Met hod of Form ng CoSi x TECHNI CAL FI ELD [ 0001] The present invention

rel ates generally to the manufacturing of sem conductor devices, and nore
-particularly to a method of form ng cobalt silicide. BACKGROUND [ 0002] In
sem conduct or device manufacturing, silicide formation is conmonly used to
reduce the resistance of sem conductor materials. Silicide formation = -
typi cally conprises form ng M&tﬁpdlofcﬁmtmplg)ﬂcﬁleurface of the

sem conductor nmaterial, such as polysilicon. Silicides are often formed on
gates, sources, and dral ns of transistors, and al so on local int erconnects, .
as exanpTBCHNIGALIFCEM® fornmed on source and drain regi ons reduces 't he sheet
resi stance of the path between an adjacent netal contact and the channel

- edge of @E&tra istor, for 'exanple. One type of suicide is referred to as °
a salici ] ﬁ’@?‘%’ﬁ‘@&“%‘l Ieiaéqscﬁénﬂ{ﬂbd@3§ ¢ Magifadsringloft demdeoghud® show a
prior a(reciﬁrrethod of form ng a silicide over a silicon surface in a -

cr oss- setI%6hand pospariquislyitn g methasttof farmfagenbelt $ificide. seni conduct or devi ce
100 conprising a workpi ece 101 has a silicon region 102 on a top surface

t hereof The silicon region . 102 has a native oxide 103 forned thereon. An
argon smRALEGRGUNISed to renpve the native oxide 103, and a cobalt |ayer
104 is deposited over, the silicon region 102, as shown in Figure 1B. A -
titaniumnitride (Ti N) cap 106 is deposited over the cobalt |ayer 104. The
wor kpi ed8080 i dn semiperainetdr devie hinugtusingedlicigy foeaiton 0 chRfEhEAREd to
silicide. (CoSix) 108 at the top surface of the silicon region 102, as
shown i reducg thegesistarge oAsseit@thtsemat-allsi Siliiie Tonente wﬁ&u&%ﬁ@ﬁ%ﬁ g TN -
cap 106 and any unreacted cobalt 104 fromthe-top surface” of e-Wo kpgece

100, | eaumnetg doabp ofk surface of the semiconductor material, such as polysilicon. Silicides are often

formed on gates, sources, and drains of transistors, and also on local interctjnneets, as examples.
Silicide formed on source and drain regions reduces the sheet resistance of the path between an
adjacent metal contact and the channel edge of the transistor, for example. One type of silicide is

referred to as a salicide, or self-aligned silicide.

[b003] Figures 1A through 1D show a prior art method of fon:ning a silicide over. e silicon
surface in a ¢ross- sectional view. Referrmg ﬁrst o Flgure 1A, a semiconductor device 100
compnsmg a workplece 101 has a sﬂ1eon tegion 102 on a top surface thereof The sﬂlcon region
102 has a natlve oxide 103 formed thereon An argon sputter 1s used to remove the native oxide’
' 103, and a eobalt layer 104 1 is deposited over the silicon reglon 102, as shown in Figure 1B. A -
titanjum .nitride (TiN) cap 106 is deposited over the cobalt laYer 104. The workpiece 100 is
- annealed in a first anneal process to fonn cebalt 311101de {CoSiy) 108 at the top surface of the
sxhcon region 102, as shown in F1gure 1C. A selective etch is then performed to Temove the TIN
cap 106 and any un:eacted obalt 104 from the top surfaoe of the workpiece 100, leaving behind

a layer of CoSi, 108 on the top surface of the si_licon region 102, as shown in Figure 1D. The
_1- ' .



a layer of CoSix 108 on the top surface of the silicon region 102, as shown
in Figure 1D. The -1 workpiece 100 is then annealed in a second anneal
process, typically at a higher tenperature than the first anneal process,
to convert the CoSi. 1108 to a | ower resistance phase of the CoSi, material.
[0004] One problemw th the nmethod shown in Figures | A through | Dis that
it results in the formation of poor quality CoSi,t. Another problemwth

t he priworkarece $Qf igithée anugatrgtin 6 8ecopd arnEakrre pRsswIvRiFaLLY &) g highen WIPRFAGHE D | s
that the argon sputter cleaning. process can cause device failures, due
.to Co B firstmesiabprecdsntotonyet teCodink08ip adewertesigipnagphaseolihg @Ok gure 1 E.
Figure IEillustrates a transistor 112 having silicon regions 102 that
conpri sgagrislource S, drain D and gate. G A gate oxide 114 resides beneath
" the gate G A thin oxide 116 is formed over the gate G sidewalls .and over

the .t ur f f L t h S dr ai LA
spacer  RB4lun copestleBi GEracysRrTesr s o aea ol bp N nd s e G
116, over the gate G sidewalls. [0005] The argon _sput t.er. Locess may _
over - et 1§ fermation phpoox Hudity £o8ix ﬁBPWFrrHOQe%‘@ﬂE‘%ﬁﬁPO ?ﬁﬁﬁ?‘@gfoﬁ’@ 'Mneath the

spacers 118, as shown. ]During the argon sputter process, silicon atons
may . | odgeecess shewf orfigres WA thyeughddhis thah theren Sputtareaning HreRess ¢aR SaHfesi r ed
silicidé region beneath- the bottom of the spacers ' 118, as_shown in
Fi gure fievice fdihens, dhetoc®dRi} tesidas frmib@4mderche spaoemfilma as stoginria Figere 8Be Fi gure
| B) is deposjted, cobalt is also deposited into the reentrant profile 120.
Thus, duiguRgl R Hestedneatanpisne ¢ sShavinptdisionaegiomhttha icbinpiiskes soreel S dedis &
formed beneath the spacers 118, which can cause shorts and which may al so
i nduce and gAkage, piobtiea 14 fesitéibeerdiethercatt G. A thin oxide 116 is formed over the

gate G sidewalls and over the top surface of a portion of the source S and drain D, as shown. A

spacer 118 which may comprise polysilicon is formed over the thin oxide 116, over the gate G

sidewalls,

[0005} The argon sputter process may over-etch the thin oxide 116, forming a reentrant
profile 120 beneath the spacers 118, as shown. During the argon sputter process, si‘Ii(:()p atoms .
.may 1o.dge or be formed in fhc reentrant profile 120, to form an undesired silicide regiog benedth
' the bbttom-ofﬂlé spaéets'l-l_S, as shown in f‘igurgr 1E. When the cobalt layer 104 (not shown in- :
: Figure 1E; see Figﬁre 1B) is deposited, cobalt is also deposited intorthe‘ reentrant proﬁl_e 120.
'Thus, during the éxmgal process, undesired cobalt silicide 122 is also formed beneath the spacers
118, which-ca:n cause shorts and which may also induce a leakage problem,"if the undesiréd -

cobalt silicide 122 is not removed in subsequent chemical strip processes.

[0006]  Another prior art method for forming CoSiy is shown in Figures 2A th_roug_h 2Cin
cross-sectional views. A Workpi;cé 201 having a silicon region 202 has a native oxide 203 |
formed thereon, as shown in Figure 2A. In this method, the native oxide 203 is not removed. A
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cobalt silicide 122 is not renoved in subsequent chem cal strip processes.
.[ 0006] Another prior art nmethod for formng CoSi,, is shown in Figures 2A
through 2C in cross-sectional views. A workpiece 201 having a silicon
region 202 has a native oxide 203 forned thereon, as shown in Figure 2A 'In
this nethod, the native oxide 203 is not renoved. A--2 cobalt layer 204 is
deposi ted over-the oxidized silicon region 202. A titanium (Ti) cap |ayer
224 i s Qepblayardfs ndsposited oreilg exidiasiesilionp Aegiqma0anot Kiandure (D) san layerved
annealed in a first anneal process to form CoSi, 208, as shown in Figure
2B. As ithdepgeitedioven thpeehslt layer 204 ddeseordeiccer20p agithen penealfd i a first langeat 224 i s
renoved, along with any unreacted cobalt 204; |eaving the structure shown
in Fi gpree2Qo faheColfiy R, ecsho2@lin Figutdithh Aninctht Bkt aded a1t priotesa dsecibad] tanneal
process to convert the CoSi 2, 208 forned-to a |l ess resistive phase - '
mat er i alTi chPR@et]228dverered, blvap evithragy prreidtandbalt £04 {18 the strddtire ROSE ES
shown in Figures 2A through 2C In this process, the titanium 224, or a
por ti on Fifee 2Of ThelbbipeRs 20 Nis@tanhdeedc@balih a 38%bnd hhdd8prob8 if bérierranneal
step in order to. renove the native oxide 203. However, 1t is difficult to

contr ol C&S*D&O@'?Pﬁﬁyd-t@zllésﬂ'éﬁii%&?e‘lxnﬁtgﬁél. di ffuses through the cobalt 204 to

the. silicon region 202 surface. Furthernore, the diffusion of the
titani um 224 through the cobalt 204 inpacts deleteriously the resistance
of the (B7h rmabemicur, theg aroprabldms Withdhe prior atterorass shrovwoin FegeGR A throuwgh
removed by an argon sputter clean process, this results in resistance "RS
t ai | i ng"2C. dn tlanpiobess,chs Btaitinnt 210, arenpdridn therepf, diffilsed ihtgughbfthextobah@0€dagng n

t he-resi stance of the resulting conductive material formed, in particular
t he contthaidt sinkdlcep i egieoid r@ddverhenithe o203, Homwaes:, #@83ifidRA8 Eontrol

Therefore, what is needed in the art is an inproved nethod of. form ng

‘CoSi,, aM&dmount of titanium 224 that diffuses through the cobalt 204 to the silicon region 202 surface.
Furthermore, the diﬁﬁlsibn of the titanium 224 through the cobalt 204 impé.cté deleteriously the
resistance o-f the CoSi, material 208 formed. Thus, if the nativé oxide 203 is not removed by an
argon sputter clean process, this results in resistance “R; tailing™, or an ipcrease in the |

cumulative probability of an increase in the.resistance of the resulting conductive material

formed, in particular the combined silicon region 201 and the CoSix formed 208.

[0008]  Therefore, what is needed in the art is an improved roethod of forming CoSi, over

silicon regions of a semiconductor device.

SUMMARY OF THE INVENTION
[0009] ‘These and other problems are generally solved or circumvented, and techni.cal
advantages are generally achieved, by preferred embodiments of the présent invention, which

© provide a method of forming a CoSiy layer on a silicon region by first depdsiting a thin titanium.

Iayer over the silicon region, depositing a cobalt layer over the thin titanium layer, and
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silicon regions of a sem conductor device. SUMVARY OF THE | NVENTI ON [ 0009]
These and ot her problens are generally solved or circunvented, and
techni cal advantages are generally achieved, by preferred enbodi ments of

t he present invention, which. provide a nethod of formng a CoSi,; |ayer on
a silicon region by first depositing a thin titanium/layer over the silicon
regi on, dgeRAmLLITIN I8:£0RR e doBYIElay&Y he LR titddiin [y ARk hR¥eide AMNEe - 3
depositing a Ti N |layer over the cobalt layer. The thin titaniumlayer
reduces giiipe QX i @itebh fefonS Md RGEMRPS rebllf 18 h Co80MayeP B reﬁﬂ%‘dtrgs%t%;cg "afid
results in-a CoSi,t l[ayer having reduced resi stance a I NCr ease

conduct iiﬁ/ciréaged({oggl}c%]uit n accordance with a preferred enbodi nent of the
present invention, a hethod of fornming a silicide |ayer over a

sen conduct or surface includes providing a workpiece, the workpiece having
a top sliflte wintdcadsenivithrdueoed erlgidmers xp deqaeseatidvaleipasd thithgd ah oxi de
reduction layer on. the sem conductor surface. A cobalt |layer is deposited
over t héormingesilicideliagdrionsr 4 seyfitondactbi dugfabdintinids préddingelorkSesiepRsi t ed over
the cobalt |ayer, and the workpiece is annealed to formcobalt silicide

over t hevoSighdce BRENEE Rip SulfEdeORitl DRndibirkiaser repRALE | .
anot her Srgg{‘iﬂgrred enbmgdi ment 1of t he preseﬁehi nvek?s}eg’nﬁgggér%?%%?nwg;&form ng

a si | ChdRodaafer 81 i BmRBANGANIHAIA! SUARRC AtkHdAS] Q{e@%ﬂedw@e a

wor kpi ece, the " workpiece having a top surface with a srlicon region -
exposed hidr GORLedi 90 shavin natj v oxide there W t.hout .

cl eani nacdﬁjﬁtggn??*e;r’caon rnglglingﬁld\?m R lgrqg%?rs %%)dnw%f)g{tetcgg& léyeé'a?'f%&?%g@g@fcﬁﬁsoxi de
focac 1 Bihen Y ol cERORAAET oD ok NEmBBhdtfr QST iop GERY T2V Er T

[0011] In accordance with another preferred embodiment of the présent invention, a method
of forming a silicide layer over a semiconductor surface includes providingra workpiece, the
workpiece having a top surface with a silicon region_gxposéd, the silicon region having a native
oxide thereon. Without cleaning the silicon region with an argon sputtér- clean process, an oxide
reduction- layer is deposited on the native oxide. A cobalt layer is deposited over the oxide
reduction layer, a titanium nitride layer is deposited over the cobalt layer, and the workpiece is -

annealed to form cobalt silicide over the semiconductor region top surface. -

[0012]  In accorciancé with yet another pr'cferred— émbodiment of thé present iﬁvgntion, é
method of forming cobalt silicide i_nclﬁdés providing a workpiece, the workpiece having a top _
surface W[th a silicon region exposed, the silicon region having a native okide-thefeon. 'Withﬁt_
- ﬁ1.'st cleaﬁiﬁg the silicon region with .aﬁ argon sputter clean process, 30 Angétroms or leés of
titanium are deposited over the native oxide, 50 to 100 Angstrdms of cobalt are deposited over
the titanium, and 100 to 200 Angstromé of tita.niurh nitride are dépési’ged over the cobalt. The
workpiece is annealed to form 7350 to 600 Angstroms of _cébalt silicide over the semniconductor .
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reduction layer, a titaniumnitride |layer is deposited over the -cobalt

| ayer, and the workpiece is annealed to formcobalt silicide over the

sem conductor region top surface. [0012] In accordance with yet another
preferred enbodi nent of the present invention, a nethod of form ng cobalt
silicide includes providing a workpi ece, the workpi ece having. a top
surface with a silicon region exposed, the silicon region having a native
oxide thereon. Wthout first cleaning the silicon region with an argon

sputter clean process, 30 Angsiro [l oL i um ar ited
oher ¢ RSP s e et R s ATl @l bre bt AT b ndlaRER B0
the titanium .and 100 to. 200. Angst.ro of .titani.umniftride, are deposited
over tH ‘GE;ébaéﬁdt%.‘e‘T‘Pf egiisieppealed 1 gd&ﬁ%@greéﬁgapge ?%H‘?TF%@% P %00 Angst roms of
cobalt silicide over the sem conductor -4 region top surface, the titanium

ni tridge@ay UNERBEdLENS APAtnRhBor #KRVE tohiieiNaavaltagdeh By plvRlidg aisi | i i de,
and-t he workpi ece is annealed to reduce the resistance. of the cobalt

silici qxﬁgrok%ﬂié&lomgg{lﬁg o8, Qvet fBeonPYARS 1R sBG RN 14 IR 0RE.CBEcRAGY ANt ages

by providing an. inp nmet hod of formng CoSi,t over silicon regions of

_ | G ! gl ons
sed 1 GRPSENE EEMAL R RE AU Brcll cRRORL p e TR B BERES  Pekor

device failuyres and ppqr--cobalt faor ion. T hi.ckness, .of.. thin.titani um
over  redapd s P CaE e 30 - bR B op.a By USRS BR i ibh e and
easy to, optim,ze,. Furthernore, .the. netho oes,not require the diffusion
of titdbat GWPWB%W}‘W@“&%% @Y%@%%S!iy i%ffﬁfﬁ?ﬁ%d fa57 LYOFHEZRas out I'i ned
rather broadly the features and techni cal adyantages of = enbadi nents of the
pr esentFurtheeets. $is mabosth dner notysquireribe ddusrn ebttgeyerthpueb fhregebelhleyehvent i on
that follows maybe better understood. Additional features and advantages
of e nb(:[@ﬁm ntshi fotré'g%ing has outlined rather broadly the features and technical advantages of

embodiments of the present invention in order that the detailed description of the invention that

follows may be better understooci. Additional features and advantagés of embodiments of the

~ invention will be described hcreinafter; which form the subject of the claims of the invention. It

should be appreciated by those skilled in the art that the conception and specific enibbdi_inénts '

disclosed rﬁajf be readily utilized as a-basis for modifying or designing other structures or

processes for carrying out the same purposes of the present in#ention. Tt shcn-.}-ld also be realized _

by those skilled in the art that such equivalent constructions do not depart from the spirit and '

scope of the invention as set forth in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0015]. ."Fo_r' a more complete understanding of the present invention, and the advantages '
thereof, reference is now made to the following descriptions taken in conjunction with the

© accompanying drawings, in-whick:



invention will be described hereinafter, which formthe subject of the
clains of the invention. It should be appreciated by those skilled in the
art that the conception and specific enbodinents disclosed may be readily
utilized as a basis for nodifying or designing other structures or
processes for. carrying out the' same purposes of the present invention. It

shout d B0 Derlsik iﬂggrﬁgg}t] B3Ry Blekd dcBflorafviehe o prishatmousropditigval ent,

constr s do not romthe spirit and scope of the invention as
set forth.in,the ended .gl ai : AaRAVY: [ 00151
For a n¢> o 3’8?‘551%@@%%3%3 %gécﬁrﬁ%%er? % %@%ﬁﬁhﬁ% tni-&lc_){ﬁ, and.Athger
advant ages thereof, reference is now made to the following descriptions

t aken i¥FPeonj unction with the acconpanyi ng draw ngs, in~which: -5 [00161
Figures | A through 1E show cross-sectional views -of a prior nethod of

form nqlonﬁqSi , Figutdi@nhehtovgh RCtiAM AR anbihes shivr aspndtimdest fosnihp OoBi, wherina
cobalt Tayer prior to an-annealing step; [00171 Figures 2A through 2C

i |1 ust r afeniaRQLD B et HRPosaR byvam o8t Rierd Afdthe01aC8] diffivhi@meigh the cobilani um
cap layer I's disposed over a cobalt layer, and the titaniumdiffuses

t hr oug h bal 1. ' xi de at the sem conduct or
surfac&%?gﬁ%gﬁ?&ﬁ%aﬂ%%é&%?%ﬂ?{eﬁgg@rﬁg{igﬁgﬁgﬁ-secti onal views of a nethod of
formng CoSi, in accordance with an enbodi nent of the present _invention,
wher ei n[oa1sihi n Rigwesrd-titiusmste crososertidnal viesss of heedodiod 6renies 6PSisift f ace ,
reduces any native. oxide residing on the surface; and [00191 Figure 8 shows
a transicb@indaaing eaitbtimment B eresert haventiy whireimrs i titgiivedayssifergnagn

over the semiconduetor surface reduces any native oxide residing on the surface; and

[0019]  Figure 8 shbws a transistor having silicon regions that have been silicided using an

embodiment of the method described herein.

10020] Corresponding numerals and symbols in the different figures generally refer to
corresponding parts unless otherwise indicated. The fi gures are drawn to clearly illustrate the

relevant aspects of the preferred embodiments and are not necessarily drawn to scale.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIIVIENTS

.[0021] The making and i;sing of the.‘presently preferred embodiments aré discussed in 'deta?il' '

ll)élow. It should be app:reciatcd-, hov.vever, thafc fhe i)fesent invention providgs many applicable
inventive COIIICE:pi;S that Ean be embodied in a wi&e variety of‘speciﬂc contexts. The 'spccifl'c'

embodiments discussed are-merely illu;stratiﬁfe of specific Wayé to iﬁake and use the invention,

and do not limit the scope of the invention.

[0022] With reference now io Figure 3, therein is shown a semiconductor device 300

including a workpiece 301. The workpiece 301 may comprise silicon oxide disposed over a
-6-



enbodi nent of the nethod described herein. [0020] Correspondi ng nunerals

and synbols in the different figures generally refer to corresponding parts

~unl ess otherwi se indicated. The figures are drawn to clearly illustrate the

rel evant aspects of the preferred enbodi nrents and are not necessarily drawn
to scale. DETAILED DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS [ 0021] The

- maki ng %le@&yﬂﬂ sffcod @ﬁfaprﬁﬁ%éﬂkﬁle&r & lglééﬁﬂclﬁﬁgjaﬂér% &lﬁztlt@%f‘aygfs peugged in

detail' below It shoul e appreci at owever e prese

Ve | JanoRi B URAK, PPLARAINE e B, (18, GRRAERESnIdAN EARARE IR0 o

inawde variety o tic contexts. h eC| "Ecussed

-are nere t ecifi use the invention,

and do n‘r’Jg h 4&3&1 Pﬁ%@%g&cb p?%%ﬁ’ﬂﬁ?d"fﬁlg‘ﬁ? SR r ef er ence now to
Figure 3, thereln is shown a senlconductor device 300 including a

wor kpi ecle0Z)1. The wotkpkdel 60 &indQileRyenticsnanétsLreBiohi300 fortied dea BipShemed over a
-6 single crystal silicon wafer. The workpiece 301 may include other

conduct i th&ed)iamﬂ)‘s o scfh‘i&bﬁﬂuot&@gglﬁﬂ RO sRdw e lneBRE 9, hcﬁvéirer ther@hRl %E ors,
di odes, etc. (not shown). Conpound sem conductors such as GaAs, |nP,

Si/Ge, Seborall ks &ﬁﬁéﬂﬂh@otoﬂ@%%ogﬁ (gsa%g otfdr BEAGRS g%%échdb&% or Lr%gga% Hll?er

wor kpi ece 301 includes a sem conductor region SUF T

or kpi e ; 3. h
t her eo Yol ﬁ%’}%’%ﬂ’ace oﬁ% ﬂgp%e 0L, 9%2“136@ %?ﬁicron%&mé%e“ﬁtvir and

.there ITH e sever over® sem con

conductlve or jnsulatin i ons fo d withjn the to surface of
t he wor Kp lg%e fpr%?e‘g%wm?’ﬁé’o Bﬂ%éé‘ﬁ?ﬁi@i G085 239y prStalline of er 1 ed

enbodi nrent co es are ~sili.co such as_pol ycrystalline-
SQLICOII, arH[)) g%x a?tematlveqy, the lecon region gl02 may compnsg am%rph%us silicon, for
example.

{0024] The top surface of the silicon region 302 is next cleaned to remove or reduce any
native oxide formed on the sﬂiéon region 302 top surface. The cleaning 'ste;; preferably

comprises a 100:1 HF acid solution for 60 to 90 seconds, for example. Alternatively, the silicon -
regioﬁ 302 mﬁy be cleaned with alternative ¢leaning solutions and methods, as examples.
Prcfcrabl);, however, n p'arti'cular,-in accordaricer with embodiments of the present invenﬁon, the
silicon region 302 is not cleaned with an argon sputter cleaning, which can cause damage to the
silicon region 302 surface. The cleaning process for the top surface of the silicon region 302
removes some of tﬁe nétive oxide 303 present on the silicon region 302 sufface, for example.
Whileihq_cleaniﬁg step is preferred, the cleaning step is 0ptjona1,.i11 acc'ord;m‘ce with an |

embodiment ofthe invention.

[0025] - An oxide reduction layer 330 is then formed or deposited over the silicon region 302,
asshown. The oxide reduction layer 330 preferably comprises a thin layer of titanium, and
alternatively may comprise other materials adapted to reduce the oxide, for example, a native
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silicon, although alternatively, the silicon region 302 may conprise

anor phous silicon, for exanple. [00241 The top surface of the silicon
region 302 is next cleaned to renove or reduce any native oxide forned on
the silicon region 302 top surface. The cleaning step preferably conprises
a 1001 HF acid solution for 60 to 90 seconds, for exanple. Alternatively,
the silicon region 302 may be cleaned with alternative cleaning solutions
and net hods, as exanples. Preferably, however, in particular, in accordance
wi th enmbodi nents of the present invention, the silicon region 302 is not

cl eaned with an argon sputter cleani'ng, which can cause damage to the:
silicon region 302 surface. The cl eaning process for the top surface of the

si | i CONoiagH03n FR2mouRITIMSSASRIBNObr 1%&%&% %esl@e%\fé?th%%p AERSEHEmen the

silicon region 302 surface, for exanple. l'e the cleaning step IS

preferr ﬁﬁoontr@ﬁoﬁﬁﬁamrggﬁﬁlgplﬂ e regﬂﬁém m%;@@&%&vg%gﬁ?a % enbodl ment . .

of the invention. 10025] An oxi ucti’on layer rned or .

Sopost il ﬁt?tttﬁﬁs%!oté@%#t&ﬁs‘tlg’sngor&?m? e DS AR 1)

conprlse ther rials ad uc the exa , a natlve
-7 oxi dEdg¥n laﬁgﬁ@ QHBUR alo H%L(fg%ﬁ’»ﬁgmﬁlﬁ Ot §§ a&"“{ﬂ?d‘t‘: Pgaé/e’bver t he
.top sur q%ﬁi il.icon reglon 30 for l e. In one enbodinent, the
oxi de r iﬁlf&t Rifepayied vsinpa sRiter BoRsS: & be@mcptﬁ é@@gwlslzofhﬁm@wwtw

| ess, for exanple, although nore referabl , the oxide reduction l.ayer 330
conpr i se¥ergp Fﬁaﬁlﬁ H%@@nbpatl‘@ oxilesY0P geriding on the dop sprface ] tHe sitieen regios 30R &y er

330 maybe deposited using a sputter process, for exanple. Advantageously,
t he oxi ag&bﬁmg@@p@qal step, to be described further herem

[0026] Next, a cobalt layer 332 is deposited over the oxicte reduction layer 330 For
example, the cobalt layer 332 may be deposited in a thickness of 50 to 100 Angstroms and more
preferably, the cobalt layer 3321s deposﬂ:ed ina thlokness of about 80 Angstroms The cobalt -

layer 332 may be deposited by a sputter deposmon process as an example.

[0027] A titanium nitride (TiN) Iay.er 334 is next deposited over the cobalt layer l33'2_? as

shown in Figure 5. 'I'.he- TiN 1oyer 334 is prcferobly_IOO to 200 AngstromsA thick and may be

‘deposit'cd' by a sputter deposition, as examoles.

{0028] . The workpioce 301 is then stlbjccted to a first annéal process. In tite first oottion, '

e.g., in tt_te-ﬁrst few seconds, of the first anneal process, the oxide reduction layer 330 reacts with

the_ native oxide to form a layer of Ti,(Si,,Q-z 335 over ttlc silicon region 302 sﬁrf_ace, as shom m :
- Figure 4 The mechanisin of the roaotion can be rcpresentéc_l b};' Eq 1:

Eq. 1 O THSIO = Tlxslyoz .

As the first. anncal process contmues the cobalt 332 dlffuses through the Ti,Siy0O, 335 layer to

forma layer of CoSh_ 336 over and abuttmg the sﬂlcon region 302 surface as shown inFi gure 5.



| ayer 330 reacts with any native oxide 303 residing on the top surface of
the silicon region 302 in a subsequent anneal step, to be described
further herein. [00261 Next, a cobalt layer 332 is deposited over the oxide
reduction layer 330. For exanple, the cobalt |ayer 332 may be deposited in
a thickness of 50 to 1.00 Angstrons, and nore preferably, the cobalt |ayer
332 i's dBybsendeaf thenfirat dninbal priess, ik TSN, 3891 RTEE EOVEd 10TE tRQRR Codiayer

332 maybe deposited by a. sputter deposition process, as an exanple. [0027]
A titaniddflayet, as shewh T Nputeayer 334 is next deposited-over the cobalt |ayer
332, as shown in-Figure 5. The TiN layer 334 is preferably. 100 to 200
Angstro i ck..and, nmaybe _deposited- by a sputter deposition, as exanples.
t 00281 rf&(lghg wo FRISptustig thfrsf anea] disocess p dayeref GaPiad3¥6iis Srmedoeerthetopcess. | n
the first portion, e.g., in the first few seconds, of the first anneal

pr ocess SUE#E 05l glicperegion 383, asahewn BE0gwre fc DRirmg tle firstmne trocess, Okidids t 0
forma layer of Ti,XSiyQz 335 over the silicon region 302 surface, as shown
i n Fi guesterably Thastemperatung ofih00F°Ctiheahoand seoonds pas sbexsmpie ose ohiad rdiclish 1

Eg. 1: Ti+Si2 >-Ti,tSi O -. As the first anneal process continues, the

cobal t 382r 0 (Fhewesin Frguoaitihis cased 6 it Wi aBBBatlv@ykide 309 on kY hRcd G048E Of
CoSi 3; 335 over and abutting the silicon region 302 surface, as shown in-

Fi gur e 5ilicon &gy 30hené aHfieé LEN . bede! 335
g icon fgBy 30hen up Beoddnrsd ctfbﬁﬁgag%r ﬁﬁ%%mt%ﬂﬁea&?é)@%@é 0

| ayer has noved to the top of the CoSix | ayer, ‘as sho Igure 6.

[ 0029] TéauiBs indbt foRtba ' ARSI RIDGESS ix 336 is ..
fpr med over ]'?he: top tﬁ)gﬁ;f?g:y? %f' t he.{eg?!sl conéroggrl%%éggﬁ?iyglg%(%nm%gpﬁmﬁflgur e
6. Duri ggthk TN 1dyeSI3430R83, i BHO 6663 The WIS o Bbalt layer 332 and TiSiy0, 335 layer,

as shown in Figure 6.

[6030] A selective etch is performed on the workpiece 301 to remove the TiN layer 334, the
TiyS1,0; 335 layer, and ;fhe unreacted cobalt 332 from ovef the CoSi, layer 336, as shown in
Figure 7. Next, the workpiece 301 is subj ected 10 2 second anneal prc;cess, for example, at a .
temperature of 850°C for 'about 30 seconds. The second anneal process is used to convert the |

" CoSiy layer 336 to a low resistancerphase matérial. ‘The workpiece 301 is t?_nen éxposed fo

' 'subsequent Processes to continue of the manufacturing of the semico-nductbr device 300.
IOPSI_]. 7 A semiconductor device 300 ﬁomﬁrismg a ﬁ_atnﬁistor 340 m,anufaétured in acceradnce,
with an embodimf;nt of the present invention is shown m Figure 8. 'C.oSivx 3376 is fom_led_overA o
silicon regions 3d2,'whjch compl-‘ise a ‘éource S, drain D, and gate G, using the lmct};od described |
with reference to Figurcs_ 3 thrcsugh 7. Advanta_geouély, there is no formation of undesired

silicided regions'beneath the spacers 3 18.

[0032] Embodiments of the invention provide an improved method of forming CoSiy 336

over mhgon regions 302 of a semiconductor device. Because an argon sputier bleaning step is

. _9_



preferably at a tenperature of 500 C for about 30 seconds, as an exanpl e,
the oxide- reduction Ilayer 330 (shown in Figure 3) is caused to react with
any native oxide 303 on the surface of the silicon region 302, and diffuse
up through the cobalt |ayer 332. The first anneal process also results in
~the formation of a layer of unreacted cobalt 332 over the Co Si.- |ayer

336, and a portion of the TiN layer 334 is left residing over the unreacted
cobalt layer 332 and Ti xSiyQZ 335 |ayer, as shown in Figure 6. [0030] A
selective etch is perfornmed on the workpiece 301 to renove the Ti N | ayer

334, the_ ,TiLxSi 35 layer t he unreacted cobalt 332 fromover the
CoSi x | a‘;‘/"e‘rDS%I;B,%%%%S R oiee 3@9 gﬁﬁ’%t%? siligpnregiop B2 Gysfaep there is38duded risk

subj ecte 0. a_second, anneal process,_for exanple, at a. tenperature of '
850C f or‘(’jfa‘%&’ﬁ? faglyres andgangs Ff’abﬁﬁéow@eﬁdTh%ﬁéatvtalyu@d@@sthascm‘wes deorideer t t he
CoSix la gr 336 to _a_ |low resistance phase material. The workpiece 301 is

t hen exp’é WHOP FYEIE dat e hickppss dleas dscassy to conmaliand i arftintite Trenuétasd ddes agt of

t he sem conduct or devi ce 300. [0031) A -semi conductor device 300 conprising
a transi%a¥re thediffysipneiigenive dhiongtaibe ooledtriayer 330 hdoamn adliNed) et 33495 t he
present invention is shown in. Figure 8 CoSi3; 336 is forned over silicon
regi ons 82, which conprise a source S, drain D, and gate G using the '
nmet hod described wth reference.-to Figures 3 through 7. Advantageously, -

there i for ion of uyndesir.ed silicided regions beneath the spacers
318. | 08(3@%1 Enb@’ithé%‘égm‘te b8?|mt"-‘ﬂ qfﬁeﬁeu{?qeghmmgp a%f? e Adyaptageshavebherd of
formng £oSix,336, .over sjilicon regions 302 of a sem conductor device.
c ‘t ) Stti
Because &h Dek’?% it Pi%)r”i beclerstpod thah varipus clanges, substiations aidediaratibes qat i ve
oxi de 3q§ fromthe silicon region 302 surface, there is reduced risk
- e made herein without departing Trom the spirit and scope of the invention as defined by the
appended claims. For examplc, it will be readily understood by those skilled in the art that the
materials and processes described herein ma& be varied while remaining within the scope of the
present invention. Moreover, the scope of the present application is not intended to be limited to
the particular embodiments of the process, machine, manufacture, composition of m-atter, means,
methods and steps described in the speciﬁ-cation. As one of ordinary skill in the art will readily
appreciate from the disclosure of the présent invention, processes, ihachines, manufécture,
- compositions of matter, means, methods, or _stéps, presently existing or later to be developed,
| that perform substantialiy the same function or achieve substantially the same; result as the
con.:esponding embodiments described herein may be- u_tilized'aécording to the present invention.
Accordingly, the apper_lded claims are intended to include within their scope sﬁch ﬁrocesses, :

machmes,,manufacture, compositions of matter, means, meﬂiods, or steps.
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of device failures and poor cobalt formation. The thin titaniumlayer that
conprises the oxide reduction |ayer 330 has a thickness that is. easy to
control and to optim ze. The method does not "require the diffusion of
titaniumthrough the cobalt |ayer 332 because a TiN cap |ayer 334 is used.
[ 0033] Al though enbodi nents of the present invention and- their advantages
have been described in detail, it should be understood that various
changes WR&bd? CLAMMERISand al terations can be nade herein without departing
fromthe spirit and scope of the invention as defined by the appended

cl ai ms. | Farp,gxag f@pm.dllé a Wiibide RS ef SRER s¥midpSRERE @ehcB)hd hR&Bd Skinbli@fei N t he

art that the nmaterials and processes described herein nmay be varied while
remai-ni ng' W i hin- tr aaf i i ‘ scope
of the prescht iR, o wdficertobREg 0} MKERH AR SRR o el e o
enbodi nents of the process, machine, rmanufacture, conposition of matter,
neans, “H¥PHods and steps described in the specification, As one of -
ordinary skill- in the art wll readi apprecjate _fromthe disclosure of
the Present P?R?@H{’E%‘,m%r’&e‘écé’%%?yeﬁ% ﬁ%"é‘?’&‘?ﬁﬁ‘ftﬁé‘gﬁﬁe, conposi tions of
matter, means, nethods, or steps, presently existing or later to be
devel oped, tepapitipgs pehathlaygnayea his Grids rodyror JB¥etf uncti on or achi eve
.substantially the sanme result as the correspondi ng enbodi nents descri bed
-herein may béﬁw@ﬁhgﬁﬁ@dﬁmaégbkdmNQUﬁﬁﬂﬁﬁéhéﬂgﬁéﬁﬁn nvention. Accordingly,
t he appended clainms are intended toinclude within their scope such
processes, amehlingebe wirkpicbatt forme colbimplirgde dvonthe g¢misandustor 1¢g@en®P net hods,
or. steps. WHAT IS CLAIMED I S: 1. A method of form ng a suicide |ayer over a
sem condudicer surface, 'the nethod conprising: providing a workpiece, the
wor kpi ece haviing a top surface with a sem conductor region

10 '

2. The method according to Claim 1, wherein depositing the oxide reduction layér comprises

depositing Ti.

3. The method according to Claim 2, wherein depositing the oxide reduction layer comprises

15 sputtering the oxide reduction layer material,

4. The method according to Claim 2, wherein depositing the oxide reduction layer comprises

- depositing the oxide reduction layer in a thickness of 30 Angstoms or Iess.

20 5. The i:pe,thod according to Claim 1, wherein the workpiece is not cleaned with an argon sputter

clean process before depositing the oxide reduction layer.

-11-



exposed; 5 depositing an oxide reduction |ayer on the sem conduct or
surface; depositing a cobalt |ayer over the oxide reduction |ayer;
depositing a titaniumnitride | ayer over the cobalt |ayer; and annealing
the workpiece to formcobalt silicide over the sem conductor region top
surface. 10 2. The nethod according to Claim1, wherein depositing the

oxi de reduction |ayer conprises depositing Ti. 3, The -nethod according to
C ai m 2, Swiéf Bckrod asreeding tod-lame Lakytha cpmpiising slsaning the serpiepndustos surface
sputtering the oxide reduction layer material. 4. The nethod according to
d ai m 2, viherld0r Hleprid forioAde Pheecondsdbelprsdignesiting thayxdde mdngidndasr. deposi ting:
the oxide reduction layer in a thickness of 30 Angstrons or less. 20 5. The
met hod according to Caim1, wherein the workpiece is not cleaned with an
argon sputter clean process before depositing the oxide reduction |ayer.
-11 6. The Thetdethdd acoeding gClkion Chaliemid thef widrkfiese Ra@icofiphesl Rané padé he
sem conductor surface wth a 100:1 HF acid for 60 to 90 seconds, before

deposkt i Mget foemeXsvdLihe getizbhdRdtdr 36880, whereil B BRIAE AGuAGHALFH, Plivk&s 15 Bhif0el,
wherein the workpiece'further conprises a native oxide 5 1ayer forned over

the sem gﬁag}b%pgntﬁ@ggnggbndm%ﬁhgntsgﬁa&xi de reduction l'ayer reduces the
native :

8. The method apcording to Claim 1, wherein the semiconductor region comprises silicon,
polycrystalline silicon, or amorphous silicon.
10
9. The method according to Claim 1, further comprising:
removing the tifanium nitride layer and uméac’;ed cobalt from the workpiece; and
annealing the workpiec§ to reduce the fesistanc"e of the cobalt silicide.
15 10 .The ﬁethod according to Claim 1, wherein annealing the workpiece fuﬁher cbmpris,es:
| _forming "I"i,;SiyOz ovef and abutting the semiconductor rcgi.on top surface; and
_ diffusing ﬂie cobalt- layer‘ through the TixSiyOz' fo foﬁn the cobalt silicide over _thé '

semiconductor region top surface.

20
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e e,

oxi de layer on the sem conductor region surface. 8. The nethod according to
Claiml, wherein the sem conductor region conprises silicon,

pol ycrystalline silicon, or anorphous silicon. 10 9. The nethod according
to Aaim1, further conprising: renoving the titaniumnitride |ayer and
unreacted cobalt fromthe workpiece; and annealing the workpiece to reduce
the resistance of the cobalt silicide. 15 10. The nethod according to Claim
1, wherein annealing the workpiece further conprises: formng Ti,, SiyO
over and abutting the sem conductor region top surface; and diffusing the
cobal t [ hyémetindad derminmeea SiliYidSiaye overa seoripondhetocoibfaks, tls metbdd eoropmining: he

sem conductor region top surface. 20 11. .A -nethod of formng a silicide

| ayer over apreedingandukpiere, temoslqesce hheingetibpodirbonpith s isiligon prgios eipag:da

wor kpi ece, the workpi-ece having a top surface with a silicon region

expos edthe sithten sdgldndaning @ ghidve dxdds thgeen;nat i ve oxi de thereon; without

cleaning the silicon region with an argon sputter clean process, depositing

an- 5 oxi dé wREdif tle@fing BY SllicOHrelion Wit dnRe@Xdptfsr cHRRPRIcksNGerdstRaht | ayer
over the oxide reduction layer; depositing a titaniumnitride |ayer over

the gobglilie }a4&ion 18RHPRE RN idehe workpiece to formcobalt silicide over
t he sem conductor region top surface. o -

depositing a cobalt layer over the oxide reduction layer;
depositing a titanium nitride laygr ovef the cobalt layer; and
annealing the workpiece to form cobalt silicigle over the semiconductor regi(;n top
surface. | |
10
12. The method according to Claim 11, wherein depositing the oxide reduction layer comprises

depositing Ti.

l 13. The method according to Claim 12, wherein depositing the oxide reduction Iayer comp;i'sé:s‘ '

15 a sputfering process,

14, The method according to Claim 13, wherein depositing the oxide reduction layer comprises

depositing Ti in a thickness of 30 Angstroms or less.

20 15. The method according to Claim_l 1, further comprising cleaning the semiconductor surface

with a 100:1 HF -‘acid for 60 to 90 seconds, before depositing the oxide reduction layer.

13-



10 12. The nethod according to Caim1ll, wherein depositing the oxide
reduction | ayer conprises depositing Ti. 13. The nethod according to C aim
12, wherein' depositing the oxide reduction |ayer conprises 15 a sputtering
process. 14. The nmethod according to C aim 13, wherein depositing the oxide
reducti‘on | ayer conprises depositing Ti in a thickness of 30 Angstrons or

| ess. .20 15. The nethod. according to Claiml1l, further conprising

cl eaning the sem conductor surface wth a 100:1 HF-acid for 60 to 90
seconds, before depositing the oxide reduction |ayer. 16. The nethod

accor dilfg Thomethai avcbidingiecClainnl 1, wderpui e oxidd mesiurienn leyey sedupesdiveaiivehe nati ve
oxi de |l ayer on the sem conductor region surface. 17. The net hod accordi ng

t o d aiowidelayef on thheemicomdmeios ragipn sbrfe@novi ng the titaniumnitride | ayer and
unreacted cobalt fromthe workpiece; and annealing the workpiece to reduce
the resistance of the cobalt silicide. 1$%. The nmethod according to Caim
17, wherein annealing. the workpiece to formcobalt silicide conprises an

anneal 1pr anegsiel asdedihy RADBEOr, eashechaprisout 30 seconds, and wherein
anneal ing 10 the workpiece to reduce the resistance of .the cobalt silicide

conprises a e RARAS St 1ARPHA urgégteﬁ_%%ﬁteﬁon@rﬁe%o B4t artP seconds.

19. The netﬁ%d according to Cai'm 11, wherein annealing the workpiece

further conphlcafy hehithiel b REFnONEhANLARULLIRGILAE_sem conduct or
.region top surface, in I'rst portion of the 15 anneal i ng step.
18. The method according to Claim 17, wherein annealing the workpiece to form cobalt silicide
comprises an anneal process of about 500 degrees C for about 30 seconds, and wherein annealing
10  the workpiece to reduce the resistance of the cobalt silicide comprises an anneal process of about

850 degrees C for about 30 seconds.

19. The method according to Claim 11, wherein annealing the workpiece further comprises
| fc;rming TixSiyO; over and abutting the semiconductor region top surface, in a first portion of the

15 annealing step.

20. The method according to Claim 19, wh_ereiﬂ the cobalt layer diffuses through the Ti,Si;O,

during the annealing step.

20 21. The method according to Claim 20, further comprising:
removing the tit.aniurﬁ nitride layer, TixSiyOz, and unreacted cobalt from the _Workpicce;
and: .

annealing the workpiece to reduce the resistance of the cobalt silicide.



20. The nethod according to Caim19, wherein the cobalt |ayer diffuses
through the Tix.SiyO ' during the annealing step. 20 21. The net hod
according to Claim20, further conprising:. renoving the titaniumnitride
| ayer, Ti,,SiyQZ, and unreacted cobalt fromthe workpiece; and -
anneal i ng the workpi ece to reduce the resistance of the cobalt silicide.
-14 22, A nmethod of formng cobalt silicide, the nmethod conpri sing: '
provi ding a workpi ece, the workpiece having a top surface with a silicon
regi on eXpdsmgthod phbormingicebht %@%@%@WQC@M Bye oxi de thereon; without
first cleaning the silicon region with an argon sputter clean process
deposi ting 3@révidings wookmecerthe workpisce hiving? tih B¥ase Wifea sliponreeiog cgeosed,
depositing 50 to 100 Angstrons of cobalt over the titanium depositing 100
to 200 Angsilicangginh hevibganatimenixideitdgeawer t he cobalt; and annealing the
wor kpi ece to form 350 to 600 Angstrons of cobalt silicide over the
sem conduct orwitiegt B3t flegmirpihé fiieon rkfion evithenragedntsputter tthean pracedst Aspgeitingdl
~unreacted cobalt fromover the cobalt silicide; and annealing the :
wor kpg ngn%s%oh'%@HF:@s sMRadi@s bSéraRemtiat okide, cobalt silicide: 23. The nethod
according To Caim22, further conprising cleaning the sem conductor

surface wit megﬂﬁﬁrggémhﬁo@%gs&c%s fQobdlt AR BRGRAMS); bef ore depositing the
e e .

titani um over ative oxi
| - depositing 100 to 200 Angstroms of titanium nitride over the cobalt; and

annealing the workpiece to form 350 to 600 Angstroms of cobalt silicide over the

semiconductor region top surface;

10 removing the titanium nitride and unreacted cobalt from over the cobalt silicide; and

annealing the workpiece to reduce the resistance of the cobalt silicide:

23. The method according to Claim 22, further comprising cleaning the semiconductor Surfage
with a 100:1 HF acid for 60 to 90 seconds, before depositing the titanjum over the native oxide.

15

24, The. method according to Claim 22, wherci;l annealing the workpiece to form cobalt silicide
comprises an anneal process of about 500 degrees C for about 30 seconds, and wherein annealing
the workpiece to reduce the résistance of the cobalt silicide comprises. an .-anne'al process of about
VSSO degrees C for about 30 seconds. |

) 20

25. The method according to Claim 22, wherein annealing the workpiece further COmprises
forming TixSi,0, over and abutting the semiconductor region top surface, in a first portion of the

. amnealing st¢p.

-15-



24. The nethod according to O aim 22, wherein annealing the workpiece to
formcobalt silicide conprises an anneal process of about 500 degrees C
for about 30 seconds, and wherein annealing the workpiece to reduce the
resi stance of the cobalt silicide -conprises an anneal process of about 850
degrees C for about 30 seconds. 20 25. The nethod according to O aim 22,
wher ei n anneal i ng the workpi ece further conprises formng Ti,,SiyOQ over
and abutting the sem conductor region top surface, in a first portion of
the annealing step. -15 26. The nethod according to C aim25, wherein the
cobalt | ayer diffuses through the TiNSiyQZ -‘during the annealing step. 5
27. The method according to Claim26, wherein renoving the titaniumnitride
and unr e&@ét ddie sswitcdonding ér Clobnpb. wheseip Erepebaplay eraliffisesiyaphtho e,
- wor kpi ece.

during the annealing step.

5 27. The method according to Claim 26, wherein removing the titantum nitride and unreacted

cobalt further comprises removing the T_ixSi,,Oz from thé-workpiece.

- epde T
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