WO 2004/ 017393 PCT/ US2003/ 024108 UNI TED METHOD AND APPARATUS TO PREVENT
LATERAL OXI DATI ON I N A TRANSI STOR UTI LI ZI NG AN ULTRA THI N

OXYGEN- DI WBU804aN7BARRI ER 5 FI ELD [ 0001] The present i nvedriumomsekangs
generally to the field of sem conductor technology and, nore specifically,
to preventing lateral oxidation in transistors wutilizing an ultra thin
oxygen-di ffusion barrier. 1o BACKGROUND [ 0002] Typically, in sem conductor
processes, a transistor device includes a gate characterized by a gate

diel ectri Cmp;TEmirgE ODSAND APPRRATIISSTO PREVENTATERAL t he gate
e gate

dielectric. el ectrode is an electrically conductive nmaterial,

such as dop@XIDATION ¢NPASTRANSISTOR UTHEIZINGAN ULTRA THIN ti onal I y

1s been a lowk dielectric material, such as silicon dioxide (Si Q) [00031
However, due to the gr ed®XVGEN-DIFFESIONBARRER devices, the | owk
dielectric has had to becone increasingly thinner. At a certain thinness,
however, the lowk gate dielectric begins to |loose its dielectric

qual itieﬁE gonsequently, a nore conventional practice has been to repl ace
the PowRE4Pel ectric with a hi gh-k 20 dielectric. A high-k dielectric can

provi de greater dielectric qualities at ower,. .thpckness than | ow k
di el ect ri08&1] et preserbinypPtiomrelates Qﬁ'@rﬁ'&{q%‘g fﬁliohggnwopﬂgﬁﬁ%r their
problens as well. For exanple, high-k dielectrics are highly perneable to
oxygen disthusiogy andj more specificaliyt fapeyventisg et oxidationsia &eassforgxy gen
di ffusion through a high-k gate dielectric 102 in a transistor gate
st r uct ur@iliky acarithiokyeh-YiuiRR4EgB93 PCT/ US2003/ 024108 the pri or
art. Referring to Figure 1, a high-k gate dielectric 102 overlies a silicon
10 BACKGROUND
[0002] Typically, in semiconductor processes, a transistor device includes a gate
characterized by a gate dielectric overlying a substrate, and a gate electrode
overlying the gate dielectric. The gate electrode is an electrically conductive
material, such as doped polysilicon or metal. The gate dielectric has traditionally
15 been alow-k dielectric material, such as silicon dioxide (SiO2).
[0003] However, due to the great need for smaller transistor devices, the low-k
dielectric has had to become increasingly thinner. At a certain thinness, however,
the low-k gate dielectric begins to loose its dielectric qualities. Consequently, a
more conventional practice has been to replace the low-k dielectric with a high-k
20 dielectric. A high-k dielectric can provide greater dielectric qualities at a lower
thickness than low-k dielectrics. Unfortunately, high-k dielectrics are not without
their problems as well. For example, high-k dielectrics are highly permeable to

oxygen diffusion. Figure 1 illustrates the potential effects of oxygen diffusion

through a high-k gate diefectric 102 in a transistor gate structure 100 according to



substrate 101. Over the high-k gate dielectric 102 is forned a gate

el ectrode 104, also known as a gate termnal, nade of an electrically
conduct i vworeae4ri7a, such as doped pol ysilicon. Subsequecaliyszogsnoaesses
such as |ithographies, anneals, s and spacer depositions can introduce
oxygen 106, either as part of the process or wunintentionally, as anbient
oxygen, which diffuses Iatgrall¥ (hprizontgyly) [ n t he . higﬁfk gate

di el ecthei prior@at. aRefessing to Eigwer tiahighds datecligivgiq W%,B"%ri"?? Goit"&lbstrat e
101 and the overlying polysilicon gate electrode 104, to form undesirable
Si2 gt 20100 verdhe oGk gahe dielsitde 102 ppkrmediagate elegipge dfdesi r abl e
because they effectively increase the thickness of the gate dielectric 102

and degkBagRwies hRjatk pansnal nidwe ofaat eleetrically odadidive mMaterizbraumhe, t he
Si 02 deposits 108 reduce the net dielectric constant of the gate

01 &1 CbE kol o fbhA R b dBnanRIeLEaERh ddmbhiaptiids, arfieareauent | v,

t he be zing a gate dielectric is lost. Additionally, i5

the Si Q2 deposits 108 are undesir S of the
Si 1 7 cofind SABSeT Aot BnuogmaRael | Pl B, fort BEihe HecBbepy U
affecting the performance of the fransjistor, that wll be for romthe
gat e sunm@rejmaﬁms apRient QYgeR W&P%ﬁﬁﬁﬁeﬁ-ﬁﬁ%mm%%%%gwﬁﬂé present
invention is illustrated by way of exanple and should not be 20 |imted by
the fi bighek gafe dieteciite 6P angi axidizeapprigssiof tmuorerlyirg SHEPBSYREEE!e i ndi cat e
simlar elenments and in which: 100061 Figure 1 illustrates the potenti al

ef f ect 3pafareineeivediigusaipsilisdr gatgtelactnodshi 04, tgdoemdinelesitableSiOZ a

transi stor gate structure according to the prior art. [00071 Figure. 2

i Il ust yatesi@qpgansi stor with a thin oxygen-diffusion barrier, 25
according to one enbodi nent of the invention. 2 WD 2004/017393

PC% US%(?&I% %%%8%02 deposits 108 are very undesirable because they effectively
increase the thickness of the gate dielectric 102 and decrease the thickness of the
gate electrode 104. Furthermore, the SiO2 deposits 108 reduce the net dielectric
constant of the gate dielectric 102, increasing the capacitance of the circuit.
Consequently, the benefit of utilizing a high-k gate dielectric is lost. Additionally,

15 the SiO; deposits 108 are undesirable because they attack the area of the silicon
substrate 101 where the channel will be, thus detrimentally affecting the
performance of the transistor that will be formed from the gate structure 100.
BRIEF DESCRIPTION OF THE DRAWINGS
[0005] The present invention is illustrated by way of example and should not be

20 limited by the figures of the accompanying drawings in which like references
indicate similar elements and in which: |
J0006) Figure 1 illustrates the potential effects of oxygen diffusion through a high-
k gate dielectric in a transistor gate structure according to the prior art.

[0007] Figure 2 illustrates a transistor with a thin oxygen-diffusion barrier,

25  according to one embodiment of the invention.
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[00081 Figures 3A - 3Millustrate a nethod of formng a transistor with a
thin oxygen-diffusion barrier to prevent |ateral oxygen diffusion through
an oxygenwopeosaabBe gate dielectric, according to one @edraszomsri4ios t he

i nvention. 5 DETAILED DESCRI PTI ON [ 00091 Described herein is a nethod and
apparatus to prevent |ateral oxidation in transistors. In the follow ng
description numerous_specific details are set forth. _Q@e Qf ordinary skill
in the af9008fkigures 3AH IMIBstate airetegiofiiprBiBISHEBNSISIOr R U are not
necessary to practice enbodi ments of the invention. Wile certain 10

exenpl ar pxpatodiffusiarsbardes ihpeavent kdeiah exygeniddivsion througheamexyifinyi ng
drawings, it is to be understood that such enbodi nents are nerely

i |1 ustr atpeneeabie gatedialesttic] atdoveingftotdme embodinteritod émé inventiand that this
invention is not restricted to the specific constructions and arrangenents
shown and descri bed since nodifications may occur to those ordinarily
skilled in the art. In other instances 15 well-known sem conduct or

fabricati j ques, materials, equipnent, etc., have not
o i R REPBERTRIFTAN

been Set i'cular detail in order to not unnecessarily obscure
enbodi ne f. the, present .inventian. [00101 According ,to enbodi.nents of
The s nveldus] DestbBl a7 o A TehoRdnA aPRATa P UP e Gra SRGOG ©o
forman oxygen-resistant diffusion barrier on the sides 20 of a

transi st dranSTERISoXp e ialiewing dascrintionusiresravigrspesificrialaisae sstjedhn from
diffusing laterally into the sidewalls of a gate-dielectric that has very

| ow r esi Pramokordimmrgskijdn thk Bftukowayenwill apptdviateioatdbese bpecifiadetailsi gh
perneability to oxygen diffusion. By preventing |ateral diffusion of

oxygen, the rféﬂﬁléééséawtéEwib@_@mbmmehmeom@rﬁ!%m@ngewmslceﬁ_tarnode, is
protected from undesiteabl e oxidation. 25 Application is particular

gg\éi%fig%ﬁﬁ@ﬁ, Lﬁgg@wﬁgg% BLER WelsERbSd BRE sHBR iR!tAE akcorp¥iing

drawings, it is to be understood that such embodiments are merely illustrative and
not restrictive of the current invention, and that this invention is not restricted to
the specific constructions and arrangements shown and described since
modifications may occur to those ordinarily skilled in the art. In other instances

15 well-known semiconductor fabrication processes, techniques, materials,
equipment, etc., have not been set forth in particular detail in order to not
unnecessarily obscure embodiments of the present invention.
[0010] According to embodiments of the invention described herein, a method and
apparatus are described to form an oxygen-resistant diffusion barrier on the sides

20 of atransistor. The oxygen-resistant diffusion batrier prevents oxygen from
diffusing !aterallvy info the sidewalls of a gate-dielectric that has very low resistance
to oxygen diffusion, or in other words, that has a high permeability to oxygen
diffusion. By preventing lateral diffusion of oxygen, the underlying substrate, or
the overlying gate electrode, is protected from undesireable oxidation.

25 Application is particular advantageous‘for high-k gate dielectrics since most high-k
3



gate dielectrics are highly pernmeable to oxygen diffusion. Consequently, an
advant age of the oxygen-resistant diffusion barrier is that transistors can
have verwotZnoanigmBe di el ectrics yet not suffer from | atreralS2ansiodans on t hat
normal Iy occurs wth high-k gate dielectrics. As a result, integrated

circuitry can be formed smaller s wi thout experiencing |oss in perfornmance

or relialL)it 00111 .Fiqure 2 i strates transistor 200 with a thin
oxygen- d?%\#eucilﬁfgﬁ{rg%a}rﬁgpgrgb A rmﬁ@bt?r%ﬂi HYy9es Qb &QPREAYEIYY. BRe
invention., Referring to Figure 2, a transistor 200 is formed on a silicon
subst r at 83YRNT0RT e gemendesirtan dffusioa barderde thaldrarmistorsstarnhaee a hi gh- k
dielectric being highly pernmeable to oxygen diffusion, is 10 fornmed on the

surface wrytthia galbslielacisica et antisulfaydtom dterd! oxitatidf4hasnomalilyrdrcufor med on
t he oxygen-perneabl e gate dielectric 202. A thin oxygen-diffusion Dbarrier

206 is fwithibihiek gabedRilstered.| Asef rekhE, iﬁ@ég?a@deﬁﬁduﬂ%%&@%e%ﬁnéﬁ‘sfﬂ%er

sidewal | s of  the oxygen-perneable gate dielectric he transistor 200

al so s i nglihs\eSe:depdhkingfiosdic ,ﬁa‘y}ﬁ} ., 208 for med adj acent to the
out si de edges 15 of thg oxyge’!?le—“?ﬁlcl5 usielo%'%%g%rﬁlr@f 206. The transistor 200

I ncl udes ' / LA LARS, .210 .each conprlsi.ng, a pail. of tips
or sourc@%ﬁ#@étzeﬂés}%% s%@%’%&%@pgagé’\g@ 7 Hieorpdeasy %Sé?'gPaff%f@@ﬁy act
region 212. .00#51 Stil] referri gﬁ; to Figure 2, the thin oxygen-diffusion
barrier 3HEHOIIQQNeFMRCdiMANE qf e rweptioa. Referingtefiiguen2, @ franpistor

di ffusion of oxygen. Conventionally, during 20 processing of a transistor,
certai n #PGisdosnsd cna ailiben subsates0 1. hAn oxggént peroiakinie ahbtey/dielgurie t he
oxygen- perneabl e gate dielectric 202 to oxygen, usually during an

oxi dat i 020 rsuchsss @ high-le disldutric petresighly gaticibie RooAFIEredHuSIMIRN.  The
oxygen woul d easily pass through the oxygen-perneabl e gate dielectric 202

S5, hoctaeUtn ML Y SobsoHe APt o e BEEUEIIMARABHCT] L0
woul d adkehagloh thé oxygen-permeable gate dielectric 202. A thin oxygen-diffusion
barrier 206 is formed on the sidewalls of the gate electrode 204 and on the
sidewalls of the oxygen-permeable gate dielectric 202. The transistor 200 also
includes a pair of thick sidewall spacers 208 formed adjacent to the outside edges
15 of the oxygen-diffusion barrier 206. The transistor 200 includes a pair of
source/drain regions 210 each comprising a pair of tips or source/drain extensions
211 and a deep junction source/drain contact region 212.
[0012] Stilt referring to Figure 2, the thin oxygen-diffusion barrier 206 is made of a
material that is highly resistant to the diffusion of oxygen. Conventionally, during
20 processing of a transistor, certain processes could be performed that would
incidentally expose the oxygen-permeable gate dielectric 202 to oxygen, usually
during an oxidation process or via ather processes containing ambient oxygen.
The oxygen would easily pass through the oxygen-permeable gate dielectric 202

and oxidize the underlying substrate 201 or the overlying gate electrode 204. The

25 oxidation would form undesirable silicon dioxide deposits that would adversely
4



WO 2004/ 017393 PCT/ US2003/ 024108 affect the performance of the transistor,
per haps even rendering the transistor inoperable. The thin

oxygen- diwbwsodm7dvarri er 206, however, covers and seal s pPchaS2ai3dewas | s of

t he oxygen-perneable gate dielectric 206 and prevents the | ateral

di ffusion of oxygen into the oxygen-perneable gate dielectric 206. 5 100131
Figures 3A - . 3Millustrate met hod of forming a transistor, with a thin
oxygen- d?ﬁ‘iﬁm%ﬂe arpaRse ?Bg'ﬁrté%‘é?ﬁqof'eﬁeépﬁps 83?‘? RIgsTngr t %%}eﬁ’ﬁ%hr ough an
oxygen- perneable_gate dielectric, according to one enbodi nent of the

i nvent i ofoperRdier Wﬁﬁ@hm@wr;gnfcaﬁmn Bapierg, hpwsver,icovers aod seplsriheegi ons
302 are forned in a substrate 300. The term "substrate" enconpasses a

sem condsidewaliswaf #he oxgeh-pernembioyater gisteatdic 2@6 ahtipreventashevadtérahs
structures that have one or nore insulative, sem-insulative, conductive,

or sem C@iffdsiph ofoxya¥R irfto ANE oG &-balrheallieUsate dislectiy@me. e, the term
enbraces silicon-on-insulator,” silicon-on-sapphire, and other advanced

0 G LGRS T8 A SO I L (1),

deep tre atron regi ons torne I'n renc e substrate

300 is and then . filling.the trenc ith.a deposited oxide, , nitride or

ot her o SPEETREUSRR BRI 1 pERE et LR 3 cbideR BRiay B /0B For e
utiIizing ot her nmet hods,  such as LOCOS, recessed LOCOS, or silicon on

i nsul at oPegdle gatmaiglectie@cserding topoe amigdigent gbihe invantiasyi ons 302

I solate a well 303 of one type conductivity fromwells 301 of other type
conduct i Refeyringte Faune3 A, a phirhlity 0f fiskyisotiob eegione §02rarefformed irype
conductivity while wells 301 nmay be regions of n-type conductivity, or

Vi ce- ver sgbstvatevdD0. dfheptetnipeubotisiat EhdbinpasBes §eehicomilidiyr wafer sich | npl ant
of boron atons at a dose of 3.0x1013/cnR2 at an energy of 230 keV followed

by a;$ecqahd 411iRé sm@g@,”aé QR agtstﬂ:di\%% tgét Ha\?e?ﬁrﬁ’eléf f&ﬁe Hclidive g”er 9y

of 50 keV Into substrate O In order to produce a p-we aving a 2
poncent 8 hPMsatife P8 A48 e r LoMBbhalbng HYBS SOPAELhML! ¥nlBYspe formed
example, the term embraces silicon-on-insulator, silicon-on-sapphire, and other
advanced structures. [solation regions 302 may be shallow trench isolation (ST1)
or deep trench isolation regions formed by eiching a trench into the substrate 300
15 and then filling the trench with a deposited oxide, nitride, or other dielectric
material. Field isolation regions 302 may also be formed utilizing other methods,
such as LOCOS, recessed LOCOS, or silicon on insulator (SO!) methods.
[0014] The plurality of isolation regions 302 isolate a well 303 of one type
conductivity from wells 301 of other type condugctivity. For example, well 303 may
20  be a region of a p-type conductivity while wells 301 may be regions of n-type
conductivity, or vice-versa. A well of thype conductivity may be formed by a first
implant of boron atoms at a dose of 3.0x10"%/cm? at an energy of 230 keV
followed by a second implant of baron ions at a dose of 4.2x10"%/cm? and an

energy of 50 keV into substrate 300 in order to produce a p-well having a

25 concentration of 7.0x10"/cm®. A well of n-type conductivity may be formed by a
5



5 WD 2004/ 017393 PCT/ US2003/ 024108 first inplant of phosphorous atons at a
dose of 4x1013/cnR and an energy of 475 keV, a second inplant of
phosphor owe 2804018398t a dose of 2.5x1012/cnR at an ener @¢TafS268keMps and a
final inplant of arsenic atons at a dose of 1.10131cnR at an energy of 180
keV into a silicon substrate having a concentration of 9x101/cn8 5 in order

to produge, an n- |, hayi ng an n-type ,concent | orp of . appr.oxi

7 101 TehBTP ARt Sy Rl oBrs AR dBREET At ol A B DR PhiDns and
n-type caonductivity regions ma‘(I be fornmed by ot her maqin$2 wel | known to
those of ke\oraippeand Euplant ofphaspherqus flomssat FAesedf RoxRayc®odt PRue, as
shown in Figure 3B, with bl anket depositing i0 an electri cal%y Lnsul ative

(" di el ecenergy)ofiG8%eY, 30d adinal hapkubef amsepicaipmenat adose ob 0" Yom? @§i ons

302, the dielectric |layer 304 being highly perneable to the diffusion of

oxygen, @ enbryyosfimes0 ke dito sasilicony gestrste Meabigea dostenttation dfayd0'Be4® I n
one enbodi nent of the invention, the oxygen-perneable dielectric |ayer 304

is ashi %r&emoe@%e%%nwwwv@gp Wg@%&%@ﬁﬁ%cﬁ%@%ﬁ%&%ﬁ%aﬁe& to 50 A

thick, is Conventional techniques nket depositin ayer "of high-k
diel ectri trer i@l .1 nc : Ly, Sepasi ti i | t.echni ques.
loot61 TRy Rt hie B0 E80RRIGT A PR ot R RLAR S 4G neE60a W
a dielectri constant (k) supstant.i al hi gher than that of si]icon
i ox o PRIETRG Fegs e 56 TS b oties Maa el Ramun o uiheals’ o
Exempl ary high-k materials used in the 20 formati on of integrated devices
i ncl ude REtinaryelilidedhe at203, zr02, H 02, Ti 2, Y203, La2®B, etc.),
ferroelectrics (PZT, BST, etc.), anorphous netal silicates (H, Zr),
anor phoufl035] Thatnesthad tesy ¢ittiilie, s GPpwraind-igaraBB; withdsiatBebdepbskingCs,
PbZrrTi1l_, (03). [0017] H gh-k dielectrics are very useful to the formation
of t@NsShA eMritfyansfatNe (“dielectric”) layer 304 on the substrate 300 and on

isolation regions 302, the dielectric fayer 304 being highly permeable io the

diffusion of oxygen, or, in other words, an oxygen-permeable dielectric layer 304.

In one embodiment of the invention, the oxygen-permeable dielectric layer 304 is

a high-k diefectric material and may be deposited between 2 A to 50 A thick.

15 Conventional techniques for blanket depositing a tayer of high-k dielectric material

include sputter deposition or evaporation techniques.

{0016] The term “high-k” is a relative term that refers to a material with a dielectric

constant (k) substantially higher than that of silicon dioxide (SiOz), or in other

words substantially higher than k=3.9. Exemplary high-k materials used in the

20 formation of integrated devices include metal oxides (Al,O3, ZrOz, HIO,, TiO,,

Y203, Lax03, etc.), ferroelectrics (PZT, BST, etc.), amorphous metal silicates (Hf,

Zr), amorphous silicate oxides (HfO,, ZrO;), and paralectrics (BaySr141i0s3,

PbZr,T11x03).

[0017] High-k dielectrics are very useful to the formation of transistors because of

25 the effective electrically insulative propetties of the high-k material compared to its
6



25 the effective electrically insulative properties of the high-k materi al
conpared to its 6 WD 2004/017393 PCT/ US2003/ 024108 physical thickness.
The hi gh woebertir3ss qualities all ow high-k dielectric necarisabms/otaos be
deposited very thin yet stilt possess very good effective electrical
"thickness" -- in many cases much greater than the effective electrical

EELCﬁgﬁiﬁgﬁ%ﬁsﬁﬁﬁé@%ﬁ?”‘fpﬁﬂ”' Rl QLB ol BERER Bt Pelmie el of a

transistg however, H?W? cl asses of high-k dielectrics have an unfortunate
di sadvanPgdierosiey vanethin yel stillnassess N@r»t ook pHiasivg elpelsicah thigkness” ot her
words, oxygen nolecules (or nolecul es of oxygen conpounds) can easily pass
t hr ough irpotasy dases maudh greaterthah doe effectin electrlcal thiclewgsaitSiQ, abanor di ng
to one i 0 enbodi nrent of the invention, the oxygen-perneable dielectric

| ayer 304quivgiens phosigabihidiyiebs. referred as a hi gh-k dielectric. However,
ot her enbodi nents of the invention may utilize other dielectric materials

that ar e o] DREBRS Mé Warfsi/: %c!r}dﬁta urtﬂ,&ﬁ)rget H dﬁ!@@iel@étﬁc%mé folngll .

per neabl € to oxygen di continue, as's in
Figure 3 terlal
306 over9{ﬁ?@%ﬂ%ﬁﬁ%’ﬁﬁ%ﬁ%ﬁéﬁ%ﬁéﬁsﬁ? Aend 8 é“é@%! e SRR ol o
with the technol o | n_one nbodlne of the | ntion the electrically
Conduct | SIS ANARIROR! Yo g e SERIa xRN AeIOB, of IRGHe Woksn and i s
deposited to a thickness of between approximately 600 A to 2000 A, 1600 A

bei ng pr @K¥gRIbMelewies (artmoleatiesaifaxyges camploanke) care pasilyt pass hooyglocesses
are well known in the art, including chem cal vapor deposition (CvD) and

physi cal posgsin tuem-kuomaétﬂvmateaac hCdepagidntiynacsardiegstesorie/pi cal |y take
pl ace at tenperatures in the range of 600 to 650 C, however these

gffgg% | @mboRliMeAESEHe TAVertRIne th 8%RicH-p&intdile H%m&héw&%oﬁhb?ne or gas

synonymousiy be referred as a high-k dielectric. However, other embodiments of
the invention may utilize other dielectric materials that are not necessarily high-k
materials, but that are still highly permeable to oxygen diffusion.
[0019] The method may continue, as shown in Figure 3C, with bianket depositing

15 an electrically conductive material 306 over the oxygen-permeable dielectric layer
304, to a thickness scaled with the technology. In one embodiment of the
invention the electrically conductive material 306 is polycrystalline silicon, or
polysilicon, and is deposited fo a thickness of between approximately 600 A to
2000 A, 1600 A being preferable. Conventional polysilicon blanket depc:siﬁon

20 processes are well known in the art, including chemical vapor deposition (CVD)
and physical vapor deposition (PVD). Such deposition processes typically take
place at temperatures in the range of 600 to 650 °C, however these deposition
processes may take place at higher temperatures. Silane or gas streams

containing Nz or Hz, at 100%, may be used in the polysilicon deposition process.

25 The electrically conductive tayer 306 can be ion implanted to the desired
7



containing N2 or H2, at 100% may be used in the polysilicon deposition
process. 25 The electrically conductive |layer 306 can be ion inplanted to
t he desi rwo 260/M@72004/ 017393 PCT/ US2003/ 024108 conduct ipeiTtus2eoppediasd | evel
prior to, or after, patterning. In other enbodi ments of the invention,
other materials may be utilized in conjunction with, or in place of,

pol ysili Ueh d netal oxide, .sinpgle

crystal I(l%n)re%uscl?'w%%ﬁ% é@%&%h%‘éﬂgr glr é@%x‘, P%P‘P{'B’P%‘e?” 8%86%0%?@% %fl s wel |
known in,the art to , form te el ectrqde. [00201 The net hod may

cont i nuelf ‘f‘ﬁe'?WHbera{“ﬂ%r%? %?l@tﬁl?ﬁdt"héoﬁl‘v'@@??’? wifhy, pr incglaga&fi ve | ayer
306, as shown in Figures 3D - 3E. Several well-known nethods may be

enpl oyedPelyiligar, Hueh as meatal. metal aday.aand metalrdxide, Igingle ndystaliine siliepey  306.
in the enbodi nent of the invention shown in Figure 3D, the hard-mask 312

may i o amofphowdinond siickid, ionotierimatriaiskel kiyewn 30the adeb fam a gitéri de
| ayer, via a chem cal vapor deposition (CVD) over the electrically
conduct i glectrager 306. A typical photolithography process can then be
performed including the well-known steps of masking, exposing, and

E?SEL o o228, PROWRIR) Blay %fh%ﬁw@%@%é”%&%@i%@%%ﬁ“’tp%é"’éﬁ%ﬂ?sﬁwgsi ot
310 ] . i 0 ' [

"ayer 30 TelREREh 2P R shaheonadres Mo atc Saralyakagen Mellpay ¢ ne
photoresist nmask 310 to align the etch, thus producing a hard-nmask 312

over theM@y&e empiaved febiniuing adardyrasiousan eteiaallprendsctvelayenB0ues, as

shown in Figure 3F, with renoving the 20 photoresist mask 310 and etching
the el eclirtheaimigodioedt of thecinvaption Stdvd avwRigure 3Dvethedrardimasie3 12 may
oxygen-perneabl e dielectric |ayer 304 using the hard-mask 312 to align the
et chio t hives farrest hyndepositingl acidrd enadl lagbE868,ILh 2 4 RithBeWMyetsvia Hat e
chemical vapor deposition (CVD) over the electrically conductive layer 306. A
typical photolithography process can then be performed including the well-known
steps of masking, exposing, and developing a photoresist layer to form a
photoresist mask 310, shown in Figure 3D. Then, as shown in Figure 3E, the
15 pattern of the photoresist mask 310 is transferred to the masking layer 308 by
etching the masking fayer 308 to the top of the electrically conductive layer 308,
using the photoresist mask 310 to align the etch, thus producing a hard-mask 312
over the electrically conductive layer 306.
{0021] The method continues, as shown in Fiéure 3F, with removing the
20 photoresist mask 310 and etching the electrically conductive layer 306 down to
the top of the oxygen-permeable dielectric layer 304 using the hard-mask 312 to
align the etch, thus creating a conductive structure 318, also known as a gate
electrode or gate terminal, underneath the hard-mask 312. The etchant 316

should etch the electrically conductive fayer 306, but not the hard-mask 312 or the

25 oxygen-permeable dielectric layer 304. To prevent lateral etching into the
8



el ectrode or gate term nal, underneath the hard-mask 312. The etchant 316
shoul d etch the electrically conductive | ayer 306, but not the hard-nmask
312 or thwo2Bo40ayspan- per mreabl e di el ectric |ayer 304. Topomasesis/obaver al
etching into the 8 WD 2004/017393 PCT/ US2003/ 024108 sidewalls of the gate
el ectrode 318, a dry etch is preferable utilizing a Chlorine based

chem stry. ospharous et may t hen.be i ed..t o remove .t he

har d- mas%’d@@?ng%B%é%ﬁ&g&rqcﬁeegﬂ%m%gﬁ' %ﬁb} ;%BFE"?&%%? 4 @Z"g% lPH"‘I'Z‘i gure 3G
with etching the 5 oxygen-perneable dielectric |ayer 304 to the top of the
subst r at aa%ﬁ%bcféﬁmm?w- t"%gm plpaphwrousicndpay thembe agplied tapemove thest ch

chem stry shoul d be such that the oxygen-perneable dielectric layer 304 is
et ched b%;wdﬁ@iaﬁhérﬁt he substrate 300, the gate electrode 318, nor the

i solation regions 302 are etched. The etch | eaves a portion 319 of the
oxygen- pfoatialbrt, thehathod endyay@tting@dadishownliy Figdes 3Gahithtdiehing teat e

el ectrode 318. This portion 319 of the dielectric |layer 304 is al so known

as as gaéﬂ/qégsgb@%éé&e aiﬁied':tﬁcflé&%rmﬁlo’fg?%ﬁ af t@s&ﬂé@r&é%@@fﬁnﬂﬁgﬁﬁéb' e

dielectric er 304. The portion 319 the oxygen-perneabl e dielectric

| ayer ““%%%%?%é‘;é&ﬂ%&ron, r@@&é.r?ﬂgeg%\gc%\%ﬂ?trgg&%g& EIS gizféfw%ﬁﬂ%to as a

"gate dielectric”, oxXygen- per nea (o)
nmbodi t of the i ti . d b inis further detai,l ove, the
oxygen. pRrEBaBNETEARLS dielpateiaeT 319 e sihetel netientia suasiate s, the

material. The gate el ectrode 318 aligns the etch so that the sidewalls of
t he oxygenteRieriedn 31 a1er thedsalation ek 3092 ateetahed) | Thapichieavasoat he
sidewalls of the gate electrode 318. To mninmze the risk of etching the

subst r at portianid aftibé oxygsnipermeeblerdibleetriclageddy4 direbily indemeatinthedi ment
of the invention an 20 exenplary etch chem stry may include a 50:1 HF etch

for 40 S?@t@ﬂﬂéa’tr&le 318, ThihBortiol IS HIRRE dRASHC IR r S ik G ANSEwS @ d S
conpletely renmoved fromthe surface of

gate dielectric and is the same material as the oxygen-permeable dielectric layer

304. The portion 319 of the oxygen-permeable dielectric layer underneath the
gate electrode 318 will herein be referred to as a “gate dielectric”, or “oxygen-~
permeable gate diefectric”. In one embodiment of the invention, as described in

15 further detail above, the oxygen-permeable gate dielectric 319 comprises a high-k
dielectric material. The gate electrode 318 aligns the etch so that the sidewalls of
the oxygen-permeable gate diefectric 319 are vertically aligned to the sidewalls of
the gate electrode 318. To minimize the risk of etching the substrate, a wet etch
may be preferable to a dry etch. In one embaodiment of the invention an

20 exemplary etch chemistry may include a 50:1 HF etch for 40 seconds, or until the
oxygen-permeable dielectric layer 304 is completely removed from the surface of
the isolation regions 302 and from the surface the substrate 300, except for
directly underneath the gate electrode 318. Because of the highly diffusibie
nature of the oxygen-permeable gate dielectric 319, the etching of the oxygen-

25 permeable dielectric layer 304 should be carefuf not to introduce oxygen, whether
9



the isolation regions 302 and fromthe surface the substrate 300, except
for directly underneath the gate el ectrode 318. Because of the highly

di f f usi blwo metaarm™3of the oxygen-perneabl e gate di el ect pPca/izd2@3/024168 et chi ng
of the oxygen 25 perneable dielectric |layer 304 should be careful not to

I ntroduce oxygen, whether 9 WD 2004/017393 PCT/ US2003/ 024108 directly as

Eposed TR °"@§a€¢b%&%§%%%§@eﬁ 1EBPimPa0E € G el o o

gate dielectric 31 0023] The eI ectr de 3 8 and the oxygen-perneabl e
gate di SPeEXRGZEdA @ﬁﬁ‘et WOy fql eselatiaiy it dne PryeenrPema g blesonet i nes
known as a gate structure, or gate, of an integrated device, such as a
t ransi st@ate digleetiowdi9.n Figure 3G the sidewalls of the gate structure 324
begin at the top edge 320 of the gate electrode 319 and extend downward

al ong t 8023t Theghrngkbtrofe BNE aiddeaidygenipepoichblehgatealielecttlce®1d ode 318
and the oxygen-perneabl e gate dielectric 319. 10 [0024] Next, as shown in

Fi gurse 3Hgefhdr efingsy&ifipb&itd §tta§’é’cﬁré 34 soprdirhSs Rh@ﬁh%agaﬁoﬁm&&keover the
top of the gate structure 324 and al ong the entire | ength“of the sides of

th te fo th

si deval 12 SR Tiadared foe el st AR AqSupBhi FiOGREAS, fe, | 0°

e M g %Euiyé?«zgi@e%'@ s A Bl e et
| !

gi%éﬁ resistant layer 326 is a material that should be resistant to the

di f fusi oblDPnd Ryt dewnwprbalgpadhe entirelengll of briaidawvalln ethntadhe pate may

interfacially diffuse into the touching oxygen- perneable gate dielectric
319. | n etbeodedi8andithe cxyggripereeablegdteldiglectridZB9d.s highly resistant to
oxygen diffusion and is free fromdiffusible oxygen. An 20 exenpl ary
mat efg al [pho4] Kb, 8% ERAT IAFigUAO BH, aXAh BdRehSredistritnag 328 bidsket! | 1 cON
deposited over the top of the gate structure 324 and along the entire length of the
sides of the gate structure 324, including on (touching) the entire length of the
sidewalls of the gate electrode 318 and the gate dielectric 319. At the same time,
the thin-oxygen resistant layer 326 is deposited on top of'any exposed portion of
15 the substrate 300 or isofation regions 302. The oxygen-resistant layer 326 is a
material that should be resistant to the diffusion of oxygen and also does not
contain oxygen molecules that may interfacially diffuse into the fouching oxygen-
permeable gate dielectric 319. (n other words, the oxygen-resistant layer 326 is
highly resistant to oxygen diffusion and is free from diffusible oxygen. An
20  exemplary material for the oxygen-resistant layer 326 is a nitride, such as silicon
nitride, boron nitride, magnesium nitride, etc., formed by any welli-known process
of depositing a thin nitride film. Exemplary blanket deposition pracesses include a
Bistertiarybutylaminosilane (BTBAS) process, an atomic layer deposition (ALD)

process, or a hotwall process (ammonia + Silane).

25 ]0025] During the formation of the thin oxygen-resistant layer 326, just as during
10



nitride, boron nitride, magnesiumnitride, etc., formed by any well-known
process of depositing a thin nitride film Exenplary bl anket deposition
processeswprodamdessa Bistertiarybutyl am nosil ane ( BTBASpCpruse@ss4ia® at omi c
| ayer deposition (ALD) process, or a hotwall process (amonia + Silane).
25 [0025] During the formation of the thin oxygen-resistant |ayer 326, just
as durin 0_.\WWO 2004/ 017393 PCT/ US20Q3/024108 he etching of the

oxygen- pRFREHIE T BIGSERPEYRAIS GIP EEE Pyl P Gt DRL PN BTG be
taken to prevent oxygen from being introduced into . the process en the
oxygen- peiorid bedaken © preyeat Pxygersiromkging ntesdyseddniofbERIPASSINPERg t he
patterni ng of the oxygen-perneable dielectric |ayer 304 and during the

f or mat i othesoxypeniperireiableggtgatieieeticsd thmaydyeex@aed itriuging dwpigsthee may be
substantially limted by performng all, or part, of the method in a

subst ant hatdrringXofaRs okygén-peRvicablz dblectriliahe A304 ana cuuing theeveatioreven
with best efforts, mnute anounts of anbient oxygen may inadvertently be

i nt r°§jUCSfjth@‘{gﬂing&afiglgﬁ-r%%f&ﬁﬁa&&@%ﬁ@x%@éﬁé&é&rﬁigﬁérx;{ﬁﬁ gl BS@ntiaky

oxygen- per nea ectric layer s, lot of depositing

t he thing -resi I r h | prevent

| at er al %@ﬁﬁﬁ?@ﬁ%ﬁ&n@%ﬂ’@? #@’%%%F@%%ﬁé\@&ggﬁ%y Wbﬁg? he area
327 of the substrate 300 underneath the oxygen-perneabl ate dielectric
370 by | SOGRAVNEY PR B SOOI GHOWENET, SYRAINE DaSh Gt e BB EL ur 6 et hod
of depositing the oxygen-resistant |ayer 326 may be advantageous since is
oxi dat i oaMeLntshef ambient axygaomaydInadetantydigintrodueed dudng thapfanessr at ur es

(e.qg., less than approximtely 650C). The |ow tenperature reduces the
chances ahd evaniateraiiodiffase datoi the dggéhpepaetblendidizdtif laybe384b3huat e 300
i f, by chance, a small portion of oxygen is sonehow i ntroduced. A BTBAS

Ere?\(/:\g(g f] g%p&g% W&tmﬁé%ﬁ% olygeAlclBtAANARIES RayJulRY BEenperat ure,
optimized fo prevent lateral oxidation, or, in other words, to prevent oxidation to
the area 327 of the substrate 300 underneath the oxygen-permeable gate
dielectric 319 by lateral diffusion of oxygen. For example, a low-temperature
method of depositing the oxygen-resistant layer 326 may be advantageous since

15 oxidation of the substrate 300 is less likely to occur at low temperatures (e.g., less
than approximately 650°C). The low temperature reduces the chances of even
minor oxidation to the portion 327 of the substrate 300 if, by chance, a small
portion of oxygen is somehow introduced. A BTBAS process is advantageous
because it can be performed at a low temperature, between approximately 550° C

20 - 650° C, compared to some other methods, such as a hotwall process, which is
typically performed at a temperature of approximately 800° C. Therefare, in one
embodiment of the invention, a BTBAS process may be utilized to deposit the
oxygen-resistant layer 326.

[0026] An exemplary BTBAS process is a CVD process that may include heating

25  atleast the swiface of the substrate 300, the sides of the oxygen-permeable gate
11



20 -- 650 C, conpared to sone other nethods, such as a hotwall process,
which is typically performed at a tenperature of approximtely 8000 C
Ther ef or ewoi04ane393enbodi ment of the invention, a BTBASpomarseas/ocays be
utilized to deposit the oxygen-resistant |ayer 326. [0026] An exenpl ary
BTBAS process is a CVD process that may include heating 25 at |east the

surface of ,the strate 300, the sides of, the ox n- permeabl e gate 11 WO
2004/ on%@?%ﬁl’@gﬁ&g;’tﬁﬁ‘%ﬁ %BJPB the gé%]eaﬁﬁ%‘y?q K18% eetgnm%at?% of the
gate el e?)trode 318 to a temperature between approxi mately 500 C to 650 C,
pr ef er abPFVETRR apProkiEnatelt S0 e da §5Pe C, prefemhly 2PRa el Therngt rapressure

si mul taneously flow ng nol ecular nitrogen (N2) at approximately 2,000

st andar d ot approxieatein@d’ T srp simidEneodsiystoving naoteouibansrogHIN, pat
approximately 200 sccm and BTBAS at approximately 800 milligranms per

m nut e ( apploxiniaei\2,000Hlandad @E&A&emﬂﬁmewgépséwna &b 0ammdrizde at a

rate of approxinmately | A per second. The BTBAS process hérnetically seals
t he X YAY i and the
gate o of ety Ry Y SO rc TR AnreR el it 1
recogni ' | RRRt f i nyentio ot.her | t epperature
br ocesseebf B TR, R A 30d surBAP somtiine faptitignnie &80 be
advant agg&gsly utilize sanme tinme, it should be inportant to note

. th
that a | Péﬁﬁer%m%eqbﬂﬁ&ce@ég%o'wvﬁm BJBAS prasessihgrmegsalyaseaa ths t he

area 327 if sone oxygen has soirehow laterally diffused into is the

oxygen- pexygeibiesisjanidaperd26 to the Sdes obgatehélgbiroderfé8 andrthegetdods nay

al so be utilized in depositing the oxygen-resistant |ayer 326 if no oxygen
has | at dietddigic 8ii6f used i nto the oxygen-perneabl e gate dielectric 319.
Furthernore, high-tenperature nethods may al so be utilized if only a m nor

anmoung  ofppR¥y @%@ ordinarily skilled in the art will recoghize that in some embodiments of

the invention, other low temperature processes of depositing the thin oxygen-
resistant layer 326 may also be advantageously utilized. At the same time, it
should be important to note that a low-temperature process is advantageous to
flimit oxidation of the area 327 if some oxygen has somehow laterally diffused into

15 the oxygen-permeable gate dielectric 319, but high-temperature methods may
also be utilized in depositing the oxygen-resistant layer 326 if no oxygen has
faterally diffused into the oxygen-permeable gate dielectric 319. Furthermore,
high-temperature methods may afso be utilized if only a minor amount of oxygen
has laterally diffused into the oxygen-permeable gate dielectric 310 since minor

20 oxidation may be acceptable to a certain degree.
f0028] In one embodiment of the invention, the thin oxygen-resistant layer 326
should be debosited thick enough to act as a diffusion barrier to oxygen, to
prevent oxygen from diffusing laterally into the sidewalls of the oxygen-permeable
gate dielectric 319 during subsequent processes. However, the thin oxygen-

25 resistant layer 326 should not be deposited so thick that it will interfere with the
12



has laterally diffused into the oxygen-perneable gate dielectric 310 since
m nor 20 oxidation may be acceptable to a certain degree. 10028] In one

enbodi mrerwoabo4tiesmsnventi on, the thin oxygen-resistant Payars2@@6241880ul d be
deposited thick enough to act as a diffusion barrier to oxygen, to prevent
oxygen fromdiffusing laterally into the sidewalls of the oxygen-perneable

gate die ri [ . en rocesses, . ve t t hi n _oxygen
35 1 esi st ek EpEPraobid PR E el e R S R TR bty Thgr Y O
interfere with the 12 W) 2004/ 017393 PCT/ US2003/ 024108 subsequent

for mat | off B PTEORHAILATNG HBEEIPE o tHIrcRnAR-RSISEIYRN 46 STher f or e,

I n one enbodi nent of the invention, the thin oxygen-resistant |ayer 326 is
deposi t edeprsiteddietepen @pprexisiajelg R to WP, [ 00291 Next, as shown in Figure
31, the thin oxygen-resistant |layer 326 is etched 5 using a substantially

ver ti cal {0029] Hekts asrshpe, incRighré 8L the duia oxpgenesielane yer 8R6hs etehelini que
uses an etch chemstry that etches primarily in the vertical (anisotropic)

direcqi Oﬂsing|atM%t%llﬁ%ﬁc%%is&ﬁo&&rétﬁﬁEﬁcﬁinli)ddez Ol PRACrEbiEEY MRy

occur, An exenplary chemstry for the etch may be standard nitride etch

with a C@chﬂ@(ugﬁﬁ%fe‘é%{ %ﬁéiéﬂ%rﬁi%:rf}haq%%@%ﬁﬂméﬁ@/gg tqﬁéﬁﬁgh@niﬁﬁoﬁ’c}oz 'na

pl asma gener ani sotfopic e r eno

oxygen-resistant, | ayer 326 fromthe. top of . . the gate el ectrode 318 as well

as from PHE P('?pagrﬂf?‘?@b@ nga’{?f@opgg?faﬁ‘?’&‘?niaéé’lseﬁgg@&Qm?'ﬁ'?ﬂime})’o‘Pﬁ%stA”of t he
top surface of the substrate 300 except i nmedi at,el.&/ to either side of the
gat e st re¥euplansoemigiey fahthspeichpnay bechstandarsrifride elghevitmagartaron 330 of
t he oxygen-resistant |ayer 326 along the entire length of the sidewatis of

i s both terafigatide (CEOtcheadeisBl 8e.gndC ey, oxCfe - Peina pdsmy gleaerthitel)ect ri c
319. [00301 The portion 330 may be referred to as a "thin oxygen-resistant

tseg:: S‘L | | ;afaf; ?fkﬁggbpicset&h TehRves Th@ BRG akpgeerdstafMeGBF BRAFork M topsgracer s
the gate electrode 318 as well as from the top surface of the isolation regions 302
and from most of the top surface of the substrate 300 except immediately to either
side of the gate structure 324. The anisotropic efch, however, feaves a portion
330 of the oxygen-resistant layer 326 along the entire length of the sidewalis of

15 both the gate electrode 318 and the oxygen-permeable gate dielectric 319.
[0030] The portion 330 may be referred to as a “thin oxygen-resistant spacer”
since it is similar in appearance to conventional thick spacers typically formed
during the fabrication of a transistor. However, the typical function of a thick
spacer is to prevent vertical doping of impurities to certain regions of the

20 substrate, whereas the function of the portion 330 left on the sidewalls is fo
prevent the lateral diffusion of oxygen into the oxygen permeable gate dielectric
319. In addition, typical thick spacers may not necessarily be oxygen-resistant,
may contain interfacially diffusive oxygen, and are formed much thicker.

Consequently, herein the portion 330 left on the sidewalls will be referred to as a

25 “thin oxygen-diffusion barrier” since ane of its functions is fo act as a barrier fo
13



during the fabrication of a transistor. However, the typical function of a
thick spacer is to prevent vertical doping of inpurities to certain

regi ons oWotzner@@3substrate, whereas the function of thecparsicn2889 | eft
on the sidewatis is to prevent the lateral diffusion of oxygen into the
oxygen perneabl e gate dielectric 319. In addition, typical thick spacers

may not sarl L.y _be oxygen-resistant, nmay contain interfacially
di f fusi vgﬁﬁ%ﬁl’g@ﬁuséﬂd are formed much thicker. Consequently, herein the

portion 330 left on the sidewalls will be referred to as a 25 "thin

oxygen- dfqagﬁls ﬁ&? tgéﬂ ‘P’F@en“g‘%\ﬁg‘é’”cﬁﬁir'@f 33¢ soyermancorermefically seglsdfea parrier
to 13 WO 2004/017393 PCT/ US2003/ 024108 oxygen di ffusion. (0031) The thin
oxygen- deifewelis af wr oxygenspermanhie gatmdictesine312.alfl the drinl axyghe-difisienal | s
of the oxygen-perneable gate dielectric 319. If the thin oxygen-diffusion

barrier B8GiendB6 were rutesesdnt, oxygeN(A0D;, 68.) tabtis)ditdualy dpplist deeinh)a
applied during a 5 subsequent process, or anbient oxygen that exists in the

at mospheggpsatRiche pRRBSs, brARbRIN bx%%éﬁﬂ%_&xis@@im%eﬁtmq%ghﬁ%, ould pass

oxygen-perneabl e gate dielectric 310 and into the silicon substrate 300

under nea - i thiC O.4: L di, 74 : silicon
substrat %@Wﬁ@%ﬁﬁﬁﬂgﬁfﬁ%g’l Wﬁ ﬂ\-;ﬁ%’ﬁ%aﬁb?ecg%tjeﬁzgg#ﬁcdé&%ggltn?t . The
silicon dioxjde d Si, t uld affect the eventual perforpmance of io the

i nt egr at B YeATLRM rﬁt%égﬁ?%dﬁﬁ@e%tﬁgﬂe%VQ%PWW%@\P'E%%Q@?W@C%%neI 327.
At the sane tinme, if not for the a thin oxygen-diffusion barrier 330
oxygen woXHEiINg thessiligan substrale & the ehanme! aseayd frminasilisogsiexide el ectric
319 into the touching gate electrode 318 directly above the

oxygen- pdepesitsl el fgnsiicoh dicxdde depcid. waild tHifect theat everltealtperflemah8eicd nade of
a material that can be oxidized, such as polysilicon, is silicon dioxide

deposg t stﬁpﬁs»ts@irém_dfdﬁrm&byméﬁén&g WithGirkel IBRThi e HRIpel Borie At318 and
the gate dielectric 319. Since silicon dioxide is a dielectric, formation

of the same time, if not for the a thin‘ oxygen-diffusion barrier 330 oxygen would
laterally diffuse into the oxygen-permeabile gate dielectric 319 into the touching
gate electrode 318 directly above the oxygen-permeable gate dielectric 319. Ifthe
gate electrode 318 is made of a material that can be oxidized, such as polysilicon,

15 siticon dioxide deposits may aiso form at the interface between the gate electrode
318 and the gate dielectric 319. Since silicon dioxide is a dielectric, formation of
silicon dioxide deposits in the substrate 300, or in the gate electrode 318, would
increase the physical thickness of the gate dielectric 319. Furthermore, since
silicon dioxide has a relativety low-k dielectric value compared to that of the

20 oxygen-permeable gate dielectric 319, the effective electrical k value of the gate
dielectric 319 would dramatically decrease, essentially negating the advantageous
purposes for using a high-k dielectric material.
[0032] Another advantage of the thin oxygen-diffusion barrier 330 is that the edges
of the gate electrode 318 touching the oxygen-resistant spacers 330 are sealed as

25 well. The seal of the thin oxygen-diffusion barrier 330 to the edges of the gate
14



silicon dioxide deposits in the substrate 300, or in the gate el ectrode
318, would increase the physical thickness of the gate dielectric 319.

Furt her nowe,206i/01¢®3 silicon di oxide has a relatively | owrcC/weaid®esws c val ue
conpared to that of the 20 oxygen-perneable gate dielectric 319, the
effective electrical k value of the gate dielectric 319 would dramatically

decrease ssential ly. negat | t Vv I | a

i gh. k. glesrager S e 1T cldig e R GRA PR R B AR R R
oxygen-di ffusion barrier 332, i s thg% 'tge ed{%es of the gate el ectrode 318
t ouchi n& {MRTYRYHR Aot BlacEPRATelEpao he B3pSISOE seal ed as 25 wel|. The seal
of the thin oxygen-diffusion barrier 330 to the edges of the gate 14 WO
2004/ 01 TGER3] AeThesiatdg aben osing thecoxvgen-diffgsiondarset. Hiae swjBad H12% he
oxygen-perneabl e gate dielectric 319 help to inprove the hot electron

li f eti mgonfintidieast shuvai Bt Brgurf QY3 9ithl forvaihigetips 34 &fareshallowrsawgce/tein
oxygen-di ffusion barrier, the nethod may continue, as shown in Figure 3J,

wi thsf o diidH DyIdillzingra G #hbrant Fmereeg./ MahErous vll-RmewWenechrikyuast i | i zi ng
atip inmplant proCess. Nunerous well-known techniques nmay be utilized to

formti gﬁ?gﬁg L@B%éé‘gs @g@:ﬁdﬂsﬁﬂﬁ%e JdubsHak §6HOdh B erRboliffentighvgat i on,

the sub I ons havi ng an opposite conductivity to

t hat of .t he | tivit th L1 ..303, . Jf . d

o Eype Tetiaa, T supstiale S0pis SoPRd irh Bne Fakin T Refosls el o e
conductivity ions, to such as arsenic_ions, intg tt)eéog &fé tpe substrate
300 to fibereidhawendueiialy ofthe welllddy. oner exampigwkwg!l 345,823 & Y83 had an

n-type conductivity, then the tip inplant would include inplanting p-type
conduct iconidyctivitys thesuitle tis iniplaniwouldsnclude dmplastingpr-typle aanslustivitt ipAse 300
to formconvention P-tip regions. The gate el ectrode 318 protects the

S Ubﬁﬁo_r at®chesl Sdchrneas ntdwedap of thebabstrate 3B0%offoamcoaivagtiomgdiatiped 15

we Onrse-g'ions. if however, the well 303 had an n-type conductivity, then the tip implant
would include implanting p-type conductivity ions, such as boron ions, into the top
of the substrate 300 to form convention P-tip regions. The gate elecirode 318
protects the substrate region beneath the gate dielectric 319 from being implanted
15 with fons.
[0034] The dose of the implantation is lower than that used to form deep
source/drain junctions described in further detail below. For example, in one
embodiment of the invention, the n-type conductivity ions may be deposited with a
dose in the range of approximately 1x10" ions/om?. In addition, to ensure that the
20  tips 340 are formed to a shallow depth, the implant energy shouid be fow, for
example around 10 keV.
[0035] In one embodiment of the invention, the ions are implanted at a directly
vertical angle (90°) forming tips 340 that are in alignment with the outside edges of

the oxygen-diffusion barrier 330. A rapid thermal process (RTP) anneal may then

25 be performed to drive the tips 340 undemeath the oxygen-diffusion barrier 340
15



[ 00341 The dose of the inplantation is | ower than that used to form deep
source/drain junctions described in further detail below For exanple, in
one enboaome010393t he i nvention, the n-type conducti vi PETIUSRE)30R410DE
deposited with a dose in the range of approximately 1x10'5 ions/cn2. In
addition, to ensure that the 20 tips 340 are forned to a shall ow depth, the

I mpl ant ener gy, shoul d be w, for exanpleg around, 10 .k [ 00351 In one

enbodi neﬁ?g@%}[qai&q é’?ﬁaﬁb%‘é Pﬁ@?%ﬁ?rggﬂgl?rﬁﬂ?%ﬁfe&&ﬂ?%ggdi rectly vertical
angle (90) formng tips 340 that are in alignment wth the outside edges of
t he oxygHEN36] Pnesoreinasibir skiled gdbe ant. hapvayernaliracognize &t otraP) anneal may
then 25 be perforned to drive the tips 340 underneath the oxygen-diffusion

barrier Bthnidieswiapbe4adibreed ednplast tisshalo 8ps 840 gtant arggle ptherder neat h
t he oxygen-perneabl e gate dielectric 319, [00361 One ordinarily skilled in

the art, tevEyeran th!edﬁ@ﬁ%@iﬁﬁaﬂd?ﬁha?trqure b@ﬁbﬁﬂﬂhgﬂnmpwt eRefgr med to
i npl ant the shallow tips 340 at an angle other than 90. An angled 1on

| mpl ant agj,a8 tﬁ?énp@%’r"tﬁé iéh %é@ﬂfdt%n[}hgfi?é%di@ftéﬁbn@;T%P@Xmgﬁtﬁe the angle

of the ion 1nplantation may require e 10ohs to be | ant rough the

| ower port i 0 Ng di f ' bakr i X - pernmeabl e
gate di eﬁ@ﬁgﬁ Eh%@%%%ﬁﬁ%éfwg{]b@ﬁé@é bﬁ@%ﬁiﬁ ﬁ‘gﬂ}%h%)g@%%en- di f fusi on
barrier 340 or, the oxygen-perneable gate dielectric 319. [00371 Next, as
shown i nPRIGeRRIS age slielgcirit 3d 9rfa e %ﬁ@zﬁﬁrﬁ?ﬁ HBABYYING the AFYI®H t hi ck
spacers 344 adjacent to, and touching the outer sidewalls of the thin

oxygen- diffusicn barrieasdd er I3 0xygeii-perragalegatadielentsic SdBsi st of silicon
nitride or may be a conbination of silicon nitride and silicon oxide. In

e SCOEINnt, ey el - S o0 e ntomasan by
Process. tHifk 8pAEdI8 B4aTRAESRNG, Sd diRhing the outer sidewalls of the thin oxygen-
diffusion barrier 330. Thick spacers 344 may consist of silicon nitride or may be a
combination of sificon nitride and silicon oxide. In one embodiment of the
invention, the thick spacers 344 are an oxide/nitride/oxide (ONQ) composite
formed by a rapid thermal oxidation process. in another embodiment of the
15 invention, thick spacers 344 are a nitride/oxide composite. The nitride/oxide
spacers may be formed by blanket depositing a thin, approximately 50-100A,
oxide layer 341 over the isolation regions 302, the tip implants 340, the thin
oxygen-diffusion barrier 330, and the gate electrode 318, as shown in Figuvre 3K.
The blanket deposition of the oxide layer 341 may include any well-known CVD
20  process, including a BTBAS process. It is advantageous to keep the deposition
temperaturé, fow, preferably at 650°C so that the thermal energy does not disturb
the implanted tips 340. Next a 500 - 1800A thick silicon nitride layer 342 is
deposited onto the oxide layer 341, Silicon nitride layer may be formed by

standard CVD depasition methods, including BTBAS deposition techniques.

25 Again, it is advantageous to keep the deposition temperature fow. Then, silicon
16



I's invention, thick spacers 344 are a nitride/ oxide conposite. The
nitride/ oxi de spacers may be fornmed by bl anket depositing a thin,

appr oxi mewel290407300A, oxide |ayer 341 over the isol at ipen/usegizoas0802, the
tip inplants 340, the thin oxygen-diffusion barrier 330, and the gate

el ectrode 318, as shown in Figure 3K. The bl anket deposition of the oxide

| ayer 341 I nc e any. | - k CVD, 2 roces I ncludi ng. a BTBAS

br pcess. MY lavaeudh end i teeragh dranisenaBicans richae Beptin fieR, ov,
preferably at 650C so that the thermal energy does not disturb the

i npl ant e#PaGe5s 3440as flagwn dn Figure Aigod Retthickispareiscitt answedbal ayer 342 is
deposited onto the oxide layer 341. Silicon nitride |ayer may be forned by
st andar dsubfaqdepbdeep onplaat does not disturbithe tiB BBASrkrlying therthiokcdpsicgoes. 25
Again, it is advantageous to keep the deposition tenperature |ow. Then,

silicon 344 VEngeQdeitly BRStHREITspETE 34AXMbR ba fdrmeateinickyand dAde and oxi de

| ayer 341 are anisotropically etched to formthick spacers 344, as shf)wn

i Fi : . ,

does hot T el e O e AR B e RSP QbR lorimpnangn iR | TPl ant
enough t BoiSHd0EIBule 3 TG ERRIRR Bt S LU T BB, on. -
descri bed  below | tﬁqguqrh%pg%l éé‘gom overwhel m ng the portion of the shall ow

in
tip 340 UGRiBeAKLDS cers 344. 100381 Next, as shown in Figure
3M the substrate 300 is subjected to a deep, high dose inplant process to
f or m dee[P0BBhdekbasshonrendrigure 38Y itoa subsgigaterdGlnis subieaked ko aetgiepn 303. The
deep inplant includes inplanting ions with the sane conductivity type

i mpuri ti Bighukese inpldriprotdss i foendtbp jBactiexesgte/drain regldns3MB instheof a
p-type conductivity, an n-type on is inplanted, whereas for an n-type

;‘r)ggﬁ(i?tci Well YediBh 13032 The ¥8&p iMPlaht incllRIANk@fantEGa0RS dith thelespfe | ONS i ncl ude
conductivity type impurities used to form the tips 340. For example, if well 303 is
of a p-type conductivity, an n-type ion is implanted, whereas for an n-type
conductivity well, a p-type ion is implanted. Exemplary n-type ions include arsenic
and phosphorous, whereas exemplary p-type ions include boron. Atthe same

15 time, if the electrically conductive gate electrode 318 comprises polysilicon, the
deep implant process can be used to dope the polysilicon in the gate electrode if
not previously doped. {n one embodiment of the invention, the deep implants 348
are formed to a concentration of between 1x10'%em?® - 5x10%°/cm?® and a depth of
approximately 0.15-0.25 micrometers. An activation anneal may be performed to

20 activate the tips 340 and deep implants 348. The anneal may be performed with a
RTP at a temperature of between 900° C — 1200° C, with 1050° C being
preferred, for approximately 10 — 300 seconds, with 20 seconds being preferred,
in a nitrogen atmosphere,

[0039] Several embadiments of the invention have thus been described.

25 However, those skilled in the art will recognize that the invention is not limited to
17



and phosphorous, whereas exenplary p-type ions include boron. At the sane
istime, if the electrically conductive gate el ectrode 318 conpri ses

pol ysi | i cwn,2004ma739deep i npl ant process can be used to dep#/ushe3pedipsili con
in the gate electrode if not previously doped. In one enbodi ment of the
invention the deep inplants 348 are fornmed to a concentration of between

x1019/ a . dept,h of ma 0. 15-0, 25
m cronet g?gsemkﬁgﬁ%)rﬁgﬁgﬁggﬁﬁg'caﬁﬁ B"@CB%&PB’% 0%!@0% napd @ieratione ti ps
340 and gmgp npl ants 348. The anneal may be performed with a RTP at a
t enper at HETHesRE gespecot e@ﬂmnéedmtmsﬁbgbfo@oweu ng preferred, for
approximately 10 -- 300 seconds, with 20 seconds being preferred, 1in a
nitrogen atnosphere, 100391 Several embodinents of the invention have thus
been descri bed. 25 However, those skilled in the art will recognize that
the invention is not limted to 17 WO 2004/017393 PCT/ US2003/ 024108 the
enbodi nents descri bed, but can be practiced with nodification and
alteration wthin the spirit and scope of the appended clains that follow.
WD 2004/ 017393 PCT/ US2003/ 024108 CLAI M5 What is clainmed, 1. A nethod,
conprising: formng a gate structure on a silicon substrate, the gate
structure conprising 5 an electrically conductive gate el ectrode on an
oxygen- perneabl e gate dielectric, the gate structure having sidewalls; and
formng a thin oxygen-diffusion barrier on an entire sidewall |ength of the
gate structure, the thin oxygen-diffusion barrier to prevent oxygen from
diffusing laterally into the oxygen-perneable gate dielectric.

18



10 2. The nmethod of claim1, further conprising form ng shall ow
source/drain extensions in the silicon substrate adjacent to the gate
struct ur ewormerdiiatel y after form ng the thin oxygen-di fricagisesn3wasmog er. 15
3. The method of claim11l, wherein the oxygen-perneable dielectric |ayer is
a high-k dielectric material. 4. The nethod of claim1l, wherein the thin
oxygen-r esi st@_l\wgy Is formed to a thickness between approximately 2 A
to 300 A 20 met hod of claim 1, wherein the thin oxygen-resistant

| ayer does not contain diffusible oxygen. 6. The nethod of claim 1,

wher ei n the YWhatingpeedy esistant layer is a nitride. 25 7. The met hod of
claim1, wherein the thin oxygen-resistant layer is formed via a

| owt enplr atArmetbﬂodceem,anmgThe rret hod of claim1, wherein the thin
oxygen-resis | ayer B p 19 WO 2004/017393
PO 82003/ BT 2t BEURRIHGH 2GS WPt InpIHES SRUFHIP RS TRERIGE i g

the met hé’rﬁje!e@ngggg I\étﬁlﬁﬁg@tg\}ea%‘; ﬁ i?é%&f&{é b 9f géﬁiﬁé?ﬁiébblelgate%:@l%ﬁ&d

conprising 5 ctric Fayer on a substrate
hi-gh- k dihelgate struoﬂuagéavmlgeald@waﬂsgmnﬁ per meabl e to oxygen diffusion;

depostt N9 AReRREh b FabboR IR b5l o Bl DR e LA ool T
form  gate structure, the thin oxygen-diffusion barrier to prevent axygen from diffusing
laterally into the oxygen-permeable gate dielectric.
10
2.  The method of claim 1, further comprising forming shallow source/drain
extensions in the silicon substrate adjacent to the gate structure immediately after
forming the thin oxygen-diffusion barrier.

15 3. The method of claim 1, wherein the oxygen-permeable dielectric layer is a
high-k dielectric material.

4, The method of claim 1, wherein the thin oxygen-resistant layer is formed to
a thickness between approximately 2 A to 300 A.

20
5. The method of claim 1, wherein the thin oxygen-resistant layer does not
contain diffusible oxygen.

6. The method of claim 1, whergin the thin oxygen-resistant layer is a nitride.
25

7. The method of claim 1, wherein the thin oxygen-resistant layer is formed

via a low-temperature process,

8. The method of claim 1, whetein the thin oxygen-resistant layer is formed
30 via a BTBAS process.
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a gate structure on the substrate, the gate structure having an
electrically io conductive gate electrode and a high-k gate dielectric, the
el ectri caWwbyoeondissti ve gate el ectrode and hi gh- k gat e pdiralseaBroeao®avi ng
vertically aligned sidewalls; blanket depositing a thin oxygen-resistant

| ayer over the gate structure and on the vertically aligned sidewalls of

the el i duct i | ect r qd high-k gate. dielectric, th
thi n_ oxyden- r 584 SRR PLS Ml B vac e RHTeRIE e BRRtR AL T
appr oxi ngiededinihyidkydBRAvecOsViRftinggitr opi cal |y etching the thin

oxygen-resistant “layér to forma thin oxygen- diffusion barrier |ayer on
the vertically aligned sidewalls of the gate electrode and the high-k gate

dielectrjg. 20 . The .ngd of claim10, wherein the electrically
conduct i b/é I Q@%&P&&ngﬁé‘ngpm ysilicon. 12. The method of claim 10,
wherein the thﬁsiﬁﬁ?@ﬂﬂgh%diéte%mc lapstibaial didhstraks the GRYIPK idkslsctiic tayete. 25

13. The nmethod of claim 10, wherein the thin oxygen-resistant |ayer is
deposi t eBeinginighly hgraepblp toanyeerdiffusioiiocess. 14. The method of cl ai m 10,

wherein the Qe - i ' i : erature
of |ess thantdgbgﬂﬂﬁ%?‘@%g&hé@)ﬁgéd‘ do@@%éé%rfgﬁh\%ﬁgg@iktn(ﬂglt?ghf(ﬂlak&r’m

oxygen-r esi stpatteriiay @fe ekeclricatly tonductilief thysi dnid highyk) divlefic W2 GO MIrG1 7393
PCT/ US2003/ 024108 16. An apparatus, conprising: an oxygen- eir neabl e gate
di el ect r RO EFUGIHFR0R t@%ﬁﬁggtﬁqt@;t @ﬁ@é@ﬁ?‘@ﬁﬁﬁy’%ﬁ'&@ W‘gﬁ Yate el ectrode

over ;§ he gy a4l Reiderkli® 483 a high-k gate dielectric, the electrically conductive
gate electrode and high-k gate dielectric having vertically aligned sidewalls;
blanket depositing a thin oxygen-resistant layer ovet the gate structure and
on the vertically aligned sidewalls of the electrically conductive gate electrode and
high-k gate dielectric, the thin oxygen-resistant layer deposited 1o a thickness
15  between approximately 2A to 300A; and
anisotropically etching the thin oxygen-resistant layer to form a thin oxygen-
diffusion barrier layer on the vertically aligned sidewalls of the gate electrode and
the high-k gate dielectric.

20 11. The method of claim 10, wherein the electrically conductive layer comprises
polysilicon.

12.  The method of claim 10, wherein the thin oxygen-resistant insulating layer
comprises nitride.

25
13.  The method of claim 10, wherein the thin oxygen-resistant layer is
deposited utilizing a low-temperature process.

14. The method of claim 10, wherein the thin oxygen-resistant fayer is
30  deposited at a temperature of less than 650°C.

15.  The method of claim 10, wherein the thin oxygen-resistant layer is free from

diffusible oxygen.
20



5 dielectric; and a thin oxygen-diffusion barrier covering the entire
sidewall length of the gate dielectric, the thin oxygen diffusion barrier
to prevermwomgaamdBrom di ffusing laterally into the gaterdisetsmrsiog. 10
17. The apparatus of claim 16, wherein the gate dielectric is a high-k
dielectric material. 18. The apparatus of claim 16, wherein the
electrically conductive structure is polysilicon, 15 19. The apparatus of
claim 16, wherein the thin oxygen-diffusion barrier has a thickness

bet ween &ppPr AXigpRbAdths 2odnpBsis§0 A. 20. The apparatus of claim 16, wherein
the thin oxygen-diffusion barrirer 20 conprises a nitride material. 21. The

appar at us of 8@ Payge-eerMpableigate Hisletlrin oyriyag-aisuisiedten barrier is free

fromdiffusi : i LL.cuj I8t Ng. . a

i 11 con supsty SIEHEM:cgh R Ba ARG BV hbidivbigniRERid-P L Bare
substsr atciieiettrie; Ahgh-k gate dielectric having sidewalls; an electrically
conductive gate el ectrode overlying the hi gate dielectric;

h- k 30 d
thi n oxygen- d HiREeHANTHSION Rasyer ‘F‘?l‘{?”tnﬁlaﬂg‘érﬂﬂﬁf% sigdeyaldengthaidpe gﬁfea'? hea
hiah- K . it e e . i .
oxygen (S aneiy P byaq bRl Y e Bk e G R ReR B ng "

2004/ 01 Aa&3alRAMtdBR0gRE Clidl&0Bic.

10 17. The apparatus of claim 16, wherein the gate dielectric is a high-k dielectric
material.

18.  The apparatus of claim 186, wherein the electrically conductive structure is
polysilicon.

15
19.  The apparatus of claim 16, wherein the thin oxygen-diffusion barrier has a
thickness between approximately 2 A to 300 A.

20. The apparatus of cfaim 16, wherein the thin oxygen-diffusion barrier
20  comprises a nitride material.

21. The apparatus of claim 16, wherein the thin oxygen-diffusion barrier is free
from diffusible oxygen.

25 22. Anintegrated circuit, comprising:
a silicon substrate;
a high~k gate dielectric overlying the silicon substrate, the high-k gate
dielectric having sidewalls;
an electrically conductive gate electrode overlying the high-k gate dielectric;
30 and |
a thin oxygen-diffusion barrier covering the entire sidewall length of the high-
k gate dielectric, the thin oxygen-diffusion barrier to prevent oxygen from diffusing

laterally into the gate dielectric.
21



23. The integrated circuit of claim?22, further conprising thick spacers
adj acent to the thin oxygen-diffusion barrier. 5 24. The integrated
circuit oWochesm®3d, wherein the thin oxygen-diffusion parnisesos/oecanpri ses a
nitride material. 25. The integrated circuit of claim22, wherein the thin
oxygen-di ffusion barrier are free fromdiffusible oxygen. 10.26. The
integrated circuit of claim?22, wherein the high-k gate dielectric has a

di el ectric constant substantially higher than that of silicon dioxide. 27.

The i nt e at THeGhtegrited @ircOlt aF Blaf 22VAGHRIr ot thikk gd@rdiaiR@hti ¢ 15

conprises a material fromthe group consisting of netal oxides,
f err oel e@tthedlin oygpRphidusiombegiersi | i cates and silicate oxides, and
paral ectrics. 22

5 24. Theintegrated circuit of claim 22, wherein the thin oxygen-diffusion barrier
comprises a nitride material.

258, The integrated circuit of claim 22, wherein the thin oxygen-diffusion barrier
are free from diffusible oxygen.

10
26. The integrated circuit of claim 22, wherein the high-k gate dielectric has a
dielectric constant substantially higher than that of silicon dioxide.

27. The integrated circuit of claim 22, wherein the high-k gate dielectric

15 comprises a material from the group consisting of metal oxides, ferroelectrics,
amorphous metal silicates and silicate oxides, and paralectrics.

22



