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MOS 5 TRANSI STOR GATE CORNERS DESCRI PTION Field of t Th
present invention relates to sem conductor device fabrication, and nore 10
parti cul ar | WOWY018fet hod for fabricating metal oxide sen CSTAUROUANTE MOS)
transistors wherein the rate of cornefd oxidation is enhanced without
significantly increasing the thermal budget of the. overall processing
schenme. Background of the Invention 15 Mbdem Si-based

met al -i nsul at or-sem conductor (MS) field effect transistors (FETs) are
fabricated wwth the use of so-called sidewall or corner oxidation of the
gate coner. Sidewall oxidation processes are routinely enployed in
conventional process flows such as conplenentary netal oxide sem conductor
(CMOS) logic, static random._ access . "0" andom access
memory (DRAM), enbedded VEBIEOOFENHANCED DMDAIIONONMOS | o ocessi ng
flows. As ¥s known to those sKiR4 R el o erE8Ral | oxi dation of the
gate corners thickens the gate insulator at the gate coner. Thick corner

i nsul ators prevent electrical breakBSQREPTION device corners. The comner
insul ator also reduces the electri i'cflé gftﬂ fReionef fectively rounding the
coner during oxidation. A higher c ) . field can produce |arge
hot - carri er efThepieSert Gadhtih feltds a@senticandactsi davice dhtirehiion, ayd more addi ti on,
the planar oxide grown during coner oxidation is,used. as creen, oxide
for a subsequeRticuRdnIq HpPdAd friemcaingeiarRde ssRiTyet TP dratigrs
integration flL@eifihb ritd 68& e {datién Renhanced without significantly increasing the

thermal budget of the. overall processing scheme.

Backeround of the Invention

15  Modern Si-based metal-insulator-semiconductor (MIS) field effect transistors (FET's)
are fabricated with the use of so-called sidewall or corner oxidation of the gate corner.
Sidewall oxidation processes are routinely employed in conventional process flows
such as complementary metal oxide semiconductor (CMOS) logic, static random
access memory (SRAM), dynamic random access memory (DRAM), embedded

20 DRAM, flash memories and other like processing flows.

As is known to those skilled in the art, sidewall oxidation of the gate comners thickens
the gate insulator at the gate corner. Thick corner insulators prevent electrical
breakdown at the device corners. The corner insulator also reduces the electric field
25 by effectively rounding the comer during oxidation. A higher comer electric. field can
produce large hot-carrier effects leading to poor transistor reliability. In addition, the
planar oxide grown during corner oxidation is used as a screen oxide for a subsequent
ion-implantation step, thus, simplifying process integration flow. All these benefits of
sidewall (or corner) oxidation are well known in the art; therefore a detailed discussion

30  concerning the same is not needed herein.
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sidewal | (or corner) oxidation are well known in the art; therefore a
detail ed discussion 30 concerning the sane is not needed herein. ir'rnr't
*ACTI ONF WO 02/ 089180 PCT/US01/49571 2 In prior art processes, oxidation
of the gat WO i s general Iy carried out relatively ESTASOH4%5He
process flow. For exanple, oxidation of the gate corners typically occurs
after well and channel inplantations have been perfornmed with the gate
stack already present on the substrate. Thernal budget of the corner
oxidation is therefore a very 5 inportant paraneter that nust be taken into
account when fabricating transistor devices. H gh.thermal budget at a late
stage of {Ne Rl GEGSH drbQes WAL 5t HE RS LERELE goRAPbatiol bitreRAveiAnd
reaction and interm Xing of the gate sf’a.ck,' gate insulator and channel
material's. |t latsin theyproedss flow. \Fer gxammid, pxidntion;of thegaloeornera Hpicallh 0838t of t he
corner oxidati-Qn W ’ 1 ng. | | ﬂ?e"éin hafehdd V. 10
Cor ner oxi dat F@ﬁﬂéf%gﬁé ?}gc rénqggﬁgﬂ?eib%&ﬁ%%ﬁgqﬁ%g an%{ﬁ%k%gagﬁ%}l as 02,
H20 or OXY g pfesérm dh ¢ied substidéd. TheR0)] badget pEihe campreidationiisther ook b demwi on

processes are preferred due to their fast rates and. thus |ow.thermnmal
budget's. HyweVBPOTATHPETRHEIET B IGY gﬁé&f’“’r‘?%’taé’??'ﬁ’l when, fabri #g%g}%fj s(’alrﬂjsaf}ack may

hi nder such agtyiehd Hipbeiheimd bt aateistige 6f 1k pRicessdlow Sncanstumdesirakle gat e
i nsul ators nmay not be conpatible with fast rate oxidation g_lrsgéesse . For

exanpl e, wat edopant diffiusion; anddeasiion and inteamixinecot thegatesiad gae 10 2t al

during gate L.dat CLE BG4k € & | bSofMBeded to

sel ectively o%ﬁ%ﬁgf(’emﬁé*ggbh?g F]hgf[& f@ﬁi&%?é&ir%??%g@éﬁ%ﬁ% in the art

t hat such m xicomesodidationatitoti degradingreemer osdileiaualirandrelidbdityr at e oxi dati on

anbi ent s. e to various conpatibility requirenments 20 on the corner '

oxi dat i on_1 nbient, it is highly desirable to reduce thermal budget of the
' Corner oxidation is usually carried out in an oxidizing ambient such as Oz, H,0 or |

oxygen radicals. Wet (H,0) or free radical assisted oxidation processes are preferred

due to their fast rates and thus low tt_ixcrmél budgets. However, introduction of new
fnaterials into the gate stack may hinder such a trend. Metal gates and high dielectric
15 constant, k, gate insulators may not be compatible with fast rate oxidation processes.
For example, water molecules and oxygen radicals p‘an'oxidize a gate metal during
gate corner oxidation. A sj)cciﬁc oxidizing ambient is needed to selectively oxidize
Si, but not the metal. It is well known in the art thaf such mixtures for selective corner
‘oxidation are low-rate oxidatiOn ambients; Due to various compatibility requirements
20  on the corner oxidation ambient, it is highly desirable to reduce thermal budget o'f the

corner oxidation independently of the oxidation ambient. il

In view of the above-mentioned drawbacks with prior art corner oxidation processes,
there is a continued need for developing a new and improved corner oxidation method
25 that enhances the rate of corner oxidation without significantly increasing the thermal

budget of the overall process flow.

Summary of the Invention

One object of the present invention is to provide a method for enhancing the oxidation

30  of transistor gate corners. .



corner oxidation independently of the oxidation anbient. In view of the
above- nenti oned drawbacks with prior art corner oxidation processes, there
is a continued need for devel oping a new and -inproved corner._oxidation

met hod 25 tWOO28M¥nces the rate of corner oxidation w t hd§st"SOYH) cant1y
i ncreasing the thermal budget of the overal | process flow. Summary of the

I nvention One object of the present invention is to provide a nethod for
enhancing the oxidation 30 of transistor gate corners. WO 02/089180

PCT/ US01/ 49571 3 A further object of the present invention is to provide a
met hod for enhancing gate corner oxidation which does not significantly
increase the thernmal budget of the overall processing flow 5 A yet:

further object” of the present invention is to provige 62, nq%éhod f or

enhanci ng gat & fugthgrabiechad thapicennt inygationds Mﬂ‘é‘ﬁg‘hﬂ@ﬁ hog ffor qphancing gate

oxi dat i on- anbj o‘?clﬁ;'&% Tk : : : yalay semb i nvention
is to provi deb(g_mr:rret olc']lg%fg&%ﬁ%ﬁ%‘?%ﬁ%ﬁ%{ﬁg@t%g&ﬁgﬁ%g}tl?ggﬁ usi ng
processi ng st epsall pcessing floptpati ble with a variety of gate. stack
structur essi ncl udi ng various inplenentation of netal gates and hi gh-k gate
i nsul atorsT Note that the term "high-k" is used herein to denote a

di el ectric mafpeyet flrthet blgéct batheprabmlinentioristcopsviet njethakior exhancing getas of a

vacuum) that is greater than, Si 2, 15 These and ot her jects and .
advant ages . ar é‘"&‘é‘}ﬁ"é‘s}aé‘ﬁnﬂ')‘ﬁt ISP e&ﬁ’fqeﬁb"fﬁ%‘-”ﬁ%t'ﬁﬁH"g’ﬁng?@g]bg&%ﬂc‘ng or Si ions
into the transistor gate corners-and thereafter exposing the inplanted
gate corners to an oxidizing anbient. The transistors erﬁ?ldo%ed'i n.the

An even further object of the present invention is to prov_ide a method for enhancing
10  gate corner oxidation using processing steps that are compatible with a vgriety of gate.
stack structures including various irnplémentatipn of metal gates and high-k gate
insulators. Note that the term “high-k” is used herein to denote a dielectric ma.terial
that haé a dielectric constant (measu_'.red in terms of a vécuurn) that is greater than
SiO,.
15 ,
These and other objects and advantages are achieved by implanting non-oxidation
" retarding or Si ions into the transistor gate corners and théreaftqr exposing the '
implanted gate corners to an oxidizing ambient. The transistors employed in the
prcscnt invention include, but are not limited to: MIS, MOSFET and other like

20 transistors which include gate corners.
Specifically, the method of the present invention comprises the steps of:

() implanting ions into gate corners of a Si-containing transistor, wherein said ions

25  are selected from non-oxidation retarding ions, Si ions and mixtures thereof; and

(b) exposing the Si-containing transistor including the implanted gate _corne'rs to an

oxidizing ambient. -



present invention include, but are not limted to: MS, MOSFET and ot her
like 20 transistors which include gate corners. Specifically, the nethod of
the present invention conprises the steps of: (a) inplanting ions jnto gate
corners of WOSRO¥H ai ni ng transistor, wherein said ions P33/EWPEYSH ected
from non-oxidation retarding ions, Si fons and nixtures thereof; and (b)
exposing the Si-containing transistor including the inplanted gate corners
to an oxidizing anbient. WO 02/089180 PCT/US01/ 49571 4 The phrase
"non-oxidation retarding ions" is used herein to denote ions that do not

| ower the rate of oxidation of silicon. Illustrative exanples of such
non-retardi ngmag - é)@dﬁtoh&ﬁhﬁﬂl@,loxﬁﬂis wedhsrein to dendtenbns that @enotAs, B, P,
In, Sh, Ga, He, Ar, “Kr, Xe and_ni xtures ther i nct dln m xt ures
with Si ions logerAhe sietaxidaen of sifiens. (lusareFpmples P §}’é’3 “Pﬂ'r esent

i nvention is 0§1d§hoﬁ;9ﬁ§; ﬁicﬂid@%ut%fe%@hﬁﬁtéﬁ O, tReARIH, 38 &n,'SBl, 68 0MNQ) He, M4y,
t ransi st OI’ as used herein denotes a tranS| St or V\/nel’ ein at | east one of

the fol | owi ngs Xg|ao¢hmlxt9wb§ter@f@01‘@atgéudplé?5é@ﬂt$ld°mgate conductor or any
conbi nati Qn thereof, conprises a Si-containing material. 10 ings Brief

Descri pti on of the- Draw FLGS | A- 1F. are pictorial representations (through
Cross-sect i ongd state@ibove) th tissistdrienployed in the pressnt invgnisereiss Shephtaipinte i n t he

present invention for fabricati t ransi st,or v e corner
oxi dat i on. . 15DBERT-| See PR bf?f@%mas tr?ﬁ’?ésmrn%t‘ﬁe?glﬁr B NGB! ©
wherein at least one of the following regions: sub_stratel, gate dielectric, gate conductor

or any combination thereof, comprises a Si-containing materiat.-

10
Brief Description of the Drawmgs
FIGS 1A-1F are pictorial rf:presentatlons (through cross-sectional views) illustrating
the processing steps employed in the,present invention for fabricating a transistor
having enhat:ccd gate corner oxidation.
15

Detailed Descnptton of the Invention
The present invention which provides a method of enhancing oxidation of transistor

gate corners will now be described in more detail by referring to the drawings that
accompany the prescnt apphcatwn It is noted that in the drawings, like and/or

20 corresponding elements are referred to by like reference numerals.

| Reference is first made to FIG 1A which illustrates an initial structure that can be
'employed in the present invention. Specifically, the initial structure shown in FIG 1A
comprises Si-containing substrate 10, gate dielectric 12, gnd gate stack 14.

25 ,
The transistor structure shown in FIG 1A includes conventional materials that are well
known in the art and the structure is fabricated using conventional processing steps
that are also well kndwn in the art. For examplé, Si-containing substrate 10 comprises
any Si-containing semiconducting material including, but not hm.ltcd to: Si, SiGe,

30 SIGCC SiC and other like Si- contammg semlconductors Layered semiconductors



The present invention which provides a nethod of enhancing oxi dation of
transistor gate coners will now be described in nore detail by referring
to the drawings that acconpany the present application. It i ted that
in the draWfd§¥8980e and/or 20 corres?onding el enent s aré‘?@&@p&é to by
| i ke reference nunerals. 25 Reference ts first made to FIG I A which
illustrates an initial structure that can be enployed in the present
invention. Specifically, the initial structure showmn in FIG 1A conprises
Si -containing substrate 10, gate dielectric 12, and gate stack 14. The
transi stor structure shown in FIG 1A includes conventional materials 'that

are wel | knoueh d¢KilIesiAiGe @ﬁ@sﬂi&ﬁx-&iﬁuh\ﬂﬁdfs%b&? hﬁzrai's@%fedapl@bd@n the
conventional processing steps that are also well knowy in tBe ant. For
exanpl e, Si - QoveeRliinyeNos @pSt-eqntaining suhsgle | Qe Si-caaiming suhsirate i mpy be -

sem conduct i ek Aerd L \GbstRi 4dpdi 1488 dhQiorP-typStiéimnt iod0 Si GeC,
Si C and ot he?ﬂfi%’gaﬁ{%ﬂﬁ{f&g#lz%g ssem crgﬁsgﬁectgrmsl. Layere ?gm conductors WO
02/ 089180 PCT/ US01/49571 5 such as Si/Si, Si/SiGe and

silicon-on-insul at or SA S) . . j ' sopnvent i on
asSi - cont gi nin]?ﬁ? SEE%@?%’&?%C%IHEXH@EZér?\)%agl:srrll?érégdngéggltdrsg%ﬁeﬁb%nﬁ%ﬁ%gnogndoped,
or al ternati vgiry) dr eabertigitioatof sitiayn (€ COResblatidntreginnsfoomedint sgurflepant i on.

5 The substrate may-contain various isolation regi.ons.such.as.shallo
Crench | sol anhereor faseRgonel be oRgRs R s el e S bRt ARy Rl o
regions formegidhe fige Eé#cfr@.c?o él%ﬂgﬁﬁé drafilfds bf Megkdsknt ihationbshotat e may

i ncl ude wel |l Tegions, r1ed dIIf uSion regions and other |ike regions. For
clarity, .t he specificaiiyshow thépreganesefianyiofithembovrmersionsd regigpschae¥slh | y show

t he presence of any of it hove- i Legl 0ng ferred Sief erence
numeral 10 i sre#é%%‘{n}“ge’iaﬂg? ﬁdﬁeﬂ?hﬁg‘h‘?%ﬁ%ﬁé. d%e%e&rf y g{eeefner red Si’

cont ai ni ng suhataidh@subapitegmgldyad tnitbe presmibinventipndm e SYISRlg t@tmﬂfﬁﬁ% t hat
is conprised ofOSfi Si . ' ' '

Gate dielectric (or gate insulator) 12 is then formed on a surface of substrate 10

15  utilizing a conventional deposition process such as chemical vapor deposition (CVD),
plasma-assisted CVD, evaporation, sputtering, atomic layer chemical vapor deposition
(ALCVD), molecular beam epitaxy (MBE) and chemical solution deposition.

A.ltcrnatively, the gate dielectric may be formed by a thermal oxidation; nitridation or

oxynitridation pfocess.

20  Gate dielectric 12 is comprised of a dielectric material including, but not limited to:
oxides, nitrides; of('ynitrides' and mixtires or multilayers thereof. A highly preferred
dielectric material that'is employed in the present inventidn as gate dielectric 12 is_ |
SiO;. Note that the dielectrics employed in the piesent invention may have a higher or

lower dielectric constant, k, than SiOa.

25  The physical thjckness of gate dielectric 12 may vary, but typicélly the gate dielectric
has a thickness of from about 0.4 to about 20 nm, with a thickness of from about 0.5 to

about 10 nm being more highly preferred.



Gate dielectric (or gate insulator) 12 is then fornmed on a surface of
substrate 10 15 utilizing a conventional deposition process such as

chem cal vapor deposition (CVD), plasna-assisted CVD, evaporation

sput t eri ng, WaOYAI%80 ayer cheni cal vapor deposition (ALCVI#,T"J‘?BV@’&FI ar beam
epi taxy (MBE) and chenical solution debposition. Alternatively, the gate
dielectric may be fornmed by a thermal oxidation, nitridation or
oxynitridation process. 20 Gate dielectric 12 is conprised of a dielectric
material including, but not limted to: oxides, nitrides, oxynitrides and
m xtures or nultilayers thereof. A highly preferred dielectric material
that'is enpl oxfet fofininp eheaesdaiectiioue abirfie afthg atbstrate pdatestackel 412 formedSi 02.

N gher or | e BiBraet Ene CEUREAR: Tkt Ratk areoreLss oy R °

thickness of galgesdi fa@Cdafd Gndetras. Ofivnallplihe batbiswak iy ale ipaide di el ectric
has a thickness of fromabout 0.4 to about 20 nm with a thictkness of from

about 0.5 to dielpettie camlfim bei ng nore highly preferred. WO 02/ 089180 6
PCT/ US01/ 49571 After formng the gate dielectric on a surface of the

substrat e, J8hte %&f&'&oHs o %eﬁ@ 698014 98y b @nipesdatanp tofiRhtordl edndaétivec 12.
The gate stack enployed In the present” invention includes at |east gate
conduct or 16. m@etizldncldipg, buhrotdmitedde: slaments) mgtatssurney We Bt e dtr i " cap
18. 5 CGate copdygt 6 of 2 : - ; itrid
conventi onal Q%‘h%ﬂ@{(’l’ {J;é @hgggéﬁgﬁhﬁaﬁé?%ﬂ%Mtl%&%g%wf?gﬁc%a%%m _elegrrent al
net al s such asf ¥ forbgoirtklerfental Ritals;rundop€d or Abped Ipplysilicon, gmorgheupsilicon

conbi nati ons -and L tilayers thereqf; silicides It e
f or egoi ng el eﬁ‘P@rﬁog?%“P?é‘Pﬁgl ;mﬁh&3§%°5?§‘déﬁ%@%@3 ngég?rlr%yc%)h?&gﬁgr pft%r&ag silicon
and conbi At i @AsIopdd d8atd doastsr 16REREe StackOveishingitileyqrreefmprisehidopetict i ve
mat eri al _ ’ :

polysilicon, Ti diffusion barrier layer and tungsten. Note that the diffusion bamgr

layer is optional in-the present invention and it may include other well-known

diffusion barriers such as Ta, TiN, TaN, and W;N.

Gate conductor 16 is formed -utiliiing a conventional deposition process such as CVD,
15 plasma-assisted CVD, sputtering, evaporation, chemical solution deposition and
plating, 'When metal silicides are employed, a conventional silicidation process may
" be employed in forminé the séune. On the other hand, when doped polysilicon is
employed as gé.te conductor 16, the doped polysilicon may be formed by an in-situ
ddping deposition process, or altémaﬁvely a layer of undoped polysilicon is first
20 °  deposited and thereafter conventional ion implantation is employed-in doping the layef

of polysilicon.

The physical thickness of gate conductor 16 formed in the present invention may vary
. depending on the conductive material employed as well as the process used in forming
the same. Typically, however, gatc"conductor 16 has a thickness of from about 10 to

25  about 300 nm, with a thickness of from about 20 to about 200 nm being more highty

preferred.



10 enpl oyed as gate conductor 16 of gate stack 14 is a nultilayer conprised
of doped polysilicon, Ti diffusion barrier |ayer and tungsten. Note that
the diffusion barrier layer is optional in-the present invention and it
may i ncl udeWeOrB$18%| | - known diffusion barriers such as BEVHN®STAN, and
VWN. Gate conductor 16 is forned utilizing a conventional deposition
process such as CVD, 15 plasma-assisted CVD, sputtering, evaporation,

chem cal solution deposition and plating. Wien netal silicides are :

enpl oyed, a conventional silicidation process may be enployed in forning
the sane. On the ot her hand, when doped polysilicon is enployed as gate

conductor 16, oftihalipREsleddat ¥ 18 is @ien Toheld@nfoatevadyorde providing the dopi ng
deposition process, or alternatively a |ayer of 'tﬁﬂndo ed ﬁgl iliconis
first 20 depdayaredistensre pRoMEERTEY 18010 aFRoTEmes Wi °i1$rfﬂe Y8R i s

enpl oyed- in cﬁ@l?&tﬂ?c P88 ingM8Es B cBRYhEbhdl 62dmaiiRaehxSueRAs dnftxeda)ess of
gate conductor 16 forned in-the present invention nmay vary depending on
the conduct i vetride evyniifidesns eybinasienses mulkileyerp theprop wiaich 18, applied §SIp8r m ng

t he sane. Typical Ly _howeyer 110 td16dine Sy Hd om
about 10 to ﬁng%upalégace%%swvagﬁtﬁggﬁwg n'egg of- r&(_’)?nneacﬁ%ut 2‘3%’3 about 200
nm bei ng nor eagplighbyutlizies c@ventiBaDRHOSHABR0RET SudBas CIIY, plasnip-aSpistiednal | vy,
dielectric cap 18, is then_ fornmed.on gate.conductor,..16,proywidi ,
layered structYPe @RETHOMFRFIEE Sopution eﬁcbgbtlﬂnc?g&?h‘ewl%%diopﬁ%%%? 8@%%%5936' -

i nvention, - djgbaghvel: a&BRvehfohdl HleHblASreWivig pRRYR Midyttaimpleyedrin feming er i al
such as an oxide, nitride, oxynitride and conbinations ot n}JI til aXers

t hereof whi chdielectmipishp &8 Itisiaaein smpbasized thab i dighciseeapds oBanel 309ARRC P ¢ he
art. For a i ' may be applied by utilizing a |,
conventi oﬁ%(tl rrpe%noglﬁl:l%&ﬁ ﬂgér%rg%étsﬁgﬁﬁéﬁnés CVWD, plasma-assisted CVD,

evaporation, chenical solution depositi‘on and other |ike de si’ti.or][ '
processes. In applications whén a dielectric cap is present on the gate conductor, a5 shown 1n he

- drawings, a layer of photoresist (not.dzshown) is then fo_rrr;ed on the dielectric cap and
that structure is sﬁbj ected to conventional lithography which includes exposing the
layer of photoresist to a pattern of radiation, developing the pattern by utilizing an

15  appropriate developer solution, and transferring the pattern to the underlying dielectric
cap via a conventional dry etching process such as reactive-ion etching. The resultant
patteméd structure, after stripping of the photoresist, is shown, for example, in FIG
1B. Patterned dielectric cap 18 is used in defining the channel length of the gate

region of the resultant structure.

20  Note that when no dielectric cap is present on the gate conductor,_ a patterned resist is¢
formed on the gate conductor by using conventional lithography and the patterned

resist remains on the structure during patterning of the gate conductor.

It is noted that although the drawings depict the formation of one rrlxasked region on |
the 'glate conductor, the present invention works when more than one masked region is
25  formed on the gate conductor. Thus, the present invention is capable of forming'a -

plurality of gate regions on the surface of substrate 10.



Al ternatively, a conventional thermal growi ng process nay be enployed in
formng dielectric cap 18. It is again enphasized that the dielectric cap
is optional and need not 10 be enployed in the present invention. In

appl i cat i o¥ORHBH18Y di el ectric cap is Fresent on the gate FCIAFAEEST!  as
shown in the draw ngs, a |layer of photoresist (not; shown) is then fornmed
on the dielectric cap and that structure is subjected to conventi onal

| i t hography which includes exposing the |ayer of photoresist to a pattern
of radiation, developing the pattern by utilizing an 15 appropriate

devel oper solution, and transferring the. pattern to the underlying
dielectric crfllowi RrasivheTthofutrmdd yhcﬁbﬁhicagamfﬂﬁﬁaﬁg sﬁtdnhph@toreeiat;ti ve-ion

etching. The resultant patterned structure fter stri

phot or esi st, FFOLHPRAIONEG B8l SORgperor H:anlp@e"l‘% ﬁagieﬁﬁ'@ @Rt ?G(\%r cap 18
I's used in dgﬂdtt@fn@tgrésﬂf') ORI ét@ﬂ%@or@éaté Jii@legtﬁEQZ sb 8giogRovfie tHee resul t ant
structure. when no dielectric cap is present on the gate

conduct or, a Smeter shownrinEl@1Ci dn accpriapgegvinthisisieppdthe R?%?‘FBUBI”?R“"B si ng
convent i onal A)epkébag{omﬁpé gﬂ e bifiu H@ﬁr@?&noxﬁe@%ﬁﬁimé %mh!ib‘iro?ﬂ: étaﬁngst ructure

during patternrng te con ct or. i's noted that t hough t he
dr awi ngs deplprbcdsklﬁlafmrhnmﬂy gedectie mrremmsxe@terc@giugh@rmtermh@ gEpareddtduct or,

t he present rks .whe ha orned
on the gate c@ {’}‘PF B\A%‘Pﬁd’gamf IS}P%@%%’EF%%%?S? g%agglde fpﬁo{lm ng a
plurality of QaéRioheqfdMsngife Ethﬁnﬁéléﬁo&&ﬁnﬂGSGbsh reattévelion eWRIRARDBP 180

PCT/ US01/ 49571 8 -Fol |l owi ng formati-on of t he rned diel ef}é[’ cld%ap and
strippi ng of BrReespHbesiexhalogen-coRiBUREPIRIAF B gfé‘ﬁ‘én B PE not

protected; py patdfh lg‘.ﬁl(gl g'rﬁk gﬁfxﬁlggteg%ﬁh%%résg{t mx@ﬁltxéneio?r%rraﬁsdfgﬁﬂi are renoved

st oppi ng on gate rc s.to provide the structure shown in FIG
1C In accordiahctacvh-tSherlmdmgsih%paf@fneEiWeﬁr@%’émremﬂ\’ﬁé‘nt| on, the 5 exposed

portions of gate conductor '16 are renoved utilizing an anisotropic etching
Note that the structure shown in FIGi 1C is a transistor structure having a gate region

that is comprised of patterned dielectric cap 18 and patterned gate conductor 16. The
transistor structure also includes gate dielectric 12 and substrate 10. Note that the |
15  transistor structure shown in FIG 1C includes gate corner reglons 20 that are located at
the base of the parterned gate conductor. Note that when no dlelectnc cap is
employed, the structure would look similar to the one depicted in FIG 1C except that

no patterned dielectric cap is present on the structure.

In accordance with the next step of the present invention, ions are implanted into

20  transistor gate corners 20 so as to form implant regions 22 at the gate corners, See FIG
1D. The ione employed in this step of the present invention, which are capable of
enhancing the rate of sidewall oxidation, include, but are not limited to: non-oxidation
retarding ions, Si ions and mixtures thereof. The phrase “non-oxidation retarding
ions” is used herein to denote ions that do ot lower the rate of oxidation of silicon.

25  Tllustrative examples of such non-retarding oxidation jons include, but are not limited:
0, Ge, As, B, P, In, Sb, Ga, F, Cl, He, Ar, Kr, Xe and mixtu:es thereof including

mixtures with Si ions.



process that is highly selective in renoving gate conductor material as
conpared to dielectric. One type of anisotropic etching process that can
be enployed in the present invention in formng the structure shown in FIG
1 Cis a resonpseson etching (RIE) process wherein a halfsgamot#i{hi ni ng
plasma is used as the etchant gas. It $hould be 10 noted that during this
etching step of the present invention sone or all of gate dielectric 12
surrounding the patterned | ayers may be renoved. Note that the structure
shown in FI( 1 Cis a transistor structure having a gate region that is
conprised of patterned dielectric cap 18 and patterned gate.conductor 16.

The transi stuys iiplat kiep 6f e peeskritGhvedtion, gdich fdintd iegllant cegléhs@Adt gatbst r at e
10. Note that the 15 transistor structure

] ! hown.in FIG i ncl gate
corner regi ofSTMEDISRIRS 288 PF’&*’_&PS&S‘&S an {oREoBLI IR a’i’:% 1%&% foe%%ﬁp@?t e
conductor. N2 (Ral, WedoRQr Bof! M6k 133@4@@5’0du$mmhwadg mioRehighlyuct ur e

woul d ook simlPar to the one depicted in FIG IC except that nq patterned

di el ectric capefesedyrMeraveroihisine implatationrsiep afthepresspbianenion;is sAHeHEOHext
step of the present inventi i | 00! e} A I [ gat e
corners 20 s@t Al Snerey %fxr/fﬁqqlﬁ% Ltérllfzg%a‘t?oqlﬁﬂ/lgg, xg{ﬂ[l ?tﬂgﬁegé?foigﬂ)orh RBAR 180 eV

regi ons te coners, See FIC |
D. The ions egpbsye00 keV bbing notrehighly petfernpde s noted than by vsing Wieisbhvear e

capabl e of enhancing the, rate, of .sidewall oxidatipn, incl are not
limited to: FORGIHRPLIAP F”@Hﬂ{cﬁ%ttdé&‘éﬁ‘q{’g"qﬁﬁﬂ%ffts ngengﬁﬁ%ﬁﬁls?’ﬁ%@éé&rs%%Rﬁ %er eof .
The phrase " n@pgerad, d@ipiMiatiod nlydicBe usingRsiraight idf @dplastagompiocesdenat e i ons
that do not lower the 'rate of oxidation of silicon. 25 Il|ustrative

exanpl es of - swgle iowimplantatian ecesxmanalsobe eBAYIdR tRERICSHLVEFBot | i i t ed:
0, G, As, B, P, In, Sh, Ga, F, O, He, Ar, Kr, Xe and m xtures thereof

includingg mﬁ%?lﬂ(wﬁ% Miditatlonio® B2 abYR-BeAtRR9d BRs BET fAiSadrmdeRgibns 20, The S
I npl ant step of t present invention, which forns H@éan rﬁgl.ons 22 at
gate corner stmgiussho in FEG poris hereeposed g RAVGIHANH SYEWAK oK ihbout 1 E

13 to about 1pr(|)5cé%z that is capable of forming thermal oxide layer 24 on top of substrate 10 (or’
remaining gate dielectric 12) and/or on the exposed sidewalls of patterned gate
conductor 16. The resultant structure containing thermal oxide layer 24 is shown, for-

15  example, in FIG 1E.

The conditions used in forming thermal oxide layer 24 may vary depending upon the
exact sidewall—oxidation Process ;Jerformed. Typically, however, the sidewall
| oxidation employed in the present invention is carried out at a temperature of from
about 600° to about 1200°C for a time period of from about 0.1 seconds to about 2
20 | hours. More preferably, the sidewall oxidation process employed in the present
invention is carried out at a femperamré of from about 800° to about 1100°C for a time
period of from about 1 second to about 1 hour. Itis no_téd that the presept invention -

contemplates the use of rapid thermal sidewall oxidation processes or furnace sidewall

oxidation processes.

25 The sidewall oxidation may be carried out at a single targeted oxidation temperature or
alternatively, the sidewall oxidation may be carried out using various ramp and soak
cycles wherein the ramp.rate for heating and cooling may be from about 0.1°C/min to

about 1000°C/seconds.



cm2, with an ion dose of from about 1E14 to about 1E16 cm 2 being nore
hlghly preferred.. Mreover, this ion inplantation step of the present
invention is carried out 5 at an energy of from about l1leV to about 1MV,
with an eneéV@y2ed18% om about 100 eV to about 100 keV bei F§THGY Wiht 'y’
performed. It is noted that by using t¥e above conditions, no significant
di ffusion of dopants present in the transistor structure is observed.

| mpl antation may occur using a straight ion inplantation process or an
angle ion inplantation process may al so be enpl oyed in the present
invention. 10 Follow ng inplantation of the above-nentioned ions into gate

corner regi Onﬁpﬁxqms{aacﬁng flelcdRAHAR ckpivyRd, the Slléwalldrigatioh eep @ hageetetito a
conventional sidewall oXidation process that is capable of t her mal

.oxi de | ayer Dwergiontinearaed eyl an exidizing ambient. (Rhederm m¥gape 2y ‘éPglc?Sru c 12)
and/ or on the ; REUGE Rt HBitedfoe
resul t ant strlﬁ%?ﬁ?%ﬁlc(f%%)%%?’jn&a?ﬁ%?&ngjuhgx?ﬁg)sﬂ%?rmmﬁgs SthOth 1?or 15
exanpl e, in FogsﬂeEm The, NOnokytgemrvdlcals@dd mixteies hevegl.t esomglemberimentsafer 24
may vary d endi n exac t: si d rformed.
Typi cal I y,° Wg\péq%erﬂ nhxgné% éwacf)ﬁl izipg aréaaw thayP cﬁﬁﬁéd%ﬂpﬁ Fthat thE

Iron-enployed in e present

i nvention i S fé@ulidn%‘xlﬂiﬂngaﬁnb@exﬁ %mlvelyumdlzeithbﬁonmntahmgtsumtetmdahﬁ)&t— 1200C
for a tine period of from about 1 secon

pref erably, tp@t@m@émﬂelcomcwb%ﬁotﬁ%@e’é Oféﬁfpgf’é%/%‘a‘dllﬁ"’i (\é{ﬁfﬂ %éeé%%%
invention is )%H}l)ﬁ hiohisilBUincl88é ftoin aba0.11100C
for a tine per| ogﬁdafn&#né%t% out Egﬁggt{t\@eﬁ;b%b% 1g‘rfgur é‘r/h%ted t hat
the present i fovaboti 4% axygtresnplainiog atrmeephereang fromuphoyt W%’rarl?ﬁ}‘ 93%9?1 | |

oxi dation, progcesses or furnace sidewall oxidation processes. 25 The

si dewal | &%i d&i on may be carried out at a single targeted oxidation
tenperature or alternatively, the sidewall oxidation ma%g btf qr‘i‘([?hed out
using vari ousThamsa:aUthmd;a@s ot‘,;hclrwltﬂm&eérlﬁ opiils lavgrfprmed P thest ting and

cool ing may bgm@gt?org & L{Itheopr%sgnmn'aerftl%n nE) Mty PO SGCMB Eact conditions

employed. Typically, however, thermal oxide layer 24 has a thickness of from about 1

to about 20 nm, with a thickness of from about 2 to about 10 nm being more highly

15  preferred.

It is noted that because of the presence of the implanted ions and the darpagec} caused
thereby at the gate corners, the rate of sidewall oxidation is significantly enhanced as
compéred to conventiona.l processes wherein no implants are present at the gate corner
regions. In some instances, an improvement in the rate of gate corner ox1dat10n of

20  about 50 % or more is observed. Thus, the inventive method represents a mgmﬁcant

improvement over prior art gate corner 0x1dat10n processes.

Following the gate sidewall oxidation process, convennon,al CMOS/DRAM |
processing steps that are well known to those skilled in the art may be performed For
" example, ion 1mp1antahon and actxvatmn annealing may be employed 5o as to form

25  diffusion regions 26 (i.e., source/drain regions) beneath the patterned gate conductor

as is shown in FIG 1F.



WO 02/ 089180 PCT/ US01/49571 10 Notw thstandi ng the conditions enpl oyed,
the sidewall oxidation step of the present invention is carried out in an
oxi di zing anbient. The term "oxidizing anbient " as usedé%e&&&n ggpotes
any oxygen-%¥e0¥8890ng at nosphere includi ng, but not limt OAKRIL st eam
N20, NO, oxygen radicals and m xtures Yhereof. In sone enmbodinents of 5 the
present invention, the oxidizing anbient may be diluted with H2 so that the
resul tant oxidi zing anbi ent sel ectively oxidizes the Si-containing
substrate and the Si- containing gate conductor, but not the netal of the
gate conductor. Wien a sel ective oxidizing anbi ent is enpl oyed, the

sel ective anfilgRtthisyipieatidl yasibeed pattsldriysimabend désctibed with rspect 5 %

oxygen-cont ai n here and fro abo

Thggphya cal Pref q{?"él{"ﬁg;ga tstth%re?fegmq éjeﬁ%%ml?}ptggged}ﬁ lfegag?nef%f%%tc}ﬂx gy t he
si deval | OXr&éédlwaxﬁitcﬁﬁer% _Iééﬁupﬂ’oﬁﬁﬁﬁid detaile fialy e nmaly withopt atbppﬂmglﬁ‘ugn on the
exact conditions ng oyed. Ty

1#n

pically, ver, 1 hermal 24 has
a thickness 8t spitd andprope of th etPE)CSﬁ‘Bd%u‘fen'Q@" t&ﬁrf’ r%lmgqﬂdgqgﬁ'@g@legf ‘rﬂi’tom about
2 to abou 19‘1\@%%&}5 ﬁgt ﬁ?ﬂft tla'tﬂéqé%ctli%rn% Slet296 dedchibéSarnticligdratddabuifag ause
of the presence o ante Ions and the damaged caused thereby at
the gate cornems1mbhaxmafdm@mpsuhémbhmsOX|dat|on ts significantly enhanced
as conpared to conventional processes wherein no inplants are present at
the gate corner regions. In sone instances, an inprovenent in the rate of
gate corner oxidation of 20 about 50 % or nore is observed. Thus, the

i nventive nethod represents a significant inprovenent over prior art gate
corner oxidation processes. Follow ng the gate sidewall oxidation process,
conventi onal CMOS/ DRAM processing steps that are well known to those
skilled in the art may be perforned. For exanple, ion inplantation and
activation annealing may be enployed so as to form



25 diffusion regions 26 (i.e., source/drain regions) beneath the patterned
gate conductor as is shown in FIGIF. WO 02/089180 PCT/ US01/49571 11
While this invention has been parti cul arI y shown and descr. i respect
to preferr®Q %A ments thereof, it \g be under st ood @ﬁﬁ%%}sz}ki | | ed
in the art that the foregoing and ot hér changes in forns and details may
be made wi thout departing from the spirit and scope of the present
invention. It is therefore intended that the present 5 invention is not
limted to the exact fornms and details described and illustrated, but fall
wi thin the.scope of the appended clains. WO 02/089180 PCT/ US01/ 49571 12
CLAIMS Having thus described our inve@bkABMSin detail, what we claimas new

and desire t secuyre . b Letters P t o OXi di Zi ng
rans: stor oaietbtus dbrhmro i SR B El vt webizhy d‘\n?@ta“@ﬁzs‘%’?.%g
into gate cor@@ﬁ@bpﬁh@&ermﬁnalsm ng transistor, wherein said ions 4 are

sel ected from.the group consisting of non-oxi dati on retarding ions, Si ions
and 5 m xtures thereof; and 6 7 (b) exposing the Si-containing-transistor

i ncl uding i np| a [n%% p kﬁfzﬁf tEhAkiStof t@&frﬁeréaom isb 0¥ bidpgafg anbient. 1
2. The rretlhod o‘}f\1 aclkirrrf1éa ok in slalodgilon retarding “oXi daitjl on ions are

sel ected fZ7om 2 the groyp conS| sting of 0, Ge, As, B, P, In, Sb, G, F,
a. re, Ar3, Iﬂra) ur)l(pﬁarﬁlnn% igﬁsxi}x%rg%’?é co?heg'&{ a%qfcontaining transistor, wherein said ions
are selected from the group consisting of non-oxidation retarding ions, Si ions and

mixtures thereof; and

(b) exposing the Si-coﬁtaining transistor including implanted transistor gate corners to

0 3 O W Bk

an oxidizing ambient.

2. The method of Claim 1 wherein said non-retarding oxidation ions are selected from
2 the group consisting of O, Ge, As, B, P, In, Sb, Ga, F, Cl, He, Ar, KT, Xe gnd mixtures
thereof. '

3. The method of Claim 1 wherein said Si-contaiﬁing transistor includes a Si-

2 containing substrate, a gate dielectric, a gate.cor_lductor and an optional dielectric cap.
1 4. The method of Claim 3 wherein said Si-containing substrate comprises a Si-
2 containing semiconducting material selected from the group consisting of Si, SiGe,

SiGeC, SiC, Si/Si, Si/SiGe and silicon-on-insulators.

5. The method of Claim 3 wherein_said gate dielectric is an oxide, a nitride, an

2 oxynitride or mixtures and multilayers thereof.

1 6. The method of Claim 3 wherein said gate conductor is a conductive material

3]

selected from the group consisting of elemental metals, silicides or nitrides of



1 3. The nethod of Cdaim1 wherein said Si-containing transistor includes a
Si 2 containing substrate, a gate dielectric, a gate conductor and an
optional dielectric cap. 1 4. The net hod of G ai m 3 wherein_said

Si - cont ai ni WG 0308948% at e conprises a Si__2 ' containing seni dSTERIARG
material selected fromthe group consi Bt ng of Si, SiGe, 3 SicGC SiC
Si/Si, Si/SiG and silicon-on-insulators. 1 5. The nethod of Claim3
wherein said gate dielectric is an oxide, a nitride, an 2 oxynitride or

m xtures and nultilayers thereof. 1 6. The nmethod of Claim3 wherein'said
gate conductor is a conductive material 2 selected fromthe' group

consi sting 0 e?de%f'ﬁ?ﬁie?ﬁls B@ltyﬁhéon ﬁnbfpﬁb&ﬁ?’h&h aﬁdl boheiaatisis oY Gultdd 89180

PCT/ USO1/ 49571 13 3 el enental netal's, polysilicon, amorphous silicon and
conbi nat i bnsthereaful tilayers ' . 4 thereof. 1 7. The method of Ol aim 6
wherein said gate conductor is a nultilayer of doped 2 polysilicon, Ti
barrier and tungsten. 1 8. The nethod of Caim3 wherein said opti onal
dielectrit cdehsnwtlmut@fcﬁlamaﬁ whereindseid ga2 candustorns & mudtdayer ofdepsdnat i ons and
nul tilayegs:- th ’ii b The tﬂethod of Caiml wherein step (a) is

per f or rred“usPﬂ@s fon. g B‘B@Em@f R 2 about 1E13. to about 1E17 cm2. 1

10. The nmethod of aim9 wherein said ion dose is from about 1E14 to about

lEI6 2 cnf2 1.11. The nethod of Caim1 wherein step.(a) carrled out at
an ener gylof 8 ridemeseng of Claim Hyh @@Wﬂ@@l@\? ectriciopap 13|“FR3° gyride: a ai m
11 whereig s Yor ko BRI efMnifogbout 100 2 keV 1 13. The
nmet hod of CI g#%xgﬂ%erél ﬁmgl'lthglga( %ng C%I’el’l ed %ut usi ng an angl e i npl ant

1 9. The method of Clalm 1 wherein step (a)is perfonncd using an ion dose of from
2 about 1E13 to about 1E17 cm™

1 10. The method of Claim 9 wherein gaid ion dose is from about 1E14 to aboﬁt 1E16

2 cm™

1 11, The method of Claim 1 wherein step (a) is carried out at an energy of from about

2 1eVtoabout 1l MeV.

1 12. The method of Claim 11 wherein said energy is from about 100 eV to about 100
2 keV. | | |

1 13. The method of Claim 1 wherein step (a) is carried out using an angle implant

2 process.

1 14, The method of Claim 1 wherein said Si-containing transistor is a MOS or FET

2 transistor.

115, The method of Claim 1 wherein step (b) is performed at a temperature of from -
2 about 600° to about 1200°C for a time period of from about 0.1 seconds to about 2

3  hours.



2. process. 1 14. The nmethod of Claim1l wherein said Si-containing
transistor is a MOS or FET 2 transistor. 1 15. The nethod of Caim1l
wherein step (b) is perfornmed at a tenperature of from 2 about 600 to
about 1200CMOfR0818¢ me peri od of from about 0.1 seconds t PB4 3
hours. . WD 02/ 089180 PCT/ US01/ 49571 Y4 1 16. The method of O aim 15
wherein said tenperature is fromabout 800 to about 2 1100C for a tine
period of from about, | second to about 1 hour. 1 17. The nethod of C aim!]l
wher ei n sai d oxidizing anbi ent conprises an oxygen- 2 contai ni ng
atnosphere. 1 18. The nethod of Cl aim 17 wherein said oxygen-containing
at nosphere conprises 2 02, steam N20, NO, oxygen free radicals or

m xt ures thereof 1 19. The method of daim 1 wherein said oxidizi ng

anbi ent i g di 10t Eee methed e£Claim b whemie sgiditerppereireds fpm aboutd08; & 41?°§%u

di luted ox di gjgpec a5 pérd efoPBUbo? 1o about 40 % of an
oxygen- cont ai 1:_1]] ngcanbltﬁ% an #%gmib%gms& to %out ° 3 99.9 %of H2. 1 21.

The nethod of Caim1l further corrpr|5| ng the step of form ng diffusjon

i f :‘ us ;Solnnlr eé on ea{f'"aéﬁ?%?tﬁ@alﬂby W%grﬁm 98 or?gp gﬁg ,S[,lg%{ ‘%’n é%snea&ygérp sai d

2 containing atmosphere.

1 18. The method of Claim 17 wherein said oxygen-containing atmosphere comprises

2 O, steam, N,O, NO, oxygen free radicals or nuxtures thereof.
1 19. The method of Claim 1 wherein said oxidizing ambient is diluted with Ha.
1 20. The method of Claim 19 wherei_'}l said diluted oxidizing ambient includes from

about 0.1 to about 40 % of an oxygen-containing ambient and from about 60 to about

99.9 % of Ha. -

(NS ]
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1 21. The method of Claim 1 further comprising the ste;i of forming diffusion regions in
2 said substrate.

1 22. The method of Claim 21 wherein said diffusion regions are formed by ion

2  implantation and annealing.



