+ 2 1 DEC 2004 WO 02/ 03390 PCT/ US01/ 17878 REGULATOR DESI G\,FOR : EI%CFI VE
BOOSTER PUMP USI NG PULSE W DTH MODULATI ON TECHNI QUE CRO84 MCE TO A
RELATED APPLI CATION 5 This application is related to Patent Application
entitl eWOM23Package I nductive Charge Punp Circuit forpfrovidizgg Vol t ages
Useful for Flash Menory and Other Applications,” filed on the sane date as
the application. Field of the Invention 10 This invention relates generally
to direct cuRFE&GHLATOR DESIGRYEOBIDBUGK] VE BQOSTER Plivie UINpgarticul ar, to a
DC vol t age boosti ng RVLSWIDIRBM ORGLATEGN SRGERIQUE on circuit that
produces a control signal for the boosting circuit that is pulse-width
nodul at g, Ane 4he Pt volt ag e,hogsting circuit. 15 BACKGROUND COF
THE | NVETHHS R ";'L sAEER &G e 8 uits that can boost up an input

_powes suppl y?ﬁﬁ: apvlh:hti@g;? rbhteﬁ thi Rpkeat Alaﬁlidgﬁbrt a@meu_s‘ﬁdpthcﬂﬁgé?.ag&@l&i Ized
operations. The reasap for the v age st up is that often only
st andar di' 2&g %&Beﬁgﬂbﬁ?ry%(%idﬂ%gé’hggé I&V&?I‘Lﬁ’bl@‘sh JYleraomypang e power to
el ect r oRpplictiemyi filed orHAVENRIdatel 3 Bic@ppRY4ti&L. t Uat i ons where a circuit needs a
hi gher 20 voltage than one avail able fromthe associ ated power supply. One
exanpl e of such a <circuit is an electrical erasable programmable read only
menory FeRRIRMnvdnyigi cally terned in the art as "flash nenory." A flash
menpry generally conprises an array of menory cells each typically storing
a bil? " of di gisalnveniion refetes sencradly tte ireet creenmd r(PCe abkage dopwtinglcyreuitsf i el d ef f ect

_transi s{fari : tH; {.acl . fl.0at - te i.ch hol. char ge
t hat cor@elgggﬁﬁgﬁggag%??o% 93?%‘?? %?'T%Jﬁftgétn@%fl%g a(r'f: erlur%'é’a cﬁe‘f'g?"r??as a "bit
char ge"Brodugey @ copeat isignalafor $he kooptingosiscuit ehat iFpillse-gpmoddstcd bertbd N, gat e,

‘-.-)and a Sd?""ff“?%"aﬁggf‘g%%]“%{@ﬁ%ﬁ i ncludes a control gate for enabling

readi ng, witi I'ng operations on the cell, and a floating gate
for storing the bit charge of digital information. In addition to these
gatgs, SQURr Y %N jnclude an 30 erase gate used for renoving the bit

charge%w@ﬁi&é%%e, t hereby erasing the nenory cell. The witing
(i.e. progrMmyngplication requireavatigethax cadi l@bstalp dnnibputTRRMWee BugpypDER! | Y

i nvol ves,. el ecttons at, tunnel. or i.nject fromthe FET channel through the
thin g é:{)léaggg?aélgﬂg [3_&1 Htaﬁlﬁ@cgd‘efépecra{]!zc operations. The reason for the voltage J

boost up is that often only standardized power supply voltages are available for supplying
power to electronic circuits. However, there may situations where a circuit needs a hig!ier
20  voltage than one available from the associated power supply. One example of such a
circuit is an electrical erasable prbgrammablc read only memory (EEPROM), typicaliy
termed in the art as “flash memory.”

A i_]as"h rhemory‘gencral'ly comprises an array of memory cells each typically
) . storing a bit of digital information. Often, a memory cell is merely a field effect transistor
25 (FET) that includes a floating gate which holds a charge that corresponds to a bit of digital
information (termed herein as a “bit charge”). More specifically, a memory cell FET:
comprises a drain, gate, and a source, wherein the gate includes a control gate for enabling
reading, writing, and crasihg- operations on the cell, and a floating gate for storing the bit
charge of digital information. In addition to these gates, some memory cells include an
30 erase gate used for removing the bit charge from the floating gate, thereby erasing the

memory cell. ' '
The writing (i.e. programming) of a bit charge of digital information typically
involves electrons that tunne! or inject from the FET channel through the thin gate oxide to
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WO 02103390 PCT/ US01/17878 the floating gate. Generally, the tunneling
effect or hot electron injection requires relatively high aner@&ﬁt}gﬂ[]nrove
the el ectrons across the gate oxide layer. Simlarly, the renoving of

el ectr oM Y30 he fl oating gate during an erase procedece/usefiisies
relatively high energy to nove the electrons across the gate oxide or an
oxi de situated between the 5 erase and floating gates. The source for the
hi gh eneﬁhﬁyﬂanFo wateh  Gsaeralh tthe maslingesliast mg hob séacter (fm'ts:tibs requiesal |y a

rel ati veleyatibdig ighOddeR9 80 SRME ¢ cl%ﬁyadrésSQHQE%é OE;H@”;. S‘Ri !\Aﬁ)r/, pSUPPlY

vol tages used for mendbry control operations or ex t:rtage
r equi redfempb'ﬂg\‘ﬁbf elestrrgs dno thefeliting sgpdrang Unmmodo@re)mqnhe rellaﬂ'&ﬂy of six (6)

volts, contral erations may be
on e ABLERT o id Ao fer O TRIDEHoF B Sl TR pBERAE 1

maj ordi tyemf: atldhﬁouiinﬂcgate's Fhesatdedosthe bighienergp forvobit the evriding bﬁlﬁer@fﬁk‘»‘r of 1.5
volts, - phus, , t.h esi of the r. supply for the flash
nenory c%cﬁ"ﬁ% ’cagé 3 fda qu %ﬁt‘%ﬂﬁ*’ﬁesr"”éﬁ?pg%ﬁ %@\ﬁﬁ@éﬁan the PgWRer at e t he

hi gher \soﬂaxﬁﬁgeitagsedseﬂdhr mmbﬂyltgntaﬂ(ipa’éﬁ@isng‘ P RRAAIIE, Qﬁ@vol@g@@qﬁﬁéé age boost
circuit l¥\/n t akes the nornmal ower gupp@/ voltage of 1.5 volts

-and boosﬂiJr wf’ﬁn%ﬁ" 524198 RPe2fions (TgyY ‘E‘)Ovcﬂ‘ ordep op S 67 iYpithederaas diser vol t age

oper at i @Biage lfér tHemMemaly cofted! 8BrmaPspeyAloh 888y BOOSThe ofdef 63EU1'§ n convert any
|an{h vol tag to an?/{ldey red output voltage. An exanple of such a DC
vol t'ag

e boos & Pipia] flashgnemary pisgdiy e %aﬁ*@@fﬁhﬁmf@lm@mﬂmoﬂsmm ai ncl udes a
_Plural i byt ofafe aEbSLAAAS, saeﬁnﬁ,@émm &gd@sg%hﬁéﬂ &Oéisp%;ﬁg?ac' tor.

reV|ous stage I n the cascade supplies charges to a n8 in boostlng

n i nputhevilash gepmerp cirevininglugesez | Surghtupowes| supgle. HWWFEKQ gtd&rzse thepe of boost
mrcwth;ﬁt A b urred in the
transfer ocrvg) aéeadélsﬂget méﬁggf%ségéjgpemggp %Qe?%gg% |?1%SUF’FCé’ 15 3%?1055 each
capaci t which Wkes é!ﬁfnpcnaépgycrfsompl)aVMgvof t. ag'eltbmdsuoom it eplitd atiobadix (g)cl udes a

capageit L the ord abouyt .five (5) to eleven
(11 pe%tégﬁ{% %ﬁmﬂh@%ﬁ F{m o t%\ge é’gﬁm%sl’ & ﬁi’fcra '}%{%éﬁ%d%‘f"’geibf’é{ﬁit that has
i npr ovefdrceftf:armcmmcryanmnptﬁsmmgetmm\dmsdmntpof voltageel atively | ow i nput voltage
to a rel atl\b/’g h 'n&lsjt ol tgg%eq?g%uch ﬁ need.is provided for in the new
DC vol t age os"t Cat SriCH s 3, @PARIO PHARREPUMPFIRI The DC

- vol tageﬂhdomt!udesr:cpluﬁahty@ff cisbz&fled W@%tehﬂfbdhﬂﬂlshg altsReh dmara dapasbr. ENOr Y,
application, or any other

static and dypnam.c . random acgess nmenor é
appl i cdTOHS Sgﬂwfémthﬁﬁ?scﬁ‘i[p H‘Efﬁ&‘;s fsreede ¥€ 4siage t’bboi?ﬁf?gr"’? "&b‘bl"‘i’ Bg¢i ons. In
ger®r alto athigheeodtbutaroNaRd HdNevcr3ﬁ:sarﬁBﬁWo§tacﬂ@u:b%(é§é§m£ igdfidieftliad generates
an out put voltage from an i nput voltage 2004 WO 02/ 03390
PCT/ USG9 Ahe/leg5ss incurred in the transfer of charges between stages, and the losses incurred
across each capacitor. The efficiency for a DC voltage boost circuit that includes a
capacitor charge pump circuit is on the order of about five (5) to eleven (11) percent.
Thus, there is a need for a DC voltage boost circuit that has improved efficiency in
25  the conversion of a relatively low input voltage to a relatively high input voltage. Such a
need is provided for in the new DC voltage boost circuits of the invention, as described
below. The DC voltage boost circuits of the invention can be used for flash memory,
static and dynamic random access memory (RAM) application, or any other application
which may or many not be related to memory applications. In general, there is a need for

30 aDC voltage boost circuit that generates an output voltage from an input voltage.



BRI EF DESCRI PTION OF THE DRAW NGS Figure | illustrates a bl ock diagram of
an exenplary menory circuit in accordance wth the invenfijof(Fi20@ke 2
illustrates a bl ock/schematic diagram of an exenplary DC vol tage boost 5
circuit WRUHEEE? dance with the invention;, ' Figure 3 il lnatusaigesa
bl ock/ schemati c di agram of -an exenplary DC vol tage boost circuit that

produces nul tiple outpyt voltages in accordance with the invention; Figure
4 illustrates a bl ock/SEHREEP SIDTHA O HE DRAWRNKISer exenpl ary DC

vol tage boost FigieQuillistiaah bRERHMERS, dTdh kidhiBard Weh! L0 accordance
with the .10 invention; Figure 5A illust rat]gas@a tgb'é\/}legévﬁ%%§%ﬁa”§§enpl ary

i nt egr at MG iBYEOmncor porating a DC vol tage boost circuit in accordance

with the invepgi®en; ilfadis e vridr/ . op,. Vi ew anot her exenpl ary
integrated circuit | ncor por aHs%}Hgiﬂ%ﬁ%%ﬁ%%ﬁo;&g © %‘g@?f)’ﬁ(} (‘,‘{’}faﬁe g?f’séccor dance
wi t h 1 hecirowidmedcerdandegvith thriineengion;] | ustrates a bl ock di agram of an exenpl ary

el ectroni ¢ ung; j: . ith.the invent-ion; Figure 7A illustrates a
bl ock/ schenpﬁ:%md?e{gggg%reg? %gogwééﬁg%ﬁ'ca?‘ﬁg?@ 128 EX PRy ,[g{,yqltagq Beosk boost er
punp i n dosditeaproducss misltiplesoutpoy eoitap@iin addo@fie with thd inv&libat es t he wavef orns

i lved int I i, dt h ,nodul ating .. 20 prqcess of the | se width
Imr;\(;lcj)l \z;'? orI (r)]f ﬂé&éﬁtﬁeﬁ%ﬂ%tﬁ i %Weﬁaf'%&%{§?debI36@Ws%@ggm @Cév: agr am of

anot her ‘eltegmpbagsy cﬁxexjnju'l’tmipmjuc&i mQltiple b@putavdIQBS! B adebydPnck 'wRF ¢ dance with
t he. 0' nviﬁ‘rlltn'hon; Figure 8B illustrates the waveforns involved In the pul se
Wi dtln moaul a?'f’ng process of the pul se width nodul ator of Figure 9A; 25

Figure 9A il Figmid S4 @ifusiatdd Dok ARG ekEmpth3AnREMm el c¥&lit itﬁ%Qéaﬁagrnige‘,xerml ary

-,.regul at ggl (ii rcuit -foor _a booster punp .in -accordance w nventi on;
JFi gure YP'1AES Poost eult ingcrerdance wilh fetiaysmEonnvol ved in the pul se width
modul ating Ppesess Qfustches UGS wdwitdr a f. Fl 9A. and Figure
9C illustrat esg_gt he vvavuéfrorsrrs i_ﬁﬁ_oj ved i Emtihué E)%fngga% Ih@g'ra%gdﬁ'fcé'?ti ng 30
pr ocess "WPPOFRENG g R evaliagr bposhsircrinin aecasdants with the SentdnNO 02/ 03390 2s DEC

20045 PCT/ Usolii/garz,agﬁlustrates a-block diagram of an exemplary electronic unit in accordance
with the invention;
Figure 7A illustrates a block/schematic diagram of an exemplary regulation circuit
for a booster pump in accordance with the invention;
Figure 7B illustrates the waveforms involved in the pulse width modulating
20 process of the pulse width modulator of Figure 7A;
Figure 8A illustrates a block/schematic diagram of another exemplary regulation
circuit for a booster pump in accordance with the invention;
Figure 8B illustrates the waveforms involved in the pulse width modulating
process of the pulse width modulator of Figure 8A;
25 Figure 9A illustrates a block/schematic diagram of yet another exemplary
regulation circuit for a booster pump in-accordance with the invention;
Figure 9B illustrates a binary truth table involved in the pulse width modulating
process of the pulse width modulator of Figure 9A; and
Figure 9C illustrates the waveforms involved in the pulse width modulating

30 process of the pulse width modulator of Figure 9A.



.DETAI LED DESCRI PTION OF THE I NVENTION Figure | illustrates a bl ock diagram
of an exenplary nenory circuit 100 in accordance with the invention. The
menory circuit 100 conprises a DC voltage boost circuit dﬁlD ry

oper at | Wixoxi3pwui t 106, and one or nore nmenory arrays 180Trusher797$0C vol t age
boost circuit 101 conprises a charge punp 102 and a punp controller 104.
The nmenory operations CIrCUIt 106 conprlses a readlng decoder 112, a
witing/erasing decBEEAI DE_,.I’IQm Q AYENTIGN 116. In operatlon

t he charge PUAR, 402510kt de S 1 rec
relatively | ow |c;ower1 sstﬂp%ey VO %"e 5\59091 éke%'pra nera0 s Vo 'tégeé for
per f or mi atgordensdiwith the Tvewrion |Ttg manmmngmamo cepoises € DAt vadthpeeboddper at i ons.

These vol. [ 889 Ied .to the decoder 112, the i ting/erasing
decoder Ji,tﬁ?‘i lr% %ﬁm REFIOnE SHES F(ﬁa ‘Q PMmory REMBRYBTAYS 6%&&&%‘? ons

ci rcui t DOGohagevimpstodi rclult I‘IBE cdb%ﬂ;seslﬁéhar@nﬁmﬂpZﬁ)Z dndSPRGAP deatryerTIDR.  punp
contr ol I.@r 104 requl ates .t he %{) fﬁ@' rovided to the nenpry operations
circuit % PYRYAY PRAYONS UCHE Il SoRRIGES E‘é“fié‘ﬁtqeﬁqqeplézc acWpdReResitesi r ed

vol t agesieccdae Mo bidORenb \Cbitllellfigt 0 the writing/er aS| ng decoder 114 is
typically hi ?her t han t he power suppl %etvol tage Vcc go volt), in order
to cause thelMPRE3tNg e ghaear Myl Gt Pgri@’mgﬂd?ooié)@é[ﬁ‘ﬂt ! repgives ayol t age

m ght b@cl@ti\ze'[yhi%wq{o@%i: sipblySloltadeQv e Unl ?cnem@sr\%ﬁ§%es tf(;}j)cz rr}:ﬁggﬁﬁd& readi ng

and nenory control operations are mnmu | ower e’ on t order of
abouf 1 W3itipgy ¢rasingrined memen) eastyelltsoemtiens cTiese YOlgenard caupleabumere DC vol t age

 boost Cigguit
anpi 1 catt e RefEP 12, Wil i oo B0k 308 Sl EShE: LHESE TETY
'’ ot hetheapgshory apratiens et i ygwat eftlines ﬂzmd@maaddess-cspemgy THBRAM) ,
d t |
See ¢ RO PO RS e (O orodidfs P A8 IBEPCAerRRS HERR™ i i ted 1o

fact, St CIr escri nee
menory thapbey ea:tmmns;ncrambstamllalasoorismnm@edcd voltagey. dmheolt@pppku@c&m ons that

reqyire vota ent froman . in Itage

i nclllladl tr?gtﬂﬁn%% Bg} 'msmﬁgr I e co%ﬁ'cﬁﬁyng’gl‘%iéﬁ"%% POV SHPRIY "@ di gi t al
assi st afetgs 1( RIS Jn otdaptd msa:aﬁpuﬁ:efgsandwpdmgaammgt (For Exwe thsl | lustrates
a bl ock/ schemat,ic dia of enpl a DC vol t ost circuit 200 in
accor daﬁj'é A R ) 8?9@%‘}"?855‘ 'I@g % %‘5@% o Y)‘g g‘?:‘l E{ﬁaf““ﬁ(f’@ conpri ses
an i nduetmag cehm%ﬂ*érat?&@,are&n&h%@@ fﬁﬂéﬂarr@etdaaﬁd cﬂﬂchJle&‘dth S5%diis.conprising a
switching 3 an_out put_ chargi ng capacitor C2.

F and a dio
The DC vol t 5&)6&'?“3" E?qsb‘iﬂct’“ é%a?‘lﬁ”c‘l’m‘?‘ QQ&Q'{;%@% ety dessrdgdci rcuit 222
and2@ |1Ryeh, iebd hbete 1BRkbd tIthlﬂ@emé(r?'ab@l@ﬁtu&Qos{the@G %Hag ¢ B0 BRMi@! SO 1 ncl ude

a capacitor C sjituated between Vice and 4 41
described herein can be used in other applications, including stauc random access memory

(SRAM), dynamic random access memory (DRAM), and other memory applications. In
fact, the DC voltage boost circuits described herein need not be limited to memory
applications, and can also be used in any other applications that require an output voltage

25 that is different from an input voltage, including wireless, portable computing devices
such as personal digital assistants (PDAs), lap top computers, appliances, etc.

Figure 2 illustrates a block/schematic diagram of an exemplary DC voltage boost
circuit 200 in accordance with the invention. The DC voltage boost circuit 200 comprises
an inductive element 210, a charge pump actuating circuit 212 comprising a switching

30 FET TI and a diode D1, and an output charging capacitor C2. The DC voltage boost
circuit 200 further includes a regulation circuit 222 and a level shifter 220. The DC

voltage boost circuit 200 may also include a capacitor Cl situated between Vee and
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.WD 02/ 03390 PCT/ US01/ 17878 ground for filtering out noise, spurs and/or
ot her unwanted signals present in the power supply voltage i, 230 a FET
T2 situated between Vcc and the output of the boost circuit 200 to insure
t hat thewowtpimois at a sufficient voltage to energize tlagnlgyelsghifter
upon start-up. 5 In operation, an oscillating control signal is applied to
the gate of the swtching transistor Tl which causes the transistor Tl to
peri odi c&roupd derrifteging an@iC@EFSPUdetouDﬂlengnwdﬂ&daﬁmmismmstmnth;bov&-auses a

current |ndu tive.cha nd down to
gr ound t%‘ﬂ)gy ﬁ)\ﬂ?é anggl’ élf ﬁ:klfﬁ(%gﬂg}e?g%fwc?l Ve a@ﬁa[}ed)éﬁpgﬁ?r@{%??ﬂsﬁ'@i’is t he
energy f @@m'ezdmhye thee tletouments 4tlacsffivgent holeigglo bivesitentiel ¢dviel hifdraspemt . When

t he oscil) t| ng 10 control signal causes the transistor Tl to turn OFF, the
vol t age %}f‘ the drain of the transistor TI ‘spikes-up, which is transferred

to the out putlnaﬂﬁﬁzﬁbﬁ(ﬁh o@azlhmovmytrafs.gdhloﬁappked e gdid angkeviteding he vol tage
(Le. char hﬂ 5’ out ﬁ’tﬁ capaci tor C2 increases the_ output voltage of
the DC bg °5 Vehighgauses{he ransistor T 1 49 periodisaily iwen @Yand OFFs Thmamiegiuses an

addi t i ongN diaekitorof 9% AR o flow EbANElcQhrolith thbﬁde&valéﬁarE@'ﬁﬁmgﬂ ;ﬁr
u

The di ode DI pr events those charges fromflowng backwards
t ransi sto0 2pf dap fogrovnshrpugh transjsiey &1 The inguddive Fhargsy pump, 2 1Bystoresdhe | nuous| y

cycling én@@r BiiHelt ﬁ%r&ﬂ@:‘nt Aoir4hlotei e HauSiRle ﬁﬁ{%mr QFHenttRe &@:lfapﬁgo‘)”t put

capaci tor a st eady- stdate vo age resul ts at the out pu f the
boost? cuqoewltm@ebcausm&w teepgigayT st sre OF6) theyeltade pishedrairof thedrapsistomct er i sti cs

of the cgnty 5@ @iﬂs fgn,g}eu ROk ba ?@%B%JSPIEE% Xy q’adodtte%]blcyﬁb The

_-out put  of oos clrcut I's a ul ati on"
~ kircuit traESZer ofThvevahe@Jﬂ: aiqh@ngcs)ncrtd)clpmpmz;apamme(‘fblpsrcﬁshethe@ntpnnioltsgagnal used
to dri Ve h{gebél%os?h' n transistor Ti so that a substantially constant

ta

desired e s ¥ e ai ned at the out put of the boost circuit 200. The

regul ati on Cﬂ'hﬂ:sl,llchchZ@@lc(Iﬁ'rthqDemftrﬁl’ ﬂgﬁamlcSusbmamanyﬁackétmﬂduﬁkigasgtoZS by

ConiPof A8y 8115 PP PR EH By D Gsol! AERHERE 3ot Gl Fih ol ot o

cont r ol badkgvadls tm@ﬁnﬁmad T1i durdRC Ged AHE COMI &ﬁlevafltauﬁstéxegul atgyon circuits
described jn et aj lﬁ?w The dul at.ed control g}nal isS sent to
the | evEPHINP yer v ‘bc Sipoah @nbnildorRr, of chyysesoFrbitsy on egREPY ol t age SO

that it capasitgO2umtil Deteddyanid Sdl@ge rbhulis At Bie ioliHule i WhoSHdircsit 2002STheBy 30
i ncreasi ng, the drlve to transistor Tl using the |level shifter 220, the

transi sPEREYPIAIG YRitags dependls cothe I"E"i‘TaCtWﬁ'&%o ge ganiol ﬁn’&‘lss'z!ii?'i‘ﬁ’gs f die real
est ap €. fréquéndy dladuBAylie. -

The output of the DC voltage boost circuit 200 is applied to the regulation circuit

222. The regulation circuit 222 develops the control signal used to drive the switching
transistor T1 so that-a substantially constant desired voltage is maintained at the output of

the boost circuit 200. The regulation circuit 222 ¢an perform this in many ways, including

25 by generating a frequency meodulated control signal or a pulse width modulated contro}
signal. In the preferred embodiment, a pulse width modulated control signal is generated

in accordance with various regulation circuits described in more detail below. The
modulated contral signal is sent to the level shifter 220 to increase the modulated control
signal voltage so that it can drive the transistor T1 into its ON and OFF states. By

30  increasing the drive to transistor Tt using the level shifter 220, the transistor T1 can be

made smaller, which results in a savings of die real estate.



. WD 02/ 03390 PCT/US01/ 17878 This case addresses the control operation of a
regulation circuit that produces a frequency nodul ated c@nmt rjHC giGpal . | f
t he out put voltage of the boost circuit 200 falls below a desired |evel,
t he regW®i2088P0ci rcuit 222 senses this decrease. In responssoitiogrssensi ng a
decrease in the output voltage, the regulation circuit 222 increases the
frequency 5 \}I the nmpdul ated signal in order to increase the rate of
charges del i Vdi%trst gdqrrscolie santrol @aﬁ@&ﬂntﬁra GRulalh gr@adtth@mroducerseases t he

vol t age ﬁéq]uérh:? rRdtulidd (ggntrhhﬁmgpoﬁtth@ bﬁtﬁM' Joltggooétﬁc b8¢§sﬁ :rc 0@0{? ensate for

the initi drop in the output voltage. out put
vol t age tsfow ﬁé’eﬁiﬁé‘sk"@i heurgulatog qrrplSta@Zhbs:wg thisodesiensed Inemqiqnsd he

ot peqoikite d Selebge 3 SRR Suabl bk AR BAR G O RSRRETR HEubee T ar e of
char ges afdbd medated oigndien audepue ircapaht @dte 62 chafdes lehedrédn théleapaases t he
voltage u t. of the bogst circuit 200 ipn order to _conpensate for
the in ?‘S acflg(ra?ge&‘ﬁlﬁl R BEEHR ﬂ\? Vpﬁ%gﬁeat ‘hﬁh?‘gp%ag@eemaftéé@'@g ‘5&36‘ control

oper at i cnrdeoio a)m;mgsdteaform mftiracdkbﬁ it fhalou npﬁhlﬁ%ﬁ B, o tHethehalidn Hgodul at ed
contr ol out 1):/H%I t age t he boost circuit 200 falls 15

bel ow aoﬂg@g Y°é‘agﬁ 8(/@‘1“%0?5}5(5 ﬁb"é’F rcssiredlovel.othe sqgylation sirqgvdtcr ease. I n

r espons 2l sensed ik N@redsell 8cd @ﬁﬁ)ﬂsnbdb/ ﬂé&fbaﬁe’dﬁt@’f?cqﬁmc} d0fhe rﬁdﬁ@]afeggfﬁhﬁt I on
mrgglt 222 increases the duty cycle of the nodulated signal “I'n order to

i ncrli@ast PHY PAeEREIse dhefatept "Eﬁ&‘l‘sgﬂﬁg"fd@ ‘io\ihfr wHpyt Gapasior Gt Phis agmpaci t or C2.
Thi s acHécpasdsifd &ﬂ&@@attth@ 0 t?ilttcﬁ% lﬁEsttcnauPiﬁOHHtorCEt' td Qn R&?ct oflh@cu' t 200

~.Jn order .to conpensate f he initial drop in the out
X he ot h@l’"aﬁaﬁd"“ﬂp'{%’é"@iﬂgﬁut vol tage of the boost ci rcwt 200 ri ses above

a desired | emgi cask hQ4kgaY 'tr@tdoﬁﬂolcﬂpErQHérlt ?f gﬁéuﬁ:ﬁgé Jnmhﬁt % §iE83¢ and

responS|ver decreases the duty cycle o I'n order to
decr easisertidpapréulated cantrof Slg'h%\r ke olupitweltepd of chet lhrasmtcpmﬂow, fplaci tor C2.

Thi h f_the boost t 200
I B e SSRLARAS Ak R Pz UL ot L R0 e 25 11

has beesngng aequae&jmttlrmutﬂmgomc \lhri mg.ga:dnaxirsmt 20 inteasds the 08 cpgler at es nost

efficie i Y. C nodul at.ed. control signal
s, appre mybed s{pincoe Go freicnR redien 3 bF RSB han 75
per centout;jueea:aamr@y Tisas atinneidcreased the vokapd uc tharoufRe a0 #R dob& &rbﬁli? t he
curren t he inducto horter. t he duty

cycl o 220 eGP ERperth it e BEP R ¢ PR "pLetsolt BROBGHT M. L o al | o

t he20st obecalit3d &l@é@ﬂﬂk@obﬂt&iﬂc&fﬂoohﬁbﬂab&e@ﬂeﬁ% i@@maﬁd feBhiatiol cirByit he opti mum
duty Cégge for the contr Igr] t he DC, vol tage boost circuit 200 can
achi ev@arrmagsethis ingrese: BF Bi¥5 W flfcsases Hr dtpaycised trpmedulated signal

in order to decrease the packet size of charges delivered to the output capacitor C2. This
action decreases the voltage at the output of the boost circuit 200 in order to compensate
for the initial rise in the output voltage.

25 It has been determined that the DC voltage boosting circuit 200 operates most
efficiently if the duty cycle of the pulse width modulated control signal is approximately
75 percent. If the duty cycle is much lower than 75 percent, less energy is stored in the
inductor because the time the current is allowed to flow through the inductor is shorter. If
the duty cycle is much greater than 75 percent, there is not enough time to allow the stored

30  energy to transfer to the output capacitor. With the optimum duty cycle for the control

signal, the DC voltage boost circuit 200 can achieve an efficiency of approximately 70



. WD 02/ 03390 PCT/US01/ 17878 percent, which is a substanti al, j m@@?ébeyond
the 5 to | 1 percent efficiency seen in prior art boosti 1'TS.
Figure 3 illustrates a bl ock/schematic diagram of an exenplary DC voltage
boost  &V®eu#3EsB00 t hat produces nul tiple out put voltagesTiuseacsm dance
with the invention. The 5 boost circuit 300 includes a first boosting
circuit. for producing a first output voltage (i.e. Qutput 1, e.g. 6 Volts)
conpri si AYC&L M“i"c‘ﬁ?ﬁbbsfaﬁﬁﬂs‘icﬁaéﬁr beypnd thg 6@%1 []Jefceomfﬁcatbncwespacmtpopr c2,

transi st g pdodtinPiuft€oul ation circuit 322. The boost circuit 300 al so

i ncludes a second boosting circuit for producing a second output voltage
(i.e. Cutput Fgure3gllustagsa Ylsck/schematisndiagra ngamcmaizxrhmgvdluammcst or T2,

swi tch ul an c t 342, and

| evel sﬁcﬁ#tu ‘é?b@% Bl%ﬁu aglc'ﬂw fpg)en&%ﬁ]ﬁ%l%é%s? aﬁclorr%am §€E{‘ ‘ﬂYet" 'uh?cncl udes an
i nduct i vieogttvircgie 3¢impluddsta Bracbopstpg ittt foCptodutiag a e oapTINag( Ot h t he
first ond circuits n econd boost circuits
oper at ea(%lp VR t\%qut\s%%’&ﬁmé? Sydtchips E@‘H'séodilf} 30&2 ?)H PHPYCBPACECR 0 DC boost
circuit @Z}ﬂaﬁsimm‘l‘?], Bndegitlstibn Zircfit DM Teb b%ﬁcd‘@thOO‘dlsQﬁQh{d@s 4 f8ondlS | ower

vol t age boostl 0g IfI’CUIé to |soll§[}e t he ut put. 2 when transistor Tl is
ur ned. AROUPE AL forompqusinec seepd eytput yolifet {1£nOLBEbR 8. 139 Veled ON

Al so, trcaﬁfhﬁﬁg)ra ditdhingt whmebr TN\ dhifch N4t m%a@Fﬁzt 'on%motaﬁa&?d?% tor T1.

Fi gure 4 illustrates a block/schematic dla ram of t her exenp ary DC
vol tige reaybyen cipit dfd a&@)@“ﬁhﬁ’t‘ﬂ%%ﬂué@@%wsﬂm bogsticisatit 3091 fumthers i n

accor dangfdid ihinkhRive By g ﬂu% 310 %Qd a?ﬁ‘mt%?@? bhat hlch:Uthoﬁ?(Q b H&Jlfﬁﬁs afir Stg

.boosting circuit far-producing a out put vol
%6 Vol t spndspgndibopstipgireNisde DI out put capacitor Cl, transistor T2, and

regulation oy Cﬁvséan%%%conlgsomms SMraqygméﬁ,%aﬁaghg CA&T 34 Bhggoond

boosting circuit for ~ producln s'econ Gt put 2,
e.g. 1.98hveftrende tg@ﬁ)quosﬂqngmwmow,mmﬂg;re 2dA@d~étcﬁ)244 mpfmmﬂcdmmam tor C2,
and¢ eg i he boost . ci.f.cuit 0 further
i ncIlfjde}s&]‘glél"“;a{r%i Etbogging még“ tod%]glgqh l%tli\/‘g%% %?rﬁ’ésmﬁt}f‘}p’s m’“ﬁ‘?g\ﬂ?t chi ng
transi sTlmat 1s‘,|'kwmz;irﬁﬂ4as GFBoﬂlcmgadmrd“lﬁﬁmed@Nronlsbpuimkhr Thés diinedt and

second 8 @%{}I‘%&. di*r{ltgré“ tﬁﬁeﬁ-’t}g{% irst and second boost circuits operate in a

simlar b e with reference to DC boost circuit 200

shown in Fi Figee 2. mmfcsutumcacmnat.dnem@.-ahbbﬁanoﬂﬁr egiplay iDMveitageui t 422 and
qvided to the clocking |ogic 462.

t he 155-Volt tion.circuit 442 ar r
The cl 3&??‘&&“1‘ ggé’@‘ pPodnshemy ‘8@ o4tpty tag‘?Sv‘P 3F0H2RtR Vit e AR Y§BtbNt 1 ol
Si grtal THRARPStickilig 400 ki PRSRosn oD thelpAddubing @t dalpuiggl s from the
regul at(% 8 rbu(t:;;urt%ué tg 6 \Z’olts) comprising a diode D1, output capacitor C1, transistor T2, and
regulation circuit 422. The boost circuit 400 also includes a second boosting circuit for
producing a second output voltage (i.e. Output 2, e.g. 1.55 Volts) comprising a switch 444,
diode D2, output capacitor C2, and regulation circuit 442. In addition, the boost circuit
25 400 further includes an input capacitor C, an inductive charge pump L, a switching
transistor T1, and a clocking legic 462, common to both the first and second boosting
circuits.
The first and second boost circuits operate in a sirnilar fashion as described above
with reference to DC boost circuit 200 shown in Figure 2. The outputs of the 6-Volt
30 regulation circnit 422 and the 1.55-Volt regulation circuit 442 are provided to the clocking
logic 462. The clocking logic 462 generates a time-division multiplexing control signal

comprising the two pulse-width modulation control signals from the regulation circuits

7



.2 1 DEC 200 WO 02/ 03390 PCT/ US01/17879 422 and 442 at di fferent tinme slots.

The tinme-division nultiplexing control signal drives cm:_r[przgw tching
transi stor TL The cl ocking | ogic 462 may al so include a e1\/ ifter that

uses theownlotmge at Qutput | to increase the drive on spot/gbdwngstsr ansi stor
Tl so that the switching transistor Tl can be nmade smaller, as described
above. 5 In operation, during a first phase of the tine-division

mul ti pl eXemgd é%@tr@ffe:smgn@ﬁ slots.t ke {ro¢-dwisiindt hitiplesing apred! signtl rdoivessi gnall

gener at il B h0P SOHUR vl BOY AR ELEEUAL 462 ma bR Ao AL O g

transi stor I'n or e the v Its) at
Qut put Bhifiéd that sns mhero!taioestOmmsetomfcrdakeahé diies ghi sms:hm tmd::ttorprlegol ng control
si gnal tch 444 OFF to jsol te t he r voltage Qutput 2 from

t he hi gﬁféartﬁ\‘igfvf %@WE‘P&?&&%@%@F&@% ’raél’ilg'"?c%'k’@r 1> During a second phase

of the t| rre mwesatma dfwhglamrsa)phm@ of €t tin@d-divsic@nabitipleXifg PoHtSEsighallt h
nodul at 8 naI rat ed by the Qutput 2 regulatjon circuit 442
drives f é’“ ‘I'?l'W@fig 6%”#?35"’153‘64%?}’% it dgegiatiop sireisdZZed vol t age

(e.g. leesfgﬁb Matching t%s:.@dit 'PlJtn ofder 4 &@du!lda tﬁé"@cs?r&?%lﬁﬂé)t}?os% Wisj hre

time-division nmultiplexing control (?nal the swtch 444 is O\I to couple
the i ndfetmyd D imhe Qrsf phosg ﬁ@“‘f’r‘ﬁﬁ’s igisigp multplering gomtrpd sigpalp theThe

regul at Lo, Qlslicokkso ﬂaaztemoﬁé%oﬁsgm%mta ffd h%hléﬁvdniag@g&@fa 40 generate

therefromtheir respective pulse wd contro S|gna . Since the
swi 8€&h mqssn@nsn&ﬁrilp 1ONPYring o srsopsbphiagg] obthet thra -9msscm nwkurphxmd:amaqled si gnal

and of f k 1 having
-af requ ncy E%Iu? Ehﬁgﬁhpx%d%q? é&mmﬁgéaalpge@éé%%&éggé@ bﬂg’ﬂ ngkl ogi ¢ 462
as to @mtthZ bevmbmsw:mrrlg\mnpmrs'@ ivi caldein twp@dhrattbddwrgmmlsgt; (qg can also

be cl OC{(%ﬂ gr a{)&% CI rcu}? I%Btgu;egong hajse f;hegtgn%s-ﬁﬁls o?n UIYI an

exenpl ary | rpora st circuit
i N accorotaolcsignal, ttike dwiteh B4d/ BION reouplt theiimtveveapiae ar(dlsmulhlbg ﬁrﬁ}&nmnprl ses an

i nt egr d circuit package 502 including a plurality of |eads for 25
conﬁ%cﬁlgtﬁcf l((igternal circuitry. -The integrated circuit 500 further

i.ncl udes an Thetregifiations ciruits GIAR tandli4e2 Peive iat tladkedikgi ihNirdertitbgepambage

i nterna 504 of the . iptegrated circui ack e 502. . The die 506
| ©hi dhes B eSS S ORI conl Rt BOGSPLSI RO 510 as
descri h-e.@ @N%@n@%eﬂb&lbﬁhé szlendW ricdul@sadseral arﬂtdiﬁfor fdiotiRPp&icaomnect i on
nmeans ggtrl cal ly connects the di tag the An

fe circuit r}( IE)ackage | eads.
input CAPAEFleakedsYBh a glock Bl hirritedt reancyfg/iohar bt bikpaisrshce 516 of the
DC 1900ghe Abdkin# Ibgid 268 8506 kRRch REAXE thatRo §]'s$ WadueshoBXhied Bighald, & e di e 506
within the packa e internal boundary 504 hese
also be clocked with clock Clk].
Figure 5A illustrates a top- view of an cxcmplary integrated circuit 500
incorporating a DC voltage boost circuit in accordance with the invention. The integrated
circuit 500 comprises an integrated circuit package 502 including a plurality of leads for
25 comnection to external circuitry. - The integrated circuit 500 further includes an integrated
“circwit die 506 situated within the package internal boundary 504 of the integrated circuit
package 502. The die 506 in this example incorporates a portion of the DC boost circuit
510 as described above. A plurality of wire bonds or other suitable connection means
electrically connects the die circuitry to the package leads. An input capacitor 512, an
30 inductor 514 and/or output capacitor 516 of the DC boost circuit as described above are
situated external to the die 506 within the package internal boundary 504. These

components can be sitvated next to a side of the die 506 within the package internal

8



.~-.boost circuit 1n accordance wth the |nvent

. conponents can be situated next to a side of the die 506 within the package
internal 8 21 DEC 2004 WO 02/ 03390 PCT/ US01/ 17878 boundanmy. Sﬁ)acaggghovm in
Figure 5A, or can be situated on top of the die 506 as we plurality
of w re vwonzesser ot her suitable connection neans el ectrlptz;alrdsxal/mmmect t he
input capacitor 512, an inductor 514 and/or output capacitor 516 of the DC
boost circuit to the remaining portion of the booster circuit 510. 5 There
are seveba{ndaa\ﬁaﬁtaagjwnfreﬂ’raurm%% 5 2t bertituatd o tqpunf teaia60d BrwglL A t he
i nduct or L h t.circuit into
the int eglru %t]’éd@ﬂ;‘?{rrggﬁog%r gthbg&btgaﬁlé‘ {:Jt?) o’ﬁ%‘\ P 30&119 d D%‘mli’%Pﬁqu%put First,
subst ant tapcitoavihgs lnwcwhélfﬂm@!csloz@mr e@paditos 516 ofbdhe Uﬁbbaommtmoroame on of
these thy, g_%m% E]Sof‘éi‘ezu gg.%r @pgijlG out side of the die 504. Second,
substanti al 1 Icrease in le ci'ency of the DC voltage boost circuit can
be 10 achi evéﬂxetqarc swemmniwattagagfcﬁr hmonpDﬂUﬁg e iiplécpuditr 0, Gk iddaeodi € 506. A

reason f " t s t hat al_ i nductor 514 can a
magnet i colsu Etolr éf?e oBR |‘ﬁ’5a°é°5 ﬁi%’[e HP‘ ll?g?%r‘féﬂ’“‘&ﬂ‘r’fﬂﬂl?t‘P(‘r‘g"“gglct"&‘l"tvvhl ch can
achi eve packipes0d, I’lﬂweh@iﬂ@@fﬂﬁdh&ﬁ@”lﬁﬁrst;léﬁﬂis@ﬂﬁlal ﬁﬁlﬁléyinﬂﬁe aRRaRIrtulty. These

t wo charfgvﬁerl stics | nproves the eff| Ci en e DC booster circuit.

c th
Third thedBeamRTaanRf these threfos tsi;‘? and 516 pytside phthe Wisr 50914 and/ or
the out Bebonkd sGRRAGAI REreRd A M temcnm&,h%f E}%Cb@gﬁ‘olégg bobd @il E@. §d circuit

is self contained in the integrated circuit package 502 wit requiring
ext eifnalzchigyrddyincorperating thedaduetos § ihentder of thedig 4Pe 5seqs¢n fos thisdis @@t a top view
of anot hgd cgxmAP ithu¥iot %tl@%aﬂtl?cdrrﬁhé Gt a5mQ nch@%ﬁﬁs?rg{caﬂévﬂ% g ffee vo! t age

nte 2 Circuit 550
Ji s si i idipensionairronguctive apisl ehigh coBOBhiert gigher Bctarica atuthzhtghc:t currgal udes an
i ntegrat, i Pk i 6 i ncluding
a porti 0%%8)1; Ez%‘zlb:?:)gp VO t%oe %@8@?35??&%’%&%’%{5@??&%{ @gh%\nl)g: htfoﬁggn i nt er nal
boundar yir@8i4 Tsird; bhyeingrapdealig thbmput c'fmﬂmrrﬁléguhaﬁﬂdctoi 5 lduaint/o66he odpﬁtf ers from
i ntggra TR 0.l N of ut. c itor,
mdﬁgt o?gp%ﬁ; %ﬁt&“gﬂ tgé S%I{Ag% 5gj?stntll"ge co ?ncéﬁul nf 3°I£r‘fg“tﬁ'f1% l"h d 25
subst rairﬂc@ﬁﬁi msueaﬂackagd]éﬂiz ng/ithoute maaingh eeterma b pohadcoO P Othesat S shown in
Fi gure BHA. is feature can make the assenbly of the integrated circuit
550 subs?"é‘?ﬂ"? Iy easier and possibly reduce manufacturing cost and tine
subst anti al | BigurEi 3B ikushrated lausp rdtve ofcanbthee lexhhs gy aimegfate@ncisr Ngz0ar y
el ectroni c _unj.t ordance.with t on. The el ectronic unit

fei
600 can’ "ﬁ%rp%fﬁ?“gef‘ggq VBH?E(?CQ?ﬁfttc“cu'fSO“ ??F@F‘{?HF%U“BH G Hveyiont dategiatedui ¢, a
Ci g tciRAMSHD isdkiNaLb ertegtated Afcu 580IFiEREYAS ik BaDRAMRIRes an integrated

circuit package 552, and an integrated circuit die 556 including a portion of the DC

voltage boost circuit 560 situated within an internal boundary 554 of the package 552.

The integrated circuit 550 differs from integrated circuit 500 in that at least two of the

input capacitor, -inductor, and output capacitor can be combined into an integrated

25  substrate 558 instead of having them as three separate components shown in Figure SA.

This feature can make the as_écmbly of the integrated circuit 550 substantially easier and
possibly reduce manufacturing cost and time substantially.

Figure 6 illustrates a block diagram of an exemplary electronic unit 600 in

accordance with the invention. The electronic unit 600 can be any electronic unit,

30 including an integrated circuit, a circuit board, a module, and/or a sub-module to name a

few, that includes a plurality of circuits, such as circuits 1-3 (602, 604, and 606) each of

which perform a specific task within the unit. The circuits 1-3 (602, 604, and 606) require

9



.few, that includes a plurality of circuits, such as circuits 1-3 (602, 604,
and 606) each of which performa specific task wwthint 1u9i g g[gte
circuits 1-3 (602, 604, and 606) require 9 2 1 DEC 2004 0 )E 3%

PCT/ USOWad8m8aeparticul ar supply voltages to operate, sygh@siiRkgexanple 5
Volts for circuit I (602), 3 Volts for circuit 2 (604), and | Volt for
circuit 3 (606). The electronic unit 600 also includes a plurality of DC
vol t age Bay@selarcsupplyi woyages e hpeade, DE-lvad foagenipdo § toitt {3 ¢i608,1 @48, 3 and 612)

for supphpyi t r,0 ly.vel t.ages u 1.3 (e.g.. 5 Vo|ts, 3
- Vol ts, aﬁhgﬁg %F?)z @gé)bg}(r:tf?v\éhyﬁf tg"%ﬁté E%bﬁﬁg‘ui § eka-Cfé‘g'(‘%gﬁ‘,t 589 2!s0and 606).
The DC voichdesn ploastyof DOvolta§Oiost@i0yitspsudh BIBY voRALRIDEEstA] -3 QHOEDHI 0, Nput

| tage f ti hei t tputs 1-3. A t f th
el cct ron 1Al 17 SEEE O ROPE AT RO Sor s Pl (4 eVl 1 Vol ey yet

the ps op¥bltyebjeatesy tootht REcMBr i-DgE02¢ 604 Wnd %([)% 3riRf DENR MY bodRfsQ-A1ai Nt ai ned
10 subst&p#{iﬁh,lc% cg stant by errpl,oyigﬁ t he vol t age boosts 1-3 (608, 610,
and 612) g O4STEE G RMIMIE iyl eliegcoler eqmsrating Hisrespeative citpigsit Vol t age
may varylBromas lowas 1 Volt to.as high as 3 Volts. The variation may be
due to a battery running | ow on power, or other factors such as |ine

variations, efg2dyantage gfthetchrstronipunit GO is dlps theonpievobidgeciotionit mayt 600 may
vary, thg = 3.( 10,80 intains._ the supply 15
vol t ages gﬁ?gﬁ?ﬁﬁﬁgﬁfﬂofaﬁ%&r Heosggc?d?%gs gﬂ%&*ﬁ. l?g o?jié% é‘gg,ﬁ%dﬁf'“%'ﬁ 606)

substantsubstanyialy, genstent by ewploping gy DEpenttagd borstsolf-3 t((fs 616, andu 2% in Fi gure 7A

illustr ‘ Y i I of gn _exenpl ar equl ation circuit
...700 for%ﬁ?ﬁéﬁ%@ﬁ%'@%@s e'rﬁoﬁ%&r(r%g‘;}‘ggﬂﬁ Pad orgﬁg%é’evagﬁ {'Wﬂf’f‘u Y#Hvention. The
regul at i\orit to o highiias 3 Y0ls. rBeonnaion nfay bodbputa bandry agminflowhea ppeasber punp 702
and provyj | se width 2 dul ate ontrol signal for driving the
o t oy SF TaefbePUiE B B ladems B ‘A Rieien 8 e vorlist e e ¢
r ef er en®@0 tneayD@ry,ofht 2M@ vohaget badbts Clul (6082@00, #0612 dnARBins lthe Enﬂ!pgl exenpl ary
enmbadi ment ., the r | ation circuit. 700 conprises a voltage divider 704
ol fa N tess Ppl Tt e Rpepbre s oot =g 490 PR B consant 1 5¢
conpar afsrprop@Boperationdibfitheak eXits. 710, a ranp generator 714, a pulse width
nmodul ator 716, a _second co aU;\t,o_r .25 718, an inverter 720, an AND-gate
722, .and a hf ‘g6 ‘aﬁﬂ@@é{}’&c Stiiepatic disgram of an gxeappiary segulating cistitout vol t age

of the bowfran iddubive HodsteSpuitP? 0266 atRrdahid: Wik 12 Ifventibn | TR redfiida0 Produce a
| oner proportional feedback voltage Vf. The feedback voltage V]t is applied

to the BFPHIPRAEEYFS Brprtpstvakaeeobthedoprigayme 752 atimvderpulssiwidge ref bi as
Proper t ingtdhted Qoxg+Jl LREANGE dhEhPaRNswWikhig WndioloEne b'bggtei)ru%%ﬂa%l tage

ref12. The voltage ,
described above with reference to DC voltage boost circuits 200, 300 and 400. In this

\‘-/

exemplary embodiment, the regulation circuit 700 comprises a voltage divider 704

including resistors R1 and R2, a differential amplifier 706, a first comparator 708, a

muttiplexer 710, a ramp generator 714, a pulse width modulator 716, a second comparator
25 718, an inverter 720, an AND-gate 722, and a high voltage level shifter 724.

In operation, the output voltage of the booster pump 702 is applied to the voltage
divider 704 to produce a lower proportional feedback voltage V. The feedback voitage Vf
is applied to the differential amplifier 706 to produce a modulating voltage refbias
proportional 16 difference between voltage Vfand a reference voltage ref72. The voltage

30 refbias serves as a modulating signal for the pulse width modulator 716. The reference

voltage refl2 sets the output voltage of the booster pump.

10



.30 refbias serves as a nodul ating signal for the pul se width nodul ator 716.
The reference voltage refl2 sets the output vol tage of t?e] mgtjjp punp.
10 2 1 DEC 2004 WD 02/03390 PCT/US01/17878 The nodul ati ng™vol %j bi as

i s appl ivwdoresswhe first conparator 708 for conparison wddysaneisher
reference voltage ref675. The first conparator 708 produces an i nput

sel ect signal _compoutl for the nultiplexer 710. If the nodul ating vol tage
ref bins is aABoverdulsting apbresnaigolit apwied efo6@8, fitsheosphent MWggfeal conpout |
causes t kgm ' | atj ng volt rejbias. If, on
t he ot her hlgtgrﬂzslbIll ?Eg){l%h Eﬁ%ﬁ%&g@ﬁeﬁ%‘gﬁ% f?\rg!cl a‘i?éqr?{&ﬁ tpT‘i’gLCrcéP‘ér ence

vottage MPfEEiEct signal swipest! foi hnaluliptpoliol [fmeseaubing volabd Rfgasas 710 to
out put t t ef i.ch serves then as, the nodul ating _signal. This
Chohres Mt BRRELIHES. roltds e St Sindl 6ot s W RMHPIRBRA & oF 716 <
not b2l ote qukme:t triodestivg| vditageotbagelfdin thdethgiai@ W HodulMPWbRicOe/Filf. 10 The
e nultjplexer 710 is applied to the pul se

nodul at i e§i“g{hal fref bias framth €

wi dt h m)ﬁu aror "ﬁé""ﬁﬁ“o‘?@a%ﬁ ‘i’-’fﬁ’@&» the select siznal apmpentd cosey thgamdtindexed by t he
ranp gengitas entputbdvolihBerdfEPwEIER itk Blen 44 the GG Rlih@hikval | ’f‘ﬁli.ﬁ%% S a square
wave cl ol?lzlﬁ_ﬁ%ﬂ]?al to produce the triangular wave si g?\aﬁ. e pulse .width

modul at o aging sig 158 by the puise wigthgaedudptort7i 6 isnst belawitheghmshpihl 1 ef bi as
Wi t h t hevolthgedTUr fllseWAMR nild@RR} 71¢The out put of the pul se 15 wi dth nodul at or
716 1'05 a pul gﬁ modul at ed signal Pwmthat is nodul ated by nodul ating signal
refblas, whi e RaduBEng, pigpRl refbisn drany thei meltiplexer U6 @ppliedttputie pdset age.

Fi gur e #dihl thotfildicH 78 alohS wiRA&h HalBr hbVEY: Y5 ed ul se width_nodul ating
..process of the regul_atai o% Cl rg{iﬁgg@b%&%é%%’gg er"%ﬁ%gzjy&?etrﬁmf’ﬁgm Vention. The
Mavef or fd4- Thoipmpeaerpthe’ 14 essehtizliyjotegratos & hgrarcampregbtk siphairto Fbdycet he
tri-angulay (ridg(edr a2 a3 URRL) | t hree exenpl ary, voltage | evels for
t he nodul atnigg gi gna g’“rat'i-:'f Eﬁ%ﬂéﬂﬁ@ﬂ '%Héj%}r%éosrg(])naﬁanﬁ) i t‘h“bﬁ?’g@g%dul at ed
si gnal s theonpdulgiivadigng! tedbiesheith thectearguianptast YignatD dTHcadutg of tt@NAllsel evel s. As
it S RAiEN LS hscu t square wave clock, signal is integrated by
the%r a%‘ﬁgener}g{o{)?@%ﬁ? 'g]gff '6'?‘?@?‘5 S'?’?ﬁ?éjﬁ’dhﬁ‘ﬁ? Is\ TRRAN DY 8oL¥INE i n Fi gure
7B.  Thesiges refbiog vgudhavariveprefontionalls wit fHeibeektdr@uipievdhagd. t i ve i nput of the
pul se wi dth lt(ljrul O{l ‘ _orrg rat or f716 an&ﬁ%{;e nodul at | ng signal ref bias is
applied to t ﬁe@atl ate wayelpHs Iny ihls pylse widith medulapiget age at any
gi ven t preesohof theerepulatia Qidcait 70@HLic0brdarics VBIHERE Shventidi@NTENGavdBAL at i ng

si gnal r[l'nl%f bi as, ..t he e conparator 716 produces a substantially constant

th ) >
relative V"hfréhﬂ\?of’g%éf‘p‘\tft,o AP SEMEHON A, thendiangplar aguefarm any gi ven
t i n20 of sup&rémposed with three exemplary voltage levels for the modulating signal refbias, and

corresponding output pulse modulated signals corresponding to the three exemplary
modulating signal levels.

As it was previousty discussed, the square wave clock signal is integrated by the

ramp generator 714 to form the triangular waveform as shown in Figure 7B. The

25  triangular waveform is applied to the positive input of the pulse width modulator

comparator 716 and the modulating signal }-ejbias is applied to the negative input of the

comparator 716. If the voltage at any given time of the triangular waveform is greater

than the modulating signal refbias, then the comparator 716 produces a substantially

constant relatively high voltage. If, on the other -hand, the-voltage at any given time of the

30  triangular waveform. is less than the modulating signal refbias, then the comparator 716

produces a substantially constant relatively Jow voltage, preferably near zero (D) Volts.
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-,an enabl 1 ng signa

e’

.30 triangular waveformis |l ess than the nodul ati ng signal refbias, then the

conparator 716 produces a substantially constant rel ati gl BE Coggpdol t age,
preferably near zero (0) Volts. 11 21 DEC 2004 WO 02/03 PCT/ US01/ 17878
Thus, aWwabteaseoi n Figure 7B, the higher the nodul ati ng woflrtggeissef bi as i s,
the narrower the pulse width of the pul se width nodul ated signal Pwm
Conversely, the lower the nodulating voltage ref bias,. the w der the

pul se wi dth ofhugns $hapadn g 7Ro g highetithe ghesiylatinpwattagthnadiastihethdut y cycl e

of the npgibatihBguisd ng{ o@é‘@%ﬂl& mm%@hﬁféd%%mé 6%%4591 gtﬁg@éegna' ref

bias, which varies wth t ooster output voltage. Accor when the
boost er tbamedulating veligee defbips, the waded thieypubsy stidth of thehpulspulvisith noduthtad ed si gnal

i ncreas TBi s actjon.c S witchi.ng tr istor to "turn ON' for a
onger csel Pl SEhlsPlheCdlSP 6l BERE NSRS shid Tt of et egd Bt pus
capadi t onoddfatinhasigoelosyiéss, #hh vafias with ahesBsosich eutbaosdiage. oWcpotting] t age to
conpensate for . ,its initial,drop. nversel vy, n 10 the poaoster output
vol t age wiee elg? bf’ﬂ%“(ﬂh’%”t Solinse %ppst(,:ﬁ 1 E‘EIY scéél]ﬁt?%ﬁeai’]@&e é‘?oéiﬁg edfi@Rbases.

Thi s actihotaseaushis attie giibds tHOBRitdhiNEnsk0f td oturd ONT ENa 1hfPer &mehor t er
tinme, whi chl[ causes | ess en&é% to be transferred to the output capacitor

of the BBk @PsesdRoreRFTEY 1) nsfereed tp dhssoutpLt SaRasiier Yfothe dgestero’@onpensat e

for its Thiirhisal thé bsRter RAp&MVolthld (B a6Kpehatdfod Ut it h haf h

modul at ed si gnal varrfc;rofr]n_tﬁetg%utl se TT5 Gidt h %ﬁﬂ?@tg?%h%sfﬁh%pl ied to

an i'Aputhedioostaontpys. voliege e they Hely side afithe pwise medulated Zigpakdaeprasess t he

nodul at t I i i . I el gener at es
(TR St Bl 1 DS o8P g Rl ¥ RO b e o6, P

r ef er endess gsrayageberteansfprreds togthe quipnt qapagitor ¢fetherbehstea7Dhg Thisl lowere theef  bi as.

O, con);&;ﬁpb%(tfngVgﬁ%rtgggﬁp&sgég’@?jnﬂ%m;cgnal to the AND-gate 722 if the

nodul at1 ng vo ge refbiras 1§ reater than the reference voltage refl2.
Thi s di sabl Referieg baduth iguon7Asithecpuilse widtd motlulatad signad diwlrafrbmghespiléeage rej bi as

is ea he, r.ef er,ence_vol Bﬁq‘#&g is.is done to revent the
boog§ o%f &‘%‘g@@?‘i’%g‘eé‘? 3 r%%cgi%ae"eﬁf’éfg’q%f &f rte:s%gbgb%setcﬂ%ae%f’é%ﬂafag%{ boost
vol t age7(8ecaupabes\thet mpdiddtingl Volfap® cgBias Ikith\thand fererp alolthgs ee/fNrandrs. The
pul se width dul at ed_.vol t age rﬁgtnt;i s is.ap Ii%d tq the g h.vol tage | evel
Shi £ t er EPIRET RSTPE SIETS! 38 i AT 7¢2 B YAV et the dYGREF d324f 1 1o a
suf fi cirefttenbe voltage 0edR i1y grebiee tiawithe btdatingantthgt arbigl OFhe@nbaasy er punp
702. The | evel hibI‘t er, 724 uges ‘{ he bc}g;st, I ou(%ﬂo t. vol tage to acconplish
this. FYHPEs SAFANE Fieat' e e SEAE i ﬁ‘E ke "%F‘&ﬁPB?gcd'ﬁ&"ﬁe\s exenpl ary
regd atgrédter thid tiirbfeRAtt USIRgs eI DT ThieWiaBled i@ bilRatMldiehic vob teme of an
i nducti ve, booster punp 802 iIn . o

modulating voltage refbias is greater than the reference voltage ref!2. This is done to

prevent the boost output voltage from exceeding 150 mVolts above the desired boost

voltage (e.g. 6 Volts} at all process skew and temperature corners. The pulse width

modulated voltage refbias is applied to the high voltage level shifter 724 (when the AND-

25  gate 722 is enabled) to increase it to a sufficient level to drive the switching transistor of
the booster pump 702. The level shifter 724 uses the booster output voltage to accomplish
this.
Figure 8A illustrates a schematic/block diagram of another exemplary regulation
circuit 800 usefiil for regulating the output voltage of an inductive booster pump 802 in
30 accordance with the invention. The regulation circuit 800 receives the output voltage of
the booster pump 802 and provides a pulse width modulated contro! signal for driving the

switching transistor of the boost pump 802 as described above with reference to DC
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.30 accordance with the invention. The regulation circuit 800 receives the
out put voltage of the booster punp 802 and provides a puhspEw i

modul ated control signal for driving the swtching transistor of the boost
punp 8owad2@¥8eri bed above with reference to DC 12 21 BEG@H047sMO 02/ 03390
PCT/ US01/ 17878 vol tage boost circuits 200, 300 and 400. In this exenplary
enbodi nent eqgulation_circuit 800 conprises a voltage divider 804, a

the r
bi as gené’l"g"f?ﬁﬂmgﬁﬁ%c‘éﬂtsr 210 382 At 400 r In Jris exemplgsy legdodimgnty theoegiattoor
conpar at @frcBiflo BRprideshi @iaiiag ‘ The. L ener at or
808, in tur?n, _corrpﬂlrg]insgs a ?Dr arrlslm' ?so%g\r%%gsg@r% 'éelg;o‘sg}(?:ag’ a‘%l?'f%r%?gﬁ%,g an
i nvert er PEisg Widtls medulater compaatet B10, 8mba high voltepedeved nhifitth@l 2o Ureutmpol t age of

t he boost, i i . I e divider 804 to oduce a

| over pr Sanrtons i fuh ToRRfsSlhah Sl S ENapiit 8%, o gl B 1 <

appl i &d e a mmsion82Qener ator 806 which is a low gain differential
anplifier. Th [.a: rator 806 .generates coypl.inentary positive (pbias)
and negative ?’n%‘??g‘)%f‘%ﬁ?gﬂ‘?‘s“ Pl %"E:h':)aftg:Fh SPRPSIEAR §%4s aplied Fithe Xolisge ween t he

f eedbackdiviget 8(geo rrdrivana lawer picporionat fecabichg6ltagBalfh.. THO RARERLANREE VOl t age
Refl is P qd tq. azt tlﬁg oytEut B t he boo?ter _pur:ri‘p 802 to a desSired

vol tage [BVRPPPIERC tis ey srd ?5’?3 &8bich i, Ty grin ditfesepiiahargalitieve Thabi as)

out puts isaeganprplor 806 benerdtdiecogiplimsntary pbditveNpiadima ndfive (il 6apal t he

transir ssi.on gat 14, respectively. A clock 15 signal, having a duty

cycl gdnpftﬁﬁb‘@ﬁ‘? w‘fg ‘E%é@ﬁcggﬁwﬁ‘iﬁ‘pq‘i’ é?ﬁdl_faﬁk tAkaeeridhand goplsrenemavaliaga 4. The
transni SRafRNTERfefer&icd volage e RAkEOR Wi thdodiP§ FARAEAIsRF p%& s@?@raat eto
~integrate the claock signal to forma saw ooth waveform Ranp. The rise tine
Jof the SSsifeddelasrde¥e-or m Ranp varies inversely with the degree to which

t he transm ssign €0 r InSsidial ' I ction.of the output
vol tage of the bg(g?% e[&pl)ﬁymgg%%‘_}zé. @ﬁﬁsgqﬁﬁ\l}g%g%@i@ ??}Jp% a%:éoér?ﬁ?lj'%; Son with
t he tranks gatesof SEp-dvicetrad gedsvichef thajrusinisoipn 8416 SiMaesptétivelyl dcdogoes | ow.

The ga SiDhWRNE, i lLi.ed.to the jtjve input of -the pul se
Cowidt E \Msrm%gulf 5 i_ngfi g[g?pgr at graﬁ%@gﬁ’ p?ﬁ%“’c%r?%@?egﬁ g?‘%{fﬂ“@bsﬁﬁﬁrg&c &fe sawt oot h
~wavef or ibRimpmissangate Sidoiotcambinatidn/withothe camtitorafiéropaae tutiegge tkef | . Based

on the i t 0 ratar 810, t conpar,at or _81 0 gener at es
O pul e REEES ol A8 Boou e SATRARE. e it ding nC RGN Seemo Tt
vari es Rawpverdsyinvirsely with the tipmde tootltichgbe abnsnlissidogsd 814 ispuwied 8R2. The

Poost or Vit E3RRRh Elne WIF bolbik BERe oofoE Hrboloh? e RGrUBH P < he i se
Wi d@b nosubisdtiongvith the transistor 820 discharges the capacitor 816 when the clock goes low.
The sawtooth waveform Ramp is applied to the positive input of the pulse width
modulating comparator 810. The comparater §10 compares the sawtooth waveform Ramp
with a substantially constant reference voltage Ref2. Based on the comparison made by
the comparator 810, the comparator 810 generates a pulse modulated control signal
25  Pwm_clk that has a duty cycle that varies inversely with the output voltage of the booster
pump 802. The pu!sé modulated control signal drives the switching transistor of the
booster pump 802.
Figure 8B illustrates the waveforms involved in the pulse width modulating
process of the regulation circuit 800 in accordance with the invention. The waveforms
30 shown are the clock input to the ramp generator 808, three sawtooth waveforms Ramp
corresponding to three different output voltages of the boost pump superimposed with the

substantially constant reference voltage Ref2, and the resuiting pulse width modulated
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Ranp i P
'_ ang i Ie; gﬁ Bﬂah&th@?ﬂ@ntehé’eevahg o P Jolg he rator 810
Bu ) / M IS HL@%F WP RL e\% I{I[ﬁ.lf %Pths\fémg%&g%

-~ W th the boost 15.output voltage. T

g

.process of the regulation circuit 800 in accordance with {he invenéi on. The

wavefornms 30 shown are the clock input to the ranp gener t']orDESPbé).,a ¥hree

sawm oot h wavef orns Ranp corresponding to three different output voltages of

t he boo#™O gposuperi nposed with the substantially constankoreks ence

voltage Refl, and the resulting pulse width nodulated 13 2 1 DEC 2M WO

02/ 03390 PCT( US01/ 17878 control signal Pwmclk. Since the sawm ooth waveform
dgnal §urneslkp oxings e sawtpgltvassfarm Remp af arpdind ¢o vl toagjee Ref 2 i s

produces a rel ati vel%ehl gh” out put " tage e sawm 00 wavef or m Ranp
i s greatidf comapratanesleprodusssea velhtivelye hizbf Qutpandblipgodueestha saehath vel y | ow 5

out put wolt A t ef or m s 1 ess than the reference
vol t age Rep?)g"ﬁl'hus, gg&gﬁg\%\% :ﬂ% |eé¥3¥°evog'§?e Wﬁ&%"é’”ﬁﬁs(}trﬁ%{ﬂ‘féﬁf ﬁ’é" pul se
nodulat exstpsi yritabe vberathe fawtadth eavagbrnt Rent ik tees thineths asitromievoneésesy. m Ranp i s

greater thanhe referen vol.tage e] 2., Si.nce the s]ope of the sawtooth

wavef or m Rarmﬁ“\’/sélralE é']féo“imn'\?e ’§"e’F>§hmﬁ‘FH’“Eﬁé"‘3ht"ﬁ UG oy ltesk signab istioost  punp

802, t hdugtiembethet thee Heoaivicoth Palefotdl RAageis grdaer RRShd reBrehdayok@gesawt oot h

wavef or r}%ﬂﬁa i s, abpve %B}% reference _voltage Ref2, and consequently, the
o STSE Rt

smal | er % PHRothawiNeform layia wacHinersey atthsthe eutput

Conver s@blage ofiehd B56€ rpufnbaeoz,bmesgrrea&umuﬁoogpémﬁ%ftaga,em@rfefs fith8Thel N€

sawt goth wavef orm Ranp i s_above the reference voltage Ret2, and
cond@quéntiPStt wavstaray, gavp inehove dhes eefsrprge tyolitect Ref2. pandseonsasdentiyt € si gnal .

Thus, tbga vBa@fortihGe 1ol e80! (Y k85, NVer sel
(e boogt Vi eutrtiersPHng it RERUTIPCHS CEoR8a%: 1 B EPshal “um ©

clk is Benst peenttveltedre theirgore Viotettbryeavitasiie aveddrint Rawp sabbvecthe asferctdee pul se
modul at gghagd 4B aNPLdrdbfeltd), §3§rg£.l iid ,«;Jg%el %@m?éf_t%{)%ﬂg wi t ching

v e, .
transi stor of the boost punp W mragﬁlug{?%dds' '?ag]jnal Pwm cl k

regul at &aust the dyboexclepefrthe BOse wisitht madulittd Jprodluares iavesalyswiaintliedidoyt const ant
desijs ed, gg,;aggo voltage. The regulation is as follows. \WWen the booster
out put voltage “drops, the duty cycle of the pul se nodul ated signal Pwmclk
i ncreases. Thieopulsst wdith maddated sigeal Suint_elki imgpplicdanths high volage fewsin ON' for a

| onger std -Whi.ch causes I ner 0 be transferred tq. .the output
capaci t%’ﬁﬁc{) O iAEease i %uﬁs%'ag&'%f§'g?ag¥8% ct'hé %’%n(‘fé?“érlc"&ﬂf"pg‘i“’e\/ﬁ'lct age to
conpensailghihg trahdistor of the bostpapp S@LMRr BdeyWwidthhesiulda HeasPem emt put

vol t age riﬁes tbhe du'h‘y cyﬁl e of the pul se npdul ated signall Pwm cl k
decr ead&Rulal,he boas YRR 7SR Ihqt HiProgicet hishRstantislly canstent desisrd oup ON' for a
shoztt ervoltagee, Thihvieglilaicilizs @S fHIRSS. BMRINANe boske ohipansdi@sd 8@pd, And Bsty oOut put

capaci tor, of the. boo Eer 802. This |owers the booster output voltage to
tlg of the pulse modulated signal Pwm_clk increases. This action causes the switching :

conpensd
transistor to “turn ON” for a longer time, which causes more energy to be transferred to-
‘the output capacitor of the booster 802. This raises the booster output voltage to
compensate for its initial drop. Conversely, when the booster output voltage rises, the duty
25  cycle of the pulse modulated signal Pwri_clk decreases. This action causes the switching
transistor to “turn ON™ for a shorter time, which causes less energy to be transferred to the -
output capacitor of the booster 802. This lowers the booster output voltage to compensate

for its initial rise.
Figure 9A illustrates a schematic/block " diagram of yet another exemplary
© 30 regulation circuit 900 useful for regu!ating the output voltage of an inductive booster

pump 902 in accordance with the invention. The regulation circuit 900 receives the output’

voltage of the booster pump 902 and provides a puise width modulated control signal for
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t age
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i t of t 3-bit counter causes the counter to produce
ﬁgénﬂgéggpgignal'is hi gh, thereby causing
Figure 9C illustrates the waveforms involved in the pulse width modulating

4
process of the regulation circuit 900 in accordance with the invention. The count
periodically cycles from binary 0 fo binary 7. The clock causes the 3-bit counter 908 to
increase the count by each every pulse (leading or trailing edge) of the clock. The pulse
width modulated signal generated by the logic circuit 910 is high for binary input -6 and
a low for binary input 0 and 7. The signal applied to the Reset input of the 3-bit counter
causes the counter to produce a count of 0 when the Reset signal is high, thereby causing
the pulse modulated signal pwm_cfk to go low, or remain low if the Reset signal remains
high. The puise modulated signal pwm_clk is applied to the high voltage level shifter 912
to boost its power to sufficient level to drive the switching transistor of the booster pump
902.

The regulation of the booster pump 902 operates as follows. During normal

operations where the output voltage is at substantially the desired output voltage, the Reset

I3

wi dt h
bi nary

a count of



.the pul se nodul ated signal pwmclk to go low, or remain lowif the Reset
signal remains high. The pul se nodul ated signal pwnclkd$ BppI7d to the
hi gh voltage | evel shifter 912 to boost its power to sufficient level to
drive t MO 8#M3BYhi ng transi stor of the booster punp 30 $@Frusibersregul ation
of the booster punp 902 operates as follows. During normal O operations

where the output voltage is at substantially the desired output voltage,

t he Reseti8na)ramainsgoy,i.gtie bethackapliogy §339 o wRCHaudElk 7878 veliagndle/ r enai ns

| ow, i . esintdhe nfaRdPackmid B B bddst f el erence vol tage Ref.
Since it Iﬁas been det erm ned theat % e"{g?ggtOP%rgﬁgmég%ﬂg%ce?Qtaég Hbet

ef fi ci endutycysle o8 percant, Wemgremycling aifthe7bbipennenprodades a palse moysihieddg of t he
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cycle ofﬁ%%%ﬁtceﬂ{tﬂ%ﬁﬁgtd R[&s&geeggﬁ%l%ﬂ?eﬁgr@aggé’c%‘”gﬁm@h&é’f"‘a‘% E‘g §a%hd two | ow
stat €s amditie lovosiatess thy cluetr Eychmfionniingry 0 to GinblyrvaSye FighRem)Figuse 98B) . | f
t he boob%%%r 0 tuQUt vol t agebrl ) sdaboa/e t he desired_output voltage, the

f eedbac kKOT8FT QHRE WP fsE% 8bayp AR d5SHed putpurwlfese. Yisi fesfhaciRusitasarlien causes

the conphesitore HGefb@n@ORREG Re/awhEDtusdSeRSlomph@RR 06 i genBh@l fBepet si gnal
causes the counter_ 908 to reset, which in turn, prematurely calses the

pul se nodETt &R s TgRAiE Bogb sieoat. cartis dhe cennies0BHe raentywhigklie tom, 10 t he
pul e Myl oS PIELRlibinctiEhl) 6 BUTER TR Qldhe BROSLAL ¥ Ot a0 1O

drop to conpensate for its initial ris regulation c s descri bed
can lBe Hecriisegnodalatadasignal memoalk, prhicheduses gl owsput tbioesteri vedtagd iovdrop® boost
circuitg i i:ac I'n addition, they can also be used to regul ate
.the out p%r?&\?/]g?t% g’ggé?ﬁﬁg ier DC boost circuits, such as the capacitive
Jchar ge punp Buosgulatioh adicvitsudescripedwincmslsyd desqtitdme obput hetab@r e Ng

speci fi 1,on, Il nvent 1 on. n been described wth reference to specific
enbodi rn%ﬁ@&st'%?rPeérlgot;%fsg.c"lc?ﬁsvde%n,be‘?gc Ner" 2 g'OB\fFEVe‘i’i'f’ aisﬁ'gf usedito grpulate

modi f i ctheiootpst witigescifaige DAbyosberciis] SudhNRItRE Cepa@Rw dHaRig cﬁumaobte br oader
spi r#t and. scogoe Iofd thg c"dnventi on. The specification and draw ngs are,
accdt di HEPY PEVSURE 9F¥8%Hed in an illustrative rather 20 than a

restrictive Iaemsfregdgdpediintiat) e Mhaitioh ha bath MR ribed with reference to

specific embodiments thereof. It will, however, be evident that various modifications and -

changes may be made thereto departing from the broader spirit and scope of the invention.
The specification and drawings are, accordingly, to be regarded in an illustrative rather

20 than a restrictive sense.
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1. A dc voltage boost circuit conprising: a booster punp for generating a
dc output voltage in response to an input dc voltage and a pulse wdth
nodul at ed control signal; a regulation circuit for generating said pul se

wi dt h modul at ed control signal whose duty cycle varies ihteBEEI Yk th said
dc out put voltage, wherein said regulation circuit conprises a waveform
generator for generating a triangular waveform and a conparator for
produci ng sai d_pul se width nodul ated control signal by conparing said

tri atfal 'gFla'Wﬁ%‘?‘f ormw th a nodul ating voltage that varies inversely with

sai d 0 ut, val ; a gate for blocking the transm ssion of said
pul sé‘dASﬁicdtohé)ggé)ﬁ?%gtr&gi%aﬂ@,mtgb sai d booster punp if said output voltage

excegdsqster iRt SeretRsla OE RSN Ige B resPorl@ ty O hpdAc DORGE ardd 4 silet
CONMPids MdiulaidRemed 8gnapunp for generating a dc output voltage in response
to an input dc voltage and a pulse w dth nodul ated control signal; a

r eguk adgulationairctiiort geherntingesaid pakse wiglthsraodilapadl cortrohsignahwhesg ull by tcgele woirt r ol si gnal

whos svetselywithysaldaicwaiphiesitagenyieareie baid wovlation girelitgempiisep awaveiermggaerai@her ei n

sai dfor egyelatingd atiapguias wayelamImse ia§é'§P§iatﬁhf9"e(fr6¢W%éﬂ%P‘é%%‘f"dthfr'éﬁdzrg€ﬁer ating a

tri aPRYEPIEINARY EPBPaHNG frid Kiap@as HERIIM G @ iy iling yegraedha Viies SXeRPYt h

modulVEt 3! deYRUE s @Kl by conparing said triangul ar waveformwith a

modul, 8Ll RY LAl ARSr IRl ¥RE! Bt dulRY §hRBlobtrol Yohd) 16 SidhdiCteLillHE sakP! t age;  and

a @ﬁ@ﬁ%g&ﬁﬁe&is@ e TodtT s ke conpar at or
sald output voltage is above a predetermned threshold or gating a

substantially constant voltage to said conparator if said output voltage

i S below wiagd bpostdiedue esmprathgt hr eshol d. 3. A dc vol tage boost circuit
conprising: a booster punp for generating a dc output voltage in response
t 0 afbeasfsnpurdeiovginertjeg afdowpubuelisge inypspentefparuNaHt de veligae Al @ Rilgnal ; and a
r eguligthi rersiuigted cantec! $igiel gener at i ng sai d pul se wi dth nodul ated control signal

vvh_ose dut C Fcl.e% ryari es inversel vwotpes%i()%ro ¢ 0l'|t|q t Y, I a9e rieg\/ne_rei n
b e el i e e R
sawt {p e’&xﬂg{?eb?% QS5 d bicBRp M AbS 65prbdlLRE S5k Yuldd hlhSRidiateqUI put

vol t ol RN c&ﬁ%ﬂﬁ 8li@triahgiar RaRISHH Wi aSAdddiabny voRagd thdt RaiBRGHeREIRd contr ol
Si gn@ith £330 QWP JolggeSaidd sawt ooth waveformw th a substantially constant

voltage. 4. The dc voltage boost circuit of claim3, conprises an

i nt egmattipiexef tor eithet gajina sait nodulatinb soltae tosaldyeomperater Esaiowpuiveage Sck to form
sai daloaoe osoeienRinasitesholdr gating agebsialtieliygensien ¥eltags focaidicompargioal #idl, wher ei n
sai doytpit ¥efieag §elewspidipesstermingsiiesfifide r esi st or whose resi stance varies with
sai d out put voltage; and

3. A dc voltage boost circuit comprising:

a booster pump for generating a dc output voltage in response to an input dc voltage and a pulse
width modulated control signal; and

a regulation circuit for generating said pulse width modulated control signal whose duty cycle varies
inversely with said dc output voltage, wherein said regulation circuit comprises:

a waveform generator for generating a sawtooth waveform whose rise time varies inversely with said
output voltage; and

a comparator for producing said pulse width modulated control signal by comparing said sawtooth
waveform with a substantially constant voltage.

4. The dc voltage boost circuit of claim 3, comprises an integrator for integrating a substantially
square waveform clock to form said sawtooth waveform.

5. The dc voltage boost circuit of claim 4, wherein said integrator comprises:

a variable resistor whose resistance varies with said output voltage; and
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17 21 DEC 20M an integrating capacitor. 6. The dc voltage boost circuit of
claimb5, wherein said variable resistor conprises a transm ssion gate. 7.
The dc voltage boost circuit of claimb5, wherein said regul atd ﬁ)nﬂgtrm@’t
further includes a discharging transistor for discharging the integrating
capaci tor when the clock goes low. 8. A dc voltage boost circuit
conprising: a booster punp for generating a dc output voltage in response
to an input dc voltage and a pulse w dth nodul ated control signal; a
r equbainteRratind Eputifor.f Or generating said pul se width nodul ated control signal
whose duty cycle varies inversely with said dc output voltage, wherein
said regulation circuit conprises: a counter for generating a count that
sequérithealc vyitagy bbastcilseit efsiim & whewinmaidbariakigvgsistondogirrisasag@nsmissigier ei n sai d
coungates reset in response to changes in said output voltage; a logic
circuit for generating said pulse width nodul ated control signal fromsaid
count._9. Tt'\e dc volta r%oo t circuit of .clai § furﬁt&er el udi ng a

rk v e reuit-af clai rein s ulatign circuit fuither includes a dischargin . .
corpirtiede vt oot ol i pdd Bl lror P S5 0 BOBNE  aia
out plie P {8 § e MR 9 S PR Red Vet 9°T0™ An i nducti ve vol t age
boost circuit conprising: an inductive booster punp for generating an
out peta ¥OlditaSobst cr@RReMSRINGO an i nput voltage and a pulse w dth nodul at ed
control signal; a regulation circuit for generating said pulse width
nodub abeter pomp fob bereratjngh dobLome valtagyincgspbrsedaan ipput di moligs etda milteh sai d
out pwidthmoddutatpe, confinésignal sai d regul ation circuit conprises a waveform
generator for generating a triangqular waveform and a conparator for
pr od acagHgtiagirauition seaeriingtsaidmpyige MEnuRoqUsIRG coNtrol sipRah whoss AUl EHIaYaeg sai d
tri al¥RIPely witspickd5oiPI YoKags: WRRIRIT 57T IRUIeTAN LY PREY Fari es in proportion
Wty oSAld D S Y QUL RORt ARl FesltRlwel2h QS Aol sndd A, on of said

a counter fo tin t s niial s betwe b d \
pul S%hé%iffgg\d t ‘?gs%[i ?é%BstQEo Q&@ﬁn%ﬁﬁﬂi vénagster pumﬁé}f@@a' d out put
vol t age exceeds a preaeterm ned threshold.” 11. An inductive voltage boost
Ci I CHidkic GRETTérYeRating Baitl BALCKMEndI0REH @bntRLEha fom gadesuat i ng an out put
voltage in response to an input voltage and a pulse w dth nodul at ed
control signal; a regulation circuit for generating said pulse width
noduf.dthedc eatape brostdirguitdf clalos durthat cleding axcopipriatos for piegetinga kpsetisopdlsai d
out pler regeftingesgisl coupienitsald oytputvottednAxatads A PEadrelmiPedd®®hr i ses a wavef orm
generator for generating a triangular waveform and a conparator for
pr oduci,n id S i .ated control signal by conparing said
tri a%ﬂ%ﬁ%egﬁ%ﬁ%&ﬁvﬂ%&Qt%ﬁ%@'i ng voltage that varies in proportion

Wit han inductive booster pump for generating an output voltage in response to an input voltage and a
pulse width modulated control signal;

a regulation circuit for generating said pulse width modulated control signal whose duty cycle varies
inversely with said output voltage, wherein said regulation circuit comprises a waveform generator for
generating a triangular waveform and a comparator for producing said pulse width modulated control
signal by comparing said triangular waveform with a modulating voltage that varies in proportion with
said output voltage; and

a gate for blocking the transmission of said puise width modulated control signal to said booster pump
if said output voltage exceeds a predetermined threshold.

11. An inductive voltage boost circuit comprising:

an inductive booster pump for generating an output voltage in response to an input voltage and a
pulse width modulated control signal;

a regulation circuit for generating said pulse width modulated control signal whose duty cycle varies
inversely with said output voltage, wherein said regulation circuit comprises a waveform generator for
generating a triangular waveform and a comparator for producing said pulse width modulated control
signal by comparing said triangular waveform with a modulating voltage that varies in proportion with
said output voltage; and

a multiplexer for either gating said modulating voltage to said comparator if said output voltage is
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sai d out put voltage; and a nultiplexer for either gating said nodul ating
voltage to said conparator if said output voltage is 18 Z | DEC 2004 above
a predeternined threshold or gating a substantially constapty \ﬁ%%&,to
said conparator if said output voltage is bel ow said predeterm 4
threshold. 12. An inductive boost circuit conprising: an inductive booster
punp for generating an output voltage in response to an input voltage and a
pul se wi dt h nodul ated control signal; and a regulation circuit for
genegidvk B Grevidiefnifdd thesiiddr Qatiydidubitadialy@ohdtalt vailagal salditospardiot iysaty/ cl e
var i egput villege Belelbw\Waidlprediaietmined thieshokb| t age, wherein said regulation circuit
conprises: a waveform generator for generating a saw oot h wavef or m whose
rise time varies inversely with said output voltage; and a conparator for
pr od{i iAndndvetivel bpest gesuiveamrisiigdul at ed control signal by conparing said
sawtooth waveformw th a substantitgllgh%/ﬂﬁ%gnstant vol.t a 13. The inductive
i

e
| t &yld OOgtey forgengrating an pytpu SEPALRS ORI RYURISF IR & nt ti
\8/.0 sﬁ%ﬁ@ﬁ%ﬁwﬁte@?ﬁ?e&%&?@r mclock to form said rgjayvt oot ho\r/vailgf g?:na '129
The Elgnggﬁdnvcﬁ‘cMﬂbgg%gfroa QS philsé Gtk m&ulstdddoRtol SignaRRELI 0y $9d16lvdrigs egr at or
a

conpf,  withPsa¥HutpR L ahatifkaMhQsRtidnastilBRghse¢ar i es inversely with said
out put voltage; and an 1 ntegrating capacitor. 15. The inductive voltage

boosk waididii denérbtotlboBgaierhiing adautditiwaafotn whsdealsk 8me eries inverselpwith saks a

t ransmpugsolage;gatte. 16. The i nductive vol tage boost circuit of claim 14,
wherein said regulation circuit further includes a dischargi nq transi stor
for areneteesteliferpradyeing sricepiserwidly medyated etrolHgBA by IKRMBArpE RAIG SEEOMB, 17, An
i nduveve{asmmEb asukstantialy cortambYte9%g: an i nductive booster punp for
generating an output voltage in response to an input voltage and a pul se

wi dt b QM'df?&ﬁ%iﬁiQ 10 o ’B‘?‘Ll'in@??'cﬁn HEAUnA L PR Cbf iftdbihidg® generating
sal dgfpnrnyedih i%bgﬁ[a‘in% R o et auty "eyel e Var es
i nversely th said out put voltage, wherein said regulation circuit
conprises: a counter for generating a count that sequentially cycles

bet wee Fha@int@tivendithe boastatirauittof ghimniBnwiearein sait fegiator sanplisesunt is reset in
response to changes in said output voltage; a logic circuit for generating
sai da pariable resistir Whossdesistense vertastinversel iwimadid pytetveligne @8unt . 18. The

i nductjve vol tage boost circuit of claim17, further including a conparator
for HrBEAEIMASRIGset signal for resetting said counter if said output

vol t age exceeds a predeterm ned | evel.

15. The inductive voltage boost circuit of claim 14, wherein said variable resistor comprises a
transmission gate.

16. The inductive voltage boost circuit of claim 14, wherein said regulation circuit further includes a
discharging transistor for discharging the integrating capacitor when the clock goes low.
17. An inductive boost circuit comprising:

an inductive booster pump for generating an output voltage in response to an input voltage and a
pulse width modulated control signal, and

a regulation circuit for generating said pulse width modulated controf signal whose duty cycle varies
inversely with said output voltage, wherein said regulation circuit comprises:

a counter for generating a count that sequentially cycles between a low number and a high number,
wherein said count is reset in response to changes in said output voltage;

a logic circuit for generating said pulse width modulated controf signal from said count.

18. The inductive voltage boost circuit of claim 17, further including a comparator for producing a reset
signal for resetting said counter if said output voltage exceeds a predetermined level.
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19 2 1 DEC, 2004 19. A dc voltage boost circuit conprising: an inductive
el ement; a switching device that uses an input voltage to periodically
cause current to flow through said inductive elenent in response to a

pul se wi dt h nodul ated control signal, wherein said i nductd ¥ E el 2ppent
stores a finite amount of energy each time current is passed therethrough,;
a capacitive elenent to accunulate a plurality of said finite energy stored
in said inductive element in the formof an output voltage; a regulation
Ci r cyd ta deQolRyB Bh&H: BrcbRtsdtidinge W dt h nodul ated control signal whose duty
cycle varies inversely wth said output voltage, wherein said regul ation
Ci r can ihndetivepslerses, a wavef orm generator to generate a triangular waveform
and a conparator to produce said pul se width nodul ated control signal by
conpaswitsging devicet that aerpuandnputvenitagedte ReRddicRIlEaHssRYTT et ihilpwbioy id hat varies

i nveindidtiye giproent digpgponsgdo gy wdwmdﬁéﬁd CQpiep! agfﬁt@ew $iddequcivie

t r an&RTeYsoresGfintesraoystpfeaendy 879 IS FHITSR BPaRBAMES MY Ynal to sai d boost er
punmp_if said output volta . t i . A dc
Vol ¢ agteepiieriit Bbrd R P PRI EPEh MUBE RIS B Sl gR B Rentl o ce
t hat uses an 1 nput v ?'tage to periodically cause current to flow through
sai da rdgEiibnldirtift t6 LRI sdidpUIRSARRA FRdliRedcdhbisRndiviHobe dmfiticrtvagescont r ol

Si gnabersaN\Gith&ial oaguthvoltitlwhér¥if sai@ regmatidn crt@y empaeet amavefonganaiatadfo ener gy
eac hgdneraie Luigmg2iRt waei@asted comparatbho pughce saidpalpaeidh meduHtehmntolt o

ac c usigriahbyecoanpplingrsaldittiangafir vwaviefdrnh iwith 2 eroduiating yoltee thetivaries inedrebli withisetdi ve

el engqeutjuhvoltagry acbr m of an out put voltage; a regulation circuit to generate
said pul se width nodul ated control si | whaose .du cycle varie

nvet S8 Pk inelar ol sg e i foQR! STALE SRR B BBl

conmprd EREPUL VIR PSP TS SRR BN Kesidier ate a triangul ar waveform and a
conparator to produce said pulse width nodul ated control signal by

conpay, iang Vg,@apgbggsita,r&gipécﬁpﬁwef ormw th a nodul ating voltage that varies
inversely with said dc output voltage; and a nultiplexer to either gate

sai dambelidtivatdiemgeny ol t age to said conparator if said output voltage is above
a predetermned threshold or gate a substantially constant voltage to said
conpaswitching fidviosdhat ugastap input ¥odaedg eerogdicallyl covsegaiTent jr foudfiorsh 8 t hr eshol d.
21. indystiveignenyio respeRse te  PIE WidBigpgsiuatad sanirohsionah whereinsaiddndupidg ;. o

swi t ¥BMENY Starey Adinite amagunt f gaergnedch Ye cYstt oasses et 8¥cal |y cause current

to fégggagigﬂv'é%'ﬂegnhen t‘%lagcumulate a plurality of said finite energy stored in said inductive element in
the form of an output voltage,

a regulation circuit to generate said pulse width modulated control signal whose duty cycle varies
inversely with said output voltage, wherein said regulation circuit comprises a waveform generator to
generate a triangular waveform and a comparator to produce said pulse width modulated control
signal by comparing said triangular waveform with a modulating voltage that varies inversely with said
dc output voltage; and

a multiplexer to either gate said modulating voltage to said comparator if said output voltage is above
a predetermined threshold or gate a substantially constant voltage to said comparator if said output
voltage is below said predetermined threshold.

21. A dc voltage hoost circuit comprising:

an inductive element:

a switching device that uses an input voltage to periodically cause current to flow through said
inductive element in response to a pulse width modulated control signal, wherein said inductive

element stores a finite amount of energy each time current is passed therethrough;

a capacitive element to accumulate a plurality of said finite energy stored in said inductive element in
the form of an output voltage;

a regulation circuit to generate said pulse width modulated control signal whose duty cycle varies
inversely with said output voltage, wherein said regulation circuit comprises:
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i nductive elenment in response to a pulse width nodul ated control signal,
wherein said inductive elenent stores a finite anmount of energy each tine
current is passed therethrough; a capacitive elenent to agqurwl[at?ﬁq{a
plurality of said finite energy stored in said inductive el erent * ' the
formof an output voltage; a regulation circuit to generate said pul se
w dt h nodul ated control signal whose duty cycle varies inversely with said
out put voltage, wherein said regulation circuit conprises: 20 2 1 DEC 2004
a waveform generator to generate a sawt oot h waveform whose rise tinme varies
i nves afleYormigeRerstai td gerutit B sawtodth agesforanthose sertipevatesinesepmitigaie sai d pul se
wi dt sutgup deidagd; @dd cont rol  si gnal by conparing said sawtooth waveformw th a
substantial 'y constant voIt_a%e. 22. The dc vol tage boost circuit of claim
21, @mfgm'r%@@ pradycatsaid pasoVidinanqdyieted cateo! %{Q%Ws@g'l’??'i'%lqa&? SaWRi4r e wavef orm
cl ocwavelprn yithp sehstpntialconstant Yo% orm  23. The dc vol tage boost circuit of
claim22, wherein said integrator conprises: a variable resistor whose
o1 31 NES YR SRLE OH! il 3B 81 Al SR, capac tor.

C e poost clrcul
2a. ol Dl e S R it 8 s WSROV e
resistor conprises a transmssion gate. 25. The dc voltage boost circuit
of claim23, wherein said regulation circuit further includes a
di schares fovditagdostichtuitiodclaimehaliegen sdicintegtatg carhprisgs:capaci t or when t he
cl ock goes low. 26. A dc voltage boost circuit conprising: an inductive
el enewmiriabla resistdr shosegedsarnce sariel aith sgd guta vpliggaitandol t age to peri odical ly
cause current to flow through said inductive elenment in response to a
pul s inedgretnafsBeAtat ed control signal, wherein said inductive elenent
stores a finite amount of energy each time current is passed therethrough,;
a capaglly, \%Itg | SITRO LR of&&hﬁ“ﬂé' \ﬁlf\eq iR s Wbk kit cSRprited b BhdshiRpAT gy stored
in sgld F HUCTI Ve el ement 1'n - the ?ormof an out put voltage; a regulation
circult to generate said pulse width nodul ated control signal whose duty
cycle varies inversely with said output voltage, wherein said regul ation
Ci r c28. rhe apithgeamostairaduontiaim 23powigpeeie said eegalatimiancuittfirter beludrst i al |y cycl es
bet waistha@ing ransisiorhe disciage shetintgbratingrebpacitor whige thei ot 8098 1%unt is reset in
response to changes in said output voltage; a logic circuit to generate
said pul se width nodul ated control signal fromsaid count. 27. The do
vol t #yé d5ye/age Epest eiiHt 63 ™REF'EY'm 26, further including a conparator to

pr Odgnciﬁdu%tiJeee eerern%I gnal

a switching device that uses an input voltage to periodically cause current to flow thr.ou'gh said
inductive element in response to a pulse width modulated control signal, wherein said inductive
element stores a finite amount of energy each time current is passed therethrough;

a capacitive element to accumulate a plurality of said finite energy stored in said inductive element in
the form of an output voltage;

a regulation circuit to generate said pulse width modulated control signal whose duty cycle varies
inversely with said output voltage, wherein said regulation circuit comprises:

a counter to generate a count that sequentially cycles between a low number and a high number,
wherein said count is reset in response to changes in said output voltage;

a logic circuit to generate said pulse width modulated control signal from said count.

27. The dc voltage boost circuit of claim 26, further including a comparator to produce a reset signal
for resetting said counter if said output voltage exceeds a predetermined level.

28. A method comprising:
sampling an output voltage; and

generating a control signal that cycles with a duty cycle that varies inversely with said output voltage,
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for resetting said counter if said output voltage exceeds_a predeterm ned

| evel . 28. A nethod conprising: sanpling an out put vdl ﬂa@éﬁ 24 generating
a control signal that cycles with a duty cycle that varies inversely with
said output voltage, 21 2 14 DEC, 2004 wherein said control signal

regul ates said output voltage, wherein said producing said control signal
conprises nodulating a rise tinme of a sawmtooth waveform and conparing said
nodul at ed sawmt ooth waveformw th a substantially constant voltage. 29. A
met hQkbrGR B3 EchirBIGignEidaldtedGsaminbufput valtigey whdraig said ardudrersaidabitrysignat ont r ol

Si gngdmpribetmdayptiesa Wettimeaf d siwtoatly wbefdrinaind vanpassg saiepdddtse sewtdetrsai d out put
vol t ageform whie s elibsiadtiallg caatant aitags. gnal regul at es sai d out put vol t age,
wherein said produci ng conprises generating a count that cycles between a
| ow nunber and a hi gh nunber, and resetting said count if said output

vol t 2yé resthod sa¥Pisinghr eshol d vol t age. 22

sampling an output voltage; and

generating a control signal that cycles with a duty cycle that varies inversely w.ith said ox.ftput voltage,
wherein said control signal regulates said output voltage, wherein said producing comprises _
generating a count that cycles between a low number and a high number, and resetting said count if

said output voltage exceeds a threshold voltage.
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