NON-VOLATILE MEMORY CELL WITH A HYBRID ACCESS TRANSISTOR
FIELD OF THE INVENTION [0001] The present invention relates generally to
integrated circuits (ICs), and more particularly to non-volatile memory
devices. BACKGROUND OF THE INVENTION [0002] Non-volatile memory
devices are able to retain stored data even when the power supply is

INOMUVOL AN ENRERIORY CELEVWET BOX PIEB REDMAEETESS PRIENSESTOR
be programmed using electrical signals. For the memory device to be

byte-operational, a 2T cell BIRIGUCEFCOMBISNNENTa0ONREMory transistor and a
select or access transistor in series can be provided. The memory transistor

[0001 btoreshdaicpradiiition isladhesmengnodatcakie theascaes iransisierk particularly
selects the memory cell to be programmed or erased. [0003] The memory

to nontraslsifitomeaivBedef @sious types including, for example, floating gate type,
metal-nitride-oxide-silicon (MNOS) type, silicon-nitride-oxide-silicon (SNOS)
type, metal-oxide- nitrBeCKGRSUINDOFM OND BY GIETEON
silicon-oxide-nitride-oxide-silicon (SONOS) type. The SONOS type memory

[0002]ransibarisidesiached datecsty ueiuitecompnisiRg fedidtideciayew Bamndwipbedr supply
between lower and upper oxide layers, and a polysilicon gate layer. The

is intetouy@edxiKienlayettik andtvne dexides lay@pribefhittidi aysnisiz Imambéeypesgrammed
storage layer, and the upper oxide layer is a blocking layer for preventing the

using WssiiiAtaredich&gahd heechaygitiapping abibty mirtieBOMNOScalatkicture consisting
structure allows lower programming and erase voltages to be used. The

of a mSANQ GamesneyndransistovalsocsomprisesriaueeanghdapraegiahsToemeshnory
on either side of the stack structure. [0004] Programming is typically by hot

transistarienéjeatioproPragrasdinnglsperthdeperit syl ¢hibe efitesncynsktootserkrierhe
generation which, in turn, depends on the programming current. 1

memory cell to be programmed or erased.

[0003] The memory transistor can be of various types including, for example, floating gate type,
metal-nitride-oxide-silicon (MNOS) type, silicon-nitride-oxide-silicon (SNOS) type, metal-oxide-
nitride-oxide-silicon (MONOS) type, and silicon-oxide-nitride-oxide-silicon (SONOS) type. The
SONOS type memory transistor has a stacked gate structure comprising a nitride layer sandwiched
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.
[0004] 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.



Programming current is affected by various factors including, for example,
channel doping level and gate width of the memory transistor. Erase can be
by Fowler-Nordheim (F-N) tunneling. [0005] Generally, it is desirable to
provide a non-volatile memory device having high programming speed and
small cell size to allow for high density memories. SUMMARY OF THE
ProgrdMMiEY ToNN0006-tha presemunyaniaieladasgriesalpr | sadhel doping level and
particular, the present invention relates to non-volatile memory devices. In
gate wall@ asPRChRhibe IRuBLItien, @iake iapmwiat wibe Nordmp(ses) adielgate
well with channel doping tailored for transistors with thin gate dielectric layers
[0005pNnd &eesralBlatile msmoy cepiorved ashthelihir gaieweldclite honnohagie
memory cell comprises an access transistor and a storage transistor. The
prograAGeRss {HRBsishdr seedl REHasAiral ateeonst diffusiasiregionsiasnd an access
gate which includes a thick gate dielectric layer. The storage transistor which
is coupled in series to tISUMIEAR ¥aDBITIAEANWBISEROMNSt, second diffusion
regions and a storage gate. The storage gate includes a storage layer.
[0006]000Thnprecihan asneat afliks areniionaletiogotitabicaingrérnt invention relates
integrated circuit is disclosed. The method comprises providing a substrate
to nonwithasileell¢egignideitaedlihereavpddie it iregiaivis prdaieprwiibed.thihe IC
gate well tailored for transistors with thin gate layers. A non-volatile memory
compréelt haking@a wetiesiliransistd dapiaatsibiedddransistoois fatinddhindleeleddctric layers
region. The access transistor includes an access gate with a thick gate
and a nieleciiidlayem@9Qs) Thasedamdtbébinopjectsslalortg: with-echdaitagaa@andell
features of the present invention herein disclosed, will become apparent
compiiRes ughceier enaeiiothadallawing: dessiiptio nTardthessacaoisparyimgrises first, second
drawings. Furthermore, it is to be understood that the features of the various
diffusiembgdimentd deaccibsditerein drennbidasutubibk exeluselecaindl ayn.eXist #orage
various combinations and permutations.
transistor which is coupled in series to the access transistor comprises first, second diffusion regions

and a storage gate. The storage gate includes a storage layer.

[0007] In another aspect of the invention, a method of fabricating an integrated circuit is
disclosed. The method comprises providing a substrate with a cell region defined thereon. The cell
region is prepared with a thin gate well tailored for transistors with thin gate layers. A non-volatile
memory cell having an access transistor and a storage transistor is formed in the cell region. The
access transistor includes an access gate with a thick gate dielectric layer.

[0008] 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 BRIEF DESCRIPTION OF THE DRAWINGS [0009] In the drawings, like
reference characters generally refer to the same parts throughout the
different views. Also, the drawings are not necessarily to scale, emphasis
instead generally being placed upon illustrating the principles of the
invention. Various embodiments of the present invention are described with

reference to the folRRIRE DESURIBTIONGINTIIBIOR A INsisows a
non-volatile memory cell in accordance with one embodiment of the

[0009]nventiane [a¥ 1] dsidike soRYé c RaRrvakatiigeMeMerie i &y tit 366Ry gaisehroughout the
with one embodiment of the invention; [0012] Fig. 3 shows a cross-sectional

differafiewediaa masoyaidewiepiaiy aell ieRecaitlarce Mithe eiphasvipodivagehefally being
the invention; [0013] Fig. 4 shows gate voltage-drain current (Vg Id) curves of
placedh@diyhlidaatesthy prisisines ageheding o ane\eribadsn@oti hEne invertigssent
and [0014] Figs. 5a-j show a process flow for forming an IC in accordance

inventwithagdeseribed iwientedé réheeiny antittloVimbAl i bh ESGRICT:ION OF THE
INVENTION [0015] The present invention relates to non-volatile memory

[0010Fells Fidoteshawticutanhyy theilprasenirinved hiioncrelalas ¢osatR biftashiypiinent of the

non-volatile memory device which increases programming speed while
inventiegiicing cell size, enabling high density memories to be fabricated. The

non-volatile memory cells can be incorporated into ICs and easily integrated
[0011]nto GlgrensHoMOEn@rocdasiaghtechialagieimn ddveldacawibdece)eiypedahé@t of the

for example non-volatile memories, signal processors, or system on chip
inventiteyices. Other types of ICs are also useful. Such ICs are incorporated
[0012] Fig. 3 shows a cross-sectional view of a non-volatile memory cell in accordance with one
embodiment of the invention;
[0013] Fig. 4 shows gate voltage-drain current (V,-I) curves of the hybrid access transistor
according to one embodiment of the invention; and
[0014] 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-volatile 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-volatile memory cells can be incorporated into ICs and easily integrated into current CMOS

processing technologies. The ICs can be any type of IC, for example non-volatile memories, signal

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



3 in, for example, microcontrollers, communication systems, consumer
products such as cell phones and memory cards. [0016] Fig. 1 shows a
non-volatile memory cell 110 in accordance with one embodiment of the
invention. As shown, the memory cell comprises first and second series
coupled transistors 120 and 140. The first transistor serves as an access
in, fortéangipier mnddfineenend doansisiasenVemsems, SfagretiRbaigiarsudhais cell phones
transistors, in one embodiment, comprise transistors of a first polarity type.
and mE@brexardple, the transistors comprise p-type transistors. N-type transistors
are also useful. Alternatively, both n and p-type transistors are used. The
[0016first FRansisteswRCIUdRS\@Igale tesmoralcclRbland fissbandseeandtersmbaliiment of the
122 and 123; the second transistor includes a gate terminal 145 and first and
invent$@cond taowinals dehand ddBeohgrigatditerainakodibiadiist tawsisiardssistors 120 and
coupled to an access gate line (AG) while the gate terminal of the second
140. ManRistardsstoopied o & eanicot gataniine @) thehe saebnshietvinals afdhe storage
transistors are commonly coupled. Source and bit lines, SL and BL, are
transidiespatiiveiy govpleth ionthenfirstiiesninalsnpfiteaascess aothdigsagsarity type. For
transistors. [0017] In accordance with one embodiment of the invention, the
exampecessitiasisisto cooipsisps ypehyhtithtoan Sistop el tignbighrid dAransistaseful.
includes a thick gate oxide 128 with a doped well 115 to accommodate a
Alternansigidbithaadpngrieoxiderd he depedTke ficanpiisesseotntt polgrityterminal
type dopants. For example, the doped well comprises a n-well for p-type
125 antdafisistarssedsifondhaistdsdg@e didriQ3toheité¢nchdiesnai qompokite changeterminal 145
storing layer 148. In one embodiment, the composite charge storage layer
and fico amorisesrahtexidhealsitritieaodi t43( OO Y siacienihles fiyhpetiref Storagerlayarspled to an
such as nanocrystal embedded in oxide and oxide-metal(high-K)-oxide stack
accessagetalace (H€H)IwH00 18] faesteonvimah dfitheXeaquid tadityi stbrierwanylabtls dldéhtrol gate
can be provided to form a memory array 205. As shown, the memory cells
line ((A6R. ifteecenottechbyatoofriblegatesines 280doimorhssogated. Source and bit lines, SL

and BL, are respectively coupled to the first terminals of the access and storage transistors.

[0017] In accordance with one embodiment of the invention, the access transistor comprises a
hybrid transistor. The hybrid transistor includes a thick gate oxide 128 with a doped well 115 to
accommodate a transistor with a thin gate oxide. The doped well comprises second polarity type
dopants. For example, the doped well comprises a n-well for p-type transistors. As for the storage
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 are 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 2821.1, bit lines 2861-i, and source lines 2881 _;. Generally, 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. Other configurations are also
useful. Logic circuitry (not shown) can be included to program and access
the memory array. [0019] Fig. 3 shows a cross-sectional view of a memory
arrange@liB4 @ik AceeraneiwitheaRrambadinend ofrtha-invasntion Jdenaem@ton. Other
cell is formed on a substrate 311. The substrate, for example, comprises a
configightiynd opeal v iyRgusilicoris whsiae . (RBheloyines0f i sliales @rpradsem and access
useful. The substrate includes a cell region 306 for the memory cell. Isolation
the mé@@IBNEG1ENOt shown) are provided to isolate the cell region from other cells or
devices. The isolation regions comprise, for example, shallow trench
[0019]solatian Bagions.aQtbey-typesnaf isetato asiaiadksocllsef0linlygicallnce with one
numerous cell regions are provided in an array region on a substrate. Logic
embodimdaesf giecihastiopulbetpeh{biOrdirauitsnaddaoniibleieubty. cRRdibstrate, for
provided in a peripheral or logic region (not shown) on the substrate. [0020]
examplfie celprsgianligieilydéspliash-anst seleaitstiangistooBeO g 340y withtétare also
first transistor serving as an access transistor and the second transistor
usefulserhingibsratstokdgéctransisiegidh o0t énsistarenvgne kmbodiinantgions (not shown)
comprise transistors of a first polarity type. In one embodiment, the
are prorddsistoisotamprise pagion fansi sidks. ANHY pedeairsistarbeamelatienusgivths comprise,
Each transistor includes first and second diffusion regions (322, 323, 342,
for exadp)eadiatient teechatel staok ¢giths 34%het hepeditifisSiclatiegians dre {oefued Dypically,
first polarity type dopants. Preferably, the transistors share a common
numesas@ntl diffusionreqginndsd 3B4BaContagiis) suchsabssilicidé.cgintdets;esasubk as
provided for the diffusion regions. A doped well 315 is provided beneath the
input/sulipstr di®©jrcitvmicsllarebontroherddpgd andheqompdist man pecipherplodatibgitypion (not
doped well.
shown) on the substrate.

[0020] The cell region includes first and second transistors 320 and 340, with the first transistor
serving as an access transistor and the second transistor serving as a storage transistor. The
transistors, in one embodiment, comprise transistors of a first polarity type. In one embodiment, the
transistors comprise p-type transistors. N-type transistors are also useful. Each transistor includes
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



[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 5 example, polysilicon. As

for the gate dielectric layer, it can comprise various types of dielectric

materials. Preferably, the gate dielectric comprises thermal oxide. In one
exam28)BONisNeHn thesgataheiglecticldaner LeBIPTiSas aoifistsgaiaidieesids dayeElectric

with a physical thickness typically about 30- 80 A. Other thicknesses may
materidlSO Pefesilil, tReacteo dareaivwibnpnaenhadineial. the snventiontitat, the gate

doped well on which the access transistor is formed comprises a doped well
dielectatasgerfasrapitransistocmtheadibiscgatagialeetticd pygsidhinhgateewalhically about 30-
providing a hybrid access transistor. The thin gate doped well, for example,

80 A. comgriseskacdapantcancatiakion of ahais Ehée R19 GiM-ntadthandepthdinvention,
about 0.7-1.4 m. Other concentrations and depths are also useful. [0022] On

the dothe swileae wihidietbe bsteatanimbhedl fegied cvepthedogestweltibtaikeed for a
disposed the gate stack of the storage transistor. Preferably both the access

transiandvatbrage drgnsigioks are g atiin ghitesamepyoeiidingritipbrib adcassiatosstor. The
in a common well region enables the memory cell to be reduced in size. The

thin ggatéoptack domprisesmplgatetayeres4 doyer astoragatidielscitiodaler 348cm™, and a
Typically, the gate layer comprises polysilicon. Other types of materials can

depth afsthbet 0skd 1 iarmOther gaie dayarid023] demhe @endiodimeiot, the storage
layer comprises an oxide-nitride-oxide (ONO) trilayer, forming a SONOS

[0022pate Giadie surtfaturef theaMttriayier detlluegsreoomwelid ioped wg)l dxide disposed the
layer 331, an upper (blocking) oxide layer 333, and a nitride layer 332

gate stsakdivibhadthgreherivean. thanbiydiedirincnaatesiadadapaite ohsitting are formed in
electrical charges may also be used. Additionally, the storage layer may

the samemptisefoneityvthorransigdayera.doarmuampleregibiayabitothgentayery cell to be
comprising a nitride layer and a tunneling oxide layer can be used. To

reducdadilitite. tho eling staudk trappinge0f gate layer 347 over a storage dielectric layer 348.

Typically, the gate layer comprises polysilicon. Other types of materials can also be used to form
the gate layer.

[0023] In one embodiment, the storage layer comprises an oxide-nitride-oxide (ONO) trilayer,
forming a SONOS gate stack structure. The ONO trilayer includes a lower (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
electrical 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



electrical 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 6 oxide layer,
nitride layer, and upper oxide layer are, respectively, about 35 A, 45 A and 45
oxide AybickitQthriiypasdaffirsh menmeoriescar-ajeothelysesb 0924, Akhugh MOR thick.
shown, an interlevel dielectric layer is provided over the memory cell.

Other Gpotastsl ae neavided capuplingetbsediffusion regions and gate electrodes to
source lines, bit lines, access gate lines and control gate lines. [0025] As

[0024 Hescrl@dughnan-stalatil eamianesiy eetli snetudier seh ybpieh Adeass, iahsigiomviiicell.
a thick gate dielectric layer formed on a thin gate well. Thin gate wells have
Contabighergbaiiedl depingg cheniffietbiortpichgatd walipvalddalomd s lines, bit lines,
transistors with thick gate dielectric layers), resulting in higher carrier

accessgenetationedfiiciency ghtertiresmore, the thick gate dielectric layer of the
hybrid access transistor allows higher bias voltages to be used. Higher bias

[0025yoltagesicestiieth dmoieaskdilerogiactindet tivlieiriSa Wbell ogsav@ansistor with a thick
programming speed. [0026] Preferably, the gate length of the storage

gate diednsittdnysiredueribioadneicase welheliign gurgentlfohhighesiprodiamsliogping
speed. Furthermore, the gate length of the access transistor is reduced to be

compdieel thithghtgabaruiil (walthailesedttiog tinusisedierwithriock gett siedsctiibéayers),
gates, however, must be of sufficient length to prevent punch-through. Since

resultimgrinuigh¢o qauriehgtmaugbn kftidases \itntheeneasetheankehaogikigetric layer of the
concentration, the use of thin gate wells allows transistors to have smaller

hybridyateelsngting stoanlthick Ig gtenbelisy dlinex grate bengtls dfifihertiamsigibingeirasult in
preferred embodiment, are selected to be at the minimum critical dimension

increage&Dprigranspeacifin proce sshiddaneppoetayeadgya theimginpredn CD of each type
of transistor is used. For example, for 0.18 m

[0026] Preferably, the gate length of the storage transistor is reduced to increase tunneling
current for higher programming speed. Furthermore, the gate length of the access transistor is
reduced to be the thin gate channel length, resulting in smaller memory cell sizes. The gates,
however, must be of sufficient length to prevent punch-through. Since immunity to punch-through
increases with increased channel doping concentration, the use of thin gate wells allows transistors
to have smaller gate lengths than thick gate wells. The gate lengths of the transistors, in a preferred
embodiment, are 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 um
technology, the gate length of the access transistor is about 0.18 um while that of the storage
transistor is about 0.17 um.

[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,



technology, the gate length of the access transistor is about 0.18 m while that
of the storage transistor is about 0.17 m. [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, 7 the erase mode is initiated by applying about 3.3 V to the gate

the erbthR @chesstsaasistappiiaadtabonta. Ihethincgaie orwellacidsahoidistdr2db¥ut 6 V to
to the gate of the storage transistor. Under such bias condition, data erasing

the thiis @eefariad wsingaul-bl1enneling: eursastt thaliiaws thitigbr theddangiihtias
oxide, drawing electrons from the ONO stack of the non-volatile memory

condititansistoeiniheicparfoahdeginng 2 FeNiasmaliaoa abjrdurioy erasighitietunneling
is equal to the difference between the access transistor operating voltage

oxide alrghihe Riaeibvo fage (it a00tstack M @pasatios dnlthiscovty ghnggisito the channel
avoids the problems of oxide breakdown, trap-up or transistor degradation
regionaSERE Bt d vl high,, eiretng fiald SireRsinge{0ARE)] thbditkecat attvekgads: access
oxide in the access transistor allows the access transistor to operate at 3.3
transisvorOpangiise olbhacthil gader oxidievolesgel Beghdine- AagcesOpansistoinodis dowy V., region
operate at a maximum of 1.8 V if gate oxide rupture is to be avoided. In such
avoidcaserviglens abonidd iredkdowe, espsepropdensisee Gelrislapplieddoitinal thith high
gate n-well. Such a high bias voltage is liable to cause gate breakdown and
electricefialdilityepsotlems. Accordingly, the use of a hybrid access transistor is thus
able to provide favorable bias conditions. [0029] Fig. 4 shows measured gate
[0028V oltaGRedrsdrCatiacit Pdg- ki deliveseadddw hiyhiidsagcadRswy trarsistesagansdog to
to one embodiment of the invention. The width, gate length, and gate oxide
operatphySiGaVth(Ckmesseby titen tiaingiato oaiécOué 2 ms il B anacnsk Hudsj ses pectivdyoperate at
Vg Id curves at different thick gate bias voltage (Vgs) values are shown. As
a maxghownyfthed Nydrichtransistarpuorks to be avoided. In such case, Vg is about -4.2 V in the

erase mode since 6 V is applied to the thin gate n-well. Such a high bias voltage is liable to cause
gate breakdown and reliability problems. Accordingly, the use of a hybrid access transistor is thus
able to provide favorable bias conditions.

[0029] Fig. 4 shows measured gate voltage-drain current (V,-Iy) curves of the hybrid access
transistor according to one embodiment of the invention. The width, gate length, and gate oxide
physical thickness of the transistor are 0.42 um, 0.18 pm and 53 A, respectively. V,-Iq 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 I/O voltage for 0.18 um 1.8/3.3 V dual
gate process technology. 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. 5a-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



normally at a gate bias of -3.3 V, where 3.3 V is a standard I/O voltage for
0.18 m 1.8/3.3 V dual gate process technology. 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. 5a-j illustrate
an exemplary process flow for forming an IC 500 in accordance with one

compr¥edémesinatitier inentien skaefer b Fiodaa tfpssbsiaia ohllustor substrates, for
provided. The substrate 8 comprises a semiconductor substrate, such as

examSHEIGOEELYHRE ofi esnicandyelabsuEBiesidrroaxamerS(Se i ate, also
SiC, silicon-on-insulators (SOIs), SiGe-on-insulators (SGOIs), are also

usefulugafohel BroineiBnRROdIV e tbstheestdspindes coafrisaR pelightypd apbsiattyp&s shown, a
substrate. As shown, a cell region 506 is provided on the substrate on which

cell re@iones0o6ny pailvisidarsnate itseealt woiohicfor wxatpleclisiatpatied! arhawéyregion, for
region with a plurality of cell regions on which memory cells are formed to

examplecaia pamemaryidikaeclopicalys phersulpsiraiglatsadnchidesiziagienagioalls are
(not shown) on which logic circuitry is formed. [0031] The substrate is

formeprepacact withemolgpachwel iiibaliythRecalbsagionlsbhactiofsd Wlic eefpriges shown)
dopants of the second polarity type. The second polarity type, for example,

on whxinpgisesronitypes formidg a n-well. Alternatively, the second polarity type

comprises p-type. In accordance with one embodiment of the invention, the
[0031 Hopethwetitcamtpris pr: paitaiih vgiabea wieplddaviip d £ harirated opiien coreedbiriionell

of about E17- E19 cm 3. Conventional ion implantation techniques, such as
compiiisgsldopationofitie scnvmskpodaribetysed Thdoemvtidepwletisy Geacialkyxdhmple, comprises n-

substrate includes first and second type wells in the logic region to form, for
type, fexaingle nGMO.SAleicasdbephcatednd poiptantaperc@igressestape. useactordance
different types of wells. The doped well in the cell region can be formed
with caloaghwidinibet séithe iypenodbwelis dophé vodicoagonss T Hiesgatdwelthge iy T )channel
implants are performed after well formation.
doping concentration of about E'’- E'” cm™. Conventional ion implantation techniques, such as
implantation with a mask can be used to form the wells. Generally, the substrate includes first and
second type wells in the logic region to form, for example, CMOS devices. Separate ion
implantation processes are used for different types of wells. The doped well in the cell region can
be formed along with the same type of wells in the logic regions. Threshold voltage (V) implants
are performed after well formation.
[0032] Isolation regions (not shown), such as STTs, 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 STIs 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



[0032] Isolation regions (not shown), such as STls, 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 STIs 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

compdhigeubstkaiek cougring oath i afiiay@odilRUONYjGREk The. StRFRYEyIRVES storage
in one embodiment, comprises a composite layer stack. In one embodiment,

layersthe 3scqiruranite dayerntstackiecnRfisesanvexidat nifisenakicd o XONQLBakKone
548. Other types of storage layers are also useful. Conventional techniques

embodiait g LsedDHewRitd HNAtackrinfonge€Mitaditn@sling tiidelngoxidede formed
layer 531 is first formed. The tunneling oxide layer can be formed by, for

by, foexample, rapid demaabeiddabe R RO D )ODEetdBekpic@snihding, daimple, low
example, low pressure chemical vapor deposition (LPCVD) and thermal

pressudXiclatini Arepisaleisafivlod ePehybicahdtiiekinebsxafdbierturnealiogiseiide TEiyephysical
can be about 24-45 A, and preferably about 35 A. Next, a nitride layer 532 is

thickndepeiiteduiingiticuies o thenrttriglsolayer-¢ah bendyoeleddbBabowrsd A. Next, a
preferably about 45 A. The nitride layer can be formed by LPCVD or

nitrideniieation i Qigerstechritieati diealso wsafithiddnay, dhe toptoubacigd Axised
layer 533 is formed. The thickness of the barrier oxide layer is about 40-80

preferfbl patquefs ra bl labititi d61 AyeT kendar fiemadds [BEMVDay: hitfdmies 0sirg techniques
the same techniques as for the tunneling oxide layer. [0034] Referring to Fig.

are alsooyszfiphotonatigt tay erpboidisrileposide thoer 533 Sullfstnate. Abdshiddhdsnovhérbarrier
the art, an anti-reflective coating (ARC) layer can be provided under the

oxide phyetdsesistital@®eR0 Bompdigpotestof thisulissussibhe beferenceade lphataregist 6ormed
resist can include an ARC layer. Furthermore, removal of the photoresist or

using tesisintarehaligdesrentor dlcofuthre IR Gtédeeladowever, it is understood that in
certain applications, the ARC layer can remain when the photoresist is

[0034] Referring to Fig. Sc, a photoresist layer 572 is deposited on the substrate. As is well

known in the art, an anti-reflective coating (ARC) layer can be provided under the photoresist layer.
For purposes of this discussion, reference to photoresist or resist can include an ARC layer.
Furthermore, removal of the photoresist or resist can include removal of the ARC layer. However, it
is understood that in certain applications, the ARC layer can remain when the photoresist is
removed. The photoresist layer is patterned to expose portions of the storage layer 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. 5e, the photoresist layer is removed after

etch.
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removed. The photoresist layer is patterned to expose portions of the storage

layer 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.
[0035RemRal e REFRCHIE vadiuRiRge it RXaM0AIS A0 TS OtiaRa etonsuab@se. The

reactive ion etch (RIE). The etch preferably is selective to the substrate. As

thick ghewRIstirig1ber hepheteresisiaypldssiaomaved RitantRichypkd PO@SEctric materials
Referring to Fig. 5f, a thick gate dielectric layer 528 is formed on the

may aBiddsdraleful herdfecib gataciateclidtelayier epmprteemetdb e Xamale oSiikeidn or RTO.
oxide. Other types of dielectric materials may also be useful. Preferably, the

Thern@disx tligtRetiie Rpersis doimed foynkehnghexidatiothah&dxposddeiibidlate. This is
oxidation or RTO selectively forms the gate oxide on the exposed substrate.

becausehis tise beeagsednsthestorage tiansistqrate gioide thé thiak gatermxddensd! 010 trilayer
be formed since ONO trilayer serves as a hard mask. The physical thickness

servesafsth@dhiak gateTxiga ysiedlabicRASO A tanthiglefataitydaboubA6-60 80 Dthed
thicknesses may also be useful. Since the logic region is also exposed, the

prefertibigkagaie atedockicOayeartisdlsestosmag ilshbdagitule giimtd @R3BLI0 @gton is also
embodiment, the array region is masked off for processing of the logic region.

exposédiexdiinklgaeaticdasraf Hhesiorgeftayerdiinttie logic regiom are removed, if
applicable, and conventional dual gate processes are performed therein. For

[0036 Exaniplenacdihivodate idialeciric jayeids ifarmxdadrofhéologiccesging oSthedotie region.
array region is covered by mask layer during these processes, concerns

For exabqii¢ quetiaysasfghtssiotegyrityyissinahalegelimiabede Dimabgatei Papphssiels, anal
described in, for example, U.S. Patent No. 7,029,976, which is incorporated

conveheoaitl dyatefaremoecCE3tE Reftenningl thérign 5doa gate py er tbi3Bastdatieiectdinlayer is
the substrate. The gate layer, for
formed in the logic region. Since the array region is covered by mask layer during these processes,
concerns about overlay or gate integrity issues are eliminated. Dual gate processes are described in,
for example, U.S. Patent No. 7,029,976, which is incorporated herein by reference.
[0037] Referring to Fig. 5g, a gate layer 538 is formed on the substrate. The gate layer, for
example, comprises a blanket gate layer on the substrate which covers both the array and logic
regions. In one embodiment, 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.

[0038] Referring to Fig. 5h, the polysilicon gate layer and the layers beneath it are patterned to

form gate stacks of the access and storage transistors in the cell region. Gate stacks in the logic
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example, comprises a blanket gate layer on the substrate which covers both
the array and logic regions. In one embodiment, 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
region@lcRRGIBe pr@yraaa useth ihdhewatadayal tHhethekipss@ititional patterning
polysilicon gate layer is, for example, about 1800-2200 A. [0038] Referring to
techniffi@s 2hn theugelysiltoan gaiedayanand the Byeaislbenghadioicsig patiesngdst@eposited on
form gate stacks of the access and storage transistors in the cell region. Gate
top of $tRGks yRihedagie ldyéegiDnsptatoatsi tiayeaitcpageratang sxitodhpd@atss of the
stacks in the cell region. Conventional patterning techniques can be used to
polysifivon theegatkhstagkscl pobxaiapleg adhotorasishiages Htis dRpositadaoved to form
top of the polysilicon gate layer. The photoresist layer is patterned to expose
the firprartid BecohiheatpolySics laye 54bhassxpaseth Poly SiliCRergeiel leytebanchibeed using,
layers beneath it are removed to form the first and second gate stacks 525
for exanglbAh asshopit Edhigudi. RRTMvaheanchasgabievadyusiigti fotenaspeirate. The
an anisotropic etch such as RIE. The etch is preferably selective to the
remaisinggicatent bé theplaningipolidienewtibeophdtaregiat layek Oardhentopeaf dher etching.
gate stacks are removed after etching. [0039] Referring to Fig. 5j, first and
[0039FecoRrdfeifiugionFrgiinsi (G 2a8d 523 mkdif i S)nofektiensrai2 pofadns 48 eof the first
formed on the substrate adjacent to the gate stacks, creating first polarity
polarity pgpdrandistorsl diheheliiibstone adjateh conipsigatdapeld regiaisgi fiitktepwletity type
The first polarity type, for example, comprises p-type, resulting in p-type
transisdififusibine réigifosisnnd pie ms- wathphis o depeh bepdomeint ththe dfandikeofisss patariay type, for
common second diffusion region 523/543 located between the gate stacks.
examplhediififusion pregpen s sdciexamplepard faned ¢ging aorhemtvarial In one embodiment,
techniques, such as ion implantation. Generally, first and second type
the tradiffusionhagiensaredosrweddniiffedogicamgiod23rd43 located between the gate stacks.

The diffusion regions, for example, are formed using conventional techniques, such as ion
implantation. Generally, first and second type diffusion regions are formed in the logic region. In
one embodiment, the diffusion regions in the array region can be formed along with the first type
diffusion regions in the logic region.

[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, final passivation, dicing, and

packaging.
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one embodiment, the diffusion regions in the array region can be formed
along with the first type diffusion regions in the logic region. [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
[0041 |ines AAddiiéematly ttbentipgatelvtitie prispirdnieatdRSal BEagei ARREGRIIBdEnto
interconnections are also formed in the logic region. Additional processes are
conveRESIINTRIOS ponaplets. B IGrmlihese PiRtessRS el udek iatiexampleciingdr in the logic
passivation, dicing, and packaging. 12 [0041] As described, the memory cell
and cedff i@ presemduiveniioncandheeasipdnirgrated-ddie caaivaiitionadC MO additional
processes. By forming and patterning the thick gate dielectric layer in the
implah®@iocasnd ok regitrsl ¢oncuirartlyytrid acdisional gatest@yspaseitagaeteaiory cell
minimized. No additional implant processes are required to form the hybrid
desigranbedsiranisisto ksmipie Riavitlingianparongywael ndesigimnir b fedditgtis, cell size is
simple circuit routing along with minimum CD gate lengths, cell size is
reducdédndeidaig tansitaisdndieabachdrahaskingefmaskingyak dhom didyg dgidate
during dual gate processes eliminates overlay or gate integrity issues in the
procesaeasliragians kvadationgdteantigk igateuaxidehefdheyaegeas trandidittsmlibyvhick gate
for appropriate bias conditions to increase programming speed reliably.
oxide dhereforesthenwreanilioweftionppropideas bisiropid;tietiablanbighhprégiminging speed
and low cost solution for integrating non-volatile memories in ICs. [0042] The
reliablinvé@htesfarg yhee edno dhedntiontherspecifid igrinsaidbizuhdgppetiogniiapratiblow cost
spirit or essential characteristics thereof. The foregoing embodiments,
solutidheoefmrtegaréntonon-cohsitieneanoriadlireRpects illustrative rather than limiting
the invention described herein. Scope of the invention is thus indicated by
[00421he dppendedtalaimsy tatkerbidiadoy thieciosrpgafigf descriptiont daphating from the spirit
changes that
or essential characteristics thereof. The foregoing embodiments, therefore, are to be considered in

all respects illustrative rather than limiting the invention described herein. Scope of the invention is
thus indicated by the appended claims, rather than by the foregoing description, and all changes that
come within the meaning and range of equivalency of the claims are intended to be embraced

therein.
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come within the meaning and range of equivalency of the claims are intended
to be embraced therein. 13 What is claimed is: 1. A method of fabricating an
integrated circuit (IC) comprising: providing a substrate with a cell region
defined thereon, the cell region is prepared with a thin gate doped well
taifBhetdifetaraekistors with thin gate dielectric layers; and forming a
non-volatile memory cell in the cell region, the non-volatile memory cell
having aft %&@&%yéﬁ%@%&ﬁ%ﬁ@ igtegiag SitFAHLISIOFOWRBHA the access

transistor includes an access gate with .an %)fcess gate di Iec |c comprising a

thick gab&°diéiBedie paya o‘?ﬁl 8‘%?:11%{6‘9%?8 & e OWHas Sl Wby

transistors V\{H |ck %?5; rlc Iap\ég ave.a lower d ant cancentration
1 th't t ctri

than Ifﬁrec%hln gate%ga O%e W The metho ql%rlsmwi eremn olrerﬁlng the

stey. e g&p&stor comprises: formlng a storage gate in a storage portion of

the cell region, the storage gate comprises a storage layer and a storage

gate elegtipdg.ovabihgistasagadeyespiciforningdisat aedsecendistorage
diffusion regions adjacent to the storage gate. 3. The method of claim 1

wheseshfeamingilicaaacess transisioiebmpisestridoisinginesacaess gate
comprising the access gate dielectric and an access gate electrode over the
thickngater dieledisien ayerssaact fortnimgafivstsagatk sederidcaceesssdiffasiork
regions adjacent to the access gate. 4. The method of claim 1 wherein
foesimdialsetiisdmoryedi domgrisdeped well, wherein wells for transistors with

thick gate dielectric layers have a lower dopant concentration than the thin gate doped

well.

2. The method of claim 1 wherein forming the storage transistor comprises:
forming a storage gate in a storage portion of the cell region, the storage gate
comprises a storage layer and a storage gate electrode over the storage layer; and

forming first and second storage diffusion regions adjacent to the storage gate.

3. The method of claim 1 wherein forming the access transistor comprises:
forming the access gate comprising the access gate dielectric and an access
gate electrode over the thick gate dielectric layer; and

forming first and second access diffusion regions adjacent to the access gate.

4, The method of claim 1 wherein forming the memory cell comprises:
forming a storage layer in a storage portion of the cell region;

forming the access gate dielectric in an access portion of the cell region; and
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forming a storage layer in a storage portion of the cell region; forming the
access gate dielectric in an access portion of the cell region; and 14 forming
a gate electrode layer over the storage layer and thick gate dielectric layer.
5. The method of claim 4 wherein forming the memory cell comprises
patterningriheglaygeare deesrodiel ol pagidhe tickoan laystorajbighratadaienric
access gate, wherein the storage gate comprises a gate electrode formed
frdfithe gate electrode layer over the storage layer and the access gate
comprises an access gate electrode formed from the gate electrode layer
over the access gate dielectric. 6. The method of claim 5 comprises forming
flrgt and ﬁacong]a cess d'f%‘s on .regions a%e acent to the access

erein tarming t mo COIIl r1Ses pafternn
first and second storage & diffusion regions Eadjacent to the Stor: age ?em/l g

The-TsHhog,of Ham GG @oﬂﬂ% AfotE AEERFAHIURIQT IOV Fein the

adjacent to the storage gate and one of the storage diffusion regions is

adjpeant adhemetass gate fimR famaenaitiusianr waivtiSajie method

of claim 4 wherein forming the storage layer comprises forming a composite
stet@geclnyer .a8d Theeraaihadeafoaipiived anhetein forsiagidie siarageray e
comprises forming a composite storage layer comprising an
oxide-ditridalokige stackhel@.cdhearathdatmicclaim 1 wherein forming the
memory cell comprises: forming a storage layer in the cell region; 15

6. The method of claim 5 comprises forming first and second access diffusion

regions adjacent to the access gate and first and second storage diffusion regions

adjacent to the storage gate.

7. The method of claim 6 wherein one of the access diffusion regions is adjacent
to the storage gate and one of the storage diffusion regions is adjacent to the access

gate form a common diffusion region.

8. The method of claim 4 wherein forming the storage layer comprises forming a

composite storage layer.

9. The method of claim 4 wherein forming the storage layer comprises forming a

composite storage layer comprising an oxide-nitride-oxide stack.

10. The method of claim 1 wherein forming the memory cell comprises:

forming a storage layer in the cell region;
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patterning the storage layer with a patterning mask to remove exposed
portion of the storage layer from an access portion of the cell region;
selectively forming the access gate dielectric in the access portion of the cell
region; and depositing a gate electrode layer over the storage layer and
access guféeroiiegeberiton gh e vis ipprteniTg e pRleth desivel ek S0 rEpain
forming the storage layer comprises forming a composite storage layer. 12.
T hfetiRseeptaisifiombapAsEIhRTAN the Slbrsgenayer comprises forming
a composite storage layer comprising an oxide-nitride-oxide stack. 13. The
method SYETAFAL 0 BRI SETEEto, HEISRIHG TS harbpis B ilses
th(raermoa}]l,%icgation. 14. The method of claim 10 comprises: patterning the
Iayegrs over the cell region to form a storage gate and the access gate,
wherein the Siofaqe dalaLABIRIRES BORIRQIBRIRIR fomes tam the gate
electrode layer over the storage layer and the access gate comprises an
acsessHatg rleciigegdprmed from the gate electrode layer over the access
gate dielectric; and forming first and second access diffusion regions
adjacent to the access gate and first and second storage diffusion regions
adjacent to the storage gate. 16 15. The method of claim 14 wherein one of
thélacce$bediffulsidrvoielion$0isviadiactminio g hie: storagyd qyate @npriceref @hting
storage diffusion regions is adjacent to the storage gate form a common
diffgsioporegigarage layer.

12. The method of claim 10 wherein forming the storage layer comprises forming

a composite storage layer comprising an oxide-nitride-oxide stack.

13. The method of claim 10 wherein selectively forming the gate dielectric

comprises thermal oxidation.

14. The method of claim 10 comprises:
patterning the layers over the cell region to form a storage gate and the access
gate, wherein the storage gate comprises a gate electrode formed from the gate
electrode layer over the storage layer and the access gate comprises an access gate
electrode formed from the gate electrode layer over the access gate dielectric; and
forming first and second access diffusion regions adjacent to the access gate

and first and second storage diffusion regions adjacent to the storage gate.
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16. A method of forming a memory cell comprising: providing a substrate with
a cell region defined thereon, the cell region is prepared with a thin gate
doped cell well tailored for thin gate dielectric transistors, the cell region
comprises access and storage sub-regions; forming a storage transistor in
thé3storaljee sutthaskibalatel Storeanaesistde acornpdising w stererjdsgate
having a storage layer on the substrate and a storage gate electrode over
thaditeraige 1hyrasaemsriifg At EeragaEidHs oM e B EeEY S EN-Fe dibn
on the thmg te doped cell V‘ﬁe" the access transistor comprising a thick

a8 ﬁéﬁﬁ?@l&?ﬂ% SUB8tFE 3ind a gate electrode on the thick

access gate dielectric, wherein wells for transistors with thick gate dielectrics
have a lower dopant concentration than the thin gate doped well. 17. A

meghod %ﬁ%@ﬁl&?@ﬁf‘&&ﬁm tgerlﬂg)\ﬁll £.GRmprising: providing a

substrate with an active region prepared with a thin gate doped cell well

tailored fab tiansistorsswith thin gade fielacidenanthéarmmingeadipRsistosin the
active region on the thin gate doped well, wherein the transistor comprises a

Ogiehavingia gaim elecdopiel ovemalthick gatedicle gircdisidatieinanadtsfor
transistors with thick gate dielectrics have a lower dopant concentration than
théhthiellgageod opegnvedladési 8nd hreragethibergfictaim 17 wherein: the thin
gate doped well comprises n-type dopants and the transistor comprises a
p-type trémsigiee yerage transistor in the storage sub-region, the storage transistor

comprising a storage gate having a storage layer on the substrate and a storage gate

electrode over the storage layer; and

forming an access transistor in the access sub-region on the thin gate doped
cell well, the access transistor comprising a thick access gate dielectric on the
substrate and a gate electrode on the thick access gate dielectric, wherein wells for

transistors with thick gate dielectrics have a lower dopant concentration than the thin

gate doped well.

17. A method of fabricating a semiconductor device comprising:

providing a substrate with an active region prepared with a thin gate doped
cell well tailored for transistors with thin gate dielectric; and

forming a transistor in the active region on the thin gate doped well, wherein
the transistor comprises a gate having a gate electrode over a thick gate dielectric,
wherein wells for transistors with thick gate dielectrics have a lower dopant

concentration than the thin gate doped well.
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the thin gate doped well comprises p-type dopants and the transistor
comprises a n-type transistor. 19. The method of claim 17 wherein the thin
gate doped well comprises a dopant concentration of about E17-E19 cm 3.
20. The method of claim 17 wherein: the active region comprises a cell region
of B-membgynssliodnticlene iieflergitell comprises an access transistor
having an access gate electrode over a thick access gate dielectric, and a
storage thsribigteriedoptdaved By (RN SRRUFS IR s iarpsiRLssrapsises
having a storage gate electrode over a storage gate dielectric. 21. The

madh d’%fraﬁ}gﬂoﬁd’@vherein: the storage gate dielectric comprises an ONO

storage Hlagki ANt S cEERR 4as PRI 2 AR AXER A disk: A8

a n-type transistor.

19. The method of claim 17 wherein the thin gate doped well comprises a dopant

concentration of about E17-E19 cm™.

20. The method of claim 17 wherein:

the active region comprises a cell region of a memory cell; and

the memory cell comprises

an access transistor having an access gate electrode over a thick

access gate dielectric, and
a storage transistor coupled to the access transistor, the storage

transistor having a storage gate electrode over a storage gate dielectric.

21. The method of claim 20 wherein:
the storage gate dielectric comprises an ONO storage stack; and

the thick access gate dielectric is about 30-80 A thick.
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