METHODS FOR ENHANCI NG THE FORMATI ON OF NI CKEL MONO

- SJLI CI DE BY REDUCI NG THE FORMATI ON OF NI CKEL
Dl -SI LI Cl DE RELATED APPLI CATI ONS [ 0001] This
application clains the benefit of U S. Provisiona
Application No. 60/576,559, filed on June 2, 2004,
the entire disclosure of which is incorporated herein
by reference. FIELD OF THE | NVENTI ON [ 0002] The

PIETHODS FORENBANGING THH PORNMATION oF NICKBLIMOND-
senm conductor device fabrication and, nore

BALICIDY BY REDUCING I FORMATEONOIN YIS KIEF SBI-SILICIDE
siliconto enhance the formation of nicke

mono-silicide filns fornmed thereon. BACKGROUND OF THE

I NVENTI ON [ 0003] pielslrid iaanmeqdcaimiosisde (salicide)
technology is required in nodemintegrated circuit
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speed perfornmance. An exanple of a well known
referepes. ci de technol ogy is cobalt silicide (CoSi2). CoSi2
technology is commonly used for sub quarter mcron
and beyond technol ogy. However, the aggl oneration
effect of CoSi2 on very narrow |line polysilicon gates
that are |ess t&ABLD QF TRHREN¥ENIIONoften limits its
extendibility to the fabrication of shorter gates.
[0002D 0 QA} pisseak Bivertion @elaiek kcintharafdd Hichit tretdenidangyctapdeaes
to be enmerging as a dom nant solution to very narrow

fabric%ﬁlﬁl ﬂ%l &k phGieN al 6 fnaREA B Gedubing 50k desiliconie enleince the
Sheet

formation of nickel mono-silicide films formed thereon.

BACKGROUND OF THE INVENTION
[0003] Self-aligned silicide (salicide) technology is required in modem integrated
~ circuit and semiconductor device fabrication to lower the resistance of polysilicon gates,
sources and drains to reduce RC delay, i.e., the gate speed performance index wherein
Iess delay produces increased gate_speed performance. An example of a well known
silicide technology is cobalt silicide (CoSig). COSig technology is commonly used for sub
quarter micron and beyond technology. However, the agglomeration effect of CoSiz on
very narrow line polysilicon gates that are less than ~ 42 nanometers, often limits its
extendibility to the fabrication of shorter gates.
[0004] Nickel mono-silicide (NiSi) technology appears fo be emerging as a dominant

solution to very narrow line polysilicon gates because it provides superior sheet
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resi stance (Rs) for narrow |line polysilicon gates,
| ess junction | eakage, less silicon (Si) consunption,
and can even inprove the drive current (ldsat) of an
NFET or PFET. [0005] There are, however, sone
concerns about N Si because it may notform conpletely
or at all when the single crystal Si or Si containing
substrate is under tensile stress and instead,
resigtankesRe)dbt sarrmvclue podiysilsioh igetes dess fnSid) ledkagedessMiligpR (Sik
undesirabl e because it increases the resistance of
conkligpiiin] indicde evdipawe the draeeirecht NdSit2fay NKiiTnor HEEpI vy
in the Si substrate thereby producing junction
[oobsqakmee ark,ThoR@ér! {02k coNeShPaloaINISeBétalide if M moNe a
wi de tenperature range. For exanple, Ni will form
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may al so be due to geonetry and thernmal effects. .
eaSLbfoborr pvenecofeliemgesaturereangeder aramplebywdl {rmapitaripldySt on
Ni Si to be inplenmented successfully in nodern
a p-iypt Biprgdta dutireie ws tovar2 25601 wbivh dedrensedihe ipoeess window.
fabrication. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0008]

[0006F CThe tefsilGtidELin HRCHADO By sl 80 Si dohtaiPhibdgata nfaly s tdue
nmet hod of fabricating a PMOS sem conductor device
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[0007] Accordingly, methods are needed which allow NiSi to be implemented

successfully in modern integrated circuit and semiconductor device fabrication.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] FIGS. 1A-1C are sectional views illustrating a first method of fabricating a
PMOS semiconductor device according to the present invention.

[0009] FIG. 2A is a graph showing active carrier concentration versus implantation

- depth without a sttain compensation implant.

[0010] FIG. 2B is a graph showing strain versus depth of implantation without strain

compensation.




2 [0011] FIG 3A is a graph show ng active carrier
concentration versus inplantation depth after
perform ng the strain conpensation inplant of the
present invention. [0012] FIG 3B is a graph show ng
strain versus depth of inplantation strain
conpensation. [0013] FIGS. 4A-4C are sectional views
illustrating an alternate nmethod of fabricating a

[00PNDOFISe B don duaph shovde/aative sartior einagnitabon Yeesysrimplantation
i nvention. [0014] FIGS. 5A-5C are sectional views

deptH dftes perfdriniig the sitde conpmbachn ahplhathifiticatresegt iaverddhidS
sem conduct or device according to the present

[0012]V EFTGL 9B is 4 BA3BIhokigSstrafifveéas deth SL@pla@lon\sireins
illustrating still another nmethod of fabricating a

confpkatisEM conduct or device according to the present
invention. [0016] FIGS. 7A-7C are sectional views
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m conduct or devi ce accor e presen
[ ention 00171 FI . 8A-.8C are .sect.ional views
a PP SR Eusto OB e s e TR s B R SR oat i mg & PAVOS
m duct.or devij ce,  accordi ng.to the presen L
100 OR S s P e ve ALt ing and Bk PRa oL febgating o
illTustrating yet another nethod of fabricating a PMOS

- PM@ pereiepnduetopde vira Ace ding o g iprgent nMeRBOtpr esent
i nvention. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
[001550 0 TGS FIAGST atessettivnal eewedlustoatial still avethdrimetindroftfamigating
nmet hod of fabricating an N or P- MOS sem conduct or

a PMIBY sesicarinctod devicetaocdriimg o e idsent iventioron.  As
illustrated in FIG 1A, the nethod commences with the

[ooTlepr PRES. IR -PE ark GedRaSiEWEiMEEatih3 YetiMBthePmBthed oNfabyib&ing a
single crystal Si substrate 120 or any other substrate
PMEL it SHalGordevid Ghe ASingtdHe predldt @WRAkon.
[0017] FIGS. 8A-8C are sectional views illustrating yet another method of fabricating a
PMOS semiconductor device according to thé present invention.

[0018] FIGS. 9A-9C are sectional views illustrating yet another method of fabricating a

PMOS semiconductor device according to the present invention.

" DETAILED DESCRIPTION OF THE INVENTION

10019] FIGS. 1A-1C are sectional views illusirating a2 method of fabricating an N- or P-
MOS semiconductor device according to the present invention. As illustrated in FIG. 1A,
the method commences with the formation of a gate structure 130 over a p-or n-type

single crystal Si substrate 120 or any other substrate containing Si such as SiGe, fo]lowed

by the formation of first and second non-conductive spacers 160a, 160b along opposing
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by the formation of first and second non-conductive
spacers 160a, 160b al ong opposing 3 side walls of the
gate structure 130. The gate structure 130 (and the
ot her gate structures referred to further on) nay
include a gate oxide 132, such as silicon dioxide
(Si ), disposed over the substrate 120 and a gate
conductor 134, such as polysilicon, disposed over the
sidgywalds ehthalgatd SctuTth 8y The gaje stoesture é30.30d theytlise gito simeaiures
usi ng conventional nethods well known in the art. The
refgrdde fisthé6tan may Gidiudesygdieoxidniids eah af siticexdoplie(SiONf a
conventionally fabricated oxide or nitride |ayer.
dispdI€POer fheSabsirar/ 100 ahd a ihf lcamtuator 03, PichCE p6lykiticon, disposed
performed to formself-aligned first and second p+
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The source/drain ion inplantation process may be
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process. Note that the "source/drain region" is used .
secqid i sgurce drap é‘?glqﬂé 130a @@dr79bpﬁﬁha|smbf»‘¥r@f@|1§ Bforoyreedirain ion
source/ drai n extension region. [0021] The B or BF2
implapfgtiomproatss tiaw bs perfarered canventienpllynsing & pime dopbyd tsnelt as B
increases the tensile stress of the Si or substrate
-and BRI (liphitphopdd eican)sees iBilatcasa dfaPMOS dtvaed (shavagion s halo
that is nuch smaller than the atomc radius of an S

impRhOdta ihRRe 28616 AnNMOBIRSic) arStobbdad it of ReureSaaRNS at ed
for, according to the present i nvention, by inplanting
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have atom c radil are greater than the atomc
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source/drain region and/or a source/drain extension region.

[0021] The B or BF, implant at the source/drain regions of the substrate increases the
tensile stress of the Si or substrate containing Si, because a B atom has an atomic radius
that is much smaller than the atomic radius of an Si atom. The tensile stress or strain may
be compensated for, according to the present invention, by implanting additional atoms at
the source/drain regions which have atomic radii that are greater than the atomic radius of
- the Si atom and which are capable of maintaining the p+ conductivity. Such atoms may
be the atoms of one or more Group IV elements, Group II elements, and Group II1

elements, and combinations thereof. The strain compensation implantation process may




be the atons of one or nore Group IV elenents, G oup
Il elenents, and Group Il elenents, and conbi nati ons
thereof. The strain conpensation inplantation process
may 4 be performed either before or after the
source/drain inplantation process. FIG 113 depicts
the device after the source/drain and strain
conpensation inplantations. (%OOZZ] In order to
be pegiorrecs fither rbere oraligrdlee ourrefdrain implaetation iroeess dfl0: &B
' concentration and profile should be the substantially
depitathe ddvierafioetht sowrteigraithmdstraiaicnmpermptosiatplaptationp| ant

of the present invention as shown graphically in FIGS.
[002A &mdrdet G maRainGPeRt devied fuyctionFthSactv chinsoddestration and
- active carrier concentration versus inplantation depth
- profite kR be&hs bitRtaitial ORBRNERE pRforhifg B étrairdddfhpchéatios fnplant

shows substantially the sane active carrier

of theitse ﬁ@éﬂtlgﬁ as/ ﬂo%%réﬂﬁﬂ:'aﬁ? §AIGRN2 AGRY F’I@thAe rSpecnﬁcaﬂy,

performng the straih conpensation inpla
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grap ralfnovers

_ antat Wi tra| atlon FI G .2B) and
-comw'?%ﬁﬂ@tw e ae%ﬁB—‘é?és’*a oFf SthElAG e sppg iy Shuper
npensati on |nplant of the present_invention

COﬁ“é‘fPE?WPl"E%?HE Jogp M%ﬁpwe@qa‘wgﬁhﬁ Hersemneasages implant
regions of the substrate. One of ordinary skill in

of thepeesent inxgintion. apprandicaeen nAIES 1A eand T iwhiqhrgreghécally show
source/drain regions of the substrate does not have

strath gelows deptipifemplaytatanpehed sedn tempeisatend FiGE. B¢ land with strain
nono-silicide enhancenment. [0023] The active carrier

comPERGRAL(FHS. 38, (AN edrhpeRsariay ilplaffdMkaproedt widionhe
strain conpensation inplant of the present invention
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d fhe group /1117 1V el emen strain
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subsftate ¢ gees/n%{ ﬁave to be completely compensated to achieve nickel monc- silicide

‘enhancement.

[0023] The active carrier concentration and profile may be maintained with the strain
compensation implant of the preéent invention by adjusting the B or BE; source/drain
iinplant dosage and the group II/III/ IV element(s) strain compensation implant dosage
according to the size of their atomic radii. For example, if the B or BE, source/drain
implant dosage is about 3%10"/cm? without strain compensation, then the total active
carrier source/drain dosage with the strain compensation implant may be calculated as
follows in the below examples:

For B and group IV Ge:
Atomic radii of the atoms are: Rge=1.22 A, Rgi=1.11 A, Rg=0.8 A _
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i npl ant dosage i s about 3X1015/cn2 w thout strain

conpensation, then the total active carrier

source/ drain dosage with the strain conpensation

i mpl ant may be calculated as follows in the bel ow

exanpl es: For B and group IV Ge: Atomic radii of the

atons are: Roe— 1.22 A, Rs1=1.11 AL RB=0.8A 5

Rsi =C* RB+ * Roe C = 0.26 where Cis a preselected

corksenr Chfll%ﬁet hat allows the correct ratio of

sou¥ rfé’/-?@rvmene dapapesalertet qoasantraigdn retio dupallawsiths eorfechiptio
of soube/'dmin @)pant t0 Oraid ydief (iGpag6) ' =- 23 : 1 Total active

carbdse(GeuDoe(Rir-a{074ogag6’=2Bosle (Ge) + Dose (B)

ForTdthl apithvedagitp sbdrbe/dmin d%ﬁgm@(ﬁs%QGb) ohotd®)at ons are:

Ro = 1.44 A Rs; =1.11 A RB = .ARSC*RB+(1C)*
For%@ﬁ)@,@]@ Dose (In) : Dose (B) (0. 484)3:

¢ radii inﬁg’aﬂ)m-g%eah{ @CIUWE }Qsaﬁrl'l‘irkiﬁw@@@dr ai n
For” B and ‘group i1l In

913* ose B)
? S gb cor%‘inatlon Atomic radii of the atons

Fég,seng ?441 ](Q%QQ 0§§ 1.11 A, RB=0.8A

Tot act:lve carrier source/drain dosage ose Et% Sase(ﬁ)
For B and group III In and group V Sb combination:

Atomic radii of the atoms are: R, = 1.44 A, Rg,= 1.40.4, Rg;=1.11 A,

Rs=0.8 A

Rg=C*Rp+C*Rg, +(1- 2C) * Rp

C=0.25

Dose(In) : Dose (Sb) : Dose(B)=1:1:8

~ Total active carrier source/drain dosage =Dose (In) + Dose (Sb) + Dose(B)

[0024] After completion of the source/drain and strain compensation implants, a rapid
temperature anneal (RTA) process may be performed to activate the dopants. The RTA
process may be performed at a temperature of between about 600°C and about 1000 °C,
for a time period of up to 5 seconds. Of course, one or ordinary skill in the art will
appreciate that these parameters may vary depending upon the desired dopant profile.
[0025] A conventional nickel salicide process (e.g., deposition of thin Ni films on the
stress relieved source/drain regions 170a, 170b followed by a RTA process is performed
fo form conductive NiSi films 180a and 180b over the source/drain regions 170a, 170b as
illustrated in FIG. 1C. Because the tensile stresses in the source/drain regions of the
substrate have been reduced, the NiSi films 180a and 180b formed at these regions will
be enhanced, 1.e., at or close to a single phase of 100 % pure NiSi. Hence, the formation

of undesirable NiSi, at the source/drain regions will be substantially reduced or

eliminated.




Dose(ln) : Dose (Sh) : Dose(B) =1: 1 : 8 Tota
active carrier source/drain dosage =Dose (In) + Dose
(Sb) + Dose(B) [0024] After conpletion of the
source/drain and strain conpensation inplants, a rapid
tenperature anneal (RTA) process may be perforned to
activate the dopants. The RTA process may be
erfornmed at a tenperature_of between about 600 C and
[0026)0 FIGBoH-4E are pestiopal viems husiraties %lfaltewateén%h@écféﬁagcaﬁng a
O course, one or ordinary skill in the art wll
PMé)gSmcemoad@cthmtﬂc@ hessedipgiodherresent inagnticar 4 dleprated wg1G.
upon the desired dopant profile. [0025] A
-4 A obw wentihhddosteats vrithckehgls atystell S eulptratee?$ (§remy sybstiep ospthingrg
of thin Nl films on the stress relieved source/drain

Si) iR Pidaips gatfOdmctlrddIB of folnh e dh e @i Z820nA @§a% doiductor 234,
performed to formconductive NSi filnms 180a and 180b

spal¥E360aH8d 360, Q&frger/&‘aﬁ r C:ﬁgﬂscﬁ'?%a d(Pe70b1 70b as
illustrated in FIG Because the tensile stresses

L G e A
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natlon un rabl Ni Si 2 at t sour celdrajn
SOUIF S ety o O&éﬂgﬁrﬁé@ b ths R oo L the spUrcu e Teaiog270e
60026] FI GS. 4A-4C are sectjional views |IIustrat|
and g 0bshacarmg amernhevsiter §6s mragnss- cltsoRy cabodigogts, an ad ditiona
- sem conductor device according to the present
amorphgepaticorimplagt folibwed yanRIT A prace mayithen bépesfomedisdnaintain
starts with a single crystal Si substrate 220 (or any
the sulrstdt#ih eepime LA andP 705 The b8 layer 20 magasebsformed ovee the
230 fornmed by a gate oxide 232 and a gate conductor

sourésf@rain I%Ei%ﬁ@ma%ﬁ@ a7@ Whrid§ &, soSRUIIeRA HhthtatiRGir6dess, 2.6Qhe
and 270 [0027] In accordance with the present

sourbQY G R itiMantafich BRall$ febulff in ALRRANS oPhn 681 Blydr dBich is

- recovered by RTA or may be formed by an additional amorphorization implantation right
before nickel film deposition. The thickness of the a-Si layer 271 may be adjusted to a
desired thickness by an appropriate implantation conditions such as dopants, dose, energy,

| temperature and current. The desired thickness of the amorphous layer may also be
achieved by reducing the anneal température of the subsequent source/drain dopant

_ activation RTA process, as illustrated in FIG. 4B. The reduced anneal temperature

partially crystallizes the a-Si layer 271 up from the Si substrate side, thereby reducing the

thickness of the a-Si layer 271 on the surface of the substrate to the desired thickness. In

- one embodiment, the reduced anneal temperature may be about 700 °C (reduced from a

typical ~1000 °C anneal temperature). The desired thickness of the a-Si layer 271




deposited over the source/drain regions 270a and 270b,
or partially replaces the source/drain regions 270a
and 270b, i.e., the top portions of the source/drain
regions 270a and 270b becone anor phous after this
process. In sone enbodi nents, an additiona

anor phori zation inplant foll owed by an RTA process nmay

then be performed to nmaintain the squrce/drain
depeesi pRR oy FejeiriotthoBCLe um 0 b dpagiks Torher QRTINS o be
_formed over the source/drain regions 270a_and 270b
siliidatjongpstihrenieksd fitag WHbGoRSURE? eitait pesienisee ebids &S lager 271 to
the source/drain inplantation typically results in
forrh diSE. diypimeliyo p niskebflnaefSi givenytbicknsss will ¢apsume s Br lepertyy 1.8
RTA or may be fornmed by an additional anorphorization
timésnFtieedi ednl thinkneisg thiiringliifoidadom tocfort Nisil Thetefores it d typicallhe
t hi ckness of the a-Si layer 271 nay be adjusted to a

emtb@fhdre 8f hDinkRtems tHYatR bf @RALRRA:AbEtht NP Fiahd dithddesired
condi tions such as dopants, dose, energy, tenperature

thicRitds GHBE £8] laydMayiSeSivh@d : 1 Bi ckness of the amor phous
l ayer may also bé achieved by reducing the annea

[0 Ofgi %%ﬂlﬁﬁ%&fsp £ SLEHE&%% ??c%&l%fsaé%g&%gé fﬁﬁ%&&%&&%&%& w%cg

tivation rocess, strated in

r educ eal erature rtiall ld.zes .t he
fornly T R 2R05 00 JH0RFG ¢ rbredl Bt ot 22O e S

reducj ng the thickness of the a-Si |ayer 271 on the
may fgreHeRncfsipR SOR\FEpRah RE ARFTAIRRicry ggrin.@al Hikiids ﬁ%@@tﬂﬂmﬁe
__one enbodi nent, the reduced anneal tenperature may be
siliciletion preods QY ceriuged therensining porsios af the@d layern dhealthe NiSi

tenperature). The desired thickness of the a-Si |ayer

film@280a%nd épenfdsnedarihd doarcehirak negsss efe enhanced dkeisefthe strase
be deposited further on during silicidation, as the

induBédCfoahationlofrEnddsirhbl€ DRI d¥EhesoaREldedimnrapRing B B sabstidtially
aSi layer 271 to formN Si. Typically, a nickel film

- prevEite@bPhd R el G HARS 37 Wilrlng GRRKIANEN @E‘l(ﬁ;F_%is 1dyayer1 Rfa-gk- 8
times of the given thickness during silicidation to

subs{r%,%é\lgtgss witl ¥t %Béc? the' sicRie ¥ ABh asit does single crystal Si).

[0029] FIGS. 5A-5C are sectional views illustrating another method of fabricating a

PMOS semiconductor device according to the present invention. As illustrated in FIG.
5A, this method starts with a single crystal Si substrate 320 (or any subsirate containing
Si) including a gate structure 330 formed by a gate oxide 332 and a gate conductor 334,
spacers 360a and 360b and source/drain regions 370a and 370b in the substrate.

[0030] In accordance with the present invention, an a-Si layer 371 is deposited over the
substrate to a desired thickness, depending upon the thickness of the nickel film to be
deposited further on during silicidation, as illustrated in FIG. 5B. The a-Si layer 371 mayA

be deposited using a conventional chemical vapor deposition process. The desired




enbodi nent of the invention, the ratio of the
thi ckness of the Ni filnms to the desired thickness of
the a -Si layer may be about 1:1.8. [0028] FIG 4C
illustrates the silicidation process described
I medi atel y above which forns NS filns 280a and
280b over the source/drain regions 270a, 270b.
Silicidation erfornmed using conventional RTA
thigkness ok theacSi dayer ﬁ%c%@ prpdsapai thedgplmesy ofythe pigkel film to be
silicidation process only consunes the remaining
depgsitadi futthes n tirengasilBiiddtiopess. disthersd alpdve iNihsiprevidus esbpdiaent.
and 280b forned at the source/drain regions are
Theeefoen nedyhied zabotiineens bf ths mventitouthe chtfoaf thetthishnast of the Ni
undesirable N Si2 at the source/drain regions has been
filmssub Steadatited| thivkneind 6MBOL-SH]ab g cheaibotitiel.&- Si | ayer 271
during silicidation (as long as layer 271 is a-S

| [00§Hb$tIGai@ﬂluEﬁ‘£e§l§1§ SifiSidWicd proGss HE¥RASY bR dBkdl) bR which
formation as it does S|ngle crystal Si) [ 0029] FIGS.
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conductor 334, spacers 360a and 360b and source/drain
- insteadegf dhedensito dresend cp7Orsingle eaiakYipuiPsteate Copsrgnently, the Nisi
accordance with the present invention, an a-Si |ayer
filmg 3804 and 8Pobrmediatdhesourdediraig nggans 37ea, B30tmand@shansdd because
t hi ckness, dependi ng upon the thickness of the nicke
the dtiekyet tralubel fodenngiof anddsaibie NiSiyat dhe songedirdin espdi@isibanbeen
as illustrated in FIG 5B. The a-Si layer 371 nmay be
subseRBAIS freebntidli Y Gis@ o£MB ¥eN ldyen2i1 B kiGaldati@por

deposition process. The desired 8 thickness of the a
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ni ckel Imto be r on during

a Méﬁ%%%cgnﬁlktgpdev% a%&%ﬁfﬁ%%g %e%?es\éﬁ lﬁxﬂanhg]? A 1ﬁ¥§t10a%led in FIG.

6A, the method commences with the formation of a buried layer in a p-or n-type Si

substrate or any substrate containing Si. The buried layer should have a lattice constant
that is larger ‘than the lattice constant of the Si. For example, buried layers composed of
Ge, SiGe, or SiO; have lattice constants larger than Si. As illustrated in FIG. 6A, the
buried layer may be formed by epitaxially growing the bw;ied layer 421 on the substrate
420 and then forming a layer 422 of Si over the buried layer 421. The Si layer 422 may
‘be formed using a conventional CVD process. Since the buried layer 421 has a lattice

constant which is greater than Si, the Si layer 422 will be placed in stress




Therefore, in a typical enbodi nent of the invention,
the ratio of the thickness of the NN filnms to the
desired thickness of the a-Si |ayer may be about
1:1.8. [0031] FIG 5C illustrates the silicidation
process described i medi ately above which fornms N S
films 380a and 380b over the source/drain regions
.370a, 370b. The_ silicidation may be performed usjng
[0033) Aniiugtrated iRFAC OB dristesiracts 430; mgldingie gate qxide 43¢ and a
in the method of FIGS, 4A-4C, the silicidation process
gate episiuptesd Mnts farsid qvayeirlayey 422 follewedby tfe forratios ﬁg firspand
stressed epi-Si/single crystal Si, substrate.
sec@ohzmeppadudtiys spavers MbSi, 4664 dlomg GBOsingmde $80Hoff the prd statcture
the source/drain regions 370a, 370b are enhanced
1300FBagse stnichee 830 arispaceruhing etb0b arayhk sl oo thege®iandbpeer
Ni Si2 at the source/drain regions has been

strustiRtdREkibad baLa eueRriRd: B¥Igseaof the a-Si layer 271
during silicidation. T0032] FIGS. 6A-6C are sectiona

Ve . . | e . g
[Oﬂ%(fnl\/\géS ﬁsﬂédrlné*g%% u{gta %arl6 é\lt?il3 ’c% accor di ngﬂ{kg/c?%léﬁrg‘?g%tgﬁﬂ

N L
sl PN S SRR S, HISHALS BERLALTAA e

that is larger. than the lattice constant of the Si.
B atppps hayestomis Tadii fhptcage sraalisy thap Shfissmderbying bieddjimed2 1o
Si 2 have lattice constants |arger than Si. As :
comptnisaiss prandly thetemilestréses dansed byt impdant ay ethergerycdse parameters
. formed by epitaxially growing the buried |ayer 421 on
[0035h e Contentiped] 8 TAAR(M rackd] ¢ihi@dationpnecesseanagpe pef@edfto Si
- over the buried layer 421. The Si |ayer 422 may be

respE@IVBB theti Gdtd) She dof@RVRE e\ @Indhdve NiSICRIES 4860 Ak480B@ver the
buried | ayer 421 has a lattice constant which is

sour%/&%kﬁ%gib%%?ssi 47oBE@ﬂﬁisnité’a’ﬁfFIéZé’c.\M'laEéauQ%the liaeB8stddses in

stress As illustrated in FIG 6B, agate

the sobfcl/atdis FEgi%iQ of fh@ %E tﬁ%ﬂ&z AP Keefl )éﬁﬂ%nﬁgl:fy Peﬁgce% or eliminated
by the buried layer 422, the NiSi films 180a and 180b formed at these regions will be
.enhanced because the formation of undesirable NiSi; at the source/drain regions will be
substantially reduced or eliminated. Even if a small quantity of undesired NiSi; is
formed, the underlymg buried layer 421 will prevent NiSi, from forming deeper below
the depth of the buried layer.

[0036] FIGS. 7A-7C are sectional views illustrating yet another method of fabricating a
MOS semiconductor device according to the present invention. Asillustrated in FIG. 7A,
the method may commence with a single crystal Si substrate 520 (or any substrate

containing Si) including a gate structure 530 formed by a gate oxide 532 and a gate

10




gate conductor 434, is fornmed over Si |ayer 422
followed by the formation of first and second

non- conducti ve spacers 460a, 460b al ong opposi ng side
wal | s of the gate structure 130. The gate structure
430 and spacers 460a, 460b may be simlar to the gate
and spacer structures described earlier with respect

congu%ﬁénﬂi%ﬁ%?%ﬁ%%ﬁ? 4 b ri Rl Rur e baingagons

hen be performed usi a_p-t dopant such as B _ and
5709@2d £ bria the sybstrate %ﬂdmgcaf@ sgpa awo&éécf@ﬁa ligidation, dispgsed
drain regions 470a, 470b in the Si | ayer 422. Since
over the soBce(isinepiave> Weand 87¢tatispectingly. are smal | er t han
Si, the underlying buried film421 conpensates or
{00310 14 ilthetratedns Fl@ 78, diefsts coppisg thytry 580d angll 590 camposed of
ot her process paraneters [0035] Conventional RTA and
nitridie Cdsgde @ lokingiriidtm9epsrand 9sasthenihs fipas 57ampd ST6b,
respectively activate the dopants and form conductive

respekiilely. ThEBietBHR s gﬁl:‘é'rs“%@E’ ARy S60blah@or 18 erfeﬁﬁﬁrcﬁb%ng layers
regi ons 470a, 470b as illustrated in FIG 6C. Because

s LR A Bl BSOS o gy s

m d e-buried, | £y 42
o SIS ¥?S§?ﬁ£am§ke% TR s
. _enhanced ecau e format.i on of rable N S 2 at
in CQTRRCR I <oRBraiPy Pgided B SRl eping el
reduced or eI | m nat ed. Even if a small quantlty of
590238 90p sompgusptes gruflpihedensile peesss dretbe yneylying nigkel iy er
421 will prevent NiSi2 fromform ng deeper below the
ST5ajmpt 3Y56f the buried layer. [0036] FIGS. 7A-7C are
sectional views illustrating yet another nethod of
[0038hbAis datsiragd @ FINORC ssecuneanibualt T A gevéss ensgdeqredionged to
the present invention. Asillustrated in FIG 7A, the
convEtROGI IR Vil ROSTRRREE ST8H 18 NASSHilAEI580LanisIeab, 1 dpes,ﬂb@j% I Bhee

520 (or any substrate containing Si) i ncl u ing a gate
RTASPdAGEE Such3R tdifRbreO¥d Budabe arﬁ?%héjﬁuc'iﬁ@ssﬂﬁ thethiQ&d Bims
575a and 575b and the thickness of the cap layers 590a and 590b and spacers 560 and
560b are adjusted as required to counter-act the tensile stresses in the source/drain
regions 570a, 570b of the substrate 520.

[0039] Because the tensile stresses in the nickel films 5752 and 575b have been
substantially reduced by the counter-acting compressive stress applied by the cap layers
- 590a and 590b and /or spacers 560a and 560b (the source/drain extension is under the

spacers), the formation of undesirable NiSy, at the source/drain regions during silicidation

will be substantially reduced or eliminated. After silicidation, the cap layers 590a and
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10 conductor 534, dielectric spacers 560a and 560b,
tensil e-stressed p+ source/drain regions 570a and
570b in the substrate and nickel filnms 575a and 575b,
for silicidation, disposed over the source/drain

regi ons 570a and 570b, respectively. [0037] As
illustrated in FIG 7B, dielectric capping |ayers 590a

~o@aNd 590b conposed of nitride, oxide or_ oxynitride na
9 R TSGR oA oREN Fir e BrPess Sied 6 Hpetching of Wt
respectively. The dielectric spacers 560a and 560b
ec /or the dielectric capping |ayers 590a and 590b
may be formed under tensile stress. The dielectric
[004Qip JiIRG- $ArpErase Sotienal winws Bsimatyogl aother Bothpd ot thbutating a
mat eri al which places the Si substrate 575a and 575b
PMDS sewmmpondéegir doavistigicomisngrtp the whesenilineentionpAe ghisipated in FIG.
provi ded by dielectric capping |ayers 590a and 590b

8 A, chepethsdinag canmentdelvith hgngdle 68/islabSiSUbRARAE0iI(Br d0f@ubstrate
underlying nickel filnms 575a and 575b. [0038] As

contalditis i) ScRMing (gﬁ%e@trm?tgre EOTOMYRI Yyl 208 oA 3088 @S3te
0

maybe performe convert the nickel filnms 575& and
atcrl? 682, Phcaks deoh e Rl pF SAREIdHGLYons
conRTA pafgﬁ%téis sgé%égg’Fenperaturg dﬁg dura?%%ﬁn%éz?aand
e ' f ni.ckel .fi 75a..and. 575h and
670 i RS AR B Rl L4 g 7 e ERuBE B 3 47 e
spacers 560 _.and b are _.adjusted as required to
somg%ﬁﬁgg@ggg@ﬁﬁﬁ@nqg rT%P%%Wg%ses in the source/drain
regions 570a, 570b of the substrate 520, [0039
[0043 c 4 e el Riférirpyess isitheasesiormedl oiganyeridhenicks! ks §75pand
and 575b have been substantially reduced by the
675k toUWiSefilmse tisnustreiep ieElSH. 8B, Befessydepf the 8 TEyprobess ¢ap
| ayers 590a and 590b and /or spacers 560a and 560b
peri¢mizd ts canver fietrmddke! BxisdTSs amd 6Sbun hetal-titiesilicpadrSi) films
the formation of undesirable NiSi2 at the source/drain
6764 £0670BS Irtlbtel cffbodinleht kidFirkiWYcle may be performed at a temperature
ranging from about 200 °C to about 220 °C for about 10 seconds to about 20 minutes.
The low temperature of the first RTA cycle prevents the formation of NiSi;, which forms

easily between about 250 °C and about 400 °C,

[0042] As illustrated in FIG. 8C, the second cycle of the RTA process is performed to
convert the Ni,Si films 676a and 676b to NiSi films 680a and 680b. In one embodiment,
the second cycle of the RTA process may be performed at a temperature of about 375 to
about 425 °C for about 10 to about 20 seconds. If desired, the second cycle of the RTA
process can be implemented during the subsequent deposition of an etch stop layer,

which is typicélly performed at a deposition temperature of about 400 °C.
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will be substantially reduced or elimnated. After
silicidation, the cap layers 590a and 11 590b nmay be
renmoved using a conventional renoval process such as
dry etching or wet ecthing. [0040] FIGS. 8A-8C are
sectional views illustrating yet another nethod of
fabricating a PMOS sem conductor device according to

fook 3 BERCEE ac A SR 811%%%8&%“& LA ?%&%meé?od SRk o
PR Sstigpa e e e rding B epEsaLinatiosokh ! Btgaed” ©

conduct or 634, spacers 660a and 660b, tenS|Ie stressed

appgrent Riperemel s ethadpighe g omion kY bearpshasi aTepaipprocess when
substrate and nickel filns 675a and 675b, for

NiSg4 has dordret] therebydiaspnskigha vontagtresistaoer Aeilthstated mdglGohs,
670a and 670b, respectively. [0041] A two cycle RTA

the pretiod aseyi cominteane with b G sobdtrdte 720imeding talpatersirokiate T30 fosned
675a and 675b to NS films. As illustrated in FIG

by Bhte bhige 137 2G3y-8i date doR@udEA3P! PERSSTH08 and @6(HOr Med
to convert the nickel filns 675a and 675b to

souRBldddin fe‘rrﬁﬂs $704 zﬁld‘i@{)lg IR tﬁc,séﬁbsffrété 720, I\ﬁ%@ﬁhﬁ’éﬁﬁgq{?d 7T

one enbddi nent, the first cycle may be perforned at a
t
s P I8 TP 0 BT

e GBS B
about 400 _C. [0042] As illustrated in FIG

reSPS‘élVet}ﬂ%ll%58%717Ja@§}€|7%7%f t he RTA process is perforned
convert the Ni2Si filnms 676a and 676b to N Si

100441] | vy ibstated HHFIEB OB, an sddiieaaldfistsnesion is petferancd de b a

cycle of the RTA process nay be perforned at a
layet &nfpeitatarecthe NiSibblus 78 atd777abbypicAlg5the tidmestmauge dfGhe
to about 20 seconds. If desired, the second cycle of
additibgal RitRel is about 20 anstroms to about 40 angstroms. A conventional RTA
process is then performed to convert the NiSi; films 777a and 777b to a NiSi films 780a
and 780b, and any unreacted Ni that may be remaining after RTA may then be
conventionally removed, as illustrated in FIG. 9C.
[0045] | While the foregoing invention has been described with reference to the above,
various modifications and changes can be made without departing from the spirit of the

‘invention. Accordingly, all such modifications and changes are considered to be within

the scope of the appended claims.
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process can be inplenented during the subsequent
deposition of an etch stop layer, which is typically
performed at a deposition tenperature of about 400 C

12 - --meem - - - R 10043] FIGS. 9A-9C
are sectional views illustrating yet another method of
fabricating a PMOS sem conductor device according to
the present invention. hid become apparent

further on, this nethod of the invention naybe used as
airiprocess when Ni Si2 has forned thereby

I
‘Vh%ﬁﬁga%gﬂhrgher contact resistance. As illustrated in

FI 9A, .met hod nm 0 nce wth i _substrat

1. 7ot meal B gae st uGely oo eprbe ogpratip i fers
oxi de 732 and a poly-Si gate conductor 734, spacers

of: 760a and 760b, source/drain regions 770a and 770b in
the substrate 720, NiSi2 films 777a and 777b di sposed
overowding eevbdirattn regi ons 770a and 770b, an interlayer
dielectric 781 disposed over the NNSi2 filnms 777a and

77 dopiapd sitiont arcdiliden lcestain8zaegioml ofABE kubstrath edihtanireiutppanto
respective NiSi2 filnms 777a and 777b. 100441 As

the fitst dplsitak@@ng B sfrésGin BBregidh; addi ti onal N deposition is
performed to forma Ilayer 778 of Ni over the N Si2

1 l19Bind thé Fe AR wHH 4 Qecolﬁfl Résedt thifs reliR@s §this® KBS fegiAN@Bse@lby

the "~ additional nickel is about 20 anstrons to about

t i i SsihPa 5Ll /drai

the 43 S0, B0 PRior SO SR AN ol Fopflt BBt W5
.a NS filnms 780a and 780b, and any unreacted N that
rqywﬁﬁn e remaining after RTA may then be conventionally

renoved, as [llustrated.in EIG 9C._[0045] While the
f of%@&}gﬁgnl?%@%?&ﬁcﬂsgﬂ%@&ﬁh%@w@ﬁﬁfarﬁﬂ% ref erence
to the above, various nodifications and changes can
be made wi thout departing fromthe spirit of the

2. The method according to claim 1, wherein the second dopant has atoms with an

atomic radii greater than the atomic radius of the silicon atom.

3. The method according to claim 1, wherein the doping step using the first dopant is

performed to reach a specified active carrier concentration.

4. The method according to claim 3, wherein the second dopant in the source/drain
region reduces the stress of the silicon in the region while maintaining the specified

active carrier concentration achieved by the first dopant.
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i nvention. Accordingly, all such nodifications and
changes are considered to be within the scope of the
appended clainms. 13 CLAIMS What is clained is: 1. A
nmet hod of fabricating a sem conductor device, the

met hod conprising the steps of. providing a
substrate; doping a silicon or silicon containing

5T egm&g%o& RRoRRSH LALE 1 WhdteR thd £e§§1 dd&gaﬁﬁs selégtk%_ from the

first ‘dopant creating a stress int gi on; dopi ng

groPhgons?s%nogf %1‘8%?211 gl{%ﬁ:ﬁ@ 015J ORAGL mal!& c{u%q'i?ce?e?:n&ttsr Gnd in

ére |rs the' re

h th flﬁst and second dopants conprising a
°h region; and forming a nickel nono
-SI|ICIde filmon the source/drain region. 2. The
nmet hod according to claim1, wherein the second dopant
has atons with an atomc radii greater than the
6. at ohiegnethel] apsordingtipelaim [ lemeinponm to3he mivkel menprgificide
according to claim1, wherein the doping step using
forthimg sfepfsitthed omaprisirigsthe gey dftacheatitgahe Batindzesypdclopamgsin the
active carrier concentration. 4. The nmethod according
soufc@/dediRkdpich. Wherein the second dopant in the
source/drain region reduces the stress of the silicon
in the region while maintaining the specified active
carrier concentration achieved by the first dopant. 14

7. A method of fabricating a semiconductor device, the method comprising the steps
of:
providing a substrate;

doping a silicon or silicon containing region of the substrate with a dopant to form
a source/drain region, the dopant inducing stress in the source/drain region;

forming a layer of amorphous silicon on the source/drain region, the layer of

amorphous silicon having a thickness;

forming a nickel mono-silicide film on the layer of amorphous silicon.

8. The method according to claim 7, wherein the amorphous silicon layer is formed

to a desired thickness.

9. The method according to claim 8, wherein the amorphous siliconlayer is formed

by one of an existing ion implantation and additional amorphorization implantation.




5. The nmethod according to claim1, wherein the second
dopant is selected fromthe group consisting of group
Il elenents, group Il elenents, group IV el enents,
and conbinations thereof. 6. The nethod according to
claim11, wherein prior to the nickel nono-silicide
formng step further conprising the step of activating

1p.the i ﬁéth@dq&cél%%%gg %ﬁ?@n&fﬁeﬂmﬂ thed Yo &ﬁé%{ Bl é} is

regi on. abricating a

[ gﬁﬁga sing the steps of prOV|d|ng
pagﬁéh%§¥ ?’ 0 |ng ﬁﬁ%gl con or silicon containing
' regi on of the substrate with a dopant to form a
source/drain region, the dopant inducing stress in the

sour e/drain regjo formng a. layer of aporphous

Lsili ﬁ@ﬁnﬁzslwdt E}%Ofg%ri% elpm &9, ﬁvgqea“glil B dopang a=rtg@aga1g gep

anmor phous _silicon having a thickness; formng a nicke
crygtpiesirortisng the anparphous Rlicomigser fom asbsisite gide of thec on.

8. The nethod according to claim 7, wherein the
am@pipnp bidioen leidri con |ayer is forned to a desired

t hi ckness. 9. The method according to claim8, wherein

t he anorphous silicon layer is formed by one of an
existing ion inplantation and additiona

12. anDITRB gletitaabQRdin R @it vdRreinlthe ARkel hehoBNd3@iim forming

according to claim8, mhereln the anor phous silicon

stepllc%i{&ﬁlhegéen %’ﬂgg@ a%&ﬁﬁ)g c a| filgt alethelpLOEﬁZS

dopant activating step
13. The method according to claim 7, wherein the nickel mono-silicide film forming
step is performed by forming a nickel film on the source/drain region and annealing the

substrate.

14. The method according to claim 13, wherein the formation of the nickel mono-

silicide film consumes generally only the amorphous silicon layer.

15, A method of fabricating a semiconductor device, the method comprisng the steps
of:

providing a substréte;

forming a buried layer within the substrate, the buried layer having a lattice

constant selected to place a silicon or silicon containing region of the substrate in stress;
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crystallizes a portion of the anorphous silicon |ayer
froma substrate side of the anorphous silicon |ayer.
12. The method according to claim7, wherein the
ni ckel nono-silicide filmformng step consunes
generally only the anorphous silicon layer. 13. The
nethod according to claim7, wherein the nicke
for ?ﬁp?ﬁgg ﬂhg }'e%? 1 (%tltﬁn %uggt{gté]}gﬁh 26 oﬁa.n't ch fgqulg |£ %ggegdljg%l re%18n the 7
in the sub 4 The nethod according to
dqﬁ@&?ﬂ&%@g ﬂﬁ??@? ?%%%?3 prigd 2% of the nickel nono-
siljcide filmconsu eneral |y onI .t he, anor phous
si | 1oEBRE pAYdE mfso-mﬂe Cifg %F’ SPUBY AR Tegigta
sem conduct or device, the nethod conprising the steps
of : providing a substrate; formng a buried | ayer
within the substrate, the buried | ayer having a
16.| at Theomethabarsomintg te elagy L &,dvhaveip ktedwriad &yt forming step is
: silicon containing region of the substrate in stress;
perfdomedby fogmingahd BgiedNayef otdn ehessubsgiateaing colvdringahaopadtiasten
forma source/drain region, the dopant nulling the

- witBh 18850fGRISE dr QYicdrN@nRiideRlateaer ; form ng a ni ckel
nmono-silicide filmon the source/drain region. 16. The

nmet hod according to claim15, wherein the buried | ayer
formng step is performed by formng the buried | ayer

17.0V€ rThtE: Iﬂ% olﬂ%%wrgﬁlg t@&%ﬁ? %;hefégn Eh? ?at@ééréoﬁgaxlt\t@fﬁ{e buWI E}h

a layer o or Si |con containin

The r to claiml6, mhereln the lattice
teyet P R P e

18. A semiconductor device comprising:

a substrate;

a buried layer disposed within the substrate, the buried layer having a lattice
constant selected to place a silicon or silicon containing region of the substrate in stress;

a dopant implanted within the region to form a source/drain region, the dopant

nulling the siress caused by the buried layer;

a nickel mono-silicide film disposed on the source/drain region.

19. A method of fabricating a semiconductor device, the method comprising the

steps of:

providing a substrate;




| ayer is greater than that of silicon. 18. A
sem conduct or device conprising: a substrate; a
buried | ayer disposed within the substrate, the buried
| ayer having a lattice constant selected to place a
silicon or silicon containing region of the substrate
in stress; a dopant inplanted within the region to
for sout.cel dr ai I: t i
ot r BeaSEHAEE 5ol bl el o RRARb M A Dbl o fom
nmongs;silicide filmdisposed o he .squrce/drain

2 SO A roon s AP FR g S P e gt MedERr L St st
devj ce, the nefhod conprising the steps of. providing
a slopRipE grgckel %'?Chﬁﬁcgéonéi licon or silicon containing
region of the substrate wth a dopant to form a
souogeing esppringlgyeen theveicked flmitthe eappingdaver beipg pelected from
stress in the region of the substrate; fornmng a

a mategikighatfcotmrasses ttenicley filnn and the mideglyangoegpivrgd | ayer on
the nickel film the capping |ayer being selected from
a nehedriigd the hivkelcRingo e a&ks] htwe-dilicdefilei.i | m and t he
underlying region; and converting the nickel filmto a
ni ckel nono-silicide film 20. The nethod according to
claim19, further conprising the step of renoving the

20. \‘I:maﬁffl'e %tﬂd'ﬁyaﬁﬁordl%% 1o Jigf TR, ?t?hg;ggs% e Et@ﬁ) 6t R the

erein the capprng layer conp dielectric

craplgfﬁé Faglieﬁl '

21.  The method according o claim 19, wherein the capping layer comprises a

dielectric material.

22.  The method according to claim 19, wherein the converting step is performed by

annealing the substrate.

23. A method of fabricating a semiconductor device, the method comprising the
steps of:
providing a substrate;
doping a silicon or silicon containing region of the substrate with a dopant to form
a source/drain region, the dopant causing a tensile stress in theregion of the substrate;
forming a nickel film on the region; |

converting the nickel film to a NpSi film; and




22. The nethod according to claim19, wherein the
converting step is perforned by annealing the
substrate. 23. A nethod of fabricating a sen conductor
devi ce, the nmethod conprising the steps of. providing
a substrate; doping a silicon or silicon containing
region of the substrate with a dopant to form a
SOULReLHRAIN iR o 4 RELAIRARLIEAMTING 2 tensile
stress In"the fegion of the substrate; formng a
nickel filmon the region; converting the nickel film
toa N2S film and 10 converting the Ni2Si filmto

a nigckel o-silicide film., 24. The. nethod accordin
2.8 " e B i, i 2 bt SO E oG o
S erformed by annealing the substrate at a
perf paangedingdbesubpizgic azgiemperagre Tsdhanad W6 accor di ng
to claim24, wherein the annealing is perforned for
about 30 seconds. 26. The nethod according to claim
23, wherein the nickel filmconverting step is

25. per e ieghdayacasriiggkd ¢1gint DE vihdhsd thabenedlingis herfpetaat ff shout

: of about 200 C to about 220 C. 27. The net hod

30 @E&REMdI ng to claim26, wherein the annealing is
performed for about 30 seconds. 28. The net hod
according to claim23, wherein the Ni2Si film
converting step is performed by annealing the

substrat t a tenperature of about. C.29...Th )
26. o B Pihol PerRE B SR 44 YBereiuiDy Biche O CRRVECtR Sep i
erfornmed for about
performed by annealing the substrate at a temperature of about 200 °C to about 220 °C.

27 The method according to claim 26, wherein the annealing is performed for about

30 seconds.

28. The method according to claim 23, wherein the N,S1 film converting step 1s

performed by annealing the substrate at a temperature of about 400°C.

29. ‘The method according to claim 28, wherein the annealing is performed for about

2 seconds.

30.  Inasemiconductor device including a substrate having a source/drain region and

a nickel bi-silicide containing film disposed on the sourc_:e/drain region, a method of
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2 seconds. 30. In a sem conductor device including a
substrate having a source/drain region and a nicke
bi-silicide containing filmdisposed on the
source/drain region, a nmethod of 19 converting the
ni ckel bi-silicide containing filmto a nicke
mono-silicide film conprising the steps of: formng
cozf\z_e ®he %Ekeﬂ‘ 'bf—éﬁﬁéid@&bx{getﬁnmgﬁﬁ?d a Bk nldnbdfic e Hid! N ng
iT'm” "and annealing the stbstrate to convert the
| ckel . bi-sildcide containing filmto a nicke
Cmﬁ@%%£§?€?%§%é#fi|lﬂ 31. The nethod according to claim
30, ;wherei.n the anneal.ing.step.is, perfor.ned by
R oo 2o e g B AR E 8 ng 1 o
claim 30, further conprising. the step of renoving any
unr BRI PO torconyat thy Pic elévﬁﬂiwléR é@ntf-%&ﬁhﬁgo a nickel
non-silicide film 20
mono-silicide film.

31.  The method according to claim 30, wherein the annealing step is performed by a

rapid temperature anneal.

32,  The method according to claim 30, further comprising the step of removing any

unreacted portion of the layer of nickel from the mon-silicide film.
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