METHOD OF FORMING A GATE STACK STRUCTURE FIELD OF THE
INVENTION [0001] The present invention relates to a method of forming a
multiple gate transistor device. More particularly, but not exclusively, the
invention relates to a method of forming a dual gate LET device and a triple

gate LET deWETHOBGHFORMINE MEARESANEHK ARRYSGHIIR A

conventional dual gate transistor fabrication schemes, the process of

fabricating transistor devicgmoq{fegwlﬂgggfrb%wmer photoresist. During

ourse of fabricating.a transistor structure,.photoresist is deposited.on .
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also be removed in order to ensure that substantially all of the deposite

FRRQtAsesistds iproved FIG0a3icEhe requirement to ensure that all of the
photoresist is removed by over-etching is an undesirable complication in the

fabrication of integratesbEsicrIPTIOReOHatd PRElegT@EP ARITUItS Mmay be
reduced if complete removal of the photoresist is not accomplished.
[0802YI M AR ¥od¥enfidial NNVETH O {B004] bhicetodinddmas fitst mspastobtibcating
invention there is provided a method of forming an integrated circuit structure
trasiateudssicgtentody stitstraccohpoivigea pratesasiste dloringriticecseico ab Ealyricating a
region, comprising the steps of: forming a first layer of a first thickness over
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to expose a first portion of said substrate; and exposjng the structure to an
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said first portion of said substrate, said seco er,having,a,second. .
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[0005] Reference to a “substrate’ herein is not to be understood as
uRRGHAISRIIYINIAHE Bihe fabrication of integrated circuits. The yield of integrated circuits

may be reduced if complete removal of the photoresist is not accomplished.

SUMMARY OF THE INVENTION
[0004] According to a first aspect of the invention there is provided a method of forming an
integrated circuit structure on 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.



uncoated plain wafer such as an uncoated silicon wafer or an uncoated
silicon germanium wafer. 1 Rather, reference to a substrate may include
reference to a wafer having one or more layers formed thereon. [0006]
Embodiments of the invention have the advantage that direct contact
Rpjbeiaeisroieioresiss e yardnskide @ifitisalprovalss ipiapneavhgars layers
integrated circuit structure may be avoided. [0007] Embodiments of the
fVEhtSFPAAve the advantage that an amount of deterioration of gate oxide
' rity (GOI).is reduced since.contact petween gate oxide and photoresist
Uit i sttty
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stack is formed at the same time as an oxynitride layer Is formed that will
aRisiitute a portion of a gate dielectric of a second gate stack. The oxynitride
layer is formed by converting a nitride layer that has already been formed to
[0B07QXidedayedindhe op fRsaiveatdhaia@xici zingunedithn oAb heusesn adigherason of
the nitride layer is converted to an oxynitride layer, the oxide layer that will
ggenstiteieteeporticObfithedgaté dietesineobthedirstagaieidtack ishéorraeas.itn
embodiments of the invention the oxide layer is formed by oxidation of a
aysodtidn of the substrate. In some embodiments of the invention the oxide
layer is formed by oxidation of a layer that was formed prior to exposure of
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invention a layer of silicon oxynitride is provided between g gate electrode
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gate electrode tend to use or segregate out of the polysilicon (or p0|
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annealing and other treatments in" which the wafer is
presence of an oxidizing medium. At the same time as the nitride layer is converted to an

oxynitride layer, the oxide layer that will constitute a portion of the gate dielectric of the first
gate stack is formed. In embodiments of the invention the oxide layer is formed by oxidation of
a portion of the substrate. In some embodiments of the invention the oxide layer is formed by
oxidation of a layer that was formed prior to exposure of the structure to the oxidizing medium.
[0009] In some embodiments of the invention a layer of silicon oxynitride is provided
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.



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. 2 [0010] By inserting the

(081 of SdBisbRgriteitR Beivaiete yPnjdaibyi tratt e RO A Sefe tHechads and
oxide the silicon oxynitride provides a barrier to inhibit diffusion and/or
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d#o%%l Embodiments of the present invention will now be described
ant.atoms. . .
erelnaﬁler, by way of example only with reference to the accompanying

drawings, in which: [gQ{2] 5&@R#ﬁ5ﬁ@%ﬁﬁ’ﬁﬂ'ﬁ§lf@@§ed during a

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

exitipRISIQ K Bk Gt ec & the Wbt PR GERIRWMON, GRvhidE INVENTION
[0015] The following embodiments are intended to illustrate the invention

[0on2Ee fulKIGSithowT Ishaitingrtloeires comes dsincie g meraydMddificatpas andtor
variations will be apparent to those skilled in the art. [0016] FIG. 1 shows a

stgtptdture 10 formed during a process of fabricating an integrated circuit
according to a first embodiment of the invention. The structure includes a
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formed. [0017] According to the first embodiment the substrate is a silicon

Stwgrf‘éﬁff;éﬁﬂer substrate

[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 Inm to about 2nm. It is



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
tograndiideer donedfiniandy Beckiresa Jubn AsHigRers BRelisitd faabatiaisherhe
first layer may have a thickness of from about Iran to about 2nm. Itis 3 to be
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ce being formed. n one embodiment the Second layer comprises
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be modified by an oxidation process may also be useful for forming the

fo296RRE Jalete o RAdeN 1A LK iBaIRAT RERINEOR iifieifrRAE EXBIMRIE SRE the second
second layer can comprise polysilicon. The second layer may have a

latfeicknessiphiio polakiaus Q. Tmesteoabtl Ay Qithes thigkiessesouhitiaaliomm to
the second layer to be modified substantially through its thickness are also
atguitdble. [0020ivkdoossling hacbhdlfivsthe sdoonkingnt thédinsiddiedrsidiommieldyblyrough
subjecting the substrate 11 to an oxidizing medium. According to the first
itgthisloetipnera dsaviipghlention the oxidizing medium is a mixture of N2 and 02
as in the ratio 9:1. The structure is held at a temperature of 900C inside a

[ theRTar BREAHBR e aFIer i 16He X atiBrprIcEs s b erte substrate
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chamber pre sure. the,range .from apogtr‘i tﬂlabout 20m ort, njtrogen
um is a B?JX%]I’C atnd d%lfs é?)%le rato 9: 1. 5 sltructure 1s held a% a Lem erature of
jow rate of about 10610 a seem and a plasma power of about
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techniques are also useful. [0022] FIG. 2 shows the structure of FIG. 1
dedtpwingrihedespaatiph aferRritesnad Rleakidgour deposition (CVD) using decoupled
plasma nitridation (DPN). The DPN process is performed with a chamber pressure in the range
from about 5 to about 20mTorr, a nitrogen flow rate of about 100 to about 200 sccm and a
plasma power of about 300W. Other process conditions are useful. Other deposition process
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.



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
(098 thdRGiRcte Bk ibe e arse LEK PreY RyRmy s siadigiginapé fgstrpgigre of
hard mask is patterned using a photoresist mask. According to a second
FnbSUTRNCST RAE B A kg Ty 484X dhmbig i ayer 3. L.e. a
hotoresist materjal. 4 [0023] FIG. 3 shows the structure of FIG. 2 fgllowin
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second layer overlying a primary region | IP of the substrate 11. The exposed

sdRerianyef e segrbd dayenaa insgmpyed iy sichio thﬁ?%@é@“s@l’&ﬁ%@f etches

selectively etches the second layer with respect to the hard mask. For
sibkampleddhastehsprasessi@electively etches silicon nitride and not silicon
oxide. [0024] In one embodiment, the etch process comprises a wet etch
[002adde ss IiPoetenabbyitivat.ateleptogesssexpopascthevsibstigte test IRt dialy, the
remove the exposed silicon nitride while leaving the hard mask or silicon
clokiplecOvapeypeibofubrtitdopidbessesane vl ses yspoatdfoiiexapipide while leaving
reactive ion etching (RIE). [0025] FIG. 4 shows the structure of FIG. 3
theoheishimgsk QreitiseR tifenBlsr SRt heitBitfeRrSAISBTREIHS BIsERiAGT I&spPle.
35 and an expo?ﬁﬂ‘_:gortion of the first layer 15 of silicon oxide, i.e. a portion
rEBE NG ARSTAVRS nderlying a remaining portion of the second layer 25.

oDFSIPOSSES S ISTANAl Involves pel pishing prosess whercin e stiucihie.c
of FIG. 3 Is exposed to a hydrofluoric aci SOIUtiON 10 remove exposed sificon
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formed form different materials. In such cases, the etch process can

pselectvaly fiemaye: Reththa1sacond anaifisSJRUSI ST the second layer 25. The process

of removal involves a wet etching process wherein the structure of FIG. 3 is exposed to a

hydrofluoric acid solution to remove exposed silicon oxide.

[0026] In an alternative embodiment, the hard mask and first layer are formed form different

materials. In such cases, the etch process can selectively remove both the second and first layers

in the primary region while leaving the hard mask protecting the layers in the secondary region.

The hard mask can be removed in a separate etch process.

[0027] The primary region 11P of the substrate 11 is exposed following removal of the

exposed portion of the first layer 15. In one embodiment, this is the region of the substrate over

which a thin 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



in the primary region while leaving the hard mask protecting the layers in the

secondary region. The hard mask can be removed in a separate etch

process. [0027] The primary region | IP of the substrate 11 is exposed

following removal of the exposed portion of the first layer 15. In one
insidfod e et idieion ghombetHeringBeratedanet PigsReh OhRT fyRes of oxidizing

structure being a single gate (SGgi_E%ructure will be formed. [0028] FIG. 5 .
agRisws Herplstink gf‘ FIEC STORGURAY e 555 rR Bt R B DLtih Ot Rieses ththen
an oxi%izing medium. According to the first embodiment of the invention the
P%x?a?%?ng medium is a mixture of N2 and 02 gas in the ratio 9:1. The
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chamber during the oxidation process. Other types of oxidizing ambients are
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then performed. [0029] During exposure to the oxidizing medium, the second

fdayed 23Hs spovariearites thd appitaisiliCoOnBrie:t@ ehtayat ahsliieRnt the fourth
oxynitride 27. Furthermore, a fourth layer 45 is formed at the exposed

lagertécs oldhe stibBtratextide. According to the first embodiment the fourth
layer 45 is a layer of silicon oxide. [0030] The fourth layer 45 is from about 1
[0@38bout Therfointihlikiandsss Whilsthbet lajrerboptsiicom oxgritdsieviiisishiloytrmf
‘m in thickness. It will be appreciated that other thickness are also useful.
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In so mbodiments of the invention a further layer of a high-k dielectric
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ielectric material js meant a material havi dielectric constant that is .
T N SRS, &R R A A L REEH AR movera i
Sm&&}r{%@ SddgdEiR2),2 hafnium silicate (HfSION) or any other

[

suitable high-k dielectric material. The
[0032] By high-k dielectric material is meant a material having a dielectric constant that is

higher than that of silicon oxide. For example, the high-k dielectric material may be hafnium
oxide (HfO,), a hafnium silicate (HfSiOxIN) or any other suitable high-k dielectric material. The
high-k dielectric material may be formed by 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



high-k dielectric material may be formed by atomic layer deposition at a
temperature of from about 300 to about 350C 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

PisPeREBROFTBIGHI N Rt dietioyes 1adistiss B dertie sglidtife(dP Faae stagihe
gate electrode layer 55 is formed from palycrystalline silicon (polysilicon
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6 present embodiment the gate stack'structure indicated at 83 is a single

oflala (PR sateigiasiorstosctivs . ang the gatestack structure indicated at 82 is
a double gate (DG) gate stack structure. [0035] In the embodiment of FIG. 7

[09317 Stask sl ueibtasmBAVGNGIE Sirpatika doliiaspendingig athaifiist setef@ateng to
stack structures 83 have a gate dielectric region formed from a layer of silicon

thoxicbehibsdng gathighele ssuofuiror2diboutikie dizdut2nregifO0B86hed fhen a layer of
embodiment of FIG. 7 gate stack structures having a structure corresponding

sitigothexslschottSanpinghiekseas knskpulenigred ghdeavs wnigade dietsdnrie redishness.
formed from a layer of silicon oxide about 2nm in thickness and a layer of
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. embodiment of the invention, a process of fabricating an integrated circuit
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ThE Blocking 1ayer 35" i& formed from A pRotoresial malanal ACCor méﬂt‘él%ﬁ%y er 3
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material. Other photoresist materials are also useful. [0038] It will be
maRBIAGiatediihat 3Rerass Ahramovalief thedbiaskingdayas 35 atpalmer
[0038] It will be appreciated that a process of removal of the blocking layer 35 of polymer
photoresist material in a process according to the second embodiment of the invention may be
performed in a separate step to a process of removal of the exposed portion of the first layer 15
of silicon oxide.
[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.



photoresist material in a process according to the second embodiment of the
invention may be performed in a separate step to a process of removal of
the exposed portion of the first layer 15 of silicon oxide. [0039] A process of
fabricating an integrated circuit according to the first or second embodiments

[W9rHe inFéntiDAIRRS e savERIBE st ASSUPFREeS PRI RS iGeIEn B F tFaf Gficording
form part o%it#g 8?ate dielectric structure of a transistor device does no
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prqcess. t'll'his 3s the a vantaan-:- of im(pré)}/ineq I,g:—:gel o]f3 gﬂe oxide integrity
“ora transistor device Félrr%%qél%cgoara?ﬁgnto e n?r2$t or second €mbodiments of
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fabricating a structure according to a third embodiment of the invention. The

hBliUehubRiRlehl G2 Erincludss airupsHaerBd1.9ves 1 WRIgadrablaxar-3as,a8dand

subsequently a second layer 325 have been formed. [0041] As in the case of

thhe:fsed aiydrssanthantaadimenisotharsad Jiate Bd Appecosdingiodiner thikdionally
embodiment is formed from silicon. The first layer 315 is formed from silicon

eq@ic&andbihetsegohdyayent8idisukoaimedséfom silicon nitride. 1t will be
appreciated that other functionally equivalent substrates and layer materials

(0942 blso Thseffist [@n4 2] fvadiri haye rididmassdofa brawranthickite sscondbogt is

2nm and the second layer is formed to have a thickness of about Inm. Other

former e daxs pickro e doms) Abshthikpesses srarbtirsethd second
odiments, the first layer 315 js formed py.  exposing the substrate 311 to
[Oia%gxidiﬁﬁéﬁﬂ?&fﬁ%&fﬁé‘%‘iﬁé‘%%ﬂﬂdﬁ 5%%@1&%?%@%@ eéig/’é t?szﬁ?fﬁ’ed by
docounied glasmasnitidation. (DB N)nJng?mD DN RIRCEsS 3 perosaied with 3.,
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pressure in the range from about 5 to about 20mTorr, a nitrogen flow rate of 100-200sccm and a
plasma power of about 300W.

[0044] FIG. 9 shows the structure of FIG. 8 following a process of forming a blocking layer
335 over the second layer 325, patterning the blocking layer to expose a portion of the second
layer 325 overlying a primary portion 311P of the substrate, and removing portions of the first
and second layers 315, 325 overlying the primary portion of the substrate. A secondary portion
311S 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.



[0044] FIG. 9 shows the structure of FIG. 8 following a process of forming a
blocking layer 335 over the second layer 325, patterning the blocking layer to
expose a portion of the second layer 325 overlying a primary portion 311P of
the substrate, and removing portions of the first and second layers 315, 325
[09d&hyindHeOrihrary Porivnterthetdtbs dellevngadsrsatypsrior! 815 bfocking
the substrate 311 remains coated by regﬁective remaining portions of the first

lapereld 3 184 SHRPEHES SEEKHITISHEP 528! PIUABT ARSI to the third
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C rdlng o the third embo |menteof( e Inventuon, {ﬁe process or removing
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portion | IP of the substrate is performed by means of a reactive ion etc
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structure of FIG. 9 following a process of removal of the blocking layer 335

thans xposueceloihBesiriivy ecaoans OXpdiZing g3 (0048] Exposure of the
structure to the oxidizing medium results in conversion of the second layer

[®233] fromAackadergab shichirdirtedimentalye foifrilicgm 3ynitridge8aT7 silicon oxide
Furthermore, exposure of the structure to the oxidizing medium results in the
alfonhratiom dfiekfegsthvialpe hedsyer ofrreliesp oxpeitsdefae ishboutdimanyvelieps. It

311P of the substrate 311. [0049] According to the third embodiment the
wiY hernarstasabhat ohgrdhiskrshtars sRris A oG SHRRTEIERHEDS, anpirsiated that
layer of silicon oxynitri (f 327 is about Inm in thickness. It will be appreciated
0%%9&1%&%%%@3% &also useful. Furthermore, it will be appreciated that
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(0] INg a process or rorming a i ayer over the structure of FIG. .
3RPSUARGIR AR LB IeMRR e & T AL 3RRB b, the fifth layer 350 is a
layer of silicon nitride. Other materials are also useful.

[0051] The fifth layer 350 is formed to have a thickness of about Inm. Other thicknesses are
also useful. The fifth layer is formed using a similar process to the second layer 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 311S’ 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.



layer of silicon nitride. Other materials are also useful. [0051] The fifth layer
350 is formed to have a thickness of about Inm. Other thicknesses are also
useful. The fifth layer is formed using a similar process to the second layer
325. That is, the fifth layer 350 is formed by CVD using decoupled plasma

(09l atioh PRERD offthe IENaysiotdsvhdnseHisRE RN RafBR P bréssiirée
in the range from about 5 to about 20mTorr, a nitrogen flow rate of

SEARLSHISEIh Hrla & prasti pttvel! SPRBEKIC SN DOt PraEdEus fgyer 365
forming the fifth layer are usgful. [0052] FIG. 12 sh the structure of FIG, .
L SRR o o i S TECE /e e S e O B e on

31th ANAPBGINOG G e IR RYRL 39R18, S PRTE PP RN S NS s YDASUMID the
fifth layer 350. The portion of the underlying fifth layer 350 eéxposed is a

pRRHAR QUeriNgR SIS, iR ASEIPQIEINND L0 ah 3. qeRAdARY (]@Qb%rtion of
3115 of the substrate 311. The secondary region 3115 is a region distinct

thir eibdhadippayhiegion atlR Ofihasuhsteale Helpr8:[aed3] A portion of the
fifth layer 350 overlying a double gate (DG) portion 3115" of the secondary

[0Ghibn 3EXS 0B thewsulistsateBidlofdii@ing tolkeved byadgperidseqiaasislyleybing the
365 following the patterning process. A portion of the fifth layer 350 overlying

stthe(yirapynegipertigns ¢ diethéts sbetrdtend frsalspere AMnE ol etelyiag the
portion of resist layer 365 following the patterning process. The primary

Sipli A3 R UbiidSpShHE t5ondaiSRean dhs (B He AN ofr iRkt B ateof
on which an extended gate structyre will be provided. [0054] FIG. 13 .

ﬁ‘&&lés R RS .t‘?LEOf(S’I‘i’Svgiﬁ& b FB%&%‘%S%?tSébﬁ%’r?ﬁi]ﬂry%%%ﬁ?ﬁ‘@t&%er

3%%%%{%%0 remove portions of the fifth, second and first layers 350, 327, 315
over

u
etg

ying the eémgle gate portion 3115' of the secondary region of the

[0938ptratel 12 ANE! HIa PIOGESS1AhG 1SRRG S A ARIRRS (NG SIPAE IHE structure

portion 3115’ of the substrate is exposed. The resist layer 365 is then
of 81APV8To an oxidizing medium and subsequently forming a layer of a high-k dielectric

medium 377 over the structure.

[0056] The process of exposing the structure to an oxidizing medium results in the formation
of a seventh layer 375 at the surface of the single gate portion 311S’ of the substrate. The
process also results in conversion of the fifth layer 350 to an oxynitride layer 352.

[0057] According to the third embodiment the seventh layer 375 is formed from silicon
oxide. In one embodiment the silicon 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



[0055] FIG. 14 shows the structure of FIG. 13 following a process of exposing
the structure of FIG. 13 to an oxidizing medium and subsequently forming a
layer of a high-k dielectric medium 377 over the structure. [0056] The
process of exposing the structure to an oxidizing medium results in the

AFHRR AN BPeLIEQDSH PHIBRSFBTS 2ft fRe s d F A RTNE Gatd pRiRseYe of about

3115' of the substrate. The process also results in conversion of the fifth

159y S5 S R3meadeis é?zfofﬁt?éfj’ ReaBoYIHG L HBItKRgps: Other
thlchbO(sjlrsnaerQ t {hoeugev?nlg?lrt% ?1{1(%75 | % ﬁ(ﬂ HOF]C%J(I:CI(I)lnter derela SO ﬁg]:ful
imen e Slicon oxiae I1s rmed rapl erma oxiaation an as a

(0035 &”QSE%EQ%%QQ%JH{P 18 ARAYL A0, QUNSL IRIPKNGERGS Are useful.

ermore other materials are also useful that may be formed by exposure

[09bHe suhsirateiepnRxicizing. madiam 4[Rpp]IR the LmbeditsMshowa in

FIG. 14 the layer of high-k dielectric material 377 Is a layer of hafnium oxide

el@dli0d}. |Qheshightkisislaatticematerials atialge lugafabsuchashaoim
silicate (HfSION). In some embodiments the layer of high-k dielectric material
poyfoysudtineysilidcat qroligs1 Byer) de piogition dhasterhfrenatbreof200ombioUt800. t@ther
about 350C, at a pressure of about 1 Torr. In some embodiments the layer is
gétsrairstr edhpagdsnlit drmuiplithidRihes gai© ehrstraickindosessare alspuseeful.
Furthermore, other hlf'gf‘ -k dielectric materials are also useful. [0059] In some
k

(0963 o dirkiEritd OriBomg ik wesett il IBleri3 79lleitafeR Opoei6D] refts B dhpijiicture
f FIG. 14 foll ff t lectrode |
R R Rt o A it ot Sé%?%%%‘%?ﬁ%%ﬁ%i&“’ o
Ii olysil thick i
[o%g crysgalling %%85‘0 2R '00”2 élaV'PL}g a0 geu: e‘(?u?r%? ab te 120 ructure

t 160nm. Other gate electrode materials a her

3§ %%VQPEG*?&&JEQ%%S&%%%?@&H&é&BH AQRAYLRIG AGS AR B RIYE RO 45

FIG. 15 following a process of patterning the structure
about 2nm in thickness 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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of FIG. 15 to form first, second and third gate stack structures 381, 382, 383.
[0062] Gate stack structures having a structure corresponding to the first gate
stack structure 381 are of EG type and have a gate dielectric region formed
from a layer of silicon oxide 345 about 2nm in thickness and a layer of silicon
m&@ﬂwitrid‘%@S@rﬁbgﬁm%ﬁqmﬁmﬁﬁ%% frrepRodimetanating & 1aler gt resist
high-k dielectric material, the layer of high-k dielectric material 377 in the EG

mgisriaorsctccessbhaRLshiR freifie rmickede todeaEane staak ditlestiisseion

o avj §(§t&1fjt reatceosrt%%ip%)rgdtiglg to the second gate stack structure 382 are
0 type an Have'a ga%e dieléctric region formed from a layer of silicon

[0RB61E 315 abOKL A0TLINEDIGKAGRS d?l@%f'ﬁ RXES AT SICRI RYUEHAEALn BPEnly one

about 2nm in thickness. In embodiments having a layer of a high-k dielectric

canalariebdhiedrysafhigh: kesdielagisic, maieral 3¢ 44 B G gaterdieleiEi® person

region is about Iran in thickness. [0064] Gate stack structures having a
wHlrsiLi@eoMmespeeing torthr dhirchgadevgiacksHuctorepraddang eitSsatype

and have a gate dielectric region formed from a layer of silicon oxide 375
sthaving afttickmgss 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
[09igH-Kk didiectricheaterisi BTIhExacddakne s Poted ohfahrsating@ogsgerated circuit

Structures formed according to the third embodiment have the advantage

aqeRi s ier MUY RNRRIBIGIY OE Ry RTRPact P B HE I 1 st blips thenbstrate 411

formation of a gate dielectric region of an EG, SG or DG gate stack _
h%‘ﬂ"&%ﬁﬁés.t%b%réﬁail‘? (S éhﬁb%’l‘%cfé“t%?i%%tﬂw@ FHRY H]r‘iﬂbﬁ’?é’f@?é%er‘“o

ist cgnfl%ag rgo%tligh'ﬁa‘ggonr@g%”a%ogfﬁrﬁtﬁcﬁie%&%%@ rStREre;ﬁ{fé'il&Xé%%s f?rs{ﬁxaﬂn GuSare

C
n n ype es person will appreciate tha

SR ORG HL R Ire 519 1 QBN R ARRIRHS S, WA Als stack

structures of each type.
[0068] FIG. 18 shows the structure of FIG. 17 following a process of forming a blocking

layer 420 over the first layer 410, patterning the blocking layer 420 to expose a portion of the
first layer 410, and etching the exposed portion of the first layer 410 to expose a primary portion
411P of the substrate. A secondary portion 4118 of the substrate 411 remains coated by the first
layer 410. The secondary portion 4118 of the substrate 411 corresponds to a portion of the
substrate over which a single gate (SG) gate structure will be fabricated.

[0069] According to the fourth embodiment the blocking layer 420 is a layer of a photoresist
material. In alternative embodiments of the invention the blocking layer 420 is formed 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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[0067] FIG. 17 shows a structure formed during a process of fabricating an
integrated circuit according to a fourth embodiment of the invention. The
structure of FIG. 17 has a substrate 411 having a first layer 410 formed
thereon. According to the fourth embodiment the first layer 410 is formed
istrermestifen viltrrerabdaehe InThisikpiskacsoh¥henibickassss drsdireamitiriee
are also useful. Other materials are also useful for forming the first layer 410.

alf@d’é’%ﬁ“#lé?‘i@gﬁ%somg ﬁ?ffcf.{ﬁlfeafffﬁ%‘.lsfgl}ollowi.ng a process of forming
(GECRCIaYer 420 guer the sy ayer g10, peterning (e locking et .,

to expose a portion o rst layer INg the expo

4RPIONAT NGl ek A1) _tﬂq%&ﬁﬁ?@?g AR, ROSHR It Blethfn. According

substrate. A secondary portion 4115 of the substrate 411 remains coated by

ol ek y@sotiRenl b SRERNAaNE AR HhiR Qe sbalraieddhative

corresponds to a portion of the substrate over which a single gate (SG) gate

elftfoutHEa i gotaiicatesl 0R6HACeakdInG i dhaufaul bipsoh oditeentyeother
blocking layer 420 is a layer of a photoresist material. In alternative
sietaibotiimentskohtireiiivention the blocking layer 420 is formed from a hard
mask material such as silicon oxide. Other materials are also useful for
[0FAing theshowekingl(ay) dedopod7aye H30 iopsHenedirecspascty oo F kb theghird
following a process of removal of the blocking layer 420 and forming a third
lapgyehdl SeaVviraAdoeRigIgrg doeraraom hblthird 1hs/armary £2i58 trkhed Heom

ilicon njtride about Iran in thickness. Other thicknesses of silicon nitride are
S'%%aﬁs@fhl.ﬁﬁnﬁiﬁﬁ%@ %Ll.gr Phaie REBRY 84188 %i@ﬁﬂ??étﬁgfti]cﬁﬂ‘%@?@ds toa

PSSR SEturs of G 19 following 2 prasess, o forgaing g fourth ayer

over the structure o ourth layer Is a layer of a blocking

[dﬁ‘%q ium sﬁ&%ﬂﬁ‘élﬁ@, [HetE‘%E%Q&FBo%BP Q)g metﬂﬁm P%@Sr@ﬁ%%ﬁ%ﬁﬁaﬁ etch
photoresist material. In alternative embodiments the blocking medium is a

pdREsk Masds snatrsialsreh e SIHEoRLAKAR OPaBY R RImary region of the substrate 411.

According to the fourth embodiment the etch process is a wet etch process wherein the structure

is exposed to hot phosphoric acid solution (H3POy,).

[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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suitable hard mask material. [0072] As shown in FIG. 20, the fourth layer 440
is patterned to expose a portion of the third layer 430 overlying a double gate
(DG) portion 411P' of the primary region 411P of the substrate 411. The DG
portion 411P' of the primary region of the substrate corresponds to a portion
[M7He sUbstpatecda thegsidighieradie ghteratliciireOmifrHesfiede oo maE
Subsequently, the exposed portion of the third layer 430 is removed by an

. ! y o
PR SPIE LY RABUEE Y St ade b the E5e SMISH 1 1 o the bifARS silicon
of2R190,0L he SHDSUAlE i e ﬁﬁcgﬂd&'ﬁtgﬂﬁa‘co‘#'lgo?nilﬁl%qé Snt()tqj%feg(l:(bn of

Drocess IS a wet etch process Wherain the structure  is exposed 1o hot

oRNARRARKIGARI ISR HREOH.198¢ ﬂlﬁo&enﬁéafﬁ?ip%ﬁ%ﬂﬁ@%?@@?1?;!%0 to the

layer 430 nhot overlying the first layer 410 overlies an extended gate

sdRiteN.Ad L5 vefsibE RrimariJiesion 4dkbraluthie s Rsliaten TRigiaa et of
the substrate over which an EG gate structure will be formed. [0075] FIG. 21

b&haws shecataieluincoh bkenigifollowing a process of removal of remaining
portions of the fourth layer 440 and exposure of the resulting structure to an
[095R]izinglhegainion of e pildsesskafedxpostireroftthe gteudtupert@anfokidizimgry
medium is substantially as described above with respect to other
regipb oditirkatshentthe hovertidBOOPEMEXgasuientdctheeaaizisdomeeianddsy region
erformed in order to form a layer of silicon oxide 453 about 4nm in

HhRRhBSs rsinthe Bt bobeich e ihprotigneoptin s ragromisrithdaxsiysftahove the
13 [0077] Exposure to the oxidizing medium also results in conversion of the
Ser twgkﬁaﬁ@%ﬁmeoafﬁg?%gmﬂ%%&?giaﬂ%}nﬁﬁ%cgds?ﬁ&%wo%%fﬁ agn of
0)I(a er 46(3i ,SAtIOa er 011; iligeon oxide 454 is also formed below the silicon
énifﬁaeﬁayer 2@6&5%15 is due to diffusion of oxygen through the silicon

[Wyﬁ]itridﬁl Lﬁ)ﬁ%(h%ﬁ%&%?dﬁ{g%etﬁg ﬂ&@ﬁit gﬂﬁ%&?ﬁﬁgﬁﬁ ﬁljeQ)x‘}dQEO[ﬁR:mgsses above the

EG and SG regions (below the oxynitride layer 460) are approximately 5 Angstroms and 3
Angstroms, respectively.

[0080] FIG. 22 shows the structure of FIG. 21 following a process of forming a gate
electrode layer 455 over the structure. The gate electrode layer 455 is formed 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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substrate and conversion of a portion of the silicon substrate to silicon oxide
as these layers become converted to silicon oxynitride. [0078] The portion of
the silicon oxide layer 454A above the EG portion of the primary region is
thicker than the portion 454B over an SG portion (corresponding to a

(09826 ndaky aetsidad 295 dtg e B pEtrerby PRI TS HeBuers 8ath a3t Hior B ¢heach

silicon gxynitride layer 460 above the SG portion is thicker than that over the
havnesd, Fﬂiﬁ\éf?%ts%ﬂ{%‘ij‘iﬂeéf}léﬁﬂfééEIWSJH'?%‘P&%% A ST RAILIS &gl dation

the Uﬁhﬂ?trate.[ 079] In a method according ta .the pres né.qe odiment, the
ste |CFeu |% more (ghree ate Stﬁ%lgtl]éﬁéeagh %8n%a%1g?ergéte a VS 1el®c?r10 lﬁ_lli(g(enﬁss may be

nesses above and gions e oxyni ayer

fa‘élﬁggt@zﬁ‘?naaoﬁf&)é@ﬁ‘é%{g5aéiﬂgﬁt%%‘aﬁﬁ%ﬂ‘lép.A”gs”oms1 respectively. [0080]

. 22 shows the structure of FIG. 21 following a process of forming a gate

[oRArode;tay @h Ao QuBFNR BN elGe it he ARI8 Bletiade Iy e h A Far IS PG e

from a layer of polycrystalline silicon (polysilicon) having a thickness from
oAReH L0 lehghavtifiden-Lathahigateejaatiod e yeaterialtaig:hisafite @ilartride

gate electrode layer thicknesses are also useful. [0081] FIG. 23 shows the
lagtmactiiselBEkskEd 2B folldwing sitpkedegs abpatteerfitg ¢hesisubitke tadohm a

DG gate structure 482, an EG gate structure 481 and an SG gate structure
oxygdadelayssihorsvie fisrtiogisnhtiteceutsatetdy TeatlisonxdaayataarachereG

482 is formed over the DG gate portion 411P' of the substrate 411, the EG
regute léﬁkﬂﬂﬁﬁféh%thsSfBPﬁib?f‘kS\‘?é?Xﬁ%aE‘Gegtﬁ?eE%é‘?ﬁb}‘?-4l1P" of the substrate

and.the SG gate structure 483 js formed over the SG gate portion 4115
["i’%%%e S %‘lgngi'f. Ahfd%?]qﬂ“él?ﬁ%rm%‘ghﬁﬁ%liﬂaﬁ}ﬁegt% %aBF%%e‘Hf“ direct contact
pGmbodiment, three %tﬂeaSt%‘C%ﬁeSHl%%HéFﬁc?a%v*]ﬁéhaxisg?a‘-?ea different gate oxide, ;.
? |cﬁness mayabe ?a rlca?e IN"a process having a ngl% oxidation s?ep.

n§YRGMAEEnIRNRE ARG AUUGITERGATR NAVHIR 3 QHIGFENL SRR AISIGSHAC between

thickness may be
an oxide material from which a gate dielectric will be formed and a resist material is avoided.

[0085] In addition, some embodiments of the invention provide a one-step oxidation process
to create three different transistor structures with three different respective gate oxide
thicknesses. In other words, some embodiments of the invention provide a method of forming
three different transistors with three different gate oxide thicknesses in which only one step in
the fabrication process requires exposure of a fabrication to an oxidizing medium. In some cases
such a process can significantly reduce the cost of production of such transistor devices. In some
cases such a process can improve a yield of working transistor devices. In some cases such a
process can reduce the cycle time of the manufacturing process.

[0086] It is to be understood that for the purposes of clarity of the figures, portions of the
substrate that are converted from one material to another by exposure to an oxidizing medium

are illustrated as being formed above a nominal surface of the substrate. It is to be appreciated
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fabricated in a process having a single oxidation step. [0083] Gate stack
structures having different thicknesses of gate oxide are formed because
oxygen takes longer to diffuse through thicker oxynitride layers than through
thinner oxynitride layers. As discussed above, the oxynitride layer above the
thaianreqins e RPMlEReH A et RIE) AftPRReOEereISRseROEENT Siin i BEbe at least

consequently the silicon oxide Ia‘ﬁr above the SG region is thinner than the

PiiRbhbsIeats et e TR eI 46084] Embodiments of the invention
ribed herein have the advantage that direct contact. between a resist . .,
O o S e T S R o i

aflPSS DR OGEH A LIS RAT EAFYEHAYR A LSAHGIRR-10, GR16 A& . means

Integrity due to contact between an oxide material from which a gate
“digtesiiewilpafornest and A resiatmpleiAlisianRided) JQARRIJMadRkanRs,
some embodiments of the invention provide a one-step oxidation process to
addriats, tuepaiffeseintdsansistaspsiructures with three different respective gate
oxide thicknesses. In other words, some embodiments of the invention
[0088lide Almeiiiodtahéalemingtithreel different thengistdisatiath deremglifie rendmpasses
gate oxide thicknesses in which only one step in the fabrication process
theepjuird grdspobe roiex ealimivagondean dxipirinalanaehera thnisdefiaitaygsle is
such a process can significantly reduce the cost of production of such
u%?an@&f@%%%ég.lwg%%d@ég@g gmew%%@wﬁaﬁhm BrovlaytEnguiarity,
w\gg)rking transistor devices. In some cases such a process can reduce the

iR eSS GHARRHiSg process. [0086] It is to be understood that for
[o‘ﬁk&‘b\fl)“fpﬁs‘%ﬁré’s“ clarity of Ine Tigures, portions of the, Subsirate INAt Are . described
Converted hom oS aterarfo another By exposure 6 an oxidizingmeaium

& lHEHAHSd RS PSingfersd @baus.aminal sitface fl G sHasiate L is

to be appreciated 15 that in some embodiments at least a part of one or

ua& ek &lae)%eaﬂqr&m 8133 i&ﬁ@ﬁ&s@@c@@ﬁﬁé&hﬁ&ﬁiaﬁhﬁﬁlﬂé’ dbe iani@din unless
surface of the substrate.

incompatible therewith.
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[0087] Throughout the description and claims of this specification, the words
"comprise” and "contain" and variations of the words, for example
"comprising” and "comprises"”, means "including but not limited to", and is not
intended to (and does not) exclude other moieties, additives, components,
WhieHersigiedtisps. [0088] Throughout the description and claims of this
specification, the singular encompasses_the plural unless the context
otherwise requires. In particular, wh& ndefinite article is used, the

 Specification s [0 be,understood as contemplating '“ras"%a 'S Well 33 aie having a
singulanty, Unless theedontest requires otherwise, [0039] Features, Integers,

pERARRLEIISHISS SOMRRUATRFemiGRI RISl s @y 5euPs described in

conjunction with a particularaspect, embodiment or example of the invention

are t%@ﬁiﬂ@ﬂﬁfﬁ\%%@ﬂ@f?@iﬁ?ﬁﬂ@ﬁ@% Ranyiaihesaspect, embodiment or

example described herein unless incompatible therewith. 16 What is claimed
is: Clr&HWPag L. pdrmetbochiaf fiediming: ateintagiaian §ireibistoustpés Qrfigst portion of
substrate, the substrate having a primary region and a secondary region,
saidrupsisang dheé 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
exposepasiirgtisoitiveiwe Qaie Gudisinatarcdiithd porsinystsenstiaxtueenoramng an
oxidizing medium to form a second layer comprising an oxide material over
OX4fFSTIBbPBs Bl HRY RTBSH Qe akhilbsBREntM G yeToRd g Aadedpgecond
thijckness, and to convert at least a portion of said first layer to a third layer
hABREHTAS QOB RHEA HARRTAN Ef’alig:ﬁ‘.’at IKyet tﬂé\ﬁﬂééﬁ?ﬁ&%ﬁ‘i&ﬁ%ﬂ%&?

oxynitride material, said third layer having a third thickness.

2. The method as claimed in claim 1 wherein

forming the first layer is preceded by the step of forming a 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 the step of 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.

3. The method as claimed in claim 2 wherein exposing the structure is followed by the step

of forming a polysilicon layer over said structure.

4. The method as claimed in claim 3 further comprising the step of patterning the structure

to form at least one gate structure.
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2. The method as claimed in claim 1 wherein forming the first layer is
preceded by the step of forming a 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 the

Sstep dheaREAAg s BBPEOANGT2ERIH FoURRASIAgdheeH PR SERRITTBI S HIR yriws tsrform
said first layer is.removed to expose said first portion of said substrate. 3.

2 98 HTRTHB T ASALREA T SaR P Areafe AresipEsin A scs At e som g sagn said
the step of forming a polysilicon layer pver said.structure. 4. The method
gzgg SCngﬁlr 11 Sal]gprlhllg%a &g%(}{l flaS a alé/ g]ﬁ?ec?r%% 809%1011 %I%QRIISI%%HS?X%%E%%ﬂ of

as Claimed in'c I comprising thé stép of patterning ruc

satfa QQEQM‘ Fﬂ%ﬁﬁ%&f‘%@ %L?d gH—:CM%tu}g 1§ SZ-iIIB ‘Ee%%ﬁll?ﬁ' r@&&ﬂ%%%‘?e‘%ﬁ'l@&%o

comprising the step of patterning the structure to form ‘a gate structure in
p&@&%m@ﬁyiﬁggmxm%%@ﬁw%&wﬁ tRisald s Bﬁ!@%ﬂ&ﬂ&éﬁaﬂh@f%hﬁh third
said gate structure in said primary region has a gate dielectric portion
theeNmgkising 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
6jayer Thompiticd 2 tlikristep srsl doatindarrengameting yiTtEplegierast fiesiktyer
material; patterning said resist material; subsequently, etching said first _
Compsises S HEREPItRP AR SR USHIER reklse FxtEAalesTS I PMECHAtRBIEENIQ Afdeasist
in claim where('%r,lT said resisé material comprises ghotore_sist or. an oxide
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is followed by the step

7. The method as claimed in claim 6 wherein said resist material comprises photoresist or

an oxide material.

8. The method as claimed in claim 2 wherein exposing the structure is followed by the step

of forming a fifth layer over said structure, said fifth layer comprising a dielectric material.

9. The method as claimed in claim 8 comprising the steps of removing portions of said
fourth, third and fifth layers overlying a single gate (SG) portion of said secondary region and
not removing portions of said fourth, third and fifth layers overlying a double gate (DG) portion
of said secondary region; subsequently, forming a sixth layer over said SG portion, said sixth

layer comprising an oxide material.

10.  The method as claimed in claim 9 wherein the step of forming said sixth layer comprises

the step of exposing said structure to an oxidising medium.
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of forming a fifth layer over said structure, said fifth layer comprising a

dielectric material. 9. The method as claimed in claim 8 comprising the steps

of removing portions of said fourth, third and fifth layers overlying a single

gate (SG) portion of said secondary region and not removing portions of said
LourtH hingtheicnifeiiage s e\ienyit gy eesdubil dhte lroRs Fooptises Ridadg material

secondary region; subsequently, forming a sixth layer over said SG portion, .
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clai wherein the step of formjng said sixth layer comprises the step of
Saé(fé%%g%a %éfaagtPﬁgPd?%Ronéar%ef)%idising medium. 18 11. The method as

claimed in claim 10 wherein said fifth layer comprises a nitride material and

the step of exposing the structure to an oxidising material comprises the step
19f conyertipgogaid-fifthdayetigRn 1Oeﬁfﬁﬂﬁgﬁg%t%§|of]s%b§réaﬁéﬂl?ﬁ%£’dﬁ§ the

claimed in claim 11 comprising the step of subsequently coating the
stEltugtuvetvit Rt gilaelRciadaamaterial. 13. The method as claimed in claim

12 comprising the step of subsequently patterning the structure to form an

extended gate (EG) gate structure over said primary region; a double gate

(DG) gate structure over the DG portion of the secondary region, and a SG
1Hate SheoteodoerlaneSB gortidd ofnirsigagofokiep pégibscantishe et Edhe

gate structure has a gate dielectric portion comprising a portion of said

SEREHRANAPER aherepidisH ORI SHRATIGE 8450 PIC RjHRS RGN frrdlg gate
te dielectric portion comprising a portion of said fourth, third and fifth
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ion of said sixth layer. 14. The method laimed in claim 1 wherejn the
th%qg OI%OH Of the,secon UaByS {Fé{gﬂh v?herel Sa, qabsga%ate(égszture?)as a ﬁgﬂgﬂgiecg 1C

primdry region of the s as a double gate portion Ingle
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gate (EG) portion of the substrate, step (b) being followed by the step of:
structure has a gate dielectric portion comprising a portion of said fourth, third and fifth layers;

and said SG gate structure has a gate dielectric portion comprising a portion of said sixth layer.

14.  The method as claimed in claim 1 wherein the primary region of the substrate has a
double gate (DG) portion and a single gate (SG) portion, and said secondary region corresponds
to an extended gate (EG) portion of the substrate, step (b) being followed by the step of:

(bb) 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.
15. The method as claimed in claim 14 wherein said fourth layer comprises a nitride material

and exposing the structure further comprises the step of converting said fourth layer to a fifth

layer, said fifth layer comprising an oxynitride material, said fifth layer having a fifth thickness.
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(bb) 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. 15. The method
as claimed in claim 14 wherein said fourth layer comprises a nitride material
and exposing the structure further comprises the step of converting said
19ourtTheyBethodaenitaghin skignfidrysher cunmpiisin g anaxohitiearsatbrraating
said fifth layer having a fifth thickness. 19 16. The method as claimed in
the e s thSrRBnIS LR tRELRh of subsequently coating the structure
with a gate electrode material. 17. The method as claimed in claim 16
comprising the step of subsequently patterning the structure to form a DG

1gate $IAck QNS SAl REIRRHAM Ak DG SYRAIEAIR A1) §%&%E%E&%%kp%ﬁg¥n§ggm

SG portion of the substrate and an EG gate stack over said EG portion o

skbsit T mhaRIN SRIN I Jate.riask Fomp isedasiidrtadRieeiliGack over

comprising a portion of said second layer, said SG gate stack comprises an
saff3> g6 ahalecthie corprsing a portiar ohshish éifthilaper panchsaithEahgaie:,
stack comprises an EG gate dielectric comprising a portion of said fifth layer
wandia paftian gftssigtkhinthiaises.AI8GTgae dietkhvodc asolaisnerhipoctaimof Faid second
wherein the step of converting said fourth layer to a fifth layer further
lagomipiib 8§ ttestegksbfopriierpa Seiamiirgericthenysiraigia heyaprconiprdifig layer,
an oxide material, the seventh layer being formed from a portion of said
ang 1t kfé sfeiaskrgaaitie i sy drleruis g reriiper Rotiohel sidtth dyer
claimed in claim 18 wherein said SG gate dielectric and said EG gate

a0l & BETHR U SR SHIS A respective portion of said seventh layer. 20. The

method as claimed in claim 1 wherein said substrate comprises a silicon
wafer; said first layer comprises silicon nitride, and said second layer

1§OMPFRESSHIRPL QMAG At 1iG Meihedaselmesd 10K LWHSEH A 0 a
fourth layer comprises silicon oxide.
fifth layer further comprises the step of forming a seventh layer, the seventh layer comprising an

oxide material, the seventh layer being formed from a portion of said substrate underlying said

fourth layer and said first layer.

19.  The method as claimed in claim 18 wherein said SG gate dielectric and said EG gate

dielectric each comprise a respective portion of said seventh layer.

20. The method as claimed in claim 1 wherein said substrate comprises a silicon wafer; said

first layer comprises silicon nitride, and said second layer comprises silicon oxide.

21.  The method as claimed in claim 2 wherein said fourth layer comprises silicon oxide.
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20 22. The method as claimed in claim 1 wherein the substrate comprises a
plurality of primary regions and a plurality of secondary regions, and the
method comprising the step of forming at least one gate stack over each of
said primary and secondary regions. 23. A method of forming an integrated
2%ircuitktrieibed rrRisindon daistrAtcrai thepetrsRic R plRitAtYOTf primary
primary regions and a plurality of secondary regions, comprising the steps .
reStORS ARTHEPA DI ) ST OPdrBTiEs I MitABd BE &?f?&ﬂﬁ?&ﬂﬁ’é%%%ﬁ@ﬁiaf forming at
ISHRSIES [emoying & portion of said frst aver, puer said primary region (o
expose a first portion of a macllt ra L%%Iérlymg sai ﬁigs?lfa'yer; and exposing
the structure to an oxidizing medium to form a second layer comprising
silicon oxide over said first portion of said substrate, said second layer
2having RASRGOBEHMEIHIESSInReh Q1 CRANEH-AL|RAShA PR Ystald fHstiaY ke
to a third layer comprising an oxynitride material, said third layer having a
hihind thickarssotpfanatallaast aneaghiebtack Rveidach gbsaidopipnany @adeps
secondary regions. 24. A method of forming an integrated circuit comprising:
oforoviding a substrate having primary and secondary regions; forming a first
layer of a first thickness on the substrate; pattering the first layer to remove a
portidarofinae first laygs ofrp thecpn mtrjeretadirvthiskneisisswaseidmihstieltving a
remaining portion in the secondary region; and forming a second layer having
a sedBiY YHERMSEBPiad HEs At RY therikbromaaryeHegiBreRosk i gerton of

substrate, wherein ,c%dizing iIncreases oxygen content of the remaining
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exposing the structure to an oxidizing medium to form a second layer comprising silicon
oxide 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 to form at least one gate stack over each of said primary

and secondary regions.

24, A method of forming an integrated circuit comprising:

providing a substrate having primary and secondary regions;

forming a first layer of a first thickness on the substrate;

pattering the first layer to remove a portion of the first layer in the primary region of the
substrate while leaving a remaining portion in the secondary region; and

forming a second layer having a second thickness on the substrate in the secondary
region by oxidizing the substrate, wherein oxidizing increases oxygen content of the remaining

portion of the first layer.
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