeisuRifertl ERGRP 864 NR' Bbdkiti |
e e Y P04 oF Pey OB SR Et 1124 otld to the power

| yhacknt T ansf. havi ng pri d
BT A S e P R R ——

Power.is, delivered, tgo the transformer 114 when the
profeRiy 1G4 anteprunised diserpte campomontsnr b amlmdésdgisz@dntegrated
by the power source 106. Wien the transformer 114 is

ncirehisn ddthoughethg exempliny enfitedimens ofthe eeuitP deschiBd below have
energy is transferred fromthe transformer 114 to t?le

capediic oo ioh6H @sins o sﬁﬁ}fﬁl?ﬁthc%ﬁp@ﬁ#g%%%z;égtp%tg)?her circuit

out put di ode 108 may e coupl ed between t

1 nﬁgga I bgﬂﬁ t L he capaci,t or .

1%% frorrt:i‘ibhgia%&g | crﬁ{;ed %ﬁtr“gﬁéﬁ"%ﬁ'@eﬁmﬁg% g§eribeg herein.

whi | e r_is bein 5.delivered to the

t ransf gllrﬂrgrgle&ivﬁﬁw PPP%VEI FT it q?lg}nela%%'ran@fmar 114y such as a
1 2bc tro%s trhe swi tching.of the power source 106 to

t ?ﬁﬂﬁé‘ﬁ FREnaying neymaryand secondary eois orawindings with opposite

swi tching cycles duri-n whi ch power is switched on
f Belagtye diosienindelitivrad tothe srangiemernid 4 (Wien the PiniryovintRg of the
constant ON-tine, the power sw tching control

ctransfioriney 1141 emeigized by thepovedr soeick 166.Y Wien 2 & form
transformer 114 irrespective of the current across ﬁ1

ploingerenenpiized by dhpovidrSouice 206, 8E BRkeylitdrandBfed tﬂ'hféﬁggtransformer

measurenent circuitry 104 i ndi rect|'’y measures

t . - g the .
Ve iy . o
Lo | i t.ch t hat '
o Sl ekt ooy 312 AT foe TiodGpher 19 19 Dl e @pacior

S}¥! dn %%i@lg'd?s{charged through the transformer 114 while the power is being

1141isno
e

delivered to the transformer 114.

The power switching control circuitry 102 controls the MMg.of the power '
source 106 to the transformer 114 by initiating power delivery switching cycles during
which power is switched on for a constant duration or ON-time (T,y). During .the
constant ON-time, the power switching contro] circuitry 102 maintains power delivery to
the transformer 114 irrespective of the current across the primary winding of the
transformer 114. The voltage measurement circuitry 104 indirectly measures the output

voltage to determine when to stop charging the capacitor 112.
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activated by a flip-flop or latch 118. The |l atch 118
activates the switch 116 during the constant ON-tine
and deactivates the switch 116 when the constant
ON-time expires. To 5 control the switching, the
exenpl ary power switching control circuitry 102 al so
i ncludes constant ON-tine generator circuitry 120,

di scontThewaesplannsbweriswitching @oftesIdircuitl9t102 ihhides a power switch
circuitry 130, and overcurrent protection (CCP)

Ci1n 6 vhak tdus Hiebea
CI rcuitry 12 1ﬂéletgrm%]gtseﬁ?%]e const ant %Qf‘{ﬁ’ﬁ&{thfesmtchlléls

CMEely 4 gl bR 18 %%W%H?@wa e SwAtes 116 during the

di scontl I0uS cgaductl on _node, for exanple, when the
f pactivates theswitch 116 schep &lq cepstent ONHime expires. To
OCP ci rcwtry 140 provi des overcurrent protection by
deendrl itheswitohingpthe ckemplaty powdrbwitchingsémroteiraditry 102also includes
may-result in an excessive current when the swtch

1 ¢énstamt ON-fitlegeneritof tirditry 820, A¥RbMHIOAN EorabEld meaé (DCM)
I'n one enbodi ment of the control C|rCU|try 102, when

300an1§5bv%¥c‘i‘:h‘éﬂ{ BRLLGPCH) dfeuldyC14oS

anot her power delivery svvlt I ng cy e s rnrti afe © constant

, Oq?i{ %‘%g gas&%'h er m tﬂﬁ%li(gd&%ﬁ{‘ﬁ% ne f‘° ?ﬁﬂ G2 power delivery

gener.at or I n. one di mrent, the po

SIS @orﬁfﬁ%%ﬁwm@mﬂm CoPUEISe Rt o

144 (e.g., an_AND gate) coupled to both the DCM
d@?@@PPW&DP@%ﬁ“PF jrodefonramle, wirm the fliexwithin the transformer 114
provide a switching control signal or a fire 20
shagieallanshdit The:OCP sirenitny Hd0 posddesasiercusrent protettids bygdetecting
cycle. Inthis illustrated enbodi nent, the |ogic gate
1eutrept levels @stht randformeer 4it ¢ ket nialyr&fottih ambmesav@ﬁh‘cent when the
out put signal is received indicating that DCM has

Q¥itchr196 i€ Swigched Bilite],)andvercohient dadideh). out put  si gnal
is received indicating that no overcurrent has

 occur MRk OeBadinenfof the bdfirdl i3 F0LH RAICMEdhrsYnd no
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the control circuitry 102, the FI E Si gnal
overcurrent condition occurs, another power delivery switching cycle is initiated and the

switch 116 is switched on for the constant ON-time as determined by the constant ON-
time generator circuitry 120. In one embodiment, the power switching control circuitry
102 includes a logic gate 144 (e.g., an AND gﬁte) coupled to both the DCM detection
circuitry 130 and the OCP circuitry 140 to provide a switciu'ng control signal or a fire
signal that initiates the power delivery switching cycle. In this illustrated embodiment,
the logic gate 144 provides the fire signal (FIRE=1) when a DCM output signal is
received indicating that DCM has occurred (e.g.,, DCM=1) and when an OCP output

signal is received indicating that no overcurrent has occurred (OCP=1).
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provided by logic gate 144 initiates another power
delivery switching cycle by setting the latch 118 to
activate the switch 116 and triggering the constant
ON-tine generator circuitry 120 to maintain the
constant ON-time for the swtch 116. After the
constant 5 ON-tine has expired as determ ned by the
const a i ; i i : :

I thXhisiried BRBBARICAE ofthe E@%élﬁ%%yrlgg,:tpg FIRE signal

constant ON-tI1ne generator circu
ofloFideg b el BAET Plfied Aot o ity oBile PERtinscuple by setting

bl anki.n eriqQd enerat or 150 for generating a_ .

TR Do tats et faioh b6 AR 1SESrioR RPN time gencrator
measurenent circuitry 104, the DCM detection circuitry
1@guitrydl 20te n@dEtain the odrtstapt OABtime For the ewittlahlg. niftacthe ochstant
signal can be used to tenporarily disable or delay the
ODNptithe bis dxpited a9 detéririved by the cosbitdrit TIN-fintd @Rk circuitry 120, the

period) to prevent erroneous signals caused by voltagé

- ’ _ < . i _ _
deact | vaI;Iet%seqhose ski | : 23 2'F)Esst Ee g?dt%c%fﬁéoﬁ%hgatrﬁ%gsmwh'

LR e b R AR 10 ARTRLS s8HnAF FahgBerid

capacj t harging ciycuitry 100'. 15 Agcording to-
(aheetor 5o for geferahica blapking berot sian] prpidete e vo)iagoo
may operate in a slow charging node and a fast

ity 104, the DGMdetection girewitiy 130 nad the QP circuitry 140.
delivery switching cycle is initiated when DCM occurs
(Thedlanking period sighal dan be wfat todempararilyodibdbiparait)ayahel output of the
when no overcurrent condition occurs (i.e., current
|oiresitryi(ie.; dwringrasbisilongrperiod) fo freveivefrofi®us bignglh Fausdd by voltage

descri bed above. In a fast charging node, the power

@piicey] FonexaMpRyivhen HHRGWIIE LA RPdeabBvAtad.  Titise Skifled 1 HBSR will

"no overcutrent condition occurs, wthout detecti ng

T
102' I8 GloWinBtrer Gk foditbfit o thpdciof charil R Tbor.
According to this embodiment, the capacitor charging circuitry 100’ may operate in a
slow charging mode and a fast charging mode. Ina slow chargmg mode, the power
delivery switching cycle is initiated when DCM occurs (i.e., flux in the transformer has
collapsed) and when no overcurrent condition occurs (i.e., current level in the transformer
is below a set level), as described above. In a fast charging mode, the power delivery
switching cycle may be initiated only when no overcurrent condition occurs, withdut
detecting DCM.

To implement the sloﬁr/fast charging modes in one embodiment, the power

switching control cncmtry 102’ may include a logic gate 131 (e.g., an OR gate) between
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the DCM detection circuitry 130 and the |ogic gate
144. The logic gate 131 receives a SLOW FAST conmand,
for exanple, fromexternal control circuitry. In this
enbodi nent, the logic gate 144 provides the fire
signal (FIRE=1) when an OCP output signal (OCP=1) is
recei ved and when either a DCM out put signal is

ot Reract SHE] 700 B AR e 191 ot
e L T e T

t he P out put signal only, even if DCM does not occur :
( ee"@b%‘cﬁﬁa% @ﬂiﬂ%& gaje $honroviies thefise gignal (FIRE=1)mehen an OCP output

'vol.ta?e nmeasurenent circuitry 104. The 10 voltage

€XERr1)ds received andieherseithesa DICM Qutywt signdli€provided (DCM=1 )

" capacitor 112 when the neasured voltage reaches a

prozddtentind SIEOW/RAST cobfing helieh &l &/ M UnbAis ﬁB?x?S%LWASTﬂ).

circuit 104 indirectly neasures the output” vo

VSN0 o e K8 BT BT e e e
i C S R AN p—

Vsw amg& 117 and power source voltage VBAT and

det8r s“a neasured voltage Vim which is conpared

to a reference voltage VBp. In this enbodinment, a

conmon Fifd+ Lshews one ppodigentef the soltage dneasuramestuaitcuitry 104, The
shifter to convert the flyback voltage into the -
nEekagesueayuementeiropitry 104 stopa shargihg\ofithico@Padinr 112 Whes the
represented according to the follow ng equation: 20

VBigafrédVoltagd/featBes @ predstezmiied 16Ve].2THe &y"oRage measurement
resi stance val ues of the resistors 162, 64, '

I SiSRAICIOdRdiyectiNmictsurés e S8HANEIMa¥e VO, %bg%] ttlﬁg plt'iﬂlgry coil of the

transfornmer turns ratio, and VoalN repre

T itlafsider Y4 byP@@asuring a flyback pulse when the switch 1 16 is off. More

15

20

specifically, the exemplary voltage measurement circuitry 104 receives switch voltage
V_sw at node 117 and power source voltage Var and determines a measured voltage Vga,
which is compared to a reference voltage Vrer. In this embodiment, a common gate
amplifier 160 may be used as a level shifter to convert the flyback voltage into the
measured voltage V. The .measured voltage Vr; may be represented according to the
following equation:

Vrz=R2/R1 x (Vou/N) 43
wherein R1 and R2 are the resistance values of the resistors 162, 164, respectively, N is
the secondary-to-primary transformer turns ratio, and Vou/N represents the flyback

voltage.
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| #hd M2 arg equal; Rind

8 The common gate anplifier 160 may be inpl enented
using a positive-channel netal oxide sem conduct or
(PMOS M2). The voltage nmeasurenment circuit 104 may
include bias circuitry 166 to ensure that 12=I3 so
that gate-to-source voltages Vos of M and M2 are
equal . Under this condition, the voltage at the source

of commi @airRorPeAdRhplifi®'160

t he source vol tage VB%T A cglgld alfé;q@ %%féoﬁ? channel
MEASHT ence voltage VRee, and

provi d‘gxg a&ﬁg{gﬁg glltng S\ h?lrh' ?tpgeemﬁgg e circutt 104 may

voIt VR2. reac s_the. reference voltage
46 hiag Gesmitey, Qf@ﬁo@w G108 s ot getetonmoptes voltegmtVs of M
a Iatch (not . shown i whi ch may keep resetting the
reondition,abe volage@ptheaomioe vEedmidn gate
charging until a new start conmmand is received. As an

exxaplifier 160 (PMRES ¥M2)5s equal ol th® sdurce PoleheblvRQ,. t he
capacitor 112 will be charged -up to 300V, and then the

char of dcdpibaratbi1683oRARA e e Eddifed WP U3 % ¥k VSitage Vier

gharglng i s stopped, ?0|tc iy
18%@?%"% SRyt i AP e VoIt Wi sepien gn reeds the

t oI sor,.or. the rel eyant external 'control
mper? 9\25 JB‘ 108 charging sgnal ey, for sxpmple, reset adstch (not
10a determned perlod of tinme, taking into
Brvtingthedatol [ 1 &insthe contol eircuitry 108 ¢o prevent

capaC|tor For exanple, the resetting of the |atch
10h3rging yntimnaw stert mnmndalspmedd e ancexymplid, IfVeS1.5, R2/R1=0.1,
cycle to be initiated once again. The ONOFF cycle ‘of
t dngl Ned{l; thet capacitoa i §2 wijl be clanged upaty 300Vesrd thén aﬁ cthgmg will be
refresh rate, which depends on the timng of th

yocessor or relevant external control CIrCUIt
I'n a photoflash application, the m croprocessor or the

rel evaphrimpdhigeabd Waeh fe! charging is stopped, the voltage on the capacitor may

droop due to the inherent leakage current of the diode 108 and/or capacitor 112. To start

charging again, the microprocessor or the relevant external control circuit may wake up

the capacitor charging circuitry 100 after a predetermined period of time, taking into

~ consideration the allowable voltage droop across the c&pacitor. For example, the

resetting of the latch 118 is stopped to allow a power delivery switching cycle to be -
initiated once again. The ON-OFF cycle of the capacitor charging circuit may determine

the refresh rate, which depends on the timing of the microprocessor or relevant external

control circuit.

In a photoflash application, thé_ 'tm'croproc&ssor or the relevant external control -

circuit may initiate a discharge of the capacitor 112 to produce the flash. Thereafier, the
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circuit may initiate a discharge of the capacitor 112

to produce the flash. Thereafter, the 9 m croprocessor

or relevant external control circuit my wake up the
capacitor charging circuit 100 again to allow a power
delivery switching cycle to be initiated to perform

the charging of the capacitor 112. FIG 4 shows one

e fhigdbfRAIsoPdr releQarideMeptfl 86rittdd Birbuif ﬁlﬁ% Wa%\% ip ﬁle&ﬂs?citiigg charging

5 overcurrent protection circuitry 14 en the

i £ i r . . y |
POkl AR Rl M IAD sy RO ERRIEN SRS oo e
di_sconti nyous cond ion node (DCM occurs in the »
tF%ﬁ@f‘SP cﬂ‘!ﬁmﬁ'g%et ect the DCM the DCM detecti on
circuit r&/l 130 receives-switch voltage Vsw and source

vol t agEIG/Ashows enelembedimentof the DEM detegtinnodirouitiyt tifanidghe

.lower than a predeterm ned threshold val ue. Because

t beercustent protédtivn biradiry V40 Which theo@uxhwithiathé aisforfier 114 has
gate breakdown voltage of a transistor of a | ow

V&IPSl dREA@a§ and bR BNEIERSIREE iOQval foétd, Elﬂislsgﬁitﬂﬁﬁs conduction -

include a resistive di'vider 134 to attenuate the

V, V. I ef 120 g .
THOGHRCMI el B \Enstiitfey 11170 dBieb 1B PN RS BICM detection
cQ r a 132 that, coppares switch vpltage Vswand . .
ORte’ 18] e esiomiten SRREH iy endlBouse? 3 fases Ve gid determines i the
ipndicating .15 when DCM occurs. The exenpl ary DCM ) _
Ryhack voltagsiis lower fpn ppgedeterminedshneshold vefpe.cReepuperthe switch
and | bi.2 and perforns. a conparison according to the
feillageViey coujd deihigher than the\gage brealglown voltega/@artransis@r of a low
lbi., x Rffw VSW= VBAT + Vone~K (2) (3) Thus, when

t vodtagepockssythe DM detectigpeircnitiyn 3 0ednyy fglide atresistive divider 134 to
source voltage (Vsw

attenuate the voltage Vgw to a safe level for further processing.

The DCM detection circuitry 130 may include a comparator 132 that compares
switch voltage _sz and source voltage Vrar and provides an output signal indicating -
when DCM occurs. The exemplary DCM detection circuitry 130 receives bias currents
Thias1 and Ty and performs a comparison mrﬁng to the following equations:

KxVsw+Vgs=Kx Vaar+ Vos + Ihias1 X Rommset 2)

2 Vew= Vot + Voma/K. . - 3
Thus, when the switch voltage is apprqximatel& equal to the source voltage (Vsw =
Viar), the comparator 132 prqvidés the DCM output signal indicating that DCM has
occurred (i.e., DCM=1).

During the initial charging period when the output voltage Vour is close to 0V, |

the amplitude of the flyback pulse is small and could be less than the DCM threshold.

10
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20 Vi sAT), the conparator 132 provi des the DCM out put

signal indicating that DCM has occurred (i.e.,

DCMELl). During the initial charging period when the

out put voltage Vour is close to OV, the anplitude of

the flyback pulse is small and could be | ess than the

DCM t hreshol d. 10 The DCM detection circuitry 130 may

NThe PEM Bhﬁcﬁcﬁx HRuRS 1%_5‘;6 AotHBible 14 AefeBORicR EQ%%ﬂl%ltage properly

e
and as a result, may provi'de a DCM out put sign

( . ed. |f.the

s reFRE Rl Mot WM B0 R ign A TRIEMED) e gl DOM s ot
these copdjtions,. the primary current in the . :
t?%ﬁE‘P@r ﬁéi‘e Rower delivery siitching syele isdpdtistediumderthejeconditions, the
limt of the 5 swtch 116 and the transforner 114. The :
epuimanycugremG the transfarmer 1 Womey buiddiugs andhexcped e cyrrent limit of the
current fromexceeding the current limt of the

sswitohl 16k6d dvectransformenhsy, or mer 114 by preventing
activation of the switch 116 when an overcurrent

d. t . R . . | i i [)
Con) TR Ocp ity MSEAR o il B e

140 receives bias curre

r . ect .0 | . Vack 1 red.across,. :
Pl il O 3 BFAAET 6 B RO Fon it oL BB 4cVtion of e
co rator. 142 that 15 def.ects the overcurrent L. ,
COTHHRLL6 V1 A G EEIr Rt SRRCHGR Berupindbo BRI The HCP circuitry
if the, current level in _the transformer 114 exceeds a
cktOrageives biasicurrgats dowandlnecand @a everchgent proteetion voltage Vocyr
foll owi ng equations: VWcp + V6s + Roffxt x Ib, = V6s
\toegsured abross resisomRy... RTha OGP, citchitryoli@rineludes at congpasdtor 142 that
the secondary wi nding of the transforner is: MAY
detects the overcurrent condition by determining, based on the voltage Vocp, if the -

current level in the transformer 114 exceeds a certain level, as determined according to

the following equations:
Voce + Vas + Rofet * Ipias = Vas “)
Voce = ~Isec_vaticy X Raec (5)

Thus, the overcurrent level in the secondary winding of the transformer is:

L oty = R};i" X Ly ©)
The oorresponding current in the primary winding of the ﬁ-z;nsformcr is:

L pvaitey = Toes_vattey N N

If the current level in the secondary winding of the transformer falls below
Lseo_valley, the comparator 142 provides the OCP output signal (i.e., OCP=1) indicating no

overcurrent condition.

11



(4) (5) (6) The corresponding current in the primry

wi nding of the transfornmer is: 1 p,,a,y =1,- ,w y xN
(7) 20 If the current level in the secondary w ndi ng

of the transfornmer falls below | ,fey, the conparator

142 provi des the OCP output signal (i.e., OCP=1)

i ndi cating no overcurrent condition. 11 FIG 5 shows

SP?CEI try 1§f8| f etegﬁ) cusseg {hbove 3 '@én%ﬁoglmmny 120.
S0, B AR el SO @ié’ﬁ'aﬁpr%fé {{iRewhich drives ON
generator circuitry 120. According to the illustrated

eﬂ%ﬂ? ifpbid 6, anddriggans therongtapt ONdingregrmeratencinchitryuli20r YAccording to
120 includes a latch 5 121 that receives the FIRE

s itgrillustrafdaeenatandishent} thObbristant O titteqienératdir ittiritry 120 i ludes a latch
may receive the source voltage VBAT, which nay be

5 dilyi dRfreesivethe FIRE sighall MheCoRdMMION SRR E&ior%bluiry 120 may

10
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around an operational anplifier 122 connected to

tranS| S or%%&o@vwa# ?%ay\}%AafbﬁFgm;é edwﬁ:;e

.cur rror.123. Wien,th .
" Bfteratonyife oG, 4f Forraliiigh o S g%%h@ﬁ ipagistor. The
124 and |rects the current m rrored the current

nthe drain of the NMES tgpsistes, proppsti a@ﬂwm,lla sent4o a current
char ged with the current proportional to VBAT: |chuge
=miirror NBAWhea) thea FERE signaldeggles tbe lat¢thi2 1¢ itp eutptiosigia? EHARGE
increases fromthe initial Vpp L level to .
drives a switch 124 and directs the current mirrored by the current mirror 123 to a
capacitor 125. The capacitof 125 is charged with the current proporﬁonal 10 Vpar:
Lotarge =k X Vpar ®
The voltage across the capacitor 125 increases from the initial Vramp 1 level to
the Vramp u level. A comparator 128 detects when the capacitor. voltage reaches Vramp n
level and outputs the signal PK_DETECT, which resets the latches or flip-flops 118 and
- 129. The flip-flop 129 switches ON the capacitor discharging circuit, and resets the latch
" 121. After the capacitor 125 is discharged, a comparator 127 sets the flip-flop 129,
preparing it for a new cycle. The Q output of the flip-flop 118 is set high from the
moment the FIRE signal sets it until it is reset by the PK_DETECT signal. The resulting
ON-time, toy is:

- CXPrve = Vo 1) _ Ko
” kX Vpur Voar

®

Thus, the ON-time is inverse proportional to the source voltage Vpar.

12
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the Vp Hlevel. A conmparator 128 detects when the
capacitor voltage reaches VIP H 15 | evel and outputs
the signal PK DETECT, which resets the | atches or
flip-flops 118 and 129. The flip-flop 129 swtches ON
the capacitor discharging circuit, and resets the
latch 121. After the capacitor 125 is discharged, a

compar 3@ boddfofdih aliiths ikl BRuRE Bhe solef 38 bl tllprimary

for a new cyc e Qoutput o I"op

o g e Bpdines AR Qt Pk DETECT < SEZI “he

resulting 20 ON-ti ne, is: _ &X(Mu&y'V, M_L) __
Kov 17l G@LE;@:T ygbﬁ Thus the ON-tine is inverse (10
proportl’i')naIL to” heLsource voltage VBAT. (9) 12 The )

correspondi ng current variation through the switch 116

Ul B e s R i L

currﬁnt vari.ation through t he transforrrer S primary

qrgrer’s grimery muctance; andsK o igercogstanty nar y

i nductance, and KON is a constant: Cx ( V, , H

-' RAMP )_CKQWHFH&M@}( current through t he :
transfOower™s pringry wnding is: [P-Px =IP-U-Y + WP (1)
(12)

The peak current through the transformer’s primary winding is:

Ip pp =dpyyy + AL, - | (_12).

Because the exeﬁ:plary OCP- cireuitry 140 prevents charging during an -
overcurrent condition and constant ON-time generator circuitry 120 maintains the current
variation constant, the power switchjﬁg control circuitry 102 does not need to directly
monitor the primary current limit and the sense resistor used in conventional capacitor -
charging circuitry can be eliminated.

Although the exemplaz;y embodiment shows one configuration for the constant
ON-time generator circuitry 120, those skilled in the art will recognize that other
configurations are possible to provide 2 constant ON-time. |

FIG. 6 shows various waveforms associated with embodiments of the pov.ver
switching control circuitry 102 and the power switching uontol circuitry 102° operating
in SLOW charging mode (i.e., discontinuous conduction mode). When the switch is
activated during a constant ON-time (t,,), the switch voltage Vsw drops to zero and the
primary current Ipgy increases. After the constant ON-time, the switch is deactivated, the

primary current Ipg; drops to zero, and the switch voltage Vgw increases. To compensate

13
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Because the exenmplary OCP circuitry 140 prevents

charging during an 10 overcurrent condition and

constant ON-tine generator circuitry 120 maintains the
current variation constant, the power swtching

control circuitry 102 does not need to directly

monitor the primary current limt and the sense

r ethe ptimaryinddesdmagitie fHuk, N @rrePRAC St flowidgid il Gecondary winding
circuitry can be elimnated. Al though the exenplary

i?ﬂoﬁﬁmlﬁgﬁéﬁaﬁﬁf’“ﬁ. £ ﬁﬁﬁf‘i‘%@?fe? fos BB RRA femc decreases.
oo TuBhhe s ol 55 Rl o R 6 0 Agbachiftngs i o 20 e,

vari ous wavefQrns assocjated with enbodi nents of the
oVt = Vowr BeitHgMpIt sienel is egnarsigd (DEMirl Ahbongawdhe overcuront
switching control circuitry 102" operating in SLON A
c rrendjiting doeschot pecue, the divercumnt prodection aipgiakis igemerared! €DCP=1). When
Wien the switch is 20 activated during a constant .
OOCP-Aleard@ DSM=1|, the switch il be kétRated\ipaindoP Rfothe Oﬁﬁﬁﬂw duration

e

and the primary current Ipj increases. After t

CARSt athe PENT IiBput § %tléz?%del;aégﬁ@&g%sgﬁeﬁgy%a&mﬁ ?81;%‘133 falls below

primary current "I Ppd drops

R R e Rk —
R R NN N, < -

decreases. _ \Wen the flux within transforner coll apses

arehen the switeh ds firsy deactivated to reeeat erroncpus signals eaused b voltage spikes.
VBAT), the DCM out put signal is generated (DCMVELl). As

| ong a¥lG.eshowsrvatousewmavelormsrassoriated witle therenibodingents of the power
the overcurrent protection signal is generated

( Sufecting cotth cir@liiey I 02trpefabive in FART chiviginginddd (i.e.p ontinuous

activated again for- another ON-tinme duration (to,).

| ourkdie op¥eiicn)! Duiring il PASP ORarbing SE0HR! B8 tEE A BE adthBted for an

flyback voltage falls below the DCMthreshoI d during
AON-fink ldﬁ{ﬁtiSH%S'oBEv Wil OEPL11CRs ¥ réultSthE sRiieh 1At Pt before

the swtc
DCM occurs when the secondary current Isgc falls to the set level Ln,y. When the switch

is activated, the corresponding current in the primary winding Ipgs is N X Iyapey, thereby
providing a continuous current operation.

In summary, a capacito_r charging circuit comprises.: power transfer circuitry
configured to transfer power from a power source to the capacitive load; powcf switching
control circuitry configured to control switching of the power source to the power
transfer circuitry such that power is delivered to the -pow'er transfer circuitry for a
constant ON-time; and voltage measurement circuitry configured to measure an output

voltage of the power transfer circuitry to determine when to stop charging the capacitive

14
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will not be activated if OCP=0. In this enbodi nent,

t he bl anking period (BP) occurs 10 when the switch is
first deactivated to prevent erroneous signals caused
by voltage spikes. FIG 7 shows various waveforns
associ ated with the enbodi ments of the power
swtching control circuitry 102" operating in FAST

cHeadyi A metiwdefcharging weaaphéitivoload c@mpﬁ@@tmaﬁ@ﬁﬁg %%sfonner to
e

During the FAST chargi ng node, the switch w

Qfe{e\léﬁi 8cdrfiudii m@h&ﬂoﬁ%é&ériﬁme%nﬁfoi’mg %ﬁf %%lﬁg)?@g the

a
OCP=1. As aresult, the swmtch Is activ

t he secondary..current Isar falls to i
¢ B30 BP0 R GRRL Aot i feens Bimer 1 fhespcontinuous
the correspaonding current in the primry w nding |ppj
i Copfluction mode 1s d/qs ngwvercagent conditipn isodetectad; a power -
operation. In summary, a capacitor charging circuit
c delivery switchiugeyrcle isamitiated. The powendeliverynivighingdytle has a constant
transfer power froma power source to the capacitive
| ONitineawel thavpdwariiigvZdhed ON focthe &hﬁd‘ﬂe&hﬁér)ﬂuﬁﬁ%ﬁdi@ ebrfant ON- -

to control swtching of the power source to the power

U GigHeSn8 otk 1S WivitbNedSOFR %@ﬁme%%tiww_ 'i'%:n Skt voltage

power transfer circuitry tor a constan

\ [e i [L.cui confi.qured..to sure an
o R haRGrelfF TUERIES Wi I o IrerBOR kaid Bhitie R 1000”1
det erm pe en to stop, charging.the capacitive 14

Load. A , She caparitr dharding tirguity, charges & gapasitire laadmore
mopi toring a transformer to detect a discontinuous

c S%ﬁlﬁi‘fly by nipimizing owssent deakagesand newver diseipation.t ori ng t he
transforner to detect an overcurrent condition in the

t r ansf Shererms arfd axpressioas which have iseen emplediboreimmrd msédas terms of
detected and/or no overcurrent condition is detected,
adescriptionand ebt oflingitativnt e theredy o mtéion)intth@b&bf siéifterms and
power delivery switching cycle has a constant ON-tine

S exiessions, of exhiding aﬁ;vw&ﬁmwm@fehhﬁa@ shBWala8d dBdcribed (or

during said constant time and power is swtched

OhdrtivhiAferehss, 408 H6ik dtoghled hAPveI68S MdRifickEns Uit Pblsible within the

vol t age
scope of the claims, Other modifications, variations, atid.alter_nativm are also possible.

Accordingly, the claims are intended to cover all such equivalents.

15



I's measured to determ ne when to stop charging said
capacitive | oad Accordingly, the capacitor charging
circuitry charges a capacitive |oad nore 10
efficiently by mninbin current | eakage and power

di ssi pation. The terns and expressi ons whi ch have been
enpl oyed herein are used as terns of description and
noWhatfis tlaimedisi on, and there is no intention, in the
use of such ternms and expressions, of excluding any
equi val ents of the features gumgnd described (or
portions thereof), and it is recogni zed that varlous

ity e 2 B h e R Uil Pt B TGHRS s i

al rnatlves are gl so possible. Accordingly, the

c |SBASUEAircult COMAAMRLt o cover al|l such equival ents. 15

What is clainmed is: CLAIMS - 1. A capacitor charging

ci rcui wwmm&mmcmﬂmmgammesmw said
charging circuit conprising: 5 power transfer

cicapacitiveMlomiynf i gured to transfer power froma power:

source to said capacitive |oad; power sw tching

cont 1 oboff Sikitching GRAGH GHURA dRRERRE 1O Lortiil Eﬁi}bﬁiﬂg ef said power

sal d povver source to sai d power transfer circuit

'CI rcul t ry r a const ant Plﬁ Iﬁflél% gqgga{i/vo#%agféssaﬁpower transfer

: maasu nt circ %\@COH igured to nmeasure an out put

10
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f 58 onptant *#Qnsfer circuitry to deternine
V\,hen to stop charging,sajd capacitive |load. 2. The
capaci VeHagemasagirment Gircyity coniigyrsd tq Mmeasen & opinel Yeltage of said

power trarisfer circuitry conprises a transfornmer.
power transfer circuitry to determine when to stop chargmg said capacitive load.

2. The capacitor charging circuit of claim 1 wherein said power transfer circuitry

comprises a transformer.

3. The capacitor charging circuit of claim 2 wherein said voltage measurement
circuitry is configured to measure said output voltage indirectly by measuring a flyback

voltage of said transformer.
4, The capacitor charging circuit of claim 3 wherein said voltage measurement -

circuitry comprises circuitry configured to convert said flyback voltage into a measured

voltage and configured to compare said measured voltage to a reference voltage.

16
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15 3. The capacitor charging circuit of claim?2

wherein sad voltage neasurenent circuitry is

configured to neasure said output voltage indirectly

by nmeasuring a flyback voltage of said transformer.

20 4. The capacitor charging circuit of claim3

wherein said vol tage neasurenent' circuitry conprises
ci§.cui tThe capadiion uhﬁgng@imﬂ ¥Eelhing divthefdity $A¢ oW sufthing control

into a neasured voltage and configured to Conpare

Sad: . : . .

Tra R Rl b Pt Sty SAFBE T SR id Baver rapster
power. swi tching control circuitry conprises a switch

f JPTBY: chi ng sai d power source to said power transfer
circuitry. 5 6. The capacitor charging circuit of

claim5 wherein said power switching control

circuitry conprises constant ON-tine generator

cifr cui tThe cepavitogchaeging circist eficleimeS waerdin saithgéweriswitching control
ON-tinme and to allow said switch to remain on for sai
Cfbﬁ&m&g’ tcofdribés Bonstdnt ONQinfSgAetatdt cirelifdytonfligtred fd'ddteRline sai
claim6 wherein said constant ON-time i's g% invgdrjgéetl y e said
Picairk IO\ Bimel fha%o A S YRR Brentlin di'for SAAR6AAr ON-time.
charging circuit of.claim ereln sard power

transfer circuitry conprises a transformer. 15 9. The
capacitor charging circuit of claim®6 wherein said

power itchip ontrol, circuitry conprises .
0 ercu&&%ﬁﬂ”ﬁ*%ﬂ&@ﬂ?%&°¥@¥ﬁﬁfA%WPG%W??%W%%W#q%ﬁmugdmﬂdﬂnem
detect' . occurrence of an overcurrent condition in

s arvgrselyaprepestipeal to apeures yoltage-d power switching -

control circuitry is configured to switch on said

- -swi-tch only when no overcurrent condition occurs.

15

20

8. The capacitor charging circuit of claim 6 wherein said power transfer circuitry

comprises a transformer.

9.  The capacitor charging circuit of claim 6 wherein said power switching control
circuitry comprises overcurrent protection (OCP) circuitry configured to detect” . -
occurrence of an overcurrent condition in said transformer, wherein said power switching
contrel circuitry is configured to switch on said switch only when no overcurrent

condition occurs.
10.  The capacitor charging circuit of claim 9 wherein said power gwitching control

circuitry comprises discontinuous conduction mode (DCM)} detection circuitry configured

to detect occurrence of discontimuous conduction mode in said transformer, wherein said

17
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20 10. The capacitor charging circuit of claim?9

wherein said power switching control circuitry

conpri ses di scontinuous conduction node (DCM

detection circuitry configured to detect occurrence

of di scontinuous conduction node in said transfornmer,
wherein said 17 power switching control circuitry is

C Qaivensiwitdhirigocontol eifcudily Raloflfigbd ©swifthonWaRIswAR $nly when said
di sconti nuous conducti on node occurs. 11. The

CARRGHAfopS IR £bACHdT Cl alm 10 wherein said

power swi tching contro circuitry conprises

switching control |ogic responsive to at | east one of
said DCM detection circuitry and said OQCP circuitry

for providing a switching control signal to switch on
sditd swhe sapacitor charging eipraiti of glaim A Qvdierain sdid power syitching contro]
claim 11 wherein said switching control logic is 10

c oinduigy cemiptises switching sontral logid fesdnsive woraridast 6té 6£daidDCM
a slow chargi ng node or a fast chargi ng node, wherein

s détéctiod direlittyGind @AIdTOCP tRelify ot piViding W'sRitchifg S¥htd Rignal to
on said swtch only when no overcurrent condrtion
OgkitéiSorfsiid fdktch. f ast charging node, and wherein said

sw tching control logic is configured to swtch on

said switch when no overcurrent condition occurs and
when DCM occurs during a slow chargi ng node. 15 13.

Tgﬁpca,gﬁci tor, char ing,circgi t.of claiml further o
chrpri SRGCFPECHIF & cirepit ggjclaige hb wherst saihswitthingrangol logic is
generate a bl anking period signal, wherein said power
semnfighred do reseives @slow/ﬂamonmg irtlieasing askdw elprging mode or a fast
measurenent .circuitry are configured to receive said
bthargingpode whegein sgjd atvitclifg control logic is configured to switch on said
switch only when no overcurrent condition occurs during a fast charging mode, and

wherein said switching control logic is configured to switch on said switch when no

overcurrent condition occurs and when DCM occurs during a slow charging mode.

13.  The capacitor charging circuit of claim] further comprising a blanking period

generator configured to generate a blanking period signal, wherein said power switching

control circuitey and said voltage measurement circuitry are configured to receive said

' blanking period signal,

14. A method of charging a capacitive load, wherein said capaéitive load is coupled to
a transformer for transferring power from a power souce to said capacitive load, said

4

method comprising:
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14. A nmethod of charging a capacitive |oad, wherein

said capacitive load is coupled to a transforner for
transferring power froma power source to said

capacitive |load, said nethod conprising: 18

noni toring said transformer to detect a discontinuous
conduction node in said transfornmer, nonitoring said

t r ansf aiomitoringsaié transforarer & detest ardistontibath biRMction AL in said
transformer, 5 if no overcurrent condition s
dela@stb@thr; i Nitiating a power delivery switching cycle

havi ng a constant ON-tinme, wherein power is switched

ONto g I S r.duri sai d constant ON-{ing

and whiPafioPEd SR rmie fd oot A obprEina SRR inmhd

ON-tine expires; and nmeasuring an output voltage to
dEARSTOMNEE when to stop charging said capacitive 10

| oad. 15. The nmethod of claim 14 wherein said power

del i veifypoouprcutient gonditibe is detéotdd; indtiatihg aquiwer déliway Switching cycle
di sconti nuous conducti on node occurs. 15 16. The

nieaviberla consthBONHtirte,Wiikiréin Podit B skRBSPON tohkiliitiBsfoPmer during
inversely proportional to a source voltage. 17. The

géﬂ ur ed '{,ﬁ en s aigigld ‘\gg%? ﬂbl“? '}]sgstxﬂt)tfg% E])Fgg}'llle%gs‘rggo& nggnt ON-time -
ggmh;p thod of claim 14 wherein said output voltage

is nedsured indirectly by neasuring a flyback voltage

of sai nqeasunnt h angs ;nocgqulgf voltage to determine when to stop charging said capacitive

load.

15.  Themethod of claim 14 wherein said power delivery switching cycle is initiated

only if said discontinuous conduction mode occurs.

16.  The method of claim 14 wherein said constant ON-time is inversely proportional

to a source voltage.

17.  The method of claim 14 wherein said output voltage is measured when said power

is not being delivered.

18.  Themethod of claim 14 wherein said output voltage is measured indirectly by

_ measuring a flyback voltage of said transformer.
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19 19. The nethod of claim 14 wherein neasuring said

out put voltage conprises converting a flyback voltage

into a neasured voltage and conparing said nmeasured

voltage to a reference voltage. 5 20. The nethod of -

claim14 wherein nonitoring said transfornmer to detect

said discontinuous conduction node includes

nolfl, t orThegnethbdlof dlgins {Dwhiedeir Meabatifg 5did Gut#)ﬁﬁ%ltaﬁe comprises
w a

flyback voltage of said transformer is belo

pr &leg&g“ﬂé i M.
V\h%?g‘i&ﬁﬁ aiﬂgg?)%tv\%?ﬁg‘ghgowat che 5&?@@@(! ?Lﬁ%@@g{%{dﬁﬂmmed
t ctivate a swtch coupled to said transforner,
aq'd)lt\%gee ealrﬁf/eg%cav t is swtched off by resetting

said latch to deactivate said switch. 22. The net hod

of claim14 wherein initiating said power delivery
switching cycle includes determ ning said constant

OR0t i nd'he siethypdofieltimtd Whertinmeomjteniag aid transfoanérito Metedtsaid
wherein said _constant ON-time generator circuitry
aldisoustivusiconduétion thodd RMERAEs MOnitdting sad tFhnSRRREAR determine when
ON-time. 23. A power switching control circuit for

c . . . _
dg{i%y\ygérﬁe%&g%égwt r ans% garrﬁrrxe%?fsqg%quer gﬁwgﬁs 8¥dr'rer

transfers power to a capacitive 20 |oad, said power
switching control circuit conprising: discontinuous

cqnduction e detecgtiqn circuitry configured

t ATt ib?m&%gi°§g]g+gﬁ\‘?lﬁdﬁl?§“’ééﬂ BEVWPIOH Switelked QN by;sqtting a latch to
transfornmer; 20 overcurrent protection (OCP) circuitry

c 8FFvals A Btitch soupled t saidhtrapséormer, rand whereimsriid power is switehed off by
transfornmer; switching control logic coupled to said

Desetting eaid latgh tonldactivatecsiaid s®GRhci rcui try ,

22.  The method of claim 14 wherein initiating said power delivery switching cycle
includes determining said constant ON-time using constant ON-time generator circuitry,
wherein said constant ON-time generator circuitry allows said switch to remain on for

said constant ON-time.

23. A power switching control circuit for controlling switching that causes power to
be delivered to a transformer, wherein said transformer transfers power to a capacitive
load, said power switching control circuit cornprising:

discontinuous conduction mode (DCM) detection circuitry configured to detect a

discontinuous conduction mode in said transformer;
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for providing a switching control signal; 5 a switch
for swtching power to said transforner in response to
said switching control signal; and constant ON-tinme
generator circuitry coupled to said DCM detecti on
circuitry and said OCP circuitry, said constant
ON-tinme generator circuitry being configured to

det er novescutrentyprotcation (DEP) ¢ircuitndconfigaded Wd@téd:tdm%fcﬁﬁent

to remain on for . said constant 10 ON-ti ne. 24.

PeyRItioRth k& hidRkG@Rdr! Ol circuit of claim 23, vvherel n
sai d switchi ng control | ogic is configured to provide

said s ¢ I al d.di scontin I
conduc st et Iop R coinet. s B Bl 85 B BLP ciruity
Cfgndltl n |s d tected J, 5. The power sw tching

: wherein said swtching
control | ogl cis confl gured to provide said swtching
cont r ot svatcrfar switching posver tapsaid transformeen in resgpomnse td smid switching
detected. 20 26. The power switching control circuit
adonttblbdignal3ndwher ei n said switching control logic is
eonfigured to provide said svvitchi ng control signal

when S@ahstadliCNe-gintd genetfor cﬁ‘éﬁlﬁ? %;a bema Ltggﬁc%dci:cuitrymid

and when no overcurrent condi ct ed,

%gp{z er curr ent
condr t'i on |s e ec e u%%g% 1 Cﬁﬂpglﬁbgmgmedt
s S %”h'%ﬁ%ﬁh%%%‘: Y eBiai o o1 said constant

proportional to a source voltage. 28. The power -
‘ng control circuit 23 further conprising a
bl anki ng peri od

s

24.  The power switching control circuit of claim 23, wherein said switching control
logic is configured to provide said switching control signal when said discontinuous

conduction mode is detected and when no overcurrent condition is detected.

25.  The power switching control circuit of claim 23, wherein said switching control
logic is configured to provide said switching control signal only when no overcurrent

condition is detected.

26.  The power switching control circuit of claim 23, wherein said switching control

logic is configured to provide said switching control signal when said discontinuous

conduction mode is detected and when no overcurrent condition is detected, during a
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generator configured to generate a bl anking period
signal, wherein said DCM detection circuitry and said
OCP circuitry are configured to receive said bl anking
period signal. 10 29. The power switching contro
circuit of claim 23 conprising further conprising a

| atch coupl ed between said constant ON-tine generator

cislowi charging nsbdepand ity when hooverswrdnt bonditiomislatedted, during a fast
svmtch wherein said latch is configured to activate

glfﬁ@rh&ib in response to said switching control

SI gn and wherein said latch is configured to 15
deactivate said switch in response to said constant
ON-tine generator ci rcuitry after said const ant

ON-ti xplres . arat ri sing: .an

i ’egr d’o‘é’P’? it &)?01188 th %r“&!@ﬁ@n §#id gonstant ON-time is
capacitive |oad connected to a 20 transformer, said

i nnvegsedyt prapertional ito alseurog veltagei gured to nonitor said
transfornmer and to initiate a power delivery swtching
cycle having a constant ON-tine, wherein said
integrated circuit is configured to switch power ONto

. Saigd t TRRbRES Wity &ausmuﬁasq&aﬁ&%aﬁap%hg'am period

wherein sard integrated circuit is configure

Vf”eﬁ%’f’ GHiffquie to sbf¥ille EBAERIRHOR bighkl, BRI FUH DPY detection
. SL . .
C st 'iw@@él’g”r it e cSnflates D eifa i Riaking period signal.

f ast chargl ng node. 32. The apparatus of claim 30
wherein said integrated circuit is configured to
detect an overcurrent condition in said transformer
ai28. t o Thepewensaitching confrolwificniy o€ glaine 23 compiising fisther comprising a
overcurrent occurs.
latch coupled between said constant ON-time generator circuitry and said switch for

switching on said switch, wherein said latch is configured to activate said switchin
response to said switching control-signa.l, and wherein said latch is configured to
deactivate said switch in response to said constant ON-time generator circuitry after said

constant ON-time expires.

30.  An apparatus comprisingﬁ

an integrated circuit for controlling charging of a capacitive load connected to a
transformer, said integrated circuit being configured to monitor said transformer and to
initiate a power delivery switching cyclé having a constant ON-time, wherein said

integrated circuit is configured to switch power ON to said transformer during said
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33. The apparatus of claim 32 wherein said integrated
circuit is configured to detect a discontinuous
conduction node in said transforner and to initiate
said switching cycle when said discontinuous
conducti on node occurs and when no overcurrent occurs.
15 23
constant ON-time and wherein said integrated circuit is configured to switch power OFF

when said constant ON-time expires.

31.  The apparatus of claim 30 wherein said integrated circuit is configured to
receive a SLOW/FAST command indicating either a slow charging mode or a fast

charging mode.

32, The apparatus of claim 30 wherein said integrated circuit is configured to
detect an overcurrent condition in said transformer and to initiate said switching cycle -

when no overcurrent occurs.
33.  The apparatus of claim 32 wherein said integrated circuit is configured to

detect a discontinuous conduction mode in said transformer and to initiate said switching

cycle when said discontinuous conduction mode occurs and when no overcurrent occurs.
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