NON- VOLATI LE MEMORY CELL WTH A HYBRI D ACCESS
TRANSI STOR FI ELD OF THE | NVENTI ON [ 00011 The present
invention relates generally to integrated circuits
(I1Cs), and nore particularly to non-volatile nenory
devi ces. BACKGROUND OF THE | NVENTI ON 100021
Non-vol atil e nmenory devices are able to retain stored
data even when the power supply is interrupted.
No NOMGVaL i A'H LEEVTBE MO R € \( KIdS WAGPA BB RIDas CHSS TREENSISTOR
whi ch can be programmed using electrical signals. For
the nmenory devi ce toriBeDayt eHbpevENiTTmal , a 2T cel
structure consisting of a nenory transistor and a

(0088 ecThopre@sdesatibn @isds gtiafaliyno Sedetads! coan s spraoy mdedtharticularly
The nenory transistor stores data progranmed into the

to mvaDiayileasdnbory dvide@ t he access transi stor selects the
menory cell to be programmed or erased. 100031 The
menory transi st orBAENGREUND ORTHOUS VEWIESNI ncl udi ng,
for exanple, floating gate type,

{00onEt al Nohtvolh@le mexibaeteSickd GOmbI¢ MNEDh stoyddiRlata cven when the power supply
silicon-nitride-oxide-silicon (SNOS) type,

is i@ gltedd Naleolafiictfdngey 0xli@e chprise GRsh(IVNES)hitlyRe be pldgrammed
silicon-oxide-nitride-oxide-silicon (SONOS) type. The

usi NG day PEnalie IFDr e leRABSI &VRE 1D yR-Gtacked aQatcell structure consisting
structure conprising a nitride |layer sandw ched

of DAEMES M ahDURTan@RELIdtPPicc®X irlBisloayEdeles @RGe provided. The memory
pol ysilicon gate |layer. The | ower oxide layer is a

trarfs|4 DR lore® ¥htd robAYRIed ilth ereMhdnidrgleclll RYied the SccdssMRATNIN sBlEcts the
storage layer, and the upper oxide |ayer is a

meRbOCKil Rgbd RYgimbhal oifYENt i ng the | oss of stored
charge. The charge-trapping ability of the SONOS

[0083]aCKTRE ;hélﬁdirg fr8@nsBhdr QUBbJ WaFioRTAGE ABIMLIAG, BNckaRbRSBating gate type,
vol tages to be used. The SONCS nenory transistor also

me@PARTde SR M SORECROE) Gpakifics LMt S fdeksnesh GNE) termetal-oxide-
side of the stack structure. [00041 Progranmng is

mtﬁcbémxﬁmsm&oxbﬁvlbﬂbsF?{)é 284 silifin@SddeOflid 26 AGE-FMPANNYONPE R pe. The
depends on the I ciency of hot carrier generation
SOMDISGHhe rhdtdritirhsisthe RRNCSacRA dalei REQQTBRPI NG LM Myer shndwiched
between lower and upper oxide layers, and a polysilicon gate layer. The lower oxide layer is a
tunnel oxide layer, the nitride layer is a memory or storage layer, and the upper oxide layer is a
blocking layer for preventing the loss of stored charge. The charge-trapping ability of the SONOS
stack structure allows lower programming and erase voltages to be used. The SONOS memory
transistor also comprises source and drain regions formed on either side of the stack structure.
{0604] Programming is typically by hot carrier injection. Programming speed depends on the

efficiency of hot carrier generation which, in turn, depends on the programming current.




Programm ng current is affected by various factors
i ncludi ng, for exanple, channel doping |evel and gate
wi dth of the nenory transistor. Erase can be by
Fow er- Nordheim (F-N) tunneling. 100051 Generally, it
Is desirable to provide a non-vol atile nenory device
havi ng high programm ng speed and snall cell size to
all ow for high density nenories. SUMVARY OF THE
Prog IVENTE QN 00 06! cithg vpras dastors mylading.der exanplegdiannel doping level and
generally to ICs. In particular, the present invention
gate widalt efghe mempryiragodtert iBrase pnisrdy Faelardwegdheinn(Foletuaspaet
of the invention, an ICis provided, The IC conprises
[0085]t hi frenpaally, sl desigbietio piloaida e nortopiing Meaptyslesige hofing high
transistors with thin gate dielectric layers and a
propemaved wetd adrept eyl sl afor felizchdetshemenpresgat e wel | .
The non-vol atile nenory cell conprises an access
transi stor and a sPOVMAMERY CANBiSINYENTRN access
transi stor conprises first, second diffusion regions
[00a6id afihapessingatien whics lgeionadlyud ss. dn phiiicilkarghe present invention relates
dielectric layer. The storage transistor which is
to eowplagt enmgriesst b dnhespadoéds itveatinsi stlfris ponpleil sélge IC
first, second diffusion regions and a storage gate.
cotfffivescst hirage: vgalt eith detngtégirg tsitcopdaigetrdnaipiors, wil0O@7Rtd delectric layers
anot her aspect of the invention, a nmethod of
and ami@btiiagemory et gnat@dheihmaaictwidlls Thdivgeldsidd mefhey cell
nmet hod conprises providing a substrate with a cel
compgbom desnethstshe peorstorTiverapebtbr. Thegiwmm agsigpepareides first, second
with a thin gate well tailored for transistors wth
diffubibm ragahe aldayers:ss Almeinclvioklatdslaghicihpnodiylcdat lavbravibpglorage
an access transistor and a storage transistor is
tradsoraredhichns ¢dueled @l dericsegilencccihansaocesyrisesdngi stord diffusion regions
i ncludes an access gate with a thick gate dielectric
and @y@nge Ja00 0B L stbhgs gataimdiuddshetoraljleet.s, al ong with
advant ages and features of the present invention
{0008 ei m dhotet opetof the Inkclties.cimectapipd fantatingmougprated circuit is
reference to the follow ng description and the
disdegonpanykihgd dmgntsesgsovidrol 4 hibsins with & telli sgitioddmed thereon. The cell
understood that the features of the various
regeimbogtepeat Sitldehor dabediheit@tdfoatramsizots witt thal date layers. A non-volatile
excl usive and can exi st in various conbinations and
meP@FyNdtl &bV idNS access transistor and a storage fransistor is formed in the cell region. The

access transistor includes an access gate with a thick gate dielectric layer.

[6008] These and other objects, along with advantages and features of the present invention
herein disclosed, will become apparent through reference to the following description and the
accompanying drawings. Furthermore, it is to be understood that the features of the various
embodiments described herein are not mutually exclusive and can exist in various combinations and

permutations.




2 BRI EF DESCRI PTI ON OF THE DRAW NGS 100091 In the
drawi ngs, |ike reference characters generally refer to
the sane parts throughout the different views. Al so,
the drawi ngs are not necessarily to scale, enphasis
i nstead generally being placed upon illustrating the
principles of the invention. Various enbodi nents of
the present invention are described with reference to
the fol |l owi ng &RV H§§CR¥PHEQ\H|%TH'{ Y NG, 1 shows
a non-vol atile nmenory cell in accordance with one
(000 odp fsriravsnes: b reicHpenPERie200 Ay oy o e SRGRE ythroughout the
non-vol atile nmenory array in accordance with one
diffesp oefvive Hsoothe figings et 1eessalp st ermyhass *%6&%‘*&013@ being
cross-sectional view of a non-volatile nmenory cell in
placa St YRR HPTEI CS SR I TSI OFr oK TR BHPY s@hhe present
[00131 Fig. 4 shows gate voltage drai n current (vg | d)
invesntipy g deseripadevihypieregcade sl ign diagtngs. in ¥8€BY di ng to
one enbodi nent of the invention; and [0014] Fi
(001G] s HBgy lshpy ot Rasvaidenenery el i asePrdmes with H“%%’S@%‘?&%{ the
wi th one enbodi nent of the invention. DETAILED
invgDESERI PTI ON OF THE | NVENTI ON [ 0015] The present
invention relates to non-volatile nenory cells.
[00pdr t i el 2eshpys a pavevolpileneneryiare macemdiogs yitkheng “d)“b&d@"lcm of the
flash type non-vol atile nenory device which increases
invggtioggr anm ng speed whil e reducing cell size, enabling
hi gh density menories to be fabricated. The '
[00HAN- Vidk gt shpes wemesrapetiashl deve alp me-olgibr poray edll npe@rdapge with one
and easily integrated into current CMOS processing
embtodgimnbb ol egeatiTie | Cs can be any type.of I1C, for
exanpl e non-vol atile nenories, signal processors, or
WﬂgystdﬂgdhmeWbgH@QVM@eéamGEﬁ@ﬁ(beé@ﬂvﬁoﬁ¢§haWéhéF§é“m“$ml

useful. Such I Cs are incorporated
according to one embodiment of the invention; and

j0014] Figs. 5a-j show a process flow for forming an IC in accordance with one embodiment of
the invention.

DETAILED DESCRIPTION OF THE INVENTION
[0015] The present invention relates to non-volatite memory cells. More particularly, the
present invention relates to a 2T flash type non-volatile memory device which increases
programming speed while reducing cell size, enabling high density memories to be fabricated. The
non-volatife memory cells can be incorporated into ICs and casily integrated into current CMOS
processing technologies. The [Cs can be any type of IC, for example non-volatile memorics, signal

processors, or system on chip devices. Other types of ICs are also useful. Such ICs are incorporated




3 in, for exanple, mcrocontrollers, communication
systens, consuner products such as cell phones and
menory cards. 100161 Fig. | shows a non-volatile
menory cell 1 10 in accordance with one enbodi nent of
the invention. As shown, the nenory cell conprises
first and second series coupled transistors 120 and
M The first transistor serves as an access transistor

in, fon exdiniple, BQCcERdirblican sisharicasien wesmascoasuwtcop@dets such as cell phones
transi stor. The transistors, in one enbodi nment,

andafdnpiry 8edd ransi stors of a first polarity type. For
exanpl e, the transistors conprise p-type transistors.

{00D6]t YPEigt I & S hod-solatile mamsy culd @fuin.accoddaner wiat oneepodiment of the
both n and p-type transistors are used. The first

invEli@an S Astlofvni the hisdes, @ll gahgriseefirm mdlseco® Serianchbupled stnsestgts 120 and
second termnals 122 and 123; the second transistor

L4, Nk ek §adisgak@visek oh Aakss dsistandd fhc ssbndnghss@c ganeks as a storage
termnals 142 and 143. The gate term nal of the first

trads/s@ASTISE thsibSrsCiawpt edbddina@n coapéessngsabde of 4 fist foh@ty type. For
while the gate term nal of the second transistor is

exa@PUPthe tatsstd@s CaRirtse b-tgatt@nsidtbrneN (@O trandhers seadn dseful.
termnals of the transistors are comonly coupl ed.

All©aunes, Bidn bid p-hipB @ausishlrs arangd BlChe Arsetraneisipeint ludalayate terminal
coupled to the first termnals of the access and

12 554narag end deadslit&hidgs 12PQ0 713; 1he saotdtraaiRee indlutiés 20ne terminal 145
enbodi nent of the invention, the access transistor

andCRBRnY S&Sndternif | 4b dntiansi BleQfite tditnahythitid st r@Bsosik @bupled to an
includes a thick gate oxide 128 with a doped well 115

acchR gaRCEOMBOAAIR 1B fdt@dShisd] Of thehdcBndurinkistr gabelaxt deontrol gate
The doped wel | conprises second polarity type

lind@EBNTBe sebd @MY & thd thasidoRa corlnlonBIPFES ESulde and bit lines, SL
n-wel | for p-type transistors. As for the storage

and BRNS SipRtivelyicolifled WARSH A (&HIROSIflIe: RERS g sbQE itBgsistors.
Iayer 148. In one enbodi nent, the conposite charge

[0037]0F agfict@NRLe GARBAI @ﬁﬁ;dﬁﬁbnﬁdﬂtﬂﬁnmnhbﬂl dig- RXdsdeansNO omprises a
stack. Other types of storage |ayers, such as

hyRNQASNST alhe aphedeResbNind¥dde da8fiduate oxide 128 with a doped well 115 to
oxi de- net al (hi gh-K) - oxi de stack are al so useful.

acch@@b8te AFaSROMY LR thih Gate Sxid@ Tllopéd Fl &fnpﬂﬁﬁ@éc){m@ phlhisty type
110 can be provided to forma nmenory array 205.

doprh@WRor &Bﬁp!@qﬁoﬁdbc@ Qhli SorfrRed N-GEE N PAGELHANNYK G ORE T(Q'thc storage
gate lines 2801.;, access gate

transistor, it includes a composite charge storing layer 148. In one embodiment, the composite

charge storage layer comprises an oxide-nitride-oxide (ONO) stack. Other types of storage layers,

such as nanocrystal embedded in oxide and oxide-metal(high-K)-oxide stack are also useful.

[0018] As shown in Fig. 2, a plurality of memory cells 110 can be provided to form a memory

array 205. As shown, the memory cells arc interconnected by control gate lines 280, ., access gate

lines 282,.;, bit lines 286,.;, and source lines 288,,. Generally, the control and access gate lines are




lines 2821.;, bit lines 2861.;, and source |lines
2881 ;. Gbnerally, the control and access gate lines
are 4 arranged in a first direction while the source
and bit lines are arranged in a second direction.
O her configurations are also useful. Logic circuitry
(not shown) can be included to program and access the
menory array. [0019) Fig. 3 shows a cross-sectiona
arrdbigENNQffire diveunian whaethk s@uddhnil bit iscordanoecdin tiyemnédirection. Other
enbodi nent of the invention. The nmenory cell is forned
cor@iutisishsd diatee il LogithEcsupabr shben) daobe irekanplogrogram and aceess
conprises a lightly doped p-type silicon substrate.
the@daky ypes of substrates are also wuseful. The
substrate includes a cell region 306 for the nenory
[O(ﬁ@ﬂ FlpS © krafals @Rros e giconml (i00bf showmmy cedB &0 praowirdied: vivh one
isolate the cell region fromother cells or devices.
emBABmba OF &k i@BntoagiTenscRoREl Bdormefion aextanpl 8] 1.sHalshignvate, for
trench isolation regions. Qther types of isolations
exahipfie, BbiBrisdSLfightly ddpaipe@pd Ylicon BubIREt@USheslybesiof gitomgcsar @also
provided in an array region on a substrate. Logic
uscd@V ITEE SubsiBitCinclades alcBIPkk{on B0 P Lk theldore bdllc Usdiatipn aagebns (not shown)
control circuitry can be provided in a peripheral or
are PG Gedt€ BbIAR (NRN regfdAAWY) otBdr ctikeor sleisdsr dheisolpGgR0Fiokemprise,
cell region includes first and second transistors 320
for@R R4 Chat it (FentihSolhidnStoibsanBlies types ofS@flationgarasisamseful. Typically,
access transistor and the second transistor serving as
nuedhPERAGE:idrs ARTr S in ID@raytEs@msinsd QbSratd. Nogielevices, such as
enbodi ment, conprise transistors of a first polarity
mptuY/QLﬁput|(17'0Pd"'1%u1@51‘[§@cﬂ¢dﬁ&81t circhilt@ carl HegM@ligddan 8 pegipral &dogic region (not
p-type transistors. N-type transistors are al so
shitsBlolihe sER@hRel ransi stor includes first and second
i ffusion regions (322, 323, 342, 343) adjacent to a
{0@@} e $thaek| RePincRAS)first FR@secelidf fSiktoR 3negidius, @niethe first transistor
formed by first polarity type dopants. Preferably, the
scrtvfn%rﬁ biS1 QLS 1raRak B afd the RN &SN rdhd fsusd@iperagiian. The
/ 343. Contacts, such as silicide contacts, can be

raRG QY A8 dnd Qﬁbodﬁﬁ%t ol F 1448 k@i kRO ONErst pB '@thﬁjfﬂc viglohe @diment, the
I's provided beneath the substrate in the cell region.
traxgﬁfnsg&ﬂﬁr@e%h ¢ tERINLA S Ay 15R6GADE aROlIAr st tBapeIraRRed includes
wel | .
first and second diffusion regions (322, 323, 342, 343) adjacent to a gate stack (325, 345). The
diffusion regions are formed by first polarity type dopants. Preferably, the transistors share a
common second diffusion region 323/343. Contacts, such as silicide contacts, can be provided for
the diffusion regions. A doped well 315 is provided beneath the substrate in the cell region. The
doped well comprises a second polarity type doped well.

[0021] Disposed on the substrate in the cell region is the gate stack of the access transistor. The

gate stack includes a gate layer 327 over a gate dielectric layer 328. The gate layer comprises, for
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[ 00211 Disposed on the substrate in the cell region is
the gate stack of the access transistor. The gate
stack includes a gate |layer 327 over a gate dielectric
| ayer 328. The gate | ayer conprises, for 5 rt
exanpl e, polysilicon. As for the gate dielectric
| ayer, it can conprise various types of dielectric
materials. Preferably, the gate dielectric conprises
exatnipler paa)silexh.das fob theqnte détdaotti lnentit cab hengat earidis elpectfrdidectric
| ayer conprises a thick gate dielectric layer, with a
matptiyisi Baferablyi ik pas sicleypic cahpryscaiboutal 30de. 80 ohe erflida@nent, the gate
t hi cknesses may al so be useful. In accordance with one
diclecrbio tiyerenpodes t técki gawahidlba; laydrheitdopssicaiehibkoess twhtdly about 30-
the access transistor is fornmed conprises a doped well
80 Aaiiier exdkkh@kesanaytatsans usfidr Invdctdrdanct With ogatrebdiradnectt the @vention,
| ayer (thin gate well), providing a hybrid access
the tisged Sietito@ fvhichhlg: actd’3t Bargatoe isloped comblises & dopegxadipdilyed for a
conprises a doparrt concentration of about Ear- Pre
trarfSi¥tod with afitdn gate dielptthc BifyerdMugatOwdlt) lprdviding @hli@id access transistor. The
concentrations and depths are al so useful. [00221 On
thir dxe: Gped aele fofexdnge stlstiseat eopant dohenaetlidn of agivoB''oREEm™, and a
the doped well is also disposed the gate stack of the
dep8i cad@e 017 anfinS toker chiefieniatd andliefths irbaisaeeass and
storage transistors are fornmed in the sane well.
[00EDr m 0g ticRerfict NGk sibetrfc inthacglosg®nowe e do@@ivadll is also disposed the
enabl es the nenory cell to be reduced in size. The
gat@ai oS tRCK 10 MIsis&ke S Paigal ehdtaye hc@4hn@¥RFaga Sisdl@gee formed in
dielectric layer 348. Typically, the gate |ayer
the CORPF B GrpRk YRitlahE86s 11 AfmdnyP&sre@bn BRabEE HRlnsentancell to be
al so be used to form the gate layer. [00231 In one
red @0 QAR Mhe pdth @aklOmBHS:s hay@Naye O Iov&eSst@ie dielectric fayer 348,
oxi de-nitride-oxide (ONO trilayer, formng a SONOS
Tygad!e, 18 @eKlagd CHEHESpol TN LNOH:F ivh &Y & matdfials WEESsode used to form
| ower (tunneling) oxide |ayer 331, an upper
the gk @6ki ng) oxide |ayer 333, and a nitride |ayer 332
sandw ched t herebetween. O her dielectric materials

[0628PaDbInen0 Embddhér Gh&di@GEd ki éd ko BRALGASoIBYni RIS 8x10€ (ONO) trilayer,
used. Additionally, the storage

forming a SONOS gate stack structure.  The ONO trilayer includes a fower (tunneling) oxide layer
331, an upper (blocking) oxide layer 333, and a nitride layer 332 sandwiched therebetween. Other
dielectric materials capable of storing electrical charges may also be used. Additionally, the storage
layer may comprise one, two or more layers. For example, a bilayer storage layer comprising a
nitride layer and a tunneling oxide layer can be used. To facilitate tunneling and trapping of
clectrical charges for efficient programming and erasing of the non-volatile memory, the lower
oxide layer is preferably about 24-45 A physically thick, the nitride layer is preferably about 40-80

A thick, and the upper oxide layer is preferably about 40-80 A thick. More preferably, the lower

&




| ayer may conprise one, two or nore |ayers. For
exanpl e, a bilayer storage |ayer conprising a nitride
| ayer and a tunneling oxide |ayer can be used. To
facilitate tunneling and trapping of electrica
charges for efficient programm ng and erasing of the
non-vol atile nenory, the |ower oxide layer is
preferably about 24-45 A physically thick, the nitride
oxideAy\e¥, itsidplagéremmahibyer abidutaydQw 8 Gespduiiedy, abnd 36 He 45 pped 45 A thick.
oxi de layer is preferably about 40-80 A thick. More
OthprtepR o bhgh, mdnireiel omveanfso b6 uaxi de | ayer, nitride |ayer,
and upper oxide |ayer are, respectively, about 35 A
(0028 A Anithudb nd shdiiC kn intddiehe dicteppedayof is hroaslad memtire vegnory cell.
can al so be used. 100241 Al t hough not shown, an
Coitattseird pvekedcalptiad the diffuaipe fegidis prdopatedddtroksito tduese lines, bit lines,
menory cell. Contacts are provided, coupling the
accehk bite shennd egitohgataindsgat e el ectrodes to source |ines,
bit lines, access gate lines and control gate I|ines.
10035102545 Ascitieact iidnediatite iy odibihilLides mapmtdaceab transistor with a thick
i ncludes a hybrid access transistor with a thick gate
patddigk6t fiyver haydonhaimgde onll aTlihigne galichanehigher Ehimelghpmg
wel I s have hi gher channel doping conpared to thick
con@Rtcd tvalidkSsatewrditk SwdiBkdilored dofi@nsittbansth siick gtaMitibettibiagdes),
gate dielectric layers), resulting in higher carrier
res @@ &lgheicagfd L&lceney effibufidyh @At Qore] hethidhigak di@domric layer of the
dielectric layer of the hybrid access transistor
hybdil la@ss (RinGeF alloha Bighed HiageRadeo e ussie dligid: ghevolg@sesult in
vol tages result in increased programm ng currents,
inc e Brog ATV E c RFAQ! IR g reReedhankB02 kcdr ef er abl vy,
the gate length of the storage transistor is reduced
[00t8) | NELeASEy, tHenaRlIEnRG of @R thafisthtigheiceP (ogeanaungeling
speed. Furthernore, the gate length of the access
curleh@@Shigh@hrdpfamifigdyeed trRrbenbReiht Rk lgather thRanis ransistor is
| ength, resulting in smaller nmenory cell sizes. The
red@RH &She th8 @1%%3@{ chafeBlon®B, Bfultsufif irgdi@Ntherth@@tnsik®. The gates,
prevent punch-through. Since imunity to punch-through
howd¥6!, BRSES oMdcib WheRSE BreChRPRRh-1ORINNGineo NERMifyab b@idh-through
the use of thin gate wells allows transistors to have

inc AR WAk @adased 8ABENRphDaM R Akn IR Be WethinSsatc WAgis @BEW transistors
| engths of the transistors, in a preferre

to have smaller gate lengths than thick gate wells. The gate lengths of the transistors, in a preferred
embodiment, arc selected to be at the minimum critical dimension (CD) for a specific process.
More preferably, the minimum CD of each type of transistor is used. For example, for 0.18 pm
technology, the gate length of the access transistor is about 0.18 um while that of the storage
transistor is about 0.17 .

[0027] The memory cell can operate in various modes, such as programming, reading and erase

modes. The erase mode is initiated by applying appropriate bias conditions. In one embodiment,
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enbodi nent, are selected to be at the mnimumecritica
di mension (CD) for a specific process. More
preferably, the m ninum CD of each type of transistor
is used. For exanple, for 0.18 .xm technol ogy, the
gate length of the access transistor is about 0.18 m
while that of the storage transistor is about 0.17 m
100271 The nenory cell can operate in various nodes,

the SHEMM AR 1P 2QFAB L Ryind SAG 319 VAR the@hRHE the ABLOSrandiBi@r, about 6 V to
erase node is initiated by applying appropriate bi as

the GG 1-QBS -and NS, 28DRALIRI of thelstdrh@: (RRASEr. MG duSh bias
|n|%|ated by applying about 3.3 Vto the gate of the

con@6&E %&alfciﬁ’qﬂ%i jﬂf%lmc@m% a BNVt Qelint RErdoina: @AEs@hidupetht tunneling
and about V to the gate of the storage

oxidd @[‘aﬁln?tc%tronl‘zjrﬁ%ﬁﬂh@@ﬂ@ RIRSF the AR S ERAR meHhatAraakidst 13Ghe channel
is perfornmed using a F-N tunneling current that flows

regﬂbﬁ' F Ot BBade YN S RY eraQX boh iHERWM (0 theli @GEIOBEWREDIR: access
t he ONO stazk of the non-volatile nenory transistor to

trankiB®r &J&%ﬂﬂg Lo ta €SHdQRe n-FRE vOkAS, 1Y MJuBQE ¢ VORIraitharih B low Vy, region

erase, whi I's equal to the difference between the
dvoﬁ‘l‘% @lﬁ%b &ﬁs@ﬁ %kl%lE Q;realgfg@ﬁ ‘ﬂa‘pﬂ% HahiAas @nAibEaRoMEd with high
tage, Is about - Qoeration in this | ow Vob

Bk&ﬁgﬁ@mﬁmgﬁgids t he problenB of oxi de breakdown,
trap-up or transistor degradation associ ated Wit h hi gh

[00%} ect- ﬂ{c%sé bteJ tglc§ E,ﬁt@ §§18@Q thd &Q&gira&r e UBSvOfe &ctRiuGKsistor to
gate oxide in thé access transistor allows the access

op R ANS13SE OF o8 scl9n?£ ﬁ“rﬁfa@é oxdiedveYe uEBNNELSEL Ymn‘;'mftor@art HtPoperate at

gate oxi de were used he ‘access transistor can onl Yy

a nﬁﬁ%ﬁto? Y 1f@a£g%1ldwm19£ islo B Motded. gﬁttﬁcip@él)éj &M RE Sk €2 Vin the

be avoid I'n such case, Vgb is about-4.2 V in

cmstehf?odc %B&S(?qug%h&f s ‘EIE:I tﬁin\édﬂc% v@tﬁplgugiq d tn%h Bﬂ@v&lhﬁ@lsgﬁgl@ to cause

n-wel [." Such as voltage is e to Cause

atc.g L& b€ @{Fﬂgl\{\%ygpﬁgﬁ @k aRLI} Ldide ! r(QLbLlS@ Q,P‘d hy‘%ﬁ@ Qécgkﬂglnl’mtm is thus

e use o access transistor is thus

ﬁﬂ@miMhQQ @Wﬂﬁggggﬂghg§gcondltlons. 100291 Fig. 4 shoms

sure gate voltage-drain current (V,-1d) curves of

OOE‘JI:]_E hylgedn?mg? &@%ﬁmd ?‘i{l/tgﬂél:t%& gFa_Fﬁ(gtﬁ%B WQ(,)'&,QVQHR the hybrid access

w d gate | ength,
tramls%r 9@%51%111%)&1) gx?c embodiment of the invention. The w1dth gate fength, and gate oxide
physical thickness of the transistor are 0.42 pm, 0.18 pm and 53 A, respectively. V,-I4 curves at
different thick gate bias voltage (V) values are shown. As shown, the hybrid transistor works
normally at a gate bias of —3.3 V, where 3.3 V is a standard 'O voltage for (.18 pm 1.8/3.3 V dual
gate process technofogy. Thus, the hybrid transistor can be used as a thick gate transistor even if the
well beneath is a thin gate well and gate length is a thin gate channel length.
{0030] Figs. Sa-j illustrate an exemplary process flow for forming an IC 500 in accordance with

one embodiment of the invention. Referring to Fig. 5a, a substrate 511 is provided. The substrate

8




physi cal thickness of the transistor are 0.42 m O0.18
pm and 53 A, respectively. V9-1d curves at different
thick gate bias voltage (Vss) values are shown. As
shown, the hybrid transistor works normally at a gate
bias of-3.3 V, where 3.3 Visa standard UO vol tage for
0.18 p.m 1.8/ 3.3 V dual gate process technol ogy.

Thus, the hybrid transistor can be used as a thick

cmﬂﬁtq@s 4 deRANShaL: %@lﬁﬂu isfict Beiticke! binbeneat Mch$cotdddirRubstrates, for
gate well and gate length is a thin gate channe

exdnfNIEite, é@@@%()ﬁlgﬁm ornduldidr! ERIEHA%iIERR-IRXRMR! @Y0Ls), are also
process flow for formng an IC 5 0 in accordance w'th

use@e R eLboBREN Ofc Rd%@trdt@é&ﬂ)‘i k&N Eigﬁﬁﬁ 88l PGyeQuistibic. @ shown, a

a substrate 51 1 is provided. The substrate 8

px@%‘xpﬁ E®AS pl%vﬁg(m)l‘n:fpl@ duELQE oSURSE h HeBionSWa R Ban@il Hihe 081 region, for
er types of seniconductor substrates, for exanple,

cxa‘%{p@is a8 Fan §l’a§’re§6;l \k/i@lrpf' zgﬁrdyf}ﬁ 'e'cl:lﬁ:tcgﬂbr% i) memory cells are

Ge-on-insul ators are also useful. In one

ioﬁ%%@%éﬁﬁ:@t mcntlcng fu%&b Sltylbﬁgl?y gﬁ'ﬂ?&ltﬁt%%is@ idelugibtd IM%lg ORGSR (not shown)

p-type substra shovwn, a cell region 50

Ongﬁgxh%gqmgmnghgbﬁMgstrate on mhlch a memory cell is
forme The cell region, for exanple, is a part of an

[G(Bhf ay ThEGHQF M })Japﬁccpwlﬁ Ahdded wRfl 568l thd &Yir QARG Ofhe\hp&ihwell

menory cells are "formed to create a menory array.

congr%rgksc(ﬂ)lﬁlaﬁ{s fttn@sc§ mﬁlspto[aﬁt)ﬁty& SIQ;C s&%l}(yﬁi{ﬁ§ 1t?t)¥)99 )lccxczﬁgkocﬂ)mpmcs n-

[fogic circuitry is forned

typ,E: qgt%%l[égj c-ir ﬁ] %Jcﬁ up&ﬁ&%%\% _Flht?h(, chgﬁaﬁcﬁg 1t%MJpQ cﬁnﬁi@p&e{g ly | in a%éédaucg

cell region. doped conprises dopants

wuﬁ ond aﬁooﬁ Qfﬂpgf tR@!n@éﬂt&)M thYRBed -wrh?co%%q‘g&dl (Pﬁ'g@{ 'wtd/l hW:H& a channel

or exanple, conprises n- type, formng a n-wel
doﬂ { (%@15@1& tYo%l N db&uli]?”sﬁegfﬁd @9[11\%(1 idnh 1to%§ ﬂﬁpl@r@ﬂ%h t<§:ﬁ§xqucq such as
&t accor dance one e i nrent of

ungﬂg'n\{ﬁ[&{'l Iuﬁ’lﬂ’a n‘iJ&E %%%cd"(‘é't&m‘%ﬁém[ S Qﬁn@mﬁ)h IH2 sgi?sqx%u‘{\ﬁ,]hldcs first and

aving a channe pi ng concentration of about

sccgﬁ(gtﬁf}(g{t«/d%.m F@ lér/ﬁ? ;‘BR{’H foh l}oxj &E& E@t@@lbg et %hﬂtﬁvﬁém

suc on Wlt a nmask can pe used to form

imélgﬁatygg o%cesgéealp s%!i h% ’dlffglzpc% g tf(v%h? U Q%ob&ewc’dlfth? ﬁ‘,tccﬁl%mn can

ic region to f

be FMAP 2! Sio MG ga?n € of wgﬁ?%er en%lc Q{%mrﬂs. r%‘b@t\}oﬂﬂ,ﬁh(g;) implants

processes are USG pes
are pcRonmeH\ghlr wcﬂ f})rmdt;g el l region can

{0032] Isolation regions (not shown), such as STIs, are provided to isolate the cell region from
other device regions. The STIs can be formed before or after the well is formed. In one
embodiment, the STls are formed before the wells are formed.

{0033] Referring to Fig. 5b, a storage layer is formed on the substrate surface. Typically, the
storage layer is formed as a blanket layer on the substrate, covering both the array and logic regions.

The storage layer, in one embodiment, comprises a composite layer stack. In one embodiment, the
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be formed along with the same type of wells in the
| ogic regions. Threshold voltage (V1) inplants are
performed after well formation. [00321 |sol ation
regi ons (not shown), such as STls, are provided to
isolate the cell region from other device regions.
The STIs can be forned before or after the well is
fornmed. In one enbodinent, the STIs are formed before

corbRitaldr Stadt @nfpoicaied oxl0Q33de-Reded DN gtatioS ML Grthdloypediof storage
storage layer is formed on the substrate surface.

laydi¥ RicGiltb lusfult WBnventi@fad@endiqiyetanibs ufcdnaiamals: @QNOIsank et one
| ayer on the substrate, covering both the array and

emb&@in6at [ £YRNB: oxiddRyS 5O @giest fayed. , Ticnuworingrdxediyeeotn, be formed
conprises a conposite |layer stack. In one enbodi nent,

by, Bexa@ple 0BFO Rictifal bayefongRACK GEPEdhar@esARcluding, for example, low
oxi de-nitride-oxide (ONO stack 548. O her types of

preSduld @gRical \AYST Bp&itRn AL BOVUBEH Wermilerwand:i @aako useful. The physical
techni ques can be used to formthe ONO stack. In one

{hi @HBR K 1H8 Mlnncidhgto [18 @lybingn 0X bt 2eyeR, & brdfaaliy pisiut 35 A. Next, a
formed. The tunneling oxide |ayer can be forned by,

nitfi@ 1a X 30k Qepokiafal dht heyka@k ooxt Biaddeosycf BTGk .ab&lt BERO A, and
techni ques including, for exanple, |low pressure

preBh I it 48R OTheABRIAS Lak/bran b RENEY byaeC Tiher maldation. Other techniques
oxi dation are also useful. The physical thickness of

arcldl® ukdn Q‘hdan% 1QXbEl6r HaRYR bxiea Ry RS 3 3 BAYEMedd TAS thiskn@R Y the barrier
preferably about 35 A Next, a nitride layer 532 is

ox 8 PY& it 8but 408 A Ning kRESSHIPIvol:Ne Al Thd iheridr ayias 1.ganndyede formed
about 40-80 A, and preferably about 45 A The nitride

usihg}z{ﬁ@mﬁ@ﬂ@clﬁﬁmﬁ@a&ﬂﬁ‘j{h@&mm Bxi@f ladit ridation. O her
techniques are also useful. Finally, the top or

(03[ I &rePXiode Flga¥eh phAdclist 1dyer mds depbgtch Bh aknaissaef As is well
the barrier oxide Fayer i s about 40-80 A, and

impheharehl, ¥n AhoMlcAie &ati?@@\@ﬂz{}ieﬁ&an%i gievideayider M@Yh&Bresist layer.
formed using the sane techniques as for the tunneling

Fopﬁdrﬁ&cé ANEE disckQO3E LerRef 8 hd hid@hrdsRt Fil Bsist96n indlude an ARC layer.
photoresi st |layer 572 is deposited on the substrate.

Fuﬁﬁcr&%re‘,’\@lﬂoval %p@%hét&‘egﬁ%r Lkt caf TheRiad bertchll @ @lcl MEC layer. However, it
coating (ARC) | ayer can be provided under the

is ?JSB()@&]&I‘S& Y EipplicdiBhs, BUARASBFer@hn felHah wHed GUSHbORsist is
reference to photoresist or resist can include an ARC
rexjng%g.r The photoresist layer is patterned to expose portions of the storage fayer which are to be
removed. At least the portion of the storage layer in the cell region where the access transistor is
formed is exposed. Additionally, portions of the storage layer in the logic region are also exposed.
The exposed portions of the storage layer are removed, as shown in Fig. 5d. Removal can be
achieved using, for example, an anisotropic etch such as reactive ion etch (RIE). The etch

preferably is selective to the substrate. As shown in Fig. e, the photoresist layer is removed after

etch.




Furt hernore, renoval of the photoresist or resist can
i ncl ude renoval of the ARC | ayer. However, it s
understood that in certain applications, the ARC | ayer
can remai n when the photoresist is renoved. The
photoresi st layer is patterned to expose portions of
the storage | ayer which are to be renoved. At | east
the portion of the storage layer in the cell region
joo¥d)er eritbeinAeORs S tarRios [ at diklcttsic ldarsaed fosnekpolseubstrate. The
Additionally, portions of the storage |ayer in the
thick @8le Glidl R Gic 0ty eAdcnpaikSOlo@ ¥pamed silicohhridex Pase gppor tichmsic materials
of the storage |ayer are renoved, as shown in Fig. 5d.
maReEVAlse GRIPriTeablacht gMedicustio Gyerfioforrexaiyphemaboxidation or RTO.
ani sotropic etch such as reactive ion etch (RIE). The
Th@hshbxidnief @raly id-sveselatt ihv galt oxithe e bgbsatsebstods. This is
shown in Fig. 5e, the photoresist |ayer is renoved
becfisk & the b&be tradlisbPRIRA, tRefhekrpregxide whl got bbfgrmad $ihéecNO trilayer
gate dielectric layer 528 is forned on the substrate.
served 8s a hddl GlslQAthe pRYsehBGickhss blayethick @apbiiges,abboB0-30 A, and
exanpl e, silicon oxide. her types of dielectric
prefBRio8 dbdliSic-ovBY. @dhsahkenedsetid) alsPredefbiyse thdiegigatgeon is also
dielectric layer is forned by thermal oxidation or
expdsdd, e thickn@feridlec@id 18@% isQbo@brnidl O welogititgiel.y fornms the
gate oxide on the exposed substrate. This is because
00BN Sk LRBEEMENANS hisdyQtyibiedinBked biteod frb@ksigaiiehodxgidegion.
will not be fornmed since ONO trilayer serves as a
Fo@h8pRBRkiond BahPaMSELaYcrtidihe kogRs8giaf art Rendvbd, ¢kapgiadable, and
oxi de I's about 30-80 A, and preferably about 46-60 A
corNBnat RRGKRESR S cdRY p@ltRedBedme Ful exabplRrCethichatel ddgicaic layer is
region is also exposed, the thick gate dielectric
form@Y BV thd BeRh&Ronf OfiARANd DrdyN€idrOgt& cFe@Bl afsk [2§8F6dngd these processes,
one enboélnent, the array region is masked off for
coRERE 8%t MG ol ihBGHF ishRFbQRRIImiERE. PYaANPle@rocpREtdr@dScribed in,
of the storage layer in the logic region are renoved,
for'egcalﬁﬂE),lU.Q%[eﬁb N& ﬁﬂ)zp,@@(ﬂ\mﬁ&ﬂ ionalrpetatad h@ah ey praeesses
are perfornmed therein. For exanple, a thin gate
[0(%'7]6| e@%fekrﬁlglt@?’@r 54,8 gatt: BRI I fobh@ nQBH EbitRG. AMhe gk hge, for
the array region 1s covered by mask | ayer during these

exdM A& E3mFRes a fﬁl,@tﬁ&?ﬁa@la?&%Htthe(%ﬂl%ﬁrht@)ﬁ/h(kﬂl cBreodithe @frht Jhd logic
i ssties are elim nated. Dual gate processes are

reggc%§.c H 191@ le}&iiment, the gate layer comprises a polysilicon gate layer. The polysilicon gate
layer can be formed by chemical vapor deposition (CVD). The polysilicon layer may be doped to
impart a higher conductivity to the gate. Other materials including, for example, metal or polycide,
may also be used in the gate layer. The thickness of the polysilicon gate layer is, for example, about
1800-2200 A.

[00338] Referring to Fig. 5h, the polysilicon gate layer and the layers beneath it are patterned (o

form gate stacks of the access and storage transistors in the cell region. Gate stacks in the logic

il




for exanple, U S. Patent No. 7,029,976, which is
i ncorporated herein by reference. 100371 Referring to
Fig. 59, a gate layer 538 is formed on the substrate.
The gate layer, for exanple, conprises a blanket gate
| ayer on the substrate which covers both the array and
|l ogic regions. In one enbodi nent, the gate |ayer
conprises a polysilicon gate |ayer. The polysilicon
regigpat @n alsaye patcand benf oithtd gbty seblem takellgpion. Gepesilanabpiterning
(CVD). The polysilicon |ayer may be doped to inpart a
teclinigecandemsuiad fornttye gate tadoks. gt exanlehephateeestilafes>74 is deposited on
i ncludi ng, for exanple, netal or polyeide, nay also
topb€thapelysilicontdae Igat. €l HeapetoresiTtHayet ipstaresigo ofposhiortions of the
pol ysilicon gate layer is, for exanple, about
pol $8I00n 2200 The ckiBO38 bRk er gatnlgydr ondrihg faygh bertehtd it are removed to form
polysilicon gate | ayer and the | ayers beneath it are
the piadt bt seechdtpate sfaolktsri2§andes4st ackswoin Hif &i. abwmssl @ndie achieved using,
storage transistors in the cell region. Gate stacks in
for thengdi@gh anibdtropic etck gichns REaTal cgd ibpefoablyeehetcad dngubstrate. The
with the gate stacks in the cell region. Conventi onal
renfpédideggFoniidng of Be hiniteresds layarpnbbe tag efitht gaté sinaks bizaeigerted after etching
stacks. For exanple, a photoresist layer 574 is
[00dgipos Rtfedingmo Figofy, foft ahthescpal Jiffidiorcrogiogpa 622, 5} SH2, SFReof the first
photoresi st layer is patterned to expose portions of
poltfig typpaly/Bitddeanhd sayemte adlascnewphsgdt poky sichiigoisigatagty type
| ayer and the | ayers beneath it are renoved to form
trafsherd. i TIgtditAandnsetanRdogaise dspedcbgons 2bthamdiL5A%¢ figs pghayype, for
in Fig. 5i. Renoval can be achieved using, for
exRpATPd1Rprisadlp-ant.sedltiapicp-epe hiftsiohregpntindhe dFFheil etnome egbodiment,
preferably selective to the substrate. The renmaining
theP@Rii OB Shaef a tdnan@hetnd dgiusion kayears2ah41 heattdlptedentitegzate stacks.
gate stacks are renoved after etching. [0039]
ThiRefREbH RYioh fdrie@amBt, ard sl vaing ceecondaldéchhigsésosuch as ion
regions (522, 523, 542, 543) of the first polarity
inpYR&icAr Eich@sive drsoidisB@ns tips titatsion agjoacantortnod trhde gaicecgion. In
stacks, creating first polarity type transistors. The
on@dhfddSh N (KRQITQNS rEONRH §€ agdopegion egitensien atong wivlthe. first type
The first polarity type, for exanple, conprises
difRistoll B&ionk @8t fosRGedidh. p-t ype diffusion regions in the
n-well. I n one enbodi nent,
[0040] The process continues by forming interconnections to the diffusion regions and gates of

the transistors. For example, the diffusion regions and gates are appropriately coupled to source
lines, bit lines, access lines and control lines. Additionally, the thin gate well is coupled to a bias
voltage. Appropriate interconnections are also formed in the logic region. Additional processes are
performed to complete the IC. These processes include, for example, {inal passivation, dicing, and

packaging.




the transistors share a common second diffusion region
523/ 543 | ocated between the gate stacks. The
di ffusion regions, for exanple, are fornmed using
conventional techniques, such as ion inplantation.
Generally, first and second type diffusion regions are
formed in the logic region. In one enbodi nent, the
di ffusion regions in the array region can be forned

(0041 |ongAwildstrittehahd mesdryteylbel theplefansinomtine gindesasdily intpgated into
| ogic region. [00401 The process continues by form ng

convertiena QMBS piconsest By fdreing dnfl pstcoring g thorkszageniklgparicdgycotn the logic
the transistors. For exanple, the diffusion regions

andaall r@ane soratecrdpphogkitahdl gatccopphre dedhedsomimmized.i Hesgdditional
bit lines, access lines and control I|ines.

imphdhd pot @nalaterequitee td fim thgateridveletss irgnscoup | B3dproodiag bingsiory cell
vol tage. Appropriate interconnections are also forned

design vitid thaighies simgicoircuitAddiity abmglwithrroiomsse€D apte lengths, cell size is
performed to conplete the I1C. These processes include,

redfi@d agkadmples idcicasl. passiwat, oakindiotfitngragngion during dual gate
packagi ng. 12 [0041] As described, the nmenory cell of

protdiees Rliamart ovdivent daarine gty beusas itk yrraynkggn. ahedditing, ohe thick gate
conventional CMOS processes. By form ng and patterning

oxitlher thdicedss gatsatod bddvadbr dpprdpayte bias notdivent Jhccasaprdgomiiing speed
regions concurrently, the additional gate steps are

relibi@ducigerom, it pictthzi@dentibo p@dded 4 omale, rciiatd, agh pprocdgsed low cost
are required to formthe hybrid access transistors. By

sol@foavibrdhto@aengrenbitkehdmoridesi Iga. whi ch facilitates
sinple circuit routing along with m ni num CD gate

[ooBNgt NS inC@kibn Sib¥ B dSbodlcd ducel spartlicfersd wighohsdeparting from the spirit
i ncreased. Furthernore, masking off the array region

or &bntiNGheualtiisgat (Bere@r UEEHSESInglcinlb diabas, toveasdepyte @rbcgatsdlered in
integrity issues in the array region. In addition, the

all tdpeek iigRtraive@Xhd eh-afiniing tBEReSRioh HansbEtherinalScaws fil@rinvention is
appropriate bias conditions to increase progranm ng

thu$ PRREked belhk afHdedNEHEFARE thduhte Uy BRESIhy HBVEIoL.GMA all changes that
provides a sinple, reliable, high performng and | ow

corf®@& {thin $RInahi@R af Otandent eglialldndg oN@B cl¥i@lsatd ih@ndn®bd @sbraced
in ICs. 100421 The 1 nvention may be enbodi ed in other

theipeci fic forms without departing fromthe spirit
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or essential characteristics thereof. The foregoing
enbodi nents, therefore, are to be considered in al
respects illustrative rather than limting the

i nvention described herein. Scope of the invention is
thus indicated by the appended clains, rather than by
the foregoing description, and all changes that cone
wi thin the neani ng and range of equival ency of the
clainms are intended to be ephrased therein. 13 CLAI M

What is claimed is: |I. An integrated circuit (1C
WheQeRkiheli Rg: a thin gate well; and a non-vol atile
menory cell formed on the thin gate well, the

1. NONsVipdegdaich @ir BRI )eoe@hbing: CONMPri ses an access
transi stor having an access gate and first and second
di%ﬁmg%ga“&aghgns, the access gate includes a thick
gate dielectric layer; and a storage transi stor

COURoRFolaficFRIRPcd Qo8 0ABGRAEIS ghicand] hé Adn-vdldige memory cell

storage transistor has a storage gate and first and
coneg@nd diffusion regions, the storage gate includes a

storage |ayer, wherein the thin gate well has channe

dopi Nng tRhdc 0k @dndi@dr thvian el &8k Sawhidfidkhind s@ab®diffusion regions, the
dielectric layers. 2. The IC of claim1l wherein the

aCCR&Ss AMYinsSih@sARcl fANGEISdAE By&Osar i se di ffusion
regions of a first polarity type and a doped well

CONPr i S§$iofpS 8RN PAIpALI i YorkeY RRAe Rcest@nslslorahie abapdrahsistor has
wherein the doped well is coupled to a bias voltage. '

4. JThRadeGalfan€ Al MiZeMAe URTuRioh Ridnk. N84 st@calatelifcltdep@ storage
conpri ses n-type and the second polarity
layer, '

wherein the thin gate well has channel doping tailored for transistors with thin gate

dielectric layers.

2. The [C of claim | wherein the access and storage transistors comprise diffusion regions of a

first polarity type and a doped well comprises a second polarity type.
3. The IC of claim 2 wherein the doped well is coupled to a bias voltage.

4, The IC of claim 2 wherein the first polarity type comprises n-type and the second polarity
type comprises p-type.
5. The IC of claim 2 wherein the first polarity type comprises p-type and the second polarity

type comprises n-type.




type conprises p-type. 5. The I1C of claim2 wherein
the first polarity type conprises p-type and the
second polarity type conprises n-type. 14 6. The IC
of claiml wherein the storage |ayer conprises
oxi de-nitride-oxide stack. 7. The IC of claim®6
wherein the access and storage transistors conprise
di ffusion regions of a first polarity type and a

6. doped Wl s 0NPRirse Sheatdse (e @alpaikdstogideynpede-8idédHekl C
of claim7 wherein the first polarity type conprises
n-type or p-type. 9. The IC of claim6 wherein the
channel doping of the thin gate well conprises EIl to

7. E19rHend 3f claibs wildien liE sofcscandistr Qe whetiedra carygisadidi@sion regions of a
and storage transistors conprise diffusion regions of

firsBpoldrity §e Pl Adopby/wtly penpaing aaechap @dlarigltlpeconpri ses a
second polarity type. It. The IC of claim 10 wherein
the first polarity type conprises n-type and the
second polarity type conprises p-type or the first

8. POl Bfe1t\f LIYIRE7 @BEPR SSEstPolay paypndniphiecs setgoned ppepeari ty
type conprises n-type. 12. The IC of claim| wherein
t he channel doping of the thin gate well conprises E"
to E19 cm'. 13. The IC of claim 12 wherein the

9. acCHRICANM St OWAGEIntKANSI Sl @bEo0MRnhis gadivifl ushmives E' to EY em™,
regions of a first polarity type and a doped well
conprises a second polarity type. 15 14, The |IC of
claim 13 wherein the first polarity type conprises

Lo.N- tyRacandaihe wsaeang: RedsasiddisyoradeYRABsiQORPoSES dfifusippcgions of a
or the first polarity type conprises p-type and the

firs® F@mgﬂ tpOLAT 4 ddped WPB corBRIRY d SeSdPpolyiBaype 5. The | C of
claim1 wherein the gate of the access transistor is
coupled to an access gate line, a first term nal of
the access transistor is coupled to a source line, the

11 9at enat: Jr BginS | OFRGE » IARSRIpSIALy tife comprises n-type and the second polarity
type comprises p-type or the first polarity type comprises p-lype and the second polarity type

comprises n-lype.
12.  The IC of claim I wherein the channel doping of the thin gate well comprises E7to EY cm™.

[3.  The IC of claim 12 wherein the access and storage transistors comprise diffusion regions of a

first polarity type and a doped well comprises a second polarity type.




coupled to a control gate line and a first term nal of
the storage transistor is coupled to a bit line. 16.
The 1 C of claim 15 conprises a non-volatile nmenory
array having a plurality of non-volatile nenory cells
I nterconnected by source lines, bit |lines, access gate
lines and control gate lines. 17. The I C of claim15
wherein the second diffusion regions of the access
14.t r ansiisbonaiand wikein Sit Geageardty ams cah@iscan-g/pe amhtbabagond polarity
coupl ed. 18. The I C of claim 15 wherein the second
typ&lidnfpisisorypegienssfoldringypeargsistspansd skloie amhdiphlerity type
storage transistor forma common diffusion region. 19.
confpriBBINQek of fabricating an integrated circuit (10
conprising the steps of: providing a substrate with a
cell region defined thereon, the cell region is
prepared with a thin gate well tailored for
15.t r angiis boisimM & RertiRiit @atod thdisedceatdnbistot @yeupdyd tamdaccess gate line, a
formng a non-volatile nmenory cell in the cell region,
first 3@niRARS M@ hdteks! (R STRBDIE Yorp®idlio havtrdgineale @OCESIS: storage transistor is
transi stor and a storage transistor, wherein the
cou?ﬁ:@ eSScdnfraingieSinehind AGhUABRSInANRT Be CRESe FaisttorW dobplad to a bit line.

hick gate dielectric layer. 16
16.  The IC of claim |5 comprises a non-volatite memory array having a plurality of non-volatile

memory cells interconnected by source lines, bit lines, access gate lines and coatrol gate lines.

17, TheIC of claim 15 wherein the second diffusion regions of the access transistor and the

storage {ransistor are commonly coupled.

18.  The IC of claim 15 whercin the second diffusion regions of the access transistor and the

storage transistor form a common diffusion region.

19. A method of fabricating an integrated circuit (IC) comprising the steps of:

providing a substrate with a cell region defined thercon, the cell region is prepared with a
thin gate well tailored for transistors with thin gate dielectric layers; and

forming a non-volatile memory cell in the cell region, the non-volatile memory cell having
an access transistor and a storage transistor, wherein the access transistor includes an access gate

with a thick gate dielectric layer.
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