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*FLASH MEMORY READ- MODE 16 JUL 2004 Technical Fi el RePeRienBBate | Nvention
relates generally to non-volatile nenory devices and, 5 nore parti qu ?rzlm
to a nethod and system of wordline voltage regul ati OWEEQM 16 JU

el ectrically erasabl e programmabl e read-only nenory ( evi ces.
Background Art US-A-5 872 734 discloses a non-vol atile nenory devi ce which
provides a 10 r eaWWORDIINEDRIVER FORFLASHEVEMORY REABMODEY a
reference voltage generated by a reference voltage generator. The
reference vol tage generator nmakes use of the, difference between the
threshol d vortagesi Bkiga pair of MOS transistors so that the reference
voltage is iﬁd’e—pﬁﬁ%ﬁ' of the external supply voltage, and is not

influenced by trZhsipesstnt§ inveitioat iclitss generally €6 evaevoleile ehdly dbdcdsual ¥
vol tage. 15 Fl ash nenpries are Bo ul ar rrermné% storage devi ces because they
store Pnf or WATS BArtichatipetondJBsteed end syviemnefowerdiinaetoliage) regulation ja flash of

construct o Byay Rl ARTRRE koo U5} bR BRI WPl ST L 11

silicon substrate. A floating gate transistor is capable of storing

el ectrical charge on a separate gate el ectrode, known as a floating 20 gate
that is sepa@éﬁmﬁt hin dielectric layer froma control-gate el ectrode.

General | y speaki ngg_#: ' t ' 900! at i r Yi.devi by_the
storage of an et ggtlg?jfzgp ?ﬁgrgge&%ﬁé {& h%ﬁ%g?}gnxgé%%&e&% eghlgﬁ ggﬁ&{ﬁ\’m
devi ce,l0el ecteadssslected wordlinsf esltage thay i$ hewerlthad bngfefate voldgedenadeedt iy Ugh a
thin dielectric |ayer, known as a,ﬁénn | -oxi de | ayer, |ocated 25 between
the floating® F%ce_el"%]&greo_ﬁ@eéﬁ’ﬁ%a henEréresenyoliagssgqnsrator makescisg pf thee

el ectron tragghancd %eﬁ?éeﬁ'tﬁ?.t&'é&hdﬂi/v 1@%%&;?%&“@% r%g‘z\ﬁ{)é%an isfotlEsd thdtl GG T ON

or Fow er- Nordheim tunnelling. In el Pansrer hechani sm a
vol tage i s craigeew voltage ircinfitppadém @f ghe exteinelsupplievditage, wdrit bof infaseed

el ectrode. The,contrql-gate electrode is . capacitive]ly coupled to the
f1 oat i ng-gatgymwgﬁ‘ét,%%é@éﬁnf EnCg POLIHE a?HEPIVé(SJ‘%l&?-the,' _

15 Flash memories are popular memory storage devices because they store

information in the absence of continuous power and are capable of being constructed
in a very compact form. Flash memory is typically constructed by fabricating a
plurality of floating-gate transistors in a silicon substrate. A floating gate transistor is
capable of storing electrical charge on a separate gate electrode, known as a floating
20 gate that is separated by a thin dielectric layer from a control-gate electrode.
Generally speaking, data is stored in a non-volatile memory device by the storage of

an electrical charge in the floating gate.
In a flash EEPROM device, electrons are transferred to the floating-gate
electrode through a thin dielectric layer, known as a tunnel-oxide layer, located
25 between the floating-gate electrode and an underlying substrate. Typically, the
electron transfer is carried out by channel hot electron ("CHE") injection or Fowler-
Nordheim tunnelling. In either electron transfer mechanism, a voltage is coupled to
the floating-gate electrode by a control-gate electrode. The control-gate electrode is
capacitively coupled to the floating-gate electrode, such that a voltage applied to the
30 control-gate electrode is coupled to the floating gate electrode. In one type of d‘evicé,

the control-gate electrode is a polycrystalline silicon-gate electrode overlying the

AMENDED SHEET



03309 -gate electrode is coupled to the floating gate el ectrode. USO1@4@3¢
‘type of device, the control-gate electrode is a po Yshahi o

silicon-gate ‘el ectrode overlying the 1 AMENDED SHEE#?@- 03- 2(%9% Us010403~
Repl acenent page 15 JUN 2004 16 JUL 2004 floati ng-gales ?ggcﬂmgde ampdiyL 2004
separated therefromby the thin dielectric layer. In ano r—type of

device, the floating-gate electrode is a doped region in the sem conductor
substrate. FlaahgReENct el MANRHarked tRASHAA Dy TR I dicREtrl! gt ors,
with each 5 traﬁgﬁst.or being referred to as g ceﬁmtﬁtaét rfcnlc u'dfer{sﬁgmcegntrol
gate, a drai@pard devirsu thee floatingvgatel lelentrodie soaleloped oegictedn dpeseanticondattor ,
vol tages to ?r*ﬁy\% tOf transistors in each sector of the nenory device and is
typically co B¢#'E& with the control gate of each transistor in a sector.

A bitline deCOderFBélP}ﬂe%gy%oﬁfrﬁaE& Fowy ot A fiturs bf AN s ANsLgLors
and is typically connected to the g’?ai ns o? t he tranS|}gt orslglgrr?’ &é@heaegl um.
10 Genebal | ytransistorsheingcreferred toras at cellrthatsihdndesar eontrolipateca teirpario¥RiRce.

sourceline apd ar Sontrollsﬁ bx a sourceline contrqgller. A cell is
typically pr d’?%m‘ﬁ%"d HpderPyIdRy, %erﬁ'i“éfﬂgi"gfaﬁ%@do\‘ﬂél Hgesisterstip gachcsgetor ol
gate, a Secomtﬁean%}?@vﬁ'éi%ﬁ jslﬁypiéndgy%%ec 6?11@@%&?@&#%%%‘/ QdR39

predeterm ned voltage to the drain,”"a groundi ng the source. i'S causes
channel hot feimsttoronsa s@tdre A bitlirecdeddér providee opkrationatl epltages & coRBin®BEI Nt 0

the floatin ate. A cell can be erased sever.al s in a flash, nenory
device. In gﬂ%“ﬁ%ﬁ&éd%mmﬂ?&mec @r%moﬁ%l%ﬂﬁﬁtoﬁs Py @8k celusimed
vol t ageQt o tGencyally, ¢ soudéRWTdhe Grahdif | BWicEhel ain
to float. This cglgges ﬁohe el ectrons tﬁ%’?ﬂ\%\gr lﬁfog%?g%n@htsgwggﬁ?e%%éti ng

gate during femtglledhy agowreeline coarollesd by Fowl er - Nor dhei m tunnel ing fromthe

floati t th .the.thin t I i de, . to th :
oating gate koggp is @Slc }," rﬁrog‘%%x%ed %)9 alp%lylﬁa1 grpregeterm?neiioxlrjorlt%%e to the

control gate, a second

la
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Cells are typically read during a read operation by applying a

predeterm ned voltage to the control gate via a wordline, a second

predet erm ned voltage to the bitline, to which the drain is connectlédUL 2004
groundi ng the source, and then sensing the bitline current. If the cell is
pr ogr amvealoisaelsa t hr eshol d 10 vol tage is reI atively hiRgT/USOHROMA t1 i ne

current J ati.ve he cel | rammed or

er ased, rﬁﬁéée{eﬁ'ﬁlgé F/lool Otgff (fam a"d\ﬁﬁoln?émﬁee?oé 15t {§§1“§f5 thWeﬁ‘f’[ﬁgmiﬁ’Fsé‘a erm ned

vol t age OmjebibiroRitidal de;g@lkﬁreylbn' hio hEMABRGRe. el GhANRS A0D W26 P dsh i ne
current will be relatively high. Known problens occur during the read

oper at i on mpjhendegices & dnagrengppilt.ia edl it coasddive appyingl b priveteintned @ditage Wi thieBbuicea

predeterm ned voltage range. |If the voltage applied to the wor dl i ne decoder
is too hi §RUnipgEe ©RTY gt andaligying tedrainip fegt- i écwﬁthb@ecbm@mme|1rgﬁc%msged or
therg can,bg shol d.val t age

addition, lapcsi y%‘;\]tghlgx%gﬁpﬁga%mq t be?eniog,dt% p“her NﬁrgLelm anle rgnéﬁe goaanét atf:r etention
failure vmhtohghnhettmlemﬁenldxﬁe1ayeHbglbsa.sfaL.tages on the wordline can also affect

t he endurance of the cells on a given wordline. If the wordline voltage is
too |ow, i nsuf¢dieireripicahly tedd daeng @ rerd @prtiombyaphigingiev@biopiae wigpo gpestupl r ead a
cell on the wordline. 20 Presently known nethods of supplying voltage to
the wor di Fe% 20irifey? £0ad relsigrmgpbyclizer Bhefime. o whihyisgpinissPanessd. (Vee) that is
the pover ,SURRY ¥e H@ke, 0% hIRIFRS & TRInL Dol P9y has
advanced, gand ésrreiato et t eé‘Le gbl es %Caveéﬁgfetfééncgﬁléem ramm% 'Ed(?%ﬁqosﬁ)rfi?cr on

prouess, g BxaapdLigh, hh@uiacoepi abbeero BRGRIVEIYRE. theVéﬂllstrﬁgﬂ)gﬁlnln@Md to he
suppl i ed to the wordlines duri ng a read operation has been reduced. As
such, t he”&tfof Pregholdtveliges V(l%%f?lalwé)c’e‘gs‘arpyﬂdtt@mwgplatg@nttﬂqeonfrblashmﬁermry can no

| onger beenﬁangeqﬁ:e %-%aqux% ”ﬁ%dh"éﬁu"ﬁ%r glr})gﬁz i L ies wi thout experiencing the

probl ens associ a 7 Ihfggges as set forth above.

Anot her known m)Qpbrgtm!nWoEcbrcﬁ@r@lt%|réagoptexra€onw&qlvbl& a\éaieé YL WHBRERSBLY tO
performthe read operation exists because of the changes in the operating

t enper at uvighingfpradfi@mimbdaehage@nger I the Atag: Agligipehabdrdliige det@eascighrie cefls t he fl ash
menpry changes, so do the wordline voltage often drifts during a read

opelat i on” ‘ham%d'tnscaaa%/%{'ﬁ%ré%v qa‘ﬂagfq"ﬁé ‘ht"é EF ot BYyoe REhT ErYRd wiesy ol thage

required gp thagwordlines t E’ m the, read %e tion has hecome
nar over . B LBAR FphAEE e BRG DIR! GRE s BRE] B R0 g

read nodeHigh Wwhagdddn tl%%\‘lihl\é@c\lﬂiis() &R618 e%ﬁc@&Qﬂe cél@é@é?’@ven deraitet 1f @€ ovi de
hi gh- speed capabilities when the flash nmenory is accessed during the read

oper at i onwordlingeiteds s tap lomiinsfficieniebitline e s ntay pralegfopdd hes@entvesrd r elldee ces. To
that end, d e to the further mniaturization of mcrochips, a need exists
for a rretﬁo wor dl i ne voltage regul ation that provides a

t enger at ur e- cmmaw RlEH BRSSP NRHaeP R Wora Rl §2AENS B bpetafion use a

supply voltage (Vcc) that is the power supply for the flash memory. As flash memory technology has
advanced, and smaller technologies have been developed (0.25 micron process, for example), the acceptable
magnitude of voltage allowed to be supplied to the wordlines during a read operation has been reduced. As
such, the supply voltage (Vcce) necessary to operate the flash memory can no longer be directly applied to
25 the wordlines without experiencing the problems associated with high wordline voltages as set forth above.
Another known problem with applying the wordline voltage necessary to perform the read
operation exists because of the changes in the operating temperature of the flash memory. As the operating
temperature of the flash memory changes, so do the wordline voltage often drifts during a read operation.
Due to advances in the technology, the range of voltage required on the wordlines to perform the read

30 operation has become narrower. Presently known methods of providing wordline voltages during read mode




5 less than the supply voltage (Vcc) during a read operation. D sclosure of
the I nvention The present invention discloses a nethod and system qf v
wordl ine voltage regulation in a flash nenory that overcones the BﬁOWﬁJWE
caused by the further mniaturization of flash nenories. The 10 preferred
fl ash merf® 91/63618| udes a wordline driver circuit that reBul/H$B4408% supply

vol tage (\cc) to provide a.. predeterm ned tenperature-conpensated wordline
vol t age tﬁ%ft’01 R B‘éh'%?%"g I”I"gb “‘Fso"ﬁ‘ " B ‘51’?%?“?"’("?’ IGrCeRest Yrnatedead RiFNy a read
operatlon{mghgmwgégg&agngﬁngée&&&QH%&WLS capabl e of reducing the magnitude
of voltage available on the supply voltage (Vcc) to a level that is
accept abl e t o Pahd o te adfuape hatatubAGon cNmichehifs|aasd exifdEtmmethodd The present

i nvention discloses a nethod of supplying a predetermnm ned read vol tage when
a flash e yoligesaed#ion datiprpvides a gmpgste-compensated piadecsfreined eeipus iYerdithaeht  of t he
invgptionkﬁ%mghg&ghi&¥agékc E}rol figqals are generated with an activation
circuit, in response CFOf 2 EFYWarE r ecei ved by a state machine. The
control signals are directed to a wordline driver circuit, which generates
a predeterm ned read voltage using a supply voltage connection in response
t o t he coBistighresf hniateptionl N t he preferred enbodi nent, the wordline 20 driver
circuit reduces the voltage |evel fromthe nmagnitude of voltage present on
the supply vol Thggesen@yeiencdisions vintiied eevswmrtvirdiee whisy epuldtiop @aflesh Af t er
being red [ term ned read voltage.is |ied to at | east one
wor ol ne. ey ok A RREAEL SN AEG T RE IR bARR R bR B ) The

pr efeer r ed pefinadbsiBBhordhcildBe oI il Bircuit ML réd@iidh LpBy Midape@VccEib prowiida
generates the predeterm ned read voltage using a cﬁain of resistors and a
current nPegesmined lqmpeygoratomprasagd ardline galingettiat cats aprdipdts & glurklgy ofwardligt | ons i n

t he voltage | evel on the sqyplg_vojtage connection to maintain the

pr edet er nt W8&? “H SR b ITPLpaling Iy st Srireblq dbirdicias thy magnifide pfvaleght  pref erred

embodi ment gy B SHGHERD REY 8 ' | 214 &N

appr oxi mat \gll y 3? 7 H’? SMV (\?\,h@ée;h % ﬁg “{\égl% %ca tgbl% tg\[;eer o%;d?) %ﬁg'ﬁg'g‘f’%ﬁvol t age
connect i omem@y. operating between approximately 4.5 - 5.5 V. The wordline
driver circuit regulates the voltage on the supply voltage connection to

t helpr edet er mi Hedresea dyeniion disslgees athattedl of serehinpapresisiemimdsabrbiage visaa Bk vat i on

30 circuit is %%thxa%gp %XItRP sga%e I chin h'3 16 JL% Poﬁm¥¥5£%h§3618
PCTI Us01/ 84839 Aot RET ™ BF ef €F PEE™E TBEETMTE At OF TRk * BHEE Rt I RVERtT on

di scl 0ses ad gdiBkiaQHkh &f actvaehd biaduit, MkeBonSeth BniYol ViHalk AEEvel By AaltBAIBiY. BRVI ce t hat
is operating in read node. In this enbodinment, the supply voltage is

suppl i ed toudsigwks dt fivgedds & v@dling grivertirduitwhich panerttése plelicashingigemd vofagtesince. The
wordline driver circuit is ]
a supply voltage connection in response to the control signals. In the preferred embodiment, the wordline
20 driver circuit reduces the voltage level from the magnitude of voltage present on the supply voltage
connection with the wordline driver circuit. After being reduced, the predetermined read voltage is
supplied to at least one wordline in the flash memory device during the read operation.
In the preferred embodiment of the invention, the wordline driver circuit generates the
predetermined read voltage using a chain of resistors and a current mirror. The wordline driver circuit
25 adjusts for variations in the voltage level on the supply voltage connection to maintain the predetermined
read voltage at acceptable levels. In the present preferred embodiment, the predetermined read voltage is
maintained between approximately 3.7 - 4.5 V when the voltage level on the supply voltage connection is
operating between approximately 4.5 - 5.5 V. The wordline driver circuit regulates the voltage on the

supply voltage connection to the predetermined read voltage within ten nanoseconds once the activation

30 circuit is activated by the state machine.




activated with an activation circuit when the nenory device is in read
node. Once activated, the supply 5 voltage is regulated to a predeterm ned
read voltage with the wordline driver circuit. After the predetergi fgdif
read voltage is regulated to a predeterm ned | evel, the predeterm ned read
vol tage WOOM/aIspt ied to at | east one wordline in the fIREIASAEMEIY devi ce.
Anot her preferred enbodi nent of the present invention discloses wor dl i ne
vol tage regul AP PreieRrd eppadimspt of faePresest inYeption disdPssrd dsthpd ol EHUaE H o r v
device. T, I ! i Sy i i j.on circuit
el ectri ca‘lnﬁafy@é#%g@f %g;%ka?h o%ﬁgf%?%?%gﬂﬁ#égg ogﬂ'se?té?eg%cvﬁri?a e!elgcont rols the
acti vat i odippliédit€avdrdiiné drier@irdalt Wittdd thd astfienfo@REVIQ] TiRIWgRBAeSIribdiaicuitis € connect ed
to the activation circuit using a plurality of <control lines. A wordline
driver ci3jcévatied withgn edieatendirewit|when teearemeny tevgte tsan reddenodec Oneeabtivesed. e sugrli t . The
wor dl i ne river circuit re_gul ates the voltage on the SLflL?ptlly vol t age
conrect i off ¥y KEPPURARHHFREE PN 2ror T gaorire I EsFEHs & %d™a si gnal from
the acti vadib.QRinGd Iioe i ' ' tEiqG s &opaect ed

W Eh € he e g T ead
vol t age toaddast b2 asidii@meheOkhdmids deite] Nng read node. The preferred

enbodi rents of the present invention disclose nmethods and systens that

qui ckly and dwetbar prefeirad epbadipicnief the prrsentlioteatoniisates e eardlineoritaarjeeutaonor dl i nes
in a flash nenory device duri read .node he present invention overcomes
e pr obi SHE BRESBtE il Fade e (bt o aEF ot o sBUERE Rasm RS S 0 50
trapsi st Ofiiviilioh Buit EQHickl) CorfetROSM &ialR InadnBE Shhe bibiBRRhAE QhSold hAtivERKEe up the

menory cells in wordlinés to voltage |levels that may disturb the data

st ored i reitirestea pleaidy §f co@bllsignals Thearqgroes@ddto thewdatidn oincutl bSiglapbalty & wor dl i ne
driver circuit that can provide a reduced predeterm ned read voltage to
wor dl i nescOMR! lges |Agecrlipgeiiinir gircyiely plecaricallyeqrrgersd pehegaiyier el STPH T dRE i vat i on
that will,pot. disturb the data stored on the no, : [

wor di | nes™ el Zhe it O30 B Sl el Ot PRIRGdeohB Boilled B ot 1y
appl yi ng n@bkrg £sigreMBhShelali@btiondiRuil At Rt At @&rdiNRis b ioABr Dhien@svidlthe i Ng read
node in a flash nenory device. These and ot her features and advant ages of
t helSi nventvdrdine drivérlcirdyis cbiveprayijsathemedeterpived read aliaghetp aifldash pne vofdlipedaringtap owi ng
detail ed description of the presently preferred enbodi nents of the

i nventi on™%iewed in conjunction with the appended draw ngs. 30 Brief
Description OfThgrngreﬂgrﬁboéimtlzrﬁs of Mk prd @R v R ALLES Bdifods REEdm0dk QAlB ki gure 1
represents a block diagram of a portion of a preferred flash nenory

i hcor por a{ciuﬂzgalya)rovide a predetermined read vollage to wordlines in a flash memory device during read mode.

The present invention overcomes the problems created with reduced transistor sizes, such as 0.25 um
20 transistor sizes, and the exposure of these transistors that make up the memory cells in wordlines to voltage
levels that may disturb the data stored in these memory cells. The present invention discloses a wordline
driver circuit that can provide a reduced predetermined read voltage to wordlines in a flash memory device
within 10 nanoseconds of activation that will not disturb the data stored on the memory cells in the
wordlines. As such, the present invention solves the problems created by applying voltage levels that are 1o
25 high on the wordlines during read mode in a flash memory device.
These and other features and advantages of the invention will become apparent upon consideration
of the following detailed description of the presently preferred embodiments of the invention, viewed in

conjunction with the appended drawings.

30 Brief Description of Drawings




preferred enbodi nent of the invention. Figure 2 is a circuit schematic of
the preferred activation circuit of the present invention. Fi gure 3is a
circuit schematic of the preferred wordline driver circuit of thelfpdés¥t
invention. 5 Mbdes for Carrying Qut the Invention The exenpl ary enbodi nents
of the iwoemsicthh are set forth below with ref erence t o PEPAISII4039

configurationsg rggre eserﬁsab? ll(+1| ed |fn the V\DL{.E% recogni ze that various
changes and modErT CabTone esuf e = pREiga © ﬁ’e{eﬁ%d SEPR S @BAIGUr at i ons

whi | e 1 emghefkrbt®Embbdidthdds hh@vesgémpe of the clains. The invention may be 10
used with any type of nmenory device; however, the preferred enbodi nent of
t he i nvention Figurelesp gradschenticaf thé prefatrd mBrmbsntirculbf thedr@at mve@edn. par anet er s
are given by exa le only and can he nodified to he used with various
nemory devi ces gyt ﬁ’@aﬁfc}’iéﬁ*‘e@?‘éé’f the Reefprrep yprdlive frivererircuf of theagegep inkentiqnn ¢ he
preferred enbodi ment, a supply voltage (Vcc) is considered as 5.0 V, but
could alternatively be 3.3V, 1.8 V or sone other supply voltage. If a
di fferent MddpIb\CaViQink OFQRd IaveafiASEN, the various operational |evels would he
nodi fied to 15 accommopdate the different supply voltage, as known in the
art. In additi &b cxamplatylhoydingks dflthe dhventort dxescidorth bekulich referecogrpezies of t en t he
supply volt Vcca often drifts between voltage ranges during operation

due to | oe‘iﬂ’%g‘ﬁ‘ﬁ’ Ps\AAY PoEEiTige M EF 2 R eeHre Al aliowtchqnges a'F‘i rppdificatipgs eopdkte ot s a
portion Ofma@e (}Mh@tp%&iﬁc%gnﬁfg{lraE wrmmll;)ynn%owdhm% aﬁ o‘?{he cqgmsanfhglnpeguon lgc of the

pl’ esent invention nmenor I nc wordline aCtI Vatl on

Ciredit 12ged amsaup@be;bmahdrp@ecezmmnneexueeaa eﬁt\éaﬁa:mzlme ifveWdh thldbsipRedddriaV er
circuit 16 and a plurality of wordlines 18. In the preferred enbodinment of

t he presedeshimment i e‘iﬁlecvlFPéPW@IS AR givady paaaplé @iy agd g br rhodifigd fo ge wédegthr i cal |y

connect ed W|thth | ne aﬁ:r circuit 16. The s%p vol t age
connecti on ()Vccef’orﬁevfcgs uéf P& %kt °&5’f PR RopRABRG BdhewRrefared FEoimst &l i ne

driver ci sgpiyboid® (Pdfts SHRRICD 83, otdﬁsu:mr&hén{a@wﬁ%é YBY, 15V GUbrhe okr siiphyD
el ectrical energy that is applied he wordlines 18 during the read

oper at i on.voliifpe Ifadifierent mpplg vdltege s cﬁdsfnCSlm wtanaxﬁopeﬁucsheﬂaw(mailtk yodifdmect ed with
the 25 wordlines 18 in the flash nenory 10. As set forth above, the
wor &1 i ne @FPRRYdate the diffirent speply "§“‘1§‘§éﬁ‘"t"ﬁ‘ iy BpEy élt"éd'“%‘m‘hﬁ?eéﬁﬁdér‘hq FHaauf ead

vol tage t be% gn zcs of@eggxe guﬁgy voﬂ%e cg 0 ten lﬁs G{\zgvrg vo gca'an%_gs dflrlngfop??zhl Jugl%(iioagper ation

in the flas erre pr esent
i nventi On,andtvhﬁ)umeﬁuphrﬁlﬁggéﬁrdetéﬁll on circuit 12 recei ves cont roI signal s

froma state machi ne (not shown) when the read operation is being perforned
by the flash B@ Inbstoeya bOion &3 plefrowrflaihmembre 1Gindopogingreemadinemefshear e used to
control t I;])r%seg)t\{rggn%lor! T(RP f%ghant)elm?)rr;f ]8THC]£C!C? as \r/]or(grh‘r?erra[c)lcvzuog cx%cgll \IJZUIE su%;?])(l) f/lollage
20 connection (Vcc) 14, a wordline driver circuit 16 and a plurality of wordlines 18. In the preferred
embodiment of the present invention, the wordlinc activation circuit 12 is electrically connected with the
wordline driver circuit 16. The supply voltage connection (Vcc) 14 is also electrically connected with the
wordline driver circuit 16 and supplies the wordline driver circuit 16 with electrical energy that is applied to
the wordlines 18 during the read operation. The wordline driver circuit 16 is electrically connected with the
25 wordlines 18 in the flash memory 10. As set forth above, the wordline driver circuit 16 is used to generate
the predetermined read voltage that is applied to respective wordlines 18 during a read operation in the flash
memory 10.
In the preferred embodiment of the present invention, the wordline activation circuit 12 receives

control signals from a state machine (not shown) when the read operation is being performed by the flash

30 memory 10. As known in the art, state machines are used 10 control the overall operation of flash memory




WO 01/63618 PCT/US01/04039 10 in response to instruction sets that are
received by the state nmachine. In the preferred enbodinent, it is only

necessary to understand that the state machi ne generates predeterlfi fgdg,
control signals that are directed to the wordline activation circuit 12
when t hewoerésétsper ation occurs in the flash nmenory 10. PORERIIHEIwor dl i ne

activation.circuit, receives the control signals_ fromth te ITB.ChI ne, the
5 wor al | LR AL PR PR TR o 55 G R e BB P RTH B o1 gnal s

that are oﬁl? Qécesgag' t(g mﬁer%ﬁﬁ ﬁt!:t tlﬂ@latg rn!ic\{ﬁg gen&ét&%rléhetlerr&ﬁed &ﬂm&@ﬁm&&?&@r red

enbodi ment "of the present invention, the wordline driver circuit 16 is

el ectri calirbeyed mmmnemnxedctmmbﬂncntcne2s»uepxp}{eyeauqiefaa@@c@ﬁnnmtakmn@yoo;) 14, which
can vary in voltage magnitude from 4.5V-5.5V. As previously set forth,

t hose skill ed Whep ttlﬂrr@r@macwarw’e@@gm theeconuiebpigngltfranribe ssfﬁenaetmed?f t he

vol tage | ev on the su e connectlon cc uct uat e due
Vo Poad cotearnnen et bmbet R R aie e Comar mtgEot s ‘B e o Dur ng
oper at i oRrcule e AL iR edfbolitibih ofGile hebbhdinvlBiok, 8 YRR ibRr &umtsys vol tage (Vcc)
14 to a predetermned read threshold voltage |evel which, in the preferred
enbodi mentegtridalty dosban@edith Be sihply vollagbdbnnectAB (YX£)EM) vanich kan vargtn vbng«tﬂugmmhee wor dl i nc
driver circuit 14 is electrically connected with respective wordlines 18

in the flREK¥SHERYr ¢ iztywuq‘welﬁ%rwt thesgiikiled in ghe Préw!d\fefmn&gé‘até‘aft"ge&eraf'?“n@e (VPXG 20
is used to el.ectrical onnect .1 river
circuit 1890 tH mhesrpﬁ%/"&eggci"éec 1QI“EVCCEre ugur’aﬁﬁd(r‘)luél tlora(g(é { n?%§§‘01 d vol t age

| evigl tha,tmohssot}g%ggtﬁ,gggang@,st he read voltage output line (VPXG 20 of the
wordline driver circuit 16 represents a voltage that is |ower in magnitude
t han t he magnibutirgepeapfions b vadioe pivesenit 1®md¢&s@esmpphg)tagp(§vqealgeoa connection
(Vcc) 14. The magnitude of the read threshold voltage that js vallable on
the read RFOTTREY feaB thEepatd veliagrdevebiRe) ‘?U”?f?e‘ée“?}’a‘i"f‘%[‘gés beiagrar 7Y nht Y-

appr opri g gmt 8y mf]mlaqvudmp il Gl MRl oénﬁclwv&tng%ctzpw&@uél@g damage
to the coré celrls rrermry 6 iI's performng a read operation.
In the pl’nGtixeﬂfaEIﬁd:nﬁf}fHO.dlnlﬁEﬂiﬂaxof reztdhrﬁita@d’cﬁﬁ)anihe (VRXE)MDiisaiked td dietrividy @hieme 18
voltage level is maintained at optinal voltage operation |evels by the
worldl i ne tefroptyw pf tey W%Unqdnl%c'wriéngthwfihaftsﬂ&n@e priedetepygined EP@?)‘?’VShWQ)YCt“a&je (Vcce)

that is V|Iable t ta o) tio Once regul at ed
by ¢ he war Bl FRAGF TP B e Rl oopt e A RRERp b Fleri i ool g

vol t age thakenis s vaIGRAaAL BlerBYma %ﬂ?{uﬁgtﬁaﬁﬁle GhhdnMRIE of@'oﬁaﬁé*'ﬂr&senl@n thesuipgSsiede 25 on the
read voltage output line (VPXG 20 to respective wordlines 18 of the flash

menory 1Q@ennddi@s®cc) $KiThé remknuune df herearthresmwcdage agiogavkipge drhbdreadediager s are used

to direct the predeterm ned read threshold voltage that is passed fromthe
read vol tOél‘@'é liga pRAE) 2P ferecc! ?W#Xé}hd?ﬂapt’raprtaﬁé‘”WB?ddf‘i°hE§?éh°I‘§rd“?—96l’ "B‘ﬂ?‘boses of the

ent M?Jgs‘n‘ %rl'(% lhé corelcﬁls %/}il the ?l!lsﬁ %mor?ﬁ)‘f&‘@&ﬁ&n@g%é J}Qrgu I‘l he pr edet er m ned

rea thres i's generated on the read voltage output |ine

(VPXG 20 of thee Ma&dh EoRdiklénk M@fepﬁéeﬁl@Mbrﬁlorﬂ-ﬁe iwSrdiche ' a8 Iebvisiaieamar dl i nes 18

30 during read operations.
at optimal voltage operation levels by the wordline driver circuit 16 during variations in the supply voltage

(Vee) that is available on the supply voltage connection (Vec) 14. Once regulated by the wordline driver
circuit 16, the predetermined read threshold voltage that is generated by wordline driver circuit 16 is passed

25 on the read voltage output line (VPXG) 20 to respective wordlines 18 of the flash memory 10. Those
skilled in the art would recognize that decoders are used to direct the predetermined read threshold voltage
that is passed from the read voltage output line (VPXG) 20 to the wordlines 18. For purposes of the present
invention, it is sufficient to understand that the predetermined read threshold voltage that is generated on
the read voltage output line (VPXG) 20 of the wordline driver circuit 16 is directed to the wordlines 18

30 - during read operations.



6 16 JUL 2004 WO 01/63618 PCT/USOL/ 04039 Fig. 2 is a circuit schematic of
the preferred wordline activation circuit 12 used in the present di scl osed
enbodi ment of the flash nmenory 10. The preferred activation ci r cuibt JUL22004
includes a NAND gate 24, a plurality of inverters 26-36, a plurality of

p- channeWa #1deiBst ors 38-40, an n-channel transistor 4Z’CTdJS(’yﬂ493£hd

connection 46 a S 48-50 that are electrically
connected as |?1gfj£s rcgrf““éc erﬂaug"fl(%'i‘egf[r\legqmg ‘g'ﬁeaf‘hvénoﬁf'écf"éi “éeéi“f'g FHYenory 10 is
perf orm ngjlsaoséc?@tgodg%tr dﬂh& £43n ménn)?y Mo'ﬁ"ﬂlpleﬂﬁecﬁa&tvh%ﬁtﬁcgplZQﬁcTuGéé IatNAN%%atE ecei ves
predeterm ned output signals fromthe state nmachine. As known to those

skil | ed i re4talplrabiy df invetesst26-36, Apiohlitn &-cBond rralsnsmhaz-zzowehaﬂahnennemsai #nm of flash
menory devi ces through the use of various logic circuits that are beyond

t he scope &rndepraccheng's e viurﬂﬁéﬁiw%garesrﬁesoma@&ée@wqﬂlmwe@m flprated 'gnal s that
are ener eg \’pl}én {hhe erreg;lz?sh !nrean?or e;s arfc?rmrnegr%zlidved b he dhne acuvatlgr! c;rcunf
actlvatlon T rcul AEBT E7F HECCERVPR ?r SOUPCE0tf 1ine

( VPXG2OFFBY readhves ﬁedet%%cﬁﬁ@b&ls@naidfﬂaﬁ t&P&Bmchﬁﬁ Asm“aq)dﬁ&@&mwlam@ it, k@D
detector line (ATD) 58 and a READ |ine 60. Referring to Fig. 2, the

addr ess t marigriet doun! thketvgdt aperatioh pigflaghAEDYry BB icanidougihde REKDariousiegicdcss e
electrically connected to NAND gate 24. The CAM enable |line (PDRI') 56 is
el ect ri cal® EIMREE: sepe Pighg PR PERI©26 and the punp enable |ine (ENVPP) 52
is electricall h urc VPXG2OFFB)
53 15 15 ef oot I naoh L T Y B SRy i 21

transi st orwofineatiRaidh a@uimmmem@dnameummmml YeourdtQkrliag@PROIUFEB sk N (VCC)
14. As those skilled in the art woul d recogni ze, the predeterm ned out put
si gnal s  tGid4 enghiedinglPPRIG fe ah addyest msi\'mndddwion@eaﬂﬂ)Mii oREAD ling G9-tRefetindet er mi ne

the logic states that are enerated on i rst enerate on |ine (CGENON) 62
and & SecdtiiE amerHrtIBH o PR BERORES® B4t WIocHe Fa s e ¢RB-B U put

lines of thepwet s 'Tﬂ@‘C/ﬁ@EdaM@ﬂde%R‘b‘SB%léle&ncll?y chit@hed & iffefdd: %&4“5 IhefHdpy connect ed
to the wordline driver circuit During operation of the flash nmenory

10, t he wehdlelinaEN\HP) 524 diofically foam:mtad cEL Bveaet 30 Ve &firct brelinaQvRKG2OERB) fW isver
circuit 16 by E)rowdln el ectrical signals on the first generate on |line
(GENON) 62"t recssd galgdh elrappigord af!"l‘fﬁ‘é‘S‘(’f@NENE?)CO'B‘&C‘edT%E“ s'Pﬁpfyst gener at e

on line ( lgfizlug\gonnec lOl?(QaC)ﬁfhe S %s%glglqe&%eper at Sd recogmze tge rgl(%!ﬁzrgune ut ul sxlgnals

el ectrically“connec he wordline driver ectrical

signal s priRvirdetied @ nd Wiikd dbidhiiod SRET Bl derertihe thk REic (&Em\i} Rreraeh 4fxe second
generate on |ine (GENONB) 64 are provided from25 the output of NOR gate

50. When tekrerapui lplgKGENONmngaseemdSﬁnesm@pgnﬁ@ﬁ@@:‘é&)léﬂg’h(ch @gvssntﬂ@&}putt he first
generate on |line ( 62 begi ns conducti ng g "1 ") and. the second
generate diesef ‘PFew"(déENﬁ\‘Ig)"“ gizpuit ‘?ﬁb@e ﬂ%ﬁ‘&ﬂléfﬁ“’r‘f@‘e‘t‘f’ @f"&’d"‘”ﬁ ‘d'}"e’t"ﬁ‘éﬁ“éﬁy

actbyating the il dlds ol N owaw dhe Joﬁcg,ne%[ﬁ%w? At Bt HARUL O
NCR gate 50 begi ns conducti ng Irst generate on line
( GENON) 6 2irigt 6fouiCio rBjZipr\Edm‘ggle(dlcﬁgl gﬁals on the first generate on line (GENON) 62 and the second
generate on line (GENONB) 64. The first generate on line (GENON) 62 and the second generate on line
(GENONB) 64 are electrically connected to the wordline driver circuit 16. The electrical signals provided
on the first generate on line (GENON) 62 and the second generate on line (GENONB) 64 are provided from
25 the output of NOR gate 50. When the output of NOR gate 50 stops conducting (logic "0"), the first
generate on line (GENON) 62 begins conducting (logic "1") and the second generate on line (GENONB) 64
stops conducting (logic "0") thereby activating the wordline driver circuit 16. Likewise, when the output of
NOR gate 50 begins conducting (logic "1"), the first generate on line (GENON) 62 stop conducting (logic

"(0") and the second generate on line (GENONB) 64 begins conducting (Logic "1"), thereby deactivating the

30 wordline driver circuit 16.




"0") and the second generate on |ine (GENONB) 64 begins conducting (Logic
"1"), thereby deactivating the 30 wordline driver circuit 16. 7 16 JUL
2004 WD 01/63618 PCT/USOL/ 04039 Fig. 3 depicts a circuit schendti #) allit he
preferred wordline driver circuit 16 used in the flash nmenory 10. The

pref err edvQWW6déBne driver circuit 16 includes a pl ural i RGI/E01/p08hannel
transistors 70-80, a plurality of n-channel transistors 82-86, a | ow

t hr eshol d n- cﬁ%ﬁ@w‘f?aﬁ‘gi sgliepyptic gfthe peefasted wortling Jrivereirpuisif vpHRERE  n- channel

transi st O%l([ﬁny%qog'g}ie r%felQJdWO%kx deef c1rcrf1tel%t1n§%9 pllgiraht)(;:1 cr)}d -cg‘ai&sm ?s@ors%O%@ that are

el ectrica connefted as ra ustrat ed

p- channel pidrglarts h-slafteSrards@iors 6286, 4 dw th?e@hoﬁm;h&newumgt&%scmpdxranry@h&mm@Lhorur ansi st or
92 are electrically connected to the supply voltage connection (Vcc) 14. In
addi t i on, n-cham trensistors PEY) stlwalityddresisnals 4 -anhea¥(iRedate0f amgieslemcslly8®necs439and 86 are
electri cal ly connected with the ground connection 46

her
i |1 dst r at SYrRIALHE dspliisraed pehappd rapiget 19 @al4 YF"B%HHQE"E'@H‘“ cﬂangeérl es and
transi st ofSq t-ed
o oot or AP AR R BL AR LEALLIG RIS SRR RIS, |
recogni zeredistabds dh@s tianeluGnsRdrs 87 KLantd Po e bt g nkbctvd Widrthelghbadd cometiass. t he
vol tage | evel present fromthe supply voltage connection (Vcc) 14 at each
stage. | nAtfirdeniiustated iteedesisinty Stirminqtrically ¢pencrtedsin @tieirasd t%ism“é&r?ﬁd'é 99#re p- channel
resistors. in channel resistors i m nat process

vari at i one‘66?*C@é&“ﬁ“@&%"&“ﬂawrﬂ&"Bbe&r’a& 97 B s o Eﬁ??ﬁs““lf%‘é ‘“Sb”é‘f"%ﬂdl ng

tenper at Ut pf thil&ishlsas maxéaﬁmoxagéﬁwe%a rJaQJes & SoRGE el e VR bbREEPIIPP aCT 0SS
the resistors 94. For 15 mniaturized menory 10, especially those
desi gned w8agagpnikcidb (Yo It @RS bisgeOr - Si ze technol ogy, the voltage applied to
the wordlines 18 during read node needs to be | ower than the nmagnitude of
vol tage supplif @Hprbf?"ﬁt’ H‘éboé‘ﬁ‘ﬁblt'v ’V@P‘F%"g"é“ﬂ@@h?f@rff‘ﬁ"t‘ﬂﬁ’ef‘%t’)’ - Thep-addi ti on,

the voltage |evel e wordlines needs, to. to changes
1
in the VO(]Q?M resthoer\s/ eé Frp !&%‘t I;irocess vanaf:on of ea[;l{ ghere dug%olgerat 0{1 O‘Aﬁs stu'vc %ogei in The chain

of resi StErQ;feﬁatu%f hbeLehos 1pe&yhodﬁﬁctawqwagelamge&&wde Rfisdredugdrng the vol tage
on the supply voltage connection 20 (Vcc) 14 to an acceptable |evel. The

chaisn of wmiegturizediiash Benogydfpepagall tos desigeed asigdS5 Lm rapepatze rghndemidhet | ons and
varies the volta e level that is su(i)eplled to the wordlines 18 during read
mode when"U#F PRBUFS 'OPeratiPH gt Parefe met-gedalp §o 1oV EhEe MEPRT e Y88 enbodi nent
the wordl gugb%emylth\ég ppl?lvgllg IcBnne’lcﬁonr(egyﬁeﬁ ahcﬁt%n tRaI Joﬁzggle\lle?%glted Qﬂha%ﬁnﬁ%&lpp' y

voltage connecCtion percent of the original voltage level. As such,
as the magpnkddiidedj@f o Viahdeig) @e Volige @Sel @mrletshﬁlyzatagdbpﬁkgmw@lcd)agerhccmmmett| on

(Vcc) 14 from approximately 4.5 - 5.5 V, the voltage | evel output of the
wor dl i ne Tfiarer teieforsuprovideaia tickyagihgd of reéwﬁnaﬂpr@xgeﬁathewplswrag@ cgneglioy  Those

ski 40' ed | &l/cg) hl?lo an acceptatldt!, Igve{ ecogni ze

The chain of resistors 94 compensate for changes in operating conditions and varies the voltage
level that is supplied to the wordlines 18 during read mode when various operating parameters vary. In the
preferred embodiment, the wordline driver circuit 16 reduces the voltage level of the supply voltage
connection to 82 percent of the original voltage level. As such, as the magnitude of voltage varies on the

25 supply voltage connection (Vec) 14 from approximately 4.5 — 5.5 V, the voltage level output of the
wordline driver circuit will vary from approximately 3.7 — 4.5 V. Those skilled in the art would recognize
that the resistive values of the resistor 94 and the number of resistors 94 could vary and that the percentage
of voltage reduction will vary with the changes in resistive values and the number of resistors 94.

During operation, when the wordline driver circuit 16 is activated by the activation circuit 12, the

30 second generate on line (GENONB) 64 stops conducting (logic "0") thereby energizing transistor 70, which




that the resistive values of the resistor 94 and the nunber of resistors 94
could vary and that the percentage of voltage reduction wll vargy Wfﬁb]l, t he
changes in resistive values and the nunber of resistors 94. During
operation, when the wordline driver circuit 16 is activated by the
activatiwoorsasouit 12, the 30 second generate on |inePCCENMONE)3964 st ops
conducting (logic "0") thereby energizing transistor 70, which 8 16 JUL
2004 WO %IPGG@R"@CPFW%@iﬂf@a@wpheéﬁﬁﬂmheweéy Hﬂl@m?qﬂmqftm“;ﬁ‘éﬂch“"ﬁ‘bfﬂo“t he vol t age
supplied from t nnectl on Ehr ough the

resi st or ™Y ‘he'fﬁﬁm‘isg‘gprlg%/ﬁ?sé”sg?ﬁ %ubeﬁf‘i Fira “138 a‘é'r]ﬂ(‘-ffﬁfe eteé‘ﬂ'ﬂe\gﬁ%l ntain the

pr edet er EHHreE\%Q VEIQEeCLta ﬁrﬁ El%ﬁl%héj(w llb@'% sérfortgaljo{lJ fﬁ& mg\ghlftﬁyéftvola&ciaeth«(w 1) 100.

As set forth above, the magnitude of voltage at the first circuit node (W
1) 100 r epuiesentvs AT @jirdsents@iratid behesupRIviitayal to gevadel/ae rashtiasistdp on t he
resistive makeup of 5 the chain of resistors 94 and the voltage variations
in Xhe stpgpep OVeilStoﬁdéaﬂééﬁ M‘é%&el"@m“‘{“‘é/@é*)e SLPA‘Y V‘[’Jﬁ%ﬁﬁ@““%@?‘éﬁ &ringt he vol t age
taL r tegﬁ Or Ia{e%%xocnht e e éﬁge atpllc; gr [S clgr% 80d) é‘%\pl? trols thg actI\Qltex nac‘) low r?‘gslllo?dnl n- c?lann

is € rical connec% ed to the

resi st or 240k, whldfis fell:clfr§£llygén5&léa b lH@QQi@tox@ YVac thd ﬁrthpcmt hd¥e thﬁ‘lOO in@n,t hreshol d
n-channel transistor 88 controls the operation of p-channel transistors 74,

76 and niehaeahed n-chime nsisistrER sonBdls thSoperatien ciipachanedl rdnsiamsi4stéandn-chdnnel 76 and

n-channel transistors 82, 84 nake up two switchi ng 10 circuits 101 that are
capabl e Hfsigpredt ?%EIC*@““EWP‘?S@‘HTS Th 3t 4 pEmeREsr S0 Make P B9STET8% 90 and

P- ?(h annel 1rcu1t£s I Ez!t gr%: %‘éable of crcattx L eslp rexﬂﬁfqh For 1ok I[h.regl%Fd%‘l;um SB% ahJ}:DéﬂIin él gnals. As

preV|ousfy se e wordline driver circuit 16 1s activated by

the acti vwakikdTs Girkspdatelio probiderminbtBngul fighlls. gener at e on Ilne (GENON) 62 begins
conducting (logic "I ") thereby de-energizing transistor 72. This causes
p- channel tr ansirsioosty S?ﬁorandﬂelpmc\kraﬁhe&ivwrcmsilﬁsiE @yriva%b)ttbe %é@mif@her gi zed
thereby creating a 15 current ow. t hreshol d nel .transistor 90

and n- chanHErst g o8 tig(SENEDD 6§%g‘“§4€°’édﬂ?“r"%ﬁl\‘lg‘°n1 HPEFPY ieoeé‘erg'lz'gg Wi ed by the
el et 1| 68} NS LARS Bk ON bl Sk o RAME LEANS R Sesdlha 92 and

p- channel transistors 78, as Illustrated in Fig. 3. annel

t r ansi St eur@nt pRlL to Ty thrédeflold ;Zﬁnaxaadads@w Wwhidasdhohd rmsighrasened. Actmreansnrrstloﬂ 92 are
also electrically connected to the supply voltage connection (Vcc) 14. The
current Hfcrepteby tip@ipcuios! consestiont ef lw‘bfdih@'é"fﬂ?@eb%ﬁtf@ﬁ@?ﬁ?ﬁ@d pa88l t hr eshol d

}/? :,]tea?\elpg{%)%t tﬁré ?8 §6j 2p F”ustra\ted in 9 g3 t’%h$ chaMPlfaHms?ors 7%872 gg aned 10 ;reg?ﬁgﬁl —\é)gilu;efg e out put

durl ng operati art wou

r_ecognl Z Qanskid®2 afeisd Glticall} JoﬁrQ&edelge &uifiy @Q&@c&@&noﬂ@‘c&)&@le’ﬂ@&ﬂ_ﬂﬁtaﬁrﬁﬂ on the
first voltage node (VW J) 100 to the read voltage output line (VPXG 20,

wher e it 10Xsis tskian produatEgteddermingdheat! heshadvdlapaiesis i@plieﬂg@emrdﬁrﬁe“‘o’pé}eati ng
characteristics of the current mrror 102, the

r eP ect edeadyiteagautpusling (VR3CY Hilring Qposryen 14s igse sk %%?e a?(’j’ oy gr‘“‘%qg? @eh‘g‘i y | ower t han
t hat avalctllriaptl ngrroax’tl Ogrgﬁcll thd \%Flagé/ é%l)enzﬁeg%n o ﬁirg vgl\écye II;IJAC (‘}OH'IOO to the read voltage

output line (VPXG) 20, where it is then connected with the wordlines 18. Due to the operating
characteristics of the current mirror 102, the magnitude of voltage reflected on the read voltage output linc
(VPX6) 20 is slightly lower than that available at the first voltage node (VV1) 100.

25 Referring to Fig. 3, NOR gate 96 is electrically connected to a second voltage node (VV2) 104 via
inverter 98, the source off line (VPXG20OFFB) 54 and n-channel transistor 86. NOR gate 96 is controlled
by the source off line (VPXG2OFFB) 54 and the second voltage node (VV2) 104. During operation, the
output of NOR gate 96 activates n-channel transistor 86 to complete the current path for low threshold n-
channel transistor 92 and p-channel transistor 80. As illustrated in Fig. 3, the second voltage node (VV2)

30 104 is located between the gates of low threshold n-channel transistors 90, 92. As previously set forth, the



25 Referring to Fig. 3, NOR gate 96 is electrically connected to a second
vol tage node (VWV2) 104 via inverter 98, the source off |ine (VPX&ROFFB) 54
and n-channel transistor 86. NOR gate 96 is controlled by the so%rgﬁ %&6
line (VPX&GROFFB) 54 and the second voltage node (VV2) 104. During 6 JUL 700k
oper at i omo d1fsgs18 out put of NOR gate 96 activates n-channedT/usoamesst or 86 to
complete the current path for |ow threshold n- channel transistor 92 and

p- channel SO¥Fegf &pedVRFF CABTBIARS isicpruglief Pyifepiempchinegnd igused 35 a casd SRY AR age node
(W2) 30 104.is |ocated between the gates of |ow threshold n-channel
transistors %0, 92. As previously set forth, the 9 WD 01/63618 1 6 J UL
2004 PCT/ USO ThO4H@ e SRbHCG& 98 fhuslab® a hiMPH6ad GhfeBhat othrdesthc@dling®lis @d by t he
state machine and is used as a control input to NOR gate 96. The wordline
driver ci yoltage kevell@ apphrisnaglyt8d peasntaf thd \ghe fthe ewbplb uflbger(VichwithicR amgeendshe
wordlines 18 to a volhv%e | evel of approxi mately 82m£§rcent of tme val ue
of the suft e PBereyEd E)T%Pfoﬁf‘ﬁ‘hﬁ‘@reﬁ%m gheyspitjees 58 Famsesta OB E B ent er s
read mode,,, Emoﬁ.stnmf%%& SorkdIFnEBFeRpR B chife dafh kAo Rl RS, oM 2e€i NG a
vol tage hi % enou ai st ur he data stored in the coré cells or cause
data ret eﬂartm 20dve,fdad tb thE Beclellt DUz 1 SE byORd iRpleritab@ .25 Oprbdass abioviegy, witie t o t he
decrease in cell sizes realized by the inplenmentation 0.25m process

t echnol ogypltagt laels awdiM tathe whrelined 1§ derpp tepderabde tped thbe redbyead| iThrepeschgn gt ng r ead

node need_to be r ent i nven n oses et

st e oFPERTHIoRG NECRU B e B L Dyt v ah B e e g anetd
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cells in the wordlines 18 is "applied to the wordlines 18. Wile the

i nventi onishas been described in its currently best known nodes of operation
and enbodi nents, other nodes and enbodi ments of the invention will be
apparent to t FYGdle the jevanfiendhas fentdereritgd 1 itggygrently pestikgowniedgs §f PerdfoRgrdce ai ns,

i ncl udi ng_al ui.val ent s t ar i.nt ende dand scope
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CLAI MBS 16is hd Hhovz%xms, including all equlvalents, that are intended to define the spirit and scope of the

15 invention,




i QAMM of supplying a read voltage in a nmenory device operating in
1L e,” the method conprising the steps of 5 supplying a supply Vd80H#03
to a wordline driver circuit (16) within said nMerggilacdfmentBagavherein a

l evel of said supply voltage is variable; activating said wordlink§dili 8k
circuit (16) with an activation circuit (12) when andJé{Nam[,y device is in
read node; regulating said supply voltage with said wordline driver circuit -
(16) to provide 10 said read voltage such that said read voltage is

reduced relative to the |l evel of said supply voltage, wherein said read
voltage trac ations in the level of said supply voltage; and
supplying said read voltage to at | east one wordline (18) in said nenory
device. 15 2. A nethod as clainmed in claim1l, wherein said read voltage is

a percentagelof  samdttHdnd ypplyingag ecadavsliaph o @i MerfidlyHRRECSRIAGE HGesq NOt
substantial ly var¥1 due to wvarjation in the operating tenperature of said

mermory devi c8doghe mefhod comprisimadhs stegsefee havi ng at | east one wordl i ne,

and a rdline vo r.e [ e -ying..a read voltage .to said
at Iea\é\/:3 one wor d%'lihﬁ% d(”Ura"l %Hpg}; r@gagyﬁ%dgagﬁked%%ﬁ/ Rt c@‘sio‘%@?’{‘sﬂiaf@: an
activation cimemory d{vi) whemein dlleng ofsaid Gupplabledpess gibleyhen the nmenory
device is in a reacg. rr{)de; .%5 a wo[ﬂcg{l ne, driver circuit (16) electrically
connected to sai d*4FAIREEG Wordling drver eiawt (A} with\aaactiyation cinguit (§2)pwhen

vol t age, sai ghigresbi V%iié’ﬁrreﬁd%ﬁﬂ%{t (16) regulating said supply voltage
to provide said read voltage such t jat sai d read vol tage is reduced
relative to the |wgulatieg saidiseppiyppitagevwith sajé vandlinetdriver ciradi (6) e@grovalet age

tracksqpvari i Leve] of sajd .suppl ol tage;, and 30 at | east one
wordl i Aé ( 1_8%§de Féeg@t‘hrﬂ%é‘? _?‘;‘F%%ﬁ# o éﬁa_a‘im"?‘_??édf Fediged F’T‘qﬁéved?q therlevediaf sard;
(16), wher ei supplyi wbitapeé, dblienéin Ghidviesid Gblagd fradkd QhridicdM iisle BAlIbBRCupRNt age
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voltage; and

supplying said read voltage to at least one wordline (18) in said memory
device.
15 '
2. A method as claimed in claim 1, wherein said read voltage is a percentage of
said supply voltage, and wherein said percentage does not substantially vary due to

variation in the operating temperature of said memory device.

20 3. A flash memory device having at least one wordline, and a wordline voltage
regulation system applying a read voltage to said at least one wordline during a read
mode, the memory device comprising:

an activation circuit (12) providing an activation signal when the memory
device is in a read mode;

- 25 a wordline driver circuit (16) electrically connected to said activation circuit
(12) and a variable level supply voltage, said wordline driver circuit (16) regulating
said supply voltage to provide said read voltage such that said read voltage is reduced
relative to the level of said supply voltage and wherein said read voltage tracks
variations in the level of said supply voltage; and

30 at least one wordline (18) electrically connected with said wordline driver

circuit (16), wherein said wordline driver circuit (16) provides said read voltage to

11
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tl@% 04034 Repl acenment page 16 J UL 2004 15 JUN 2004 said at |east one
Wolars .(18) in response to said activation signal fromsaid acti \0H0103¢

circuit (12). 4. A flash nenory device as clained i i erein said
read voltage is a 5 percentage of said supply vol t%ﬁééﬁﬁﬁﬂgeimgﬁ ohos

per cent age does not substantially vary due to vari aﬁ:ésﬂr;‘]r' g@e operating
tenperature of said flash nenory device. 5. A flash W?j i ce as

clainmed in claim3 or claim4, wherein said wordline driver circuit (16)
generates said read voltage using a chain of resistors (94) 10 and a

current mrrgpq( h r | clained i.n_any one.of
clains 3to %{1 vﬁ%g!rgaeslt n&e. ‘%gac?]géa(cl??’ \r}gt%és %\é% ﬁgu%ﬁd (angaq?%’ 2 t&?@aﬁ‘
connect ed wi gdiivatist citomitifl2z)hi ne, wherein said state machine controls said
activation circuit (12), and 15 said wordline driver circuit (16) conprises

a voltage divider circuit (94) and a current mrror (102), wherein said

supply voltage 1 SAGlAR il dévied ARG kociah k”&H.%rggfoaﬁé?éaQ v%ﬂ!aéeg%?ebu .

divider circuit (94), said voltage divider circuit avi ng ar
el ectri éal | ypareanagetaddaidsupplyivofiege, afid sdierbircsaid percemtbge des(ribd 2)bstamially

o o ey b BartlA A9 @D 2R b SR Sl At 3 shy Gy 0! 20°: 20
5. A flash memory device as claimed in claim 3 or claim 4, wheréin said
wordline driver circuit (16) generates said read voltage using a chain of resistors (94)
10 and a current mirror (102).

6. A flash memory device as claimed in any one of claims 3 to 5, wherein: .
said activation circuit (12) is electrically connected with a state machine,

wherein said state machine controls said activation circuit (12), and

15 said wordline driver circuit (16) comprises a voltage divider circuit (94) and a
current mirror (102), wherein said supply voltage is electrically connected to an input
of said voltage divider circuit (94), said voltage divider circuit (94) having an output
electrically connected to an input of said current mirror (102), said current mirror
(102) having an output for providing said read voltage.

20
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