WO 03/ 052910 PCT/ US02/ 38710 2006 VARI ABLE VOLTAGE SOURCE FOR A FLASH MEMORY
DEVI CE BACKGROUND J 5 Today's electronic products utilize circupggomEyzogan
performa vIAB%? Y applications. Some of the applicati oRSTUSEVHAE .
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 gayhradd Wi GRe2Rrse %ﬁ'i‘-maﬁrpﬁv{%é@t bRApgBy be stored in the
flash cell by altering the anount of charge on tﬁe floating gate, which
causes the t Ewltage of the flash cell to be varied. A typical
prior art fl 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 may be
conpared & o a curlioday scierdwpicerrogycts utilise siratitsethet sampedpim @ity of

t hreshol d vol t age.set &0 ed 1.ned.  r NCE VO ing a val ue
in the. separdt B inge A R IREFATEBEE el RbRERMCeRERIRILTD 2 Vg
out put the rasmbly dViess & 4 Faslanceeithi Hulidmgltedie dTROprirasryr adhandsm dybi asi ng
vol tage may be applied to the select gate and the sane biasing voltage nmay
be applied twhichelasamaytbegaeeddn rtqwevq?@f'%rf@%févwhemﬁmf%?“- Rash cel | is

d, th ' - h
i eshol d v PEREP ST nhaRER PR baSokRagh B0 FRDE HREIEME. ' i v

cur r ent 1ohanrehgstoe iFFRNsEudihg shsetattlgatd, fa idwingrgaty, o $casbe apd b drainer ased,
{Qtle or 25 no excess electrons may be on the floati nlgpgate nd the flash

cel | may cdnteetiapreaydhasieshiiridg fash ceh by @iarng He FEPEReAte et | . The
biasing vol (38 ApDliedato When 38LEE] nlahRshBadolddoPRY ALUPEISAAY d be

at the prope alue i rder ermne t her e nenory cell 1s
03/ 052910 PGHSVEST)plddh pfioar® fRsk memory cell may be in one of two possible

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 result. When a flash cell is selected

20 for reading, a biasing voltage méy be applied to the select gate and the same

‘) ' biasing voltage may be applied to the select gafe 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 th-an 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 durrent than the reference cell.
The biasing voltage applied 1o the select gate in a read operation should

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




"progranmmed” or "erased." Thus, there is a continuing need for better ways
to supply a biasing voltage to the flash nenory that all 0\/\@@%%@%@%{2036
using fl asMOm¥BBPY to operate properly. BRI EF DESCRI PTI ON W NGS
5 The subject nmatter regarded as the invention is particularly pointed out
and distinctly clained in the concluding portion of the specification. The
i nvention, hegwey@mmdabtdr 4sated.0rlgeni there ore eerdinvichorpdofor EEFRYER,

together wth objects,, features, .an dvant t : be

under st ood bip ‘-M’D{Ve? biasingeveipoe e tﬁ%ﬁﬁ%},\[“ﬁg‘oﬁﬁ% %@C\%ggsn & rh?%%bingﬁ%\tfvﬁen r ead
with the acﬁﬁmﬂ&%bﬂﬂtcﬂbﬁé\‘aﬁﬁmbéri viich: FIG 1 is a block diagramthat
includes a processor ‘and a nenory block that receives a regul ated
operating voltage froma regulator in accordance wth an enbodi ment of the
present i nveBRIEGMESORIBTION DF FHE DEAVEWMGS ¢ for a Power - Suppl y- | n- Package
(PSIP) a illustrated in FIG 1; and FIG 3 is a timng diagramfor

signal s §enerat ed by a standby oscillator and supplied to the regul ator
and a Power - Suppliel sibRag ageer((BSarB)d as thd inverstioraitsenpriieulshypointedzyt ¢ wi | |

be appreciated that for sinplicity and clarit illustratio el ement s
i|lustrated &md ﬂiﬂ@ﬂqti\/g‘ehaé%émﬁ\ﬁé‘erﬁS’P&HQE‘Qsoé’étﬂ?r?IQ{)ﬁ'@e?Peﬁﬁg\?ﬁS‘lt"oqggal e. For

exanpl e, the. di S| i2hiBABREM&thed &f apeeitiahetbgetieat | ve
to ot her el e%ﬁrﬁ&f 8§%V§E’i @%iggﬁtﬁlLéD DESCRI PTION I n the fcfl | owi ng

detail ed desﬁﬂi%wb'?]é&lﬂs, fedr@EgURdsyTvantages theredfl, snay leess de undgrsteed BY or der to
provi de a thorough under st andi ng of e i.nvention. e 2 WD 03/052910
PCT/ US?Z1®7 9teferaoestq thagolipwig %?ﬁl%‘f‘@?%%&%?}‘ HiBB et MHERe: 1\ he art chat
tb} present é@c%%%h?ﬂg@gwings 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
iflustrated 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 -

1o other elements for clarity.

25 DETAILED DESCRIPTION

In the following detailed description, numerous specific details are set

forth in ofder to provide a thorough understanding of the invention. However,

2




be practiced without these specific details. In other instances, welt-known
nmet hods, procedures, conponents and circuits have not been desc@'@? ID006
detail so WORYPSHY obscure the present invention. 5 The aPEHU? e
presented in the enbodi nents of the invention nmay have applications to
products in portable conputing, networking, digital camera applications,

Wi rel ess t ecinwdll bgywunaactecdbyl ehasangkdledfin thonsm that therpsesant snveatieni Mmsy

i nstrunmentation and autonotive appl.i.catigns., |t, should be rt her
under st ood (hRPraEEed I ab e SDPHEE deirdr oith ol TS REBA I ARAD 10
systems t hat il dBrocBYurteYcQhp SHENIP bR Bidufts Keilel ABtdeeh adb@ibeli @phone
communi cati on systens, Personal Communi cation Systens (PCS), nodens,

t wo-way r adi deteibronanircate ohsaystherpreserdnvenjtianad t wo- way pagers, Personal

Digital i st PDA! d ot her. d | d devi o t
Shown. ¢ o syst el Ao Ad e AN ey e am e R S T hs P08 By o 15
control devigse dpphastbrizaRpro@ydts & poitaife SOMPUtiAGRtWIGkIAGWigieal Wwhen used in

a conputer. The specific conponents and configuration of the conputer
system may benckre @pplicasihnby wirslesp agahinelooxrendpppideatanen o CORSUR ch t he

conput er syste be used. In the fo ] SCIi:PLL haigs, the
terns "coupl%ramj,?}%cy?as %Omé%ﬂh‘a‘a‘?fgaﬁ"“ 3'{'%%%%%%@%%&["?&8%% \E/*gg?o\%cgl?gsnny be
used. |t shouhflePenddtBeRESheOthe ARLIE ARBRSEE MeFeiRhtay IR udadtinmeey as

synonyns for each other. Rather, in particular enbodinents, "connected"

may be uded tystdrnelthaitiecludetby Wil obexarople aslhbraetuler @diotelgpPieect physi cal
r_el tri | cont . Wit L -ed' t
ol prent s ar EoriravEate” prgeriarenth g opagfiRiay sySRneTPeR), digleaio of mre

C el ectric wever

"coupl ed” ey ake9 raBBEcHAlNIbAMLIOSySIEnS, ore-eapng taewappagersdi r ect
contact with each other, but yet still co-operat S‘ﬁor i nt e:@ﬁ{? vv'hth each
other. FIG PersanahDigitat isgistagita Ry sharg ethamhend gkt deuises: {UINPYENa

73 v 03/ oS5 dhe Bt @5y e bishRS deOkenElyBoark eliaBrlby ponet

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
95 or electrical contact. However, “coupled” may also mean that two or more
elemenfs are not in direct contact with each 6ther, 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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accordance with an enbodi nent of the present invention. Processor 20 may

be a mcroprocessor, a mcrocontroller, a Reduced Instructiagn Sg%{? 0089
(RISC) proc¥9d98P529Hh ARMIM core from ARM Hol di ngs in Canbr FHEE> and, a
St rongARMIM core or an XScal eTM core fromlIntel Corporation in Santa C ara,
5 California, or an enbedded core, although the scope of the present

i nvention iacovedancemitkedniemiddirsentestbetoresent issntipec Pfaceasdn2Ginayed

otherwi se, as apparent fromthe foll ow ng di scussion il | ci at ed
‘that through®fif TRIREPRIFSEPH BRI WP EREST ﬁgaé pgfﬁ?r}sgqugﬁgg SFBb? H‘Z’Bﬁé ion. -
and/ or ‘proceggss) @focsé‘éa%‘.réﬁ IARSA™ @6reOPEMIARMOH MaiInG3 e ChebriogeTEngldoidock 30
that is appropriate for reading the 10 programred data. However, the

present i nvemSitongARM™Appiei @aan $Heale care fram late) Corpgratienutt 3anta (d@#gi ce 70

i ncl udes r control bl oc 0, a reaqul i nd 65,
and a stgdb@"g‘gg‘a'?'IoétaS'rerﬁgecﬁ?ﬁtcoﬁ%( Iﬁ%”?ﬁ%@%?a?opee f\(/)\A{J?‘te ‘Iijre&rr@?mﬁ'rﬁl)?ﬁﬁ?%ck 30,
and the conbisnak iiRfteRiQUEG reshdot O Unldie spavificay@ateddytherwibe, pacipgezrao.

Al ternatively, w thout narrowi ng the scope of the present invention, read
control bl ockomGthe felpwingalis@Bsichadi is apprecie®y thadtesughioyt thg andby

oscillator 60 e of f-chi L8 ' ;

seni conduct Osrpeg?fﬁ:aggn g@m"ﬁ"ﬁ?r&ﬁiﬁﬁﬁ t g%%%%&éﬁ%gﬁ}'%g%%g ’o~°f %@E%ra’rag]g erred
to as a Powesy SyintiNg VBHERC krGeerk & B cIBO0 thatyis rappeipriateafor obddiypetipot ent i al
20 (V) ranging fromabout 1 volt to about 3.6 volts and provide regul ator
50 wi th 10a coebiagumetdets uppivpveotiaB@seninveniinielas sRMCAIRNHINA volts to
?.bout 6 volts.. Allgerr@t}vel y, PSIP 80 may receive a voltage potenti al

ahgi ng fronf3EHP BOYStSs to about 6 volts and provide regul ator 50 with

a configurabl e syppbyice 70!ihaoges Hadad esrges bidcamGhortgulbtordiQ, logicabout 3. 6
volts. It should be noted 25 that neither the input vo_Itag?e BOt' ntial val ue
nor the out puates&pping &l ansye stapdbyieseiflator §0tthat gy Re Bted$8d §Fs ent

i nvention. Package, 90, pyovi d VinRlcRGKomRent! control
bl ock 40, réﬁﬁmﬂbpl%%gosta ﬁf}ﬁ?ﬁé{s%tgﬁ%ﬁ;gﬁg)rr&%&t and StIhI%e8OI, and. r@?gji ncl ude
pl asti ¢ packagikage 908" Afdrhafvdhkagithgut hiowiog-tBeaccped @ABE prédanect - Chip 4 WO

03/0. 52910 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 voliage potential

20 {V) ranging from about 1 volt to about 3.6 volts and provide regulator_ 50 with
a configurable supply voltage that fanges from about 4 volts to about 6 voits.
) . 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 voits. It should be noted
25 that neither the input voltage potential value nor the output supply voltage
value fimits 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-

A




PCT/ USe W W2006 Attach (DCA), Chip-Scal e-Packages (CSPs), or others.

Package 90 wW@¥spiigl ude | ead franes, wire bonds, flip-chi : /2006
bondi ng, or glob top sealing. It is intended that neit he&@gﬁg(ﬁg{@rﬁi al s

used in the package nor the nethods for providing electrical contacts
limt the scgpe,of e present 5 invention. A capacitor 1 may be
“connect ed t(f‘t??ﬁ? @é"’ﬂu?ﬁtpé qﬂlq]—giaclageg,ééggsgoou[ BT%e%t o‘lr'aé&@ﬂ%g&“%%d. provi de a
supply vol t aggudd 1e88 93, mﬂet&nofﬁaﬂ@gém@anagai b&RHn ANl EGHPAcCi tance

val ue ranging from about 10 microfarads to about 10 "nanofarads, although
this is not saalirigsilt & intendet! thaengithes e mareriahs wasd. in 1he phckagaaor thd v,

capacitor 100 e forned having a high.k dielectric.and iintegrated with
ahd ot r ofBNE 5 5oV A et s Baihs s PO e o135 Hreser o hor
enbodi mept , ipapdeht or 100 may be placed within PSIP 80, although the

pl acenent of capacitor 100 is not a limtation of the present invention.
Al t hough not shofwtappeitashidlfl enagdenesnagetelde the oy terppnal AtRSHNEORS P 15

80 may gener, Y | i ectroni c devices
out si de of Bg"tégaeg%%é%?‘ dlpﬂxﬁﬁé%g&é%m cgg%ﬁéooﬁ%’bgégﬁgggg. tr(rfa%?glﬁ'rogv% e a current
based on a sy ldvetdheaiditated aie® Rehgitigefiomyatione 10l maigtdfanide tdabowesd The

selection of either PSIP 80 or an external power supply to provide the
supply vol Pagearmsy. pltheuandhis is et syinataiion af the Peesght WVBMHostored in a

| atch ognregi . : h JNeies : The latch.
or regii erg‘rlr%tl t'élg@l %%Z%ngpymoteﬁ?%y g?g(gﬁejnssor éﬁ%ygﬁalgge%ﬁ\%%udded with the
fgﬂ’l conduct imtegrdead with read bomtrg dddakgb0,98gulbtorisd arat mentoen dlodk 3at Int he

-QCa

tion of the latch or register be a limtatjon, of e present
i nventi on. Pﬂo@ﬁbﬁ’mgo‘[’}@e@ : pibera PP ey ':Ef’ypia%%‘i Uﬁf""eﬁlﬁéoqlﬁg?'?’”@b or the
ext er nal Spméﬁamerﬂ%fdc%gbg'@@rtﬁgb %sn6’[k%aelirﬁ#at‘ijd%f @th drfsctit Rlentibhie operating
potential in a power-up sequence. Thus, the stored’'data bit nay determ ne

whet her PSI P 80 Althamhexiteshoaln, Soshould seippledebat inespuleasmplicbtonsi R$IPL he

operating potential. Follow ng power-up and a tine eriod that. allows
“vol t agel %ot BRI genegatermpinnty é?’t%ﬂ%ﬁfﬁgmaynt&yprﬁé’dﬁﬁ 65@&?&80{‘6 c?fivmﬁcat e that

‘ }32:% nosag5g;§\§t§%%é&gaégﬂgé@§9r ¥ Rh Q& apc A, PQW%%%rBU%e\QQLQFyn@52910
' 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
L) ‘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 potehtial 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




read | evels, enabling data to be read fromthe nenory and used by processor

20. The word | ath provi des access to .the gate of the & 20006
t he nenory \HProé 29&] out put of regulator 50 nay be connect%g?ﬁggﬁeﬁoﬁyy

bl ock 30 to provide signal s of about 4-6 volts to the nenory, although the
value of the signal is not the scope of fhe pr venti on.
Thus, read siegahidvels: eaalling qiﬁ;?rﬁ? e(fgﬁ g'o E?'et'? Q% g %“é{)% %@E ‘J’(S)Bt zero
vol ts (groungy p%s%arah.}aegﬁg bRRidbs{fobss/fl theldaveb thtissi bl i es 1 ead

0

signal is the voltage to the gates of selected flash cells when
the data st omeshobyartrdne flash 10 ceI | s is bei ng read. It should be

under st ood t hat capaC| t or eprese '
capaci tance of trhft EPBP?%‘I’WO %@Wﬁy %%ammegtedtg %{bﬁg{é@% |nterconnect
routing %S%%@%;gﬂatsfbft&?ou&aaeveltg@@lme ﬁamey,tawhouéa@hmambavma val ue,
for exanple,” that i's within the range of about 100 picofarads to about

10, 000 pi cof sigradss net lirhiting o tthé sceppealkiheanesent lygetiaded s i8¢ SI9R% t he
scope of the present i nvention vi de a signal
that is OR e WPIREEOY; 8 Hﬁ%?'?‘? g&g"\t]é Sta&?hﬁ?&gﬁ\&! tor860 and the

out put si gnaborehtidBRarieie $% GWﬂeV@Id Ncﬁertﬁgwhatreasd 5@naﬂ“hehes voltade from read
control block 40 may also be OR ed with anot her gnal fraom g{?afndgy
oS ed to

oscil | ator Gﬂlppb\(?ﬂthtﬂ@ Qﬁi@%@f SERWBEE'E‘ED cgligwhen 5lpe Eﬁag%FPéedGlBV
PSI'P 80., JThus ndbge ft sh? lf({: 0o@ENE ' AbEcitdNOr £ GRS in ML h one
si gnal L]@ed W roI e f

con arge supplied to capacitor 100 and

t he ot her S'QFEHreéeﬁﬁﬁtrﬁygétegiabaérmnGEbetmnsmmrs Giot sthevrdrmdgbesuppl ied to
ba,bamtor 110. Menory bl ock 30 may be used 8 st.ore me %f éransmtted to

or by 25 syepeeitage qf/é'?ﬁ?f‘fp%‘le%(@“ﬁ'ﬂgﬁﬁ?%?tg vgEt Fflﬁnré’la gPYE st ore
Instructions, fhat, ry%ra Fe SGHIY efgr QX {)IQC ‘in%detWe'rBEgé’B?E@édtOerO and may be

used to store use a suc S e CO Itions for whén a nessage may be

transm tt ed.pitdfaride tembodt MOGQ0 plbefarrmmplagthmsghlmls pagasitense Neeldosd may be
flash cells. The flash cell may be a multi-level flash cell capable of
bei ng i 1% wotdigiptsappge 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 signals, with one signa! used by PSIP 80 to control the charge
' O eupplied to capaciter 100 and the ofcher 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. Memoryr bloei& 30 may also optionally be used to store
instructions that are executed by processor 20 during operation, and may be
es-ed 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 muiti-level flash cell capable of being in

6




PCT/ USR273871rf 12006 one of several analog states, and the state of the

flash cell he . ndicated by one or nore binary bits,. wth /0006
separ at ed bw]s@:':zgﬁati on range. By way of exanple, the fi FET‘“@%’Z& my

enconpass the | owest range of voltages and may be indicated by two bits,
with both bits ing_logi 's. in_5 an erased e, The second and third
states may bénel %ﬁ%eé%faéé’ B leéﬁtie& a%ﬁ\?esg?t@f‘%(wgg%ahf@lm en'Bg‘FB’i‘? th state
may be indi ciaf el byrieed birhy} sithakig thd SGkds pardiBd Byrar%%?ﬁﬂ%ﬁ@aﬁq%de- f
st range o

~ Alternatively, both bits bel ng logic 0's may indicate the | owe

wvoltages and t he Byi\yRe&f exerngle, 8te Tist stage avegnconwasntheclawedt tapgbefh bit s
being | ogic 1, . the.ty f 10. menory.cell or the
nunber of st‘é%[%ge%%%@%gﬁ F\%C{éﬂ{cﬁ% Es‘ggtgggbﬁ'tbhbgﬁgg’ggéﬁfn%q?%'\g)eﬁn? Mon. A
non-vol atd | emeeeed/ moekl THeadechad aad thiahétated way Gcimdiciiebavyeoms a field '
effect transistor Vi n thr«ﬁshol d voltage that may increase as charge

i s added to YHesyf %?'hfg@aﬂr\s’.f FHRYED FHRje prYbaiidisatedy Bethitsditingvays t o
15 sense t hgoaawrdi d I [ ' nory
cell. Mt hqos i ncInugie)r@g%?i&ﬁeg%ﬁg&cgﬁ?”%ﬁ??%h?%fm% %@éﬁ%lp@ﬁc&é?ﬁn%en a-
const ant vdhdieafe the Iawppstitedge of vhicageelaedtthe highest range offenbagesaeby , sensi ng

curront 1o teriatBHieRaR Seebitts Sihfoist Rar of Shflad Be bdstuioat B bt -
i nventi Qo i SndtRbryl delli drafle 20niBér bhetABE HQE Akt Fhit %éﬁb’%@ lgltrgﬁe PRuRL of

charge stored on the floating gate of the nenory ce Is a
zchemati c diraghapnof PSIP 80 as shown in FIG 1. PSIP 80 nmay receive a

/0) t tenti gl f t 1 |t t bout, 3. 6 | t t
o o "ot AL SR I s gk GBSt b et e me

conponent ofieldBffec? Qriisistot kR £thrashd@ibitide Mok FiBOinciatd a8 bt 418k
enbodi nent included in the present invention. A resi'stor 140 represents the

resi stance #faddediettbe flpatinavdtemyhere mdvolwna combec pédiffatergerawston t h

res ; _ jhase rshohma combs : h
o ade- obanetts TERALIYS Rer bl 88 5RUbS Rt E0n S oeabhy FF or °7

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 expécfed :celf current for the
memory cell, among others. The scope of the present invention is not [imited

20" by the method used to sense the amount of chérge 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 recelve 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 intggrated as part of PSIP 80, with either
embodiment included in the present invention. A resistor 140 represenis the
resistance of inductor 130 and- may be shown connected in series with
inductor 130, A semicdnductor PN junction device such as, for example,

- diode-connected transistor 160, may be coupled between a terminal of

7




‘rcT/trs z? WO 03/052910 p,| /2006 resistor 140 and an out put node or

termnal that provides the signal VOUT. A capacitor 165 ma beé? 2806
to the out ptO B@F2HMNal . A nunber of resistors may be coupPéB’E n the
out put .node and a reference potential such as, for exanple, ground.

Resi stors 170, 180, 190,..., 200 forma 5 resistor voltage-divider having

tap points bgiuesn i@%n&%ﬁicﬁtﬂjﬁmd@%%ﬂnﬁlﬁé! thaNProvRISithe seRlleVEUSUSh as,

- for exanple, a capacitor voltage-divider networ may be used instead of

the resistoroylchagesdinaylBé cotheedst fothel @@pot tenoiral.23huneteeiofes dat a

val ues through data termnals of PSIP 80 that may be |atched ang. sed to
provi de sel ewsistorgraps be oupled petvieprciheqytputngsie EfpENrE PO 'ﬁgy have
i nputs connect ed_t h | kS mf: 1t i18hok gBol t iwikder. A
rogul at fon origurt TabtmEe  BOURLS Rkl Pe 1708 180PT 0y 208 TN e 6t tap
circuit ZO0 rRBtaNQE-divigethdving @pgioitds detween dronakisREFERBNCENAYOL TACGE
signal . An output of regulation circuit Ft2!20 _mag/,be conne[ft.gd teg a _control
termnal of Ny FenFNGEGIEMSECTARe 107 PEMRIET SFRECHET YATHYIBH 1 M hal  of

transi stor A%g&rg%yué%aiﬁ&g% %BH%%Qﬁ{qmgdhﬁ@é}necti on of resistor 140-and

di ode-connected transi stor e second current conduction term nal

" may be coupl ed t oA gonebbginddogka? ¥ tdécaives siathvalyes tropugx dapltermigpl§und. The

first current conducting termnal of transi star 250, Ix onnect ed
to an end ofOft'ﬁ%[% f'%ﬂjg‘-"%l‘l ég}féﬁ?})eq? .‘fsetdooam%'l%ﬁisﬁ%ct g'gx?‘gg?éﬁg 200. The
second '%F);]r SN ,CiT%ﬂcﬁr%[uiWQ]'j@' mQ& h_Ed?@@»?:hﬁ Sénndethdmaythbaar poinecbed to

e

round. control termnal of transistor 250 may be coupled to receive an
endbl e si gnathefresistcPRoffape dBief s dereg@tion pirca 420/mpy 8ave80 MY coupl e the

control termnal of transistor,K 250 .t0.t ot ] ty.ansi st or
270. 25 The YHEGHY et BviRURE gapo‘f"ctullta%@ é?@?@#ﬁ‘ ﬁ{&m g%teﬁlgfget ng ‘ogt put of
tap circui tj gehQalt REFHRENTE vOLTAGB sighaf  Rhrutguidéfagaalatibociredie22@o i gnal s
generated by standby oscillator 60 and supplied to regul ator—50 and PSIP

80 (see FI G may beTdumnebieditzeneaiitrahkeranind of @swansister halarde et SEFftcal axi s

repr esen1t55 acc}/n%utc’?igg 'terlrrll’}nal 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 ltransistor 260 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 66 (see FIG. 1}. An inverter 260 may couple the
6ontrol 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
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8 WD 03/0, 52910 PCT/ US02/3, 10 2006 particular, waveform 300 illustrates
the timng for the signal that may be supplied to PSIP 80 to c2hy0sl/2des
char gi ng ofY@&¥%EWor "100. Vaveform 320 illustrates that REEURERYS st or ed
on capacitor 100 may be replenirshed at times to and t3. Waveform 310
illustrates the timng for the signal that may 5 be_suPpIied to regul ator
50 to cont r otartigiders wavetarmp@ HlusHaresethe diring 3ot the signal Hasanat b 110.
Wavef or m 33Q,, j.k.J: : C citor 1 y be
repl eni s,hedosell}tp b{.%bsn{eiﬁ%@%q {E@ ?@P&ttéggﬁ%%{ﬁgc%gra g@?fngﬁnwaﬁ’&f?fé‘a 2Hrrf)lde
(referring tibudtta@es thit anslci¥rge sEadd candapatitorbl Gicad Berayenichyd ge a si gnal
through OR-gate 55 to regulator 50 and 10 through OR-gate 65 to PSIP 80. In
response t o tirhes toemel t2e dWsirgfoah ,3 TREIIRs B es iy tighmeforttee sigatipihky magl t age of
about 6.0 volts and provide a current of about 500 m croanps to regul ator
50. AbouP 9detsypplied ke aoblatgrsSdto chntsol thartinemat whichbmhacgenis weepliddntoci rcui try

wi thin regul ator. 50,.and, roughl t,he enpi nji.ng,400 m croanps._of current
may be used %aﬁa%hoé?'&ioﬁgﬂ/@é@%%int% O&@fgé{efgﬁﬁty{ﬁ‘?g%'ﬁf%gﬂe%Fﬁ'a?:r?np?ﬁacﬁb char ged
rd line signal at the -
proper biasing vo O’Frsé ngl{/‘ﬁ? bl ock 30. Thus, read
control block 40 i 0 ~ Pl 0
cooperate to supgf)éll%agézﬁ Pfenggdk@éﬁg%ﬁlﬁ?fﬁ%&@gvglaﬁg %)'e&cegfjs‘:%tngogt he sel ect
gat e of thebkwkel} srhyfdradgte easigrm! tirongimORygdik ddktod@guByor@mundli ng a 20

| t I , the " "val " p! d" I t di
Phere! Pashiount Gy rabi. Tuiwpasres Poyerarichyors!. CA &0 andby
(ogle, devi caflydrRYath BCIpe Vol igBRIf a0l Bﬁg@%sf SAbfovlde SurrdiQiPOVer

consuned in the standby nbde may be reduced conserve battery strength
for port abl ebeyisi@Irmigrobypeso nepuldter @0 Abhayn A%t B0Qeriewatned dithist andby

oscillator 60, agne signal for, requlator .50 and the_othe signal for PSIP
80. I n part PRUPEMAE bECORsIMed IteGHErg et Fesiarck a8 H wuSblole 300 may
be gener at egbridinmbatUioMiR8&hps 8t lirrES ABH b URBY irfehdrGinGaBadithiic®i 1ot r ol

the charge stored on capacitor 100. This signal my be a pul se
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 volts 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.

' A) ' : 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 thé 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 th-e one illustrated by waveform
300 may be generated by standby oscillator 60 and supplied to PSIP 80 to

contro} the charge stored on capacitor 100: This signal may be a pulse

9




9 WD 03/052910 PCT/UJ27 891 / 2 10 6 supplied at a 30 mllisecond rate that
may be active for about 20 nicroseconds, although this is nota?i/?§/2006
limtation Y89 %82 esent invention. During the 20 mi cr osBebHP2EE(Fve
time, PSIP 80 may restore charge on capacitor 100, and thus, provide a
supply voltage to regulator 50 in a range, 5 for exanple, of about 5.6
volts to abcuppbedal @ SO millisehend ite thaat mey ke aptiee torebiopt d8t r at ed by

wavef orm 310,. may be erated b t andby.oscj .l ator 60 a upplied to
Fegul ator  sarielesesREds R Rach s Rpste ot gn oL ek o e oF gnal
may be a pulm@idghthle IWhid0secattiiacbvé el PSR 88 ma L feasareandgesuppl i ed at a
rate that ranges from about 10 600 m croseconds to about 900 m croseconds,

al t hough t hicgPpeiteiotOGy andithiis.aprPyide G SUPRY YRtagere regniater 58rN aDGR8%g the 3
m cr osecend i i I tore the charge on capacitor
110 to rrgi ntfgf%k%lrﬁ%ltevgﬁgog%%?é’\@/’ggﬁ%gg%@%VFﬁ%’es supplied to nmenory bl ock

30 in the range @hogiwuignal,dike \tiod bse llasabrdtbydwaveierhs3 10T mes; bé n t he
st andby node, standby oscillator 6Q 15 may supply a si

[ Up| i gE§| used Q‘%
regul at or 5@eperased Pygiandby wseillpioa bl aKkesypRiiad (9 fegulateaREde CRUYPENE t hat

~ discharges GaBRRI&feddPoadddies | £61 ThiARARAI Ay 84D dIRk iEnfRACd DY

partially dis gl ng capdcitor ne enbodi the signal provided
t o regul at oractOe faryatoet baitrosedbnds swgwpliad gherratenthiat eangeadson bbertt he si gnal

rovided_ to PSIP. 80, althou O.this is nqt limtati.on of the present
ivent | R, - FRGLTIc RiecOngnat SHurae B ByPcen bl ioshi Tiodt BP0 oy
repl eni sh t g, CgheR ihé BF&B@npmveﬁmﬁl bAfind 4 IPhigrosbEaRLsRMeMirhEan char ge

$tored on capacitor 11 y incorporating these two separate signals to ,
sépar at el y cemilatol 50heay hestoiertge chagapactapacior D00 andnaintdin theeadiege bl ock 30

may have with | ow paower cons tion in the,stapndby 25 e.. JRe operation
of PSIP 80 ﬁﬁﬁﬁ?sﬁaw&é@'ﬁ?%%’w& Egm’é‘?’éﬁ’é‘é""t%&ﬂ e %F‘geﬂﬂg%@&sﬁ:g si gnal

al | ows tranghit Qb apal 52 @Witer NakehyiraMthedhPRbUBCStaAdbE O5iEbI 86 State and
~a nonconductive state. Wen transistor 150 is being swtched, the voltage

gener at 88 bynay supphgasignelivsesnby fdaolitorgs® e patedically 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, aithough
20 this is not a fimitation 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 thgse 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. A 7
The operation of PSIP 80 may be described with reference to FIG. 2.
An ENABLE signal allows transistor 150 to alternately switch between a.
cbnductive state and a nonconductive state. When transistor 150 is being

switched, the voltage generated by a changing current flowing through

10
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10 I WD 03/052910 PCT/ UM 3f 8i 150/ 2006 i nductor 130 may be used to increase
t he charge ‘ capacitor 110 (see capacitor 110 in FI G gf,/z{)os
f eedback Io%(?{lfg{%zgs)@nse the voltage VOUT and control the spvﬁTt"f:%??é b
transi stor 150, and thereby, control the charge stored on capacitor 110.

More speci fical l'x}?/éh rﬁai stors 170-200 may forma 5 vol tage-divider having
tap points friBfYGAT A0 AnvaRe yerd ycragye tle sharge stated oigapadiger VdIX age,

| ected by t i it Q, b d | ati i it 220.
SeL oL o BB St 38T D DS A b e Vbt e
t t |t i f .t i_St. . B f | e, 10 th
(2,55 o R CANH| 0L B oy T3 Y HEheS s gttt [ S

recei ved fromstbmf o dapabitordt TEKMBES s@?&ﬁbﬁh{@ résistalsUe7boa e fohmG Vol ts.
In this exanple, the supply voltage VOUT may be determ ned to have a value

that is bel owoHeagesivides hauipgltop weintaferamdialy atan weltage 188y bagelecteter nat el y

be switched C i a 1.0 nductive state. 15.The changi ng
current in i ﬁ%&l@gﬁloﬁtgge‘ps%&%eg}e%yg%}dﬁ ?Jgtngf&c'ﬂ'ﬁ‘( gﬁaﬁ%ﬁdatr?d' g%‘lgtlogt ored on
capaci tor 1l@irclih@20.the supply voltage VOUT nay be increased wuntil the

" desired supply voltage.is reached. In another exanple, the VOLTAGE
g

REFERENCE may have® FugnuerKt 22 6ampares g taR valirpe wih @aOVbhERge recei ved
fromtap cir@erERBNEE Ko 24RirBBY e ﬂdﬁ'@%ﬁw %ft‘tfé’ljréi'&opflﬁﬁp Ly Bt XQ%rEé}'e In this
I may be de 0 a valu

exanpl e, the supply voltage V erm ned ave that is

above t htOdethe ¥OLIAGEH RERGIENGGemanhdve barbiesstiodbolidq.3 sSoltind wid eiped
bet ween the col?ducti ve égfate and the ive state. In this exanple,

f oncgonduc _
4ddi ti onal AT TEECNEY T FRCIEIt @8‘9&3586?8\1 tvemMaluper sho 1-Ovol t age
V is not increased. 25 ntrol |pgic blqck 230 may, be used al ong with
the resist or‘"@’gﬁ't Ebﬁ'—‘s %W@gﬂ*ﬁrﬁdi@g{%{@f%gef}huwaﬁPeﬂftﬁrweyefeah% dal ue of
o s oV ABE s8Nk bBlodt UG Windle SRPNERSSHY ¥bTSS, ' N the supply
alternately be switched between the conductive and nenconductive 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 voltagé VOouT 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

1




11 WD 03/052910 PCT/ US(; 3f3 7905/ 2006 bl ock 230 has inputs to receive data
values that may either be hard wired data values or progr Jaboes
provi ded u¥hPERt¥ocode under software control of systerﬁ%lqr](.))z.]e -
adj ustnents to the supply voltage VouT may be provided using a resistor

vol tage-divider having multiple tap points. 5 By way of exanple, a resistor
vol t age: di viPRSK F30 Nag) innyits 1a meselysidsta vales that maywitheatbs hpsd weedt o sel ect
the t | ' ' T divider : : i it
iy uee { hr Saere e, B pokiingl R Gk BOicde g MY Rl 20, B0 Ot °

control | ogiseillLe '60%3@’ ?f}]ﬁgte‘?ﬁ FI@):.“ Sl Qﬁéﬁsﬁﬁ&@@g tﬁé‘&\ﬁﬁéﬁgblfég@Vow

vol t age-di vi der contro e granularity o anges pro Inthe 10

supply vol t ags, MOBoviddd @l & r@idtbr VetddedigicePHAARY FITHIO¥AFssInior the

val ue VOUT, the desired value for your may be adjusted up or down by
provi di ng aBieweviaf axsraplgeatresistoomeltzde-digigier haviog Ko3ep pPinés maw Wigt a val ue

provi des a pew vol tage , selected fromanother.ta int.i.n the resistor
Vol t age- di viderRdl 7 Beltut sl valabr Mk sl Tace T
REFERENCE aRévihf aigittbe pofk®d mayWiseahest date Viallicddb Yeledhth®, taphoitageply -
vol tage VOUT may be adjusted to reach a desired voltage. Upon reaching the

desi red vol Tag®, theresigappivasintraglegicablack Fs8OvarracmiteeRENCENG dPe rmay have
| val . t, ' ' ith th
ENABLE o gnizoiotah fabdiRttanibPRR o 08 aPBiRY of RandeBASHEAANE " L0 S0y

vol t age;you ' in features of the invention have been
i |l ust rh‘?edglgjféwggg%%:?ggg herein, many nodifications, substitutions,

¢hanges, and equivalents,  wll now occur to those skilled in the art. It
i§, therefore, tuIB.aégg'%’ﬁhﬁ%(ﬂﬁ“wﬁhﬁ&prPH'éieﬂﬁﬁre e"&k@l VP tg‘? de¥ir%nded t o
cover all such nodifications and 25 changes as fall within the true spirit
of the invevrliehor Youlnmey hesadivsdpdpg argiovan by pruidieg 2 nevhpatiesiatip to

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 voitage. Upon reaching the de_sired voitage, 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 fo the supply voltage VOUT.

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

25 changes as fall within the true spirit of the invention.
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an inductor having a first end coupled to an input termnal to receive an
i nput voltage and a second end coupled to an output node to suppty0s87 2006
out put current, wherein a portion of the output current generates a
sel ect abl e feedback voltage to conpare with a voltage reference to contro
the output current; a voltage divider coupled between the output node and a
around termnal, wherein the voltage divider receives the portion of the
output current; a tap circuit having inputs coupled to tap points of the
vol tage divider, and a control block to recei've data values to sel ect one
of the tap points. 2. The device of claim1, further conprising: a

regul atYVb# isglaesdis t o receive the voltage reference and the feedback |

vol t age seleq%@d fromone of the tap points; and a transistor having a

control 't er RYFXC=EBNYISBE to the regulation circuit and current carrying
t he ground

termnals c t.Q.. f the inductor. and
cerm e ” TR :sii?@‘é‘i%@;g&"uﬁgmzﬁ*@ggﬁgﬁnd transi stor are
formed on  QButSRHERORRHEH A psidnPof the oliBt Cinent Gerdfatds &1 M 1, further

conpri sing aelsibleC RBFHAEK OitaliNtd UBaSre With dEVdlES iﬂéﬂéﬂc@% bet ween the second

end of the contholtkeosutpainelrefte out put node. 5. A device, conprising: an
i nductor having a first termnal to receive a voltage and a second

term nal co@plokaget dvidas coupleslibetyben e deputcrode sand o weged di vi der coupl ed
bet ween t heleBUjEghphessin the yoltpgs dividerarepives dheoparipn of therduirat ; a tap circuit
havi ng i npu‘f"g"eﬂtoupl ed to. tap points of the voltage-divider; a control
bl eck COUpl%%%@flﬁtgﬁﬁh%ﬁgl%?tﬁ@ple\f%lfaepspo?nrt]sdofptﬂé)\\fc':itggee gtwigér’gnal to the. tap

cirtuit to a

a control block fo receive data values to select one of the tap points.

2. The device of claim 1, further comprising:

a regulation circuit to receive the voltage reference and the feedback
voltage selected from one of the tap points; and

a fransistor having a control terminal coupled to the regulation circuit and
current carrying terminals coupled to the second end of the inductor and
the ground terminal.

3. The device of claim 2, wherein the inductor and transistor are formed on
' one semiconductor chip. '

) 4. The device of claim 1, further comprising a semiconductor PN junction -
: - device coupled between the second end of the inductor and the output
node. :
5. A device, comprising:

an inductor having a first terminal to receive a voltage and a second
terminal coupled to an output of the device;

a voltage-divider coupled between the output of the device and a ground
terminal,

a tap circuit having inputs coupled to tap points of the voltage-divider;

a control block coupled to receive data values and provide a signal to the
tap circuit to select a tap point;

13




25/ 05/ 2006 a regulation circuit to receive a voltage reference and a tap
voltage from the tap point; and a first transistor having a coRbyol5/2006
termnal coupled to the regulation circuit and current carrying termnals
coupl ed between the second term nal of the inductor and the ground
termnal. 6. The device of claim5, wherein the inductor and transistor are
integrated on a sane sem conductor chip. The device of claimb5, further
conprising a diode having a first end coupled to the second term nal of
the inductor and a second end coupled to the output of the device. 8. The
device of claim5, wherein the voltage-divider includes a plurality of
series conneﬁ%éﬁa@@g’f‘é’lﬂ?f@cewga"‘f*ﬁ’@e enee anska tgp ¥oleesiommher ei n t he

[

vol t age-di v PPUPE#¥r i ncl udes a second transistor having a control
[SlegGuErent conducting ter minal

t i |t
chg: gg tooagpﬁ%u P{ﬁéﬁﬁaﬁg@&ﬁt me%ﬁi%éeco(ﬁﬁé glo tconnected resistors

the ground term nal.

and a secondh&iHicRPE ndQﬁ%@rb\ﬁd
10. A device that includes an |nductor a transi stor and a vol tage-di vi der

having tap points, conprising: a first pin coupled to a first terminal of
the i nduct orThedevickwf tiaimrs, pberpihdiet ibductor cidiaestar avoinfeg@Rdpot ential ; a second
pi n coupl ed °p g same semigpadyctar gdipal of the inductor to provide an out put
current, and. further coupled to a first end of the voltage-divider, a
ref erepce p eﬁ\% cond eng%ggloégz’a%'?&)ga@e@gl vi der, anld a f
pluralltyo %atap voltage from
0{] of the ;oq &QEupg f‘; rm'"ag-?ﬁe? uﬁtorar\%lsf‘ﬁ’é’geP PWPERce to control the
t e)nS| stor swtchingt out put current fromthe second pin to the
reference pin. 11. The divider of claim10, further including: a tap
ci rcui 8 havTiegleviop ot ki GLwheréin the vbikQe-tRiBerNMIuAbS a pRFiiity of

series connected resistors.

9. The device of claim 8, wherein the voftage-dlwder further includes a
second transistor having a control terminal to receive an enable signal, a
first current conducting terminal coupled to an end resistor in the plurality
of series connected resistors and a second current conducting terminal
coupled to the ground terminal.

10. A device that includes an inductor, a transistor and a voltage-divider
having tap points, comprising:

a first pin coupled to a first terminal of the inductor and further coupled to
- receive a voltage potential;

. ,D a second pin coupled to a second terminal of the inductor to provide 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 recelve data values used to select a tap voltage from
one of the tap points to compare with a voltage reference to control the
transistor swrtchmg the output current from the second pin to the
reference pin.

11. The divider of claim 10, further including:

a tap circuit having inputs coupled to the tap points; and

acontrol logic block to receive the data values that are used to select the
tap voltage.
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a control logic block to receive the data values that are used to sel ect
the tap voltage. 14 25/05/2006 12. The device of claim1ll, fur2B€N5/2006
including a regulation circuit having an input to receive the tap voltage
and an input to receive a voltage reference and an output to provide a
conparison result. 13. The device of claim 12, wherein a control term nal

of the transistor is coupled to the output of the regulation circuit. 14.
The device of claim 10, further including a diode coupled between the
second term nal of the inductor and the second pin. 15. The device of claim
10, wherein the |nduct or is for rred on a'sane 0 sem conductor die as the
transi stor. . tqlﬂifﬂﬂ Yy ??QUWQ!? Hguibhavingradnt from an i nput pin
t hr ough an |%fg giest Ef §J tag e a"d ?/%} §62¢% AMo3%€ an out put; using
data val ues t0 sngSE‘m U pﬁ%‘"dﬁta%??p%{'s ®tye- di vi der to feedback a
portion of the voltage potential to conpare against a voltage reference;
and chaggi nghé BeviacodttcRGR 18.0kIRRALH alcoﬁ#attehmﬁéi%f%fi%ﬁbtépg shows ‘the portion
of the vol cagrdpomesithitlof thelhgliavhicdulty equal to the vol tage reference. 17.
The nethod of claim 16, further conprising programmng the voltage 18.
potential to a desired value by using different data values to select a .

di f f er éft tig@gwcﬁt“é‘ﬁmt%%?ﬁla ingi a/dlioker coupled betbercte a di f f erent portion
of the vol # igiinah plithg indupfopanddhessaendtPine | ai m 16, further conpri sing
enabling the voltage-divider wth an enabling signal when changing the

vol t aggs POt ARt btleaBr i 100 WhdEh thel Bductor is formed on a same

U semiconductor die as the transistor.

16. A method, comprising:

providing & current from an input pin through an inductor to generate a
-voltage potential at an output;

using data values to select a tap point ona voltage-divider to feedback a
portion of the voltage potential to compare agamst a voltage reference;
and

changing the voltage potential until the comparison shows the portion of
the voltage potential substantially equal to the voltage reference.

17. The method of claim 16 further comptising programming the voltage
potential to a desired value by using different data values to select a
- different tap point on the voitage-divider to feedback a different portaon of
the voltage potential

18. The method of claim 16 further compnsmg enabling the voltage-dlwder
with an enabling signal when changing the voltage potential at the
output. . ‘
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