METHOD OF FORM NG A GATE STACK STRUCTURE FI ELD OF THE
I NVENTI ON The present invention relates to a nethod of
funning a nmultiple gate transi stor device. Mre
particul arly, but not exclusively, the invention

rel at eMEOHO D EIINBORMINGrAGHI'B SHwsCKGERUETTURElevi ce
and a triple gate FET device. DESCRI PTION OF THE

RELATED ART [ 002] FprCoRyEenHEIRAENID@IN gat e transi st or
fabrication schenmes, the process of fabricating

| .
[0001] @%rpz'és%étt 1ﬁ€%ﬁf6§2‘81 ! EZA % g%;ﬂsolg%g ?&?’gﬁ% : (E:lgltlt?{ ate transistor device.
tra si.stor structur hotore3| S
More piiE i b np e AR PUoR sdivet f § RETREYT gOémmg a dual gate
structure When the photoresist is renoved, a portion.
FET degice ppéa tide Br9iFRg dsaie- oxi de | ayer nust al so be
renmoved in order to ensure that substantially all of
t he deposi t ed DiSGIRIPEEIN O SHESEVAHEDIARD3] The
requirenent to ensure that all of the photoresists is
[0002] I eMB\BAvdYioRM elialbitdirGiste fatidafice sihcalek ahe prpbisadifitorating
in the fabrication of integrated circuits. 'The yield

transistQf dévﬂ;eF g{\?f\%g £ € 3k l{:)§1gim§i/ pR&QofeSduasthild th@ Qmﬁls@ bffabricating a

renova e photore I's not acconplished

transistg?lrU i r%f?)l:l{)ﬁ-lﬁ;HeEs s:t] \[>S|\e/(lr?e{r\)l|géoln tokxo Oé)aétg 6%889 { 315131% d)tr((l)er% Pjﬁt{egﬁ thfe device

an integrated circuit str cture

structurg, H‘é]i*fi"g?%l’ hqthresisi B PP MAVTRG 041 REHYing @gieéiild&iayea R
secondary region, conprising the steps of formng a

also be f¢meved|inpester &f ensufe thaftsubsipntielz o of therdepasitpdaigtpresgt é removed.
renoving a portion of said first [ayer over said

[0003] pr | Tier igquiieghenn td ensanctbstenlloofithe sitotqrositti io nerodved diydver-etching is an
substrate; and. exposing the structure to an oxidi zing

undesirdBid 'cHﬂibh@ati%ﬁ YR fASEQREn b REer SOABiFbiiisNTha i bEi@tegrated circuits
mat eri al over said first portion of said substrate,

may be%’gd&eﬁ ?tcc%%létg oVARYE fﬂg ﬂot% Rpg d‘fOFI ; S#ﬁﬁﬁhedﬁnd to

eas a port sai [layer to a
third | ayer co terial, said
third | ayer haCBﬁgaéﬂgﬁ'ngiﬁgbéﬁgggTH?8051Reference
"substrate' herein is not to he understood as
[0004] n ecég@a@mg {0 4 fiFRt pErgct of thainyaeting tBereps pioyidrdpapetiopf fagming an

an uncoated silicon water or an uncoated silicon
integraigd icivawi strooiva® n a substrate, the substrate having a primary region and a secondary

region, comprising the steps of: forming a first layer of a first thickness over said substrate;
removing a portion of said first layer over said primary region to expose a first portion of said
substrate; and exposing the structure to an oxidizing medium to form a second layer comprising
an oxide material over said first portion of said substrate, said second layer having a second
thickness, and to convert at least a portion of said first layer to a third layer comprising an
oxynitride material, said third layer having a third thickness.

[0005] Reference to a ‘substrate’ herein is not to be understood as necessarily limited to an

uncoated plain wafer such as an uncoated silicon wafer or an uncoated silicon germanium wafer.



Rat her, reference to a substrate may include reference
to a wafer having one or nore |ayers forned thereon,
[ 00061Enbodi ments of the invention have the advantage
that direct contact between photoresist and gate
Rather, oxfieckage @ gquubstegs nofy iidbdd eé&irentg tan wabhdrdgviagede of motd lhyers
structure nmay be avoi ded.. [90071Enbodi nents of the
formed tlB+ERH. 1 on have the advantage that an anount of
deterioration of gate oxide integrity (GOD is reduced

Si R -
10006] 2, SPEGRREASHEREMEGRARE @ inRRe RIELERAGE: defueen
feature tha n. oxi de | ay that wil.l consti.tute a
photores§Ferdue¥ite Sk 4rdredbf fabrgfting oy ipieBRfH aiflt Sty may be
.. fornmed at the same tinme as an oxynitinde |ayer is
avoided: or med that will constitute a portion of a gate
dielectric of a second gate stack. The oxynitride
[0007] | aylembédmEunss wéthebyvantinu dave thg advantageitlipd ah aponnt dialeteniastion of
al ready been forned to an oxide |layer Mthe esence
gate oxidle iAtRg@yI(GIOD) RGed®Pd itice Abntid) BetH@BR ghtie MRide%int PRotoresist is
nitride layer is converted to an oxynitride |ayer, the
avoidePXi de layer that will constitute a portion of the gate
dielectric of the first gate stack is forned. In
e ' of-,the :inventien ' ' . .
(0008) £CAREIR0G Bttt B B84, 8P e 7 o BBt By ppmstire
. SO enbodi nent f the inyention the oxide |ayer is. .
a portiop i iy gt @Pteétqciéy%#@ﬁ%?t g sathe fimed B pynitride layer
) to exposure of the structure to the oxidizing nmedium o
is form¢dytheoyilhconsiteenpratipireht satefidastriq ehacsecoshgaie stagkerThsfoxynitride
silicon oxynitride is provided between a gate
layer isdbmoddrigd@nacrting agittide tayiedthat mpetready wech famsidsd en oxide layer in the
strucrnre. It is known that certain dopant species

presencs W& An 8%idDAEOM AT A MY shifie HEBWs fHRMiGHIRIANEr & converted to an
pol ysilicon gate electrode tend to diffuse or

oxynitrglgt% ,Qﬁ@oﬁﬁ lea%&i ﬁggwﬁ?&%ﬁﬁt!utecag}gbrﬁ@% oft' tg’lgltgﬁie)diélﬁttﬁc bPfe first

ox1 de e warer 1s expose erm

t reat nen uc s _annealing and other treatnents.jn .. .
sate stagk FORPERG (arihodracieas b T P Kie e ipPaSL bhgdation of
_diffusion and/or segregati on of dopant atons_tends fo
a portiogf dheswibgtraie-f Wetomeraniaslinagiie PHthg rteatien dre qxpde layer is formed by
transi stor structure. A paraneter for measuring the
oxidati@xefenlayefthatiwds deimol pegte gspdsare of theastistyae fotbe bkidézing medium.
thermal instability (TNIBTI) paraneter. [0010] By
[0009] i nsl@rsbinB @nibbeinenyesf tht irBichti@onlagayotisiiidot @ x beitrieds piokRied
poly:silicon gate el ectrode and

between a gate electrode and a gate oxide layer of a transistor structure. It is known that certain

dopant species such as boron which may be used for doping a polysilicon gate electrode tend to
diffuse or segregate out of the polysilicon (or ‘poly’) into the gate oxide when the wafer is
exposed to thermal treatment such as annealing and other treatments in which the wafer is
heated. This is undesirable since diffusion and/or segregation of dopant atoms tends to adversely
affect the threshold voltage of the transistor structure. A parameter for measuring the extent of

diffusion/segregation is a negative bias thermal instability (NBTI) parameter.



the gate oxide the silicon oxynitride provides a
barrier to inhibit difflision and/or segregation of
dopant atons. BRI EF DESCRI PTI ON OF THE DRAW NGS
[ 0011] Enbodi ments of the present invention will now be

[0010] desy inh@tnhekeiRabt slicodyxynaydebetaxaimplegobilicomighte electrode and
reference to the acconpanyi ng draw ngs, in which:

the gateJOQ(Q&eztilg Eiﬁ?m} b@&&mﬁe ﬁmﬂe%tarﬁéﬁ‘ﬁéﬂ k& thnftRf deklsidH ahdBr @gregation of
process o abricating a transistor structure;

00131FIGS. 8 to 16 show structures forned during a

PB¢ess of bricating a transistor structure, and

[0014] FIGS. 17 to 23 sho [ f during a
process of f%ﬁ%@?ﬁﬁ&%ﬁpﬁ9§@%$%wgr e. )
DETAI LED DESCRI PTI ON OF THE | NVENTI ON [00151The

[0011] f ol Erobadigewssbbidicpeesert invention véHaey bhealepgritgd therginafien by way of
invention nmore fully without liniting their scope,

examplS bAlgByiELIBEraws tortidi dcb@apinyng dadingarinathiidns wil |l be
apparent to those skilled in the art.

[0012] FIGS. 1 to 7 show structures formed during a process of fabricating a transistor

dopant

structure;
[0013] FIGS. 8 to 16 show structures formed during a process of fabricating a transistor
structure; and
[0014] FIGS. 17 to 23 show structures formed during a process of fabricating a transistor
structure.

DETAILED DESCRIPTION OF THE INVENTION
[0015] The following embodiments are intended to illustrate the invention more fully
without limiting their scope, since numerous modifications and variations will be apparent to
those skilled in the art.
[0016] FIG. 1 shows a structure 10 formed during a process of fabricating an integrated
circuit according to a first embodiment of the invention. The structure includes a substrate 11,
upon which a first layer 15 and a second layer 25 have been formed.
[0017] According to the first embodiment the substrate is a silicon wafer. Other substrate
materials are also useful. In some embodiments of the invention the substrate 11 is formed from
silicon germanium, or any other suitable substrate material.
[0018] In one embodiment the first layer is a layer of silicon oxide. Alternatively or in
addition other materials suitable for use as a gate dielectric medium may be used such as high-k

dielectric materials. The first layer may have a thickness of from about 1nm to about 2nm. It is



100161FIG | shows a structure 10 formed. during a
process of fabricating an integrated circuit,
according to a first enbodi nent of the invention. The
structure includes a substrate 11, upon which a first
to be undayeiod Howane thatsiee thikneaydthefrshiaye ibeetrlithvededhat of the
[0017] According to the first enbodi nent the substrate

precedn'lgge)?anﬁﬂé hEPRayBE Brme@id 8y Sitatdkatabi@ior thedsviRMRing Sened.

ful". I'n sone enbodi ments of the invention the
su str
T el P A AT Bt e e

) the first layer,.is .a |layer of sili

of mategl qhos AT Vaxtb FiAifind % PR PRReR Ry so be useful
suitable for use as a gate dielectric nedi um may

for formjng thessgednddayeni igradritignae ecinsicad pratildgangyigideTjigr @nge the second
| ayer may have a thiciatess of fromabout 1nmto about

layer caardomprik¢ polgsilitan. iEheusedendsihpardndyoveee erthickestss phigom about 0.5nm to
thi ckness of the first layer is not limted to that of

about 1hMAe MHEGRRkAGs@&XAMIBh 811@0 thaRY ol af@nerBel niodi fisd)substantially through
t hi ckness suitable for the device being funned.

ﬁsﬂnd%ggégbbgogmﬁmﬁpbodlnent the second | ayer conprises a

I con nltrlde O her types of materials

[0020] pr d%(écgg ger I 59@%}1‘[ B}e gﬁo tqa felr ?sd %ﬁ@gg gﬁﬁagcgﬁ*@% substrate

| ayer, in addltlon to or_inst f
11 to ar}:@))p/l @%}gﬁgq:(gumt KWecauling g th(l’at}%t glg ?fﬁ SI lfl tﬁglnnvgrlltgorn tgg oxidizing
~ polysilicon. The second |ayer na have a thickness of
mediunoin zaboutre Of 51 20d O, tgas mtberatipriid . Tehwructure exdirdd aterstemperature of
whi ch all ow the second | ayer to be nodified

900°C Eislds taanpitl dryal dxidatph chisibehdweingelssoxddatioal socessii t abl e.
100201According to the first enbodinment. the first

0021] | 2YBle deSorl PR Ys Rymisl By RELMRAI {ApBusatpstitidh €C YD) Lisin@Becoupled
[ ]OXI f%ﬁﬁ% neg?u%1 Acc%?dlng tozghg flrgﬁ eg%oanEE? gmupe

plasma pi gt}gldﬁnve(?slil\ﬁﬂ 'llhEe ” akﬁjdc%%ﬂg p%&?gﬁf& %(r: Lamibe e&‘ h?esﬁjr {}Pthe range
o s EEBEA S5, F,2005C Lahe o 1m0 grsnl erhgst o,
plasma bgmgo%;t@ggééﬂ%gg Ott)l%/er%?oecrgssc ?(lnd}/t?o%cs) l':llrre udngI(I)SIOttllle? GGISOCS:i\{iOEpI'OCCSS
techniques are also useful.

[0022] FIG. 2 shows the structure of FIG. 1 following the formation of a patterned blocking
layer 35 over the second layer 25. According to the first embodiment of the invention the
blocking layer 35 is a hardmask resist layer. The hard mask, for example, comprises silicon
oxide and is about 10nm in thickness. Other thicknesses of the silicon oxide layer are also
useful. Furthermore, materials other than silicon oxide are also useful for forming the blocking

layer 35. The hard mask is patterned using a photoresist mask. According to a second

embodiment of the invention, the blocking layer 35 is formed from a photoresist material.



pl asma ni hridation (WN). The DFN process perforned
Wi th a chanber pressure in the range fromabout 5 to
about 2QOmTorr, a nitrogen flow rate of about 100 to
about 200 seem and a plasma power of about 300W O her
[0023] Pr ®e@SHsidhd itansurabeF1G.&f followdighesrodapostthiap of the structure of
process techni ques are al so useful, [0022I FIG 2 shows

FIG. 2 th BEn&¥d &W?I@OP&IG Eédond laykPhs aMprb@clch®y s BBLILAR 196 35, 1.c. a
patterne

ocki ng layer 35 over the Second | ayer 25.
. di to the fi . i i i
prion GRS b AL B BT R
portion B bormba et TR o SRRk AR DS BN Gy s e

silicon oxide |ayer are also useful. Furthernore,,

second laptrewittatespest Fethe fingmaski iFoo axaxpladhapteh arassssssteetively giches
form ng the blocking | ayer 35. The hard mask is

silicon iiaideandedt sitomgpxadephot or esi st mask. According to a
second enbodi nent of the invention, the blocking |ayer

[0024] 35 1h$né ShBEHmEAO et EHNETb OIS SbmprigeBaavdt atch prd @R FiEfefably, the
3 shows the structure of FIG 2 follow ng a process of

etch pro%%:&s{l%zl(ggsegfthet sglg?tg%tlée #)Clggl;@4 &f refoGe ti%e dxBolBRYBnitAAE WhilB leaving

secon unprotected by the bl ocking

ayer 35,1.e.. tion of e second | verl yi
the hard ik oratiron Qi s G B aleB s R G Ao AT, Xt Bl
~ poition of the second |layer 25 is renoved by etching.
reactiveTine ewhilg (Bidkess sel ectively etches the second | ayer
W th respect to the hard mask. For exanple, the etch
[0025] pr dU6s4 shebeibt istrettyreatf FhEs3 fillovwdama piocessdd remeval of the patterned
silicon oxide. [0024]1n one enbodi nent, the etch
silicon §¥i0€ BRSkiag M et S8 sndan\eiposédporpoocids firimfeed abf silicdrhexide, i.e. a
etch process exposes the substrate to 1-13PO4 to
Tondk A ol d idthd hdreen Whihk 8edoRidVayRd 25 N&he process
portion r?gg% fﬁ‘%slg&é?‘)égi [1c gﬁiglodxli%gg%rﬂﬁ(é %er types of et c)ﬁg ng P

rocesses ar l. Ory € t| '
of remd gL pipt oGRS BBt SRR ot ERP L KRR
3 following a process of repoval .of the patterned
hydroflyprig acichsQJRRMLIBFBEKT W&’OP%‘{/%HE "é‘ﬁ% an exposed portion
of the first layer 15 of silicon oxide, i.e. ? portion..
[0026] of Inhe altemstivé epeediment, thederd Jrskgend firshiay Hiavglogwed fgm different
of the second | ayer 25. The process of renoval
materialsVialsugscaesptic edlchrioness parossdssivellyermpye bath thst segend gand first layers
of FIG 3 is exposed to a hydrofluoric acid solution
in the pkithdr £ PR WKIMOREENS khd Itedmaxk f®tectiffdfe]lhyerain the secondary region.
alternative enbodi nent, the bard nmask and first |ayer

The haﬂrgagé(?cgaﬁ%g rérﬁb\}eﬁ' in qisgéagftg @fch{}g&&gé. als. In such eases,

process can eetively renove both the

second and fir.st s in.the prina ' '

0027 SR Pl HEVEER AP B AR R o
secondary region. The hard mask can be renoved ip a

exposed epR1oaras st B 181 s 41 ORDBBPPRRET L ik ) FRETGH tg Sypstrate over
of the substrate 11 is exposed follomin% renmoval of

which 4 thén gate structure being a single gate (SG) structure will be formed.

[0028] FIG. 5 shows the structure of FIG. 4 following exposure of the structure of FIG. 4 to
an oxidizing medium. According to the first embodiment of the invention the oxidizing medium

is a mixture of N, and O, gas in the ratio 9:1. The structure is held at a temperature of 900°C



exposed portion of the first layer 15. In one
enbodi nent, this is the region of the substrate over
which a thin gate structure being a single gate (SG
structure will he fanned. [0028] P10.5 shows the

inside a $4fid tebth® RidatibfchAnbldueng fE @x@msH heocess. tdiker types of oxidizing
structure of FIG 4 to an oxidi zing nmedium According

ambientl g{ft A1 dskhid! Inegmfédénmﬁmeﬁts b ey lagha hit@d2h Prddefids then

mis a mxture of N2 and 02 gas in the ratio 9:1.
e structure is held at a tenperature of 900'C
peﬂb“nFaside a rapi d thermal oxidation chanmber during the

oxi dation process. Qher types oXi |Z|n anbi en
10029] o DranggRREERP Lhi ARG EE BB o] &/l as Sh 3 PrEgre from a
plasma niiridation process is then perfor
layer of[s0@28hidid¢ tegp lexpodsrison oxymibridei 2di ZivgherEirem inH’éh leotris
| ayer 25 is converted Froma |ayer of silicon nitride
formed hitha eksed si@facs of iheanbswayn] t.r Aderdidg tarie e rembodiment the fourth
fourth layer 45 is forned at the exposed surface of

layer 451 Eglﬂépg}‘ﬁﬁg&léﬂde According to the first enbodi nent
fourth layer 45 is a layer of silicon oxide.

[0030] [ 003 QUETY hr?lhfag AN Iﬁ‘%ﬁgqoii?l Itt??l aﬁc{ @ PhARe Pﬁck"negso whBOUhe layer of

2nrnin ness ayer o [1con

oxyni.tr 7 is aboyt inn i i ckness

siticon GYSHIYEET 3¢ Sef OHat o HokpRo el b EABRER L thalliyr fikoess are
Furthernore, it will he aQPreC|ated t hat ot her

also usafelt diurthprencae.dt wilkle anpstciated fhabathen Matedglsaredlsposefibnt s
of the invention a further layer of a high-k

[0031] di dhacthe |embndm@ntsadfthe;nwadumcg@xthelylamroﬁe@lmledlemmc material is
structure. [0032]By high-k dielectric material is

subseqdéﬁﬁﬂ‘forﬁlemarthagtmeng a dielectric constant that is
er than that of silicon oxide. For exanple, the

[0032] hi Q?)f @&ﬂ'kech@%t b?nart@'faﬁr‘ £d rﬁbarﬁrﬁlfnzﬁﬁ‘ldl‘ ﬁﬁﬂhg‘ 2} |dleq)é6t1€’@constant that is

a hatniumsilicate (|f SiO N or any other
h- k. di Iectrl
higher tgalaléihéig ?f §1Q O%H(}Xéch or I%@m% dl?g ele-g ﬁétgrlq%liété I’y be hafnium
osition at_a tenperature of fro u 0.to.about
oxide (50 kataiupy s FTBTORI W5 PR a%{@ Brgufmatetal he
that other process for formng the high-k dielectric
high-k dieteetricahatarial madyss fosaédiby atomic layer deposition at a temperature of from
about 300 to about 350°C at a pressure of 1 Torr. It will be understood that other process for
forming the high-k dielectric material are also useful.
[0033] FIG. 6 shows the structure of FIG. 5 following a process of forming a gate electrode
layer 55 over the structure of FIG. 5. The gate electrode layer 55 is formed from polycrystalline
silicon (polysilicon) having a thickness of from about 120 to about 160nm. Other thicknesses and
gate electrode materials are also useful.

[0034] FIG. 7 shows the structure of FIG. 6 following a process of patterning the structure of

FIG. 6 to form first and second sets of gate stack structures 83, 82 respectively. According to the

6



[0031FI G 6 shows the structure of FIG 5 followng a
process of formng a gate el ectrode | ayer 55 over the
structure of FIG 5. The gate electrode layer 55 is
fooded from pol ycrystalline silicon (polysilicon)

present BRA¥bMighedt thBigatenesk s@ficthfcandisiod it $B2Q atsthgddguid (SOQKIstack
O her thicknesses and gate el ectrode naterials are

structurngﬁtP lﬂlé%%, felacklsQ03dN h&i‘c?tZd SOOMS JldaBbRt a’téc(bﬁ)ga%f stfék@tructure

Nng a process o patternlng t e structure of

[0035] ?ﬁ {;Iielﬁnéo% fd%éé%tfglﬁ %?(és‘g%%? Isf\:}(ngo %}rucil ; r%a %tglc?q%g %J)(rrespondmg to

present enbodi ment the gate stack struc di cat ed
the firstet gfpatesstacksiimgiuees Fathave sefteaglectds sl %4 {iP e o silicon
the gate stack structure indicated at 82 is a double
oxide hganga (lwneelmfd‘rcsn abkutdttp gbowirZem.[ 0035] I n t he
enbodi ment 'FIG 7 gate stack structures having a
[0036] St IMH ¢liddreb@iheaONai gatt stathenidturss haeig ©ftngaire cofrespknding to
structures 83 have a gate dielectric region forned

the seanﬁ‘%@i & daBY &S ckQhrudiutds®2Ma0X h @8t iR Regldl fokREBToMfa layer of
from about Ito about 2am [0036]in the enbodlnent of

silicon 0x1((1;é aboug 1%1% i 'ﬂf}&é} E& dndcd lﬂ St)f gﬁl"ébl? gxﬁ}lﬁ‘fde %B&llgtrl%m in thickness.

correspon e seco ate sta

structuyres 82 hav te di Iectrlc regi on f

100371 ' earicy s 50| RGBSR oA G Eadoe an
and a |layer of silicon oxyriitride about lamin

integratedh rigRibgBICtUIO D3RRt B liop gescoibed web serpod e i frshgmbgdiment of
the invention, a process of fabricating an integrated

the invantioouHbwsterot aiprecéss aseobding i ihalskgond enbediomanbghie iorking layer 35
respect to the first enbodi nent of the invention.

is formd&dPMEM I photdredst REAGSS ARESBING 6 the Reddicensiifmieht, the photoresist
enbodi nent, the blocking |ayer 35 is forned from a

materlagﬁgl o@?ﬁééﬁho[@éﬁﬁ h‘?ﬂ teriA\C BRI Qto;e@ls{ ﬁﬁteﬁﬁﬁ%?éjalso useful.

or esi st terla I's a pol yner

[0038] phg[gor (If %ﬁ)prg%%ﬁég’ ‘tilp%CPT%r (t,]ng%ga]ﬁ 8ﬂh‘¢étblo ﬁ F%r% S%rf%olymer

C|ate

process of renoval of_ the bl ocking er 35 0of po
photoreﬁlﬁbméﬁeégh 182 DS hRcPHing t@rtge é@@n%EWgP%‘Wﬁt Pish flyention may be

second enbodi nent of the invention may be performed in
performedde pacparae step o & oraxeprajcessvadpf therespaded pbriidreofdhpbestlpyer 15
portion of the first layer 15 of silicon oxide.
of silicdD&3. A process of fabricating an integrated circuit
according to the first or second

[0039] A process of fabricating an integrated circuit according to the first or second
embodiments of the invention has the advantage that a surface of an oxide layer that will form
part of the gate dielectric structure of a transistor device does not experience direct contact with a
resist material during the fabrication process. This has the advantage of improving a level of

gate oxide integrity of a transistor device formed according to the first or second embodiments of

the invention.



enbodi nents of the invention has the advantage that a
surface of an oxide layer that will fel part of the
gate dielectric structure of a transistor device does
not experience direct contact with a resist materia

[0040] durAIGQS thevs adrictat tamepdodes s prokhssoftiasichting advaniragecording
of inproving a level of gate oxide integrity of a

to a thirl leAb SRR o RY iBRN{iOK. TPk ARLAIELNBIC. @ ihdlgddsid sibstedte 311 over
secon.d enbodi nents of the invention. 100401FIG 8

which a?tg'gt‘mﬁ%& 3§5 i Ewsg%Jeﬁ{I?EQe&%ﬁil Gr 32 PhAeHeen ?d(rmed.

ating a structure according to a third

enmbodi nent of .t he invention. The strugturg. o .G 8 .
100411 P dEe SesS  0F Pt GG BaceB bR i By s ging o he
) and_ subsequently a _second | ayer 325 h%ye been fqrned..
third enyhpdimqnads fopmed Eomsdlicogs Thrdirgtilayer 35 fempghigom silicon oxide and
embodi ments, the substrate 311 according to the third
the secoadBaydic A2Mis fosnédiromdilidon oftride.| ItoaH be Thgregiptedtthat gther functionally
315 is terned fromsilicon oxide and the second | ayer
equival&? Bubstrafeg afi®@ thytr @ftetbls lagoalsdidefnlde. 1t will be
appreciated that other functionally equival ent
{0042] SU %rfﬁgﬁ%@@sdfohﬁéf@fo WRE @lthRkSes@bLatdus OnH 88 We second layer is
[0042] The Tirst layer Is formed to have a thickness of
bput and e n V. j ave a
formea i il 190 BRY ob B TR Db Ble bRt LR, 2
useful . [0043LAs jn the case of Me first.and s nd
[0043] erm%%'inﬁ%%fa;? 3t e e Speapdembodiinants d1afidt Byl s fomged by
~the substrate 311 to an oxidi zing medi um whil st the
exposingdbosipsiraip 81 | 8p® ¢xdizingmediupyvialybihgspepgd &xsu g oty formed by
plasma nitridation (DPN). The DPN process is perforned
CVD usihg Hecaupled phremapitedstivne(DEN Yt HéherINg erdcessms atrdertned with a chamber
about 20mTorr, a nitrogen flowrate of I 002U0sccm and

pressur@inPthd $41Be BRWEibRE 5 a0 tut 30RO HBAdEE FowatsbEWe0-LbEscem and a
structure of HO 8 following a process of fitirmng a

phmnagggghhqgo 335 over the second | ayer 325,
atterning the blocking layer to expose a portion of

th econd | ayer 325 | yi a_primar ti.on 1P
0044] o FIRES e PEE i L il Bub b pBRE R HoiiRE s Phcking ayer
and second | ayers 315, 325 overlying the primar
335 ovgsdq sesANbRYSIHE SsRASSITHAE E1e %Oé%%%a%r% eHRfse gasreS thg second
the substrate 311 remmi ns coated by- respective
layer 325eomilyingg ponary pnsic3 1l Reofthe sibstratg.end 3arBodng pettiens of the first
second | ayer 325.
and second layers 315, 325 overlying the primary portion of the substrate. A secondary portion
3118 of the substrate 311 remains coated by respective remaining portions of the first layer 315
and the second layer 325.
[0045] According to the third embodiment the blocking layer 335 is a layer of photoresist.
[0046] According to the third embodiment of the invention, the process of removing the
portions of the first and second layers 315, 325 overlying the primary portion 11P of the

substrate is performed by means of a reactive ion etch process. Other etch processes are also

useful.



[ 0045] According to the third enbodi nent the bl ocking
| ayer 335 is a |ayer of photoresist. [0046] According
to the third enbodi nent of the invention, the process
of renmoving the portions of the first and second
[0047] | ayRaGS 1@ dmwsIRE staveeurk it AYG.th@11pwinged propss bt mmdlaldf tbé blocking
the substrate is perforned by neans of a reactive ion

layer33%ta(ﬁa eﬂg ?ééfth@gtb@d'mr@ft&ma prigasasdiane al so usefitl.
yer 35 and exposure of the structure to an

[0048] OXI éug‘g opﬁg S ;quﬁ% @@Qﬁ%rﬁeﬂm 'i‘gé%,ltsc‘;nr ?Lbjrﬁl%n of the second

the I ZI ng rre rumresu n COHVGI‘SI on 0]

n 25 fro aero SI|IC
layer3%5a’§fav Lol vt Bk Bt asSiep poREREIY. SfpsBufe
of the structure to the oxidizing nmedium results in
exposureled thfepstvatirote the osidizour medipayeruls 4nthgrfompagion,phdewin layer 345 at
surface of the primary region 31 P of the substrate
the exp&kd suff@4d]ticoranaiynmggivo 3t Heof the sebsemtsddilment t he
fourth layer 345 is a layer of silicon oxide about

[0049] 2NiAdcotdin défﬂtﬁgﬂﬁﬁlsemwaﬂiﬂi&it thhuttayBfer 845 Bial lag@nf silicon oxide
oxynitri 327 is about mmin thickness. It will be

about Z@Hfl AGLaled v&ﬂ‘l@f thgﬁzfiﬁtof SNBSS A i3 Qbé’tﬁ 8t in thickness. It

rt her nor €, e appreci at ed that other

oioe TR TR N TR I ——

ifth llayer 350 over the structure of FIG 10,
OthermA@élélfsd'F‘h@}S‘wselﬁHe third enbodi nent, the fifth | ayer 350
is a layer of silicon nitride. Gher materials are
[0050] al STGu$eFludws theesudtmisefFIEt H) fodlpwinggbproress pé farpdng dfifth layer
have a thickness of about him O her thicknesses are
350 ovetltsosttigefrelbf FIthd of iAdcbrdirgyterthé hiklanedinusitthe afthilagiek 350 is a
process to the second | ayer 325. That is, the fifth

layer off EY&h mrfdel @tﬁ&ﬁﬁ@&@é’aﬂ@o%éfﬁg decoupl ed pl asma
nitridation The DPN process was performed with

16051} ZO?nﬁl%rr, refs%gézon Fggvﬁ?\ée?i;tg gchB %[sgg;f ggOstégﬁl tan(lal'@lb&mﬁmesSes are

also us&afmgf?fﬁhvﬁg@r% ifc%’r}%ai}lé%g%\r/s\én gr&eré?égs e seconcfi ?ayer 325. That is,
the fifth layer 350 is formed by CVD using decoupled plasma nitridation (DPN). The DPN

process was performed with a chamber pressure in the range from about 5 to about 20mTorr, a
nitrogen flow rate of 100-200sccm and a plasma power of about 300W. Other processes for
forming the fifth layer are useful.

[0052] FIG. 12 shows the structure of FIG. 11 following a process of forming a resist layer
365 over the structure of FIG. 11, and patterning the resist layer 365 to expose a portion of the
underlying fifth layer 350. The portion of the underlying fifth layer 350 exposed is a portion
overlying a single gate (SG) portion 3118’ of a secondary region 3118 of the substrate 311. The

secondary region 3118 is a region distinct from the primary region 311P of the substrate 311.



100521FI G 12 shows the structure of FIG 11 follow ng
a process of formng a resist |ayer 365 over the
structure of FIG 11, and patterning the resist |ayer
365 to expose a portion of the underlying fifth | aver
[0053] 35Q\ pditien p6tHeifdth lafert336 owadgng widogbleighte{DIGApertioB50 1S of the
exposed is a portion overlying a single gate (SG
second PP Fdai @M B 5103 th@dubstr€ S ONEkAfiding @Flerd b Llforddn dihesist layer 365
substrate 311. The secondary region 311S is a region

followir% qlg 'pgﬁ%a{ar%q%)éegse AR ghﬂﬁ:‘hyof HEOH AR 13485 QS veh D g SMDSEh &S &egion

porti the tifth Nayer 350 overlying a
bl t ti 311S" of. th '
s11p o YR 9E 1 SRS a8 B floh S BERIEPS SRR e
patteming Beei orTNSTOHEY FABHaT § B fer SaBBo Y] SRR Be o ¢ gon of

region 311P of the substrate 311 al so remains covered

the subdisateaupaorwiion awéxtemtsid ghte sayeiur@ g8l bhpiovidedg t he
patterni ng process. The primarY region 311P

[0054] COIHIES PP BiEtsvd the stfudXc @i 660, Pafoflo(i(g) a procdss ofisaglientiadly etching the
substrate upon which an extended gate structure wll

structul?_ go Rinfiicdptiont Q0 Bt Il iGsechad 2h@ West 14RrsSIOUTIUB €5 BYerfging the

foll owm ng a process of sequentially etching the

snge GOHFHILEC BRSO B0y bAoA ps o
B R ERLE St e L

single gate portion 3115 of the substrate is exposed.

365 is tiereremyiedt | ayer 365 is then removed. [00551FI G 14
shows the structure of FIG 13 follow ng a process of

[0055] ex pEISH. ng shdves tht strodtureef ¢ GF1 Follb®inma precessiod expasgg the structure
medi um and subsequently formng a |ayer of a high-k

of FIG.Ai38b @6 lokideziAR fledihBahd QBesquiitey Simiugtdlager of QASGLH Blectric
process of exposing the structure to an oxidi zi ng

nwdﬁmgsg}ggk?ﬁ§§hkﬁ¥gn the formati on of a seventh. |ayer

e surtface of the single gate portion 3115 of

the.substrate. The process also re ts i i .
o0set b TP e ROl R Ly PRYES 60 omation
00571According to the third enmbodinment. the. seventh
ofa Se\}eaghel@ygﬁﬁaéthegﬂm qibmigle iatsrogis .13} AT B subsIrate. The

enmbodi ment the silicon oxide is forned by rapid
processt Aigr reabltsar icdencrom aftbie fidd layer SAD ¢k Aeexyndfide Fam ABout
Inmto about 2m. O her thicknesses are useful.
[0057] Fur Ab&yrdiap &o tichitied embadimahisthaseveatislayarsas i forthed frosmysilicon
he fain, d by exposure of the substrate to an
oxide. ¥Xbilk &hP&iARA H8ilicon oxide is formed by rapid thermal oxidation and has a
thickness of from about 1nm to about 2nm. Other thicknesses are useful. Furthermore other
materials are also useful that may be formed by exposure of the substrate to an oxidizing
medium.
[0058] In the embodiment shown in FIG. 14 the layer of high-k dielectric material 377 is a

layer of hafnium oxide (HfO,). Other high-k dielectric materials are also useful such as hafnium

silicate (HfSiOxN). In some embodiments the layer of high-k dielectric material is formed by

10



1005811 n the enbodi ment shown in FIG 14 the |ayer of
hi gh-k dielectric material 377 is |layer of hathilann
oxide (EIf02). Oher high-k dielectric materials are
al so useful such as hafniumsilicate (1-1fSIiOxN). In

atomic [a9¢rlepoeitdst srntspéhard af/feom abolti3gh -tk aloive BB, ata pressure of about
material is formed by atomc |ayer deposition at a

1 Torr. 1S 5REE BhbéEnhtsfhORYy @19 rm3 @ bOatehe Uhim 3B Hicknats. Other
pressure of about 1’'MT, In sortie enbodi nents the

thickne%s%%’ %{% alsd ug&ﬁﬂeﬁlﬁq%r&&e?&?%{fmy&ﬁ didledié RERESR -ardXIBE hseful.

nesses are al so use urthernore, other high-k

dielectric terjals, a l.so .usefu 591l n sone
10059] &b TR FEROTIS LS ﬁ%hﬁgﬁgﬁ ‘ﬁ?lsgtfl? el g}%{sq%%e]dl s forned.

10060] FI G 15 shows the structure of FIG 14 follown
[0060] 5 plGcEsshoys thepticge 8T HKe-d 4dPHevingderpesyept BRI AL

the structure. The gate el ectrode |ayer 355 is fori.ed
electroderoyer p6S yeenibe sthuchme $he gaenletpalelsydridéd ) foraed Agma

t hi ckness of from about 120 to about 160nm O her gate

polycrySthBigk kiden (Fl@sili@iny harieg a teedneks of@dreab@at 20 &l @out bellm. Other
t hi cknesses are al so useful. [0061]FIG 16 shows the

gate elett- S GhMEeRal hrehilsGrul 18P L Mo BERES8ssEy are also useful.
pattem ntructure of FIG 1% to formfirst, second and

t hi t.e stack struc -
o A8 SRR S Bh P ELR A s
the firs ate stack .structure 381 arge o ype and
of FIG. gy | SEfio8 éﬁ‘g ﬁ?l@ LGB YO ED 3%1 oiﬁzgcjﬁ yer of
silicon oxide 345 about 2nin in thickness and a | ayer
[0062] of Gite Flednstoleynps RaviRs BERICHI® PTTESAANGIAS foHihe KiFw gate sfagk structure
enbodi ments having a |ayer of a high-k dielectric
381 areHEET fypt and hevel agoee diofecthicgbgikn dirgled dtom g layet efrsiladonxide 345
in the EG gate dielectric ion, is about mmin
about 2hRi if KME&fess and a layer of silicon oxynitride 352 about 1nm in thickness. In
embodiments having a layer of a high-k dielectric material, the layer of high-k dielectric material
377 in the EG gate dielectric region is about 1nm in thickness.
[0063] Gate stack structures having a structure corresponding to the second gate stack
structure 382 are of DG type and have a gate dielectric region formed from a layer of silicon
oxide 315 about 2nm in thickness and a layer of silicon oxynitride 327, 352 about 2nm in
thickness. In embodiments having a layer of a high-k dielectric material, the layer of high-k
dielectric material 377 in the DG gate dielectric region is about 1nm in thickness.
[0064] Gate stack structures having a structure corresponding to the third gate stack structure
383 are of SG type and have a gate dielectric region formed from a layer of silicon oxide 375
having a thickness of from about 1 to about 2nm. In embodiments having a gate dielectric

having a layer of a high-k dielectric material, the layer of high-k dielectric material 377 has a

thickness of about 1nm.
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100631Gate stack structures having a structure

corresponding to the second gate stack structure 382

are of DG type and have a gate dielectric region

formed froma |layer of silicon oxide 315 about 2iimin
[0065] t histhioess fafitedadeandarg tofthesthind @arbodiyait havedbe 3®vantad6 fhat resist

about 2run in thickness. In enbodi nents having a | ayer

matenaﬂﬁoe@ nBi @Ry @bl@t'a@c(bhrdxﬁiéw& k@ in th&'®rmati@f oftf gdid gibdtektric region
dielectric material 377 in the DC gate dielectric

of an Eée%%? ﬁggtld{:k TRt hi ckness. [0064] Gate stack
tYUCt ures aving a structure corresponding to the
te stack ture 3 SG t and. have
00661 5" gt a8 B Epiecie Bab e Forfracr TEOFET )iy Ss?caqlon of Snly one
silicon oxide 375 havi ng a thickness of from about
gate staglpgrctira oh cachityReiSTcxamERtes 2 hi aig> G agbaeEditaed c T hs 6klued person
having a | ayer of a high-k dielectric material, the
will appregiate thoft idtegrhted coicwet @ntctures wilk gnially39mptissmany gate stack
t hi ckness of about 1nm rmaterial does not directly
structur6 P51 cach type. oxi de Layer used in the fortnation of a
aatc dielectric region of an EG SG or DG gate stack

[0067] St G W7 ShowOPERLN e Fotnke® dBBn @R BIRELAERbriABg A Bitegrated circuit

resent dcsLription refers to the fabrication of only
accordl%_]f %ﬁ)t %&Stgﬁahg%etn%%{; {hg E)rg 0{1 ea’fﬂe %(}/Lf%ﬁleré I)Pfélrﬁg gﬁ'ﬁ\% ?F&)strate 411

ciate ntegated cjircui
having §ERSIET §  BHBFS g@rmnwgasd@gstpaﬁﬁowﬁ faasth e iggiayer 410
[0067] FIG 17 shows a structure formed during a
is formg? g@m§dw@fl nfteifle plocat il iy in thifkneay r @therithigknessps ofzdlicondiitaige are
to a fourth enbodi nent of the invention. The structure
also usddiil. Fdtker hdtelids age Asubsefidte fdddingake figt kyéi 416t | ayer
410 formed thereon, According to the fourth enbodi nent

[0068] t her1t 1§ khdvavi@E Qe SO0 NEOfOllb @A pioG&B offdrinieiea blocking
about inmin thickness. Oher thicknesses of silicon

e R 540 0 TR 0 g

S tructure of FG process.

first oy g i A B Big Sporalerionon! s P Rer PR & RpS§ar ity porion
atterning the bl ocking | ayer 420 to exEose a, porti (?g

411P opthe sulestrpter A schs)dgqry gq_@lonéﬁgs ef twi SHBStfaFF'e ]elxrﬁglgg)a coated by the first
portion of the first layer 410 to expose a prinary

layer 4 orThemecetidap pirtiohé] Kubisthe atbstratk 44 é condmopdploratiosinon of the
4115 of the substrate 411 remains coated by the first

substraledyef whitl a stipge g€ BGhgae palchirowild b fatefcatele substrate
411 corresponds to a portion of the substrate over

whi A ihe4hELBEKHE 1443 isla IBRr of a photoresist
[0069]1‘ablg&ggqlg%ﬂgd[hg(f)%g%ﬁ:c%?al ?lg to the1 g Odl}?t h eﬁ‘go e ? photoresis

matenaﬁ. fa akfée(r)r%ait(llvg gmlbgélll?rlren%ZQtljxe inferthShe B Blockin® Iﬂa%loﬁﬁ)sls %rmed from a
hard mask material such as silicon oxide. Other materials are also useful for forming the
blocking layer 420.

[0070] FIG. 19 shows the structure of FIG. 18 following a process of removal of the

blocking layer 420 and forming a third layer 430 over the resulting structure. The third layer 430
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material. In alternative enbodi nents of the invention
the bl ocking layer 420 is fornmed froma hard mask
mat erial such as silicon oxide. her materials are
al so usefid for fotmng the bl ocking [ ayer 420.
is formdd@dA]sfcon nikAds v 1 hiien gicknessur@hef thfckfessdsSoffstldonwitrige are
a process of renoval of the blocking | ayer 420 and

also usdf@ MuRBendrlli Jitkr ¥ &5a1 430 aRY @kefhe resul ting o
structure. The third layer 430 is formed fromsilicon

ni tdj-d bout.. Lnal i ' e ' £SSEes
o071 3 6080 ARFA k08 01 3E o B b L EKRREARS, Bl e
terials a | so_useful. [0071] FI G hows t.he .

40 v IRFGHES BFFIE & THEFOITONTAGS AlFoEeaoRfTY PRy According
fourth | ayer 440 over the structure of FIG 19. The

to the fugirantbadapent thesblacking medigm ig aghotdpsiy) masTialnin alternative
According to the fourth enbodi nent the bl ocking nedi um

embodiinena tiphlblbckiag hetliumiserhaad maskhmatetiel suah iay gliesrb@dderemdny other
the bl ocking mediumis a hard mask material such as

suitableXakd @6k #xicgigl. or any ot her suitable hard mask
material. [0072] As shown in FIG 20, the fouall |ayer

440, | t. it i :
[0072] d shoRAtih ‘F‘i@%d glg%ﬁgﬂg ga?gp?é%%stp%ﬂ&ngé tofexpbid z{jpdrﬁbﬁﬁgf the third

-

430 overlying a ortion 4%1P‘ of t

rimary regqi 411 f the trate 411. The
layer 430 gver Eﬁ’gfl(%yg{]eoga%ﬁ ‘ili)e&p?qrﬁ%} i?/ﬂﬁ’a gt g}etprg?arf' FREQ B, iRe
corresponds to a portion of the substrate 411 over
substraigiil h The BE paitien oF Pl i hecomaniy Tomipn pb Uk Hhte comesponds to a
[ 0073. 1Subsequently, the exposed portion of the third
portion o&glersudgtité 41 Ir even veuchoyDargatt ghucprro wels be fwmestpose t he
surface of the DO portion 411FP" of the primary region

[0073] Of Subcequiehisy, tiad €xpdidd podderosttha thitdlaydret3Daureitoved by an etch
enbodi nent the etch process is a wet etch process

process‘éf’tg I%%fdss@ R\ QirhkL HPﬁiHA'I?)G bértiex RS b tRe HidhalESBRAGE the substrate 411.

olution (1-U0 [ 0074] A max: skiing portion of

Accord%l\%g(r) :ﬂi?eiefé)ggirl] %Xl%rodlﬁ?’e%t ﬁl%tetc%vp%ée\éé 1% \;vgfeet(]fh' ﬂ'r&]iesg valgxrein‘l&lg structure

is exposed to hot phosphoric acid solution (H;PO4).

[0074] A remaining portion of the third layer 430 not overlying the first layer 410 overlies an
extended gate (EG) portion 411P” of the primary region 411P of the substrate. This is a portion
of the substrate over which an EG gate structure will be formed.

[0075] FIG. 21 shows the structure of FIG. 20 following a process of removal of remaining
portions of the fourth layer 440 and exposure of the resulting structure to an oxidizing medium.
The process of exposure of the structure to an oxidizing medium is substantially as described
above with respect to other embodiments of the invention.

[0076] Exposure to the oxidizing medium is performed in order to form a layer of silicon
oxide 453 about 4nm in thickness over the DG portion 411P’ of the primary region of the

substrate.
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extended gate (EQ portion 411P" of the primary region
411P of the substrate. This is a portion of the
substrate over which an PG gate structure will be
formed. [0075]FI G 21 shows the structure of FIG 20
[0077] f ol H:xpokure t@theloakkgfg AlediugNElv@tesolts ihesaydrbiog ophe rémaising
of the fourth |layer 440 and exposure of the resulting
portion$ bf 6 Wt End thiRiNa Rt 8 7 14BG IR SHBAR odNBtrRE RERES6PTA layer of silicon
exposure of the structure to an oxidizing nmediumis
. bstant i al e I.b ' I 0y4:
oxide 43R ok KorBP S Hken SRR B 160, ATEPE Sk BUIGH of
oxi di zi.ng..medi um.is perfaqrpoed in order farma,]ay
oxyeen Ghrogit g Panirals i 460 Ao e crn Qusl iRt [4S0 to he
DO portion 411P° of the primary region _of the
substratg apé cpriession POOTRTEX pbda sdicon sehstrawkp gilispmgxidp as lgse layers
al so results in conversion of the rernaini 0 portions
becomeadontéreedfto sdicoandyditrided | ayers 410, 430 to a silicon
oxynitride |ayer 460. A layer of silicon oxide 454 is

[0078] &l SthefRaigofBe alcdExigé laly6Or54AXBYVE thelBG IpadtRh A8 primary
is is due to diffusion of oxygen through the silicon

Th
. A | . 3 «
eson PR YA SR80 UGBSkl YRRy region
the sjilicon.substrate to siljcon.oxide .as, thes

4115 of s Sdled o B° S RNE I s b TSR i PR B0 above the
100781The portion of the silicon oxide |ayer 454A = .

SG portigpipdhick trandhpfurver s FSf pethien pesuigin pagfushd poiof diffusion of
than the portion 454B over an SO portion

oxygen(spedieses plomsiibsigatt.o a secondary regi on 411S of the
substrate). This is because the portion of the silicon

[0079] oxViaiatrhétHed hayatingdhabyent eh®oSmenorthe oxide thidknesskeabove the
than that over the EG portion resulting in a reduced

EG andX® WHioRf(bdbh S b Bmittitic RX%H8D) SRESI RSk ibdtel P Angst d3
MIsubgﬁé%Ié. 10079f§%1a %gﬁhod gccoﬁg?né to *henﬁigggﬁﬁ

' t he oxi de thicknesses above he EG and SO
‘Ang“ﬂgggggﬁgﬁﬁ%gTOM/the oxynitride | ayer 460) are

onso 22T Yo LA TR B B LM o i
electrodl:eI 1%/61‘24]5-5fogler| t?l\é\listrllgcu?rep [l“?lg thsé e(l)gctrfogé lrarliygrg45a5 ig ?(Ergled from a layer of
polycrystalline silicon (polysilicon) having a thickness from about 120 to about 160nm. Other
gate electrode materials are useful. Other gate electrode layer thicknesses are also useful.

[0081] FIG. 23 shows the structure of FIG. 22 following a process of patterning the structure
to form a DG gate structure 482, an EG gate structure 481 and an SG gate structure 483 over
respective portions of the substrate. That is, the DG gate structure 482 is formed over the DG
gate portion 411P” of the substrate 411, the EG gate structure 481 is formed over the EG gate

portion 411P”” of the substrate 411 and the SG gate structure 483 is formed over the SG gate

portion 4118 of the substrate 411.
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el ectrode | ayer 455 over the structure. The gate
el ectrode |ayer 455 is fornmed froma | ayer of
pol ycrystalline silicon (polysilicon) having a
t hi ckness from about 120 to about 160nm O her gate
[0082] el g6hmadiodaterdinl B the presmetmibodifdehie thrgapae sthecitrotees each
| ayer thicknesses are also useful, [NWVFIG 23 shows

having § Bfeddnk Bk lé&ﬁie(fﬁlcﬂe@s ¢ bk %ﬂr@ﬁeﬂgn Dgﬂfc@é‘s@ﬁﬁm(gfa single oxidation
patternlng the structure to forma gate structure

r
step. F 1’more Egaeeg%a&e fi%:éﬁ%% cft 8?‘]"2&%?'3&@9“%%@9‘?%1?‘3% %}ﬂ&&l‘égsemay be
o the DO, gat e strvctu e. 482 is formed over the DO

fabricatgdinea BFEFESS BAVIAG ¢ POElOPYHiOnSIBst rat e 411, the EG gate
structure 481 is forned over the EG gate portion

[0083] 41-Qae stagk strvstusesdaving Gifarent thivdnesses AEagpatrddeare femgf decause
483 is forned over the SG gate portion 4115 of the

oxygen $akes tongteto4liffuse thODBR JHickea oxptitrold 1@yecothai thyough thimeer oxynitride
present enbodi nent, three gate stack structures each

layers. t/\@\ﬂl:{égss%d dbbee ﬂﬁrﬂxyﬁﬂlti@a 1@3rd@obdihe ISTegioiEy tiéker than the
fabricated in a process haying a single oxidation

oxymtr@%? or TOVERRL BB Jg%lf)ﬁ 'Hnﬂ%o%h rﬁfggg‘g El#%f/‘t?‘og@ﬁ?fa&g%\bbvgt}é SG

erent gate ectric t ri cat ed
. in. .n { t
region 1'f ge%%r%%%ﬁ%?l&s@ obfe Bl E2VRATTG 9%ﬁ'1‘?‘}n erent thi ckness
[0084] o RSN RF GgRYPHPEREFHOR FirEin BC IheyAQh St direct contac

t hrough thinner oxynitride |ayers. As di scussed above,
between heesisk yiaterial atel dragrade mbtsviel frére veOeh @ gito didlestriqividides formed does
than the oxynitride | ayer above the EG regi on, and
not occGONBLGNeNh ydtantags ithat 6 esduodd® dakyeddalnapeity tee tBGontact between
region is thinner than the silicon oxide |ayer above

an oxidt Reitdr@ H8E Which E%ﬁ%lé@&ﬁg Wil BE Sorfed @ airEE M@ is avoided.
descri bed herein have the advantage that direct

conta
oo 2354 BF AR TS Bho PO M8 gron process
! occur. Thls has the_ adv
to creatp Qg DGHER: FAMMPE BN ES Yt LTS G LB gy pride
bet ween an oxide material fromwhich a gate dielectric
thickneggiep.| Ineth¢rororde) samg eanbodsnasts ofgthe mvanthrsprav@rﬁ geggthod of forming
[ 00851i n addition, some enbodi nents of the invention
three diffecont thensistam evitt thyeealkifetant gate qridetsknesesimarhich bhly@ee step in
different transistor structures with three different

the fabri @$iBE HEdcess r@@ﬁlﬁas@k?&ﬁré b LHBASERS to bl oRldhefg edids. In some cases
some enbodi ments of the invention provi de a met hod of

such a %’8{:% Qh LiBRigRatl C?f e s@ﬂﬂ;&ﬁ@&ﬁ)n"ﬁftsﬁcﬂ ‘J?in%%tor devices. In some

rent "gate nes es In which only one

e fabricati
sw%@t’msgw st PIPRKe %xaeﬁcfof AR fE2sf R e fon
process can_ significantl reduce t he cost of
Pfocesspﬁaéd?ﬂ%? e orledanot thg ans{agurgeviesss: I n sone cases
such a process can inprove a yield of working
[0086] t r alhsd tetberunderviood hat ifar thoprrpeses of clatibhofzhe figees oetims of the
reduce the cycle tinme of the manufacturing process.
substra{eQ0&6kd tonvertetdfrbe anededteiodatididr byaxpbduee pumposdsingimedium
clarity of the figures, portions of the

are illustrated as being formed above a nominal surface of the substrate. It is to be appreciated
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substrate that are converted fromone material to
anot her by exposure to an oxidi zing nmedi um are
illustrated as being forned above a nom nal surface of
the substrate. It is to he appreciated that in sone
that in R bTEh&1tadttlet Pasit oDénearren@t ofititese pértibhesey in fact be at least
portions may in fact be at |east partially bel ow the

partlall Qabﬂ%e Sothihacgrate Bﬂﬁe siRghicat e.  10087] Thr oughout
.e description and cl ains of th|s specification, the

[0087] mr’lﬂﬁou@%ﬂﬁ% ﬁgsc gﬁgn a&&&élg{ﬁgf t e\ré?fgéea]ﬁéfé ggéwglfdst‘ Q@mprlse
I AL but ted to" gnd i s.nat intended.,to
and “coplgig e Eﬁa Wt PRV SomEEinkant B s
conponents |ntegers or steps. 100881Throughout th
“includingdwt neftlimiteddad aor as mes ipnderite (adedors nedexgpde qthe moieties,
si ngul ar enconpasses the plural unless the context
additivest banpunsetsyiatpgerses stepn parti cul ar, where the
indefinite article is used, the specification is to be
[0088] UNOEHSE D@t @8 desuipe R hdt d:lﬂlﬂlsmﬂﬂh@spécyﬁ@&om&hé siigular encompasses
singularity, unless the context requires otherw se.

the plur]cxﬁlglﬁg F$ JAEES ptHe R BIRIGRires hg g%ﬁfc‘ﬁfa‘r SHh&S theGRIIRUBDSicle is

noi eties or groups scrib In conJ unction

used, ¥R &t 6 B R e pBHRRTHE b FACHPLS: Shel P

ot her aspect, enbodi nent or exanpl e. descrlbed hereln
unless @ cReXtirpeBiep QIEBVESt herewi th. What is clained is:

[0089] Features, integers, characteristics, compounds, chemical moieties or groups described
in conjunction with a particular aspect, embodiment or example of the invention are to be
understood to be applicable to any other aspect, embodiment or example described herein unless

incompatible therewith.
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1. Anmethod of formng an integrated circuit structure
conpri si ng: provi ding a substrate having a
primary region and a secondary region, wherein the
primary region of the substrate has a double gate (DO
portion and a single gate (SG portion, and said
secondary region corresponds to an extended gate (EQ
portion of the substrate; formng a first |layer of a
-Wﬂéggﬁdﬁgéﬁkness over said substrate; renoving a
portion of said first layer to expose a first portion
of sai trate; . exposing the structure to an
‘oxigﬂ?&hﬁfﬁggvﬁwgf%“F%?ﬂ?%mgngWB&PEVQPmP§HETising an
oxide material over said first portjon of said. ,
SUbBTOVIHRE 2 WRSERAIS BRERER P FeitR i H5ceeRdgReFegion, wherein the
thickness, and to convert at |east a portion of said
priffapysegion pethetsebsiratedias a dpeyegate dAG) patipryangd a siesls gite (S@e
material, said third layer having a third thickness;
pordied, and said stendamygegiorf curresponida yeean exvended gitel (86 pootidni afithe
and over said EG portion of the substrate and not over
sutsahtd; DO portion of the substrate. 2. The nethod as
claimed in claiml wherein: formng the first

| ay edrmirgy PRECIAGEGS BYirdt MibhREs desdi@sivshiatk;ayer above
said substrate, said fourth [ayer conprising an oxide

T il 4 GUEKI YR DRl DRt B kaae

T8 RAELL AT ] UL LT XA MRl
id fi t.i f [ bstrate,.  f ' .

o B B PRl 8 DL Se LS B

method as clained in claim3 thither_ canrpris

second {ariaritgandde cenvericat Ifagh arorQst of sad firgdayer %%%&ﬂ@/er

structure. . . . .
comprising an oxynitride material, said third layer having a third thickness; and

1

forming a fourth layer over said SG portion and over said EG portion of the

substrate and not over said DG portion of the substrate.

2. The method as claimed in claim 1 wherein:

forming the first layer is preceded by forming the fourth layer above said
substrate, said fourth layer comprising an oxide material, said fourth layer having a fourth
thickness; and

removing a portion of said first layer further comprises removing a portion of said
fourth layer exposed when said portion of said first layer is removed to expose said first

portion of said substrate.
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5. The nethod as clained in claim3 conprises
patterning the structure to form a gate structure in
said primary region; a gate structure in said
secondary region; and wherein said gate
structure in said primary region has a gate dielectric
portion conprising an oxide |ayer of said second
t hi ckness, and said gate structure said secondary
reg s

3 o g s s HRdth LA o R o dRe IRTRAL B9 bed by

fboxgriigfLHeIJa%%rvq%m>%hgd£hird t hi ckness. 6. The
Rtk atols et %T&P §VFn di L wher ei n noving a portion
of said first |ayer conprises: coating the structure
Wth a layer of resist material; patterning said
resist material; subsequently, etching said first

4. | aydhe mgH@d g plgierpdan claym 3 ey cogra s gatfeaing the structure to
material. photoresist or an oxide material. 8. The

formpatiedt e gelegitireldrd. n ¢l ai m 2 wherei n exposing t he
structure is followed by formng a fifth |ayer over
said structure, said fifth | ayer conprising a
dielectric material. 9. A nethod of form ng an

5. i nt ggatRthodiak EMinhedSih claGh BrcOmPERRIPatérfbig thy @Micikdg férm;
substrate haying a primary region and a secondary
regggagsﬁg§&%q95£@?ﬁgl' Liynf €gi on of the substrate
has an extended gate (EG portion and the secondary
regi X tion arid a single
gaté%%gg§ﬁ%§$??%§a§?%§%§%é a P@gt | ayer of a first

thi %viﬁgl%lsnssag) Earte ssnaulcgures H’le%.}J paxl'ltn%ry region has a gate dielectric portion

comprising an oxide layer of said second thickness, and said gate structure in said
secondary region has a gate dielectric portion comprising an oxide layer of said second

thickness and an oxynitride layer of said third thickness.

6. The method as claimed in claim 1 wherein removing a portion of said first layer
comprises:

coating the structure with a layer of resist material;

patterning said resist material;

subsequently, etching said first layer; and

subsequently, removing said resist material.
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renoving portion of said first |ayer to expose a first
portion of said substrate; exposi ng the
structure to all oxidizing mediumto MEM a second
| ayer conprising an oxide material over said first
portion of said substrate, said second |ayer having a
second thickness, and to convert at |east a portion of
said first layer to a third | ayer conprising an
OXYRLLL| Al : oy : hird
7 Uy Sh b BBhlef iy oL 6 whploh el A AR BBl L
h(gnd. G portjonstof the substrate and not over said
photpresistorap ogide sjateBle s ihstrate; forming a fifth | ayer
over said structure; removi ng portion of said
fourth, third and fifth layers overlying the SG
portion of said. secondary region and not renoving
8. por Thomsthed aselpignef oy elpin 2 pheieh amasing thertrpeiyisrsfollowed by
overlying the DO portion of said secondary region; and
formurgsetiile ytyovef oand strumtust, xait fiféylayer oyrepriged aldiS@ctric material.
portion, said sixth |layer conprising an oxide
material. 10. The nethod as clained in claim?9
wherein formng said -th |ayer conprises exposing said

9. st NGhth& éfFoiin®¥h Hrdorel dRAitWctutomphsing®t hRehidsg a
clainmed in claim10 wherein: said fifth | ayer

USRS o T LB P s B3 oo
SELER B e Yl SR ML e S
s GTPTE it Erer Bs SR od as ol aimed | n o ai m

12 o%gglrgi ast%rgt lg)?etrto?; rf]ilrsrt] %ﬁ(t:krrllgsssc}vre}'I s‘::atuiJ sru%sttr.'?te;]c orm

removing portion of said first layer to expose a first portion of said substrate;

exposing the structure to an oxidizing medium to form a second layer comprising
an oxide material over said first portion of said substrate, said second layer having a
second thickness, and to convert at least a portion of said first layer to a third layer
comprising an oxynitride material, said third layer having a third thickness;

forming a fourth layer over said DG and SG portions of the substrate and not over
said EG portion of the substrate;

forming a fifth layer over said structure;

removing portion of said fourth, third and fifth layers overlying the SG portion of
said secondary region and not removing portions of said fourth, third and fifth layers

overlying the DG portion of said secondary region; and
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an EG gate stracture over said primary region; a DO
gate stnethre over the DO portion of the secondary
region; and a SG gate structure over the SO portion of
the secondary region, and Werein said EC gate
structure has a gate dielectric portion conprising a
portion of said second |ayer and a portion of said

fifth | ayer, said DO gate structure has a gate
di e . .' . i . e
Four FRdebfilop Gkl ARHIEL L0 5 B0 S4rth S sitfave

ate structure has a gate dielectric portion
corg%%l}% 4 Oﬁ% eamagtg?%e}i on of said sixth layer, 14. The
method as clained in chiml wherein: said fourth I ayer
conprises a nitride materi al and exposi ng the
structure further conprises convening said fourth
10, ay'&he pgthgd g ¢lppmed 4y glaim & gihgreqr fopming $9idsixtlyl#pen cOMpg sen
oxynitride material, said fifth layer having a fifth
exposing kpid suctureso ampreidiratghodiiag. cl ai med in claim 14
farther conprises subsequently coating the structure
with a gate el ectrode material.
11. The method as claimed in claim 10 wherein:
said fifth layer comprises a nitride material; and
exposing the structure to an oxidizing material comprises converting said fifth

layer to an oxynitride material.

12.  The method as claimed in claim 11 comprises subsequently coating the structure

with a gate electrode material.

13.  The method as claimed in claim 12 comprises patterning the structure to form:
an EG gate structure over said primary region;
a D@ gate structure over the DG portion of the secondary region; and
a SG gate structure over the SG portion of the secondary region, and wherein
said EG gate structure has a gate dielectric portion
comprising a portion of said second layer and a portion of said fifth
layer,
said DG gate structure has a gate dielectric portion

comprising a portion of said fourth, third and fifth layers, and
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6. The nmethod as clainmed in claim15 conprises
patterning the tructure to fornm a DO gate stack over
sai dportion of the substrate; an SG gate stack over
said SG portion of the substrate; and an EG gate stack
over said EG portion of the substrate, wherein

said DO gate stack conprises a DG gate dielectric
conprising a portion of said second | ayer, sai d.

SO gat tack ' | Ci L -
comli Sy & por t1 GRar EAr SRR QL SRkt ponign £

gate stack conprises an EG gat.e di.el ectric conprising
a portion of Cg)gr'p&sﬂgfatqﬁmlloévg?algﬁgthafa i tion of said

third | ayer. 17. The nmethod as clainmed in claim 16
wherein converting said fourth layer to a fifth | ayer
further conprises fanning a seventh |ayer, the seventh
14} ay dpe psthef psflaignedin eleirad Whstsd¥i al , the seventh | ayer
being fornmed froma. portion of said substrate
undemfl fourty lg@i dorfiprines h nitagematgna; ali d first |ayer.
18. The method as clained in claim17 wherein said SG
gat exphisilgelet stiuctuanfirihed @dnipGsgabevaliied @od fouch éeyehto a fifth
conprise a respective portion of said seventh 19. The
layRE shiadif@Sayek 8bmipekindarChd:ghiRide wherig] &id Sah thystbsingatfeih
conprises a silicon wafer; said first |ayer conprises
thiSkdekcon nitride; and said second |ayer conprises
sil1con oxide. 20. The nethod as clainmed in claim?2
wherein said fourth | ayer conprises silicon oxide,

15.  The method as claimed in claim 14 further comprises subsequently coating the

structure with a gate electrode material.

16.  The method as claimed in claim 15 comprises patterning the structure to form:
a DG gate stack over said DG portion of the substrate;
an SG gate stack over said SG portion of the substrate; and
an EG gate stack over said EG portion of the substrate, wherein
said DG gate stack comprises a DG gate dielectric comprising a
portion of said second layer,
said SG gate stack comprises an SG gate dielectric comprising a
portion of said fifth layer, and
said EG gate stack comprises an EG gate dielectric comprising a

portion of said fifth layer and a portion of said third layer.
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21. A nethod of formng an integrated circuit
structure, the nmethod conprises: providing a substrate
having a first region and a second regi on, wherein the
second region conprises first and second sub-second
regi ons; formng a first dielectric |ayer on the
substrate, wherein the first dielectric |ayer
conprises a second sub-first dielectric |ayer over a
fir -fLrst. dielectri ayer ; . . fe ing a
17 or TR o Qb & LA SR Payaimesrid BRI ER B
in the first regi.on to expose surface of the. .
lay R SPBPTHFSCHANRE P SVeR GG GntF PUB A P Sg R ORige
ortion of the first dielectric |ayer on the substrate
majegial, e sgw@ghigyer being fprgped frryn a perdien Résa absate pederlyipgsaid
on the substrate in the first region, wherein fbrmng
fourthdayseensrrdiddiinst laxarr i ¢ | ayer converts the second
sub-first dielectric layer to oxynittide;
formng a third dielectric | ayer on the substrate, the
third. dielectric |layer conprising a confornal
18.di eTechéthed Aol gimed QY Ehin 7 whéreini saRitS@pate ARELME and said EG
regi ons, wherein a second height of a top surface of
gath BRIdHcTlci BhREE hirGspbad@poktion bR 8ai €GN 1afedi ON i S
greater than a first height of the top surface of the
third dielectric layer in the first region, wherein at
| east the third dielectric |ayer serves as gate
dielectrics of .different transistors in the first and
lgsectﬁ%mﬁéafgﬂg?nwdundaw%}F%?Wth the first and third
diel e H@ic |l ayers in ﬁhe second sub-second region to
ex pLESUORELS T15% & 517°% W&'second sub-second regi on;
formng a fourth dielectric |ayer on the exposed
sub¥¢ Bisklayey copprisescdvan $ifHdE 88énd regi on; wherein the
third dielectric |ayer conprises silicon nitride;
whesaed sscost layergompasdssilicoh okidger conpri ses t her nal
oxi dation; and the thermal oxidation converts the
third dielectric layer to silicon oxynitride, 72.'The
nmet hod of claim 21 further conprises formng a fifth
20.di eTiechéthed b3l Simedin tlaEn S wistcirda@d fouRR 1dyief Edinprises silicon
di el ectric layer covering the second and fourth
oxidk el ectric.

21. A method of forming an integrated circuit structure, the method comprises:
providing a substrate having a first region and a second region, wherein the
second region comprises first and second sub-second regions;
forming a first dielectric layer on the substrate, wherein the first dielectric layer

comprises a second sub-first dielectric layer over a first sub-first dielectric layer;
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23. The nethod of claim 21 conprises: formng a gate
el ectrode | ayer over the substrate; and
patterning to tbrin first, second and third. gate
structures in the first region and the first and
second sub-second regions. 24. A nethod of form ng an
integrated circuit structure, the nethod conprises:
providing a substrate having a first region and a
Rt R e RS S
dielectric |l ayer on the substrate; . renoving a.
to SHRPES BRPFgFe S ERERe i P UER Feekon dag deavigs AfEmeipsthosiap of
in the first region to expose a surface of the
thedfirpisdiglggtac fayeriondhe subsirate Bifhe pecandireeioaviy a r emai ni ng
portion of the first dielectric |layer on the substrate
i n fhmingecweendrdigdeang lagercbn the substrge i thg fizst sesemarherein
di el ectric layer on the substrate, the second
forghiied e second Hialeetric dorpeomiengtha senfl subvitst diekkectiayiecto
| ayer covering the first and second regions, wherein a
oxggeided hei ght of a top surface of the second
dielectric layer in the second region is greater than

a f kdriingeh 8 bieRktricn8yd: 0R bRk, @le thi€dRRERRDayer
oh

dielectric layer in the first region, wherein at | east

coﬁa?ﬁs&t?f? 9&%&1&5@1‘&2&&% ('f%le?g(?\reriﬁﬁ kh\é%staaﬁd g ﬁg B ggéﬁlg,%ﬁér&ﬁ a

erent transistors 1n the first an

SR o B S R AR L S Yl e
NTET R SO T RN AL
wh];al:'egl]? ;td%gtd ta; ggr%rli?elgcitr?(lz l?ig:l(tarrsiel?vels 2sygealrte giglrggtgiicg gis difsfierleiltct?a"r]lsistors
in the first and second regions;

patterning the first and third dielectric layers in the second sub-second region to
expose the substrate in the second sub-second region;

forming a fourth dielectric layer on the exposed substrate in the second sub-
second region;

wherein the third dielectric layer comprises silicon nitride;

wherein forming the fourth layer comprises thermal oxidation; and

the thermal oxidation converts the third dielectric layer to silicon oxynitride.

22.  The method of claim 21 further comprises forming a fifth dielectric layer on the

substrate, the fifth dielectric layer covering the second and fourth dielectric.
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24 reaming the third dielectric |ayer
conprises thermal oxidation, -herein the thernal

oxi dation converts the first and second dielectric

| ayers. into silicon oxynithde and fornms fourth and
fifth dielectric |ayers on the substrate in the second
sub-first first region and second region bel ow the
first and second di eI ectri c layers. 25, The nethod of
3C orning a gate el ectrode |ayer
ovg?ﬁpi thgggpﬁlam}eﬁ “ > pattecning to form
fir second  and .t |rd uctures in the first
andP%%ﬁ&a?bﬂsecfmfl%Pay ”B'%B&‘e S‘itf?ﬁat?h@dsecond regi on.

patterning to form first, second and third gate structures in the first region and the

first and second sub-second regions.

24. A method of forming an integrated circuit structure, the method comprises:

providing a substrate having a first region and a second region, wherein the first
region comprises first and second sub-first regions;

forming a first dielectric layer on the substrate;

removing a portion of the first dielectric layer on the substrate in the first region
to expose a surface of the substrate in the first region and leaving a remaining portion of
the first dielectric layer on the substrate in the second region; and

forming a second dielectric layer on the substrate, the second dielectric layer
comprising a conformal dielectric layer covering the first and second regions, wherein a
second height of a top surface of the second dielectric layer in the second region is
greater than a first height of the top surface of the second dielectric layer in the first
region, wherein at least the second dielectric layer serves as gate dielectrics of different
transistors in the first and second regions;

patterning the second dielectric layer to expose the substrate in the first sub-first
region;

forming a third dielectric layer on the exposed substrate in the first sub-first
region;

wherein the first and second dielectric layer comprises silicon nitride; and
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forming the third dielectric layer comprises thermal oxidation, wherein the
thermal oxidation converts the first and second dielectric layers into silicon oxynitride
and forms fourth and fifth dielectric layers on the substrate in the second sub-first fiest

region and second region below the first and second dielectric layers.

25.  The method of claim 24 comprises:
forming a gate electrode layer over the substrate; and
patterning to form first, second and third gate structures in the first and second

sub-first regions and the second region.
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