WO 03/ 052910 PCT/ US02/ 38710 VARI ABLE VOLTAGE SOURCE FOR A FLASH MEMORY
DEVI CE BACKGROUND 5 Today's electronic products utilize circuits that can
per f or m awoeasiostoyo of applications. Sone of the applicati @a3/isazbsrde
non-vol atil e sem conductor nenory devices as a fundanental buil ding bl ock.
The primary nmechani sm by which data may be stored in non-volatile nmenory

is the nenory cell. A typical prior flash nenory cell nay be conprised of
a single Field Effect 10 Transistor (FET) including a select gate, a
floating gate, a source and a drain. Information may be stored in the

flash cel YARGPELE (VOFTAG EARCENDUhE BFASERUFYRY BFYICRe fl oating gate, which
causes the threshold voltage of the flash cell to be varied. A typical
prior art BAGKRRGMEPY cell may be in one of two possible states, being
ei ther "progranmed” or "erased."” 15 According to one prior nethod, when a
flash cell is read, the current conducted by the flash cell nmay be

conpareql to a Cryd=5/d cleeftdnietRediits atilitetiesatichat bas pecfelrh aaarienyg o
threshol d voltage set to a predeterm ned reference_voltage having a val ue

in the sepapriicetions.afgme of derrpprlicainnsdreltde NoRmPlatEk EeMIFONEYM9ar i son and

output the result,. MWen _a Lt ; LN bi asi ng
vol t age rra(/nemaoréﬁ?lvlcg P {L{ﬁ@g@gﬁg%tbugaaﬁp Q%zla%é fﬁh}@@gﬁﬁgh gﬁgg?ﬂgmv%i tage may
be appl i edwhicH B&asabpot sgeried ihohhelatitd ateemarg icehd mehforyleell. A ash cel | is

progranmed, the electrons trapped on the floatin ate _in ase the
t hreshol d mpicahgeos flash meatory (fell Janebe S4MPrIge Of:gl“’lgn%%ﬁlﬂfﬁ; ®f%ess drain

our T enfo N3 LS BERY HGuLL YBIRE W, LSRG » Shateh ld g cr ascal

little no ex ectrons may be on t oating gate and the fl ash
cell may posghstiodiag Ml storedsiauthe dlashicel iy dlteaingtthe anefust @fichargel | . The

bi asi ng voltage applied to the sel ec te in a.read_operatjon,should be
at thegproﬂér’fg@'aﬂpggng @aﬁrdéiﬁ'c?ﬁaﬂ%‘%se'ﬁ‘ﬁlg‘ﬁées\'&ﬂ Ydtaoe s tﬁﬁrfr%sb C@'(il%?%fes VO
03/ 052910 Eg%Té&JS%{y%gcé??rior"Mg@&ﬁ%@?ﬁéry%n"rﬁé@%% ondBAgwot femid s @

conti nui ng neéed er ways
states, being either "programmed" or "erased."

15 According to one prior method, when a flash cell is read, the current
conducted by the flash cell may be compared to a current conducted by a
reference flash cell having a threshold voltage set to a predetermined
reference voltage having a value in the separation range. A single comparator
may make the comparison and output the resuit. When a flash cell is selected

20 for reading, a biasing voltage may be applied to the select gate and the same
biasing voltage may be applied to the select gate of the reference cell. If the
flash cell is programmed, the electrons trapped on the floating gate increase
the threshold voltage such that the selected flash cell conducts less drain
current than the reference flash cell. If the prior flash cell is erased, little or

25  no excess electrons may be on the floating gate and the flash cell may
conduct more drain-source current than the reference cell.

The biasing voltage applied to the select gate in a read operation should

be at the proper value in order to determine whether the memory cell is



to supply a biasing voltage to the flash nenory that allows applications
using flash nenory to operate properly. BRI EF DESCRI PTI ON OF THE DRAW NGS
5 The subwewt/osatd er regarded as the invention is particulParlusopssmd ed out
and distinctly claimed in the concluding portion of the specification. The
i nvention, however, both as to organi zation and nmethod of operation,
together  wWbBrpnegt or “ER_LY eFhus ety ANsaERRINIRERDPfor HBRMr RRSE De
under stood by 10 reference to the follow ng detail ed description when read
with the tecswnpamhiagingvaliperyte the eshonemprGthat gliows anntisrtiensagsiagn t hat

i ncl udes a.pr,ocess |l ock that receives a regul ated
operating Ugﬂ %getﬁaq%qpéﬁq%%e?aetggﬂ%%lﬁ}?i n accordance wth an enbodi nent of the
present invention; 15 FIG 2 is a schematic for a Power-Supply-In-Package
(PSI P) as BRIHFUBES@REATION GF GHEIDRAMANGISG 3 is a timng diagramfor

signal s generated by a standby oscillator and supplied to the regul ator
and a F%wer-SuppI y- I n-Package (PSIP) as illustrated in FIG 1. 20 It w |
be appreci at ed {iak,fj06: Hhatet tdgatdedardite idlédtorPls ddrielabiRbbRbed ofl eMent s
illustrated in the figures have not necessarily been drawn to scale. For
exanpl e, t hed distiontly ctamed is trecofcludieg pbaimmeistherspegiticgtienatidd rel ati ve

to other elenments for cla i{%. €5 DETAI%.ED SCF%P%’I?\I In.the foltkow’ ng
detai | ed dBYEPYPT rb‘?‘l"}'erﬂné? &S Whe@rpizetgLpaf Miethpd of gperaqtion: fOqEINd der 1o
provi de a {Wigr sbjeksUstansls2Bsd BEvaftagdtetHerdtd N i best@vairlerstodd W 03/ 052910

PCT/ US02/ 38710 it will be understood by those skilled in the art that the
pr esentO i nisfartenen tende following detailed description when read with the

accompanying drawings in which:

FIG. 1 is a block diagram that includes a processor and a memory block
that receives a regulated operating voltage from a regulator in accordance
with an embodiment of the present invention;

15 FIG. 2 is a schematic for a Power-Supply-In-Package (PSIP) as
illustrated in FIG. 1; and '

FIG. 3 is a timing diagram for signals generated by a standby oscillator
and supplied to the regulator and a Power-Supply-In-Package (PSIP) as
illustrated in FIG. 1.

20

It will be appreciated that for simplicity and clarity of illustration,
elements illustrated in the figures have not necessarily been drawn to scale.
For example, the dimensions of some of the elements are exaggerated relative

to other elements for clarity.

25 DETAILED DESCRIPTION

In the following detailed description, numerous specific details are set

forth in order to provide a thorough understanding of the invention. However,
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be practiced without these specific details. In other instances, well-known
nmet hods, procedures, conponents and circuits have not been described in
detail sowev3ns9ida o obscure the present invention. 5 The &CThiSvrst7w e
presented in the enbodi nents of the invention may have applications to
products in portable conputing, networking, digital camera applications,

wirel ess tRGHNYOUYIRRBod Y #Bsé 3RAE H tHORE YART thelireskiitisy HARAMMEY
i nstrunmentation and aut onotive applications. It should be further

under st oodbe¢ peactickd withautithsselspediios detaller dn ntheiyndiancasedvélinkneemy 10
systens that ing¢lude way of ex | e .onl.y,, celluylar radiatelephone
communi cat F‘&ﬁh%‘ffs%%e,d%gfér s%mﬂ"“ W%’éﬂ%ﬁ“%ﬁs@gﬁe?ﬁ%éfﬁber?{)'ﬂ'em;,
two-vay r agdémil GONARING IRt dRuRY BleSfeser@NBvaibrand two-way pagers, Personal
Digital Assistants (PDA s) and other hand hel d devi ces. Although not

shown, %he systEin Awepiteeaisiredeesantadsipithy eqenadieents dappdayentios Bay sor 15
control dexé%iap&icgﬂf)as ‘E&@Voo%%\/é ﬁ]epor%béé‘cé%;ﬁﬂﬂng,aﬁ@}wci?%{mgeﬁfgﬁa when used in
a conputer. € Specliftic conmponents and contiguration o t conput er

syst em naycéraetdeimpliabnets, yirélbss prhhologl andapplidecainigens doasumbi ch t he
conputer system may be used. In the foll ow ng{_ description and clains, the
terms " couplasgctsapgsedoen InsmeRtaip™ ang auipmetive anpdcetions: | F&PrvidLe nay be
used. 11 SHOUlD BRierdlBd@HAARM oAb LRBRSCH Heflin My BOLsdhPRdRY as
synonyns for each other. ther, 1n particular enbodi nents, "connected
may bel@sedydtomsntiat aictudehdly waywof exampleeordy eralinkas radietelaphdneect physi cal

ol ement s aFOTITINRAHBE ISHSF oot GerauE TR el O plaoms,
cont act i LR e R e o o R ek i th each
ot her. FI GPerbonal RighhbAksisliaaty LIRAE) and pthesrhand helthdeviess.i Athadgh a
iprnogessor ngpsﬁgvg/n?th%esr{/%wmbr%g\? Fnc?u%etahgllspg?/sdelv?cvg, %(i;[eiy gar%lr,]% csutré"‘onrdby pover
15 control device, a hard copy device, or a sound sampling device when used in
a computer. The specific components and configuration of the computer
system may be determined by the particular applications for which the
computer system may be used.
in the following description and claims, the terms “coupled” and
20 “connected,” along with their derivatives, may be used. It should be
understood that these terms are not intended as synonyms for each other.
Rather, in particular embodiments, “connected” may be used to indicate that
two or more elements are in direct physical or electrical contact with each
other. “Coupled” may mean that two or more elements are in direct physical
25  or electrical contact. However, “coupled” may also mean that two or more
elements are not in direct contact with each other, but yet still co-operate or
interact with each other.

FIG. 1 is a block diagram of a system 10 that may include a processor

20 and a memory block 30 that has low active and standby power in
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WO 03/ 052910 PCT/ US02/ 38710 accordance with an enbodi nent of the present

i nvention. Processor 20 may be a m croprocessor, a mcrocontroller, a
Reduced Iwetmsuosion Set Conputing (R SC) processor, an ARETNSowss31d r om ARM
Hol di ngs in Canbridge, England, a StrongARMIM core or an XScal eTM core from
Intel Corporation in Santa Clara, 5 California, or an enbedded core,

al t hough th&:3eaRe WithtdteeRbESRNt R YISS bicdBnt inSeRGén.| PRAde8Sor 20 tiHys
respect. Unless specifically stated otherw se, as apparent fromthe

fol | owi ng bé soussensessor, & Mierppericeliar ed Reduced stugtionSet kemmpiegi i cat i on

the inventj elates 1ot act i an (A1 e . i an
operating (@SFLB%O%GS?O%S bl%ocfgq%nt @{l '-li)osk%gg%?no%?‘%tg{'gsgg%r@ée%i ng the
10 progr angedrdyARMMAEEY 6F an B ay"es6rt frorivetl ICorpdiratomppbacatdlans in a

variety of products. A device 70 includes a read control block 40, a

regul at®r 6elifornai er agambgdden aoi@. @houghithe sqoRsdfythgSEeIanaddensiont hat nay
be integrate e K A I L r romthe
envi ronman{S rﬂo}vﬂéﬁ 'E‘;Bd pac%aéeg%%? liﬁltg &F %@%lf‘/éekﬁvcsq\j\nmltd %h% Rﬁﬁ?’r%w gagg?ltfe scope
of the pregent thd foenlingdiscusachss; oinisraplprdaliated thé, thregpHaoat ahe 50, | ogi ¢ gates
55 and 65 and__standby oscillator 60 may be off-chi not integrated

Sl , 1.e.,
on the san@Pedilisatiopiiigdpwentipngeldes g Aq|ogandder pﬁ%"ﬁ?ﬁﬁér"fﬂ?ﬁ‘ﬁﬁr'”@l ock,
al so refer i ; ¥1ddk BREKATE abPridibtdfor rBRYIng 86&1 Ve 2
vol t age po%@% Fg"‘\q‘”gé"?@?g\?gfngéﬁgﬂ#’r om a:g(gut 1 \?gFt pFo ab(;urt 3m volts and
provi de r egrdgaaramedCdatat HovaeveonfHegrreaditensergjmnyhasodpdigationsain @ anges from
about 4 volts to abo(ﬁt 6 volts. Alternatively, PSIP 80 nmay receive a
vol t age poV@mtyaf Arad¥itiy from about 4 volts to about 6 volts and provide

regul ator 50 W jRyeQide0id iRl LredRidintrol BRIk ML o RBLIESGSESIohicom about 1
volt to about 3.6 volts. It should be noted 25 that neither the input

vol t age potetesiZ avdl6de andra sthedipuosilateupplthat viay dpeintagidied Withi t s t he
scope of the i,on. P e 90 des, protection for nenory

SO eSO S RPN s B IRV BE B O o
PSI P 805 apdcisy ddclawdenatively, without narrowing the scope of the present
invention, read control block 40, regulator 50, logic gates 55 and 65 and
standby oscillator 60 may be off-chip, i.e., not integrated on the same
semiconductor die as memory block 30. A power supply block, also referred
to as a Power-Supply-In-Package (PSIP) 80, may receive a voltage potential
20 (V) ranging from about 1 volt to about 3.6 volts and provide regulator 50 with
a configurable supply voltage that ranges from about 4 volts to about 6 volts.
Alternatively, PSIP 80 may receive a voltage potential ranging from about 4
volts to about 6 volts and provide regulator 50 with a configurable supply
voltage that ranges from about 1 volt to about 3.6 volts. It should be noted
25  that neither the input voltage potential value nor the output supply voltage
value limits the scope of the present invention.
Package 90 provides protection for memory block 30, read control
block 40, regulator 50, standby oscillator 60 and PSIP 80, and may include
plastic packaging, ceramic packaging, Chip-on-Board (COB), Direct-Chip-
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pl asti ¢ packagi ng, ceram c packagi ng, Chip-on-Board (COB), Direct-Chip 4 WO
03/ 052910 PCT/US02/ 38710 Attach (DCA), Chip-Scal e-Packages (CSPs), or
ot hers. PRaoOkags990 may include lead franes, wre bonds, fCirseksgyi@nd bal
bonding, or glob top sealing. It is intended that neither the materials
used in the package nor the nethods for providing electrical contacts

limt the saape (9EA] F@h.ermba&dgey@%§P9nor BiferdaPutbigigeldd iy be

connected to the output term nal 80 to store energy and provide a
sulopl y vol ma@ldedéa(hﬁ@mesm\l\w@ h@dscawawm end el bOﬁdV\QhQVGIO@ ®&paci t ance

val ue rangln fr m cr. al t hough
this is not® i eé(%h?wée'ﬁ}eé @ a&%\'/ag%&g%dnph r‘%% géﬂ ﬁ/he °

capaci tor ﬂqg%d@,onb%rJ\ﬂdlﬁg@lé&Néd]@oﬁtehﬂt@hmlift theadcopé lof eh@pebsennt egr at ed with
read control block 40, regulator 50 and nenory bl ock 30. In another

enbodi entinveaiieici t or 100 may be placed within PSIP 80, although the

pl acenment of c
B Thoven ot <rRagPAdlordi I sdylhid 8 babl Mgl Fos Pl BUSR L,

80 may gengodd enérgyupl movﬂbtaagﬂ)m%abltas\gae/ofomoqmcﬁmdm CapadieectQfhi ¢ devi ces
out si de of package 90. In these applicati ons 18(2 I‘OVI de 8 current
based on aM&yaye %W%G??%V%‘UE(SW'&Q H9ThgLe e PB@PF%H&% 480PEet0 The

sel ection %nﬁbméfanﬁ% HBifls f%ﬁsﬁ&% opwgsre%zémhvem%mrow de the
supply voltage nay be etermn y a value of a data bit stored in a

| at ch 10 rAgestaawel’&oca;bmltotm;@(bmaqm#gededuﬂndemgsaolhlgh/akr@ebomcrmd The latch
or register ed W oces or, may be | ded with the
sem conduct”é‘?g H“é\/YV FHPHOIpQ ik Eftf’r 58 PG e Bfé’ Et:,l“r¢)<';\ ﬁ;'t
l'ocation of,4iher leﬁltogaln@ént &sgdo'ﬂtoeﬁobemay Ik Tidcldi WihiBf PSIPB®reHengh
invention. It shoul'd be understood that by design, either PSIP 80 or the

ext ernal sthe gleceragntoel chpsicgaaf 6@ iasot ndinittigefafuhe meﬁe@@meyltlpne operating
DLt 2L i & RSB S E supli s B SOl bRt o m e
15 80 may generate a supply voltage that may be provided to electronic devices
outside of package 90. in these applications, PSIP 80 may provide a current
based on a sum of the currents conducted by the electronic devices. The
selection of either PSIP 80 or an external power supply to provide the supply
voltage may be determined by a value of a data bit stored in a latch or register
20 that may be changed under software control. The latch or register may be
located within processor 20 or may be included with the semiconductor
devices within package 90. It is not intended that the location of the latch or
register be a limitation of the present invention. It should be understood that
by design, either PSIP 80 or the external source may be designated as the
25  default to supply the operating potential in a power-up sequence. Thus, the
stored data bit may determine whether PSIP 80 or an external source supplies
regulator 50 with the operating potential. Following power-up and a time
period that allows voltage potentials to stabilize, a signal may be provided to

indicate that the word line paths in memory block 30 have charged to the

5



regul ator 50 with the operating potential. Follow ng power-up and a tine
period that allows voltage potentials to stabilize, a signal nay be

provi ded wo o3josmdiicat e t hat the word |line paths in nmenory PpCoako38s7ave
charged to the 5 WO 03/052910 PCT/ US02/ 38710 read |levels, enabling data to
be read fromthe nenory and used by processor 20. The word |ine path

provi des age@3svdl) dnBligntetofo bdfatl faem thelmemony dttusaeiBpbibcabsey. An
out put of regulator 50 nay be connected to nenory block 30 to 5 provi de

si gnal s of 2@bdie worgl W@@htmov'ﬁes ABFRSSYLO tBPtgﬁ&J@hfh%ﬂa%Wlks igfthe he  si gnal
IS not Ilr‘rpn %ﬁ the scope of the present invention. Thus, read signals
to the nenory c% gy may transition between about zero volts (ground
potential) and Ahmeutput ®fGegulbtor |5viekby bdotomntb@t toheemeadbkicgrddl td s t he

vol tage. supplied t? theggat es of selected flash cel]s when the data stored

by the ¥ | aRRVidersigna Wt BV qlEsaty. thermemgn Fliheuah das Yelys T ithat

capaci tor 4414 l§h@¥‘ﬂmﬁtﬂwgﬂoethe SoobBRIT GRS Rrésehb fv@Atien CamRs! FaaGlgils
transi stors (not shown) "and the "capacitance of interconnect routing

associ at edtonihiehmeimery ealth siagricdnsitiCapzatimesn abmuuaermwlﬂsa(@ebtmdval ue, for

| h hin, th f b 0, 000
o1 cofar adsoaniAbah A ccapat e AR s 8 sed BOBIR MR BRI s cope o

t he presenfydohegnb Itﬁélga&a&t SedtiEPkladh e6lls dBerade aé&vstdaaoabwtrw%sﬁ hat is
OR ed wth a signal generated by standby oscillator 60, and the output

si gnal10f @rusgatbemsaea@upmhwd be undgisiteedthad GapFeitors] b%ahown dmFt@ad
control block 40 o] r st andb
oscil | at or? %Dreﬁergméﬂ § acgé&%f_& %’ns'%ﬁg:ﬂ%{t 3%8%”8 atnfd tg'g] suppl i gd to

PSI P 80. T&&t&mt&h@&dﬁbﬁt@%@hhécﬁtr@mn@@amlatg@mtmtf& tead stgrgmalCapawitdrh one

signal used by PSIP 80 to control the charge pplied to c itor 100 and
the other $1gmaady hawya yplueeéRn %namp'whﬁb'sc%hm%e BRge Bﬁépalétp@@%pl ied to

gfpggl tor JidBrardRY ¥odUtofk 086 JidtalftisVaRbUdh HiPESITRAREIRMer Rz tted to

15  not limit the scope of the present invention.
Read control block 40 may provide a signal that is OR’ed with a signal
generated by standby oscillator 60, and the output signal of OR-gate 55
supplied to regulator 50. The signal from read control block 40 may also be
OR’ed with another signal from standby oscillator 60, and the output ENABLE
20 signal of OR-gate 65 supplied to PSIP 80. Thus, standby oscillator 60 may
generate two signal;, with one signal used by PSIP 80 to control the charge
supplied to capacitor 100 and the other signal used by regulator 50 to control
the charge supplied to capacitor 110.
Memory block 30 may be used to store messages transmitted to or by
25 system 10. Memory block 30 may also optionally be used to store
instructions that are executed by processor 20 during operation, and may be
used to store user data such as the conditions for when a message may be
transmitted. In one embodiment, the memory cells in memory block 30 may

be flash cells. The flash cell may be a multi-level flash cell capable of being in
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25 system 10. Menory bl ock 30 may al so optionally be used to store
instructions that are executed by processor 20 during operation, and may be
used to sworog/osever data such as the conditions for when aPeEdasayss7may be
transmtted. In one enbodinent, the nmenory cells in nenory block 30 may be
flash cells. The flash cell may be a nmulti-level flash cell capable of
being in &h&bﬂ%\%ﬂ%ﬁldﬁ%t&)z\haﬁﬁé@tmem thé flaslveehimagnasd oglicsted es, and

the state of the flash, cell e indicated b ne or nore binary blts
with the s‘P\éPB%Oéé‘iPé?é’ﬂ%Vt?ytsa @‘p UeATPIES SeRAGESD By ARGPARAUEKERBFe, t he

first state maypeReYBaSenidE thewrst sﬁa?@%y@nco%‘a&@%l%tw D6
indicated by two bits, with both bits being logic 1's in 5 an erased m)de

The secondvdmeﬁlﬂnﬂdﬂei'@Eé@dlmydﬁe ﬁvvmbtte,twahmoth@gtsdvemaﬂo-&1 ofin01 and 10

g?gg£ gfr‘r’rrfeggnrr% 8. &%? er na I ncg %{ﬁ"q%dP%gp%e'?‘ﬁgithd gétg’g byrrﬁgl Ci gd;sclatneat he

| owest ranggued ool tagero aﬁai théwod"r'trgbesé nfaarrl@@m@fcavm ba®esh BRY beligy
i ndi cated by both bits being logic 1 uld be noted that the type of
10 nenory 08190’ 6r‘”taH€°ﬁLﬂ*i"b@Pd Ghods: aABgrraaéanla?th pikg be'ﬂaéoee&p%rw t he

present I'HM lo@%e%?'?aﬁ’ | Gt Vdie g’é@%ﬂ&%h&‘?ﬁd %?zésqg@acg ﬁf gali4iy gate may

behave as a ect t ansi st havi n age that may

i NnCrease aise rmiacraged biy o odial thétd ttemg logicf 1'satli algo@dﬂoe nofbe tieatnohyg thee af nunber of
differ 5 sense mount of ch stored on the floating gate
of the%rren‘ﬂ')‘f%‘o&éf:la or fR% Ry e'u’ﬂ PIRERS dRsisity! 'g'ﬁéh%éF‘PpecﬁPW’eﬁ?”a Menory
cell when @ygomsgiant voltage is applied to the select gate of the nenory
cell, sensing the anobunt of voltage at the select gate to give rise to an
expected cel | dunpevoldtie meneorymetichgt bad & floating gats imey PehFhe as@ope of the
present in nmted hod used to sense the anount

P oo o U8 ey hRpRlen nairer s t2sRYia yPTaRE Wty Ftap oo hargd's 0
schemati ¢ idizage@nb Ahe FSkih$Qafts FREPIMANDEIaGrurdberRSH dTff8Rnt ways to

15  sense the amount of charge stored on the floating gate of the memory cell.
Methods include sensing the cell current of a memory cell when a constant
voltage is applied to the select gate of the memory cell, sensing the amount
of voltage at the select gate to give rise to an expected cell current for the
memory cell, among others. The scope of the present invention is not limited

20 by the method used to sense the amount of charge stored on the floating gate
of the memory cell.

FIG. 2 is a schematic diagram of PSIP 80 as shown in FIG. 1. PSIP 80
may receive a voltage potential (V) ranging from about 1 volt to about 3.6
volts at one terminal of an inductor 130. Inductor 130 may be provided as an

25 external component of PSIP 80 or integrated as part of PSIP 80, with either
embodiment included in the present invention. A resistor 140 represents the
resistance of inductor 130 and may be shown connected in series with
inductor 130. A semiconductor PN junction device such as, for example,

diode-connected transistor 160, may be coupled between a terminal of
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may receive a voltage potential (V) ranging fromabout 1 volt to about 3.6
volts at one termnal of an inductor 130. Inductor 130 may be provi ded as
an 25 extwpmaloswonrponent of PSIP 80 or integrated as part Pofi/URE/88780, with
ei ther enbodi nent included in the present invention. A resistor 140
represents the resistance of inductor 130 and nmay be shown connected in

Seri es Wt fhoidk 8eaban A0, By RBLEBREURHAN BN g0t 9fl deyPOOSHEI 2, Tor

exanpl e, e- connected ansir st or e coup ween a term nal

of 7 WO 036&5&%%%91Bg%yf%/c%gizépted{}%sj%ﬁto%\'ﬁp@t“t@rrﬁi!?\gl.aﬂ RithiBYtofnode or

term nal that provides the signal capacitor 165 nmay be connected

to the out mmsistorsrmande.codpldnimweeh the suttumodemndberafetepbegobattigben t he

out put node and reference potential, s ex | e round.
Resistors { ,asﬂgﬁf GT@BPEI _.9,"9%’0 '%%‘??ﬁoés E‘;G’ei‘ggt igbvo! ?QQJOHP\% der havi ng
tap poimt Sr&ﬁgtwe@éltéd’éedif/i@%t Bh@ANG tapNBb@td BatweatMheS@Bistdrs. M@ﬁﬁaﬁUCh as,
for exanple, a capacitor voltage-divider network nay be used instead of

t he resi st @ny sendingeckrnoe gueh ag o sKpBIPY, GgtapapiteckoltrE-divider pelyverkt a
val ues thr d ; i.nagl . may be | atched and used to
ﬁﬁégrbe gée%l lﬁwg{e{ygnog tf\g 68§|ﬁt§§bglt§§e—{jﬂg}f{) y

provi de se Signa crrcui Tap circuit 210 nmay have
i nputs connect ed doatriohkRdgicablopki23i0sreoéivef dateegdlsé¢Othryodh dge-dimindér . A
regul ation circui ave an i nput connﬁct ed to an output of tap

t 220 h
circui t 210f Balf '%%hwemg%ﬁd?tqhsd@@ééwe faProYife spleal SIRBRBRENCIEPVOLTAGE
st gnal 4o AncoLlfiPYY 00 TP Y Galel infald cdiMécRA GOmRaEh §idie o8 contr ol

596 ned
term na o?' a transistor 1 O.QQhe first current 15 conduction term nal of
t ransi st or tHebfesivagr atapetdividdr.t A repelatomevouit @@0meey iheve ah in@gi st or 140 and

di ode-connected transistor 160 and th ecpnd rrent conduction term nal
Ty be CouRPUPLES 5P FREUIMICY BOCHRLTE O STLANES! gt 45 SRR T ound.  The

first currgptmaPREIOLENGE VIIMAGE sghal Ah RIS redatiBRYIrBEI 220c0Nnect ed
to an end of the voltage-divider, i.e., to a termnal of resistor 200.
may be connected to a control terminal of a transistor 150. The first current
15 conduction terminal of transistor 150 may be coupled to the common
connection of resistor 140 and diode-connected transistor 160 and the
second current conduction terminal may be coupled to a reference potential
such as, for example, ground.
The first current conducting terminal of a transistor 250 may be
20 connected to an end of the voltage-divider, i.e., to a terminal of resistor 200.
The second current conducing terminal of transistor 250 may be connected to
ground. The control terminal of transistor 250 may be coupled to receive an
enable signal from OR-gate 65 (see FIG. 1). An inverter 260 may couple the
control terminal of transistor 250 to the control terminal of transistor 270.
25  The conduction terminals of transistor 270 may couple the output of tap
circuit 210 to ground.
FIG. 3 is a timing diagram for the two signals generated by standby
oscillator 60 and supplied to regulator 50 and PSIP 80 (see FIG. 1). The

horizontal axis represents time and the vertical axis represents a voltage. In
8



The second current conducing termnal of transistor 250 may be connected to
ground. The control term nal of transistor 250 nmay be coupled to receive an
enabl e siwypaB/ofom OR-gate 65 (see FIG 1). An inverter 200Tnmsy2/s0wupl e t he
control termnal of transistor 250 to the control term nal of transistor

270. 25 The conduction termnals of transistor 270 nmay coupl e the output of

tap circupbrtidlfrt wageumd3oF iilastratdsstha tirhifgrfgr eheagyasa that nidyed Wo si gnal s
generated by st ande:y oscillator 60 and_supgl ied to regul ator 50 and PSIP
80 (see FI &rplied tpfSIPIRG} 1o eontael theichaiding aseagitor if0anavarwie32@ cal axi s

[ epr esent s dsitaldsafgt ildcfriOsite A BBl @%ﬁ%gﬁp@%ﬁ%@# ar,

waveform 3 ustrates mng for the signa supplied to

PSI P 80 t0yiaRtibengtie WAMDRSG 1 uﬁ%{gg@s%ﬂé iiHAg ¢ fﬁgﬁ%ﬁ%& miawst rates

that the charge stored on capacitor may be reéeplenished at tifmes to and

t 3. Vavef obgsdpPlidd 1siguri:es50 ke cbhffoNthel tthe R QviSiE IR BRArgE N supBiedobe
supplied to regulator 50 to control the tinme at which charge is supplied to

capaci t or ¢tamacitpaddOor Waystrrim BaQdliustiates that theeharaasgeredtady eapagiiotapaci t or
110 may be replenished at tines to, t1, t2, t3 and t4. QOperating in the
read node (18fBRY PRJeRIgNIShed at Timesdosy, t2eBPeoldt rol bl ock 40 may provi de
a signal through OR- gate 55 to regqulator. 50 10 through OR-gate 65 to
PSIP 80. In resgBﬁ@EﬂPdntﬂPn‘“er‘?a@c@P %(S‘ei?raﬂ%lt?%ggﬁ'lﬂ aod 3&3&36&‘?8 Ste a supply

vol tage of hrlaRUID Fra) d)fBbiH% PG AAMLR @R-g;‘d’fé §5%0QbquIgRPWo WP m croanps to
regul ator 50. About 90 to 100 m croanps of this current nmay be consuned in

circuit@y wirohgm ORegateat@to BS|P 8Ad Inaesgpvnpe to tke receinsidrsianglABBIPB@r oanps of

current may_ be used in_charging capacit C1,.10. 15 By, keepin apacitor
110 char gell v edt ¥ty Sofagar g o et prgdoRte SRR 4 he ol gnal
at the propesutsES inigrostdsaeerefaltdIeSGUPRBLLEDONUS THIRIIdtoakipedf tB@. Thus,
read control block 40, regul ator 50, standby oscillator 60 and PSIP 80

cooper at e E@TenipPrY bRoransimeddn heuity Wb regulaterddQ.sanderpapbly; ghe

remaining 400 microamps of current may be used in charging capacitor C110.

15 By keeping capacitor 110 charged to a operating voltage of about 5.4 volts, a
word line signal at the proper biasing voltage may be supplied to memory
block 30. Thus, read control block 40, regulator 50, standby oscillator 60
and PSIP 80 cooperate to supply word lines having about 5.4 volits levels to
the select gate of the selected flash cells of memory block 30. By providing a

20 proper voltage level, the “erased” value or “programmed” value stored in the
flash cell may be correctly determined.

Operating in the standby mode, device 70 may receive a supply voltage
from PSIP 80. The power consumed in the standby mode may be reduced to
conserve battery strength for portable system 10 by using the two signals

25 generated by standby oscillator 60, one signal for regulator 50 and the other
signal for PSIP 80. In particular, a signal like the one illustrated by waveform
300 may be generated by standby oscillator 60 and supplied to PSIP 80 to

control the charge stored on capacitor 100. This signal may be a pulse



the select gate of the selected flash cells of nmenory block 30. By
providing a 20 proper voltage level, the "erased" val ue or "programed"

val ue st owedsioseothhe flash cell nmay be correctly determ nedT/USpEsstd ng i n

t he standby node, device 70 nmay receive a supply voltage from PSIP 80. The
power consunmed in the standby node may be reduced to conserve battery

strength fQippmed all 30 Mimt&sBntGaky tHasinigy b ective s bk 9025 generat ed by
standby oscillator 60, one signal for regulator 50 and the other signal

for PSIP 8micrpseqeadsi eithaugh tissisdgiedla limikatiqmef Bieepriepenisinventéd- by wavef orm
300 may be Y., SL L] ].a | i PSIP 80 to
control th%gﬁﬁigrgéggtrg'%{a egﬁg%éf)g%ct@re’ %gg;. gghrﬁggé%g%‘aél &I%g%é gré a pulse 9 WO
03/ 052910 &4pEcticP20887Ad the)mpbvied aasupply3doitagel toseguolatbrrzQ i & harigenay be

active for about 20 nm croseconds, althoagh this is not alimtation of the
pr esent® i n{rEeaBIRle. [9fAbRYt OHR VoS 19 ePeLee dRliSacti ve time, PSIP 80 may

restore char ge AlnGARARAL fke Hi0ond skl b LRVLARAS FUPRLY peo! tage Lo

regulator 50 in a rang exanpl e, of ‘about 5.6 volts to about 6
vol ts. Anogdrerateidgnastantibkestilaoo6® arld sigipliad éd régulsiav &OotoneBid)] thay be

generated by standby oscillato 0_.and supplied to regul ator 50 to control
the char ggﬁgﬁﬁéﬂeéﬁn&?}?&ﬂt?hi1?‘16%'%?1'%&5'?6‘65?arﬁét S%é’% BRY g% that nay be
active fora@hrifor 3bBLEBOSRERESNEHBIPPIRE adla rAtd Bl rhh@ds fréMa@puk r om about
10 600 m croseconds to about 900 m croseconds, although this is not a

lim ltat@ on6@@ mikroseeendmto s micrpeedang'st Akhaigh dvoisardred active ti ne,
t 0. t t he. char . i i ntaj h
0oL, B0ty T QPRh R CHRA B0 BORBE S DstAReh ORI L

cr '
vol t age s su o” nenory blIoc range of

about 5.2 rggeldtsr 60 adPrEst&redht @hbifge ditspaditar tThe ot raaiiesin Mhe eoltagandby
oscillator 60 15 may supply a signal used bg negulator 50 to periodically
repl ace t hievplagfawiotd tines adelge te nereery klegl 3Qiis dhairdes YAt ®of 110. In

effect. Capdd t@bndh® MoitsPCTiRIPEb DnBBY Mdle, YidHddGRLAaRs erpaci tor

15 may supply a signal used by regulator 50 to periodically replace the parasitic
leakage current that discharges capacitor 110. In effect, capacitor 110 may
be charged by partially discharging capacitor 100.
In one embodiment, the signal provided to regulator 50 may be about
35 times higher in frequency than the signal provided to PSIP 80, although
20 this is not a limitation of the present invention. Thus, the signal generated by
standby oscillator 60 may replenish‘the charge stored on capacitor 110 more
frequently than charge stored on capacitor 110. By incorporating these two
separate signals to separately control the charging of capacitors 100 and 110,
memory block 30 may have with a low power consumption in the standby
25 mode.
The operation of PSIP 80 may be described with reference to FIG. 2.
An ENABLE signal allows transistor 150 to alternately switch between a
conductive state and a nonconductive state. When transistor 150 is being

switched, the voltage generated by a changing current flowing through

10



I n one enbodi nent, the signal provided to regulator 50 nmay be about 35
times higher in frequency than the signal provided to PSIP 80, although 20
this is rwOoaokd9mé t ati on of the present invention. Thus, PoE/USOZBRIILO
generated by standby oscillator 60 rmay repl enish the charge stored on
capacitor 110 nore frequently than charge stored on capacitor 110. By

i ncor por at iftlictdreR30 Y bé as & mcda@Bahs chargeapareat &l yagHeibf @h ot he
chargi ng of capacitors 100 and 110, nenory block 30 may have with a | ow

power cons(ggetdapacitor 1 he is FEdby RTFesdidek |dde neyeserte ane 0blt&y o8O nmay be
described with reference to FIG 2. An ENABLE signal allows transistor 150
t o al t er natstl gopttot tite dettokipg of traneistirctd W earst tieectandoatrobiiheorivugd | ve

state. Wien transistor. 150 is bein w tched th 0 e nerated by a
changi ng cﬁW@%t‘qua&ﬁf'ﬁ@{ ?m'oﬁ\g‘?{ef%’%%c@ 885 géliggg?aé%%i@ @i nduct or
130 naysbe vUﬁ@@b—Hﬂide‘ﬂWa@ﬁ@etaP%irﬁB&hﬂﬁ voHieh @dtapoRaga eidybe deldbted( See

capacitor 110 in FIG 1). A teedback | oop may sense the voltage VOUT and

cont rol thdhswpp yaitage ofelagteghby s cirgdo 218nthayhes passedderegdlptiome char ge
stored on %ﬁ,gagizkgr 110. More specifically, resistors 170-200 may forma 5
vol t age-di vider "having tap points fromwhich a tap voltage may be sel ected.

The tap vol t ageRegehien enlclily 20amobhpares the2fd, vartigebeitipass@UTAGEr egul at i on
circuit 220. Regul ation circuit 220 conmpares the tap voltage with a VOLTACGE
REFERENCE R5FEBRNEB totapatobieueandistion of temsisierot A58y Wy RagxamPxanyl e,

L0 1 he, ¥OL TR OTFARE-REFEAENCE NS ﬁ?\}%vgfgfof%get{{ 153 JolOpha tfified e tap

vol t age receive romtap circuit b may have a va out 1.0
volts. | n wbhltsgexaepled, fremheaap eppliy blaxkt 2@ Mé Navesy vilae détabpat hell t o have a
value that is below a desired supply voltage and transistor 150 rmay

al t er nat el yobie. dmihis lexdmipss, wbesupply votade dMouTenantie dererovuisttd havesaat e. 15

The changing current in inductor 130 provides additional charge that may be
value that is below a desired supply voltage and transistor 150 may

alternately be switched between the conductive and nonconductive state.

15 The changing current in inductor 130 provides additional charge that may be
stored on capacitor 110. Thus, the supply voltage VOUT may be increased

until the desired supply voltage is reached.
In another example, the VOLTAGE REFERENCE may have a value of

about 1.3 volts and the tap voltage received from tap circuit block 210 may
20 have a value of about 1.4 volts. In this example, the supply voltage VouT

may be determined to have a value that is above the desired supply voltage
and transistor 150 is not switched between the conductive state and the

nonconductive state. In this example, additional charge is not stored on
capacitor 110 and the supply voltage VOUT is not increased.

25 Control logic block 230 may be used along with the resistor voltage-
divider and tap circuit block 210 to set the value of VouT and further control

the granularity of changes provided in the supply voltage VouT. Control logic

11



stored on capacitor 110. Thus, the supply voltage VOUT nmay be increased
until the desired supply voltage is reached. In another exanple, the
VOLTAGE REPHREMTGE) may have a val ue of about 1.3 volts anecCrhmsor/sgiiovol t age
received fromtap circuit block 210 may 20 have a value of about 1.4
volts. In this exanple, the supply voltage VOUT may be determ ned to have a
val ue t hat blosk @30vikead inputieR reediveulipd yahies tixgemapeihér B ph&t ired 50 i's not
swi tched between the conductive state and the nonconductive state. In this
exanpl e, afRitYRHRR OrcHRBENNEd figia Yelype ArQydedusing Misocede uader t he suppl y
vol tage VOUT is not ir]creased. 5 Con@rg_l | ogi ¢ bl ock 230 maty be used al ong
with the r&Wag: coFre Lfsystinyi'PerSuath afisteents forthgsgerlvMAltags AT 1 he
val ue of VOUT .and fuyther cont r.otl tre %r.a‘r;%l §ri.té of ,cgaér%ges, rovided in
the suppl y G¥I9%g8Y ISINhA{FATLOT ¥Gitegerdvigsr H3ayiss sudlp F38710
bl ock 280 BasvaypubsgarhSlel 8G6divor dakagalalvitrRs haliml fBBY 1Rl bdIRts Mayhagd wired
data val ues or rog‘r ammed data val ues provided using mcrocode under

i

sof t war e cHHe dafa walugs e eplpapihegenlvoltagpuehile atresisier vieliagerdplidervol t age VOUT
may be proyi i i (Y - dj.yl Vi nultiple tap
por nt's. |5 PRt elehy 2 BolifE iy o ol To stk e T o dRour ¢ ap
poi nts mayThss thewesidataf conltiod odiobkek &30, tthe cirafit YRIckao andkhee a resi stor
vol t age-di vi der having eight tap points may use three data values to
sel ect t he'SSigEon Wltaggedividengantrelifbe geanulpityfof chanees proyisled BIthek 230, tap
circuit, block 210 and the resistor voltage-divider control the granularity
of charfyesSPYVaEes ¥OUhe 10 supply voltage VOUT. In additional to the
granularity provided for the value VOUT, the desired value for VOUT nmay be
adj usted up or lo@additippaptothedgragularineproyistes feakhrevalge et th désikgidc bl ock
230. The new data val ue provides a new tap voltage selected from another
tap poi nt vaiu¢ fier Yest stagrbevadjtusigd-ugh an diwwn byheovidingt aped/Sdatevibagetol S
conpared with the VOLTAGE REFERENCE and transistor 150

control logic block 230. The new data value provides a new tap voltage

selected from another tap point in the resistor voltage-divider. The new tap

15 voltage is compared with the VOLTAGE REFERENCE and transistor 150
switched accordingly. Thus, the supply voltage VOUT may be adjusted to

reach a desired voltage. Upon reaching the desired voltage, the tap voltage
and the VOLTAGE REFERENCE value may have equal values. Note that
transistors 250 and 270, in accordance with the ENABLE signal, determine

20 when PSIP 80 may make adjustments to the supply voltage VOUT.

While certain features of the invention have been illustrated and
described herein, many modifications, substitutions, changes, and equivalents
will now occur to those skilled in the art. It is, therefore, to be understood
that the appended claims are intended to cover all such modifications and

25 changes as fall within the true spirit of the invention.

12



swi tched accordingly. Thus, the supply voltage VOUT may be adjusted.to
reach a desired voltage. Upon reaching the desired voltage, the tap voltage
and t he WDTAGRIREFERENCE val ue may have equal val ues. NofPeTUsSar/38710

transi stors 250 and 270, in accordance with the ENABLE signal, determ ne 20
when PSIP 80 may nmake adjustnents to the supply voltage VouT. Wile
certain fe&tames of the invention have been illustrated and described
herei n, many nodi fications, substitutions, changes, and equivalents wl]l
now occur to those skilled in the art. It is, therefore, to be understood
that the appended cl f t ns and
25 changes as fgll vﬁgpﬁlﬁét@g'n{érﬁgggg} ??nﬁﬁ%%gﬁ%‘%l\ﬁ%gﬁﬁ q}Otfgg%‘ba

03/ 052910 POPHESOZUBBIYIAN o@pait wetredt, wheatewi & potti@ni ofghamuitpypudurtesitini nal to
recelv an_in vol tage, an nod 0 supply an qutput current, wherein a
porti on of g?’f‘\&aﬁ?ﬁt ﬁ?'e‘%ﬁpﬁ %’nga @WF&Q ‘%”%fér%&'ﬁbﬁéfogt@%%lb%fﬂ@r\%l tage to
conpare Wt&c@nt\/(ﬁﬂthagﬁ;t@ﬁf@jrﬁﬁilﬁe to control the output current. 2. The
device of claim1, further conprising an inductor having a first end
coupled to the |nput term nal and a second end coupl ed to the output 10
node, wherein t C current .suppl i the node. 3.
The device of cTai mpq'lé# gfgtg:gﬁrr;r‘fhhﬁher Com/pcﬂsf'};?gg'g) ha VE5UBI ed

bet ween t héirsnead cangleal @rmndpmmemnal andvaeyeebiid Ehe cﬁ@bl’&eags-tﬂé \Gugia
recei veos the portl on of the output current. 15 4. The device of claim 3,

furthet9c 'Pl"gj'e'“a“"tedﬁd‘é‘?tpbﬁP'ﬁdLFféWMCWﬁ?Mt%JP@b%F%H“Q Bod@p points of
t he reS|stor voltage- divider; and a control block to receive data val ues
to select one of the tap poi nts. 20

3. The device of claim 1, further comprising a voltage-divider

coupled between the node and a ground terminal, wherein the voltage-divider

receives the portion of the output current.

15
4. The device of claim 3, further comprising:
a tap circuit having inputs coupled to tap points of the resistor voltage-
divider; and
a control block to receive data values to select one of the tap points.
20

5. The device of claim 2, further comprising:
a regulation circuit to receive the voltage reference and the feedback
voltage selected from one of the tap points; and
a transistor having a control terminal coupled to the regulation circuit
25  and current carrying terminals coupled to the second end of the inductor and

the ground terminal.

6. The device of claim 5, wherein the inductor and transistor are

formed on one semiconductor chip.

13



5. The device of claim2, further conprising: a regulation circuit to
receive the voltage reference and the feedback voltage selected from one
of the tawomaiom9s) and a transi stor having a control ternPoalusopsgihed to
the regulation circuit 25 and current carrying termnals coupled to the
second end of the inductor and the ground termnal. 6. The device of claim
5, wherein the inductor and transistor are fornmed on one sem conductor
chip. 13 WO 03/052910 PCT/ US02/38710 7. The device of claim2, further
conprising a sefi condifc¥DFCPRI Flaie 4 Snrthrnsararisiug pegieendusion M¥ second

end of thejjRaYAiRUIRDILRE BGdRen tRe %ef&\odgr‘((':i 0P th S RURELGH A th@hogrduct or

having a first termnal to receive a voltage and a secon term nal” coupl ed
to an out put of the device; a voltage-divider coupled between the output of
t he device and grpund. termnal. 10 a tap circuit having inputs coupl ed
to tap Points of thé‘g\‘i]SV‘tcﬁg‘éQ'BPU?'Bg‘r; a control block coupled to receive

data val ues andaprvicest Havigda dirsttt@rminBPtd RRefelLHbitadelarkh 86tordy t@p poi Nt
a regulation circuit to recelive a voltage reference and a tap voltage from

the tap pofgiminam@uplpdasoran eytpui ahghesdericdiavi ng a control ternminal coupl ed
to the regul ati | Leutt o and cunrent carryi termnal s coypl ed between
the second termggglltg%% 8'%4% %H%@tb&?wsm?%éuﬁ’%wﬁ&ﬂ% QFYhCﬁé‘PH %. The device

of cl ai m 8grounerterminahe i nductor and transistor are 20 integrated on a
same sem conductor chip. 10. The device of claim8, further conprising a

di ode Having a 9 farseirc@hiavipg rsds couplpd te dew painte phihmyoltagedividerduct or

and a second engd 6o4BI BBck coupled to receive data values and provide a signal to

the tap circuit to select a tap point;
a regulation circuit to receive a voltage reference and a tap voltage
from the tap point; and
15 a first transistor having a control terminal coupled to the regulation
circuit and current carrying terminals coupled between the second terminal of

the inductor and the ground terminal.

9. The device of claim 8, wherein the inductor and transistor are

20 integrated on a same semiconductor chip.

10. The device of claim 8, further comprising a diode having a first
end coupled to the second terminal of the inductor and a second end coupled
to the output of the device.

25
11. The device of claim 8, wherein the voltage-divider includes a

plurality of series connected resistors.

12. The device of claim 11 wherein the voltage-divider further

14



to the output of the device. 25 11. The device of claim8, wherein the

vol tage-divider includes a plurality of series connected resistors. 12.
The devi cwooB/0s19a m 11 wherein the vol tage-di vi der furthePCTA#H028708/ 052910
PCT/ US02/ 38710 includes a second transistor having a control termnal to
receive an enable signal, a first current conducting term nal coupled to

an end resjrgludlesiansddofd tPArsistbi havind aRNtrob termie &b eecdirs hs kRssieand a
second current conducting term nal coupled to the ground terminal. 5 13. A
devi ce t haignaleedies cumentANSUSHNY serpad Gospled taran end tasisgein Wevi der

havi ng tap ' LSk NG o} ' term nal of

t he i nduct B@Péa'ﬁg%{ Srgﬁﬁg;Fb@%él}g?%%Sﬁg‘tté'%r%r?e?\ig&gmvgﬂ{%ge&agp éﬁrﬁq al; 10 a
second pi ntemindl edupledaosbe gnouricetemmivadl. of t he i nductor to provide an

out put current, and further coupled to a first end of the voltage-divider;
a reference pin coupled to a second end of the voltage-divider; and a

plurality of pifg tq H8GRkRadAERI¥RLH GRS ol ParifdiBFbn@ alRaYE! tage from
one of the tap points to conpare wwth a voltage reference to control the 15

t ransi st or dvider dhaving tehepodnrspoempusingnt from t he second pin to the
reference pin._l4. The device o aim 13 further including: a tapg circuit
havi ng i nputs c%ﬁ[ﬁtéodn FSUﬁﬁg%i)z?pft'rﬁgh{frg?a][é’MH%H‘@C ?frﬁqd;ﬁ"ﬁ’%éﬁu'ﬁ?ack to
recei ve t h@ galedeValblesyd pedendsle used to select the tap voltage. 15. The
device of claim 14, further including a regulation circuit having an input

to recl ve the 2ageansl ringeualed tare senond teonineted the indvesor sgerovide an

output current, and further coupled to a first end of the voltage-divider;

a reference pin coupled to a second end of the voltage-divider; and

a plurality of pins to receive data values used to select a tap voltage
from one of the tap points to compare with a voltage reference to control the

15  transistor switching the output current from the second pin to the reference

pin.

14. The device of claim 13 further including:
a tap circuit having inputs coupled to the tap points; and
20 a control logic block to receive the data values that are used to select

the tap voltage.
15. The device of claim 14, further including a regulation circuit
having an input to receive the tap voltage and an input to receive a voltage

25 reference and an output to provide a comparison result.

16. The device of claim 15, wherein a control terminal of the

transistor is coupled to the output of the regulation circuit.

15



25 reference and an output to provide a conparison result. 16. The device
of claim15, wherein a control termnal of the transistor is coupled to

t he out puwooB/0539¢0 r egul ation circuit. 15 WD 03/052910 PCTPOBORIBSIIO 17.
The device of claim 13, further including a diode coupled between the
second termnal of the inductor and the second pin. 18. The device of claim
13, wherein theli7ZnduThedevise fobrchath 18) farthbr Baihmeirseaidoatedentipted di e as t he
transistor. 19. A nethod, co r';si ng:. provi di Hg{ a voltage potential at an
out put; usitFEWEsR Ah¢ AR ng@ gt theindypion GnATthe SeeenPage- di vi der to
feedback 10 a portion of the voltage potential to conpare against a

vol tage reference; and changing the voltage potential until the conparison
shows the portidB8. ofhe devigelof aipémptd,enbérain hebisdastor & foymeduwal at o t he

vol tage_reference.. 20. The net hod of claim 19, further conprising

pr ogr anfi ngqam?eserﬁ'googlt"ftﬁbg'ep?ﬁt&ﬁttf%ﬂs'stt?)r'a desired val ue by using different
data values to select a different tap point on the voltage-divider to
feedback a different portion of the voltage potential. 21. The nethod of
claim19, furthédP.cofpPpHiodgcemaprindy the vol tage- 20 divider with an

enabl i ng signal when changing the voltage potential at the output. 16
providing a voltage potential at an output;

using data values to select a tap point on a voltage-divider to feedback

10 a portion of the voltage potential to compare against a voltage reference; and

changing the voltage potential until the comparison shows the portion

of the voltage potential substantially equal to the voltage reference.

20. The method of claim 19, further comprising programming the
15 voltage potential to a desired value by using different data values to select a
different tap point on the voltage-divider to feedback a different portion of the

voltage potential.

21. The method of claim 19, further comprising enabling the voltage-
20 divider with an enabling signal when changing the voltage potential at the

output.

16



