; €3eU<UB889d: 40; 0" <6<T<bj 24 , P14087PCT UNI TED METHOD AND APPARATUS TO
P@@é&kﬂ' LATERAL OXI DATI ON I N A TRANSI STOR UTI LI ZI NG AN ULTRA THI N
DI FFUSI ON BARRI ER s FI ELD [0001] The present invention relate

generally to the field of sem conductor technol ogy and ‘m mmmaiﬁ“f i cal ly,
to preventing lateral oxidation in transistors utilizi thin

oxygen-di ffusion barrier. BACKGROUND [ 0002] Typically, in semconductor
" processes, a transistor device includes a gate characterized by a gate

dielectric overlyln a _substrate, and a gate electrode overlving the gate
_di el ect ri UNITiD é’HQQHAN&‘APSPARkTU WQBR?MQN%U'GA%\E%M erial, such
as doped pal S|I|con or netal e ri nally is
been & | ovOXIBATIGN it AtrRANSISTOR, CfLiZNEANLTBECTHING) ™' | D003)
However, due to the gr t or devi ces, the | ow k
dielectric has had to &X&?ﬂn@%ﬁﬂg’éﬁ ma At a certai n thinness,
however, the lowk gate dielectric begins to |oose its dielectric
qualities. Consequently, a nore conventional practice has been to repl ace

thesl ogygggielectric with a high-k 20 dielectric. A high-k dielectric can
prow de greater dielectric qualities at a | ower thickness than | ow k

di el h
or §bféi%dﬂf§fi ThEH 8%!@ e el it *@%ﬁ%ﬁ%é'e%é"ﬁfcﬁmﬁ%@%e? Toabl & to
oxygen di n t t th of
oSSl i, e ponibh b 6Duhy BBl Refln P RABOR. o212
structure 100 accordlng to 1

utilizing an ultra thin oxygen-diffusion barrier.

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 a low-k dielectric material, such as silicon dioxide (Si02).
[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 dielectric 102 in a transistor gate structure 100 according to

| T .
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P14087PCT the prior art. Referring to Figure 1, a high-k gate dielectric
Pﬁ@g"Qﬁerlies a silicon substrate 101. Over the high-k gate dielectric 102

I's'formed a gate el ectrode 104, also known as a gate term nal, made of an

el ectrically conductive material, such as doped polysilicon. Subsequently,

processes such as |ithographies, anneals, s and spacer depositions can

i ntroduce oxygen 106, either as part of the process or unintentionally, as

" anbi entthexyiae art. \R&féhingi tbfﬁig_ﬁfe 1 24 Bighlk yatehdielectritt £02 sverlied a silieenhi gh- k
gate dielectric 102 and oxidi zes portions of the underlying silicon

.substr oy L) : I form
undesi ?éal&sérg g ggﬂdgggrsﬁégmé%g%lgat%ﬁ%ﬂ?q%é%?@%f@%%ﬁ??%o%ég’re very
undesi r gbl e because t.h effectively increase the thickness of e gate

i el octARe KGN 25 g dmana made ot 8L 5Ty haTulethEaRTe0 suth o,
Furthernore, the Si 02 deposits 108 reduce the net dielectric constant of
the gatas deredpelysilicornSubseauently.myoeersesspighiasiibearaphieseanpneals, t .
Consequently, the benefit of utilizing a high-k gate dielectric is |ost.
Addist i carad $pacer depositigheanintrodiuce okggerad 86, rithes ias giartofiibe processiary at t ack
the area of the silicon substrate 101 where the channel will be, thus

det r i majHimtehtiomdifyeas bﬁﬂ)iél’ﬂ@)xpgélﬁ,%mﬁ@lﬁ‘fusﬁestlﬂérélga(haﬁmméllﬁ)hﬂfo thel | be
formed fromthe gate structure 100. BRI EF DESCRI PTI ON OF THE DRAW NGS

[ 0005] @@?'P‘ﬁ%?? ggah%&ytﬁa/%i %ﬂa dxilized wrgaﬁg 6fitHé/uH8‘éﬂr¥gfg Sy fostafe shoul d

not be the tfigures of the acconpanyi draw ngs 1 n which Iike

refere s ndi cat i i l.ar.ele t i Leh: j 1
illustr egmfﬂ’? %v&? 'é(ﬁ&girga‘?'%é'f@é‘ﬁg&?e@@&ewg?‘ﬁ Wy %ﬁ@%@a&@gﬁ@fhi ghk gate
dielectric jn transi stor gate structure according to the prior art.

[ 0007] qﬁpé’&!t%@ai |lustrates a transistor with a thin oxygen-diffusion
barrier, 2s according to one enbodi ment of the invention. P14087PCT

[ 0008] [B90]rkheseBiO, drppsits, 10§ arevery madesitalle besause they effegtivelyt or with a
t hin oxygen-diffusion barrier to prevent |ateral oxygen diffusion through
an oxydecrpesetizbthicimess ofithel gate dielgctric dO2dntydearease: thenthickiness of thie t he

i nvention. s DETAILED DESCRI PTI ON [ 0009] Described herein is a method and
appar atgsie efeckioge eiod. | Rirthedinof ithe SiONdépositsai 08 riduce thé net dieleictrid owi ng
description nunerous specific details are set forth. One of ordinary skill

in the @hktant® ate WidlbctBB R0 i casiftpihe fpeRitaR&s bf the dkelidi | s are not

& S a
necessary to practice enbodi nents of the invention. Wiile certain io

b T T
Lo 6. ARoBL e e M Bl VBB R B AR,
SO AR TGP e P omoe b B85 B ot

fabrication processes, techni ques, materials, equipnment, etc., have not
been sqrerfosmance of ther transistar thagé will be formaddfsemttbe igate ativetvees$80.i |y obscure
enbodi ments of the present invention. [0010] According to enbodi nents of

t he i NBERIBFODESERIPTIEN O TEENDRAWINGS8d and apparatus are described to
form an oxygen-resistant diffusion barrier on the sides 20 of a transistor.
The ox)|ge05] M pregsht idvéntion ieMusthtedby Rag\uf eixanpley gad shoalk ribtbleusi ng

| aterally into the sidewalls of a gate-dielectric that has very | ow

r esjyst a}ff'l‘ﬁfeo; meftfies bf feSdRBMpANYING d}hﬁlﬁ{g[smr\ﬂﬁchﬁii?é?efa?e?\c%shi gh

permeabi |1t 0 oXygen diffusion. By preventing |ateral diffusion of
oxygen,. t.he, u i or the overlying gate electrode, is
pr ot ect'@@cgpoﬂﬁﬁhé%ISB%@g%géa ﬁ%ﬁiﬂ‘i on. 2s Application is particular
advant ageous_for high-k gate dielectrics since i gh-k .
[8006] Figure 1 ilﬂlstrategs t‘me potent?a(l:e ects o0 oxyger?gﬁ}us%ngthrough 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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P14087PCT gate dielectrics are highly perneable to oxygen diffusion.
Pgﬁéﬁ" quently an advantage of the oxygen-resistant diffusion barrier is

[ ran5| stors can have very thin gate dielectrics yet not suffer from
| ateral oxidation that normally occurs with high-k gate dielectrics. As a
result, integrated circuitry can be forned smaller s w thout experiencing
| oss in performance or reliability. [0011] Figure 2 illustrates a

“transi ﬁgeﬁsﬁﬂaum HAZ KN iMustrard 8linélinbl W fsriniRg artr Aisistewitikadhindi ng to one
enbodi nent "of "the invention. Referring to Figure 2, a transistor 200 is

for mdﬁwggg%éﬁlhsﬁtgﬂbé}?%ﬂég Ivehb telépo gquSﬁ tHrd {;ﬁ aﬂaé gh6| ectric

202 e C elng per meabre to ygen

di f f usi on, o] d on the surface of t rate 201 and a gate

el ectr &%"‘E@Bq %atPrJ'?ngWCf BFGREding fo PRE %&%ﬂwﬁag?ﬁb&ﬁ%e % dielectric
202. A thin oxygen-diffusion barrier 206 is formed on the sidewalls of the
gate el ectrode 204 and on the sidewalls of the oxygen-perneable gate
dielectric 202. The transistor 200 al so includes a pair of thick sidewall
spacer DRTRILED DESCRIPIEOMN to the outside edges is of the oxygen-diffusion
barrier 206. The transistor 200 includes a pair of source/drain regions 210

each cqgped) Detribe@Hereiffis hinhethed and ] ﬂugwgféﬂieﬁmﬁt@mioﬂ&!&timﬁ\ a deep
j unction source/drain contact region [0012] Still referring to Figure

2, the tHHsrkt Y 9hREKd) il%%ﬂgf?e&?f tibfi fnu?rﬂe@o@sﬁ%ﬁc Hétaﬁs éffé hthat is

hi ghly resi’s ant to u5| nventi on uring Zo

process tr certain cesses, C r t hat woul d
i nci deré%‘g Pg @@?ﬂﬂ Q&?ﬁe’ﬁo‘ﬁ%‘f%ﬁgﬂo@pdﬁ?@ted?@k &P%gs%%f@ ({ggg!?xygen
usual |y during an OX|dat|on process or via other esses, cont ai ni ng

anbi entargnphRCESIAEY &Qﬁ’éﬂc%mb@d&!’ﬁgntﬁffHﬁ@"?ﬂt‘ﬁgﬁ%{"ﬁé etalyen- per meabl e
gate dielectric 202 and oxidize the underlying substrate 201 or the

overd yiexgmplary erhbediments bave bagredescribadrid owibin HeraacampaEadr abl e
silicon dioxide deposits that would adversely 4 P 14087PCT affect the

per f or narawingsf it isito be anderstand thabsictpembodimends dee megelylilustrative apdor

i noperable. The thin oxygen-diffusion barrier 206, however, covers and

seal st restrletval bfxhelcuirient PwEaRsh, Rektiabihts ineestich il it réstricieddoand
prevents the |ateral diffusion of oxygen into the oxygen-permeable gate

di el ecty %%p\% ﬁﬁ cﬁn%tﬁ%nl%}\s%nﬂ%rMén@%vah%W@és%nBe&%H&@d of formng a

t ransi s oxygen- sion barrier to prevent | at er al
di ff th . di
Lo one BAnfkatRRAY SBREBInaMk: PRRTRRSLIES I el 1f b sthficed 000! Hl MO,
field t 0 f d i t OO The t

" Subsat P LR SRR 3%5‘&%&98&?5%#%%?%&8% P& Sronocr yot al | ne
silicon, as vvel | as structures that have o Sogeﬁago nsul ati ve,

sem -i rmwme%)et%ohmm \Reenget dith bupRtiey i@ "Qht eri al s. Thus,

for exanple, the termenbraces silicon-on-insulator, silicon-on-sapphire,
and ot me&smdyedbswremb@hmenﬁoq)fathecmes&!'@|In)m1tI902 may be shall ow trench
isolation (STlI) or deep trench isolation regions formed by etching a trench
i nto t eor)sdoording 36 enmbodimentsiufithé inviention dbscribegiiudrein, amethddzosi t ed
oxide, nitride, or other dielectric material. Field isolation regions 302

may al ﬁaﬁ@%@@eﬁ&r‘nﬁédﬂoﬂﬁrrﬁ% hiredisiant dffusish basdePontes erieed LOCOS,
or sili on insulator (SO ) nmethods. [0014] The plurality of isolation

regho Sof‘?éoﬁaﬁﬁgbﬁt $he o‘ﬁ%én ?egfst%t @ﬁﬁsb}ipq% Wﬁ%ﬁ% é}xﬁgéﬁ @ohyel | s 301 of

ot h#) ype conducti vit a region of a

7P SRR SR R PR SR

i npl ant of boron atons at a dose of 3. Ox10]13/cn? at ner of 230 keV
fol | onel@ Wgﬁnggﬁ&'ﬂi"qurﬁ? giher yords that h%%%&h BF'HE??@%Y? 3/cn2 and an

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



2s concentration of 7.0x1017/cnB8. A well of n-type conductivity may be

P1f ﬁﬁﬁ‘% by a P14087PCT first inplant of phosphorous atons at a dose of
4 /cn2 and an energy of 475 keV, a second inplant of phosphorous atons
at a dose of 2.5x1012/cnz at an energy of 60keV, and a final inplant of
arsenic atons at a dose of 1.1013/cnR at an energy of 180 keV into a
silicon substrate having a concentration of 1x1016/cnB in order to produce

“an n- Weddte kit &tHcBré highRepTRIERBIY foddiy@Bn &iffdion. OBbrgéqlently, & 1017/ cnB. |t
is to be appreciated that p-type conductivity regions and n-type

_conduct Y e : : t hose of
or di nar%/dvs?blyqq’e ‘lgflr;ﬂ?%e rrt‘ P%%gé@ﬁﬁén%ﬁrd%%éﬁﬁ%ﬁe Wzrahsatv%hovm I n
Figure 3B, with bl anket depositi ~0 electri.cally insulative
(" di el &y thin )GaFea9@%(§'¢ﬁ§ & not, sute feamp dateral @psidatian et namally 8FM8gi ons 302,
the dielectric layer 304 being highly perneable to the diffusion of oxygen,
or, in withbighdogate, dielecticsgévs-geasuliaiptegrates ituitryccanbe forgrd smallesne
enbodi ment of the invention, the oxygen-perneable dielectric layer 304 is a
hi gh- k witiedut experdenaing ldsslin pedformandecodetialsilityed bet ween 2 A to 50 A thick.

I s Conventional techniques for blanket depositing a | ayer of high-k

di el ectippfi]Fgare 2lillishates’s traRsisicr 2008685 A thif Dxp§erdifusicH barmiet 2061 ques.
[0016] The term "high-k" is arelative termthat refers to a nmaterial with

a diel ' | S N : ; hibie@pn di oxi de
(Si 02) %E’F‘ﬁﬂgg‘?%%\%ogrﬂméu S?Qﬁﬁ%ﬂ?@f"h; !gﬁféeiri'"éﬁg?'%%%g Eé*éﬂ%\%gry hi gh- k
mat er i used in the .20 formatio f AlLNte te ey c i met al

g)é il_destaﬂ(oza '589'7“%]25 a ﬁ-"l'zcd? "Tuﬁgg?{e 2%@35"5?‘!8%& %‘S’H‘%&'T}ggﬂ%‘ﬂﬂg% 'r%![ cs ( PST
(rF D2, 202 3y6h 8@ DK GelerirE-paimaRBnY RerAbIEPHED- 045N 801 7] 1 gh-
dielectrics are very useful to the formati on of transistors because of 2s

t heloef fforhed endhe surfacenbf thei substrate 2@1 pnd pgate elecioderZ94hs gmtlnnat eri al
D ena i s st 15 skBirignt 1 -
qual i t ifeAn n b -pe € iga .OAHbI gen sien y in ye
still possess very good effective electrical "thickness" in many cases nuch

gr eat erpdri@madd fBfrhes oh\the sldewalls oRthd Gatekelectrodyl 264 8Rd oh the equi val ent
physi cal thickness. s [0018] Despite the many advantages of utilizing a

hi gh-k s‘i{l(éibdiﬁi%téfitﬁe !o?gé%i—g&ﬁﬁ%lé%%té’&ie?e&ﬁ@?@i?ﬂ%traﬁ@%\’?bo alyy classes

of hi gh- el ectrics e an unfortunate di sadvantage) they are highly
e gl B U oL Felidecp B ok, (o
d ellsemcgfitﬁe g&{/gr\i-ﬁ;ﬁus% Saerr gre ?(%.yThg r%?rgig{or}%otbc}nglﬂges 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] Still 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 other 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



i 0 enbodi nent of the invention, the oxygen-perneable dielectric |ayer 304
Pﬂ%ﬂ,?‘.nonyrmusl y be referred as a high-k dielectric. However, other

enbodi ments of the invention may utilize other dielectric materials that

are not necessarily high-k materials, but that are still highly perneable

to oxygen diffusion. [0019] The nethod may continue) as shown in Figure 3C,

with bl anket depositing is an electrically conductive naterial 306 over the

- Xy gen-gFRickRbp&fsthiineetor itite trasistoB(Qsernaps svémieridering the tiaadistart h the
technol ogy. In one enbodi ment of the invention the electrically conductive

.materi i : PN , b A . } posited
T o t nhopsigble” Rt ¥yder iftibh b 2081, naWeVE!, coterarlSedig the e

preferable. ventional polysilicon e ! sses are
el | krisigwalfs GBS arposh-RErEmG cBRARIME0s AR Brbists B RIGES 2na
physi cal vapor deposition (PVD). Such depositiqn pr sses typically take
pl ace diffsion ef exygesdntotherpxyganperpeableate dé@p’t&: %ﬁgwever t hese
deposition processes nmay take place at higher tenperatures. Silane or gas
st r sang0013]tRiguresy3A2- 3M ilistrate a oelpd of forining adtansistomwitipalthisi | i con
deposition process. 2s The electrically conductive | ayer 306 can be ion

i npl ant(gg BR-diff\siciebarries to/ Frev@ﬁﬂﬁ?ﬂrﬁﬁﬂiﬁu@i&d@bkygémﬁwm anaxiygew! prior

to, or after, patterning. In other enbodi nents of the invention, other

mat er i i . . . . S of | ol Tl i con,
| BemEBBIGatt Gilibg e, Acbof Rl 45 She eiidhienctr e ibveenol . polysi ||

such a tal oxide, single crystalline silicon,
anor phays, St l | | hiaCl . erjal. isqthe art to
Form = 15gieting iyl 3y BaSupityd e kERuSh usn¥ Boa 2ERhading'"

har d- mask 312 the elecirically conductive |ayer 306,  as_.shown in Figures
3D - 3éub389ter§¢b-m£h? -??{Hb\ﬂﬁ’bﬁﬁ?'ﬁo8909@935%656%13%de8er%' FYR har d- rmask
on an electri Caltlaﬁi conductive |ayer 306. In the enbodi nent of the invention
shown ias mogoewstatiinersiliconaps wellas sinuctyres that haverenegigmele Ve ng a hard
mask | ayer 308, such as a nitride layer, via a chemi cal vapor deposition
(CVD) wsemi-ibtidatives conductiviey or sericonduetivealpyers3el materigls. cahus, for

phot ol i t hography process can then be perforned including the well-known

st eps QxafsiK| the teX RAfbrages silicbrieninsupatog silicoharesaplite, bagiathéro form a
phot oresi st mask 310, shown in Figure 3D. Then, as shown in Figure 3E) the

is patt ki ' AW trefich dldtnEsIH) ng | ayer
308 by %@H?ﬁ%gﬁﬁ%ﬂﬁéE?ﬁghlégﬁ@ég%gé?éhfyhgé ?gg of t hg el ectri cal)l y

conductd e Réicni0Batitls dhiah dforMRAIY Eshihh dSkcrfb i Gldstiard Bgoet ch,

t hus producrng a over the y conductive [ayer 306.

[ 0021] Thge, nethod .continues ho I I Qur i ving the 20
pho‘t%re%’]‘g"lheﬂﬁ@wgéﬁﬁ t’fﬁ‘ﬁH&'ﬁhﬁ&%ﬂ@e‘f’@%ﬁ’ﬁ@ggr gfé%]\r%ac 'éich/ggl ayer 306 down
to the top of the oxygen-perne e dielectric | . .304,.usi ng,the hard- nmask
312 to ’Hﬁ%‘ﬁ'-tﬁ'@'%’ﬁ@%ﬁof‘ﬁ&mﬁ 35{2."?@' a‘sefﬁ%%cfeei‘?%%@%'meﬂlﬁ’é“%% 9%al so known
as a gate electrode or gate termnal, underneath the hard-mask 312. The

et chants@hassHAGOS, seeessedd-QEOS; or skiceR opdnsiietor (RON4pethodss, but not the

hard- mask 312 or the 2s oxygen-perneable dielectric |ayer 304. To prevent
| at er al [0@14]tThegplurdlity bhisolation regions 302 isolate a well 303 of one type

conductivity from wells 301 of other type conductivity. 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 p-type 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 boron 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



P14087PCT sidewal | s of the gate el ectrode 318, a dry etch is preferable
Pq{’}yp'bii ng a Chlorine based chem stry. A hot phosphorous etch nay then be
'"ed to renove the hard-nmask 312. [0022] Next, the nethod may conti nue,
as shown in Figure 3G with etching the s oxygen-perneable dielectric |ayer
304 to the top of the substrate 300 and to the tops of the isolation
regi ons 302. The etch chem stry should be such that the oxygen-perneabl e

~di el ethfréﬁer?éfﬂ lof BRAsporeus Brindut a desé beax101¢/crmitarior @i en&igy.of 476 gat e
el ectrode 318, nor the isolation regions 302 are etched. The etch | eaves a

' 5?1){1; gg&f?’%%ﬁ% ob@%g@@g@@g@g&ﬁ%ﬂhﬁ@? %%% ?%s&g@éﬁ;ﬂﬁ: gl ectric

| ayer 304 is 0, kno s .a gat ielectric and s t erial as
o oxeropef ke andafan e of aeBs At s e, 18 TR
oxygen-perneabl e dielectric | ayer underneath the gate el egt {‘(&g,g 3%8 w ||
her ei n aneenesgy of 480 keVintoa sijednsubstrate having a epncesiratien SEIXELHICE gat e
dielectric". In one enbodi nent of the invention, as described in is further
det ai | imloader,to phedureyaren-well airig an getype dopteniration of epproxipetelgs a hi gh- k
dielectric material. The gate electrode 318 aligns the etch so that the

si dewal7 gx 10" /eRe, myg@aeraerraﬁézba teatetypeondutiivityFegions anden-typeal | y
aligned to the sidewalls of the gate electrode 318. To minimze the risk of
etchin P : f fetch. In one
enbodi ?r:ghp Egﬁ?ﬁé&?ﬁg&% %ﬁi{%{n 0 yﬁﬁgﬁaﬁsﬁcﬁﬁﬂcﬁﬂm&s?P gé)r?ay i ncl ude a
50:1 HF g.tch folf' 44% segconds, or until the oxygen-perneable dielectric |ayer
304 i s LORANCN P PEAYed fromthe surface of the isolation regi ons 302 and
fromthe surface the substrate 300, exce for dir underneath the gate
el ect r J0@5} The methodynay, continue, agishows; IpFigurs %gn‘dﬁﬁww?gﬁ@s'g"g
oxygen-perneabl e gate dielectric 319, the etching of the oxygen 2s
perealsneeldctacaliy insulativg §dieteatrich dayes 394 andthersubstiate 3Q0 and PBduce oxygen,
whet her P14087PCT directly as part of the process since the

oxy gen-igsatimaidgionsa3@2, dhe distectric 1260 304 Ibeirigshighlyestheable totbeoxygen woul d
diffuse laterally into the oxygen-perneable gate dielectric 319. [0023] The
gat e eldhidioref y@enndr, il other wistds T oRjdnepgraienble dietedtric layéd 304o0get her
define a conposite structure 324, sonetinmes known as a gate structure, or

gat e, | h¥éntion! t ] ' icRYEN304is-i gure 3G
t he si gév?/glﬁléﬁ) @Eg?gfaﬁgwg\??‘l}@ﬁﬂ% @Z?ege%?ﬂﬁgyfﬁlgleﬁgb egge 32(|) of the

%?&Fmglqe itgb?‘?SWiﬂﬁi%"i@ﬁ& ﬁ&%ﬁ@a@e&ﬁ%@%@%@é@%ﬁ%ﬁi Gt o
i i .~ 4 X in_Fi . i .
oxgj‘gfg(r:]f %ﬁﬁ%'ﬁam' tgéygﬂu%%@%éwgﬁﬁé?gﬁn&baQ?XGég#r&\'?gé}‘bPheze‘%‘ﬂ% p’!ﬁte{'?'ule gat e

structure 324 and along the entire |l ength of the sides of the gate

struct un@uéqaputteﬂcdqmsa@n&f WBB@“%&?&WE”%H re length of the sidewalls
of the gate electrode 318 and the gate dielectric 319. At the sane tine,
t he t hi[fo1s]yiderterrashighdstis paplative tem thadsefers toca materia) witty a digle@lig osed
portion of is the substrate 300 or isolation regions 302. The

oxy gen-donstasit g)tsubstemtiaby Bigher tharethat obsilicdredioxideu(SiD)eor insitbernt to the
di ffusion of oxygen and al so does not contain oxygen nol ecul es that may

i nt er f agbrAk lsubSiahtidMenigRePthanek=308.C Exemprafy 8&jh-k materials used in the
20 formation of integrated devices include metal oxides (Al203, ZrOz, HfO2, TiOg,
Y,0s, La,03, etc.), ferroelectrics (PZT, BST, etc.), amorphous metal silicates (Hf,
Zr), amorphous silicate oxides (HfO2, ZrO,), and paralectrics (BaxSrixTiOs,
PbZr,Ti1xO3).
[0017] High-k dielectrics are very useful to the formation of transistors because of

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



perneabl e gate dielectric 319. In other words, the oxygen-resistant |ayer

P1§ Pb% hi ghly resistant to oxygen diffusion and is free fromdiffusible
oxygen. An 20 exenplary material for the oxygen-resistant |ayer 326 is a

nitride, such as silicon nitride, boron nitride, magnesiumnitride, etc.

formed by any well-known process of depositing a thin nitride film

Exenpl ary bl anket deposition processes include a

" Bi st er tirijsidatthididies8 0 Thediigh Gieléeti qualitiee sHowahigikadielectrieymaterialzaei ti on
(ALD) process, or a hotwali process (ammonia + Silane). 2s [0025] During

.the for 1oL - h| = LSt otriddl 3thi ring 10
P14087ﬁg&é€;ﬁd§n§@e}ﬁﬂﬁtgrﬁ@y&[ g@%&giﬁ%@%ﬁ%?& etricat 5“3‘2'?%04

descri hed above, care shoul d be,takgn to v.ent i ng

it rodde GehRAesaUgh Brater AR S RECHNE ARAHEM mEKYES Lot SRARITY ¢ 510
may be exposed including during the patterning of the oxygen-perneabl e

di el ectequivaleptahyscal N@s$-i ng the formation of the thin oxygen-resistant

| ayer 326. Oxygen exposure may be substantially limted by performng all,
or par t[001¥] Déupiterthé oshriyradvastagesaofiitidizing aohighdndieleetricdnthe formaton such as
a vacuum However, even with best efforts) mnute anounts of anbi ent oxygen

may i nagerdriistbd Hovever, TRahiE Eidsses bittighlkedigleetiig havehrnafottahateal | y
diffuse into the oxygen-perneable dielectric |ayer 304. Thus) the method of

deposi tdi%ﬁhfﬁd&&ﬁbfé‘r&%ﬁhl&?ﬁhﬁbﬁﬂk tb%k?mgc?nggﬁfdgﬁih,wm Sler RRrdt i m zed to

pr event era ation; I n ot her to prevent oxidation to the

i o1 cotyaen niagies [arhBiedties i SEHOGT bombHin i bl FRge olgh®

| owt enper at ure et hod of depositjng the oxygen-resi stant |ayer 326 nay be
advant REes 9 @Pﬁ&@*@'?’ﬁ?@ﬁﬂ'ﬁ@ﬁ"ﬁ# W%gﬁﬁaﬁ@oﬁﬁg }t% OP€ss likely to
occur at low tenperatures (e.g., less than approximtely 650C). The | ow

t enper snobedimentiobthetineentionn thesoxgesrarmeanle diglactiia layar 3¢4 MayY portion 327
of the substrate 300 if, by chance, a small portion of oxygen is sonehow

i nt r odwyadnyriotSIBAS efarstas ahighik aliglegtdou $Hdwevensathet embodineergeof or red at
a |low tenperature, between approxinmately 550 C 20 - 650 C, conpared to sone

ot her 1Ré ndntion Wiy alize divévdiklechricanatsialsthat bre sotingvessarily high-kor med at a
tenperature of approximtely 800 C. Therefore, in one enbodi ment of the

i nvent i :21eB ; ble it t he oxygen-resistant
ﬂ%rnﬁgogaﬁﬁﬁpéfé:@tﬁﬁugﬁ% pefméhblel t6kyhen AR, yg

| ayer ( n exenplary BTBAS process is a CVD process that nay
el YA ool g 8549, BB iohe 38 b et Bpokilfig = s of

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 to a thickness of between approximately 600 A to
2000 A, 1600 A being preferable. Conventional polysilicon blanket deposition

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 N2 or Hy, at 100%, may be used in the polysilicon deposition process.

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



dielectric 319, and the sides and top of the gate electrode 318 to a

P1t ﬁé@, ature between approximately 500 Cto 650 C, preferably 600 C. Then,
é" %gr essure of approximtely 600 Torr, sinultaneously flow ng nol ecul ar

nitrogen (N2) at approximately 2,000 standard cubic centineters per second

(sccm, ammonia s (NH3) at approxi mately 200 sccm and BTBAS at

approximately 800 mlligrans per mnute (ngm. The N2, NH3, and BTBAS

' conbi necotnfaut:ﬁvi(év tjpé bA@MeVEl bibff, BF aftef, PattefHin@PIH GtheBimblodiresipfr second.
The BTBAS proceéssS hernetically seals the oxygen-resistant |ayer 326 to the

51 ShoSAIGHBh S il ) Gy BBkn BB GafiSh i dadoBeT) e
Lhe LR ShlEs e DS, P g SRR T e

time, it should be inportant to note that a | owtenperature process is
advant zajeepbous silican. siligide;ariathergnatesialsawelhknown i theoart tofafmem 98t&s sonehow
laterally diffused into is the oxygen-perneable gate dielectric 319, but

hi ghs- t eslpetradelr e met hods may al so be utilized in depositing the
oxygen-resistant layer 326 if no oxygen has laterally diffused into the

Oxygen-[ﬁe% ety ebRGriud with Ierminy atHiramask 312 ehm@emtrwauY e met hods
u

may al so tilized if7only a mnor anmbunt of oxygen has laterally

o A eSO T S Sk Sy b e 2

oxi dation nay be I'n degree. I'n one enbodi ment

of the inventio t hi n_oxwgen-resi t 3 posited

t hi ck &RAdY ﬁeﬁ%‘ﬂ%‘?&ﬁ’ét’%’"&ll‘ﬁ '@H“%‘a{ﬁg'ﬁ gﬁ e{%&%%}lae%o%dﬁ gﬁ%gr %ygﬁ?e%xygen
fromdiffusing laterally into the sidewalls of_ the oxygen- abl e gate

di el ectlpitee 9&%’%’&???@@%‘?}%’&03% shewpd &qremsﬁm,ar‘yﬂéaﬁ%?ygen 2s
resistant |ayer 326 should not be deposited so thick that it will interfere
wi tio t He formed pyalEppeitingaubardoqnask layer 368, sehaas @ niiriderdayght\da adescri bed in
detail further below. Therefore, in one enbodi nent of the invention, the

t hi n oxgheemicalasipst depositiore(C\BDpover the piectticallylondactivenlayen308afel y 2A to
300A. [0029] Next, as shown in Figure 31, the thin oxygen-resistant |ayer
326 '_St%iEBﬁ%o‘lolﬁﬁb pBy prétesaianahbil begidriobmied iNcludingdné Walllikhowst ch

techni que. An anisoiropic etch technique uses an etch chem stry that etches

Pri maridiynd g@?skmg{%*ﬁgng@ aRbHEve 'ir@aghpﬁﬁéﬁienaya«l fotepal a smal | anount

of horizon I'sO et chi ng y 0C An exenplary chemstry for the

etch may bhe a. ifri | t C j (CF4)
cho slpiigSisT HREK GO, Shbhhifriys 3t Indn S sl B Effrd 9, e L

ani sotropjc etch renoves. the thi X n-resistant laver 3 romthe top
of Phe Rj%@én ef@mﬁ&ﬂ&%ﬁ%Kﬁ&sg@“g&m‘fﬁe‘ﬁ%‘a&ﬁwg@sr é@a {bMe i sol ati on
regions 302 and from nost of the top surfa\ce of the substrate §g0 except

i medi tehipgthe masking iayers3Q5 torthe top obthe elgetrigally e@ﬁ.ucw% l3yier 3861 opi ¢ et ch,
however, |eaves a portion 330 of the oxygen-resistant |ayer 326 along the
ent i r e usingythe plototesist imisked 10stocdlighghe eteh, thies praducinger haskmask 812nd t he
oxygen- perneabl e gate dielectric 319. [0030] The portion 330 may be

r ef er r esler therelertrically sondydivelaysaiddbant spacer” since it is simlar in
appearance to conventional thick spacers typically fornmed during the

fabri cappr] THe Meticd&dritines, FOYRNA in Figurb BF, Math repivvrigpineof a thi ck
spacer is to prevent vertical doping of Inpurities to certain regions of

the, 20 ;ﬁ'}bqgltsersﬁtt ﬁlaswroe{i’rﬂ]%tt&ﬁﬁg&ﬁ%félﬁ??%?}é&?\dﬂ?ﬂé %ger?’§@6 belvh t8n the

si d&wal 7'y 0 prevent on of oxygen Into the oxygen
perneabl e .gate..dielectric 31 L.n,_additi I L.e s may not
necess a#‘? |t€p Bﬁtmaﬁ!“rp&éfnsﬁglﬁ E"ei?ﬁgﬂcc%x%;?%& \zﬁbgﬁ%b?tﬁ: F‘f %g ?ﬁ? d §i ve
oxygen, and are formed nuch thicker. Consequ |y, herein the portion 330
left orpligrdhsiciendbysscrgating Becorﬂélpst“f%ﬁil"ﬂ%uésﬂ;ééw P’Pf?‘ﬁ" éﬁm-gdi ff usi on
barrier” since one of its functions is to act as a barrier to

electrode or gate terminal, underneath the hard-mask 312. The etchant 316

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

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



13 P14087PCT oxygen diffusion. [0031] The thin oxygen-diffusion barrier
P1g§$’ Egvers and hernetically seals the sidewalls of the oxygen-perneabl e
g ielectric 319. If the thin oxygen-diffusion barrier 330 were not
present, oxygen (2, O3, etc.) that is directly applied during a s
subsequent process, or anbient oxygen that exists in the atnosphere, would
pass laterally through fine pores in the oxygen-perneable gate dielectric

310 andjdéiAlistdtené ghtecalbciods 818t £dROScH¢lpreiemble wiilizimya Ghtorirer neabl e gat e
dielectric 310) oxidizing the silicon substrate in the channel area 327

)
formn L dI.0X} [ {S. B LAXE J woul d af f ect
the. evarbat Bty A NG BpetTicrais SER May Ml b LBt IR e 2 L it
current fl ow tkfIgﬁlsjgh the channel 327. At the sane tinme, if not for the a
thin oMK ion barrier 330 oxygen would laterally diffuse into the
oxygen-perneabl e gate dielectric 319 into the_ touching gate el ectrode 318
di r ect 1{0022) dNexttthe nasthgd majeoniinveec ag shewniir Figure; Q,GGW@)’? etcﬁ""?g"uﬁ‘egat e
el ectrode 318 is made of a material that can be oxidized, such as
pol ysi |dxygen-pesmeablecticiediriciayky 30dtothe toprafthel stibsireten3Q andhdo the er f ace
between the gate el ectrode 318 and the gate dielectric 319. Since silicon
di oxi dqopé ofthdii§biafib régionPB0R! ThE etdh shérnistry stibaki Isesuictpthat tive i n t he
substrate 300, or in the gate el ectrode 318, would increase the physi cal
t hi ckn < Chl | : I J b i oxi de
%%&ggﬁ-p%ﬁ@eg%eq@gﬁgﬁgﬁér_Cao%JIQ etéidd HRHERHEr thel dittiake aeo,rtgg

has a re Ive ric value conpared to that of the

- I di el ect,rj. t ' I ' I f
he gt EeDete R eonel st reiond oF% St EEbbYE TReRbR I Ber 2 12 5t ng
t he advant f ' hi gh-k dielectri teriagl. [0032
Aot herpomvBATS gEINGr ComeneTTeaR FBRleas Lp DL dFesbl Cresaneahihe:  he

edges of the gate el ectrode 318 touching the oxygen-resistant spacers 330
ar elos e glatel elestrode\ddBl . Thithporien| 318 ofithe dielectrie Jayee 304iis AlsSi kIOWILAS Rer 330 to
the edges of the gate 14 P14087PCT el ectrode 318 and to the edges of the
oxygen-gate diedddtric gad is thecdamee niaterddl Bsttbe pxygen-pprroeablerdieleotricdayest r on
lifetinme of the transistor. [0033] Immediately after formng the

oxygen-gh4f fTifd portibAI10ef thé beﬁwbeﬁn@@m digkdtric tayen sindbmeath themi gure 3J,
with formng tips 340, or shallow source/drain s extensions, by utilizing a

LIp T MHLHidB08 518 Wi RRFEH De'FRldrmdd @4, & SgitaidisiBatrigtordexydant | zed 1o form

tips 3 e substrate 300. In one enbodinent of the invention, the

substrate 300, i i h i ons ' j to that of
the comsinerpie Joa iRty ' ARSenByuRieRr BRPRIphor R Ealietn 2, |08
conduct j vj t thep the tip inplant ul d.include iLnpl anting. n-t

co n’éuctfl"(}"'?%‘?tﬁ\ll ?BOY%%Qﬁ BRV%&BPEEI%%'@E 9518 a'eil e ?ﬂg CPBWr'SgS %Hﬁg@'ﬁbst rate
300 to formconventional N-tip regions. |f however, the wel| 303 had an

n-t ype digpatisimaterial. Thegaterrlestrofs 319 alignsihe) gich ﬁEItwéhPlﬂAeXYﬂchisrfg p-type
conductivity ions, such as boron ions, into the top of the substrate 300 to
f or m cche exygempermeable ggtediclectiie 339 ate verisalvhaligneddohe sidawalls o
substrate regi on beneath the gate dielectric 319 frombeing inplanted is

wi t h i ¢he gate electrode 318. To minimize the risk of etching the substrate, a wet etch

may be preferable to a dry etch. In one embodiment 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 diffusible
nature of the oxygen-permeable gate dielectric 319, the etching of the oxygen-

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



[ 0034] The dose of the inplantation is | ower than that used to form deep
P@%?rpgﬂ)drai n junctions described in further detail below. For exanple, in
odi nent of the invention, the n-type conductivity ions may be
deposited with a dose in the range of approxi mately 1x1015 ions/cn2. In
addition, to ensure that the 20 tips 340 are forned to a shall ow depth, the
I npl ant energy should be |low, for exanple around 10 keV. [0035] In one

" enbodi @r%tl?%s bRt dfNEPrdceR} sirfte thersyges-permeablegite tislectiic 8¢9 will ver ti cal
angle (90) Tormng tips 340 that are in alignment with the outside edges of

.the Ox%g&p%sta;i%id Qe{b%%érrﬁvgﬁ ifffisé fh‘ig%g? b e 8§¥gﬁﬁfﬁérnﬁé§ﬁé anneal may

then 2s bé&"pertorne e tiIps under n e oxygen-diffusion
barrier 34Q. 15 . 087PCT and partially underneath the oxygen-perneabl e
gat e digél%"eglei‘?"é"%%é' [0036] One ordinarily skilled in the art, however,

wi |l recognize that other techniqgues nmay be perforned, to inplant the
shal | oVi0923) I hemnte elegtroged 18 and Q’Wﬂﬁnﬂ@.’mﬂﬁb@rﬂﬁt@d"‘?'@ﬁ"gﬁﬂ%ant ation may

require a slightly higher inplant energy since the angle of the ion
i nplsanttegether define @ gompesité strictuge 824 sometirhes keown lasugatetstriciuree r
portions of oxygen-diffusion barrier 340 or the oxygenperneabl e gate

di el ?Ctdri:?%té’zjo‘? anOnfedpitBd deQiceLBsEH aé a tiardstor i Agshéven ix FigamdiIG,ubeon
barrier 340 or the oxygen-perneable gate dielectric 319. [0037] Next, as

shown g, i gidr 'dy.@ I'dH | i ck
spacerssr@ﬁ %aﬁﬁ zﬁgﬁ? fets;t!-ucéﬁrl] ﬁ%ﬁﬁq}ﬂﬂe&%dﬂ sidd)bé(/\tl?s?lgldsatgfQ Ie%cﬂrght@ hi n
oxygen dif f usi gn rrie i ' . A | L4l con

oY 91, Sl A B0 Bl Ang e S ROGHT i, AR R B Gl 0,
oxi o/ IR1QE 45H 460 ey GEBrHLIGeER SRIBAIEBRIE 12pi d t her mal. oxi dat i on
process. In another enbodiment of the is invention, thick spacers 344 are a
ni t10i d40eRd] dNext,caspshawrin Figare3H, iadbiroexyaenggsistant laxey 326 is Slanket by bl anket
depositing a thin, approximtely 50-100A, oxide |ayer 341 over the

i sol at ideposited over th82op bhthet gateistnuictune $284Md albeg the entireylgrgthdif theisi on
barrier 330, and the gate el ectrode 318, as shown in Figure 3K The bl anket

deposi tdis &ffthé patesirduled®s, iRdddingon (ieudhiteg)ahy entitd leligthiof theD 20
process, including a BTBAS process. It 1s advantageous to keep the

deposi tg; ' 1d1ant tHeesdrh@ i, ener gy
does noétlég(}yésl{%lr?gﬁ?hgfferr%%?ggﬁ?nggﬁgéieNgE%@gﬁg%o - 1800A thi'ck silicon

Thyer o Mg S P BRI R et sep Uy hpdsad phhiive
Coner iths BubsEAtR SIS is@Rnon fidiang 5025 TRE'R)SNFESahPIafEF 826 e dePOST L1 ON

material that should be resistant to the diffusion of oxygen and also does not
contain oxygen molecules that may interfacially diffuse into the touching oxygen-
permeable gate dielectric 319. In 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 well-known process
of depositing a thin nitride film. Exemplary blanket deposition processes 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



P14087PCT nitride | ayer 342 and oxide |ayer 341 are anisotropically etched
P1t4ﬁ ;P(Hmthi ck spacers 344, as shown in Figure 3L. The thick spacers 344

EitiS g that a subsequent deep inplant does not disturb the tip 340

underlying the thick spacers 344. Consequently) the thick spacers 344

shoul d be fornmed thick and wide s enough to prevent the subsequent deep,

hi gh dose ion inplantation, described belowin Figure 3M from overwhel m ng

“the porthi@ficHifg bhﬂxesdk’ybbﬁgaetrﬂn@asl%iw@dﬁrcnayéﬁemsdﬂb_@u ahoveccare344. [0038]
Next, as shown in Figure 3M the substrate 300 is subjected to a deep, high

~dose inpl ' ] ' ' 48 | h
o e [%0@84 B% ‘%%%ﬁ%‘%%@ﬁé%ﬁﬁ%ﬂ%f%h@fﬂﬂa@ﬁ‘*ﬁﬁﬁ\‘%ﬁf‘? e he same
conductjvity type i i ties. f h ' . . le, if
oS ot B et 5o e s O O .
"t ype Rasiesing e theosigserpermanele Aoty GYST S0 3PY Aoras e FAMABR:  pe. | ons
i nclude boron. At the sane is tinme, if the electrically conductive gate

el ect r asfeh@ Hin oaygen-sesistant laged 326nOxygen dxposurepiaye pubstaptiallyan be used
to dope the polysilicon in the gate electrode if not previously doped. In

one enpgiteEhy pliformiAg iall Verpareof thé metiiePin mbmaﬁtiag&@genffmemd to a
concentration of between 1 x1019/cnB - 5x1020/cnB and a depth of

appr oxi {yak - 0. ] tuli ' i b f d
{020 aéﬁjéf@h%‘*ﬁe“%#iwﬁia%ia B Hve R M B R sy oy be
performed with,a RTP at a tenperatu e - 320 ith 1050 C
bei ][lg [ﬂrg?lé?tfé’é ,anpé?"tWQ%QFﬁt'@f‘gv‘;l%n?&é%o'hﬁggﬁgo‘g,gu@q ﬁ?azygrosgg%%“nds bei ng
preferre in a nitrogen atmposphere. [0039], S | enbogdl t f th

i nvent | K may daterally ddfglﬁﬁ'ﬂ% PP‘B@S?" r%ﬂk@e‘ﬁglee%ﬁ@gy?%@hﬁ%ot he grt

w || recognize that the invention is not limted to 17  P14087PCT the
embudi rtbateethied of Hepesiting thecthin @wgendesistant layer3260nay futherde and

alteration within the spirit and scope of the appended clains that foll ow
la  Plsflinnigped tadprevbht 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 examble, a low-temperature
method of depositing the exygen-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 $50° 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. Therefore, 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  at least the surface of the substrate 300, the sides of the oxygen-permeable gate
1



What is clainmed: 1. A nethod) conprising: formng a gate structure on a
P1S21i é‘_}d%:gn substrate, the gate structure conprising s an electrically

8 tive 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 length of the gate structure, the thin oxygen-diffusion
barrier to prevent oxygen fromdiffusing laterally into the

" oxygen- figfeeRtd @, %HQhé'bﬂie%Cdrrdl top df thelgatthsletdded1®to & ltempreratudeur t her
conprising formng shallow source/drain extensions in the silicon substrate

_adj ace 4 [

oy gon ntPebiBRRBlfpRly 865 C 30 SFRE T, Erststatdy b8P oo et at Aprksiute

oxygen- per neahl e r|c I h- k di Iec ric terial. 4. The
net hod foaRR’@F'Wlék%ﬂg O S af}ﬁqutyi‘ipgﬂﬂg meleey ﬁ'hrt“ 'PQ?@?ﬁ?)satf ormed to a
t hi ckness between approxi mately 2 Ato 300 AL 20 5. The nethod of claiml,
wher ei rappreximately ﬂaﬂdelids@lbhw centiraetenpper srAONESESMh ANMPDIA bl e oxygen.
6. The nethod of claiml1l, wherein the thin oxygen-resistant |ayer is a

ni t ri de(NH%} at appiosimately2D0$camh,cand BT BAScateapproximatéty 800 yidignamesi st ant

| ayer is fornmed via a | owtenperature process. 8. The nmethod of claiml,

wher ei drliflinutd gngmﬁgqrherze;m?%dlwsicwmm&% sificorenibitRAst pr ocess.
19 P14087PCT e met hod claim1, further including performng the

met hod i 8 SHRSkitieR!1 X po¥ L868Hd." Phe BTHASLPBTREs hermetically seals the

oxygen-resistant layer 326 to the sides of gate electrode 318 and the gate
dielectric 319.

10 [0027] One ordinarily skilled in the art will recognize 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
limit 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
laterally diffused into the oxygen-permeable gate dielectric 319. Furthermore,
high-temperature methods may also 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.

[0028] In one embodiment of the invention, the thin oxygen-resistant layer 326
should be deposited thick enough to act as a diffusion barrier to oxygen, to
prevent oxygen from diffusing laterally into the sidewalls of the o.xygen-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



10. A.method conprising s depositing a high-k dielectric |ayer on a
P1g&??h&ate, the high-k dielectric [ayer being highly permeable to oxygen
I'tfusion; depositing an electrically conductive |ayer on the high-k
dielectric layer; patterning the electrically conductive |ayer and hi gh-k
dielectric layer to forma gate structure on the substrate, the gate
structure having an electrically io conductive gate el ectrode and a hi gh-k

" gate disgbeequiéntfoinhatior efdip-inisiants, desalibetiin detsitfarthéeselowd & Henefore,gh- k gat e
di el ectric having vertically aligned sidewalls; blanket depositing a thin

- OXygen-f %ﬁé;ém%ihgﬁ%tﬂé%vémﬁnggfeﬁhﬂ 6ﬁ@ﬁﬁt@sﬁ%tm&me\4§rt ically

aligngd F e electric y CcO ctive gate el ectrode and hi gh-k
gate diglectri t he thin .oxygensis esi nt |ayer deposited to a thickness

i s bet @Qﬁséﬁfbﬁswm%ﬁwmﬂ‘#‘g'y%ﬁ é@q@ ani sotropically etching the thin
oxygen-resi stant |layer to_form hi n oxygen di ffusjon trier, layer on the
verti cdf939] ﬁﬁ)@,n%ﬁjsﬁq%!ﬁhﬂgé"ﬁﬁitth@ “@f&t%&g?'é‘é??'%@ﬁ gr gﬁé '%?'ghe@ gate
dielectric. 20 11. The nethod of claim 10, wherein the electrically
conductusieg & sybstaotially vestical poi 3nisotropie. etel? techimiguest Andcenisottapié elcho, wher ei n
the thin oxygen-resistant insulating layer conprises nitride. 2s 13. The
met hod teéhrfigdé Dsddan ekl ehemistry thdtietcles/primarilgsn thexvérticaly@nisotropieposi t ed

utilizing a towtenperature process. 14. The nethod of claim 10, wherein

the t higireRtid9 SltHotigh S ANl hAbBht bFhorizontal (isotropic) etching may occur. An
exemplary chemistry for the etch may be a standard nitride etch with a carbon
tetraflouride (CF4) chemistry (e.g., CF4Hz, or CF4 + O in a plasma generator).

10 The anisotropic etch removes the thin oxygen-resistant layer 326 from the top of
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 ahisotropic etch, however, leaves 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 to
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 one of its functions is to act as a barrier to
13



30 deposited at a tenperature of |less than 650C. 15. The nethod of claim
Pégaﬁl(\%erei n the thin oxygen-resistant layer is free fromdiffusible oxygen.
14087PCT 16. An apparatus, conprising: an oxygen-perneabl e gate
dielectric overlying a substrate; an electrically conductive gate el ectrode
over the oxygen-perneable gate s dielectric; and a thin oxygen-diffusion
barrier covering the entire sidewall |ength of the gate dielectric, the
~thin oxyggendiffigien.on barrier to prevent oxygen fromdiffusing laterally
into the'gate dielectric. 10 17. The apparatus of claim 16, wherein the

gate i gheft The this diyefilifusi PhREF B30 BBV g hetmetiBlfy SBgI8tR us of cl ai m

16, wh trically con ctlve structure 1s polysilicon. 15 19.
(i ckncudowie Sn® SR PRIDERYS soie IBIeslif AT 2K Hhe i oiiaPRa BRIy s 2, °
16, wherein the thin oxygen-diffusion barrier ao ri ses ni.tride
mat er i abarnen330m@r%p9bpr&§eat aryaeTiGa. O, etgidhat is ‘f W&nﬁy ﬁPH"Q&?ﬁ@?ﬂ 8i f f usi on
barrier is free fromdiffusible oxygen. 2s 22. An integrated circuit,
conp | sSubgequest process, onBathientoxygen thet-exisiaintheiasmesphere, would passy t he
silicon substrate, the high-k gate dielectric having sidewalls;
laterally through fine pores in the oxygen-permeable gate dielectric 310 and into
the silicon substrate 300 underneath the oxygen-permeable gate dielectric 310,
oxidizing the silicon substrate in the channel area 327 forming silicon dioxide
deposits. The silicon dioxide deposits would affect the eventual performance of
10 the integrated device by interfering with current flow through the channel 327. At
the same time, if not for the a thin oxygen-diffusion barrier 330 oxygen would
laterally diffuse into the oxygen-permeable gate dielectric 319 into the touching
gate electrode 318 directly above the oxygen-permeable gate dielectric 319. If the
gate electrode 318 is made of a material that can be oxidized, such as polysilicon,
15 silicon dioxide deposits may also 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 relatively 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



an electrically conductive gate el ectrode overlying the high-k gate
P1%§j tr| c; 30 and a thin oxygen-diffusion barrier covering the entire
ewal | length of the highk gate dielectric, the thin oxygen-diffusion
barrier to prevent oxygen fromdiffusing laterally into the gate
dielectric. 21 P14087PCT 23. The integrated circuit of claim22, further
conprising thick spacers adjacent to the thin oxygen-diffusion barrier. s
" 24. Theglktietdy 318 8nd itd the édges oflthe mxyden-pbanealle igate tielectixgt@help f f usi on
barrier conprises a nitride material. 25. The integrated circuit of claim

22, whepSrVeRnE ol eRIRTNElnd bpirRiRigtber are Tree from diffusi bl e

oxygen e integrated circuit of claim22, wherein the high-k gate

RRE e I N L T B

gate dielectric is conprises a materl al fromthe Qup cons i.ng of netal
oxi des,condipuecasshown in Figuse 3dowith defming dips 349 Qggéﬂll?e’éﬂ?q@ﬁ@éa'ﬂm des, and
paralectrlcs 22
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: 0~ [0034] The dosye clﬁ the mpéntatlon 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 appfoximately 1x10"® ions/cm?. In addition, to ensure that the
20 tips 340 are formed to a shallow depth, the implant energy should be low, 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 underneath the oxygen-diffusion barrier 340
15
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since the angle of the ion implantation may require the ions to be implanted
through the lower portions of oxygen-diffusion barrier 340 or the oxygen-
permeable gate dielectric 319 to reach the substrate underlying the oxygen-
diffusion barrier 340 or the oxygen-permeable gate dielectric 319.

[0037] Next, as shown in Figures 3K — 3L, the method may continue by forming
thick spacers 344 adjacent to, and touching the outer sidewalls of the thin oxygen-
diffusion barrier 330. Thick spacers 344 may consist of silicon nitride or may be a
combination of silicon nitride and silicon oxide. In one embodiment of the
invention, the thick spacers 344 are an oxide/nitride/oxide (ONO) composite
formed by a rapid thermal oxidation process. In another embodiment of the
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 Figure 3K.
The blanket deposition of the oxide layer 341 may include any well-known CVD
process, including a BTBAS process. It is advantageous to keep the deposition
temperature low, 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 deposition methods, including BTBAS deposition techniques.

Again, it is advantageous to keep the deposition temperature low. Then, silicon
16
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L 10% usgdbgéc]uesr%tld%%epl{%pgﬁt does not disturb the tip 340 underlying the thick spacers
344. Consequently, the thick spacers 344 should be formed thick and wide
5 enough to prevent the subsequent deep, high dose ion implantation, described
below in Figure 3M, from overwhelming the portion of the shallow tip 340
underneath the thick spacers 344.
[0038] Next, as shown in Figure 3M, the substrate 300 is subjected to a deep,
high dose implant process to form deep junction source/drain regions 348 in the
10  well region 303. The deep implant includes implanting ions with the same
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. At the 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. In one embodiment of the invention, the deep implants 348
are formed to a concentration of between 1x10'%/cm?® — 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 embodiments of the invention have thus been described.

25 However, those skilled in the art will recognize that the invention is not limited to
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forming a gate structure on a silicon substrate, the gate structure comprising
5 an electrically conductive gate electrode on an oxygen-permeable gate dielectric,

the gate structure having sidewalls; and

forming a thin oxygen-diffusion barrier on an entire sidewall length of the
gate structure, the thin oxygen-diffusion barrier to prevent oxygen 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, wherein 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, wherein the thin oxygen-resistant layer is formed

30 via a BTBAS process.
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10. A method comprising
5 depositing a high-k dielectric layer on a substrate, the high-k dielectric layer
being highly permeable to oxygen diffusion; .
depositing an electrically conductive layer on the high-k dielectric layer,
patterning the electrically conductive layer and high-k dielectric layer to form
a gate structure on the substrate, the gate structure having an electrically
10  conductive gate electrode and 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 over 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 to 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 layer 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
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an oxygen-permeable gate dielectric overlying a substrate;
an electrically conductive gate electrode over the oxygen-permeable gate
5 dielectric; and
a thin oxygen-diffusion barrier covering the entire sidewall length of the gate
dielectric, the thin oxygen diffusion barrier to prevent oxygen from diffusing
laterally into the gate dielectric.

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 between approximately 2 A to 300 A.

20." The apparatus of claim 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. An integrated 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
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5 24. The integrated circuit of claim 22, wherein the thin oxygen-diffusion barrier

comprises a nitride material.

25. 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.
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