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35 from the drain depletion region into the floating gate. A cell can be erased several ways in a flash memory device.
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In one arrangement, a cell is erased by applying a predetermined voltage to the source, grounding the control gate
and allowing the drain to float. This causes the electrons that were injected into the floating gate during
programming to be removed by Fowler-Nordheim tunneling from the floating gate through the thin tunnel-oxide
layer to the source.

40 Cells are typically read during a read operation by applying a predetermined threshold voltage to the
control gate via a wordline, a second predetermined voltage to the bitline, to which the drain is connected,

grounding the source, and then sensing the bitline current. If the cell is programmed and a threshold voltage is
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40 the adjustable clamp circuit takes effect at, the boosted wordline voltage can be adjusted to the preferred value of
approximately 5.0 V by changing the voltage level at which the adjustable clamp circuit takes effect.

The preferred embodiment of the present invention allows the flash memory to maintain tight control of
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35 Fig. 1 is a block diagram of a portion of a preferred flash memory 10 that incorporates a preferred

embodiment of the present invention. The preferred flash memory 10 includes an adjustable clamp circuit 12, a
trimming circuit 14, a trimmming decoder circuit 16, at least one content addressable memory ("CAM") circuit 18, a
wordline voltage booster circuit 20, a supply voltage connection (Vcc) 22, a pass gate 24, a enable logic circuit
26, a wordline decoder 28 and at least one wordline 30 electrically connected as illustrated. In the preferred

40 embodiment of the invention, the wordline voltage booster circuit 20 is used to generate a boosted wordline
voltage that is applied to the wordlines 30 during read operations.

As illustrated, the adjustable clamp circuit 12 is electrically connected to the wordline voltage booster
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by the adjustable clamp circuit 12, to selected wordlines 30 during read operations. The wordline decoder 28 is

40 also used to pass or transfer the supply voltage on the supply voltage connection {Vcc) 22 to the wordlines 30.
When the pass gate 24 and predetermined wordline decoders 28 are enabled, the voltage on the supply voltage

connection (Vee) 22 is transferred to the wordlines 30 to pre-charge the wordlines 30 before the boosted wordline
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clamp circuit 12 by the trimming circuit 14 is controlled by the trimming decoder 16. The trimming decoder 16 is

40 controlled by the CAM circuits 18, which, as previously set forth, are programmed during testing. The adjustable
clamp circuit 12 is preferentially set up to take effect at a voltage level optimal for reading the flash transistors in

the wordlines 30, which as previously set forth, is known to be approximately 5.0 V. The CAM circuits 18 are
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clanp ci r gikibiord 2, 44A% 1§M§tk‘]mmtn§'§rc%|¥! t6ds E&hﬁiﬁg&heL&ta@d]@lleltahﬁhi&rtﬂeHclﬁsf&ge cigdgcoder 16
control t hec ?{?? ynt fﬁ% voltage that is added or taken away fromthe voltage
l evel at which the adjustable clanp circuit 12 takes effect. 5 As
i1 lustrated i niffiegpectige n-qhppael gpnsipter42.deh 44 ijcrrblehip fhe trEmimsiedit #e the fespevamcl udes a
p- ckannel chatinain@iiBik @insidd,34,36, 3P Inutteadjistayle @fmprirattan melis comtdtead REh Be dnitgedsd St or s

34, 36, 35;8@1431(111%15% &Uﬂd%q Hcgt%f&ult Cﬁ”}], slébgmg m&s;@gt@e @éh@lﬁl&lrnjargi@tjon ¥4, 54 W?Ct ed as

illustrate usfa circurt 12 takes e fect oncetheg
vol t age t Fzgeh °}d§’°1§é"’r{ 9§f’eéﬁ‘owcf°ﬁlﬂﬁ ncpranehiB e HEFS Oy S 10atfds HRUE B kR 20
reaches apyiraded gririagjechbly ohodrenit 1@ vAs] a resifls thp vadrese deud htywhiske the fdpystatfie clamb eirevio| t age

| eV el at 12"@&&9&& tb‘ﬂ p@QiSitoAR&sc8 l)y?’tgrgovﬁlk Bxcaﬂdlﬁg all%esﬁcﬁ(k\%ﬁag@ t\/ft)%% adr&s ©QRive0!l | ed
tlpe adj ust abl e

e
cI a CI rgﬁn %Etmfsﬁk ‘?S‘tgrf;? bt Elzim Ml%flanc'?%ég‘t‘ﬂé?f%heﬁ%ﬁm%m CI?HH) cmcuIltarrpl ng path
creat ed by theAtifyseatdddn Rz 2.vhsiptefegal Woudlile volfagphoestea pirvef Zotll?cblﬁ% p gdltege b®sterfd
n- channel zdidWkdhblS irdhsididr 30 5d S bkt Sap@tor 53.6The Ishage\bbidseius Gsared Rbosiehelomgsee! by

readi ng oy, t0g, ttnpsugp%hv%lta%e cd)RAeEt%Q &R na(ZYRX)mCIQIan Ri?ﬁ?& eﬂg&h ety ﬂ#ﬁ d;’\fQ% testing.

Due to process varli nufact ur l'tage (Vt)
of the t r aﬁg)ixlg]@tﬁly § 0 Vaﬁial;ag’ed:p@g(rs |a1ﬁ known in the art and a detaﬂed dlscusswn of the circuitry used in the

40 voltage booster 48 is not necessary for an understanding of the present invention. For the purpose of the present

invention, it is only necessary to understand that the voltage booster 48 is preferentially designed to boost the

voltage available on the supply voltage connection (Vec) 22 to a boosted wordline voltage of approximately 5.0
7



the periphery area of the flash nenory 10 will vary to sone degree. The

adj ustable clanp circuit 12 and the 15 wordline voltage booster circuit 20
are | ocatwedoi/essthe peri phery area. As previously set fortRCTUR@/04030t age

| evel at which the adjustable clanp circuit 12 takes effect is dependent
on the threshold voltage (VMt) of the clanping path created by transistors
32, 34, 36 and 38. As such, since the threshold volta? (Vt) of transistors
32, 34, 36 ands3Gstrajedhintge2, é?df%l@% ofiptckanee] tepngistas PTie i edivsigblaflaop cifegit 2 ihecause of
vari ati onaecﬁxausaédn@asce@lmwromﬁ\gofftﬁbﬁltageaiobs&ms she nsaljtsagechmmetut 12is whi ch t he
adj ust abl Sec%;z-%%ge:gt&? Wk Pil the:légtl)lft %l%%olgf db%gster %,atﬂe ad%gt%lel%ﬂﬁl? gch [‘12%%1% & Bpcess

vari ations ustrate rlm"nngrtmrcut 14
consi st's B 2ag vellagertf is epergpd by the MARgTdPosiEr 4§ ﬁ%?eé’feé?t%m&‘?‘ voltagefevelggwhithde gy e

el ect ri caddjuytatenme citcaiel 2asseti ub bousd eftte dls knd¥wein the hriyrihg ardl @sedid @k orh6ld ihs

el ectric a!)pl 1¥th9 9&3}%&%@%9‘3 d Qﬁe@éﬁxﬁéd ch/t)ltagﬁaigJal res DECt i ve n-channel

transi stor trimmn n additio t he. drai ns

and sour ces ofThe hOthéé‘iS‘é%?tbP“\?tér il ‘S(?H‘éﬂ‘?‘ifélfa“f/ F"&?F‘é‘?%‘f’@rgatﬁ%fzerﬁﬂ‘eg‘ﬂ'g RSPt
tri mm ng £ Mhubirce blzemrtigeskdldehsistoc & it gecictinenteete it e hevstcagpecRi whshdsiai ns and

soufices Oiﬁlmaeleaﬁéanﬁ&)me&@d Mm%%@@le 2k mdme RrSidGne 18cA3S18S £ bhe BitposeXfB the BrésektN t he
adj ust abl e e flash

renory. 20T aD e St PP e b D s ol ey 61 can
be progr asmeetOisesed sorgse the Matagerspnamaehiey t@é@@é@%%@ﬁ“ﬂ@*@ﬁ&%?ﬂé@% Stjusiegspad

respecti V@)eﬂndﬁhaﬂa BRh, zerd RS SinGikiS: 54&‘4{8 adlsourdeolioerti e prdfdridadnibediGdnt, ﬁdsliutg 14,
thus c hang %a VFI age z\e/r(()) ltl;[reaig) trlar%}ét%r 50"% the sour rl)f %eﬂ)%t%gdléjt?ak%gok ?0 %ﬂu&qptumcﬂagsgs t 12

t akes effeéec transi enabled in
t hel ri nmiaege @l“i‘e@&‘?st Cal?l?ﬂ“‘“ i?hén t'i‘eé’éeffé‘éci ﬁ“\?@imhe“t BRRdEpaR D PR 127eR00T 9 SHSF st or
34, 36, 38e idhagk h@stadf thebahdapcior sgepeténtes,ihich b2urd, nditectiySogiols rhe bdogell wurdlite t he

enabl ed nvoltgggﬂl@ﬂsegpplkﬁﬁ%lw&td@l{’es fb%urm g’eado @raﬂoﬁs shorted out. By shorting out
respective n-channel transis

Vit )
| evel drop acrod¥tprlstpied H‘f hgn% [ ﬂi‘er?fefefrﬁd eP’EOdf‘?eéhoé ih%]fr?)SF m ?Xenmﬁ‘ége i“%£4r enmoved
fromt he edlrampﬁ apephanpd trimsigerdat Bhd sdosge ¢fneshaant] wpotisin feis déchinglly ednpestad Wlthﬁ?’ As a
resay t, 1§/ Q)lt:lg@&ﬁnekﬁ)‘y{ ch)alb ar\Mllhteﬁmtoh@ch&ﬂbll&ﬁﬁsﬁtbﬂ R isGleafiqaiCdofimediddtwith dodstt akes

effect c an %ﬁ S?an%il &e worghne !ierc]gd%rezassunng é} tlom%?]e é)asg éa??e 2483(19&13{19&’8!116 et;'{b%%}gl d

vol t age ( g ross resbg10 nsi'c transistors 34,
36, 38 i nC“ECHb%é‘P FPP Htegsarae thﬁélp}éwoél@e gaapestion K%C%Ze?t%iﬁrﬁfef@geﬁge
i |1 ustr at eakdiinss 3Bbgore e boodted wprdfeasltagdhanis palérhiericvy e wbréitpe videgdd@ker oirtuitgui t 20

i ncl udes ganyfg{eg%%“gggéggfas%ggvmglysgg;tp threshol d transistor 50 and a boost
capaci tor 52. volta ost er

ge LS ?SH % boost the vg @eh | evel
avaf abl e on t’?fé‘“%"(ﬁd?)'ih%/ VBT ‘E“%E‘B’ée %%%ﬁéétsms o Ay ve2s oniRT e e R VAFyY from
appr oxi mawetinesB0 gurlyg ope@tic ofthe flagh meapory i XThaaerdling dgoder 2 is elggitiqaliprrennird itk g ar e
known in the C@E&tora@ shd@hegﬁs @telz¢dw&ulﬁaa@&1b@ae raa‘ow& A ene Gk z{nGbJHJtzﬁléﬁ diksiRgonionthé he 40
:/(I’)ll/;ﬁgleoll’olooﬁlof rl;l kﬁug 0% worcﬂ18§s deecog%rse% Eo nééessarsyrfor an ur} ?ﬁ/ anﬁlfslé (ﬁ rh Ipr@ nt?nvengloq Fgr::%lgi ggts ary
t o under sP&rnek of ﬁmms{“ﬁ éwvmnt g @llbb‘kﬁﬁ?ésf‘fé o undgrstard tht g«rr@%ﬁmdg] 26 {5 cxpaldy ﬁned to
boost t heuanvatiigageoaravdratat eitepa thhtiegeteripp bith tiobdr@igevotgnheadricionit {0Mcty 22 to a
boost ed V\Qgrgﬁnlas]’y@ MBL Fchﬂo‘Berg%fon approximately 5.0 7 WO 01/ 65568 PCT/ US01/ 04050
V. As illustrat eg Fi g t he source of channel transistor. 32 in the
adj ust abl e cl a‘ﬁ‘ﬁetcf‘i’r?‘éﬁﬂ"f thi?“’ﬁ’e'ét inverfinistlpsesh I?V‘°‘?:?§ﬁﬁq%°8‘tg8‘8pwefsﬁe"f‘ﬂ‘éty8 Hut of
t he vol t agemdno@sthaeby hBeasify Yidd fivh ¢he adjubpstirin pecess Apqaducé thenugeess £Bsitivy, the
el ectri Caladﬁétalﬁ@dﬂﬂﬁ@frcﬁ@ 12% &eklgﬁe@@ s@ﬂ-&)rﬂﬁéﬁsat@?or E}fal%es\&ﬁ)lh& A&l Q(QtﬁéeQVt) SBanst:HB8

dj bl ¢ s
adj ysta ?fﬂ%d 58' 11%% 6} ust%b(%)e Ociafng Iglrcalgﬁ (l)’h rggleslame[% c1rcn.9LqE e aap ki q?ge?f that is

gener at ed at "t age |l evel at
whi ch t heconael}sq@sa Gesbse pehanpppirapdistas 84 ip eleppicylly C@Wc(up Sel“?f Wlthkehaéﬁehétemsw TARSISRIN OViN
in the ar B4;afd] ARG AR a2 6he thRstHoldXol@ge (M Incledsddghe cdpEsilddel0Re. Of adaiti@arwith theul ar

gg\é; f : ; az g(%itigr[ & ﬁd@ Er%‘u‘rnﬂ g@%&llt th §rle%ﬁ ?;l%sh %ergdr%vli OTﬂ:gpaglg Btﬂh{%nggg tﬁl&ﬁﬁwgygag Eng agc
t ransi st ofhreshold voltage (Vt) in the clamping path, thereby changing the voltage level at which the adjustable clamp

40 circuit 12 takes effect and, in turn, determines if the wordlines 30 are clamped at a higher or lower boosted
wordline voltage during read operations.

For a fabrication process that produces a batch of flash memory 10 where the threshold voltage (Vt) of
8



50. The source of zero threshold transistor 50 is electrically connected

with the boost capacitor 52, which, is in 10 turn, electrically connected
with thewassexfat e 24 and t he wordline decoder 28. For theCpuspasesoof the
present invention, it is onIy necessary to understand that zero threshol d

transistor 50 of th votaeboo Cifr sed to pass
e vor t SGERIE R ke Ber o AT pUPE SO BOSE B nsS L e ok FRR e Per 52
duri ng r ezl ippehigter toergse ofile igwreds in theghreshglthyobiagh OItIbf tramgisiays 39t Py 3630 Behs as a

Sﬁur Cﬁ }‘ gtutlpmegate vntatehat @gatratcrb@ che entagtctbdmm wAlPRSS ngowetehna pg)alti@thé/@hfhﬁge zero
thresho tr

which in ’f S}te WOIB érg gtgtéug H%Bfg 13?156 level at W 1(:%%1Itaod lES 1%16 cﬁam[g ac:,trcu trlf‘tglgﬁé}e(ﬁ ran ’
pr efser r edineipssaldeshaidrioltage (Y carctje mftowﬁ Iffem élP glprpringippte with thefpmigipheiew 14 vthish S}@Ttsz e of
the vol t agea rbs@&:ﬁ&e ntchabel ﬁlfﬂiﬂsuhﬁﬁ)ﬁstor SRR il B adhudaRep LIeGE RS Thivltidbbi N turn,

I ndl rect l % Congtan 8t|1'1§ transag CP(%E 1nn C. anneglra SIS%(%TS éﬁ 6t ﬁgg ab&%ect&v% ggfl)rlr?i tﬁgﬂs{ 9 t," hle

wor dl i nes” 30 oper ati ons. urt rate

t he pref e‘tzr‘é‘d%é%?)‘émﬁ@ﬁtuct‘}fmt he present i nvent | on t he pass gate 24

conpri ses a p-Ichamne@ivé, fRAsbrehidh pibebss thhtBods@L teh afﬂaqhﬂeﬂnan Medhete thamgsiotdor 54
Is gf ect rtoﬁégt ) &%Qﬁat @dsmtattd %nnhzaQJuatmta%p Mfetlt 298 dawaga@% ko QlirdeV4B G 22

and the drain of annel 'transi stor 54 | ectrical X onnected with
boost  capfg¥ ?"t”ffrbe";%‘?e Gt SRBP gFThE Vt’i]é@lf?&g?“ % Blowgnghte Yoy %%@? BET°U#° t he pass
gat e 24 i woemddh|seehchyhevilesedevelll vhidh &g pdjustaige glapicireuR 62 ®lys ¢hacvilinkd to/fglrding e

avai | abl e@Rvidhg @Mt%st%@]oﬁ%@dﬁ@@ A6 Galisk AOVAME edel & &hicklind AdRk@Ee Rfnp circuit
pre-charg nes .30 i.ne..vol

gener at ed%’ges efFf‘lt res% ?ﬂ‘ fhﬁrénelvl%’i"tsw tranSlf)tC(’)I(S)!;é‘{] % pscﬁrerné)ttf? e Ougmfh 25 usqfibel% C?agne Cfl%lqt
wor Hl i nes 1230th thy 8- Clﬁn@wawmﬁﬁ%ét% Pﬁhettnmml%mfﬂtst 1g, nﬁtﬁﬁﬁfoterfhftﬂﬁféenalﬁ‘tenﬂot‘ Keapaiht dI i ne
decoder 28 coipertg fof fodeds RdBfioR kxpwr@hdeOUSInORIcAlY BNRGLstivhd BgREniigaighthentrol of

wor dl i nes thg'g)oos%‘érvdoxlagneggg at{)alt g%ﬁgd tg \bbﬁdllﬁl&%& Jﬂm ?1’3}8 gera.:l'tgns The wordline decoder

28 is electricall conn 00st acitor 52 and the pass gate
24. \Wordline d@&‘&‘t&%th% eaf@dﬁﬁﬁramnctennteﬁaefareé elat?&maltwa% fesFrdPYc YR  of t he
Ci rcui t rymayetk espwigfanywondlatin erigébedaorg, iicBiding but ne §sied ax FPROMs, BERROMderdst andi ng

of $ge pr ﬁé@lﬂém&l&vlﬁcrﬂdlngachn fos budas N@erﬁm ABD, HiiGedBL-EKNUR (bm(ﬁﬂtajxmﬁro—i t is

only necessar nde tan | i ne. deco apahl e of 30
transferr fl?'faw%ﬁ‘gmﬁ ‘Ef%sf 5‘%&2&\' ?%esent ’t"}’t‘“’mt“’rlgas bee@ﬁees?r%fdc"aﬁ re?etreﬁce e

wor dl i ne ﬁpeqﬂicageelpbm@wvnem rtafulibpe@f@nttﬂ@t \tan@s mvﬁ!frcettotlsn@’sch%%dm‘ beriepde te dese

oper at i ongmbodientsQiithdubdepditing BON Be brbdaer spfit@ERBApe bifibe@IE O bs b S i@ Se Slaims.Met hod  of
reduci ng kagrdﬁ%ly e S 1§c§%§tlaﬁd dygwg aQJ to {)J @%}aed i rHPurStyatlﬂ'B atheE hﬁtra%géﬁct}tvg gh&as!t ng
ylelds fromt ruf act turing p ocess 0 uce e process sensitivity,

t he? adj ustable clanp circuit 12 is designed to self-conpensate for changes
in the threshold voltage (Vt) of transistors 35 32, 34, 36 and 38 in the
adjustable clanp circuit 12. The adjustable clanp circuit 12 is capabl e of
sel f- conpensating because p-channel transistor 32 is electrically
connected in series with n-channel intrinsic transistor 34; and, as known
in the art, as one threshold voltage (Vt) increases, the other wll
decrease. In addition, with the addition of the trimming circuit 14, the
preferred flash nenory 10 is capable of adding or taking away an intrinsic
threshold voltage (Vt) in the clanping path, thereby changing the voltage

| evel at which the adjustable clanp 40 circuit 12 takes effect and, in
turn, determines if the wordlines 30 are clanped at a higher or |ower
boosted wordline voltage during read operations. For a fabrication process
t hat produces a batch of flash nenory 10 where the threshold voltage (VW)
of 8 WD 01/65568 PCT/ US01/ 04050 transistors 32, 34, 36 and 38 in the
adjustable clanp circuit 12 has increased, the wordline voltage booster
circuit 20 will boost higher because of the increase in the threshold
voltage (Vt) of transistors 32, 34, 36 and 38. As such, the gate voltage
that is generated by the voltage booster 48 will need to be lowered to
provi de the opti nal

is




boosted wordline voltage. To |lower the voltage | evel at which the
adjustable clanp circuit 12 takes effect, an 5 intrinsic threshold voltage
(Vt) canweorvesss®/ed fromthe clanping path with the tri mpPayusiwaomso 14,
which shorts out a respective n-channel intrinsic transistor 34, 36, 38 in
the adjustable cl Lanp. circuit 12. This is done by renoving an intrinsic
transi stor di oibatisglaimediss nol transistors 34, 36, 38 using a respective

n- channel tranlsl St 0¥ metih@ of cdutrollidgn Hopptet! rerdline voltagerngpd diringariedd ofefatior ina fldve

alternati m@mr}f(@@),camgr@llgyhgggpggn process that produces a batch of flash
menory 10 where the thres of tran5|st

1

and 38 in the adj usFsBie aértwage Pl Aoyl eBeR SRt s 30
wil |5 boost |ower Iseepingseideievobidp tgprtitceniodd aoHoseddvelowith an amstwqcnamm aket ef f ect
?t aI I owe\r,\lh gath @z)w@iuﬁ@g&o{nemdsbm wiiBlink Ag)@oeBOREL @Euit4hd), whenbdda br,eqefehﬁneuol tageb
evel at ic a circuit t . to be
raised to pr owtﬁeele’f ﬂlnaysb dbus i hoaos cmult Ai}%%&“\?%&t% %lgeé{egg? Sal&rlggiULst%)ﬂt% Egp
vol t age | evel @euiWiR:end t he adj ust abl e cI anp circuit takes ef f ect

respecti ve n- channeknetafitelshiBdoGedtvwoRins vEliagd ased dn said BredeBBnided @olia@lleva hak tarld out
in {he adj ustab| & Cl AR ofkd:CHluk 04 12 With the n-channel transistors 42,
44, 46 of the trimmng circuit &4 Therefore, the present invention is
capabl e of conpensating for process variation experienced during
fabrication by2adj ust inetlgpdandeimbitnbeicampigng theaghep oftemterio sagfboosedreoripostias
wor dl i ne wol tA%. fdidkhe 3®. appl i ed to wordlines 30 during read operations.

Al t hough the detailed descrl ption describes preferred enbodi nents using a
flash EPROM the invention nay be used with any nonvolatile witeable
memdYy, includi-ng, Thewethrgtof dldim. tuetein gid PRGNV cuitERPREMricallysen2Ed ites h
menor i es, uinitlgWetbie(1b)eshaabiog teSosuchijuasenNGEe bNANDmmANDculd(1v). ded bit-11i ne
NOR (DI NOR), and Ferro- electric Random Access Menory (FRAM. Wiile the
present invention has been described with reference to specific exenplary
enbodi nents, it wil4 e aadiripeie systpra for ?Pé?‘i“&‘%%b%ﬁ?ﬁ‘l“fofdé‘&tvPlffﬁ%ge%?ﬁﬁf Bffanges may
be nmade t ootilve s@tage®odvectirenyizosinwilish oerborg eparitingng from t he broader spirit and

scopg of the inventj, ofusdfie S&kp cfra.ﬁtkﬁ) aéamt»,ah?co%e@&mm the F@Bglvag‘lgeyboosteh@&
u

speci fication and. dr 1n. an i1l ust ve_rat her
than a restri cBraE™ ‘ﬁ es‘é’gagig"oﬁer\?ﬁu’é%?)é’g‘g’ aﬂé‘i‘ﬁfﬁ%if‘@‘ﬂ%’ﬁ‘ﬁt( %lélseffem 1 ai med
is: 1. A met horledottrmingshyoltesk leivah thatgoriyolo the @étagﬁ\bvﬂ pfi spidbopesddtwargbineysliage: ehdr i ng a
read operation in a tfih@S8cicd B Ectlcdl) conn&@URIH Sid BgustablecidipePait Ob) fogener at i ng

a gate voltage (48) in a wordline voltage booster
circuit (20); d%lS&npsa% |e(raiétér§%§dd‘gg§%tg%{/ol tage at a predeterm ned vol tage

levél with an adjustable clamp circuit (12) electrically connected to said
wordl i ne vol t agje bowstiefp d wicwing sys@O S clairhe fietha caaiidngpredifedeandened vol t age

| evel may elp&lcﬁf}]c&lﬁ&gg to‘%uﬁ Qorﬁm& l;dltggg\)&gergircfug klz'oi ané i;]f ﬂ:)\st @Je %&rdﬁﬂe @3@% ’wh{erecr\tps%@ ect ed
to said a oost ed

ust eneratin
wor a1 e VBES g BER A B S ot eEEh WP 2ge eI i th said 10
wor dl i ne voltage booster circuit (20). 2. The nmethod of claim1, further
conpg i si ng thes st eprhehaxhﬂaammngﬁnrgisya@msmadnhm&&ednpwgdlﬁdﬁﬁng\/dedoaeag@ to at

| east one il\Mgr I ec(e? Qo)séud \%‘Tmmné c1rcu1?%1 dherem SO(I tn En cg‘d’er (\M} ngél e a%l %é§tr Rt ng

circuit rica onne eco
control li ﬁ@ta$eH@u%Ptt%%byéﬁfWWWEﬁfculﬁﬁﬂPe by sal d tr| i ng ci rcw t (14). 4 A
clanp and trimm ng systemfor controlling a boosted wordline voltage

gener at ed b y a7, The clamp and trimming system of claim 4, further comprising at least one content addressable
35 memory circuit (18) electrically connected with said trimming decoder (16), wherein said at least one content

addressable memory circuit (18) controls said trimming decoder (16).

3. A method of boosting wordlines (30) during a read operation in a flash memory, comprising the
steps of:
40 generating a gate voltage with a voltage booster (48) in wordline voltage booster circuit (20);
clamping said gate voltage at a predetermined voltage level with an adjustable clamp circuit

(12) that is electrically connected with the output of said voltage booster (48);
10



wor dl i ne vol tage booster circuit (20) in a flash nenory, conprising: 20 an
adj ustable clanp circuit (12) electrically connected with the output of a
vol t age boost/exs6§ 48) in said wordline voltage booster ciPCDUSI@RO30 wherein
said adjustable clanp circuit (12) takes effect at a predeterm ned voltage
| evel that controls the volta rdI [ n | t and
a trinmmng circuit *P1H5E R pée(‘}?t%’i“@%tll Wgc 18Vﬁ1naé§ltlc dalgfd? tgbg TN & lefu i %F %
circuit (12) fwgtatuadpiresirpuiglishitd clorierdbtcenented @ih spigladinsgpele Plermlircultﬂ@) 5. The
clanp and trinm ng g&&ﬁﬁ@@b&i‘sw&\kmﬁ&hﬂé fhiiagh uitrtsbtenvo@mﬁpma@ib&gte@ummb ha@ decoder
(28) electri cda L y..conn (r:etdet nedv\xﬁ glleve gl i ne voltage booster circuit (20)
and at |east one wordiime § &réi'n“said wordline decoder (20)
trafsfers said booéita@ff“m%aﬂllbpqﬁ@d w@lww@ag@e aglearespredling@OwEt er e ¢3g)r

6. The cl anp apg thris dRtiBgy SysteIRibkaickadine vitagh bdobiliecult @Opri sing a tri mTI ng
decoder (16) electrically connected to said triming circuit (14), wherein
said trimm ng decoder (16) controls the anount of vol tagje adj ust nent made
by said trimmithg cieufed Chdejm 8. further pRapeiing s S PerPRAETY @V@F‘@ﬁ%f"m&? ai m 4,
further coreebsd agrhabolidzeasitecton@2)bofute eovbting shilk vesiisds (36) wiBSaidipne yodiirecui t  (18)
el egfri caldypeconnected with said trimmng decoder (16), wherein said at

| east one content addressabl e nenory circuit (18) controls said trinmmng
decoder (16). 8. A nethod of boosting wordlines (30) during a read
operation in alof | ashe melnd pfclain$ figpthér simmpgsitsiie stepef @pag agfmmigleepda €ioxip Famgela gat e
vol tage Wint finodnt¥Olijud@é RO 6T @ik wlnfhB)g chddic way. dl i ne vol t age booster circuit
(20); clanping said gate voltage at a predeterm ned voltage |evel with an
adj ustable clanp circuit (12) that is electrically connected with the

out put of said voltage booster (48); 10 WD 01/ 65568 PCT/ USOL/ 04050
adjusting the predeterm ned voltage | evel at which said adjustable clanp
circuit (12) takes effect with a trimmng circuit (14) that is electrically
connected with said adjustable clanp circuit (12); generating a boosted
wordline voltage with said wordline voltage booster circuit (20) that is
dependent on said predeterm ned voltage level; and 5 transferring said
boosted wordline voltage to at | east one wordline (30) with a wordline
decoder (28) that is electrically connected with said wordline voltage
booster circuit (20). 9. The nethod of claim8, further conprising the step
of pre-charging said wordlines (30) with the voltage on a supply voltage
connection (22) before boosting said wordlines (30) with said boosted
wordline 10 voltage. 10. The nmethod of claim8, further conprising the step
of using a trinmng decoder (16) to control the anmount of adjustnent nade
by said trimmng circuit (14). 15 11
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