METHODS FOR ENHANCI NG THE FORMATI ON OF NI CKEL MONO-

SI LI Cl DE BY REDUCI NG THE FORMATI ON OF NI CKEL

DI -SILICIDE FIELD OF THE | NVENTI ON [ 0002] The present

invention relates to integrated circuit and

sem conductor device fabrication and, nore

particularly, to nmethods for reducing stress in

SMETHODE 6FQit ENHAN CEN G TR EORMAGION OKNICKEL MONO-

nono-silicide filnms fornmed thereon. BACKGROUND OF THE

ISI/ESIHIORY REDTJCINET TIHE IFPRMASTION DIENICRELAHSYLICIDE

technology is required in nodemintegrated circuit

and sem conductor device fabrication to | ower the

resi stance of polysilicon gates, sources and drains

to reduce RC delay, i.e., the gate speed perfornmance

i ndex wherein |ess delay produces increased gate

speed perfornmance. An exanple of a well known

silicide technology 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 less than - 42 nanoneters, often limts its

extendibility to the fabrication of shorter gates.

[ 0004] Nickel nono-silicide (N Si) technol ogy appears

to be emerging aF ﬂHﬁE&Nﬂﬁ&ﬂl to very narrow

| ine polysilicon gates because it provides superior
[0002h e SEhepresent inveationrdlitey td infegrated ciredif and spoiopsdugtondevice

gates, less junction | eakage, less silicon (Si)
fabrivaticn s, ireee patichlaly) teurithidgoredudidiestebss inesiliconte shhance the

(ldsat) of an NFET or PFET. [0005] There are,
ﬁnnﬂﬂ%ﬁ%@ﬁwhﬁQﬁﬁmﬁﬂmﬁ&éH&m@ﬂﬁﬁbdHbﬁbnbecause it may -

notforin conpletely or at all when the single crystal

Si or Si containing substrate is under tensile

BACKGROUND OF THE INVENTION

[0003] Self-aligned silicide (salicide) technology is required in modern integrated

" circuit and semiconductor device fabrication to lower the resistance of i)olysi]icon gates,
| sources and drains to reduce RC delay, i.e., the gate speed performance index wherein.
less delay prociixces increased gate_spe_ed performance. An example of a well known

. silicide technology is cobalt silicide (CoSiQ. CoSiz technology is commonly used for sub
quarter micron and beyond technology. Hdwever, the agglomeration effect of CoSizon
very narrow line polysilicon gates that are less than ~ 42 nanometers, often limits its

' extcndiﬁility to the fabrication of shorter gates. .

[0004] Nickel mono-silicide (NiSi) technology appears to be emerging as a dominant

solition to very narrow line polysilicon gates because it provides superior sheet
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stress and instead, undesirable nickel di-silicide
(NiSi2) forms. NNSi2 is undesirable because it .

i ncreases the resistance of the silicide. Mreover,
faceted Ni Si 2may form deeply in the Si substrate

t hereby producing junction | eakage. In addition, N Si 2
can easily formover a w de tenperature range. For

roSERP o Dlnaltly AR AR BBl iR ooy e é%f% S
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cofAERES M BT pbeu N8l e Ao el o B N R

SI
t -type dopant atons in the_substrate. For
(00531, Paf® a5t ROV ot 5o Sber AU Lbegust g Ry v
atomin Si_Boron has_ a smaller atomc radjus than Si,
co eErfr’hi' ort 3 when the; snelecryptabSigyr Si pgmtpiging sabstateds under tensile
Tensile stress in Si nmay al so be due to geonetry and
stresp ardvigptead, padqsirable pidrel/di-siticider @Nifilg) fprmsrelNifics undesirable
needed which allow N Si- to be inpl enented
becgureabisisfeades yhe msistenkenofitiv sitjcidt adoriorayifacetad WiSimay form
sem conduct or device fabrication. SUWARY OF THE
deehHNE SDSubsdaftAbgrebpodiiting fuRGBS MakadeNBY Rlditfonp N} e
a nmethod of fabricating a sem conductor device, the
'easig?efdﬂﬁ%v@lom deStbiiferbfife SO F R bxabIR Wi Fofn é}%[&}?zﬂ ?ﬁgiz on

) wid . )
oping a silicon or sil+con containing regio

: j i .the fi d .
oS5 DAL k2l Pl BRI LS80 i
oo B B 2 TS o T b

and second dopants conprising a source/drain region;
to thepitype dapang atemsile fhs| subsivsito - ir|eketple, barbmissenyhenly used as a p-
. source/drain region. 2 [0007b] In a second aspect, ‘
typet dopant dtem pr Siv i Bterdn hasvesnalter afonfia badiwsathamn$i, #hich causes strain in
sem conductor device, the nethod conprising the steps
the Sifcryspal @attichi. Mensile SHBS N 81 Miay dRBIHRGNS t&% ' Sdtharmal Bffects.
region of the substrate wth a dopant to forma
[000YPU, i) had R { ' s
[oosTpurAs xi‘i!riﬁtﬂe hre h&dBed DR AGHHHSTD B ibdpiiihdifed
successfully in modern integrated circuit and semiconductor device fabrication.

SUMMARY OF THE INVENTION
[0007a] In a first aspect, there is provided a method of fabricating a semiconductor device, the
method comprising the steps of: providing a substrate; doping 2 silicon or silicon containing
region of the substrate with a first dopant, the first dopant creating a stress in the region; doping
the region with a second dopant that reduces stress in the region caused by the first dopant, the
region with the first and second dopants comprising a source/drain region; and forming a nickel

mono-silicide film on the source/drain region.



region of the substrate; formng a nickel filmon the
region; formng a capping |layer on the nickel film
the capping | ayer being selected froma material that
conpresses the nickel filmand the underlying region;
and converting the nickel filmto a nicke
nono-silicide film BRI EF DESCRI PTI ON OF THE DRAW NGS
[0008] FIGS. I A-1C are sectional views illustrating a

[00G7b} shh anetdudcsieft, fhalsris pratidalys meMDOF faseatinpon@midonductor device,
devi ce according to the present invention. [0009] FIG

the Mathpd campgisiap thesskepwhin grosiding\assubsmte] dpingarsdemt catairong region of
versus inplantation depth wthout a strain

the suhptpseauititd dopanit trplomme souf@@tad] regibG. thexiBping cawsigg afshsile stress in the
showi ng strain versus depth of inplantation w thout

regign pighqsubgitsiep Eomsiag b oigkel Aim po e 1qzicnl fBrmigg\a rappiag pvensin the nickel
showi ng active carrier concentration versus

film, Fh?l capriz fayn beige stlertedf e a peaiqrisl hitrggmpreases the giigkel film and the

npensation inplant of the present invention. [0012]

uﬂdﬁi@g regror; andeogyertiyg theiiehgmge p aickel epepilicigrddtn of
i nplantation strain conpensation. [0013] FIGS. 4A-4C
are sectional views illustrating an alternate nethod

o Iﬁﬁ%?i‘ééﬁ?@@gﬁ@wﬁ-@lwﬁiﬁ h‘” MaCare
oo AT S b R, P digfcf%%a%g p gMOS

ent i nventi 5] .FI GS. 6A-6C are
Smn&og?ggﬁévmemxmdmngusP L %ﬁ&ng %11 another method of

o LY « o B LA RS S
mt@ﬁﬁggngﬂ%m én?;i{\{énhq'lﬂ[&ﬁﬁ”at' ng yet another method of

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

compensation.
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PMOS sem conduct or device according to the present

i nvention. [0017] FIGS. 8A-8C are sectional views
il'lustrating yet another nethod of fabricating a PMOS
sem conduct or device according to the present

i nvention. [0018] FIGS. 9A-9C are sectional views
illustrating yet another nethod of fabricating a PMOS
sem conduct or device according to the present

D .DES I PTI ON OF .
(o017 335! %‘Q&fsa ErHgh VP S BT o eB P et I entgtiop
hod fab i cat.i n sem condu tor
deptgeé“@tﬁ ﬁ@'ﬂ%c eee%%mplﬁggﬁﬁ%ﬁem verti

Iustrated in FIG 1A, _the nmethod conmences wiith the
0032}, 1 15 graply shawving pipik yersusdapthfdpplanialig sttty pe
single crystal Si substrate 120 or any other substrate
compeipatighi ng Si such as SiGe, followed by the formation
of first and second non-conductive spacers 160x, 160b
[0013} 0 dGBpho4Crage Sectibnid wemtsl iHustfatingen gliireats tuethotl wf éabiigating
The gate structure 130 (and the other gate structures

. a PM@S eduiiednduaiok detibe sccordingiRiythe pebetlénveng@i. € oxi de 132,
' such as silicon dioxide (SiC ), disposed over the

[0013P b FIGSU IR -3 2Qur@ 8 tin A H SvsG R EHL EnoliRd meihtd bf3Bbricating a
pol ysilicon, disposed over the gate oxide 132. The .

PSR 0 R 8 AR L
[Dﬂlsﬁy FR?S %%”88%? ecilgnal n‘gih%tr &Stﬁ zﬁjg)%f hl%ﬁ%f If%ncahng

bricat ed OXI

rcel/ dr [ Ianta oNn pyocess. is erforrredtoform
a POESY fependhetir et acaﬂ#mgs@éﬁmeﬁeﬂ% % dr ain
regions 170a .and 170b in the substrate 120. The
[0016l, |, FE&S- et R ar%wchﬁ)rr%mﬁtsaﬂwsgﬁﬂ% ¥Rt @sathepipethad of fabricating a

performed conventional ly using a p-type dopant such as
PM(BS segmeboBrctor dsdire(dccodingyto dhopymrdsent miventicar eas in t he

case of aPMOS device (shown) or a halo
. -[0017) . FIGS. 8A-8C are sectional views illustrating yet another method of fabricating a
PMOS semiconductor device according to the 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

[0019] FIGS. 1A-1C are sectional views illush'ati_ng a method of fabricating an N- or P-
MOS semiconductor device according to the present invention. As illustrated in FIG. 1A,
- the mcthod’ commences with the foxmatipn ef a gate structure 130 over a por n-type

single crystal Si substrate 120 or any other substrate containing Si such as SiGe, followed

by the formation of first and second non-conductive spacers 160a, 160b along opposing



i nmpl ant area in the case of anNMOS device, are forned
as part of source/drain extensions 171la and 171b with
a p-type dopant, before the spacer or after the
source/drain process. Note that the "source/drain
region” is used herein to refer to a sourceldrain
regi on and/or a source/drain extension region. [0021]
The B or BF2 inplant at the source/drain regions of

sideheal B Wb thicrgatessuiubREE BN Tht Bite skr@dtsle! 180 3410888 ofbr SdEstiictures
or substrate containing S, because a B atom has an

reREretoCfurRG i oMPmay Bindesa @l.?xiﬁg?%i, ShcH 8NP m&&f{%{%y

radi us of an Si“atom e tensile stress or strai

diPBsAVTRORNS Qﬁtﬁg‘atfeClPO afd G gg:g?qqc?ortl?f, as?&he ep%gysiiﬁqle'n, disposed

invention, by Inmplanting a ona ons "a

: ] i_on ich ve omc radii that.ar
ovSE B GRL To? 13e0AR st it [ BlsSinr b ety e
ich e capabl e of. mai ntainjing the p+ conductivity.
m%"é’% W&? @%"'ﬁ&}?ﬁ BE-_IFH%SP&P% 60 TePhamay b EerBPAsE S fpr ¢Hgmple,
el enents, Goup Il elements, and Group Il elenents,
of 2 fepveptialin datsiratedinsidegr nitride lavex. ai n conpensat i on
inPIantation'pyocess‘nay 4 be perforned either before
[003p] af sewrce/Hainsimplendatimeprocdssisirerfombédoo fomp seifatignbd Grst and
1B depicts the device after the source/drain and '
secgnd pi spupeprRnEREions 17dpimint7ab ioths subpsBQR2i20l Mhekete/iin ion
mai ntai n proper device function, the active carrier
implamatiatpradebOman bé perfitrafel lcBnven bk Ay RBinkhe P ab it bdthla¥ B
sane after perform ng the strain Conpensafion i npl ant
dBE,t hBDR le8\iB3h) GRbAY
o 2A 2and gllggg%ﬂegpeci):‘#gaégl )t/1§ rbgg]oé%r %Bgac%{v\%xt(%gwﬂgﬁahdo
: L\E riar ratd on Versus | tati .dept h
gl 8 S B e o SRR e BT o PR BB P
oOWs ..subst ially the sane active carrier
e SARE PTG Bt &&"E’Rﬁ Acpris, D ope {he 5AeR oY afer the
,e;fornin%vthe strain conpensation inplant of the
soufEE LR PrOP AT Npte SRt e SRR CATE ERGIPT iF FaoaorRESOcEREpr 688

whi ch graphically show
source/drain region and/or a source/drain extension region.

[0021] The B or BE; 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 atom_s' of one or more Group IV elements, Group 11 elements, and Group 11 |

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



strain versus depth of inplantation without strain
conpensation (FIG 2B) and with.strain conpensation
(FIG 3B), the strain conpensation inplant of the
present invention significantly reduces the strain in
the source/drain regions of the. substrate. One of
ordinary skill in the art will appreciate that the
strain in the source/drain regions of the substrate
be SRRFmBPLI M bRk Y i ap@,F% agfH
e ni ckel rrlono-siol i%riggtei:- er?ﬁ{acﬁ{:d}émrrjg% . g O%’%(Sé' g@%ﬁ?ﬁ
' : L.on rofil e may he mmintained
depft ik R CE A Al B SR Roaen PR RET
ppvent i on by adj.usting.the ot BE2 squrcel/drain .
[002], R ok 1 Ry oo e ot i cpagentration and
rai onpensati on inplant dosage according to -the
ng\tez‘fgmﬂf‘ b ke spubstemsfaly saimg afier estoraing he siraip omprasgiiqy implant
BFF source/drain inplant dosage is about 3X10'5/cn?
of the pressat inventin as sheipe axphically in FIGS. Acnd FIG) 3 AncSpegifically,
carrier source/drain dosage with the strain
FIGe 3fshomsithe eetivermatariconsanitstior vérens! intpizahtztion dépth vatkeut mstrain
t he bel ow exanpl es: For B and group IV Ge: Atom c
compagkationimplive, @idATE. AAshoRs subktaddalfyy thBSame dctivk chrieRB =
0.8 A 5 Rsi=C'RB+(1-C* Roe C = 0.26 where Cis a
cond¥ngsierirad i6pREQHbS abhh Attt AldR bRt thaktfNSohpSisation implant
correct ratio of source/drain dopant to strain relie
of tHGRaRht iRPSRioh GRS can 99§@en(i§‘qés.(i% anda"ﬁ v&lﬁclg%gl]ﬁ?@ ot
T osdge = e 3 +

otal active carrier source/draln
stra%ﬁug @pth of implantation without strain compensation (FIG. 2B) and with strain

compenéation (FIG. 3B), the strain compensation implant of the present invention
significantly reduces the strain in the source/drain regions of the substrate. One of
ordinary skill in the art will appreciate that the strain in the source/drain regions of the
substr_ate does not have to be completely compensated to achieve nickel monosilicide
enhancement.

10023] The active carrier concentration and profile may be maintained with the strain
compensation implant of the prcéent invention by adjusting the B or BE, source/drain
imlgilant dosage and the group II/IT/ IV element(s) strain compensation implant dosage
according fo the size of their atomic radii. For example, if the B or BE, source/drain

. implant dosage is about 3X10%/cm® withoﬁt strain compensation, then the total active
~ carrier source/drain dosage with the slram compensation implant may be calculated as
follows in the below examples:

_ For B and group IV Ge:
Atomic radii of the atoms are: Rg.= 1.22 A, Rg;= 1.11 A, Rp=0.8 A
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For B and group IIl In: Atomc radii of the atons are:
RB,= 1.444 Rsi=1.11 A, RB=0.8 A Rsi= C* RB+(I-0O
Ria C = 0.516 Dose (In) : Dose (B) _ (0.484)3:
(0.516)3- 0.83:1. Total active carrier source/drain
dosage =Dose (In) + Dose(B) For B and group IIIl In
and group V Sb conbination: Atomc radii of the atons
are: Rig: 1.44 A, Rsb= 1.40.A Rsi=1.11 A, RB=0.8 A
R €C+ Ry *Rgp+(1- 2C) * RB C=0.25 Dose(ln)

DOSCEuQ)%)Wher S€4 E)eséleéted éonce -E%E; oat‘g%.a\ﬂ%v&%i‘ﬁé Lt e;:t ratio
ofs?lgﬁq%%iﬁrg&?%osg ?eh h 23$oirce/ drlj)a| n and é(stgr ain
T e v

( proces

nts. e RTA process may be perforned at a
@l" bet ween _about 600 C and _about 1Q00 C,

?6@“@@% Furp 194 o Rermib 11 & Re5 &4, one
.f 'naﬁl?y Isnthe art wll apprematethat
thgseoéaﬁameters may vary dependi ng upon the desired
doPase (tp) dbast €B) = (0.08D3 (05 16P2v@es § bnal ni ckel
sallvial adivp cariessoufe/drain dispes+ Do) H Déde@Ni fil s on
the stress relieved source/drain regions 170a, 170b

ForB%ﬂﬂmh@dﬁgﬁ)mﬁiﬁamﬁ&ned to form
C ORIt IradRi IR atbrnk BFe: RBQa . r
sop;€@lgdhai n regi ons 170a, ﬁﬁbm IQ?Iﬁ’R%lrlthleld I'n
Fl gy =% € Basays n,sRBe stresses in the
so(gw@ggdraln reglo s o t he

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 parame‘.tcrs may vary depending upon the desired dopant profile.
[0025] A convenﬁqnal 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
to form conductive NiSi films 180a and 180b over the source/drain regions 1702, 1701; as
illustrated in FIG. 1C. Because the tensile stresses in the source/drain regions of the
- substrate have i)een reduced, the NiSi films 180a and 180b farmed at these regions will
be enhanced, i.e., at or close to a single phase of 100 % pure NiSi. Hence, the formation
_ qf undesirable NiSi, at the source/drain regions will be substanﬁally reduced or

eliminated,



substrate have been reduced, the NS filns 180a and
180b faned at these regions will be enhanced, i.e.,
at or. close to a single phase of 100 % pure N S
Hence, the formation of undesirable NiSi2 at the
source/drain regions wll be substantially reduced or
elimnated. 6 [0026] FIGS. 4A-4C are sectional views
illustrating an alternate nethod of fabricating a

[002BOSFREITUAONT el sREti RN iERs ARCLL oY altOnhil Snd R Mbricating a
invention. As illustrated in FIG™ 4A; this nethod

Ph/ﬁi@ée&ﬁcdﬂdh&o?deﬁh&%@mﬁ@é?& ?%e ﬁ%sgﬁﬁ%ﬁéiﬁ%ﬁeﬁgséa%d TG,

substrate containi ng ( a gate structure

308} hARE oy BRI ST RRPE 2P0 SRS

~an 70b. [0027 ccor,dance wt e present
si) it et SNVchYe 239 Jrgn OF ppis e 130 Spl o GR Ypuductor 234,
de ited gver the saqurce/drain regions 270a and 270b,
Spaﬁ?rgggqat@é‘@@b’rséﬁcﬁ@é@nf%@@@%@}dd%é‘ibn regi ons 270a
and 270b, i.e., the top portions of the o
0028y rle apenrdanse athdhe pryaY invention, g kayep 20hoflsewaphwus Si (2-8i) is

. anor phous after this process. In sonme enbodi nents, an
depasitid ovarthé soumeddipinoreiipagt 2 Wa ahdPFen or patibliyveplatss thn RTA
~ process may then be perforned to maintain the

soue/drde tahidis270€ ghd2Tb A7) aha g pdritths of the senrbb/dlaiiepiodd270a

may al so be formed over the source/drain regions 270a
and 270b Bedbhebidrpithul RReSBISPESYN. ThRoindRiBdig{eh@NaPddaRRHal
[

.e., the source/drain’inplantation typicallyresults

mdgé}x@#%ﬂ%%%éﬂt g(ﬂlo%fedﬁ éaﬁ g{)'/ﬁa Rllog%sg rn%%ﬁ‘bé SerfoB PV h G tain

e for
e SRR AR RA TR SR EE b e
s e o A e oS B BB St g e
soul ST BLure and curyent. The desirod thickness of the
-recovered by RTA or may be formed by an addi_tional amélphoﬁzaﬁon 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 aiso be
achieved by reducing the anneal temp‘erature of the sﬁbsequcnt source/drain dopant
activation RTA process, as iliustrated in FIG. 4B. The reduced anneal temperature
partially crysta]li‘;ces the a-S1 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
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achi eved by reducing the anneal tenperature of the
subsequent source/drain dopant activation RTA
process, as illustrated in FIG 4B. The reduced anneal

tenperature partially crystallizes the a-Si |ayer 271

up fromthe 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
derprtiogioneint thickhessrof dundcke iR 8 bd QPRSI B TR YIubRy

about 700 C (reduced froma typical --1000 C annea
silitidanier ad the ackelTiensoemHi do '

271 7 depends upon the tﬁﬁlin%%ess r&wetgﬁsgglgésfd%%?%ﬂ to

fonbeNfﬁpWriﬁéaQEJ 4 MEkéleﬂlmQﬁ' én'?ﬁc{c&%sé bl éjoqltsﬁlﬁg Sné g%% atyﬁr of 1.8

ni ckel consu a certaln percen

3 i icall.y i ckel fil
tmE St by Séﬂn‘%ﬁm&%nde"%@% gﬁﬂ“ﬂdi%ﬁfﬁgnﬁ# T%‘fref‘l"ﬁ‘?;é‘ia!}fl’l
' h thICk SS, | idation to
em‘#d%éﬂugéfh? Mg dpt i E eyl or Bl imein oo esied
nven{;{:h « 1 he ratlo of the thlckness of the N films
esfﬂ 88‘§|‘ g meKbe b d: It the a-Si |ayer maybe
_ Z}?ﬁ [0028] FIG 4C illustrates the
10028 | Gd’eﬁ weﬁrﬁ%ﬂwdwemm pioeessidesasibed iy diatelyabowh wdiich
formse NNSi filnms 280a and 280b -over the source/drain
formsiSbiilns 280 and 280h @i iccsodmeddedin ragions RF0RESTOBITBe dation
usi ng conventional RTA paraneters for nickel silicide.
may Geiperfainied, ustnigeconséntionhlRT A PAraBleRF LS nRREYSEARS @%%raﬁls}ethe
remai ni ng portion of the a-Si layer. Thus, the NI S

silicidatidteprdciiaofy Cod&kesitRE Fthirho é&ﬁoﬁ 8fhe %5?'1 e 'fh‘ﬁg' €ﬁ181

are enhanced because the stres I nduce nat ion

films P8R ShA AN NS 2t @k s&ﬁge/%‘a% rgg{o% %JF %gﬁaaﬂ%gff B8 asthb el

substantially prevente

s B 1685 R s St

strat
tion does ngl e crystal 029
' P“’“?f‘i? ‘%“ﬁ"é caﬁ ilﬁ‘a%ﬂgﬁlhvéﬂm (a%iorlatas L’t}’ﬂaﬁ]& is@rSi

net hod of fabri cat [ ng
substrate, the stress will not impact the silicide formation as it 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 substrate 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 mickel film to be
;_ieposited further on during silicidation, as illustrated in FIG. 5B. The a—Si layer 371 may. |

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

- 8



PMOS sem conduct or device according to the present
invention. As illustrated in FIG 5A this nethod
starts with a single crystal Si substrate 320 (or any
substrate containing Si) including a gate structure
330 fornmed by a gate oxide 332 and a gate conductor
334, spacers 360a and 360b and source/drain regions
370a and 370b in the substrate. [003D] In accordance
thitkhss ol heRESIIBRE 37 NYICHEERADs AFbrAthSlhidkAYE of BEhidi®! film to be
deposited over the substrate to a desired thickness,
deERRAGH M Bﬁaﬂﬁﬁg iLidhe i ' '
egeposi tedrf urthe ﬁ%)llr.ﬁl u@%%%ﬁ%{%’gﬁ %ﬁﬁé P %ﬁoﬂ% Eﬁbg&mem‘
st . ~fhe a-Si |ayer 3 éf be .
TSRS DA Sk oo op G fhton b 5 g fitimesof hevi
deposi ti an ocess. .The si red thi ckness of the a
filmg; Oﬁgﬁgﬁﬂ%%@g%@ﬁ@fﬁamgﬁy Agildihess of the
jckel f] to be deposited further_on during ]
(OB} Bt Shistaiet e sfioiiiion amosss deprribRGipmedipgUssbove which
enbaodinent. Therefore, in a typical enbodi nent of the
formp R filsms 3808 and 280tmovst therrourdeldriin eegions 3704 370b. Thei | N5
_to the desired thickness of the a-Si |ayer nmaybe about
silividntign map b8 perfein@d vsigidohvesitionslRTA prasbletsdbaimickelnilicide. As
) process descri bed i medi ately above which fornms N §
in thiclrnath @BIFIEH.MBA0D the\sdiciddlion peiteGRoHaRd theSBPRFer 371
370a, 370b. The silicidation may be perfornmed using
insed g tHeitaRab stiffed i 85k, %ets@ils IsRisRhteSEbAE LRy Yhe NiSi
in the nethod of(gﬁﬁs. 4%?4 , thg siligidatign p?bcgsg !
- flBROBSHTRS 3RO fRmel éimr-ni { f1die N
- stressed epi Si gdli ﬁﬂg@égé:l}rg% a %?1,0&2,‘%{)5 %L@e@é Shliinocd becanse
: e N.Si . fi 380a_and 380Db. f or med. at
the RSB HEbo torhp Sl it 40 o Gtpos 1o been
N bg@g%fe the(@%{ess i nduced formation of undesirable
subRpagfially preyenfed by e OF the S 1veg 24 h dumpgssiliridation.

substantially prevented by use of the a-Si layer 271
- 10048} | KOS 0406 axerseetinal viewe jlivstratiig 626 @har wethed of fbaicating
views illustrating still another nethod of fabricating

a MOS semiconductor device according to the present invention. As illustrated in FIG.

: TSA,.the method commences with the formﬁtion 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 8i0; have lattice constants larger than Si. As illustrated in FIG. 6A, the
buried léycr may be _fonned by epitaxially growing the buﬁed layer 421 on the substrate
| *420 and then forming a layer 422 of Si ovér the buried layer 421. The Si layer 422 may
. ‘be formed using a éonvenﬁpnal CVD process. Since the buried layer 421 has a lattice 7

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



a MOS sem conductor device according to the present
invention. As illustrated in FIG 6A . the nethod
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 exanple, buried | ayers conposed of Ge, SiGe, or
[008312 Alsalviestratetitin B8G.00B) atgatt strub@FcI0, $dAlingl 2 gdS oxide 432 and a
illustrated in FIG 6A, the buried |ayer nay be
gatb con@top Y13 @k Eaded o NSk A% iR waH Mfﬂ% foﬁ)i%%ﬂ%fbxgﬁnd
0 [

the substrate 420 and then formng a” |l ayer

Bi@hort-BehdRbiiy & | B
Smf or rr%d usi ng iﬁggﬁgﬁ% g%{%ﬁ J%(%ﬁ)ro %@égfsd? Q‘éfgﬂﬁggﬁ}eﬁgt% structure
130041k I 4 I C constant.which is

g?gg? gtre Steﬁan es‘i%,% E{Eﬁsé;p %“’lﬁa@%’r‘%ﬂ%ﬂ% eIS“B’éa\AIgP Mt? gpd spacer
- [ 003 As.illustr dijn FIG 6B, agate
Sm%ﬂr%i ﬁ(?%de%ﬁalef et asPRE tﬁg.g(gel%xi de 432 and a gate

_ nductor 434, is fqormed over Si |ayer 422 foll owed by
100810 4R hsteaecd im0 G consensional onrasiandpiapiation

spacers, 4608, 460b_al ong opposing side walls of the

progess wex fiiep e pegformabusingvep-tie dopant wudh asdB daBENI® form self-

- spacers 460x, 460b may be simlar to the gate and
aligngiist andsseponst jur srabé i fogidne 4704, @70bntthe SERPEOD2! Since the

FIG IA [0034] As further illustrated in FIG 6B, a
B atows hevrt dtemixl radi tiat ededirailer thap$ g Heainiiying bR &ES BN

then be perforned using a p-type dopant Such as B and 7
comBEndated of SIS tBE tdnsil@dthIR8 dald B3Rt e

drain ?egi ons '4%1x, 470b ?‘jﬁsb‘tﬁﬁg S Ihg@g’?g%sgpmg&%%g&hetm
0035he CoBv: 11Ges Ll t.are spall t han
100350E CoeiBTR BN En hRRLISI:Aon pRbscB ad TR et ofto

I, the underlying burre
sile stresses caused. hy. i npl ant . or
- respliloefy oot O don S HbE R oEGiAT i s oA Pk uer the
ni,ekel silicidatigon processes may be performed to ]
sourfly T reBions 105 (1 OaDlibsiaicdon BHo o BerF Ao el sirssecs in
Ni Si filnms 480a and 480b over the
| the source/drain regions of the Si layer 422 have been substantially reduced or eliminated

_ b}f 'fhe 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
spbstanﬁally reduced or eliminated. Even if a small quantity of undesired NiSi, is

_ formed, the underlying 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 5i substrate 520 (or any substrate

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

10



source/drain regions 4708, 470b as illustrated in FIG
6C. Because the tensile stresses in the source/drain
regions of the Si |ayer 422 have been substantially
reduced or elimnated by the buried | ayer 422, the
Ni Si filnms 180a and 180b forned at these regions wll
be enhanced because the formation of undesirable
Ni Si2 at the source/drain regions will be

consludiet £84{ dialebtricrspadieesbmranalsboh 'ﬁéﬁsﬂéisu'é?!&irb—# §01ﬁ’ce7&f§iu|reg1ons
quantity of undesired NiSi2 is formed,. the underiying

570R4hd SHH i YRS subdikatiahd nﬁkﬁ;ﬁﬁ% l)‘!z)a%na 575 rﬂ)lf Qflgffiggc?ejhsposed

deeper bel ow the depth o uri ed ‘ayer

Oveﬂh@%ourw‘d?a%égﬁm%%?b %703'1%%& %?E%stratl ng yet

anot her rlcatlhg sem conduct or

| I“"?’ﬁYLst r%ﬁ%ﬁﬁ%ﬁlﬁé%ﬁw‘%@%ﬂﬁé% gompesge of

| bt te 52 bstr at
o o B e RGeSt Wkl 1759994 F e

' . e ,oxide 532 and a gate 10 conductor 534,
-mspa%‘t&r % th dielsgtccsnacers banmd 368t drsdiplectsicrceniugayers
source/drain regions 570a and 570b in the substrate
590znd H0breay beiformednBlar enslicHusts, The dickictricosappirigdayers 590a
di sposed over the source/drain regions 570a arfd 570b,
and §¥Bysbouidbe lcgmpp@d1E]a matéisal wWHidkgilsdat e@ Si Subfstride 578a and 575b
di el ectric capping |layers 590a and 590b conposed of

in comypressibe, suclxastitrivle. THy ik rbﬁﬁm"ﬁi(y@&‘edf [+53d dl@l@c@%%pﬁﬂg layers
nickel films 575a and 5 respectively.

ot ot ooyt SRS A Ll g s

57545%? Sj7sg stress. The dielectric capping |layers 590a
590b shoul d be conposed of a material which places

s AP b, ST B B e o £
- con B B B B AR B o S 1
~ RTA parameters such as temperature and duration and the thickness of the nickel films |
3754 and 575b and the thickncss 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 575a.and 575b have been
substantially reduced by the counter;acting. compressive sfress applied by the cap layers
. 590a and 590b and for spacers 560a and 560b (the source/drain extension is under the
., ﬁpace;s), the formation of .undesirabILe NiSh, at the source/drain regions during silicidation

will be substantially reduced or eliminated. After silicidation, the cap layers 590a and

.1-1



575a and 575b. [00381 As illustrated in FIG 7C, a
conventional RTA process nay be perforned to convert
the nickel filnms 575a and 575b to NiSi filns 580a and
580b, respectively. The RTA paraneters such as
tenperature and duration and the thickness of the
nickel films 575a and 575b and the thickness of the
__cap layers 59th and 590b and spacers 560 and 560b are
590hapaysheadmazed wing & @oivemional retreralagbeetdich €0&dyl sfching or wet
stresses in the source/drain regions 570a, 570b of
ecthilge substrate 520. [00391 Because the tensile stresses
in the nickel filnms 575a and 575b have been
- [0040) bsuast Aal8Cyare sty i Gl icati
(0041 604 v stillEsuGaHN | & an&?i&xj H&hod %g%lgn%ahhélg a

conpressive stress applied by the’ ca ayers

PMOS@bmaRddiciir ;2PRE %c%ﬁgﬁé)a) tfe glr'eg:§19 ??Jﬁlé&ﬁl S}qulzll:ﬁ%eh/r']a(%%f G,

extension is under t spac or'na
_ . Hnt i he 1 4 ai ; dur
A, SRR e it h 2 pBRARTUY Pt AR5 a0 s

: t I L After siljci Lon, the cap Jayers 590a
contEinblP &5 e Biginl{ ot sl 68 tobig buie sompske bga and 2 gate
' e | process sugch as dry etching or wet ecthing.
condu a9, spsers Goke gl 45, taele-rrspodit esmurceldraie reiots 0z and
- yet_another nethod of fabricating a PMOS
670t;i8 the gbgieie and nieke] &ibms 6%y aidrfg Sb,oot sikicigatemeditposed over the
invention. As illustrated in FIG 8A the nmethod may
soureeiiraimrregions §102and 67GH, ecspeatisel. Si substrate 620 (or
any substrate containing Si) including a gate
[004%} r Adtvorcgcle BT A mroeaad idtne@%&mrﬁem Sve thedickeA At §75a and
conductor 634, spacers 660a and 660b, tensile-stressed

‘675bid NiSURIGS)/ %Qﬂﬁhﬁ%&ﬂiiﬁg_ ?T%B_ﬁ?%;} i ta c ﬂag?él%{krgﬁyrocessis

sybstrat e and n! ckel - fi ( .
perfodinbi & %gﬁlé@ gﬁrﬁék%f’ﬁﬁfstdsﬁ‘é%q 67% oML RA A S CELi B s

670a a respectiv
676a an 676b. In one embodiment, the first cycle 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 6762 and 676b to NiSi films 6802 and 680b. In one embodiment,
the second cycle of the RTA. procéSs 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.

S - process can be implemented during the subsequent deposifion of an etch stop layer,

‘which is typically performed at a deposition temperature of about 400 °C,

12



[0041] A two cycle RTA process is then perfornmed to
convert the nickel filnms 675a and 675b to NiSi filns.
As illustrated in FIG 8B, the first cycle of the RTA
process is ‘perfornmed to convert the nickel filnms 675a
and 675b to netal-rich suicide (Ni2Si) filnms 676a an
676b. I n one enbodinent, the first cycle may be

f a tenmperature_ ranging fromabout 200 C .
0L 35 S hcknt STRGH v e Senee ot attotet febricating o
P 'gutes. The | ow tenmperature of the first RTA cycle

I\Eﬂb Femteendugtor dgyige ascoriing it preseutinvantion: A wilk hedome
between about 250 C and about 400 C. [0042] As
- appareRiirthar o, this metmd efthe inventimonaobe wyd hea mhair hecEssAvhen
process is performed to convert the Ni2Si filnms 676a
Nigh dasfined thenbgicatsihgirighd @antaoiteGifive. AR ititrated in FIG. 94,
enbodi ment, the second cycle of the RTA process nay
thdacthed iy ogimzhcawith ABehdstite 720 iRty Sfde Lfich@P 936 formed
425 C for about 10 to about 20 seconds. Tf desired, .

by &RatSOERTE264E laSol-Sil da& BhAuctBf PRCSHcGRF 6B and 760b

i npl enented during the subsequent”’ deposition of an
e B YRl end MOS8 XA B 1} (e o e
s S P SR ons 7205 i/t ol kg /B cisposea
o R 2o A S ot el bt gt

be used as air Er ocess when N Si2 has forned

are
re%ff?é‘?/@%‘b%&k&%ﬁmngﬂ fb.cont act resistance. As

illustrated in FIG 9A, the nethod may commence with
[0044k5j Asilpsstratad in FIZH 9Bned adiiitiopah Ng déposision icpenfoem@B form a
formed by a gate oxide 732 and a poly-Si gate

layeotitbuafiNirovéi3die Nifi Gins77/60ad 370, T88Rally, SRbhidheysdhke of the
~regions 770a and 770b in the substrate 720, Ni Si 2

- addifiénu nitkdlds @t 70 Zkstroflis 3PS 40 UESstrdRN' £ BbiVeftidhal
regions 770a and 770b, an‘inter%%%%r di‘%lectrilléé:h7g%‘A
profés2 ROBRA 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 i'emoved, 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

' i]_lVention. Accordingly, all such modifications and changes are considered to be within

- the scope of the appended claims.
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over the NiSi2 filnms 777a and 777b and contact hol es
782a and 782b etched through to respective N Si2
films 777a and 777b. [0044] As illustrated in FIG 9B,
an additional N deposition is perforned to forma
l.ayer 778 of NI over the NNSi2 filnms 777a and 777b.
Typically, the thickness rangagngd the additional

ni ckel is about 20 anstronms to about 40 angstronms. A
conventional RTA process is then perfornmed to convert
the NiSi2 films 777a and 777b to a NNSi filns 780a

and 7 eagct.ed N, t hat. be.remai ni ng

B e it hoR et SRRl PR i tor Haried SempafoomBsig the steps
ofl lustrated in FIG 9C [ [0045] Wile the foregoing

I nvention has been described with reference to the

above, .various npdifications and changes can be nade
mﬁthgﬁF@¥ﬂ%ﬁ§ﬁ% sfromthe spirit of the invention
Accordingly, all such nodifications and changes are

cons ApRIES @ stlisop er silicon epntaiking segimeofthe sitetappette st dopant,
clains. 13 CLAIM5 1. A nethod of fabricating.a
ﬁ@éﬁﬂahmd@sIgﬁheemhaminﬂkaegahhod conpri sing the steps

of providing a substrate, doping a silicon or silicon

cont depingitheregionwithfa selididaopaht BhiGedided sRest irf &k region caused by
_dopant, the first dopant creating a stress |n'tﬂ%
thedgstadpartomt Aepiéd' @it @0 198 Md'oh PR HBAGN b3Blrce/drain

reduces stress in the region caused by e T1rst
refiipmagdd the regionwith the lust and second dopants
- conprising a sourceldrain region; and

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

et

2. Themethod acconimg to claim 1, wherein the second dopant has atoms with an

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

3. Themethod according to claim 1, wherein the doping step wsing the first dopant is

, pqrform?d to reach a specified active carrier concentration.
4, | The method according to claim 3, wherein the second dopant in the source/drain

. egionreduces the stress of the silicon in the region while maintaining the specified

‘active catrier concentration achieved by the first dopant.
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form ng a nickel nono-silicide filmon the
sourceldrain region. 2. The nmethod according to claim
1, wherein the second dopant has atons with an atomc
radii greater than the atom c radius of the silicon
atom 3. The net hod according to claim1l1, wherein the
opant. is perfonned to

3. d'gﬁ ﬁ%ﬁ@ﬁ@ 'ﬂg’% @1573 L‘g prean ﬂef‘orif*@eﬁfiﬂapﬁ@tﬁs sglectnﬁlefrom
e 58 PR BGPELRARG T T B8, RGN AR, anc

combisatibfPtheréoft her egi on whil e mai ntaining the specified
active carrier concentration achieved by the first

dopant 14 5. The nmethod according to claim1, wherein

thﬁﬁsecond dopant is selected from_ the group
6. cokhg methngt acosdingo claigl brihergin gﬂ@utp uhplm@lmémn%sﬂmde

. nt.s. cOo |nat on ereof. 6.
foromifi S48 sl SRR Sing 10F sich o AclaliBr Mo I ARG seqind dopants in
the Soﬁfdémgup@g%@ licide formng st ep furt her conpri sing

the st f activating the first and second dopants in

t he source/draln region. 7. A nethod of fabricating a

sem conduct or device, the nethod conprising the steps
7. ohmethediodifakricatingssanaicenduepr dgvige stheinethod entgirisimgythe

gion of the substrate with a dopant to forma
steps%fgur ce/drain region, the dopant causing a tensile

ﬁsl{’%&ﬁné 1 JB&4g0i on of the substrate; forning a
I ckel Fil'mon the region; formng a capping |ayer on
tduping akdlicdn ¢dntainhify fopidt 8OHANBErBRI WiEh 3Q10pahe® form a
source/drain region, the dopant causing a tensile stress in the region of the substrate;
forming a nickel film on the region;
forming a capping layer on the nickel film, the capping layer being selected
from a material that compresses the nickel film and the underlying region; and

converting the nickel film to a nickel mono-silicide film.

8 "The method according to claim 7, further comprising the step of removing the
capping layer.
9 The method according to claim 7, wherein the capping layer comprises a

- dielectric material.

10 The method according to claim 7, wherein the converting step is performed by

annealing the substrate.
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froma material that conpresses the nickel filmand
the underlying region; and converting the nickel film
to a nickel nmono-silicide film 8 The method accordi ng
to claim7, further conprising the step of renoving
the capping layer. 9 The nethod according to claim?7,

wher ei n the cappiBRIRAYEr OFOIRE BRCIEOSERY €Ct i C
material. 10 The nethod accordi ng t(}?(():fal m 7, wherein

g ubstr at e.S %ﬁ%%@%%&&@%ﬁé@ O-
RSO TS T P (o AT O G VGG RESHAIR

for reducing stress in silicon to enhance the

for i ' I ilicide fil formed thereon
| e otiats R rih1 ol Plesh W Girints e SpmatRpogRIckel mono-

REGACERR plicide.formation process on an anor phous
Si] ‘?con 05“3%‘*?‘?“‘50%{1}"5‘? T YR FBPSDSH10R fopeas/drainymplant process,

- sS strain conpensating _dielectric capping
2 %‘3@&"&%@%&%‘0%? PR gu emorpliqys siliten Hyer, erstraim compensating buried
neal process during silicide formation, an excess

an
TayST RIOGESS 3 pds compensatingdielsciricNiappipe dayker procdisSuring S1iiGide

1A).
formagzlon, & two cycle anneal process during silicide formation, an excess nickel process

a

to transform NiSi, to NiSi.

(FIG. 1A)
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