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REFERENCE TO A RELATED APPLI CATION This application is related to Patent
Appl i cayhene8ig itled "Regul ator Design for Inductive ?Qqﬁ} Usi ng
Pul se Wdtﬂ/ Modul ati on Technique," filed on the sane atesgg“?;ﬁm)
application. 10 Fn w OF THE I NVENTION This invention relates generally to
di rect curr aNDUGEVECHARGE POSISCIRAWIT FORWHGYIDINGIY ONTREES I cul ar, to a DC

vol t age boostlUlEFUL@@RtFLAmMEN«@WQND?\@THEQMPLY@A‘P ge punp circuit
for producing one or nore regulated DC vol tages usefu or flash nmenory and

ot her a I i catl ons. 15 BACKGRQJND G: THE 1| NVENTI ON Many applications

requi r etBPee YQ EDAPRIACATHON power supply DC voltage to a
hi ghgr DC voI tage used for speC| alized operations. The reason for the
voltage boost up is that often only standardi zed power supply voltages are
avai | abl e f dihissappptationgs BatgbieePatend Aglpbcativo enitlal fRegulher Ddsigever , t here may

situati I irc eed Jbhan one available from
the- asoBrE Hogsd Flttiihe PEEE I By i isn “BehiifG. B8 abitte A,

el ectr |daalaselnmhb:ﬁwpr ogrammabl e read only nenory (EEPROM), typically
termed in the art-as "flash nenory." A flash nenory generally conprises an
array of menory cells each typically 25 storing a bit of digital

infmrnmﬁwmr'rﬁf-:im' rrermry cell is nerely a field effect transistor
(FET) that cI udes a floating gate which hgolds a charge that corresponds

to a bit of 'isgji“feé‘}'c’“ TefAtsraTRt n“’(‘{‘@Fh“e‘ﬂmﬁb%(%"cd?%b@%f“fo BiFAe" ). More
speci f afdinl particalafBRERIDC ¢dMabe SloldtingCOAWE tHREHcRIEY A iRducHRL Garg@Pdmd soUr Ce,
)wherel n. the gate includes a control [géi'lte for enabling reading, witing,
and er §&gfoh pEqdueing eae 6n mMorreregwpted D{n yoliages ssafinfyr Jashememprystndr i ng the bit
30 chagggréyphéytghg al information. In addition to these gates, sone nenory
cells include an erase gate used for renoving the bit charge fromthe
fldating gate, thereby erasing the nmenory cell. 2 ;

BACKGROUND OF THE [NVENTION

Many applications require circuits that can boost up an input power supply DC
voltage to a higher DC voltage used for specialized operations. The reason for the voltage
boost up is that often only standardized power supply voltages are available for supplying

20  power to electronic circuits. However, there may situations where a circuit needs a higher
voltage than one available from the associated power supply. One example of such a
circuit is an electrical erasable programmable read on!y memory {(EEPROM), typlcaliy
termed in the art as “flash memory.”

A flash memory generally comprisés'an array of memory cells each typically

25  storing 2 bit of digital inform‘atién. Often, a memory cell is merely a field effect transistor
(FET) that includes a floatinig gate which holds a charge that corresponds to a bit of digital
information (termed herein as a “bit charge™). More specifically, 2 memory cell FET
comprises a drain, gate, and a soﬁrcc, wherein the gaté'includcs a coritrol gate for enabling
reading, writing, and erasing operations on the cell, and a floating gate for storing the bit

30 charge of digital information. In addition to these gates, some memory cells include an
erase gate used for removing the bit charge- from the floating gate, thereby erasing the

memory cell.



WD 02/ 03389 PCT/USO01/ 17346 The writing (i.e. programmng) of a ?]t IEHTangey
of digital information typically involves electrons that tunne I nj ect
fromthe FET channel through the thin gate oxide to the floating gate.

Gener al{yp.o2/of8ot unnel ing effect or hot electron injectigPy@AHNLES
relatively high energy to nove the electrons across the gate oxide |ayer-

Simlarly, the 5 renoving of electrons fromthe floating gate during an

erase procedyhe wrigfi (I prégdndhingEby a titi @ArceNET Oyital OnfoBivRioh hpicligct rons
across the gate oxide or an oxide situated between the erase and floating

gates. THEMESEER®NS it tumns! o igiscidpst By PR Fhasgsinhrengh e thin g axids ter asi ng

oper at i %ﬂb&xn&yﬁhéa'de\ﬁe:@llf ethdtihyiRlive fo&*ﬂ Of Ol %trﬁPQBﬁ&onv‘f@hlﬁRs' s hi gher
than the power upply voltages used f menory control operations. For

exanpl erel@tlvglyv!ugh enpeeyy loqaovedte elgctrans aWWStthﬁ@atar@aldﬁé@m n§mjseyaft ons may be
on 18 QLiiingt cRlcttorlsHor B i3t MABEARFnt BF craltPrb e fuirk ORI Y, cont rol
er of . Ica

nor mal operations nmay e on In“a typ flash
menory bigheuergy td dneventhp electtqns @frossibe gite oxidte ooperadd oivated bctweencthe  vol t age

on the order L& e.desian t he power
supply Fér° a"tdﬁ{“ﬁ}'rga%%s L‘ﬁ%ﬁfg,"f%‘i fot Hehigh égsﬂ” b°h‘i W6 a“éo\%’é‘?’“%uppl y.
However opefrﬂiogeﬂﬂlj(ﬁibﬂl)i fecidively Iggte voliagd scag@: whith ik (hrghw' thhn thg @ogr er asi ng
operati ons a DC v g}gge boost ci CUI kes t he, nor mal

e L SRpy liaRs ot BY memans berie! GBS FE il P vaBtEretE (o) vl t s

to perf ﬁfrraﬁth@szmdhbmw opeeAttoagam@mr@i thensderl of @e®r itsf wiergh, thdC vol t age
boost <circuit can convert any |nput vola&g‘ﬁe to any desired output voltage.

An _exanift Hasefor thg apemeryxonirgl noxge! gpeElens &} iop theorder 05 ha vPS%r char ge punp
gircuit 20 ki tyﬂs\cazrfﬁkru#]%o@ mcuna:he gjopity 6866 3fa §l-adpss Rgeh £Lonprising a

switch and a capacitor. A vi ous stage in the cascade supi)l i es charges
i

to a nexltags ag@c.ondeba&é.va@s Jw $apale- Jblnb lepedesigp of thei Rymet swpab/dBt  vol t age.

Howeverype ik me%BE aicuhqmdeglar y%nlpawwmpgw | Bowbt [ loCleBithtedhe  toO the
|l osses 1 ncurred in the transfer of charges béetween sta es, and the | osses

i nclir r dilgheacoliags ue@iofnr wapvae:mdcﬂrasmgw@erenww Bfrcxpltags b@stmrc% istiagfe boost
circuity g Vkésr{ % we?&p?W%%%f Icﬁh@d'l Gnd 591 lEe;Plld'ai)odt% the order

of about TiI e even rcent. hus Is a need for a DC
vol tagevoﬂtamtspcrﬁrmmhcste Highat vhlmemwpmtmgd Iefgﬁnmlethmggh; PC vdegebepser si on of a
rel ati veI | ow i nput vo h i nput voltage. Such a
need | & '5?/"‘\"(?85" Y "Wu{ﬁog[g%e ?«:{ t)tglgo circuits of the invention,
as descrl bedn dasmpmof Tivh alIZConta@gmoibomam marcepactter dfrgelpemprirenit i on can be

for f d. .
aph c QUEHASHSRrn 1R ol GH PGS B AR ELTDA Yol at o0 0

Menory ppdidus GRkd MNthe cdstadg @nilias chatdeeroer nest aagte&dboésmhg an input voltage
to a higher output voltage. However, this type of boost circuit is typically inefficient due
to the losses 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

25  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
the conversion of a relatively low input voltage to a relatively high input voltage. Sucha
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,
30 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

a DC voltage boost circuit that generates an output voltage from an input voltage.
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a DC vol tage boost circuit that generates an output voltage from an input
“voltage. 004 2 1 DEC 200]4 WO 02/ 03389 PCT/US01/ 17846 BRI EF DESCRI BECON)4
OFTHE DRAW NGS Figure 1 illustrates a bl ock diagram of an exenplary nenory
circuit \kao%%%dance with the invention; 5 Figure 2 ilJ g2

c

bl ocK/ schemati ¢ di agram of an exenplary DC vol t age boost &P n
accordance with the invention; Figure 3 illustrates a bl ock/schenmatic

di agram of an exenplary DC voltage boost circuit that produces nultiple
out put voltages in accordance with the invention; Figure 4 illustrates a
bl ock/ schemati ¢ di agr aBRIEEF BESCRIREINEOF PR e 10 vol t age boost
circuit that : LiRkie4: ' ofel g i t he
Cnvent i on; Fi HEre AR A PRLFUSUER fe o BeBBEmt oA REORH ARG RS e

circuit mmbdrpoveatomg a DC vol tage boost circuit in accordance with the

invention; Figure 5B illustra a_top view.of another. ex | ary, i nt egrat ed
cirourt 15 1 palureict S BBk elc Bediif & S PR D HEERS Bidkt e i th ¢ he
i nvent i ogirculfiigaceerdiince Wit siier iateasio® bl ock di agram of an exenplary el ectronic
unit in accordance. Wth t invention: Figure 7A ill rates. a

bl 0ck! SchomatiEras APHREL SErk PRl Peerapay LRt Biost, boost er
punp in areetdepetuces hbitibReutply @Ha@nn actbrdimcg i tilBnidntiugt rat es the
waveforms inyolved in the pulse width npdul ating process of the pul se

wi dt h nodul atféref Hugimate 7 Rlockisghsmaticdiagram, of y5t awotherpseRlesc Pémat i ¢

di agf@m Rfiagd B6AE ciri€ ik %fdﬂuE@nghﬁibicO&jéPlﬁi Vokbdds ihOdccardRRRSHRY tRUMp i n
accordance With the invention, Figure $B illusirates the waveforns invol ved
in the pavesdon dt h nodul ating 25 process of the pul se width nmodul ator of

Figure $A Fig rceSgﬁluisHt&sat{o?t«F%? @famlcgl%élgr?hﬁm“e&cﬁélﬁgﬁgﬁb&{tirﬁé% anot her

exenplary regulation circul ~a boostef pu I'n accordance wth the
i nvent i dP§ véliage beosogrcinit fnastordanss with thenaveptiomsut h t abl e i nvol ved in the pul se

width modul apl g sB' fKEReLTa tOE R S Yhatle? DRAWH OheeBlardd GG 9A and
15  incorporating 2 DC voltage boost circuit in accordance with the invention;
Figure 6 illustrates a block diagram of an exemplary electronic unit in accordance
with the invention;
Figure 7A illustrates a block/schematic diagram of an exemplary regulation circnit
for a booster pump in accordance with the invention;
20 Figure 7B illustrates the waveforms involved in the pulse width modulating
process of the pulse width modulator of Figure 7A;
Figure 8A illustraies a block/schematic diagram of another exemplary regitlation
circuit for a booster pump in accordance with the invention;
Figure 8B illustrates the waveforms invelved in the pulse width modulating
25  process of the pulse width modulator of Figure 8A;
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 |
30 Figure 9C' illustrates the waveforms involved in the pulse width modulating

process of the pulse width modulator of Figure 9A.



30 Figure 9Cillustrates the waveforns invol ved in the pul se widfh
" nodul ating process of the pulse w dth nodul at or of Figure 9A. BEE 200
2004~ WD 02/ 03389 PCT/ US01/ 17846 DETAI LED DESCRI PTI ON OF THE | NVENTI ON

Figure g i rates a block diagramof an exenplary mpggigkefifsedit 100 in
accor dé’%%cgbé\nﬂ% the invention. The nenory circuit 100 conprises a DC

vol tage boost circuit 101, a nenory operations circuit 106, and one or

nore nmenmory arrays ga9anHepbsORIpeby agerOPSIENTIgI t 101 conprises a
charge punp 102 and a punp controlTer 104. = The nenory operations circuit

106 conpri sdugue riediisiwriesda dinskrdiagram of afy pemalgne mesioRy cedt oYM 114, and a
ey SRR NS the Savehfor? PAIALAR dr tfdggvé&@rewmwaomge bix: DC Vol tage

boost clTcul receives a supply voltage (Vcc) and
gener at eiscuitdbt agmsmbrgroppenér(srmmg lﬁﬁeam;ﬂ ong, or nl!?@e weronhasraysria&i AbF and nmenory

115, 5 ¢ nbClie e atgii O ebntil e it RE N bl BdoRAT A9 TE°0T" e
MENory PRemahbgesitioaslditcuit 066 ymprsgs @freddmgekcddﬁ,l 12,22 wriginglerasheg
respectively. The u contr.ol | 104 regul ates the voltages provided to

t he rren#r‘?dcéﬁ\%é’f“f %ﬁ'%m ‘i'yrcé’ﬁ'i"flﬁéhiegt hat they are maintained substantially at
const ant degj bpstatichl, the@asrge Plvep V01 bfdgeDmmungiselsboiﬁcxtcontme raseivési ang/ er asi ng

decoder 114 is typically higher than the po volta Vcc e. I
o ey el fopvee aNRRLY YHIGER el 1] cameatEy wipess TR Risrachdiogs *oxamol o,
thi o VQlifiRderaling hhd BenRidy (cBRroMEMETerabnss | Thds ol Sieh Sre w@teeas th¢ he vol t ages

for reading and "nenory control operations are nuch | ower 8‘5 annpl e on
t he or creding desbésit! 13, the wisiting/erasing deopdey d i §.96 tsoBEmor; 508EPHE 1491 and all |

“pther Qﬁe }41%539&5%8% cifchilt Gk Bﬁrvﬂ?%ﬂ:ﬁéqm 29, Ly BieNrespacklylothde |inited

to flas ppl1cations. DC vol tage boost circuits described
her ei n m!a'sp dpetrqi@edO‘i regolates theaynbpges arqvisted o | GPWVMQ’PW%?‘IScP'rF'é{hﬂbm access

rembry Shat ﬁ%‘c‘[ oA %Qd%u%%ﬂiqg@ %Q%ﬁs%a%t KR YollaBAMhe Wi gObB@ledTENTOT Y -

applic ol tage boost circuits descrlbed her ei n need
not 10e tbith wistihgfeoasingndecyder d pplsi tygitatly rhghe:aﬁheh tharpoaies 3upply YRdlage V#F any ot her

appl | oL, oS K3l LEOUL TS BNOUNRHS PLLARE FTaHORL bS, dabRr Y TTom an

i nput g Wrel ess,®port uting devi such as
per sonajoitsheghighl bass itlsd Gadersof| sﬁmss)) voltk apths,ctbmttmes foralppdmamdes etc.
Figure 2 illustrates a bl ock/

boost BIRFALFIDOPTHOBTHE IS 'i&gf “Wi |§|9,$Wen é%ﬁpa EPW{\%I ng\éongg'?
circuit 200TRODEMNoREE boost circuit 101, and all other DC voltage boost circuits described
20  herein, need not be limited to flash memory applications. The DC voltage boost circuits
described herein can be used in other applications, including static 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 voliage
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 voitage boost
circuit 200 in accordance w1th the invention. The DC voltage boost circuit 200 comprises
an inductive element 210, a charge pump actuating circuit 212 comprising a switching

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

voltage boost circuit 200 may also include a capacitor Cl situated between Vce and
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an inductive el enent 210, a charge punp actuating circuit 212 cofyrilElhglgh
“switching 30 FET Ti and a diode DI, and an output chargi ng capacitor C2.

The DC voltage boost circuit 200 further includes a regulati on circuit 222
and a | guel,shisf ter 220. The DC vol tage boost circuit ggg @&;s0 include
a capacitor situated between Vcc and 1 DEC NO WO 02/ %’ PCT/ US01/ 17846
ground for filtering out noise, spurs and/or other unwanted signals present

in the p%qud foSHRRInY MMPhSiRY SpuYE Bnd/@Nhed uiFdntdPsishd gt e hehgercVce and the
out put-of the boost circuit 200 to insure that the output is at a

suf fi ci eHpply yoliagg dct anbnEEG T3 sityard berypep Vehpdibs oyipRt fh§tbac?sf CifRYit 5 | n
oper at i ofyg 13 fhstre Ghat! i blﬂgut%)&tzf Al %Lagesto RRLLE the! 1Bvei RGO the

switching transistor Tl which causes the transfstor Ti to periodically
turn ONSstamepOFF. The turning ON of transistor Tl causes a current to flow

fromavoe thr QHgh:A, LIGWALENESIR AP BoidlR AO% 08 Quggnd thr ough

tranS| stor Ti. ctive & energy - formed by

t he cur nmns:stbd'ﬁvw}n@ tahsesuﬂ@hrahhﬂol Tidegertiedcadlly dure N andf@HF. tThe tesiog | | ati ng 10

control .sigpa uses the ran tor. T1 viO volta e at the

i ai o0 AERPFSRLT ERasbt e e Bo%ism v iRl v anelit b e e out put

capaci t Q1o & doynwe grovhd thragh trihsistor . The amfuteve dhbrgt bempy 010 ages . e.

charges) to %he out put ca ﬁgltor C2 |n(:r ases .t he o%ﬁut vol. ﬁﬂé of the DC
n

boost c&PRFBY toaped bptfigcurggtiiovdps fhrough therjp %m?‘wefé. p the 95fd)

addipi oBadtroP sistePtaueds R PdrgB®r Tt thim OFRMES WitadeQt HRQIQNbNHE tABRAET t OF C2.
The di ode D1 prevents those charges fromf] ow n backwar ds t hr ough

t ransi stTosPikes e iRy 1§ Hransiased tmw%cwcwéﬁsﬁsw ofrdiodsD1. d8%t i nuousl y

gycli ngtrsrt&?er%m& whagé (%0 Barged) 1B ie ﬂ:ﬁapcmm&h@@ma@&w 4ipu@PoltaBE out put
‘capaci tor until| a steady-state voltage results at the output of the

boost cPﬁb‘aDﬁb@%COﬂ%éﬂ st eady-state voltage depends on the characteristics
of the cont rﬂuﬁéagﬁ@%c’le bﬁ&k%ﬁhm st catihsls fJneé&Hf?BﬁM p’?}E!Q:t dpLparg¥ G €. The

out put of the boost circuit l'i'ed to the regul ation
ci r dfi t tram3fe to Fieeoutnmg) Q#F&Fliﬂm 2 iThe diade ZQIZPI@W@I f(bp@ shaeges famrdowiag gnal used

Lo dri Ve LE SULAEN Rinadd 0PI ARAL T B DIFlcyfle YOBLARIG-A] Y gonstant

desired voltage 1s°nmaintai ned at the output o oost circult 200. The
regul atwnnnmuslgmyt:ln@zﬂlccmtrplessgnnim tbimild upnoﬁre}mygewaywjtsmncihgchumt 25 by

05T o 8 SRR RIS SR SIS 2B Bioget i, o ot
cont r ol staidgeale vatage degeateon the characteristics of the control signal, including its :
20 frequency and duty cycie.
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 can perform this in many ways, including
25 by generating a frequency modulated control signal or a pulse width modulated control
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 control 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 T1 using the level shifter 220, the transistor T1 can be

made smaller, which results in a savings of die real estate.
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in accordance with various regulation circuits described in nore 4t &EC 200!
" bel ow. The nodul ated control signal is sent to the |level shifter 220 to

i ncrease the nodul ated control signal voltage so that it can drive the
transi sf@rgrhisghbnto its ON and OFF states. By 30 increasdAgudohgsdEive to
transistor Tl using the level shifter 220, the transistor Tl can be nade
smal ler, which results in a savings of die real estate. 2 1 DEL 20Ul WO

02/ 03389 PCT#35Q3de 168 Ged hicscoﬁrt?cﬂ%pédﬁdrﬁ@ﬁ@&ghféﬁorﬁ@xmuEtQhatQF?&fua&d on of a
regul ation circuit that produces a frequency podul ated control signal. If

the out FeEuePe Magwatsd cerﬁr@* pawst Hothe opppt %@gﬂf af the bop caGHL2 Wit ed | evel |

the regyligh! Oesired Geiel n%Z,%F@ﬂmeammlm@%E@aﬁsedeclraser esPPRssst G Sensing a
decrease I n the outpuf voltage, the regulation circuit: 222 increases the

f r equengapsige sileqrpase mbtw!aplédolﬁggﬁm reglatipncarcut 327 inereasasi@e fraguengt e of
char ges gﬁk o%ﬁ?'edts‘?ontaf‘@ @H&H‘gﬂncréﬁ?&ﬁ]‘é'r @'o f%%géghdeﬁvég b e oﬂ gases the

voltage e output o oost circult er to c npensate for
t he i ni tapaditod mp Tms adtien dnsteases thm*ditamat thé putput df hiee aioktegirchit 280 ﬂt he out put

vol tage f the boost cu ses. a SI red |e e
regul at 87 ® |°P3'ﬁfrfsate ngrz&gé"r\téaé r°t° HF éhcl N 2 I?agc and OP éhscp%iﬁes :ﬁvecf yFI decr eases
t he fr esjggncyltade dfhbe bodiLdiatie 0 rigR abovkla Hevired tkeel, the re@nzmeasacmhe rate of

charges_delivered to the out cgpacito actl decr eases the
Vol { Sge e R g (RS ALt e TRt R e neat o 1 or
theig i Nintordik t6 HéPeakdltht e BLEHRIEES mmra@@o :hmu@uc@@a:l@dcnesse&cﬁdne contr ol

operation of a regulation ci rcwt t hat ﬁ% a puls gljh nodul at ed

cont r ol degieasgathe voftagerad ths puppyt of b P%Pébc'ﬁ’l‘“ttz "’o‘?fﬁ%’tto E?’FE‘H‘i‘E{tc dh%alls 15

pel ow qngg]s,;s@@,qilhg%ye,bt,mm@ regulation circuit 222 senses this decrease. In
response to _sensing a decrease in the output voltage, the regul ation

circuit 222 Thisceasesddsessasdheicanirok grarasion oif a igenlprsdfimbie chas PEAYHEesiMn or der t o
| ncr eased R afdflael & r(ﬂfsg,ﬁ!ﬂarlgﬁ)% of EV{ﬁfa?éjoffﬂcth@st cRUfiRIo gigpaci tor C2.

This a t| on | ncreases t tage at the ou tﬁUt of the boost circuit 200
i n idr déelowoa clesipdnise cthé ovgulatien pmmtu #2 shnens thin detreassut jpurespeosa lige. |, on

the ot ';a({i q@ga;h%rméghg n\r%ggﬁpmsm £Olhk 3GR1aPn b ggcgm%@%&g L Ghtl dun?BRye! | Ses above

a desire ation’ circuit enses t i's 1rcrease, and
r esponsi Vel smodidated siges it beledist ipcrezseties pﬁckttrmemfduhhlat&edclwlgda@ thei n order to
decrease, t

et T2, 0 e SRS R Lok, R e L 2,
i n or deod incordeTtp easpensate fonthctnmeahdmptmaﬂe cmt;memltagt hE, ouhpaothentand,age. 25 |t
ha%obeehe oczix%[ute\rfo targ]g gf tthc goos% (Qr%ulpgoovr?slcg Ave Q%stlrteh ?eq/elc h@?éjg'uiat:or(i) er QRerates nost
222 senses this increase, and responsively decreases the duty cycle of the modulated signal
in order to decrease the packet size of charges delivéred 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 fo flow through the inductor is shorter. If
the duty cycle is much greater than 75 percent, there is not enough time to aliow 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



_efficiently if the duty cycle of the pulse wi dth nodul ated contrpl SEGnall}
is approximately 75 percent. If the duty cycle is nmuch |lower than 75
percent, less energy is stored in the inductor because the tine the
current wicoAhigewed to flow through the inductor is. shogdgiseihfssst he duty
cycle is much greater than 75 percent, there is not enough tine to allow
the stored 30 energy to transfer to the output capacitor. Wth the optinum
duty cyglegehtvhichés £abitarmkl ingtgaatyond e SDE 1V pbicageffiast seen ircpticr 200 can
achi eve an efficiency of approximately 70 2 1 EJEC 2001 WO 02/ 03389

PCTI USO PIPPBABE SEF .t , which is a substantial .increase beyond the 5 to | |

percent effi @iggfbcy j|RiSRifes 1abldk/sEHemaBE HiaBRASH AAExEhpIaH DS volrigs bbsst 3
illustrates a bl ock/ schernatic diagram of an exenpl ary DC vol t age boost

ci rcui t cBogt iMathatpresteces anultinle o4tpRta/OBRACH ift 2cpenderegedth the lyeioBarde with the
| nvent| ‘BBostIJT;?&Jit @oqmﬁes Q'ﬁFs?Hb&sti:?%’grdgﬂ%dl?S&m ffd fét%t;oul&g@$$l'ta gaGlreuit for

producing a first output voltage (i. itput T, Vol 's) conprising a
swi t chi Rgtput dneBsé Yeltsficompliisingea StitchingtippnsistenphodiedsrD1, @ptput eapagiiost or T2, and

regul at E:@I‘tréiisfs&w]?,o aﬁlﬁgelgugh& 82075281 THHobst TRuiRS El1doN ?g sét (?CO”d

. I 3
boosting tircuit oduci ng a second out put voltage (1. &l put 2, e.g.
1. 55 Vobeasjing civepr fos ipraglucings wistesinid regtput apltigs t(oe. Qitput nietec H.534Vgltsfli ode D2,
out put capacitor C3 .10 regyl ati,o Lrouht 342, ~and. | evel shifter 340. In
addlt 1 ofoRefaen s STchiy SRRMOT2r TrRRLA GERE P d B S har ge punp
310 1&andregalpdai tiocuitG42f fait leed ghiflendan froaduitidn, tHeebdostrdicuit 80@ fageond boosti ng

circuits., The f.irst. and secon 0Qst circuyujts, operate | ip|ar fashion
s GeschEEE apbEtveitews pres Khas ot Ghba e rpeimtodob Btk o & oure
2. A swiddsacordbobsingtiewitded to the 15 |ower vol tage boosting circuit to

I sol ate the qutput when transistor Tl is.tyrned. ON. That is, switch 344
is OFF when ﬁ'&eafﬁé‘i@ 6‘?°°Fl41b90§t AEPHPeBRE B A %’Bﬁar{}?sg%iaéfjﬁﬁc"%"éf ?%Q"et urned ON
during Wi rc@rEndeitdlBCBbost ERduRi260 Sowh in Fipu@dlr, A 4witdH M8 ti¢ fro@idedito the

bl ock/ schernati c di agram of anot her exenplary DC voltage boost circuit 400

t hat’ prlowat waitage beesing cistmtgadsolass thequdput ¢ Whdtoransisior Thits edeONnvent i on.

20 The RO svikdhCiit s GBOwhaHGHmMES®r 1 §d thiikd BROSA ksl drafiist&Ule isfustheddr Oduci ng a
first output voltage (i.e. Qutput 1, e.g. 6 Volts) conprising a di ode DI,

out put @M gating be OFF timeofhansistosT1T2, and regul ation circuit 422. The boost

circuit 400 0 41iEHHEES bRIFEHEAL PR T drbheMdembRFy DB Wiitdgd N9 @ second
out put voItaFgéelﬁ(i .'e. Qut put 2, e.'g.I 1.%5 Vol t's) corrlf)l igyi ng a s%tch 444,
boost circuit 400 that produces muitiple output voltages in accordance with the invention.

20 The boost circuit 400 includes a first boosting circuit for producing a first output voltage
(i.e. Output 1, e.g. € Volts) comprising a diode D1, output capacitor Cl, transistor T2, and
regulation circuit 422. The boost circuit 400 also includes a second boosting circuit for
producing a second output voltage (i.e. Cutput 2, e.g. 1.55 Voits) 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 logic 462, common to both the first and second boosting
circuits.

The first.and second boost circuits operate in 4 similar fashion as described above
with reference to DC boost circuit 200 shown in Figure 2. The outputs of the 6-Volt-

30 regulation circuit 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
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di ode D2, output capacitor C2, and regulation circuit 442. In ddi@%ﬁn he
" boost circuit 25 400 further includes an input capacitor C, an.di hd iﬂ@
charge punmp L, a switching transistor Tl, and a clocking |ogic 462, conmobn
to bot RygheyhHisy St and second boosting circuits. The fipgghusanghssecond boost
circuits operate in A simlar fashion as described above wth reference to
DC boost circuit 200 shown in Figure 2. The outputs of the 6-Volt 30

regul at imnangigqg ut Hiferat dwel sbblae The SimeMivision egliipkkingrogtial gignt! ddds ar e
provided to the clocking logi¢ 462. The c] ocki | ogi c. 46 nerates a
tinme- di R}*iesCPBH’OMWfF'ﬁP%%gW&“g&ﬁtr%ﬁgﬂ ‘é?g‘h’ﬁ }Og'ég'ﬁ%?'?ﬂé’ia?rﬁ ‘Pﬁ‘é‘g‘i “Y5Ul se-wi dt h
modul at émﬁkr%@hicekhé\ioﬁ%galas obifpIM tdiBorER0 tleakrivobn S itdhitgttandistdr PESG 20 4 WCO)

02/ 03389 PCTRi SO01/ 17846 422 and 442 at different time slots. The

ti me- di thekthoswitehingitisnesierrdg cen e mafie smadpraps @sirbedabovhe common swit chi ng

trangi stor 1 ode, i L& 0B (IR Bl MHE Bt Kighal, Shi f ter
tha{?uses t-rl{-'(]ameo ta'gg&?? agﬁjrtdp@?kﬁot o} inncr(laasugpf?heﬁgrli gg on s.l\%' ? chi ng

t ransi stheopuifd wisith mothedated ¢ratralsiignah pengrated By shes@wput 1| reglstimecinpitié?z nal | er, as
descri begd Ve, D I rabi Il [ Lyre- di vi si on
mar 1 prEye R saieay PRRREL Y P PPt ABeDt kg ROPRE (B ¢ PR ETE: gna
gener at@atpdnyl.t AdsoQat theifirst phasgwif ahé ome-civigon mullip2xingcontee sigvel, $hdi t chi ng

transi star i der . to oduce, t h esikred vol.ta . lts) at
Qut put W'tcﬁgé%'sirbﬁ{tﬁésc’llaittertggEoﬁﬁégghag? 6%‘ ﬁ’éﬁ% Fr%%-ﬂgﬁ'\}éhselgg%ﬂa%ﬁl%% ?cgqtéeg;i ng control
Sihgﬂﬁ! ,aﬁidaﬁtralr%ﬁtdr(?hl.4ﬂ)ﬁrih§ aﬁgﬂcphhsaifaﬂ]e titdeetivisove multiple-digecddrbbut 2df r gm

t he hi gher voltage generate acrpss, transi.sto . ing a second phase
ot he e Y6 DAIG: B0t B PG L Bt g et Gt eada e
“yodul atgdie it dries HeGRakhigeRAsRR 41 by oldeto@uiducd the dedi@dlvalig@rie.pCi rcui t 442
drives the switching transistor Tl in order. to .lgr oduce th@f_ (ile5| red voltage
(e.g. ho5KoNg|at Ouigit 20,Apatin he Apcopd iphast B R HBRE AL SWPITHRE -

ti me- di g Qfdn iUt kRI@XI48Gs ORQABEERe 1hE Giaddtive bip 8V dvalthivgdrahdstéiN t 0 coupl e
the inductive punp and switching transistor 15 T | to Qutput 2. The

regdl atfildaOutpvi &ui ts 422 and 442 receive a clock Clk2 in order to generate

therefrom thg ks Y 81 WM20feReip0d Wik €l L anbidel teh@Bates. Since the
switch 444 ?Eé %%%F@ig&&#cgr one period %’f the pulse width mg)dul ated si gnal

and of fthefafront their oespentivp pulseidth modilated enatrel dgrRisd Shice heasWicBAR4 @ k 1 havi ng
¢ L EE O ke Rl A2 b G 8015 90 ahacnand o0 0 402
be cl ockiebk vibtked stithcke!@kkCIE .1 having a frequency half that of Cik2. Likewise, since
20  the clocking logic 462 has to switch between the two pulse width modulated signals, it can
also be clocked with clock Clkl.
Figure SA illustrates a top view of an exemplary 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  connection to external circuitry. The integrated circuit 500 further includes an integrated
circuit 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 situated next to a side of the die 506 within the package internal
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Figure 5Aillustrates a top view of an exenplary integrated ci rgql DEROQN4
“incorporating a DC voltage boost circuit in accordance with the invention.
The integrated circuit 500 conprises an integrated circuit package 502

i ncl udi raI ity of leads for 25 connection to extgrpakeGikguitry. The
i nt egra?gﬁ@zm%cwt 500 further includes an integrated c{:rcu?t d‘l%e 506
situated within the package internal boundary 504 of the integrated circuit

package RQ2darJB64 & Bowlth Fzgur%hlf\soﬁé&%@'sﬁua&d&%ﬁ@&b%@&eﬁjoﬁ%WeQnAOf the DC
boost circuit” 510 as descri bed above. A plurality of wire bonds or other

sui t abl ePIel@hfﬁexfthtﬁnb%é%WSOté?rééﬁ?bi'ec%"P‘gF"%Hﬁé‘?:gteéecfmfé”ﬂf‘@"é?‘r‘&"ulﬂwty to the
package 4aﬁ§c§—§rs@€¢]% oﬁﬁa%akpamﬂ?ﬁapm@@ lsnglme doé%é}os@egmrm%t put

capaci t or boost Clrcuit as described above are s tuated
ext er nal remeining@odioe o606 bogstehcincuittiddpackage i nternal boundary 504 These

co ents c be si t i the ackage
i n?g%al fffdﬁ%‘:\?% gga/n %3%‘({581‘& @fﬁ? %@3‘%/@47‘35‘%%6%"&%[?3? t@%ﬁlggésao showﬁ - ng
Fi gure 55414 amﬁfoﬁam depus ichpratierds iI6nofttbp DEX bdospciahitting the mtEgi;ﬂcchs:rml . A

l urali t bond ot.her, sui.t abl.e connection tricall
(F:)onnect ﬁ‘ﬁ’g? %‘Eﬁ’“t B‘é{ﬂicc?{tgf dic p96." Lirst Rbsapisy S@’i%sé’ﬁgforc 6’5? resel&capam t)c/)r
516 of tfhfm e mqﬁm@h o€ thicke ma:ctemlenrsmn S14NghdpDI6t dussideodt thedieS0ast er

circuit 10, There are sever advan i ncor por ati ng .t he i nput
o hpact { eapdy sibsEiAl IHBE o STFCRToe TR Sl aF %16 of the

DC b@os tackibved B incdoFofutih thelitfuB@F fl4eshisiderof tietdie S0 agesoh@6: thidig thaut si de of
the die 506. First, substantial savings in the die si zl% results fromthe

i ncor porﬂéﬁ pyprnal indHERe Sthcan be| madm dlica snaggate subsdele TBVISELEItHESof tile die

04~ J?Qtonzﬁ%g&ﬁmé Q;!nra'l %‘c‘ﬁaéﬁ deRiedeBigRd fihdicNSY aff hibhe dafretol t age
oost CIrCUIt ca be 10 achieved by incorporating the inductor 514 outside

of the darenﬁg)epawwyea%w mch@mtsﬂst@s tmseves theeefbsiensy (phthe REbeetR™ 514 can be
made W LR & ARA6S :ﬁc e thei Eﬁ%h&glt&} Stlf'rtﬁ’cengud?@'rrﬁh QRdbr tﬁ@@ﬂHﬁt ive spiral

whi ch can achi eve nce and her current carr
capdbi | nagaenoTMewttlm tbh@nd@zfeﬁﬂ%ttheém ﬂvmse\peemt e seif r»wiuefrﬂcy‘ éﬁ the DC

b h 12, I
nduct ol SR ] pidaeeo o0h [FRRAR. RoLRg HERN WhneERRELL Dbl S02

|nducto? hh the package 502,
the DC bamgdnemts.rcuit is self contained in the integrated circuit pack-age

502 wi t hout éo‘ﬂgpﬁ%n@{ﬁ/ gxter naI £Kanng catnl0 BS et :kgrgsec Qﬁpémﬁf?tﬁg':' gure 5B

illustrates An8P net exerrp ary it circurt
i ncor poimbripbigtine PO ebltagebdogtastcuitiin eetotdanse witle diredmmengiond tihteptaedi nvent i on.
I nt eg ' acxrcclim 550 is similar to integrated circuit 500 (Figure 5A), in that it includes 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 ¢an be combined into an integrated
25  substrate 558 instead of having them as three separate components shown in Figure 5A.
This feature can make the assembly 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
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C, 9 20 circuit 550 is simlar to integrated circuit 500 (Fi gurz fﬁ- izfm),}
“that it includes an integrated circuit package 552, and an int PE%
circuit die 556 including a portion of the DC voltage boost circuit 560

si t uat an internal boundary 554 of the package 1108

i ntegra egj Ci rcwt 550 differs fromintegrated circuit %(gg%lson 1t at at | east
two of the input capacitor, inductor, and output capacitor can be conbi ned

i nto an d.AleaF alptl voasitstopdhe, ééﬁ ak fb?'te‘?ﬁﬁp@fa Ve 8¢t g esaz)t hr ee

separate conmponents shown in Fig his feature can nake the assenbly

of the iVaitedpraticgitcl KQQ&),tanéﬂo‘f@hB%tcaﬁwt él(ﬁ@ﬁ)e%ﬂeﬁmﬁﬁ@lc ua P8P P r educe
manuf act,ﬁtr d%ga gf)gxgé n&f@fbé' §HQ¢:§E aRbitabdoy- aéﬁcg\}brltg eGDdo%jﬁL Yt el %ﬁo,?h? ock

di agram o & roni ¢ unft Ecordance wt
i nventi end GIIZ)éoreshmdymg meq)rozmr supplyrolizgas miplanj/%e{t .ect Volts, 3 Molts,tand 130

i ncl udi n_int.eqgr dCII‘ a ngdior a

sub- #Dd?}%g?f%pﬁgﬁéy% 'rcf]hs ?5 (3@ f?lge’s ng %Ofgﬁrg ¥ t[& g@gée ?8?15?% gé such as

ci rcui t$6(IB- 61&&&26!26&4¢1vamcbnﬁﬂﬁﬁmﬁm®bltagé for 2eferdtingwivirabsppetiveontpuia speci fi c

t ask WI in the unit. The circuits 1-3 (60" , 604, and 606) require 2 1 DEC
2004 V\D 2/ 03389 PCT/ US01/ 17846 particul ar supply voltages to operate, such

as for exanplag ﬁvmhge%ﬁtmeledwoﬁuhmlsoomat,:hsmp\(pbd[ﬁné thhsiuﬁncuia? 2 (604),
and | Volt for circuit 3 (606)., The el ectronlc tunlt 600 al so .includes a
pl ur al i ¥3FYoetrihe R5pRes Goliagrs dp the MaRigus ircuit h-3a 8t e Wil f“&g@“’ﬁ@&" s 1-3 (608,

610,19 aﬁfbmﬁﬂ{?ﬂhyf&hsz&uw Sthpl&yihd e AT REKags HOBLY 1M90{60R.0S1D, @kt m)snl 3 (e.g. 5
Volts, 3 Volts, and 1 oltzgrespectlvelytothe circuits 1-3 (602, 604,
8

~ and 6063ccorpRRee G GF GRG0 58t ampls, the gt valteee manwrg oy 35de%ry e a common
} nput  vobkaae hfﬁaswa{sa%@%rtah&{ ;ha)r Sédle%wﬁtegu.tunﬁmlmﬂﬂ@pom oadvant age of

the electronic unit 600 is that the input voltage to the unit may vary,
yet t heotherdprsers vaih asdias verintions eigariltborehdhe wantvoltagedo g dlertronig upitar e

mai nt ai lLayi old, boosts 1-3
(50, "6 T8 ™R A3 RIC Polofe SATR T8 (P PIEPTR PR KO SRR, 0% e

i npuf vellkggeutpay1-3de ynefrcsomtlascfrmts &3 (602, 94, end 606 sulisiaghiallysosstappl t s. The

vari ati ‘13 ery running | ow on power, or other factors
such asR’me gV F]iag. '?Soorrg?'egc r%HSAI t hough the input voltage to the electronic

unit 600 mgwaﬂat illistrate DCbloclt/tchereaticaliagran f 2 ()ﬁﬁn&lar}sﬂ:@ulamd:xx@mz) mai nt ai ns
t he sup

and 606 0?8%%5‘1 i\éﬁ{)c%tgv?%sosg%fggm r#li in :Ec?:ortd;rl]rﬁ:e "ith e Hv\én iofi, The Iret:g%la%o?’ ( 602" 604,

circuit 700 receives the output voltage of the booster pump 702 and provides a pulse width

20 modulated control signal for driving the switching transistor of the boost pump 702 as
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
multiplexer 710, 2 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 ¥f. The feedback voltage ¥/
is applied to the differential amplifier 706 to produce a modulating voltage refbias
proportional to difference between voltage Vfand a reference voltage ref12. The voltage

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

voltage refl12 sets the ontput voltage of the booster pump.



for proper operations of these circuits. Figure 7A illustrates a{ DEC 2004

" bl ock/ schemati c di agram of an exenplary regulation circuit 700 for an

i nducti ve booster punp 702 in accordance with the |nvent| on. The regqgul ation
circuit O(B ?‘BQEI ves the output voltage of the booster pumpci2eand

pr ovi de¥ a pul'se wdth 20 nodul ated control signal for dr|V| ng the

swi tching transistor of the boost punp 702 as described above with

reference torThC HddiAGe RAGSE ~&hihf W tagpl?eQOm %Qoﬁad@Ckoﬁ@Qratok noghfes  exenpl ary
embodi ment, the regulafion ¢ircuit 70 rises a voltage divider 704

i ncl udi eMPasisPR MithanRiheraftreRge, voagsi oS- eﬂff"F &irst garpnaratqr /08 poguces 2p r st
compar aarg;ue{g&t sinal b} £ He n?&l@p]exg%f%f%r}%dﬁa%o {dithge i e Wi dt h

nodul at secon npar at or an 1 nverter 7207 an AND-gate
722, andbca:ehheghfarmctagl@gbeaféﬁ t_hh|s¢l¢oestgmﬁztonwwtbpﬁemstthmlmpltlplhveerd'@ﬁ put vol t age

of the boost L I b vider 0 produce a
I owe:g ?oo%"Z‘Fu‘t% (ﬁé{m PRl ‘ﬁﬁa%ff?bp\fg' age{h?ﬁl{hIg é](a‘f{la]g du' ol gﬁ 4 CZ‘%}F} is applied
to the @ delew erttrb&Jrezﬁawblta‘gh ee’f67506\etsdeq:lrs¢gﬂlubeon@onﬂcbahsm; tmgnumﬂlt)a:ge r ef bi as
pr oport i fferenc en volta erence vol tage

et o LS s e VB apr el S0 e 8 o oo BYinR 5 oS g NEF TRBFS L hepul se
Wi dt h nﬂﬂthha&ﬂétmzkﬁgnaﬂ-ég@hécﬁf)ﬂfc%ﬂﬁewldﬂﬁinbag@tof‘Blf6312nc&€btel$>wtthteth&uiﬁq3dlt vol t age
of the booster gl}g? C.2B WD 02/ 03389 PCT/ US01/ 17846 The

modul at i’?ﬂjg‘?/BﬁPé@ width medylaorfd% i ed to the first conparator 708 for

CONMM@ri son WieNmamahdie rs:%'rﬁf RIBBCHoN Thd AARIPIGEST D |stl';hFlléd foSthe ORPar at or 708
produces an input selec gnal “ compout| for the multiplexer 710. |If the

modul at Wisg m@ﬂt@lafge7 He#lmga\snh %tﬂﬂ%'é?w’a%élg'ﬁf’éﬂéﬁféiﬁ%b%? fARPSePERBY5, the
pelect g ler&uﬂﬂ??&éutorc’ﬂu%%%tﬁhf infaghakd s QuEE »\Z:@Qcigcktﬁ e oRigueddul ati ng

vol t age rejbias he ot hand, the rmuatlng vol tage refbias 1is
bel ow tthetraaferewae sigiat. dfje polst &kish mphdatgey Kois aspypartorhasoBPiret auses t he

mul tiplexer dulag‘gg'; ts%:f%% S}%&'&y WilhenY ‘ﬂ'liahg.gﬁ' rr%g‘ﬁ Qnal ""%9'8“ %@E‘T };DEJ‘ as the

nmodul at1 ng nsures ng sign ed to the
pul $& Vwﬂtl'hlehdalbaﬂtﬁ’ is7al pulsesmarivtatddeignal Pie thitrie stodiided bimadyletiod t he pul se

710 1's 5P| s B re g b PP bub Bl R T LT 20 gl ar
wave signal Figner7a dthshated the warforge ievadtedr in thedpulsEhwidttawpdgletieg at or 714
T T R I .
conpar &gown are the clock input to the ramp generator 714, the triangular waveform
20  superimposed with three exemplary voitage ievels for the modulating signal refbias, and
corresponding output pulse modulated signals corresponding to the three exemplary
modulating signal levels. |
- As it was previously 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 -ap'plic& to the positive input of the pulse width modulator
comparator 716 and the modulating signal refbias 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 low voltage, preferably near zero (0) Volts.



~the nodul ating signal refbias with the triangular wave signal. '5 Bf:l‘t%pﬁﬂl‘
of the pulse 15 width nodulator 716 is a pul se nodul ated si gnal
is nodul ated by nodulating signal rejbias, which varies proportionally

with tReohapsker output voltage. Figure 7B illustrates ghe;ppypier s
involved in the pulse width nodul ating process of the regulation circuit

700 in accordance with the invention. The waveforns shown are the clock
i'nput to theThuang denariatRigure’ 18, tht egher thangedubikinyavRie 8120 isuper i nposed

with three exenpl e Iev s for the dulatlng signal] refbias, and
cor r espBHEHH g’&ﬂl"@'ﬁ%’ %@Pé@gwﬂm’l 'ﬂ‘é’&?dg{a&r‘iéigg al LS YBREEghE B%ehe t hree

exenpl aghy mcﬂﬁﬂﬂbi%lfh@e $é/Bas thd GURl fe phfse ividNRT 1R SiMiecOMBly medutaassed, the
square wave cl oc |s i nt egFat ed by the ranp generator 714 to form

the trisengbiPar. waies Anqdufptipg siepal Frere is pwdylated iy dbear wavef or m

is appl d onpar at or
716 S;ndxhﬁﬁ]éattﬂtg)dﬁgl% g?%gj :g;:dh“ﬁk%? Q,thgmeleg&ziggg?tﬁmd;&aﬁe%ﬁgaéggl %lge i nput of
agey

the covwhsarthe doogtargoutpit drpwdes duty agle gifvbn ppismtvdfllatcﬁelgnnl angul ar
wavef or; HE&%% 6?%%%:;03 DAt tﬂg g@%ﬁﬁtﬁ' fafior 1@ @k b‘if“bf‘fzxaﬁ Tor Fpﬁé

conpar at or produces a su Const ant I"gh vol t age.
| f, on wheh cﬂuh@rmharmiyrgy he bvmiatlszigezdao tlmyutglt\pepncttomﬁ' tbé bbcbm:raon ri angul ar

wavef o an t he u atl n t hen t Sonpar at or
716 pr’lf)ndsurglééssetge b0 se{ QP n? tQP Fa "" ealt? dmlpog?‘%fsflég‘éh br ef er abl y

neard zehaobc(oat)ar Vﬂlbhtsvdlﬁchns:bs DECdﬂQ@ﬂc!mﬁf %/@%&&d?ﬁtcﬂ/slﬁnwrcm46 Thus, as
shown ure 7B, her t ,1 vol e refbias is, the
i 1 ove NSRS e i Ah T e e o g Y hRRa SRt Blroay bhFvBtv

JConver 3@k Yaeriy beow@isterthe mdudpaﬁdap@mzsobtttageocrsea‘rboasmtsh@wm grr the pul se
wi dt h gmthe ul se wi dt h nodul naI Pwnz. Thus, the duty cycle of

t he nodOsHY PRGUSY ﬁ'aelml-eﬂﬁ?‘?"éatﬁg’dﬂﬂsé‘ft@b Iy the 5 nodul ating signal refbias,

whi ch vari egeféiring bhélero FoRsd B4, t%dﬂéﬁw&iﬂ'rﬁd’ﬂi}ﬁtcdéﬁ'ﬁﬂrfdﬁnﬂﬂbﬁ,thc pinen the
boost er out put voltage drops, the duty iscl e of the pul se nodul ated signal

i ndP eadedh mPHvlgtoa&’m l§ﬁPE‘§’d§‘é§“ Rt OM%IH regtet 2édndhe sesend epmppiatdss ON' for a
| onger 7{4 EBmp arwlﬁﬁ:hnﬁal‘ﬂ?ﬁ'% Maiage erb}sfagmtrptmemréra{&éf&ﬁtagcd L@ out put

capacitor of the booste hi's rai ses the booster B&ut voltage to
conpenggrBtes an maéhmmﬁrgﬁfdlwdhmﬁNQ%ﬂw@?%@Vywamiferheulevetrhe’f dsther out put

VOl t a0R AL RESolth 2O fUtY pfhf} Brailind RBaRHREVIREHBh6E B InAlerdiRsr eases.
generates a disabling signal to the AND-gate 722 if the modulating voltage refbias is
20  greater than the reference voltage ref/2. This disables the regulation circuit 700 if the
modulating voltage refbias is greater than the reference voltage feﬂ.?. 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 illusirates a schematic/block diagram of another exemplary regulation
circuit 800 wsefu] for regulating the output voliage 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 control signal for driving the

switching transistor of the boost pump 802 as described above with reference to DC
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~This action causes the pull down transistor to "turn ON' for a shqrD&C 2004
time, which causes |ess energy to be transferred to the output capacitor
of the booster 702. This |owers the booster output voltage to conpensate

for its woigkhdseri se. Referring back to Figure 7A the
nodul at ed signal Pwm fromthe pulse 15 w dth nodul at or p'%@ﬁs“%q%%m ied to

an input of the AND-gate 722. The second conparator 718 conpares the

nodul at i mgltagelbba:ge:xrr:mfsbloasmm dnld 400e In elicERRRrY ehbabfed ehbirdsardnd

gener at es. an to. the AND-gate 722 by way of the inverter 720
if the P&y @ﬂ&@ ?cts gf’ ?géidﬂ”dffésf)dsad’u""ééﬁ%ﬁfat?rfﬁé’ﬁ & Repesertar $tgavol t age

rej bias. pélke wiltm WRKERIY com@eA& A0SMmd@a High 3BldgBde 3t Hiddr 19, —[?l gate 722
i f the nodul atlng voltage rejbias is 20 greater than the referente voltage
|I

ref12. TRTEar$9BIiasire, wemf)@sgap HensovissionieeteiSi 4, a08piciondié, anindleadisng vol tage
refbias L OrGakergidhan the reference voltage refl2. This is done to
prevent the boost output voltage from exceeding 150 nVol ts above the
desi red boostIn apsratiagdhe eutpput veltagelof i beostal plumprsoa mphmtm%lhmer ature

corners. I e s i S Ile to the high
vol tage gﬂégrl Emght??’ {‘Wugct?%f W?aﬁ%ﬁ‘% '%'Xﬁ\elﬂfgafg V&'&l‘”@ oTheg fc ‘H‘T \é‘g?oft 0 increase
it to a léfbfns a}mledtto the\téds geoeratoi 806 thieh $o tovh paig dtffeadﬂﬁalsdnqu@f Thdre boost er
pump 707, T, s ue L& gé shi f 72l4 uses the boasé out put , vol taugwe to
acconpli's f"ﬁr f %gﬂegﬁffgmgwmffqtﬂ%pPsgfvgs(nga CRL AR Y BPRRCER YUY am of

anot Wer thacemgd @rty thee @iéfl hdeObRtwah Ithd) fled 53010 veIBRE UKD AR 2 FEEUARL Jdhded Ne out put
vol t age “accor dance with the i nventi on.

i nducti ve boqgs
" The regtﬁ) -élraglﬁ % ‘?"El‘iFt""%%ﬂédéf’ﬁééotsﬁéh‘i)ﬁ'ftﬁ‘ﬁtof\ﬂtﬁ hoager Bmp $@etofoost er punp
102 and cﬁflgulvdg@eae\aul se width nodul ated control signal for driving the
swi t ching tra?%l stor of the boost punp 802 as described above wth
reference to qompfgyenmoacstiye febir)3nd nasptine (nbistsh euseuty astpplied toui t s 200,

300 and 1#t0Rites b tHep-deviR¥ GRPA-BEWc LSRR ssioh Eﬁe%?zgg%gédn%]? Gl fisu t 800

corrprl ses a voltage divider 504, a bias gener at or gener at or
808,19a sigilskavificst Autisuele af &oueaﬁpwmﬁ applipd teythe tamhnghon/gdltt:dgé | evel

shifterfd gansmﬁldnaém 819%5‘ %61%195&0%%[!1 ﬁlg ]c_@%ﬂjé g}?&ﬁ:? %> ln"ilegsr?tanls m ssion

gate 814, a capacit 6, an i1 nvert ransi 820. In
oper at i elack signal GmiOpma Wmthg\@wdbm Rernjao'ﬂgtrmc tipwergs tf&GﬁunosthamMcfoad to the

vol t agegﬁ a’%: thr%rmgcq%!} Qiek 'il'ﬂ:ddé%leee% lvﬂl%rthg IE!‘QIE)S?HrIStS%O% le g 1% lizurm:d VO' tage VIb.

The fee k vol
which is a functlon of the output voltage of the booster pumnp 802. The inverter 818 in

20 combination with the transistor 820 discharges the capacitor 816 when the clock goes low.

The saWtObth waveform Ramp is applied to the positive input of the pulse width

moduléting comparator 810. The comparator 810 compares the sawtooth waveform Ramp

with a substantially constant reference voltage Ref2. Based on the comparison made by

the comparator §10, 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 puise modulatéd control signal drives the switching transistor of the
beoster 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 gencratdr 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 resulting pulse width modulated
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Vib is applied to the bias generator 806 which is a |ow gain diffngrBiib@lzﬂ
anplifier. The bias generator 806 generates conplinentary positive (p |asp
and negative (nbias) outputs 10 that vary with the difference between the

f eedbac¥O/B%¥34%e Vib and a reference voltage Refl. TheP¢Bbgmanss vol t age
Refl is used to set the output of the booster punp 802 to a desired

vol t age vel . The conpliment ar ositive (pbias) and negative (nbias)

out put s éé)rgter&asf?ﬂﬁ?g‘am{-c - Pifge é%ﬁ%‘gfo(?ﬁ‘ ‘f’ﬁ’gﬁlﬁnd’g{y%@ 2gRbEdhtodhy pestivsf t he

transm sispdandyht efddnke volepp @el2iivaiplied thihelregdtivd mpi SMRd coﬂ}g}fzdpglqlhdut y cycle
e

of about, 75 percent, is applied to the transm ssion gate :
transm <8 8?1’%"&?‘%’ 810 g ﬁ‘ﬁt%srrﬁi Fativeln Righ Rutphe velisgacvher U8 Gawpethat e t o

I nt egr atvavéiben RQﬁy@@%@aﬁtmﬁin he rdrQeqbe %ﬁ%\é‘@a&? E%hyd’%}é@%@{ H‘gﬁ%ﬂ,@r Jdpe rise tine

of the sawtooth waveform Ranp varies irnverse eg ee"to which
the Praf¥ipriceites wisn shegawtdoth wayefserd Romp is losskheh thesreferdnuaedliagnRgP. t he out put
vol tage of tHRRsPROSLER ; 8. The. i r 818 in_ .20 combination with
the transistor S’820_ d\lgéélﬁg grecs%hﬂéc asﬁa‘gll}ﬁ ogffq@elgl%\s/%gjﬁd‘f%ﬁlggéllgﬁﬁks foes | ow.
The sawfusstitn efcthe tigethRsavpoots vapplbine dabp it greatposian theerefehidbd vélfagk he pul se

wi dt h ulcat.i ..The ¢ arator. 810 conpares the sawt ooth
wavef or %arrsgk %@%ﬁ%}gﬁ%’gfg‘% a%%tlgoéﬁlwfvc rﬁ‘sg’g{%f VIS dpeERely Vgﬁft&g‘é"%fl . Based
on the eduwpari terboosdenipy 802, hie gesmahabodst 8lput (1R ORP Atk 1§40 generates

a se dul ated. control. signal, 25 Pwm cl k that has a duty cycle that
P10 3o, RSt Rabi s ShEYEire TUFEMaC AURER A8 BB corseansIib 805,  The

varil es | nversgf“;'/

pul se nmmbiilbathe gulsORidHObS thd @Ralinglils¢ SfodhBRd SihdIC Rl idiA MR 156G mof the
.__booste:ﬁ?gur@ 802. Fi gure 8B.illustrates the waveforns i nvol ve& I n the pul se
Wi dt h i HPEhyolags deeaeredime e srugelh apveare Rewpiit 2896 therelwoer dance wit h
the i nvithgeater2, A c¥¥QlcaliyBhe BRSO WA it Qﬁhghagﬁgniogplwed %Qm%lhe ranp
generator 808, three sawtooth wavefornms Ranp corresponding {8 three

di f f er ebes:3tr fly eyl ehtepulse Width medulated piangl vetipreinverpde edthwhd booshe

subgt argutfa{‘l.oytaggnstant reference voltage Ref2, and the resulting pul se
wi dt h nodul ated )L 20B 13 1 DEC 200 WO 02/ 03389 PCT/ USQL/ 17846 contr ol

si gnal Pwm Ebkpuls widsh medulsiedisiapphPwincéf srappiRah® ihe higipbdlmge tevelt he positive
it Eguzoﬁg.ggé {3?;1&%&5%8{?@59!53’ Hobfdfd Rehat JoRefPR'd §nlidnt 26116 %aL! Y& 1 nput of
switching transistor of the boost pump 802. The pulse width modulated signal Pwm_clk
regulates the boost pump 802 so that it produces a substantially constant desired output
20 voltage. The reguiation is as follows. When the booster output voltage drops, the duty
cycle of the puilse modulated signal Pwm_clk increases. This action causes the switching
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 Pwm_clk decreases. This action causes the S\a;itching
transistor to “turn ON” for a shorter time, which causes Jess 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 regulating 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 pulse width modulated control signal for
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t he conparator 810 produces a relatively high output voltage V\/nenzt{ne C
"sawtooth waveform Ranp is greater than the reference voltage Ref#, a% -
produces a relatively | ow 5 output voltage when the sawt oot h wavef orm Ranp

is | ess w@mgshe reference voltage Refl. Thus, as shownj ' 8B, the
pul se width of the pulse nodul ated signal is a functi onpgfmg%g'%%rre t he

sawt oot h waveform Ranp is greater than the reference voltage Refl. Since
t he sl opedidfing the ssmitigotdnsi@y 6f @€ Bod3aplinY 9021 8 UeciBel SRVY WihtEelhg out put

vol tage o boost , 02, the greater the boost output voltage, the

| ess ti ne°t1ﬁ‘2%263§5&wg%ﬁ’ gﬁ\/@do‘?% s iesempiey embegimest, dheersedatianl t age

Ref 2, andcieons a- I t L dt r tin ul se
i ﬁﬂ&tﬁz %isééa JolBge TR 904, 4 d&ﬁlp?ﬁﬂg?%{)‘f"aq [J?tc%tmt‘:pﬁmbfﬁ)gg:e, ?hg

nodul at ed  si gnal nversely, the |esser oost output v
more ti meSiHEd Wagrdohieh velinet syehsk&aP12s above the reference vol tage Ref2,

and cgnsequen L f | dul at ed signal .
Thus, the dut ;I/A g‘)’/ccl %ﬁbt#'@?%ﬁtpﬁpg%&%%fe%&%g%%@t %Oghigla ﬂgﬁ‘?@amgivg 28nver sel y
with t he dbérst904 1Gproduce atlowe preppetiondhiedbadise!iagedth. (Thd dedbat vaitaggaal Pwm cl k
is appli [ lcevel shifte Q increas he pul se

nodul at egglél}sgﬁéﬁ%@\}gpgggéﬂ% %%g&sou Hecom %’?lof é@élfﬁeocoﬂ'lp?r%’r ?P\éco %ching
transi st ¢he Btdimble vbltrgs t//nith B6Tereitheropagesiefvindt frodmesik atiatvesy Bigal Pwm el k

regul at e -PQOS unp 802 sg that it prodquces a substantially constant
desi r ed gfﬁ{t%gtik%c %egﬁlfaggev.c’ﬂaﬁ%e%?’e'éﬁ%f’ﬁrotﬁaq Car§?°F°6'F‘F dﬁg?g"vﬁ‘%{’naﬁ%é boost er
out pue veodlitevgly low opBagetibube dutiyack GyRdze W islidieer BiahIR: RGetcalithgsirgnal Pwm cl k
i ncrease This actjon uses the swtchin transistor to "turn ON' for a
| onger ti ?WHCSHOE%J%Z'WF%I%‘Wé yuipyt "bfgh? poaster epPR 0L & 2 derdredut put
' capaci t ovoltafe Iehel. booster 802. This raises the booster output voltage to
‘conpensat e fo]thci ts initial drop.. Conversely, when the booster output

S

rop. . . .
vol tage ri ses!MetRBPEGIY oviguicy aprlisdrto theeReser] igrut @b din Hbis gownteyr 98- Pnm cl k
decr easedockldiiral aGies Mt T8 SERtdr V08 SWeh&itio Ry cd St [ ON' for a
shorter tio,cne,gv\hi ch causes Ieé_s engdng)}; F’S%cél{nggg?ﬁlﬁ%h?%bﬁw out put
capa8 t cdrddrodupeths seunt at owpps BitRils? (Bihdcieingttheolenrs sighidicard wigitand Bl @ age t o
conpens afene th@mok bk el By L6 hQ i . hemmt i ¢/ bl ock
di agr am of °)}et _gnttgt n‘ef?hﬁetxdzér'rtp flé‘?icoug% ?’éﬁ?ﬁ’?@? '% %th]ﬁi@% %rghﬁflmgécgﬁ]ﬁz&e%ﬁacul for
regul at | Figuit phichrrpdnces/a pulsgywidsh madulatad sigtd! perrb olfsin @ccorgannp waB2hd n
accorda ' s yh O |.ati Ch L CUI 0 ceives the
Ut put ) phle P IRAEELE Phar 108 oGRS THMT O SRY 86
nmodul at ébe esontGasid %si gnal for 14 2 1 DEC

20 Figure 9C illustrates the waveforms involved in the puise width modulating
process of the regulation circuit 900 in accordance with the invention. The count
periodically cycles from binary 0 to binary 7. The clock causes the 3-bit coun?ter 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 1-6 and

25  alow for binary input 0 and 7. The signal applied to the Reset input of the 3-bit counter
causes the counter to produce 2 count of 0 when the Reset signal is high, thereby causing
the pulse modulated signal pwm_clk to go low, or remain low if the Reset signal remains
high. The pulse 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

30 902,

| 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
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WD 02/ 03389 PCT/US01/ 17846 driving the switching transistor of trp_gn bgggt%ggt,
punp 902 as descri bed above with reference to DC boost circuits 60 30
and 400. In this exenplary enbodi nent, the regulation circuit 900
conpri s&0 e/t age di vi der 904, a conparator 906, a 3-bfT/Usaurs&r 908, a
logic circuit 910, and a high voltage |evel shifter 912. 5 In operation,

t he output voltage of the booster pu 902 is applied to the voltage

di vi der ¢! ePaNF bude- the fsdkack ppiass ! t§dwerft@@dgwfermtva§gew~eﬁ. The

f eedbackgyal: i js Je b i : npar at or
906. TheSI?é%rlrggArggfegﬁeg(%ﬁggan%g{rhggo&?Rﬁeﬁf?ged a%?fg\?qoqs?gg%e@/;ybgt\%g?ﬁga reference
vol t age dRefeycignl7ppaetnt ¢ racre eyading 9Eihy 3hit ghunter pradacps aifulse medilbedback

vol t age i e f C t f . relatively
| ow vol ts\ia%g’%”?"-? %Zﬁa} ggesd%(g"gﬁci/% ?%@g{??‘ﬁ' ?gﬁﬁéot\)/\ce@%%f E‘gﬁc’ atr‘%lg%?ggfs é?eénce vol t age
Ref . 5 Thaad tvef lewetits av GletcagrderRgtles Som eyt tobiart héSee Figmd 9B 1f the boost er
punp 902 to a desired voltage,level. The c aratar output is applied to
Phe” Resdpodts Rulev o1aRe FiSA0PUE Ui e Shed e SETRBE. ok Rtk olipsentB T he 5. bi
count er rlQ&bive theffdrdrce Ooltdey Reunichicraes tht baripardflort W6l Péeyate/a hikh and
produce t he ,co%nt at ,oFt uts Bit 0,1, ﬁe(Bit 2 being the | east significant
digit ahgcBsigny- p@?ehb‘g Sﬁ‘o%@'f CYHPT e A 818 tofesgtn avhichumt tprm, The counter
out put s pRkRuANPLdues tﬁ@iﬂmﬁmb&ﬂdt@d sifrlal @UWolloWh TR RNREVEGE Sud dytll S8 W dt h

nodul at ed signal pwmclk in accordance with the truth tablé shown in

Fi gif e 8w pulpp modylated signyrmyemclls Whichicgises He optput kapsist valtage tadigpdo | ow f or

the coupdnddn@idorits igiiafii@ure 9C illustrates the wavefornms involved in the
_pulse widt’h nodul ating process of the regulation circuit 900 in accordance
i th the i nvidatéepintionpiecuts dercribgsienan belhsedtd seadyte thesoutpud voligraefyth® to bi nary

7. The -0l I.nc by each
cvery. pifREte PELRER chilf deitbediatih oh odr oy LENRARGLIR FRURE Y,
modul at tel owtpytnmltagge o€ ptheeBCposthragclitsgsuch a3 the wapacBive chaghpghp baost bi nary
i np 1-.6 and .25 I f,or binary input 0 and 7. The signal applied to the
Rese€ icr%rﬁﬁ?p%?m?sr]?gd??r\éﬁm "counter causes the counter to produce a count of
0 when t-he Retetfospgngkpecifichiial thetiventdoyhas desi dgeriticd avipulefeeengo el at ed

si gnal clk to oW, I in |lowi.f e, Reset signal renpins high.
The pul BE o i BPvSes SEpr L % B R ERat Ehe | evel

shi f t erchikes mhpbdmadithere® departiig frem siafbrdaderapirit bed &opd f e inventioRe swi t chi ng
e ol g A gesngfinhly to b Segatitd i b HsSie g 05" € PUMP

20  than a restrictive sense.
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operations where the output voltage is at substantially the desime g pEt P
voltage, the Reset 15 2 "1 D E C 20 W ~ WD 02103389 PCT/ US01/ 17840 Srgn
remains low, i.e- the feedback voltage Pfb is | ower than the reference
voltage Ref- Since it has been determ ned that the boost punp 902 operates
nost efficiently at about a duty cycle of 75 percent, the nere cycling of
the 3-bit counter produces a pul se modulated signal pwmclk that has a
duty cycle of 75 percent. That is because there are 6 high states 5 and two
| ow states as the counter cycles frombinary O to binary 7 (See Figure 9B).
If tile booster output voltage ridés above the desired output voltage, the
feedba@g voItagé Vit rises above the reference voltage Ref, which causes
the compatafdr®ds to generate a high Reset signal. The high Reset signa
Causes the counter 908 to reset, which in turn, prematurely causes the

pul se ﬁudubagaﬁcaigm@hgh@ go |OM/ This reduces the duty cycle of 10 the
pul se no gnal pwm cl k, which causes the output booster voltage to

drop tm”dﬁé%eeem%é for its initial rise. The regulation circuits described
can bea a\s'é"dmg devicedhat Bes ap ineutyatage o P\?U‘I‘W%@’é@”%ﬂ‘:“tfﬁé to floydfean¢a8d pC boost
Ci I CUi hudi@séidrhdnel rétpbie o a ddntréldidhdl iwdBreintsayndoetive alesentbieres seiditt 0 regul at e

the out rpuount gf%nerg ga%g?%igﬁrl%g{ls E&s&ﬂﬁé’&thr%b CUI ts, such as the capacitive

charge punp preV|ou descrlbed In the foregoing
speci f p&eraFibye, elamest tp acALipls? Araalittbeald inde evqf%éPrW ip pAY BE¥ce to  specific
ermbodi genbs irthefoa®bf.anloltpuivbitageaever , be evi dent that various

m)dl fi SRl ngpo% £ tcf &QE‘EQ& tthopsqgngﬂ%i_EegLIQt%rsgﬁ Qutglﬂgéifahé Rbhefefi@igt he broader

it a i nvent eci fication and draw ngs are,
accor dF?t@’P')F'Qn?‘GV%%? witB gdreaneacy thet ¥eries frversely %{t’t U uiRtheltaseoo than a
restrictive - sense. 16 DEC 2004 17 What is clained is: 1. A booster

Ci 1 CUl b, 1 CQUNET ST ot cit 1 HIMGH MR LRI BB hent hobdhfidigiodevi ce that uses an

i nput voltage 16 peri odi ca y cause current to flow through said

3. The booster circuit of claim 1, wherein said switching device comprises a transistor.
4. The booster circuit of claim 3, wherein said transistor comprises a field effect transistor.
5. The booster circuit of claim 3, wherein said transistor comprises a bipolar transistor.
6. The booster circuit of claim 1, wherein said capacitive element includes a capacitor.

7. The boaoster circuit of claim 1, wherein said control signal cycles with a duty cycle that varies

inversely with said output voltage.

8. The booster circuit of claim 1, further including a diode to prevent discharge of said capacitive

element through said switching element.

9. A method, comprising:

periodically generating current through an inductive element using an input voltage, wherein said
inductive element stores a finite amount of energy each time current is passed therethrough;
accumulating a plurality of said finite amount of energy in the form of an output voltage; and
controlling the periodic generating of the current through said inductive element to achieve a
desired voltage level for said output voltage, wherein said controlling includes generating a

control signal that is frequency modulated by said output voltage.



inductive element in response to a control signal, wherein saidyipn 19084
el ement stores a finite anount of energy each tine current is pass

t heret hrough; a capacitive elenent to accunulate a plurality of said finite
energy stored in said inductive elenent in the formof an output voltage;
and a regulation circuit to generate said control signal to regulate said
out put voltage, wherein said control signal cycles with a frequency that
varies inversely with said output voltage. 2. The booster circuit of claim
1, wherein said inductive elenment includes an inductor. 3. The booster
circuit of cl ai m 1, wherein said sWtchi ng devi ce conprises a transistor.

4, The (?? RSt & c|8;\'1l1' wﬂérel@ lsQl#Eéré{)&]hN@&ﬁ@ht@Oé&hQS ;;eﬁ'taé?t%llysﬁjﬂlfng%ﬂgpr ises a

field rans oster C|rCL| claim wherein said
transi %?Y"@h”"%?f‘pﬁ”i 'é’@s”eéa"ﬁFii‘i')?“éﬁe“ttﬂ?ra‘r@lsg‘f’6&““‘3“69ee]‘ﬂeé‘ ‘booster circuit of claim
1, wherein said capacitive elenment includes a capacitor. 7. The booster

circuif, ofe QLRldBr b V%e\g/ﬁelﬂ HGIARY di@herPldtpiles @MahGiorM th a duty cycle

that varies 1nverse sal d output voltage. 8. The booster circuit of
claim1, further incl ud| ng a diode to prevent discharge of said capacitive
el emeni2. Thy aetady o albich Sttt Seid edneintendompBses A fiete effestirangiotapr i si ng:
periodically generating current through an inductive el ement using an input
vol tage, wherein said inductive el enment storeslﬁﬂr ‘igl te amount of energy

each t1dmBhemethestff cliEn Paylesy P FRERPORgIRTses 30P] Hg a plurality of said

finite anount of energy in the formof an output voltage; and controlling

the peyj ol rﬁetg&:rb?gl S{]glhé)rgmggﬁ|n9bl:,r’t|{}@é'|éménmd?rh!ﬂ§bs%ﬂ|lrﬁuét6}dUCt ive elenment to

achieve a desire tage level for said output voltage, wherein said
controlling includes generating a control signal that is frequency

nmodul atzethdryetsai o cloiot  wherwio lstia ggumBlatihgBEE@fermet by 8 caracitiveielemegt hod of clai m
9, wherein said generating current conprises periodically turning on a

Ul LD, el L0 SISTALe, 58 0 A L \MOHA S chpael ve el erent

transiattage. 12. The nethod of claim 11, wherein said transistor conprises
a field effect transistor. 13. The net hod of claim1l, wherein said
transi stor conprises a.bipolar transistor. 14. The met hod of claim9,

wher ei - §8PYFtST YR PUR™SEPe ment conprises an inductor. 15. The nethod of

cl ai m & induoiseelemestai d accunul ating is perfornmed by a capacitive el enent.

16. Th@r%ﬁ!&%g%w@d tﬁét”b(% anWhRr RitiyeSapeliotiedny sake Sirghiab flovsthpugise Wi dt h
modul aéal chu\t/ttve e‘ement In r%sponse to a first controi signal, wherein said inductive element stores
a finite amount of energy each time current is passed therethrough;

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

a first regulation circuit for generating said first control signal that regulates said first output
voltage;

a second switching device that uses said input voltage to periodically cause current to flow
through said inductive element in response to a second control signal, wherein said inductive
element stores a finite amount of energy each time current is passed therethrough;

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

a second regulation circuit to generate said second control signal that regulates said second

output voltage.

18. The booster circuit of ctaim 17, wherein said inductive element includes an inductor.

19. The booster circuit of claim 17, wherein said first and second switching devices each



vol tage. 17. A booster circuit, conprising: an inductive elermert; BEC 2604
swi tching device that uses an input voltage to periodically cause current
to flow through said inductive elenent in response to a first control
signal, wherein said inductive elenent stores a finite anmount of energy
each time current is passed therethrough; a first capacitive elenent to
accunul ate a plurality of said finite energy stored in said inductive
elenent in the formof a first output voltage; a first regulation circuit
for generating said first control signal that regulates said first output
vol tage; a second switching devi ce'fhat uses said input voltage to

peri odi cal L%a%%Hgsorcurrent to flow through said inductive elenent in
respon%é"p{b a second control signal, wherein said inductive elenment stores
a finite anount of energy each tinme current is passed therethrough; a
secondz; gpasdobteVdc@l of BBt 191 whepdCatinLkzasigtoracopbiires b figly eftect tsasistof | nit e ener gy
stored in said inductive elenent in the formof a second output voltage;
and a second regulation circuit to generate said second control signal that
regul a@‘e§h%%ﬁ°a‘ers%’él6tmﬂC'a'6‘u1t9p‘t{he’%$qdd&é5'5ti’8’°ws BYBLYREEE P cui t of claim 17,
wherein said inductive el enent includes an inductor. 19. The booster

Cireui 4y ahe GdobMickor WA 9! Rl thid i Sha ARehREERNG: uhdiiig devi ces each
19 conprises a t7'ansl stor. ooster circuit of claim19, wherein

sai d tﬂﬁiv@ﬁﬁtcé‘?ac%rrprl ses a field effect transistor. 21. The booster
circuit of claim19, wherein said transistor conprises a bipolar

transi 5 Qfe boog‘tg,r cirddior A2 9131t7e\ﬂhe r%]r{ Sl ﬁrstgﬁdl&ls@&dmd sdhtroliREIRYdle Wil first and

second c¢apaci enments each I ncludes a cgga[m t(g{? 23. The booster
ci rcwYG%F”%F"&IYW'&SW”VWW‘@Pf?sg%ﬁ“‘éffﬁtrﬁ‘%‘{/"ra?ﬁ??f‘ VREXARE ont rol signal cycl e
with a frequency that varies inversely with respective first and/or second

out put, ¥ ¢} d @oggér C|rgu41'c1f JBF ROPIIES sdd fir&dhdior@bcdhbl 8érFollsignal ®ithna sai d first

and/ or seco contro at varies inversely
with r@%\b@&'?""\?é"af‘ﬁ'§YerS§HdY'tBfesgéc%%fﬁwﬁﬁ@?ﬁ?“{?gP%'/tg‘a %'lag% The boost er

circuit of claim17, further including first and/or second diodes to
prevenss %‘l@r’éﬂ@un‘gf clélﬁﬁﬁ%ﬁﬁe\‘%cltauﬁéﬁrstanﬂé%ccﬁ]e@raa& tsa@aﬁm tive elements
thr qudlsc%gt'lge of resrp%;[;tlvg Rrst andlors ge%gn%%apac'twe &emg'% tﬁm”‘g‘esa'd first §§J?§§£do¥@| y:

switching element, respectively.

26. The booster circuit of claim 17, further including:
an integrated circuit die incorporating said first and second switching devices and said first and

second regulation circuits; and
an integrated circuit package for encasing said integrated circuit die, said inductive element and
said first and second capacitive elements, wherein said inductive and/or first and second

capacitive elements are situated external to said integrated circuit die.

27. The booster circuit of claim 26, wherein said inductive and/or first and second capacitive
elements are situated adjacent said integrated circuit die within an internal boundary of said

integrated circuit package.

28. The booster circuit of claim 26, wherein said inductive and/or first and second capacitive

elements are disposed o n said integrated circuit die.

29. A booster circuit, comprising:
an inductive element;
a switching device that uses an input voltage to periodically cause current to flow through said



26. The booster circuit of claim17, further including: an integriatlC 7004
circuit die incorporating said first and second switching devices and said
first and second regulation circuits; and an integrated circuit package
for encasing said integrated circuit die, said inductive elenment and said
first and second capacitive elenents, wherein said inductive and/or first
and second capacitive elenents are situated external to said integrated
circuit die. 27. The booster circuit of claim26, wherein said inductive
and/or first and second capacitive_elements are situated adjacent said
integrated CI rcuit die within an i Afernal boundary of said integrated
circul Idtﬂ:? ent lzrses 'm)g tanrs?grltaesre Id cgrﬂto sqch Is%l‘%}‘éﬂ %ﬁi m&ﬁ%@ pte§ta' d

i nduct 'V&" I f78% second capac enents are di sposed o0 n
sai d i sleregs bnlfeémet"rt eftﬁ”?"gth@h tipg C”"R"Héé@%s%‘tt“%‘le'iht?ﬁﬂ't conprising: an

i nduct & i€ t &lpediRB klemantInbdcGhliag a RIAIG ©f éahiahltmﬁﬁ_;yamreldmp&ﬁd inktvage t o

per | Od' Cal It %,{ause ysal%%wﬁc%ﬂ% dbfe rLs%}éVltste%&'rtg‘Ps@@ﬂtlgl %gjna%rgpga‘}d 21 DC2Ux 20

|nduct|ve nse rst  and second control signals, wherein
sai d |mwmla%er@rgerﬁ@maf@tw@s\f%a?@r nite anmount of energy each time current

i s passfe dietiet deaugtyenéatingsaid firscapifd signaV alb@imastsakidrsaagpurul at e a
pIuraI| % of said finite energy stored in said inductive elenent caused by

said sw |ng devi ce response to said first control signal, wherein said
accunud srcenfl capasityg elememie agcymylale 2 plyeiiyief saidfipitesacroy sipjed §‘tsa|dé’§j’ﬂ1"‘%{?| on circuit
for gesenat taugedidisdidfsivitahing aeviderresportsie gnsdid debartd comglidigtab shaeindaidli r st out put

vol tag?cturﬂuti@&&%%ﬁdmé‘g'sédo}{c?oﬁﬂu‘?m%e Ly accumul ate a plurality of said

finite ener I'nducttve el enent caused By sal d switching
devi ce? ?eégftﬁ’dﬁ%’éat'f”bc'@a'ﬂﬁ95%?16?'4:%?@&"*5‘%' Yjena that ipalss $218 379" accunul at ed
ener gyoutpak voitage. Second out put vol tage; and a second regulation circuit to
generate said second control si gnal that regul at es said second out put
vol tage, 30. The booster circuit of ur.t her

mul t i p?oei@rbwﬁefrﬁ“&eh?é@a'&‘ i fﬂaeannewr%mmmﬁxertsr’@ﬂv% "@’c?n‘f"ﬂ%‘t" Si naI
conpr i auitgexihgicchtbi digtl camdrisrgceid dirstavtseaind sorgmisignala at difeffér\éhremlotsl nme sl ots,

said switching device being responsive to said time-division multiplexing signal to cause said
periodic current flow through said inductive element.

31. The booster circuit of claim 29, wherein said inductive element includes an inductor.

32. The booster circuit of claim 29, wherein said switching device comprises a transistor.

33. The booster circuit of claim 32, wherein said transistor comprises a field effect transistor.

34. The booster circuit of claim 32, wherein said transistor comprises a bipolar transistor.

35. The booster circuit of claim 29, wherein said first and second capacitive elements each

includes a capacitor.

36. The booster circuit of claim 29, wherein said first and/or second control signal cycle with a

frequency that varies inversely with respective first and/or second output voltages.

37. The booster circuit of claim 29, wherein said first and/or second control signal cycle with a

duty cycle that varies inversely with respective first and/or second output voltages.

38. The booster circuit of claim 29, further including first and/or second diodes to prevent



sai d switching device being responsive to said tinme-division nuliplit 2804
signal to cause said periodic current flow through said inductive el enent.
31. The booster circuit of claim29, wherein said inductive el enent
i ncludes an inductor. 32. The booster circuit of claim?29, wherein said
swi tching device conprises a transistor. 33. The booster circuit of claim
32, wherein said transistor conprises a field effect transistor. 34. The
booster circuit of claim 32, wherein said transistor conprises a bipolar
transistor. 35. The booster circuit of claim?29, wherein said first and
second capacitive el enents each i ndludes a capacitor. 36. The booster
C' r CUI Eils%ar oﬁl’eEBegt%ﬁ i SHafRl BecSRY qupgc!ltr\l? bleRB fﬂFou&l%‘a%c&@ RivihingSi gnal cycl e
guenc at varites inversely wth respective first and/or second
outputeﬁﬁﬁmages 37. The booster circuit of claim29, wherein said first
and/ or second control signal cycle wwth a duty cycle that varies inversely

wth rggﬁﬁgg%ﬁéré%gﬁyf m@ﬁ hnﬁﬁ mgmgutput voltages 38. The booster

circuit |nc ud |n% and/ or secqg @lodes to

preven?”?¥QBF§6ﬁ§ﬁ6@”EPWP@yﬂéEFPWQmPP E?“%ﬁﬂfﬂﬁ St A0R REFORUFLET PP ve el enent s

througbmﬂa:dwsecond switching elenent. 39. The booster circuit of claim
fu Euli mﬁeérale'a Chrdtfl} b&gagqur én&;sﬁ'\? s&h %g?dtéocd#&&t ol &aid iNGRIRQIRhDEnss al d

smn ch |ng evice and sald firs seco gﬁ* i on C|r uits: and an
i nt egr BASHSIEN s95PRd GRRULNE BleMBHts, Eﬁgﬁﬁﬂ"yﬁ?ﬁe ‘%B?STE&E%? cuit die, said
i nduct capecitleefeprhts acrsiluatebaxtbral to stid anted radegicoeidt dsapaci tive el enents, wherein
said inductive and/or first and second capacitive elenents are situated

external to said integrated circui oost e ci.rcuit of claim
39, mhé?é?ﬁb§ﬁFﬂmFHHﬁg?WV§'ﬂWﬁ?BFaéW&§$Wﬁwgbgggﬁﬂgﬂmgpac T8 elements are
si t uat eldmerd§ are eihtated atijdceiniea@igntedrated cicpitdie witlin @n infemalibauegaryiohsad nal boundary

of sai gheglRli@PEALERGd. T CUi t package. 41. The booster circuit of claim 39,
wherein Said I nductive and/or first and second capacitive elenents are

di sposed on said integrated circuit die. 42. An integrated circuit

conpr i 41.ige bocaler ¢inbitef claimeP. whereinbaid pdudkirrad/opifstiangdisreprd/@reditverent  si t uat ed

Wi t hi NeisAbils b biBGHsad BfkaAd iRGythtea BRGK@GE; a capacitive el ement situated
within said integrated circuit package; and an integrated circuit die

situated within said integrated circuit package. wherein said inductive
42. An integrated circuit comprising:

an integrated circuit package;

an inductive element situated within said integrated circuit package;

a capacitive element situated within said integrated circuit package; and

an integrated circuit die situated within said integrated circuit package, wherein said inductive
element andfor capacitive element are situated external to said integrated circuit die, said
integrated circuit die comprising:

a switching device that uses an input voltage to periodically cause current to flow through said
inductive element in response to a control signal, wherein said inductive element stores a finite
amount of energy each time current is passed therethrough, and wherein said capacitive element
accumulates a plurality of said finite energy stored in said inductive element in the form an output
voltage; and

a regulation circuit to generate said control signal to regulate said output voltage.

43. The integrated circuit of claim 42, wherein said inductive and/or capacitive element are

disposed on top of said integrated circuit die.

44. The integrated circuit of claim 42, wherein said inductive and/or capacitive element are

disposed on an internal surface of said integrated circuit package.



el ement and/or capacitive element are situated external to said |{12@% %}ﬁ?
circuit die, said integrated circuit die conprising: a swtchi gg T

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

i nductive elenment stores a finite anount of energy each tine current is
passed t heret hrough, and wherein said capacitive elenent accunulates a
plurality of said finite energy stored in said inductive elenent in the
forman output voltage: and a regulation circuit to generate said control
signal to regulate said output vol ?%ge. 43. The integrated circuit of claim
42, wherein said inductive and/or capacitive elenent are disposed on top
of said integrated circuit die. "I 1 2004; 44. The int ated circuit of

cl ai m 42 Theppester qircutal daimfdurheraprsaidieusive clepael pqudes ) ‘ﬁg{‘?f are disposed on
an internal surface of said integrated circuit package. 21 22 45. The
boost e | I cui claj. ] | Nesal Gl éb%plr" t includes an

i nduct%)Gr' %e %é%étl%éu“bo(lr)gé@ eA%,ng:r;er (::uﬁ’d %taﬁ%e%%z, V\I%egragéaﬁaﬁ‘gi d switching
device conprises a transistor. 47. The booster circuit of claim44, wherein
sai d t 57Aamsd SdoSter Grouur tisiesispwicred shicfdhaistor domanes stfigd effectiiansigthe boost er
circuit of claimd44, wherein said transistor conprises a bipolar

transistor. 49. The booster circuit of claim42 _V\{nerei.rl sai d capacitive
el ements. ThRagetarcirguil ol Haif 44 oy heralpsaicimasipgFOMBrses 2 PRARL 8PSt ai m 42, wher ei n
said control signal cycles with a frequency that varies inversely with

sal d Ok RHE pobQbf A8 of dim 4ENVhRAPSRap i tibknelinobbéd deafiiomher ei n sai d
control "signal cycles wth a duty cycle that varies inversely with said
out put voltage. EC 2U0 52. The booster circuit of claim42, further

i ncl udsmghabodbteckeredionf plaimaZnwhethisedthrogol eifinat ecls wilap lieduehayéhagvasigent t hr ough

said S?Metrééw wid s%h %ﬁBﬂRloltage.

51. The booster circuit of ¢laim 42, wherein said control signal cycles with a duty cycle that varies

inversely with said output voltage.

52 The booster circuit of claim 42, further including a diode to prevent discharge of said

capacitive element through said switching element.



