METHOD FOR REDUCI NG Sl LI Cl DE DEFECTS | N | NTEGRATED
CIRCU TS FIELD OF THE | NVENTI ON 100011 The present
invention relates generally to integrated circuits
(ICs), and nore particularly to a nmethod for reducing
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resultlnglnthefornatlon of Ni pipes 148. pi pes

diffusiemrejead Zbobjaditetitona izetakagewhivh gadidee |a;ga@feﬂ@modn@31 over a gate
devi ce performance or functionality. Fig. |h shows

dielectat 142k 433. niagetedfonrtbe k&t spiepels dd8licldsris fiduwall suctrs 160. Metal
ni ckel pipes can result in gate- to-source or

sﬂlcldeg(ain@rctﬁl-él@rzﬁhﬂrl 43 har roﬁlldé@ dh tie sutQO9 4ank Rubsi 8w ifihd sf(‘)%rce/ drain
foregoing, it is desirable to provide transistors with

IBiRlsUbGige  contacts which reduce or mninize the
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[0003];??&?& I st d ;gslglgf(?% aﬁ\ég gl 1|cHin 6ﬁ%veal%e§§ 8%838?29% élsedgln contacts due to
low sheet resistance properties. Nickel (Ni) atoms, however, are highly diffusive. During
processing, Ni atoms can diffuse beneath the spacers, resulting in the formation of Ni pipes 148.
Ni pipes can lead to junction leakage, negatively affecting device performance or functionality.
Fig. 1b shows a TEM image of nickel pipes 148. As shown, such nickel pipes can result in gate-
to-source or gate-to-drain short circuits.
[0004] In view of the foregoing, it is desirable to provide transistors with metal silicide
contacts which reduce or minimize the formation of metal pipes.

SUMMARY OF THE INVENTION
[0005] The present invention relates to reducing silicide defects in ICs. In one aspect of the

invention, an IC having a transistor that comprises a gate on a substrate is provided. The gate

has gate sidewalls. The transistor further comprises dielectric spacers disposed on the gate



invention, an IC. having a transistor that conprises a
gate on a substrate is provided. | he gate has gate
sidewal I s. The transistor further conprises dielectric
spacers di sposed on the gate sidewal k and net al
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[0008]per rhiteserangredher BRISER. PESORIPTICN@ES T SapredgiNespresent invention

- [00091 In the drawings, like reference characters
herein glmql:gsql, will bef@ne patdne thsawsh wéaresetih fhedghoutng description and the
accompanying drawings. Furthermore, it is to be understood that the features of the various
embodiments described herein are not mutually exclusive and can exist in various combinations
and permutations.
BRIEF DESCRIPTION OF THE DRAWINGS

[0009] In the drawings, like reference characters generally refer to the same parts throughout
the different views. Also, the drawings are not necessarily to scale, emphasis instead generally
being placed upon illustrating the principles of the invention. Various embodiments of the

present invention are described with reference to the following drawings, in which:

[0010} Figs. 1a-b show a conventional transistor with metal pipes;



the different views. Al so, the draw ngs are not
necessarily to scale, enphasis instead generally
bei ng pl aced upon illustrating the principles of the
i nvention. Various enbodi nents of the present
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ICs, More particularly, the present invention relates
[0013]t o dheptdyad ifiventibunitegtod Us c Miee pamitaletlg, the pd&@nt ihvention relates
accordance with the. invention, a spacer pull- back

to a m@h&d for SorPEhE iR cOtbitheh ke Iﬁ'ab&irﬁ’drk& withRh @RS, b @pacer pull-
loran silieide contacjs to elimnate O reduce

back eﬁ:;‘l k?sc‘{nérﬁ}r tdﬁﬁﬁg tlﬁe%%%:ﬁ%%n E)%%Eé Iﬁ%ﬁn Li@icib %olflt%t ci—:lgrﬁinate or

ects oOwWs a portion o

reduce Scbéﬁ% s PERERRE P b e M RE TR TR E%C‘Szzm

in an actjve regign 208 in the substrate
l0014l | 'Frg é SHev? georegiotan I 208 o aqc@aiap?eomtbpﬁ%ﬁma%@n@ét of the
regi ons by, or exanple, shallow trench isolations
inventipg' fl] hgpog@@_inqlndqgméra@ﬁﬂg@dQﬂr@ﬁlr,medﬁ@alg abisemregien 208 in the substrate

conprises a silicon substrate, such as a lightly
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about 1-42 pmbelow the S fis. [0015] The transistor
The subsingte t@epriws gatedl 1230idy dopedhetisddrshisatf e secking pgérigy type. The
i ncludes a gate
second polarity type comprises, for example, p-type. Doping the well with n-type dopants is also
useful. The depth of the well is typically about 1-12 um below the ST1s.
[0015] The transistor comprises a gate 230a on the substrate. The gate includes a gate
electrode 231 over a gate dielectric 232. Typically, the gate electrode is formed from polysilicon
and the gate dielectric is formed from thermal oxide. Other types of materials are also useful.
Source/drain diffusion regions 225a-b are located adjacent to the gate beneath the substrate
surface. The source/drain diffusion regions are heavily doped with dopants of a first polarity

type. The first polarity type, for example, comprises n-type, forming a n-type transistor.

Forming p-type transistors with p-type dopants as the first polarity type is also useful. As



el ectrode 231 over a gate dielectric 232. Typically,
the gate electrode is formed Porn poiysilicon and the
gate dielectric is formed fromthernmal oxide. other
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[0017/acCcardanc swhi R P& sEMPAHTEN N 1C 300 in accordance with one embodiment
of the invention. Referring to Fig. 3a, a semiconductor substrate 305 is provided. The substrate,
in one embodiment, comprises a p-type silicon substrate. Other types of substrates, such as a
germanium-based, gallium arsenide, silicon-on-insulator (SOI), or sapphire substrate, are also
useful. The substrate is prepared with an active region 308. The active region comprises a well
heavily doped with dopants of a second polarity type. To form the active region, conventional
ion implantation techniques, such as implantation with a mask can be used. Other techniques for

forming the active region are also useful.



of the invention. Referring to fig. 3a, a

sem conduct or substrate 305 is provided. The
substrate, in one enbodi nent, conprises a ?-type
silicon substrate O her types of subs rates, such as
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and mask techniques to form trenches which are then

formatior dplettle dapad wiélbsl ect ric material such as silicon oxide.

Chem cal nechanical polishing (t_, ,ill") can he
[0019]per fRatdrEdg tOFipeps, aNepexeL $enitiicd & @nd thy gatt Uged gplthnarbstrate.
substrate top surtace. Ile S 1 1 regions can be

For exfcu‘ﬂ‘bee ShrntiY th@)g@trénﬁ}eers BIchRsek QqulEnt?Jllty%rrﬁlhg gfaﬁ':r (H&Eétﬁ@ layer 332
he doped wells. 100191 Referrlng to Fig

and a gartgglt%gﬁc’?a%qutéﬁgg?%&lg%p {ug)’gt??te Elpr?acgaﬁ ea%} o%lnggntt % éate dielectric

ayet s
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surface. In one enbodi nent, the gate dielectric |ayer
electrogg ﬂ@feir Sf@gexw%ﬁpmklqué)olglﬁ@p Kgbeégy}aﬁs ody gfle electrode materials, for
di el ectrics are also useful. The gatce electrode
exampl@yeatals forh sxEnmpke)socoafot.i Slesgapolaysi, in coremi@dreent] gagn comprise a
of gate electrode 3.aterials, for exanple, netals
heavilp d6pedasolfilicoarigyaalos @ ﬁh@@)ﬁ)lﬂﬂty ihipe. gat pollyayiesn cdnrbednSitu doped or

ernbodi t yke ant, can conprise a
doped by ion implantation after deposition. Providing undoped polysilicon is also useful.
[0020] Referring to Fig. 3c, the layers are then patterned using conventional mask and etch
techniques to form gates 330a-b. As shown, gate 330a is formed in the active region while gate
330b is formed over a STI. Source/drain diffusion regions 325a-b are formed in the active
region of the substrate adjacent to the gate 330a, as shown in Fig. 3d. The diffusion regions, for
example, comprise heavily doped regions of the first polarity type. The doped regions can be
formed by ion implantation.

[0021] Spacers 360, as shown in Fig. 3d, are formed on sidewalls of the gates. The spacers

comprise, for example, a dielectric material. In one embodiment, the spacers comprise silicon



heavi |y doped pol ysdicon |ayer of a first polarity

type, i he polystheon can be in-situ doped or doped
by ion inplantation after deposition. Providing
undoped polysilicon is also useful. 00201 Referring
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polarity type. The doped regions can be formed by ion
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I rnen e spacers conprise si
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stacks, TEOS or silicon oxy-nitride (SO are al so
[0022] s efuprc @abpdbReitohgIdilprorEgsas cmprlﬁﬁeh@ﬁlm a@gi dgaily doped regions.

formthe spacers. For exanple, the dieiectric |ayer
Typicatlanthb éight dopkeé regidepos fdredd by erfirst iphénplabstipapecess before spacer

covering the transistors and the substrate. The | ayer
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deposition (CYD). A spacer etch is then performed to
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ani sotropic etc such as reactive 1on

dry etch. 10022] In one enbodiment, the dlffu3|on
useful.
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formation. After spacer bnnation, a heavily doped
exampleg gPIBANSCS Vico Elvarinpyisiag $¥E0 ik JidHC aqupbarmlnierorther clean
process. Other types of techniques tbr formng the
chemiddiidsf argirerssee greoniso aredul allso prausBide cle@ PRBhreRefeasubitrige for metal
to 1Fig. 3c, a prc-kilnidc clean is perf-,rne.d. The
deposifbebs tdmdling hRivelogadd, onft@ gate and source/drain diffusion regions. The clean
process forms undercuts 364 in the bottom of the spacers.
[0024] As shown in Fig. 31, a metal layer 345 is deposited over the substrate, covering the
diffusion regions and gate. Preferably, the metal layer comprises nickel, platinum, gold or a
nickel alloy, such as nickel platinum. Other metals are also useful. Typical thickness of the
metal layer is about 10 — 1000 A. Other thicknesses are also useful. A cap layer 346 is
deposited over the metal layer. The cap layer prevents oxidation of the metal layer. The cap

layer comprises, for example, titanium nitride (TiN). Conventional deposition techniques, such

as sputtering, are used to form the metal and cap layers.
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exanpl e, conprises wet cleaning using DHF in a dilute
aqueous solution. O her clean chem stries or
processes are al so useful. The pre-silicide clean
prepares the substrate for netal deposition by
[0025] e”%éfé?ﬁn RA i¥E3 HA| sgl@m@@ Itolagssg?é(%f(ﬁlﬂl@d SO ahg laélpmde contacts
di ffusi on” regions. Pean ocess arns under cut
340 ana%l OXf; tlﬂg dﬁgl%sgﬂn rfgvgé Q®4 aggt%r zeﬁggg U\ &mst}h ﬁgnent I’{he salicide
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comprskagingaime @ Kepstnist adusingregrealtvn hgbedenlthe Mygpil gl silicon (e.g.,
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substrt,h@i andpadkdibsses Tapicaldl, sl dafielie broclsscapmprdyefapiddhensil annealing
deposited over the netal |ayer. The cap layer prevents
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0251 Referri to Fig. 3 i ci de rocess
by wepdpaRb e ooy Bt e Sy hpn! On@&bp%mald%ﬂxwre
over the diffusion regions and the gate el ectrode.
(APMpn@s gityad i werton afilee arre puelayp F}t?cfégté‘l ﬁlb@ﬁ@cwt@qtseduedp the
ni ckel alloy silieidc contacts. The salicide process,
presenfopf éix anmdreuts o1 G bpttds@fsheaapaeahrrg t he substrate,
causing a reaction between the netal and silicon

[0026]( . € Rgferring WoSipr 3, €he @PEr A1t qT0hy/Slabdrs @ kducké O pylled k. In one
salicide process conprises rapid thermal annealing
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one step at a tenperature of about 300 -
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en re eani
.a. m r . or n
materlgleorvgﬂ:a%g{g Imc ig( (I:(?ngagm )?I:lu gg%@%fn?ené%ﬂgﬁ}(gn}‘%ﬁf( §f thepater walls of
spacers overlays the netal silicide con acts due to
the spachs 1s piheevsd d@ﬂbﬁn ahwtgnteidusych as RINeorsoy eehn Breferpily, the spacer
spacers. 100261 Referring to Fig. 3lh, the outer walls
pull-bagk ctdbas sphtescdecare ta tbdudedieannpulslaed SHack oferenos@liment, the spacer
n~hudi .r ent, the spacers are pulled back to be in
pull-badkicgineEmtlow 4 OHINEASO) b CHE; QM ,adkSist3Sand is performed at a
temperature of about 1-150°C and a pressure of about 5 — 45 mTorr. Under such conditions,
SiN-to-Si or SiN-to-oxide etch selectivity of more than about 10:1 can be obtained. Other etch
chemistries or techniques of pulling back the spacers are also useful. Pulling back the spacers
also advantageously removes residues at the STI corners. An additional dry and/or wet clean
may be performed to remove etch residues.
[0027] In one embodiment, a second annealing step is performed after the spacer pull-back

etch in order to lower the resistance of the silicide contacts. For example, nickel-rich nickel

disilicide (NiSi,) formed after the anneal prior to spacer pull back is converted to the lower



i ndi cated by dotted fines and arrows. Puilinct back
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first alkDgAbAd RIS, pro@s€his- e usd ofdhordithit GedXT A8tePtredilitates the formation of
selectivity of nore than about 10:1 can he obtai ned.

the de%eﬁ%ﬁhc‘?&e%has&%%&%é 'lcﬁfsof)rlljttsagtfclﬁflktgfk%s 1k ¢ P%Lalhhr st annealing step

k the spacers are a Pu[llng

al so adv ousl dues, at th
i COH@F‘«?ﬁde 0B R B AR Dr g ORH B gk LEYED uhsEciflg annealing
perfornmed to renove etch residues. L00271 I n. gone
step at&%%ﬁfﬁ%ﬁf@ra@rest@cf%@ nighplgaRasy csfcophirs e P Frsiglingy. el one
t he spacer pull-back etch in order to |ower the
embodimsiis s daserbat therspacsupull deckovelt aaegormFat indwanpinghe two RTA
ni ckel -rich nickel disilicide (NiSi2) fornmed after
procestdre. Tranmneads gaiessosn tho sBipakennfolsldubiag kel ssca@mnaeiliag step.
the lower resistivity nickel nonosilicide (N si) phase

Alternbivd NitBe §Ja88-pull IbLR @1 BFRGM IR ormbN e SEROVL on@BRRElIh Neep.
em|s c%ndu%%édlgk a tenperature gpnabout 400 8%011C #45 P

[0029]?b0l’l{he proc'eg (lfo%tlﬂgccs byI fl[ogﬁigxg% &ogﬁ%ﬁgh&%qhe (t,(gﬁacts of the transistors.

ormat I on. e Si onta

ment first, an cond RTA cess
For exalngFe £ ORGUTE R oot RigPURar R e s de PRt RRens T
rmati on of  the desired silicide phase to achieve

trenchpso% theadHicd ovith eandu¢tigapatenyy susk AFPPRPCT. 4O feragnterconnects.

annealing step is conducted at a | ower tenperature to
Additipoal proviessce brerpecforsed focdodeplett ohd I6wéd dxgmales ebbinehal interconnect

annealing step at a higher tenperature to form nicke
levels,rfiman pasiviaton endihg Anhascdaggr resistivity. In one

enbodi nent, as described, the spacer pull back etch is

[0030jPer fioe r@@nh@ﬁ hatwe %Hlbbﬁi%dQﬂ"@th@Tﬁecﬁrc%ﬁﬁss\@ﬁhouTl%ﬁartmg from the
avoi ds stress on the silicide contacts duri ng

spirit O%ee%%ﬂg Qrea%{e 1@‘[9053[}1%80 . tfglte Al I Vﬂ%dnﬁ%}ﬁ éﬁpe?gfgre are to be

etc ter sec

eal 5 5 . : : .
conmdereg n afl re%pects HIustratlve rather than limiting the invention described herein. Scope

of the invention is thus indicated by the appended claims, rather than by the foregoing
description, and all changes that come within the meaning and range of equivalency of the

claims are intended to be embraced therein.



[0029] Inc process continues by "onni rnterc
taieetions'to the contacts of the transistors. For
exanple, a dielectric is deposited and patterned to
create vias and trenches. The vial and irenel hes are
then filled with conductive material, such as copper,
What s¢l#igefis nt er connects.  Addi ti onal processes are
performed to conplete the 1C fin- exanple, additiona
i nterconnect |evels, fln&LAJMSivation, dicing, and
packagi ng, 100301 The invention may be enbodied in
1. ohheéntegpediciicait {101 meaving hhautisdepanpiiage:f rom t he
spirit or essential characteristics thereof. The
{ 955000 A%y BARAI KB ShaliiEERE BEwaidr € to be
considered in all tespects illustrative rather than
[ .09 ¢4 t.he .invention described herein. "cope of the
BRI AOR PR B AR D PR 2R Vendea ol af s,
rat her. than by he foregoing. description, and al
c%ﬁp?@t&s PRAES Coprsespt At hadsal v ﬂfsf and range of
equi val ency of the clains a e intended to be enbraced
t Petabpihicidg cyagts pserghailvidiongegioisawderein otar willsegfribg diglectric
circuit (14_'.j having a transistor conprising: a
spacerg ateeal@nedwstu bisd mataésilitide cgat@s hanetng sy@teorsihd ewveadlsdicide contacts.
diffusion regions in the substrate adjacent to the
gate; dielectric spacev,, disposed on the gate
sidewal I s; and netal silici:ie contacts over the
difiisioll , . , ¢ o
2 e bE R oL Ran P A O AR e PTsing i e
contacts t educe stress on the netal suicide .
OBt Se WAL R RS Ry b P PR Giegte sigealls, and
.. anintegrated circuit (1C -) +:onprising: providing a
diffusionpegipnt e Urathbaigata agat@t Shthewatesubstrat e, the gate
having gate sidewalls, and diffusion regions in the
s {ryeineadielceldic apanats qrothe lgetegateaalls; and

forming metal silicide contacts over the diffusion regions, wherein outer walls of the
dielectric spacers are aligned with edges of the metal silicide contacts to reduce stress on the

metal silicide contacts.

3. The method of claim 2 wherein forming the metal silicide contacts comprises performing

first and second annealing processes.

4, The method of claim 2 comprises pulling back the dielectric spacers to align the outer

walls of the dielectric spacers with the edges of the metal silicide contacts.

3, The method of claim 4 wherein pulling back the dielectric spacers comprises an

anisotropic etch.



formng dielectric spacers on the gate sidevvails; and
forming netal silicide contacts over the di C Usion
regi ons, wherein outer walls of the dielectric
spacers are aligned with edges of the netal silicide
contacts t? rechice stress on the netal suicide

6. ot methed of glaim ¢ yphegin foyenipg thenagiph s wﬁe@@rwsr@mﬂrﬁas performing
the netal Sihcide contacts Conpri ses perrortning

first affd yegendamuheslewondcapmeal i ng processes. 4. The nethod of
claim2 conprises ptifling back the dielectric spacers
to align the outer walls of the dielectric spacers
with the edges of the netal sihcide: contacts.. 5 The

7. n?ﬁfhﬁ@th@ﬁ o LRI A MRAEH ullind bR hie @%lmgsﬂahgrs is performed between
diel ectric spacers conprises an a3:isotropic etch. 6.

the firf IR TELNRG, 0 ) Blm&evherein forming the mtal
silrcrde con conprises perfi_snniug first and
second anneal ing processes. 7. The nmethod of claim®6
wherein pulling back the dielectric spacers is
perfornmed between the first and second anneal i ng
8. plegcested of glainTffavhercip phidiae dpcleihgidil T iiharaesn cpmplisasgn
bark the dielectric spacers conprises an anisotropic
anisotepgtetcld. The met hod of claim2. cou-nprises: cleaning
the. substrate surface after formng the dielectric
spacers, the cleaning forms undercut regions in a
;ewer portion olthe dielectric spacers such that edge
9. p@ﬁgh@@%dg&ckngzqghﬁ¢ma§lI|C|de contacts are di sposed
he undercut regions; and pulllng back the
nelrgé {hg suﬁ?ﬁra eru?‘]fggg t afrer g(?lentu% {He (ldtfl(e:%tgle S}aacgfse@[e c?e@mng forms
acers with ed es of th 9 aI l'icide contacts
undercy reg%ﬂ@ %ﬁ%ﬁ p%ﬁ?w o t‘Eﬁ 31 trice%pﬁwiaam g%eckmflﬁ%s of the metal

dielectric ,-pacers conprises an
silicide contacts are disposed in the undercut regions; and

pulling back the dielectric spacers after metal silicide contacts are formed to align the

outer walls of the dielectric spacers with edges of the metal silicide contacts.

10. The method of claim 9 wherein pulling back the dielectric spacers comprises an

anisotropic etch.

11. The method of claim 10 wherein forming the metal silicide contacts comprises

performing first and second annealing processes.

12. The method of claim 11 wherein pulling back the dielectric spacers is performed between

the first and second annealing processes.

10



atnsotropic etch. i i. The nethod of AS 10 wherein
formng the netal silicide contacts conprises
perfOIlmng first and second anneal i ng processes. 12.
The nmethod of claimi 1 wherein pulling back the

dielectric_.spacers is perti d .between the. first and.
I st%waﬁlaﬂﬁ‘és!m%g 6%%@?&@%@3? COPhE NGO CETIaT ficke

2 wherein the netal silicide contacts conprises nicke
alloy. or nickel alloy. 14. A nethod for reducing netal

pi pes conprising: providing a feature on a substrate;

formng dielectric spacers on side,walls of the

fcature; and form ng netal suicide contacts on the

14. Sﬂbﬁ&ﬁﬁiﬁm@&h@ﬁ@ﬁﬁaﬁﬁﬁ?&ﬁmﬂﬁﬁkﬁgtriC spacers, wherein
outer walls of the dielectric spacers are aligned wth

ﬁﬁggg%gggﬂﬁ1§§%@%F§§AA&GIe contacts, Wierein aligning

es 0 ectric spacers and netal suicide

R g6 S TS B e BB ™ ™

,dielectric spacers to al is n the outer walls of the )
dicanegtpgtal sgl@g@%@@thtq P Ehﬁéu@%]@gsadﬁceptﬁ@ thgadiglectric spacers, wherein
silicide contacts. 16. The nethod of C aim 15 wherein
outer ywallsl dftlge dialckirichpadtiredre otighead wipaedaes of tepndtsledicade contacts, wherein
ani sotropic etch. 17. 1 lie nethod of claim15 wherein
alignir(geth€ afdestoliehenditlatiris Upicthend ondi @G & dodpldcsasduces formation of metal
performng first and second anneal nrg processes and
pipes.Pul i ng back the dielectric spacers is perforned
between the first and second anneal i ng processes. 18.
"M nethod of claim17 wheaeiin pullinir back the
di el ectric spacers conprises an

15. The method of claim 14 comprises pulling back the dielectric spacers to align the outer

walls of the dielectric spacers with the edges of the metal silicide contacts.

16. The method of claim 15 wherein pulling back the dielectric spacers comprises an

anisotropic etch.
17. The method of claim 15 wherein forming the metal silicide contacts comprises
performing first and second annealing processes and pulling back the dielectric spacers is

performed between the first and second annealing processes.

18.  The method of claim 17 wherein pulling back the dielectric spacers comprises an

anisotropic etch.

19.  The method of claim 14 wherein the feature comprises a gate of a transistor.



ani sotropic etch. 19, The nmethod of claim 14 wherein
the feature conprises a gate of a transistor. It 20.
The rne., od of claim19 conprises pulling hack the

di el ectric spacers to align the outer wall s of the

20, IR BElE 1 SRREE Soifbhlty PR EAEE pR AT hRrstoalign the outer
inhtegrated circuit. co i sipg: prqviding a

walls Qght B or ot ARG & T M el i o ter
structures; formng a N or Nin |layer over the
structures; formng; TiN cap | ayer over the
structures; formng first phase Ni suicide |ayer via

21.  RA'mAdthat of3Bbricatia@@Cintegrerefi circnintorgpmebg:cl ean to renove
Ti N cusp and unreacted Ni; dry (plasm) etching of
t fievEpacesenticodiaver spacelviubTE baekind speenitngusegond
phase N sdicide |ayer via RTA2 at 400 - 600C. 22. The
MRLRRL 00 GhaiPNAl: YRSHR ArlchgeN or NPt is deposited
usi ng% y%s,i cal v p{)r deporsiP?%S' on. 21 The met hod of
claim 21.wherein the, dr tching of the spacer to have
s%ﬁ)g\rél lenlgzlplalwp tl)%?/ceﬁ Ov?rg%%iqct}é/usc(%%rf: Pess of SiN on active and

Si! divot areas, .12 . ‘
%orm?ng f?rst ﬁiaSgNl 31iliclde layer via RTA1 at 300 - 400°C;

performing wet clean to remove TiN cap and unreacted Ni;
dry (plasma) etching of the spacer to have spacer pull-back;

forming second phase Ni silicide layer via RTA2 at 400 - 600°C.

22. The method of claim 21 wherein the Ni or NiPt is deposited using physical vapor

deposition.

23. The method of claim 21 wherein the dry etching of the spacer to have spacer pull-back

reduces stress of SiN on active and STI divot areas.
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