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A DEVI CE HAVI NG MULTI PLE SI LI Cl DE TYPES AND A METHOD

FOR | TS FABRI CATI ON CROSS- REFERENCE 5Thi s application

claims priority fromU. S. Provisional Patent

Application:Serial No. (Attorney Docket No. 24061.96),

filed on August 29, 2003, and entitled "A DEVI CE

HAVI NG MULTI PLE SI LI Cl DE TYPES AND A METHOD FOR I TS

FABRI CATI ONA'DEBREHGRONEIMULTIREE SILESRE TYRESAND S Ur e

rel ates generally to the field of sem conductor

i ntegrated ci rcu%t"ﬂ?“ﬁ%?@oﬁdﬁ FABRIGATHON t o a devi ce

having silicide and a nethod of fabricating such

devi ce. The sem conductor integrated circuit
CROBSCREFERENGE Yy has experienced rapid grow h.

Technol ogi cal advances in |C materials and design have

pr odubutiapplisation sijms wiority omcd.Syhreivisiops] dated fgplieatign Serial
h i I H L1}
N PRHBL bEECE T, T8 LSR5 2008l e a oevice
HAVING BREEELE $IBICIOE TP ESKAN LY A ETRICDCRORSITRIABRICATION.
manuf acturing 1Cs and, for these advances to be
realized, simlar devel opnents in |IC processing and

uring have been needed. In
BA R t:‘}ﬁbide-sem’conductor field effect transistor

( MOSFiRE)présahdied xgre%)atés genBrafly td thie tieldroiyeiRonductor integrated
inmplemented for reliable contact and | ess contact
cirguilsj GEEBYTICURrYY, 37 [Bj davige hauips sllicids a@d rompthedi af daliifating such
delitt erface between netal |ines and substrate contact

regi ons, such as a polysilicon gate, a silicon source,

and arhei kérgiotndlie®irnintdgrated n@rcoet (@) Biduite) dhas arxpelenced rapid

source and drain regions may reduce the sheet

grovwgl; tachppliesic a@‘f@éc?f’df'f'lc peteiasanditiesiga have RrgauEdiseaprgtions of
t [ i . t .

X fES A Uty BB bRV B S

gedeypis,. Hohevahdeabke ndgdmeéahae iafresdietftbe @binplekiansf ptoresing and

(e.g.,. NMOS and PMOS) nmay vary depending on the type .
maapfaﬁ%llrlag Gy a%q,|fp|bmfée Feugnces to be realized, similar developments in IC

processing and manufacturing have been needed.

In metal-oxide-semiconductor field effect transistor (MOSFET) technologies, a
silicide may be implemented for reliable contact and less contact resistance. The silicide
may be used to provide an interface between metal lines and substrate contact regions,
such as a polysilicon gate, a silicon source, and a silicon drain. Placing metal silicide on the
source and drain regions may reduce the sheet resistance of the path between the metal
contact and the underlying structure. However, although the same silicide is generally
used on multiple transistor types, the sheet resistance of different transistors {e.g., NMOS
and PMOS) may vary depending on the type of metal or silicide used.

Accordingly, what is needed in the art is a semiconducteor device and the

method of manufacturing thereof that addresses the above-mentioned issues.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure is best understood from the following detailed

description when read with the accompanying figures. It is emphasized that, in
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Accordingly, what is needed in the art is a

sem conduct or device and the nethod of manufacturing
t hereof that addresses the above-nentioned issues. 30
BRI EF DESCRI PTI ON OF THE DRAW NGS The
present disclosure is best understood fromthe
follow ng detail ed description when read with the

acEureaTR I thy stangardgsactict in theainisay) zeidus featyres are not drawn to
accordance with the standard practice in the industry
the, aaten I fack 4be fiseensices abtheqrws eatureremar b arbitraily %Eeased o

re&&%dfﬂr%ﬁﬂ/&rﬁsc&fsmﬁwhe various features nmay be

rari increased or reduced for clarity of
di SCUFs. Anis a schematic diagram ofFexemplary Stractechiiostdtiog a particular
di agram of exenplary structure illustrating a
'mplamemtqylpanof‘slermseﬁ%%fféﬂsufm of the present disclosure.

Fig. Zﬁ '2% ff'og}/\(: %Fﬁﬁ&stﬂa{h tﬁl}sqteg(agp!gryf étﬁhd &%Emlm%ﬂ%g the
B FadeRe s ersREng yhod

met hod brica TRe ucture of
strtt@fe of Hp. 29 are cross- sectl onal views of the structure
of Fig. 1 during fabrication using the nmethod of Fi

2a. 10Fey. 2132 jake LressuRFtianal tviews| agttheatﬁtrﬁgtuae %c%ﬁd% during
fatf?‘?&gm 1A tﬂgm‘ﬂﬁ)dfo% il%rl cating the structure of Fig.
: s 1 g. ¥p? i '

g are cross-sectional views of
t he stFigc3aiea fihw Ehagt illdstehting Rgsetaiar ex@atplaon meshatfor fabricating
nmet hod of Fig. 3a. Fig. 4ais a flow
thestayctureof Bigtlrating a third exenpl ary nethod for

fabr i Cﬂ%' rg‘d?& cﬂo§§%JcH8ﬁei‘l' LRWRTof FleStrutture of Fig. 1 durlngkﬂmcatlon

4b- 4k are cross-seciional views of the strutture

using the rhethotionBgfaabri cati on using the net hod of Fig. 4a.
Fig. 5ais a flowchart illustrating a fo

exenpl BgyAaried Aoy ohait llusBpting thig fi"ﬁ’@"@fyr'ﬂﬁfthBF' orgpbrigaging the
stracture of Fig. 1.

Fig. 4b-4k are cross-sectional views of the structure of Fig. 1 during fabrication
using the method of Fig. 4a.

Fig. 5a is a flow chart illustrating a fourth exemplary method for fabricating the
structure of Fig. 1.

Fig. 5b-5h are cross-sectional views of the structure of Fig. 1 during fabrication
using the method of Fig. ba.

Fig. 6a is a flow chart illustrating a fifth exemplary method for fabricating the

structure of Fig. 1.

DETAILED DESCRIPTION

The present disclosure relates generally to the field of semiconductor integrated
circuits, more particularly, to a device having multiple silicide types and a method of
fabricating such device. It is understood, however, that the following disclosure provides
many different embodiments, or examples, for implementing different features of the
invention. Specific examples of components and arrangements are described below to
simplify the present disclosure. These are, of course, merely examples and are not

intended to be limiting. In addition, the present disclosure may repeat reference numerals
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20Fi g. 5b-5h are cross-sectional views of the

structure of Fig. 1 during fabrication using the

nmet hod of Fig. b5a. Fig. 6a is a flow chart
illustrating a fifth exenplary nethod for fabricating

the structure of Fig. 1. 25DETAI LED DESCRI PTI ON

The present disclosure relates generally to the field

andfordetmdrs nitle wbdsusiendrepleatTésd repatiivntisfor thor gurpose of simplicity and

particularly, to a device haV|n%@nult| pl e suicide

C'atf%é@,d AP ROt ESH UiterelsbRTSIg RSgMRAT, Hipr Yasious embgdiments
an ﬂﬁ%ﬁ@&gﬂﬂmn99§@¥$g that the follow ng disclosure
ere

rovi nt enbodi nents, or exanples, for
i mpl eGeindralhg bdnhfrﬁmoe Rhd PeALdesices bird fabriGiied mh@ﬂtﬁecsame metal

Speci fic exanpl es _of conponents and arra genent
or qlle e Heeothersicen ApYICE e ikaip i a8 MEP Levies aga different

doyﬁg %r‘?gﬁe snﬁsrboncfbﬂFc%eanMaﬁ'ln% §Wﬁ§ Séilc%n‘éh@%rlp%ctlon of the

mtin addition, the present
diféirectyatopee drais andpeates \&iﬂ de ell‘ffmerrtumtbaﬂ@!y, ndiypically difficult to
letters in the vari ous exanples This repetition is

chegse & filicigaumptssial et Basi Pl fupctisucapelleiof yecistre fors NYKRS and
Pl\)!(?jﬁo%glf‘c%ééraﬂ'c%%%tereﬁs%ﬁ#eat' onshi p between the vari ous

nts and/or configurations discussed.
Gener RéfkiringhoFig. NNDBna rohbBNIBEnteviongserasraardyabicide ad ;ﬂd\llded in
using the sane netal 5 or alloy suicide. Since t

a sinelq Leistuse Hhat sompremiresibAth 3n MMOINGER 2nd 9 PMOHLD. Eoth ‘the NMOS
106 &MO%@O g BQ%HH} d%hla'sgﬁ’ﬂ:o Qlﬁ’crt&resu patg(r?b't ghdvﬂﬂ) The

Vi ce e work function of the differentl
Nl\ﬂkmpﬂmb idtlatessa mel elsdmdzaesglwn 12 b;eatdalrsf 1@ it 106, gate dtelectrlc 108,
Accor di ngl

L0t t [y diff [t .t h
Baley SR BRI 1RO SROWR) G ROUFER £ T SBRp f corghe crain
(thesglUﬁlhp%ab%qb ﬂ?eh{@ RBn IVEETROMN6§ 156 ﬁicfbdgé)grégég ectrode region

resi stance erring to Fig. 1, In one e
122, mn@t@lﬁﬂrﬁnﬂrl&&ghtec@gﬂecﬂns lasogatdeadiuda ragion rﬂghea source (not

Shaw) AMS LT R B Sl U SRS Y ragd AEn SIiEide region
138 aP%d GRIRFo QM3 ST e&né&%%ar&yeﬁﬁaw& s%na(,rb%tprémwut are not

The NMOS 100 includes a gate el ectrode region 2,
shepabepsrpbbes drrih06, gate diel ectric 108, gate

S 11 closoraesBheipt guodrae dnaraeh s WA Bl g PhibRGi20 are
fatﬁifcgﬂeﬂ by ek g Elgﬁbﬁﬁryl}&nlc&'ﬂﬁjc%vqgcilalgé Aebi PR SgedRbGum in

el ectrode region 122, spacers 124 and 6, gate
crydiag| pdyorystalI@g or gatoeplmuls |smud@r¢,sg|cwnpc113w semiecmdncier including

Té$ot 5| omqm and sour ce h | on 42 d

SUER R FHP YRR &Wb\ﬂﬁf"'&n%? &'F%P lcﬁeci &n e ?56’{‘?‘ fs@ 'Y agsgniae,
an¥ FRSS LR dif@ tor ah BRSy s‘éﬁfmﬁﬁﬁbﬁmaﬂghg SlGIeaG'zﬁﬂ(sﬁ ABYADRIGaAS,

present, but are not shown for purposes of clarity.

GalBFhealsBmsbfalndsfo or sutsthisatinoterdof.ch ariecerpadBna o the alloy
sen%fggntlizzjctor élu?bgtrgtﬁeemay have gradient SiGe feature in which the Si and Ge
composition change from one ratio at one location to another ratio at another location of
the gradient SiGe feature. In another embodiment, the alloy SiGe is formed over silicon
substrate. In another embodiment, a SiGe substrate is strained. Mare generally, the alioy
semiconductor substrate may contain silicon, germanium, carbon, or combinations

thereof. Furthermore, the semiconductor substrate may be a semiconductor on insulator,

such as silicon on insulator (SOI), or a thin film transistor (TFT). In some examples, the
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fabricated may use an el enentary sem conduct or
including silicon or germaniumin crystal,
pol ycrystal |l i ne, or anorphous structure; a conpound
sem conductor including silicon carbide, gallium
arseni c, gallium phosphi de, indium phosphide, indium
arseni de, and indium antinonide; or an alloy
serdieonduetud ustibstrate naby dichgle Sh Gepedcaps RyeAbl rrAbyriedll Bgdys in other
25 @l nAs, @GlnP, and Gal nAsP; or, a conbipation
ex3rPRlpe GPMPP NG PRMIEPRSYETOMSHPStrats ay| hays, aBHF Busrciigichre. o the
t he
b LRl S
| ocat iThen NMORA0D hed PMIOS D2(tnagrbet falricateladingm Peiflelt, ewell, or

gr adient Si Ge feature, |In another enbodi nent,
du T"I’%‘yStSICGE&I a0 Biinks t3vErated Firegly GBS WEAn e, Semiconductor

sul‘.’?s?rg{éq %n‘?‘é mpi& tgler%qs SHB i%h%élén ﬁ'L Jt hEH - belPE the
genera @ sem con uctor substrate nmay

NMOS1 @0 amdSFPMOS deo. erisolationmegioaneyrutilios isclatitn rerhn@ogy, such as
t hereof Furthernore, the sem conducto[ substrate

locBlooHSaSiof 2/oHHisaE HEPCM e French &Rlagian 51| dyringraore, the
NM@H*@EMOS(rﬁ%a\%ra ?a@é?i! ﬂ)uf’d | Md §ARS tﬁ}cﬂfre,( TEI-KDFET lsf?ucture a

sone exa sem conduct or substrate may
doulsle galdestractﬂm@end aapuitiffager stactuae. o piddidoh,ahe NMCDShamt HE0S may
exanpl es, conpound sem conduct or substrate may have a
‘"CPHQFtalh'E’é‘ysérres%ft' Pucture, or the silicon substrate may

i ncl OFRONDDSSAID SRNACE0E dRbdcHit e8in th

The W{%k%én%%ﬁl% rrlgls) be fabri c;%aed u3|cng a m he
PMVBSWERD maly- ek | suitelsle dielektad nwtéiial Strroey bees aamditimer feucture

fabricated dlrectl% onto or. wwthin the, sem conduc

corping grultiplg dielertricy matesials- EXetRipPl; the, gidledric Hﬁtemﬁ may have

relé%a&ggqn Et@ﬂy% R cHPeamNLalgt “ﬁ%ﬂlp‘ié}eof'\wgsd gl@&ru@”ﬁ’aterlal
: e'isolation region may utilize isolation

inctuele Biiobrogxide, silictn adridep clitoromiydatiderndfa tegh k d@tec(rl;()ﬂ@)lgh k

and shall ow trench isolation (STI). Furthernpre
MRS MM PAEREE MY RS thap ahaheliine Jeig i eater than 15

and bbUehd hizh !@d@&lﬁﬁ-rm% Gl der BafnidimlBxiddl otebSudadfde, aluminum
structur€, or a multi-finger structure. In addition,
oxitle mmmldamnmwmﬁelzw ellcy, i cgamtmatlessthbrdom

The te dielectric 108 .in the N 00, and t te .

i o1 Ol oSS (TRl APIRaENES B elekB e ed. Comprise
corﬁHu@il\%CHaté}laEaérﬁf hﬁxly ive MRYItRGME sthuchitb! Tllm@gﬁitre Skt Whsy be

conprising multiplée dielectric materials. Preferably,

silitdnecodiadhieg,t geronamunerordhiningy rhetabcohBaining| at | ¥ edopnkinagien. The

conLEN e SRRSO o RED a0 s PEGsi EaF ok DU PR Retal, metal
S|I|E]Bé rrhéiﬁ’mt?lblé'rﬁ&ﬁl SAENbL S édibinatloH tRerRbgh Kk diel ectric.

he high k material may have permttivity greater than
10 i ﬁpacadsl g ek M6 wihicht arepogjtienaceen bhiinsids efritle 20/0S gate

102, 3Pg SRTLGH B0 06, 1281 iRl BERTBES GPAE AT aes of the PMOS gate
12811 % qgmﬁh%”@el@dﬁ@%ﬂﬁb%ﬁﬁucﬁ'dsoéﬂicoﬁrnlﬁ"ﬁﬁmsm@&i 8ki8e, silicon
thereof. 20 he NMOS gate el ectrode 102 and the PMOS

cargaiEesﬂuEDelomtrlde, ar2@mbipatierisgbereohduct i ve materials and

er_structur The te el ec rode
o 1 The MO B0 B ferc e il A E GRE sfout g e may BEYormed
dirb®@iy - tﬁ@ E’érﬁﬂc&‘uﬂﬂtor%bs@ra?@ 497 ?ﬂ%éll@@rucfﬂh@ &Qﬁﬂ@ﬁ?éi%@ structure.
material may conprise polycrystalline silicon

Slli@lpe)hw&e)fprnpmi g &p@ therecuate; amrbdraln tifbing isekerce prtidg region 116
trid tion.t
oSS R FORs R R AN SED AR PGRERBP foP of the

sides of the NMOS gate 102, and spacers 124 and 126,
whi ch are positioned on the both sides of the PMOS
gate 122, nmay conprise a di 8 ectric material such as
silicon nitride, silicon oxide, silicon carbide,
silicon oxynitride, or conbinations thereof. The NMOS
100 includes a source and a drain (not shown), which
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30 directly on the sem conductor substrate, in a
P-wel | structure, or using a raised structure.
Silicide may be fornmed on top of the source and drain
to formsource silicide region 116 and drain silicide
region 118, respectively. The silicide may al so be
formed on top of the gate electrode 102 to form gate
gateldledtaele o toforlghte §I'Iit$desne'g|0n des.ribgistinige tdgions 116, 118nahd 118
118 in the NMOS 100 na¥ nprise materials ch_%§
in HechMOSSIGP shayecompeiba Nt 1ol R & Nickfh gties cohlt piliide, tungsten
sd&:ﬂgt %lnma %Il"éidg,etlta:ﬁil}rﬁgﬂlggé S#é&ﬁu‘?ﬁ SlIIBH@t érﬂfﬁiﬁoﬁ'h |Hé:I rgaﬂadlum
erpi um sui cr de,” pa ifumsiTicide ‘a’ conbi nat
smﬁhakﬁakoﬁﬁhﬁnEmﬁﬁeﬁﬁﬂ i ncl udes a source and draln (not
shown whi ch may be forned dlrectly on

seni cHRRMPSA2Q inskidpnp sourrs and Araje(npt &Wrt‘ﬁ*?%h mgy be formed
- US| I
BBl e ESURLON AR PSSR O GRS Al
Silicidg intdy bk3orrasdlonltad of thk lsbwicel@nd dgiro fb88 source silicide region 136
respectively., The silicide may also be forned on to

ang draip glligjde EEsiqnelddy %EECIQQ'VtU‘edeJFIﬂed%QVea@ g torged P@é&bﬂf the
ga%'\fé%ct;lggg 1§h lté ﬁ‘)'r n%a?egglkcﬁdl}f‘rgél?ﬁilgigﬁg ﬁiﬂgge rﬁ%ﬂkn% Q34 1"1),6t é}ﬁ"j 138
in gd H’MOQ&ZO @ina:lotnpﬁsé matatials sudcngs hiekel silitideicdbalt tibaide ltunpsten

silicide, titaniumsilicide, platinumsilicide, erbiym

siligige.clagtalurp ailicidi tiransim isiieide Platinun R ngrbiughsilicide, palladium
r eqf n the structure of Fig. 1, the
Smé??f%% 8mﬁgggomﬁhgeﬁf0|de regions 114, 116, and 118 in
t he Nh,mxe]ﬁﬂjc{me)bf Figtd, ted yﬂm‘ﬁ edsed dd sitiodeaegionh  1LANIDG, and 118
silicide regions") is different from15 the sili |de

in thed¥MPH 189 (cplgchively Eqfesrmt torasd the B OS siieidq &giqng t'%@ piepsTom
Iy
thfifiade b5t i HicRleptofit 964, S0 A3 in FRBVRISD) (the PRADS siicide
regﬁm‘tsh) Ber é‘mtnale shd Niod edicidb uégimts add PMESevilicideyrpgisns may both be
be alloy silicides of different, co Q iti n,
me&a' ézlur'esﬁ ok ¢t dleret WP Anthekompode Pl Bligdss pf, diferent
coﬁll Fglﬁ&?% ast‘ﬁrclo%L of Mel Qe ch%Ll%rjn Hut Jdlh‘?dih’mt material ratios.
silicide redgions may be a netal silicide, while the
SirkiMEg, ghiel NMGdesiRite reg@inensayrhy abmetah skitideywsild thEl EMOSC&IIlc;de
Vi ce versa. h,%H i cide struc%ureﬂ are soneti i
regigisepederds ALY Hinee RENICENErsai PY; T ecﬁﬁt?i“ﬁﬁ%ﬂ'iea?‘&?”e Imes
ref@h’lea ¢ g? cm%leﬂﬁﬁeémﬁhrﬁ&ee)ébmp%n{én%y SHABO thaQTordVie INMBR: fine-
['1cide and PMOS l'1cide regions to i nprove contact
tum@ Dstmmmomam omj PMOY olicidsorggans 4o limpgove |aontaak resistance,

exanpl e of a gglenentary silicide structure,
adﬁ‘??‘f"b?%‘?ﬂ’f”@’é‘mﬂ“ % ons 25 of nickel and cobalt may be

used iR ohd axdniht SFERbA Ele%ntaw sfici@Q aPL&Sre! Bfrerent combinations
conposition for both t [icide regions and the

of RS asil lcolzdltDimay beLsatisn fite urbalefnlenetlbmﬁ@ds grgbleslgwi qogtposition for

R ABEE S B S 0 SR Sn ) R v
wopﬁlfwtﬁﬂ? 9&' H?ételleXlsén&seVOr M‘d&;ﬁetfﬁ% MMES shiicideCie@®ns' work

regl ons’ nction may be tuned above
fura:ppn mayrlnattmhqd belowv ephro8dibtely 44 eddehikettbe 8MOailicidn eegions' work

ntary silicide struc isnot limted to
fu’N ”}i'mg %PY%%‘%%?’%@ateB”{yﬁgy be used to form any
two sid jGifiRrst & fiiae 13 8QRbRERAt %E:hu@e SEHGRANE Uik Gnited to
substrate where the first region has a first type of

NNOS ared PROARTudthes, but may be used to form any two silicide regions associated

with a semiconductor subsirate where the first region has a first type of silicide and the



10

15

20

25

30

second region has a second type of suicide. Each

region may include structures such as a doped silicon

or doped poly-silicon area, a source, a drain, a gate,

or conbi nations thereof. Furthernore, the structures

in each region nmay conprise a device such as a NMOS, a

PMOS, a CMOS, a FINFET, a bipolar transistor, a
se€ondaegib® has fsdcehd Bipalof sHitid& Gt daRin roMmsint|bed aedctures such as a

Referring to Fig. 2a and with additional reference to _
dopeg) silicam op gopedh Pelywsiliso GiamEntource, FefliiRy a28Tengl cpmbinations

t ‘ | CJ
5 A R PR e ST S s o
NNMOS)SS PRATY, IEDKIMOS\/IaeNﬂFEJIf A Dipdlee Ngpdrdisior) Bt@gsaioeda resistor, or
circuit undergoing fabrication steps that correspond
comgingtignsdheeofi g. 10 2a. As the method 200 of Fig. 2a
'CfOSE%%’éééatq I% ﬁg fFL V&al angrmﬁ@t g&dlﬁ%f‘égferetnlag tf) F|gsb 2b-2g, |n one
enfbRbRidet dhethbanop map‘béeﬁewfo fotrh s ct’oarﬁplélfﬁentblty silBide structure of
under stood that the nmethod 200 is not limted to the
Fige o ity armﬂ\“\é@s and chPMQPe figsr ¢o28| ilestgée stqseregctippalfiews of an
o P AR BB PR IO L 8PS
2af Ad e M&BOO nochasmgzrna i€ Qegeabéd b T greatee dewrill, thatcrdss-addional

the 15second region has a different conposition or
vienstia Figal 2br2g may also be referred tq for pyEposesefdiystiaiamydt s understood

i | t
st 920 o SRR AR 05 SRR 70 Syt
fort iMADS pOY tPI\AIIB$ bOif mb{ 8e MMIS0X4fm anle tiEEgiohé QuFiBy a Bémiconductor
fabricated prior to the execution of the nmethod 200.

falyrisptienaigptse Wherthanios reaion hAT PRRIEMRESEIRNET dnaterial atio and the

dielectric 20
Se%%éfeﬁﬂezgﬁégﬁéé |ngﬁé§%%8gﬂa§?gﬁé ectrode 272,
spacemsthd pestntedniple, aindfiat gaioa |:dareNHmsm4o aBd 8he second region
Wth Zfe0|f|c reference now to Figs. 2a and 2c

th
is BMASE 79085 Wegrased infigt20p it gegretAod ket pepHess ©f b §Mos 240

. h .
onf R 7B 00 50 SRRy g Q) b,
the HNmBCZAIiO\A&dIlydes'E@té tlectodeetdal spaoert i2aman@ 386, and a@@e tielectric
be _deposited using physical vapQr deposition
248t BMOS 1Pt IBelveey aaﬁatee%fwdsﬁ%nSP%FFSW&%? 27%ra“d 3 gate
| vapor deposition (CVD) such as plasnma
dle‘PJ?:ﬁfE %@d CVD (PECVD), atnospheric pressure CVD
(ALCVID)wh $pevifip refeeucendWib CigRQulRhd 2hj thh noehsd 200 dghsrim step

& DPCVD) and atom ¢ | ayer_ CVD (ALCVD), t her
21%/&6 he #%ﬂ?s'ﬁ%e&@,%@etai PO es $Pe2¥h hé%%f%megusms the same

méQUAP SGér'}H%ngizid ANa ﬁnﬁoﬁ%ﬁﬁj res-lala@cl\fdyr ‘f’l‘ie Rt fletal pomons 250,

portions 280 30 may be nickel, cobalt, tungsten,
280 anmdyabel epbdited nisung) phykiedl i vapon densdsltunm (P&} lsmﬂn amsptmrenng and
any other netal able to interact th SI|IC ﬁ
e"@"é%ﬂ“e?ir Rlatifse PG Micat @WBF‘?H%F'PPE&@& shgh ag aawa ‘enfianced cvb

(PECEB), aft%gﬁ‘ﬁ:ﬂb%ﬁgss&reaé\ﬁ) (ALCVD% low presshﬂe ERS (B8 Migh density
exanple, t first netal portions 250, 280 conprise
plagima K&/D, (HBRC¢b) Myatomfcdayemct\\d@rﬁﬂ\a@@ omother dembsition processes. In

technol ogy where the feature size |§1below 0,13 j.t
the, preserd ex mehgep sa%p&ﬂeyoy@mprggd T e(;%trm?ﬁgpﬂzg ons 250, 280

t
el P SR S i R e e TR FRRRLFR or any
othalr neetaledbéd ’aovieteyadt ouith sHicoeapen akeusted oémmhamw're fbfen@ silivide in a
about. 600 C, with an attendant reduction in silicon
lows ESiStARER PRASE Fidt& he substrate, thereby enabling the
formati on of ultra-shallow source/drain junctions. The
ni ckel may be deposited by nickel sputtering, with a
sui tabl e process fIOM/incIuéing HF di ppi ng, an argon
pre-sputter etch to prepare the surface, and then
ni ckel sputtering.
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10In step 212 and with additional reference to Fig.
2d, the first netal portion 280 may be renoved
selectively, leaving the first metal portion 250
intact. The first netal portion 280 may be sel ectively
renoved using such processes as photolithography and
etching that are well know in the art. Such processes
may i nalthe @résentrexugndd) othe-firgts ingtal Qo rdiooks RS0 L8 comprise nickel,
portions 250 and 280, transferring the etching pattern
W'?'?fbma& offgs kdvagtageein 51'53“’6%9*6‘0}0@% ere ghecierte Sizpép below 0.13
t
uni tt{réc%'e%ke@etn?%ﬂgﬁéc;ﬁg%% | e\«afrha{a 'B%%@thrpédn?é/\'oghglesmtabie
métals Chissanableasiekkl eificitiéw id fosmhedrii aa:tmg)@ hédtiog S%Oa.t akrelatively low
exanple, if the material is ni ckel a wet etchin

tempeiaaYe %&90%2%%%& APUlsHy " Graid arpitandagt §%ﬁ”@? ipyip sificon
r S +
coﬁﬂ.ﬂb’c%ﬁe“ a QI glj‘bé{o} alt hgxeebm éH'hﬁ%I i'rl% %lrlrﬂjt%gﬁan}ltra Llfnallow
solme/dugie junctibmseTied nialedl ma@mmepohﬁh)byaMe%m&éﬂm, d'&th a suitable
20so| ution. o In step 214 and with additional
procepeiiom deludpemiFdippias, 28 SE8AMPTRsP dliterFdeh ooprepars she sugtace, and
over the NMOS 240 and PMOS 270,
th%@%@?% f@g The second netal portions 252, 282 are
f or medn step 2¢2 biewRRaRditietahlefénemtailo Fid32)i, thb ditst indetdlpodtion 280
different netal or nmetal conposition than that used to

mayohsTapvesiseleetivels Maving the GRS meal pargon 27 dntagis The first metal
o ’

PR L o ROETR TBgRE G i iesch, FRLhgranhy anc

etdl'nnmghhiﬁsrne wiell kh@k inhe tartt Suthypidcepded rayumaluderfbining photo resist on

bo&al | adi um or_any other netal able to interact with

Metd Rogtong 758 138¢ 28R drensiRs P they etchips PatRINsTrem @ wask tp the
ohieelet SRR TSRS RGP et T Rk FRE IS ARk oping. 1
is m’efzpatﬂdﬁ}aat‘r[é abtHifg @rdckst be nbdsen dhardamcibe fiest megal pditjone280. For

suicide is formed on both the NMOS 240 and the PMOS
exgmple, iLdhe aterial fRenicksl & WEE SFOINBeRICBRS (HRY MaVeRiecsed uigs metal
f [ Ay
et R e B S e S e 0 W BN g i
coloadin taaivat efxbing soiutish mapt alclugdera mimer@25&id ée.g), HCHedndl a pAeroxide
or. nickel) and second netal portion 252 (e.g., netal B
solgfioobal t) (referred to as alloy silicide), while
silici tqestérpﬁi@%d)%thha%d?m rglyeQe&QQBqdlé1§e9§Hc¥n§%Qé'l%lortions
nmetal portion 282 (cobal 'ustrated ,
253, 282cardedepositaddoven tmmeuvgzﬁ 340 sod PGS Zimmrespettwtelye ThiMSScond
5 240 praqd silicide 254, ce silicide 25¢
PO 1o 10 1o 988 LG Fheciegte MEhGETaB L HIt e & Biferent
mé&%%?etal%ﬁﬁi\pgglﬁérr‘thgﬁ et %sé’d\@%o?rz Qh@f.e%%&ﬁ p8ofs 250, 280. The
l'i ci de 284, source silicide 286, and drain silicide
dle&&ionTbr@cgatrea\sube EVdeor26vD. Bouseendirhétel dertiab6 253n2B2 may
drain si]ici e 258 are silicides (nickel )
coEEa rgkel, G ot Ao ATuaLIY i A iR ey eor v
otr?egﬁnetﬁ%ledtrﬁhﬁra%'t Wltﬁ's?h%o@§§a@5@v£@@@érﬁpe§éﬂu?§’ccﬂﬁrmEh@lde ina
B netal (e.g., nickel/cobalt) ratio in the all 10
Iows rdSIStande phasy strte.dd jtbs pederitexpmple} the scdesnetd pumohs 252, 282

IBCtI on by optimzing netal deposition processing and

areGOPAILi dati on processing. Silicidation processing may
be a rgRaE 'ZQ@aQ@kWE%‘d:EBr%f?&Er%HQefBﬁilgabf GQNicl §s¥brrddifon both
second e silicon (or poly-silicon) at an

thee NSt 240 me’tmverPa\fIQﬁ @70.hégwever, bt aititidd fomsaedor thet NBOS 240 is

L tal d t
TR AHOE s g 66 S 320 ThBrniatcalitBaFiige formed on
(RTA) process in a gas atnosphere
7
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15 such as Ar, He, N2, or other inert gas. Such
reacted silicide may be in netastabl e phase and nay
need a second annealing step or RTA (e.g., at a higher
tenperature sel ected based on a particular netal and
i ntended conpound), thereby forming a stable suicide
phase with reduced resistance. Such a second anneali ng

the INBO3TE40 @lnsonigoth Mipdt emee it ;&mltt@rf PRy (esg'. ErpetﬁﬂB o( dieleat) arfziesdcond
bel ow) whi ch renoves un-reacted

mefabiee'diep ga2 {fge Mrsel %Gﬁé"%ﬁ‘mdr‘f‘cﬁ%ﬂ-&ed E‘Uéﬁ a%@’ ﬂ'i'%‘i@él while silicide
ol 6 B e ok BTSRRI T Bty | 01
r ef er ens Muteatéd o Fi@ @f, silivide Meeld:nrtaé ghte mycebdral‘remfaheUJMOS
fromboth the NMOS 240 and t he PMOS [
24&9tﬂﬁ@‘i’“°8% 38 Sﬂ'ﬁé? Zéﬁéﬂh')ce siligide 23& a5 q@BIS%ﬂF'F'BRSS S"'C'de formed
T
orfhe Wi dtrce ! ot Bl the' Pl 298 oBMcBOLR} LIIEHEE SolFRY slcice
Z%DﬁcrE&Ynmmade 288, b‘ﬁe%&ﬂe@ﬂkld\eeﬁ& soarte\stidide 26&gind dnat silicide 258
etching solution. Such etching nay _be caonpleted_ in tw)

ar%?lé?)’ss'l'%?él('@?h‘?l é%ﬂ:?f’bé‘ftbF‘I"Wﬁﬁh%§§ea§'|'ﬂ'idf3f2§fle?%"c€t58ﬁidﬁgf85 and
I ta d

AR5 RS T AR A e

siligidler mey dyeaiadjustedt @C provideas. d@e@rmd(yfuntﬂhﬁf ®yi Gptingizing metal

| it hography processing needed to pattern the netal
de@P‘f”i"?ﬂ Fbl'écqséli)%?%d ?r"&'daé'eﬂp%?ssﬂ”@c%l@@tloﬁ@r%@ss"ﬁ IPRchefereaction

be'tﬁetﬁ"cﬂthlggg&rngg%etgﬁgg fif€ ﬁ@ ge nd E‘Fe?élg;%'rd%lelg&ﬁ gucf aﬂS?)Yy §|l&%n) at an
elaatdd-tampgraade shdt ||ﬂeliete@Sﬂlsed:mMm)a)spedﬂef reetal dsrgnetaw Aleo referred

Fig. 3a and with additi onal reference to Fi 3b- 3¢9
tojap annfatinge fhis @AY B HiEAKd tharmabersainG T fbrroprs lfsapsposshere

I [,G rd r FEi
N e A B S Sl b e, Gy etosavle phase
andrm&snmicd Benoatl avmmMag afepaor RO¢e(ad. astya highegteaipethture selected
circuit under abrica I on ste S thgt cor.r espond
baged Qi @ partisulag; ta’oﬁé‘ ineng C‘i’f‘BP‘HM 3heregy e agtaple silicide
phgséﬁrth beshcbe }é;wtane% gs”ueﬁ*a%c&ﬁtﬁnleamg@%epc gy 3158 (El%tn'nﬁféi"“ented
views I n FIgs 3g may al so be referred t
aﬁ}au Bl}&psles (dﬁscmbdduﬂlmm)twimch rdnbovies uoHneletext methl. tlh atuntlhretood that
300 js not limted to the fornation o
506‘8 rca%nwlﬂfs 'F'ie&ﬂ'}%'d%'t A% B '@rMBY, n ﬁag,neogte[@gg fipa lower
tedn@EALARY two regions during a sem conductor
fabrication process where the first region has one
corrpoSm Enepm&analrwiteraddﬂt:onatrefermnejtct Fig. &eummiacteelgmxals may be

has r ent co 03|t|on or erial ratio.
repaiea i (65 WY b piDs Babias v 2> BeRaeeds i shown),
sué’rﬂ% atnhgola?t%gﬂqctru?& 'TF?@ nesal ahdtMeBoPiéBiatids adebd M%P ﬁ@tt 18de kdhcted
3b. It is understood that portions of
w1th4&h axide PMDBridy G}avr:rla)ﬁnbemi\abﬂ!ati:mb&jsepieqtlvelvtrembb@ usmg a metal
xecuti.on of the method 300, For exanple, e
etqhE DHLaN o LR i R Gl 3e< 1 SR G IE I GhAgep ey use
a &REreAt Q%ﬁ\gdéoﬁ!t%ﬁt dridCtadtB - forl REFe PPN AR *FHQ'VHW%V@ intact the
gate el ectrode 372, spacers 374 and 376, and a gate
silitideionl et pdlysiliBdt8 gate and sourceMiain epaadtfdreas @ﬁeeer@ﬁmdhmws no

.to Figs. 3a.and t he nmet hod 300 begins jn ste
"t'wgf%)hgﬁ@caemsgxes?%t%aﬂﬁm@@ e o e e for Siset gaghuse the
s;h@&@'scﬁiﬁé' Eofths %aHé E8\cd/NBRirSHERS m@lsele&‘lve r@éﬁ%ﬁn ta'ﬂ@ etching
0 and 0, réspectively. The first net
re;fmretcitonasseﬁﬁ;gn%ﬂlsqmta/(saj@ddﬁpom ted using PVD or CVD

proces The firs tions 350, 380 20 be

ni ckei‘gferé'di%&P‘(" tof lﬁn%%i"&L with g‘%{ enghfeferencio Hﬁsw%" in another
plati num erbium palladium or any other netal able

to interact wwth silicon at an elevated tenperature to
formsilicide in a | ow resi $t ance phase state. In the
present exanple, the first netal portions 350, 380

conpri se nickel. The nickel may be deposited by nickel
sputtering, wth a suitable process flow including HF
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25sputtering. In step 312 and with additional
reference to Fig. 3d, second netal portions 352, 382
are deposited over the NMOS 340 and PMOS 370,
respectively. The second netal portions 352, 382 are
formed using the sane netal (nmetal 'B'), but it is a
different netal or netal conposition than that used to
enfbebimdnie hethat 308 il bepaséd RIferd 1k cddflemdiitery3ficide structure of
deposi tion process éiuse PVD or CVD. The second

Figat with for NMQiSsargba PMBS. Fiey Botpiiusieataiasisectiopphyipws of an
oA G b AR LA SR oo e
3a SAsl theafetRbd 300 6f By Badsl deRAP&S Bélow én preated datatij thearabs-sedtional
a |owresistance phase state. In the present exanple
viemgdn 5@@@@&%%&15@2? refergd b for pygmosay & ilgsition. It is understood
o H 8 0 Y ROl G SRR i Hrucure,

buf }la§ Mel is2kiMto fbﬁﬁl\ahmwb hregiseC dmthgn® tehicpaductod fai@&Ation process
intact. The second 5 netal portion 382 nay be

whegs etfirstePgion BHDRREEARAONGOE GE Mg @é@é’@dé'ée second region has a
dn‘P tt%l Egggnawatﬁna S ch| ng. Such processes may
el ude Prorm n 87%®si st on both netal portions
352 alﬁdh@ﬁ%serﬁtre&ﬁﬁabﬁr tHerfgstt dagior tidn NIOSBE0@nd the serpad region
mask to the photo-resist, etching, and strip

is %PV@Srﬁerl %-‘el”ys‘“élt%'”e'f'%rﬁ%& 'ﬁﬁyd?raﬂop@k\r\h%twer%%ﬁ%gh%b}MOS 340
an%7 b%ffgﬁﬁcglteedtﬁr%r%gh?ec erlchon%tfglm Hgtf]%ﬁ%ﬁsl%r example,
e conmposition o € secon portion
th@ﬁ@iosmohﬁclﬁdeem @itSclatgodd 142, astdeitsidanaind B346,emercgaté dtelectnc
Fi g. a silicide is fornmed on both the NMOS 340 a
3484 EPRM@Sﬁ@ ingludesy e gate; electeqde; 312 sPISFnRtf 87 £ mgate
d'eiégféff d| fferent than the silicide forned the PMOS
his is because the silicide forned on the NMOS
340 i witanpadifiolferandi ey tdEigs. Garhdidnsthbotdthdd BEA begiisaih step

ortion 350 (nickel) silicide and second portion
316 asth G BRROPHO8 pf 16§ Wata! RAFFIOES 50, &0 U BRI G Ehe Same

méggf%ﬁ tﬁg RIWS”%O]'M MoS§ 858 qgsd@@f \%léy ?g% gtf@ hedd %ortlons 350,
386fnay$;|eldepmsitedfuahgredo onCvhergatses. The dira metairmrumnsﬁso Iﬁso may

MOS 340 produces g[at e silici d? 354, squrce silicid
be:@%e' SO LB S P Tiak e PR I3t TR A= HMY Py other

meAl e g)ohﬁ%égﬁct A iR &t B elbhiRed %e?’gtgré)foo%yﬁeﬁhc%tlﬁ a low
sili1cide 4, source silicide 386, and drain silic

resiBshce phaesegadte. Isitha prieskant 35a¢nple,(1be €iest gictal pod@n3 3%, 3aﬁdomprtse
drain silicide 358 20 are al (ni.c

d
nickglp Ahg NickelHPe be Keperifed by mf'@?a%uttﬁgwg i rac%“téFHE. th?gf‘és flow
r u CandT
e BRAPE0E & Seoh B D S e T (! g fpng Men nicke
spdttdringi de may be adjusted to provide a desired work

function by optim zi & nmet a+ deposi ti g eSSI ng and
si |i A5 DR J9F SEbAdefipnalgelarencgae FanreeBd &etg RHEgPTS 352
38} %%Pé@lt@&ab\\f@%etm §§ﬁ@%ﬁd oRA 3fCPrresfp'eEtﬂelya'?ﬂe $€2RA%etal
metal s) and silicon (or poly-silicon) at an
pottloay 36238k enpar@abdusing bt sae melabimatal ‘Based ltomatdlférent metal

specific nmetal or netals. Such reacted silicide y
°"|”P19tﬁ’ef‘5§|?°éﬁ|°8 tﬁﬁ%éaatamdrmy%ﬁ@e@e e me TR PaFAR 10y 285 the

depsid oé}é‘) Lh%ggtpw o &vﬁgTﬁe st@pliemedal Ipshfdﬁs FB‘EQS@,sz may
liced Tesistance. Such a second anneal ing step
conmayseaiuael hebdltyplrgsent tedtaiint, eltarsmrappla’lr&n( cesom| fdedium, or any
bel ow) whi ch rermves unr eact ed al It is un?Pdrst_oocp.
othe gpetalable & intesagiadth <lifen aéé”ﬁfec‘,’ﬂté’ teMperafe fo fRL liside in a
formed 30in a one step RTA at a | ower tenperature.
In step 318 and with additional reference to Fig. 3g,
un-reacted netals nay be refoved from both the NMOS
340 and the PMOS 370, as well as other areas (not
shown) ,
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such as an isolation structure. The netal that lies on
i sol ation areas may not have reacted with an oxide or

nitride layer, and may need to be selectively renoved

using a nmetal etching solution. This will |eave intact
the silicide on the polysilicon gate and source/drain

contact areas. Cenerally, there is no |ithography

oW F @90k Phadtetatedint the padsent exahiite, thé sdcobd inldtalipdetions 352, 382
| ayers for contact because the silicide is a

argedbplial i gned sil i ci de. Referri ng now to Fig.
4 4
e A AL SO0, 8 i g e

38D eianbeteme aideRirBl B laavig the sedbnd inetst bdlftenGSZ fritgct. The second
with an NMOS and a PMOS. Figs. 4b-4k illustrate

mefplonpstieneadd manbe selesiivelyfremavad esing AFY Prasewgs at @iptolithography

oS BRI ARG 58] DR

ant 330 eesistdIaRk BR! Qvhihg pait@atiism dehasklto théghoto- resast etching, and
cross-sectional views in Figs. 4b-4k may al so

stripgfngr ABEMEEVahorthe atgbEe By folqw ae FaiPPIR. Itmay B preferable to
th
R s AR BB o L oo

may ben siepdib end Wftﬁhaﬁiﬁoﬁa/l@efé&@t@ftsﬂglwf iaglichle is formed on both
sem conductor fabrication process where the fir

the ST G e EURSGHPt HoNCti e S formed oncihf Ni@S 340 i
dlfi!'eflz?r?tctﬁ the%?i'ciag ftﬂ'ﬁl%d%héjbﬂ‘/lbs %?@tTh%‘?QP&ﬁbJe tHe sﬁflrlie formﬁd on the
resent exa , the

NMOS 840 i a8 by silRideRhaotafd Gosinik st ﬂnetasmnd 35@3@1|cdmt) biicide and
PMOS 470, as illustrated in Fig i s under st ood
seeamgtmealior inms33rcalinll) sifiats, wide ahfddqj‘lvme%%thﬁwa%ﬂo contains

[ r tion of the nmethod 400.
on %?“gﬁgﬁégéﬂ”{éﬁ %ékﬁggﬁagmﬁﬁﬁludes a gate el ectrode
442, 3panetrsteddd Fignst, didde ncled ogahegate edoantr dnam &f@he NMOS
448. The PMOS 470 includes a gate el ectrode 47
34 precisices goPa Sisieie A7b SowisR SHCGe a0 ANEIELT siicida 365 silcide formed
p [ r
onfbt BP0l ] U950 e S A, e s
3sh,aerrdi drEia kilipge B8R Mae 4510, silkIA 364 soutch ailibIMOS5 ) 484 ardn ahm 358

0, regfectlvely The hard mask p¢ rtlons 450, ééSO q&g
ar%é"ca/escits et buickebntheasely. while She gats silicide Gt HEESLEIE 389 and
t t
crf ol 32 SRRERA B’ o AL SR HBET- ! Ry the aloy
s:lllcidél mee b hdjostad ooi gevidei bi desivedhi waerk diipnctian |b¢o¢pt|m|zmg metal
carbi de, or_ a canbination thereof, For exanpl.e, )
degpsitiqoprogessing gad iliidaton Brasengy Sifisigat upe%%’?ég% P&y @fsaction
behfe¥Bhe %co@ﬁ?@?ﬁl bPFPaRd Eéc%ﬂa n{Htélg)' rgﬂ STRYn B JoRLdiREn) at an
y reacting dichlorosilane (S d2F and ammmoni a
ele(vhldﬁ)temﬁedatwe thabid setéectealybaber tﬁmﬂmdecbfyc ekt orehetaB0Such reacted
oxi dation or CVD processes. Silicon carbi

siliFige Ry BadednasAstieRates PR MaYi MReCH ﬁ%%fj@ﬁg%ﬁrft%& 8p RTA,
of
ey ARt oGO PRose IR ERSahek, sk o e diiaing
stdphalp ailsd m&kplpmr—:medmf%();temﬁ&&t(desﬁhﬂmdhbeldwhwich removes un-
portion 450 may be select|Vﬁ y renmpved inﬁg uch ; q
retefb gt dt 'éé‘“ﬁ?fé‘%oafjut'i'ﬂéﬁff‘&ﬁ fidan quet w'ﬂ&j 1¥cide, ey be forme
processes may include
'n%@b%sgégﬂwﬁgﬁo%pggfeﬁp%ﬁH%th hard mask portions 450
and 480 stepr3aRshe mithragditioezletichinng tp &gt 3w, nnfeastmdamemisknay be

to the
removed from both the NMOS 340 and the PMOS 370, as well as other areas (not shown),

10
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5 photo-resist, etching, and stripping. Aternatively,
the etching may follow the stripping. It nmay be
preferable to select the etching process based on the
material form ng the hard mask. For exanple, after the
photo-resist is applied, exposed, and devel oped, a
silicon nitride hard mask nay be dry etched according
suéh%s%n@é’o?a‘t@ﬁ%tﬂ&ﬁﬁé PRd fntdD that Beshieicsietor 408 My AgitHao@keacted
mask to the photo-resist. 10In step 414 and wth
withdali oxidmal nitdde fayerc @nd ondyi npedsie, bef selertivelis tramoynsk ¥singna metal
452, 482 e MOS 44 and
etchigsalitipy s vt froe st BeE o e gal e Koig Aol ictyarain
coftQEtReLsUELAGailyh %é@%oﬁﬁh@éraﬁﬂﬁr@éessnﬁg nddtRdde @@&éﬁnl 188 metal
process may use PVD or CVD. The second netal portions
sili@Be lay@8 forraptacrsrisdhniilididd is a sebaligned silisidst en,

tantal u titaniu | ati,nu aIIa Aak i
any ofREF MYy t%[ﬂgeaf’ gnd ]WS{H ﬁ‘i?%?oa{@m TR%] g;'o A in yet

an&‘ﬂereleﬁlﬂ@&ﬁ\@nf eReHRUW® hey beruestd Ferhithel (Ebnﬂalérﬁwltary silicide
resi stance phase state. In the present exanple, the

striidtnsstof gt bvitipar NMESsind 3 PMQAB FPigsrdb- 4 ibysgrate cross-sectlona| yiews of

an §f<?l‘ﬁe|gé'gnf%glgaft%a %ﬁ%d%#ﬁ&%&kﬁ%ﬁ%ﬁ%\e rk?ﬁs {hgl ? aond tsteps of

Figf @5 "detr@m%’ﬂ%d'\ﬂmﬁﬁ? AP R fsBfhe@elow i %Fea[’@tdﬁtall the cross-
portlon 452 (e.g al A or nickel) silicide.

sedtonaivdews inekiga -4k reayPAIBS ba Teferred doier e'erpbgﬁsmieliuﬁmuon It is
ortio t.he

unileratgen So PRaRriPa PRt St Bty dn i S Febigh dfeocqmprementary

sthé &fraetureMdul rﬁﬂebé; iukd e 8 féHn BRY Yw§|r13g|616)ﬁd@‘fngt Q@eﬂﬂM@ductor
shown in Fig. 4f, silicide fornmed on

fauriaetncgame;ess ouhecetheorrrsn mgioh mhenwmmnmrmeé@ rgtig and the
silicide 454 ce Si af';md drain silicide

SecPiRg regign ha@laﬁﬁ?rsﬁrcﬁmggtgn %mﬁjaenalbre a reaction between

met al | fRNHestnt bibld, Ahe ML begfonlit SORNMAE 44@ana ltey edcBald region
25 tenperature that is selected based on the specific

is arBMEIS 4570, aetlustratedrineFigidbi &iiglandesstopd st Portipny of dog YOS 440

s L e e

th&WMbS RRURGGY s @Sdatd alRePodeSt s@cé@mﬂ@naﬁﬂeéﬁrﬂdnﬂgeﬁé Ep:lectrlc
may al so be inplenmented after step 418 (descri bed

44&eTrmwMos&W@hmﬁlewv@ga@ne:ie@tqd@dﬂr?etsa@cerﬂ #74 gnd 476, and a gate
deg g ood that sone silicides, such as nicke
'YCT’de, may be formed 30in a one step RTA at a | ower

t enpengknisgcific reference ndw t6 FiRp. #bhldhdanedthal héthad dod bexied in step
reference to Fig. 4 un-reacted netals may be renov

ed
410 meiin ubetdepowm\mmr msbﬁﬁftloﬁ'é ARAE0 £re theduVB5 4G and PMOS
t her S Ry h Solaygn e
78 Bans taie T D ER P e i e udoBRle e Pvo
prékSse6 QI hro€sssdsher & Bigh @étﬂb@amf'e medrattioh l:ﬂefc\hr&‘n ﬂilhsgen or oxygen
silicidation of step 416. Metal associated with
gasesol et hasdl neasks asrtions 9. FOIRMHECkpR ElFan Oifd SHiFRN BifSS, silicon
e OLR Gk BP EHES: Bl A S0 2 R4 B9 i
teBératird (VB! 8bC\D, oetREbVIgLPdveaynmg ritaida ahayt be farttiedi iflereacting
on the ponS|I|con gate and source/drain contact areas
dlc@br@ﬁ@nwmzlﬁz‘h@nd ammonia (NHi}n Siieqsy 0%9¢) maygbeyfermed by thermal

o B0 S SEREFSACER Byt Sy SHgPES 4RBH RO B

tnﬂ@ﬂﬁhﬂﬁmﬁ@O may be renoved by an etching propess such

as wet etching or dry etching. For exanple, wet
et chi fgstend12 and with additional reference to Fig. 4d, the hard mask portion 450

11
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10 etching solution may be sel ected that has a high
etching selectivity between silicon nitride and ot her
mat erials, including silicon oxide and netal suicide.
In step 422 and with additional reference to Fig. 4i,
second netal portions 460, 490 are deposited over the
NMOS 440 and PMOS 470, respectively. The second net al
maly Het He%e&@@e&ﬂv@iyafeﬁv:ﬁ@ltﬂi@ﬁar!dsrhm pdiBors a8® int@dt athe hard mask
nmetal "B'), but it is a different netal or 15 netal
podionp59imaobe seledtiveliaemauediusies SUshrAresRsses| arsgﬁthOFﬁélmﬂgraphv and

e BB 5 o SRR ARG TR BB Bt o

bofHHEPd 36k pUrE&@ 450600 ab@,,tratnbﬂlégﬁtgﬁtne etcBing phttedn fidnh aniagioto the
platinum erbium palladium or any other netal able
pheto-resisteetabing,vindistrinpinige shieraatively, thetighiog may fpllomathgrstrinpie. It

id
el e el P AL BT PP O b e e
madld FHof eGSRAL! after the photo-rebitt 1§ applict 4xEd3dd,Wridhdeveloped, a silicon
additional reference to Fig. 4, a silicide is forned

nitdgde bardhmaskemiivbs div @tehad acersdipRIbS aqpe-desighrd, eptterp Hgansferred

SI|ICId he NMOS 440 is different than the
frog) arpgniica f'%?s[‘ré‘ﬂg'teﬁ’é'oh\fﬁmﬂo This is because the

sui ci datdpPl TshPRith REdItIYREP rdidberice taFigaldb OftstSinktat bdeions 452,

that contains both first metal portion 452 (e.

482rer@ldeposiied 25er e NMOS 440 apd FMQN 478 cresprstively-afhe first metal

oo S50 4554 S RSB A0 g e

mayBlse |PvBUrtdve) TRE Yedoh @ Badthl) pavtidnsCode 282 may comprlsaﬁﬁlckel cobalt,
i'llustrated in Fig. 4j, silicide forned on the gate

tu@@nc@ntajmrm fitapfum, Heathavs e4loMp PaltAdiEs, Yaany &hef et able to
5
w36 TR R 1o A8 e Skl 150 W e
statd/iSthe PesehOsd AR, ﬂﬁtfﬁ*st&héﬂamdi&oﬁ%z zsnuarrea.clsatl i ci de
30 486, and drain silicide 488. The gate silicide 454,
sour cle stdn 416 and Wit addifienali Feferignes 19 FdE . 25licidg s famegion the

B

(e.89RRtdI ASdrlHickeD €Bicide. However, becadiSe PHecRIIOB A7g |sdmsened bedhe hard
the netal A silicide on the NMOS 440 was initia
mask pamsign d6.ithg mstad p (migks!) that comprisesthe st sied pa'z*kP” ‘%Héﬁ unable

t al | QM@% acts with the
to ﬁﬁ?rgft Aﬂ}% (In'?()r%n%:k dﬁﬁ% I Ci dd)ﬁff{ﬁe A/ B net al
(€. 9. As sHothah Fgobiakitidide a:trmed ion thdgata) doaycesdriairi afehemynos 340
be adj usted t;éfFOVIde a desired work functi

pr@mceangztengmsd 541 saesesiligdsn 4prosb iy eifre "48¥. sitcidation
ICId 0 C r

R ) 2R BEAE R R0 IR T e

teMBératuse tAdtdisSdeldcte@nbdsed qrokhe spdclficomptahitor ametels e Vi eldjudatlon

tenperature that is selected based on the
progesamap incluge &l secorsiamepngcterithat pprgalfe eﬁﬁﬁ @C‘Fﬁ In metastable
netas bIe Y
PhaE BT s S B P R I R S SERRANe AT (SR Raling
stdpe e %@orlﬁslrﬁﬂl@ﬂéﬁed Sfeh saapSeISJ(’dés&m:edrh’edmﬂl m@mbt removes un-
may al so be inplenented after the step %F? @ﬂf % q
reayéqed;wyzta\hm ig Hnd%rﬁwoééhq}ﬁomééé'ﬁéas Stgge nigkel giliide, may be formed
under,st lccides, such as nicke
n opege%ﬂﬂﬁa5§%& Wﬁm? n a one step RTA at a | ower
t enpemahéls £18 and W|th addltioriah re&‘élepceﬂfﬂﬁﬁgm@, wi-tdacted metals may be
additional reference to Fi un-reacted neta
retpevackiio GatlT e S F4Q Res KRGS 6700 8 SElcos PUESS 1878 suctees an
wel | as other areas (not shown), 15 such as an
i solation structure. The netal that lies on isolation
areas may not have reacted W¢th an oxide or nitride
| ayer, and nay need to be selectively renoved using a
nmetal etching solution. This will |eave intact the
silicide on the polysilicon gate and source/drain



10

15

20

25

30

Referring nowto Fig. 5a and with additional reference

to Figs. 56-5h, in still 20 another enbodi nent, a

nmet hod 500 nay be used to formthe conpl enmentary

silicide structure of Fig. 1 with an NMOS and a PMOS.

Figs. 5b-5h illustrate cross-sectional views of an

exenplary integrated circuit undergoing fabrication
isofdtRpSstiubaite Gatrshopap drnkqursteagted ofiethli grsodated AdtHt the NMOS 440

met hod 500 of Fig. 5a is described below in greater

copgfissithe reriduals gk@etabp aiteride siicidalion of stapfkl6. Mptakpsspgigted with
. r I f ' '
oY e AT oo, B AOID2h70 AE! 6%l oty o
mdskeis fnot PRCicarwitd al ogidapl aftEdé &ivyr, ahd incyde retroved usieg a metal
but may be used to formany two regions during a
etaing legrigg ittent theyplicideon die prlvdioer sqiRand SPWéeﬂ%'%FO“taCt areas
Onrtﬁghmg)srﬁﬁ_ one conposition or material ratio and the
second region has a different conposition or nmateri al
rati oin stép 42d0ean@na@seadditomaniaf@endelte Fig. us tthe agidanaskpostion 480
- NMOS 540 and the second region 30 is a PMOS 570, as
is rameyed feare dhe AME47G T he |hard gnagh dartianotRP fRytbepsmovehdy an

f t d 7 - he [ [ :
ol AR AU FUGE TR, e g o
etdNMgSoh4ion haglbddelsctad Gadt ®aeh high ettling Sdi2ctivitp deavernSHidon nitride

and 546, and a g_at e dielectric 548. The PMOS 570
andl gthey aterizlsgigeludiag silieqnpuidesind medpisiigids: 574 and 576,

and a e, fi L 6 ig. WY SR8 Srtions 460
ot o BT S UL MRS elerence to e W fioRRFg vortions 40

49beg dspdsied begr thé NMOS 240 had Pefass 410, oespettiveiyt The pedoal metal
portions 550, 580 (which are formed usjng the sa

porpg{naﬂsﬁ},ﬂ@q arg@gquhginﬂmagmngﬁh(nm@@@')jﬁet’ itisa differ}'gntsmetal or
S [ Mely [ rd S0, ti y
BT ER hed "Bob 55 FE0R B2 frel Mgl MRy 4TEY P The
dep@¥itioropsc&3Omap 86e rPND be CHDCRid secwnlametal portpst €160, 490 may
tantal u titanium platinum erbium palladium gjr
comRYSeitEh CRRAltaFUNEBIER tRBLa| Wit dHANYMyRIRNLER lerigR, aladiym. orany
ot ¥ aLeshid Wfﬂﬁé’rgﬁ%iﬁa g“ﬂ.‘OI’I%ﬁ: gh%\évbt%blqgmbé\'aﬂjré ®Morm silicide in a
resi stance phase state. In the present exanple, the
lovf irésstarize phhsepaate] brhe pPodenS8@npayphe seodd rmeita lpettionT 460, 490
ni ckel may be deposited by nickel sputtering, with a
are;eAbARpl e process flow i nciudi ng HF di ppi ng, an argon
pre- S{HL&E’J 4248 itiPa diGRAT F‘efér?ﬁceﬁt{drﬁg?ﬁga sﬁi@ﬂe‘iﬁ%ﬁned on both

ni cke uttering. ep 512 and wit

thatldiQd a4tahnd dfecPOS81700HBWgverSthe dledermormed ah the NMQh440 is
552, 582 are deposited over the, N\ 540 and P 570,
RS dRAT e c10% REMSH G0 EMAS A 40 T8 1TR-A GG Higke f8gaed on the
NMOS 4%(? rs%datlHﬁgiﬂQFé et SANBINTBbAH firktRER pofBioh4sBVd gl fnetat A or
a different tal or nmetal conposition than that used
nickel) $itidida drivesetondshetabpatiopdb {eqnsnd5I0B o5@balt]HEilwide, while silicide
deposition process may use PVD or CVD. econd.
forrAn o PIACS G082 Bl aebpndcrit Poe o AR dsobeE LU i<
t UNgSt@RyystrAdbidh PR 4it ik SR 1ofhe@bARER, BLIREWTkIn of the NMOS
pal | adium or any other netal able to interact with

448ipkaduoes gite sificidd évhiseatce eifipde 456 med doif oificiies #58. Silidide iformed
a 20 |ow resistanc hase state. In the present

oné;zpaﬁ?}pes’ouigqgea (iralﬁd)? I‘?il}ﬂo'g&?? ipm,gélc?)sagzﬁ’te g@;?deea}Sg, source silicide

488, | drain silicide 488. Thé gat%tsﬁiEidé 144 aBG Whsiiitig@d6H, bh@BAn silicide 458
reference to Fig. 5€, third netal portions 560, 590

ar@slpydiijoss {réckebarel cabakt), MMDS thel fatasiiciB®/@84,500rce silicide 486, and
The third nmetal portions 560, 590 are

r,es_ﬁ’gct ively. 1
drgig pi %%&%%éw%%&%smt al (metal '"A') as the first
netal portions

13
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25 550, 580. This fornms a "sandw ch" structure with a

| ayer of netal B fornmed between two | ayers of netal A

(e.g., nickel/cobalt/nickel). The deposition process

may use PVD or CVD. The third nmetal portions 560, 590

may conprise nickel, cobalt, tungsten, tantal um

titanium platinum erbium palladium or any other

met al Aslprevib@ly dserivad, the idetaiA sildde ah the NOMIEY a4@dvas mltlaily
erature to formsilicide in a | ow resjstance pha

te
forgesk during staprlép Ielierurrnt re A3t ethe mptelihsiicddg,gp She NWIOS 440
: ril
1nt§%6{gsvlﬂp'gtgg§%tag%9cg (\;@@g%ﬂéﬂéggihmdg H‘?\e E\/§ h]%‘r:)allj 4 .,rr?%a/c%aat!tg]ratlo
in &hes BlidyadilicRiephag B8 Sidfusted tonsrbuide IagjelsﬂFedj wopd Augcti@n bybgimizing
pre-sputter etch to prepare the surface, and then
meiplcgefiosidipn taregessipg and silicidation prpcgssig- Siligidation grocessing may a

t far t .

e sl L BEBF Rkl 6, o b ALy Al (o ol

siliedn)fatl aireleddte  eart pedaubSthat Btsaletted bhdtonithel speetfialmetal or metals,
portion 590 nay be sel ectively renpved using such

Sugit (raeted siicige n}gm@@@p me%@qhéppﬁpasgﬁ@dé‘@qymeﬁg a SS‘ERF‘H annealing step
c
or RIRCFRAED Mlnt ASAE hOLTbBRe I RUEa! RlsBRD UMy o second
anpedlihg Istepl haynaBo reasingleméried phtet tha stap SBtLS (eéschbaty belawﬁ Wthh
stripping. Alternatively, the etching y follow the

rergpyasppiTARLted metphyt ipEndariiped Hist éom%S'B%q’eécftUCP Aenigked piligige. may
be@&rﬂ?e%%ﬁa%ﬁ?&gﬁa?Ag?flom f&ngﬁ-‘?ﬁtﬁ port| on 590. For
exanple, 17t eri a I's nic a wet etching
process sfﬁﬁﬁ2@&n<$®itﬁ@ﬂe|dohmIréfgreﬁhcérai Eg. 4f ohitaagteg hatbls @y be
such as a sulfuricl&prOX|de m xture. 10ln step 518 and

refpyad fepre PeinhaNMQSk 440and dhe BMEP 470,58 ! well 5 piPpE§1gas (et shown),
s s e e

withhen skitié oF darif®layed ahdendiMuRdSiE0be Jdiesively romoddsesiigha metal
silicide formed on the NMOS 540 is an aIon SI|ICIde
etghifigrsolh§Rnalinfravill Iqaxe é[tt?RF é'l‘%/s"l cfegen WABANEieon gakg aypd sgurce/drain
co:‘t%ct%reasn' ckel), while silicide forned on the PMOS 570
contarns a | esser anount of netal A In 15 other
wor ds Refeoiidg aove talFigoya aind mtrdmtﬂtdzmat ceiferemgy twekigd $§6Ah, in still

angtg]g}bg i)f)f]la'.ﬁ’gt nal Fnlétefloda%g) cov L?S%H &qr\ﬁlﬁ &]ggc%lnfggeenr}een%ry silicide

strﬁéty fq% honiredh Rdshid! I\ﬁOS FHY S sh Bilatde fost- E@timlews
540 produces gate silicide 554," source silicide 556,
of an dxeh‘mlanv |suegnamdjﬂrc55 BindSigbing ifateichtiomnsrepsathat th:ereg;aﬂr&i to steps

sour ce, ain the. PMOS 5 r oduces
of &8l P s agethabapCar By s Passcpge BYEW Bradedlessal the cross

seéfonblc\hgﬁs ROgs. EB%h%é@aﬁb |bb‘i’bf$?re§56 forsg\!ni'?s&ssdflll'ltﬁtrgﬁon It is

drain’silicid are al icides with a
undais@bdvtbétythlal rghthbd\E@D mhotrbametbd Ao (tm ﬁkeia)lpn whial c@mdimnentarv
gate silicide 584 ce silicide 586, and.drai

sligpe .s&r.uatereaé%ﬂt awaé/ % 165H R, FRTHEYY (WO RegOTSoReIS aeé%mws'ﬁductor
t I

RSB oSS EYITRRHBh AL AHRAL e

secbadiregich !msraldlffe.remtaompobyompt maieriplrgtioret al deposition

rocessing and silicidatpon 25 processing. .
B T C T oo oar S, g HispregicndSet NG SIap aad the segond regior

is %ﬁ 0!}7'6?5@ nu&e{t I &4, s%nﬂ iS GRANE 0B ik SriRRd of kid ARMDS 540
or poly-si |con at an elevated tenperature that is

ans e VExst 0 rhxﬂshecfahmtatd'aia)rmpe@tffa exeomioalof tre methat $00.$ac hxample,
reacted silicide may be | n netastabl e phase a

the, RS ASEHAF SO AP a4, SRR AL £ ol e elgcti
stable silicide phase with reduced resistance. Such a
second annealing step may also be i npl enmented after
the 30 step 520 (descri bed %elomb whi ch renoves
un-reacted netal. It is understood that sone
silicides, such as nickel silicide, nmay be fornmed in a
one step RTA at a |ower tenperature. In step 520 and
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renoved from both the NMOS 540 and the PMOS 570, as
wel | as other areas (not shown), such as an isolation
structure. The netal that lies on isolation areas my
not have reacted with an oxide or nitride |ayer, and
may need to be selectively renoved using a netal

etching solution. This will leave intact the silicide
548NThOeVIDS| Y8 Intl@ss 9ahe abetraleUs e kpdcainsBcand 826, and a gate
areas. Referring nowto Fig. 6a and with

diederdiiic % al reference to Figs. 6b-6h, in another

compi dNEntasefic TFErERe 08 T ke R ATt HEGRY RO8 peqpyiasten

518MthahE WESsitioh @F firsBRre il pbitbHS §50R 580 (Wi Sars fstiriedNigihg the same
views of an exenplary |nte%rated circuit undergoin

metalAD exet b NGPHEAQ ¥t PSR S8 TrRectvehs Thip§rsb merl gortiays 550,
58@%@@3&@3&%}5&?%? ﬁ@B%r E(ID %"o%e%sgg' T'h?_ f@sﬁzﬁv\é’é&rﬁ%ﬂéﬁgl&gw gs0 may

I 0OSS-SECt |l ona
beblickel coBiit, AngQeh QakBAT, Ki&thidre, Fl@mup) eEHS8Spaliadium, or any other
illustration. It is understood that the nmethod 600 is

metak abll¢ e inseractowith sili¢asy afean eavaied terersipiMEintoamsilicide in a low

silicide structure u f ;
e G g 3 sl SR 8: i B riele BB S, S48 comrise
nidkBe Mhe thitRell by be ldRPbMRd HSHIENRE sERTPPE) Withrs uitablet @béab flow
rati o and the second region has a 15different .
inctustimlF Hippingodn AEPB MrebPUtERr jetrh to prepare the purface, gndeibenhickel
e%qﬂﬁle, the first region is an NMOS 640 and the
SPUae R region is a PMOS 670, as illustrated in Fig.

6b. | tin k@pnteseiRR ddditieial RPéreha@® Ff. 58,RecdNNteti4driuid 552,
PMOS 670 may be fabricated prior to the execution of

582 tee epdsiad GUE. thEQ¥MAs 2B eed PMRS Riflosemediivelye g secopd metal

at e rod , e 6 " .
oo o505 S o SR R B A B Beert ma
oreh&@l EafBoskibd, thapansy sse@7d htl HhéGirstndta pgatiars 550, 580. The
dielectric 678. Wth specific reference now
depesifipygroces @AY Use PVPhar MEPhdbe 68t Eegriss PPRioSs 3326382 may
Cthot el . . | . =
ol P L5048 KRyl R R 5o oo
othYRet@dibi@ edinkivel® vaitOsilidoa span televeley .terhberature $6 foret silicide in a
portions 650, 25 680 may be deposited using PVD or CVD
lows redsange PhRee ftatestn theatsepbPrMties thsprcoBR @SR POFNS 552, 582
m@% ﬁl, cobalt, tungsten, tantalum titanium
pratihum erbium palladium or any other netal able
t 0 i niredtas b1Mkhdwih laddicionatrefarened ey Sigesle, tthing atesd! poetidne 560,
formsilicide in a | ow resistance ghase state. |

) n the
59Brass eleposied et the AMQS p4Q 2R FMOSefd i TsrRECEe: Tagghird metal
Il | . I . .

oofERED 4 Rl P P REEBP LR U LASR et porins
5580580 Thip tirinefa "sdralvidhd spuepareith héaysuof mew| B forchetitbetween two

ni ckel sputtering. ] In step 612 and with
laygire A (erdaf kel eabattrigiey. Thedlepptidon proggss may ifse PVD or CVD.

orti0 r i y o SIRVY

o B0 ol S YR, SRR HRLY bR Ak,
titPaGin] platIaER), dreivmh paltelued torr ey ythee meva dblestio igesmiacvith silicon at

processes as photalithography and etch

€ ng. Such
anrleeEkiesneriurerel fade SHigHeimeg IphErsttanss plise stptpdpphe present
| . _ . ,
exfEb B, Y Lo BB o600 chE ARRCISTHS kel By B SBb g by o
prodeiss PEhng. niddet grubiating elivh a tshieabdd phicag flomy inklabing wirt dipping, an
stripping. It may be preferable to 5sel ect the etching
argnoRr BSRUTERI S toRremIEe thesuifaceetng theR picke sPustssine.
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In step 614 and with additional reference to Fig. 6e,
second netal portions 652, 682 are deposited over the
NMOS 640 and PMOS 670, respectively. The second net al
portions 652, 682 are fornmed using the sanme netal
“(nmetal 'B'), but it is a different netal or netal
conposition than that used to formthe first neta
por t i ARGep518,anf §th abldRiohS! rdrpatettd Oig. B mad myaupamon 590
PVD or CVD. The second netal portions 652,
maydwmler@éew@wéweivdéwa thetthing snesdl portign %@Qjmta':t &hﬁﬁhuﬁnmeta*

ool B S B g oA Tl Aty on
etdhMa e Hipedcdsel Mad ilcile FoHind GHU6-r@iA 8 A botHaetal partibmes60 and

present exanple, the second netal portions 652, 682
596y trarstrEng an18Thing tRaled HORNE TPt taydbr theteatesist, etching, and

oS, SREPD R85 X' RoL BT, Bl BRBARETE e B

selb@SIPeCdtEN®! Procddiehdsed bl thetthird Wt&li Surto®800. B (xamele, if the
formed using the sanme netal (netal 'A') as the first

materiadis pekel iaomet Sgns BRoess Thavsbe lepiedhusing At [gtching solution
%’ ruct ure on t$ e NMXS 640 with a layer of netal B

UG el 'ﬁréct%% W ayers of netal A (e.g.,
ni clebiep Goglahd Nithkiditiondinefedere b trigdBg 1y Sitedesis 26rmdalyon both
use PVD or CVD. The third nmetal portions 660, 690 ma

thez:UMﬁS 840 anccthel PMEB 5201 Howemegsihe silicidgformerhpn the NMQmPp40 is

bi, u
a4 ¢ PRS0 PR T B 3P o e

NMOS Bu s aChIAR diRidR thetediRSihs batRavefsge shaties ofl nnetaha (e.g.,
Eresent exanple, the third netal portions 660, 690 are
nic

elbw@vle snnq@erfpr@m omifie RMOY SR SPRIaHS Sylessep pPHeuRsOTInetR! A In
k 0
otherr] eﬂor cﬁ’ ﬁ%thfgﬁ_é 0 sfllglg%sgc\,glngernh @ﬁ %g{aﬁsa&érﬁisﬁ{] é?,zﬁa(g[ Crﬁi\/t\.‘tcjgrﬂIt), but
wilpldipae e dohositisdsace, and then, nickel sputtering.
I n ste@ 618 and with additional reference to Fi%. 6
. he Bivigs 540

a sifsillustgated i Kig Sgesdicisie Tormrad arribe BRresswUes, 4 f

8

o Py Ul 0 B LFALE SR O B BRSO, e on

thd Gatbesoamee abdarasiblthdePif10s BR0l pestucegdub/ishicidd B84, ssoarte silicide
alloy silicide that contains a relatlvel%élaage anpu

S8gfanheraln sificigep@d &hg satgeiliie ped spyrce pitidde e Hisice 558
t
5 R0 L T AL S R
soldcd €ligde 534, GK@Hra&ﬂdhc@dﬂOﬁ&a}re abchl,t suididds vditf 4 entevel of metal A.
ositions. | ustrated in Fi

6
The Al B (4 6y Teig6pbalth éat@a'ﬂ éhe AU rtiEdermay fe o U%tﬁfg’fq\wetﬁde a
o) GERESRIREHE HEEAAE o (OG0, SR A it

prcﬁ:@kﬂinge&hdﬁnilodr;ﬂbcfesﬂiﬁg nbea Péﬂ"ﬁoﬁB@t\nmeodbmsacgdm'etal (or first and
silicide 684, source silicide 686, and drain si

se@ad. metale) epst dlicon; (eF aelvetigon s anleetRdiempegzge g Selected
|
ba?églaé th% Fb&fﬁ{j@ ngl rgl\a.ta?;s; gLrlr(g'J éalgé/teﬁ ’rllllbgﬁqrﬁ? 3@'\/\/& I?né%ast?]ble phase
an@at® rﬁeﬁlacsadenCBSmeaBﬁngteﬁ os iRTACthdeeh§F6rmiagd siatde milicide phase
silicide 688 are alloy silicides with a | onwer |eve

wwteawceArewchscmﬁ%ﬂonéénrgea“nwtewa;/@lﬁsaﬁwp'%mﬁd.aﬁerthe
J
st a2 R S PR R B mE) I @ B sfBod st some
silipites; eschias gickel dilisidé,insdydatfoomdin aoas StepRTASL b ilovve &tmpmature
processi % may a reaction between the second netal (o
fi r 41 st&R P20 POd SEHLRITRIPHIS RIS TiRi Thryn(rErcted metals May be
poly-silicon) at an elevated tenperature that is
sel ected based on the specific nmetal or metals. Such
reacted silicide may be in Hetastabl e phase and may
need a second annealing step or RTA, thereby formng a
stable silicide phase with reduced resistance. Such a
second annealing step may al so be inplenented after
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20 etching solution. This wll |eave intact the

sui cide on the polysilicon gate and source/drain
contact areas. The present disclosure has
been described relative to a preferred enbodi nent.

| mprovenents or nodifications that becone apparent to
persons of ordinary skill in the art only after

reh 8@ fAgn bbihahe NS danerMes 5RO, adiviellian otHee aeps (niot shown),
and scope of the 25 application. It is understood

suthhastandenlasion|striysigred. ThamesH shat druery Eelationiareab ey nef hayp geacted

t.end th
oty SRAEBP e phBE S BLPEPhOR, B BE LIRUERY AP S4FP mec
ety QUGG WHi W0l leaPe FREdtEBOONNH G the@obysilicdrhgite and source/drain
features. Accordingly, it is appropriate that the

confppleateRsd cl ai ns be construed broadly and in a manner
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Figsliivdihden iNM@S @@éomawﬁ%& i Rigs- ﬁsziholﬁussrat@ [rEosssediongl wews of an

exgpeediar ofsBh ufherafing Eabladol e B PRI Steps of i

6aShd thel rﬁ’&hwgoﬁ berig.esaandesttib&d B&lowSn gikatdrldetailstHel wésd@ectional
102. The sem conduct or device of claim 1 wherein the

viewsris Figsi Gb-@1 way Riso e mefeard 3 faguaraserot Hyiiaiiogy Ibigginderstood

theft&ﬁ% @f@g‘&%@ is no&?h‘ﬁtlte ‘%Heﬁflf’ngﬁ?tla%%k?g é:Bm?ﬂe e%lt silicide structure,

bu$ ildyed@sed Rb aFbir WAY ivbiregigRs d@iry Mﬁérﬁicbmducdﬁ fabrication process
pal l adium silicide, and conbinations thereof. 153.The
wheeerthediretUegion harenanprostionomMeter FasiorandriBe seropg segion has a

dlf?erentlcsgm%oé fio onjmgﬁgli%l%tufel ected froma group

CORNS 'ng 0 cide, cobalt silicide,

t ungsih&Re prdskfl d@mplentiedfirstegioh licardRMASI ﬁdanind the second region
silicide, platinumsilicide, erbiumsilici

is pAMQSch Qs ivsteaterd in EigcPbe b HRERTFOAY ﬂﬂﬁé}%&bﬁ?ﬂs of the NMOS 640
and PMOS 670 may be fabricated prior to the execution of the method 600. For example,

the NMOS 640 includes a gate electrode 642, spacers 644 and 646, and a gate dielectric
648. The PMOS 670 includes a gate electrode 672, spacers 674 and 676, and a gate
dielectric 678.

With specific reference now to Figs. 6a and 6c¢, the method 600 begins in step
610 with the deposition of first metal portions 650, 680 (which are formed using the same
metal 'A’') over the NMOS 640 and PMOS 670, respectively. The first metal portions 650,
680 may be depaosited using PVD or CVD process. The first metal portions 650, 680 may be
nickel, cobalt, tungsten, tantalum, titanium, platinum, erbium, palladium, or any other
metal able to interact with silicon at an elevated temperature to form silicide in a low
resistance phase state. In the present example, the first metal portions 650, 680 comprise
nickel, which may be deposited using a suitable process flow such as HF dipping, an argon
pre-sputter etch to prepare the surface, and then nickel sputtering.

In step 612 and with additional reference to Fig. 6d, the first metal portion 680

may be removed selectively, leaving the first metal portion 650 intact. The first metal
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204. The sem conductor device of claim1l wherein the
first active region has a first structure and the
second active region has a second structure.

5. The sem conductor device of claim4 wherein the
first structure conprises a negative

nmet al - oxi de- sem conductor field effect transistor

po(tidVC8HtEhy dbdeletitveteraided Dshg Yothuprecesseds siadolithography and
positive netal -oxide-sem conductor field effect
etqh"zsnwcéms?ceeaﬂmmude forming phefo-reig cedwtl BisER pprdions 650 and

GSQeYIJaﬁs?erﬂ]g %@'e%l‘?h%%‘i%nfr&ﬂe nHJsﬁttosﬁﬂE #g‘ntoﬂ% ?easF,. etf:l'gng, and

I Ses~ a al - ox1 de-semn co

strﬁfpfrfgcwtélfnaﬂﬁdlﬁttﬁé et ST foltuwd thidstripsiag.olndnat bel pireferable to
qgrlses a. negative netal -oxi de-seni conductor field
SE'QF ¢ etching REqeassdrasg\wdeEirst metal ppREONESR; conduct or

devi cg of &l a4? ?‘mﬁth%ft?dngl Rberbfdsh F@ Lcr&‘@g“n%‘iﬁ'ir@tgéwg 652,

st ruct ur he second structure

632 airS depdsed oferand NIVIOS 1646 tahd PMOS 670 rd@abdmm ahe second metal
structure, a nmulti-finger structure, gh-stres
Poftiang652 82,3r¢ fasmad asing Ete same ety (wete*#P thEt}t s g diferent metal

or PR PP Rob e Pt e PR B RS RpR308, cagy e
depdditici ProReROMpY iuS€PVD or CVD. The second metal portlons 652, 682 may
comprise nickel, cobalt, tungsten, tantalum, titanium, platinum, erbium, palladium, or any
other metal able to interact with silicon at an elevated temperature to form silicide in a
low resistance phase state. In the present example, the second metal portions 652, 682
are cobalt.

In step 616 and with additional reference to Fig. 6f, third metal portions 660,
690 are deposited over the NMOS 640 and PMOS 670, respectively. The third metal
portions 660, 690 are formed using the same metal (metal ‘A’}) as the first metal portions
650, 680. This forms a "sandwich" structure on the NMOS 640 with a layer of metal B
formed between two layers of metal A (e.g., nickel/cobalt/nickel). The deposition process
may use PVD or CVD. The third metal portions 660, 690 may comprise nickei, cobalt,
tungsten, tantalum, titanium, platinum, erbium, paliadium, or any other metal able to
interact with silicon at an elevated temperature to form silicide in a low resistance phase
state. In the present example, the third metal portions 660, 690 are nickel. The nickel may
be deposited by a process such as nickel sputtering, with a suitable process flow including
HF dipping, an argon pre-sputter etch to prepare the surface, and then, nickel sputtering.

In step 618 and with additional reference to Fig. 6g, a silicide is formed on both
the NMOS 640 and the PMOS 670. However, the silicide formed on the NMOS 640 is
different than the silicide formed the PMQS 670. This is because the silicide formed on the
NMOS 640 is an alloy silicide that contains a relatively large amount of metal A (nickel),
while silicide formed on the PMOS 670 contains a lesser amount of metal A. In other

words, both are alloy silicides containing metals A and B (e.g., nickel and cobalt}, but with

different compositions.
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a source; a drain; and a gate conprising a gate
dielectric and a gate el ectrode. 159. The sem conduct or
device of claim8 wherein the gate el ectrode includes
at | east one conductive material. 10. The

sem conduct or device of claim8 wherein the gate

el ectrode conprises at |east one of silicon,

ger Megy iktradttlinFid \/\E silitfle formed orl the ghli€ s6aat, Odllidtdﬂtlozr NMOS
device of claim$8 erein the gate electrode is
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688,%hd-dHIR siiaad cEN THe f41k saiek 684,Gburet silicid65d)ane t:lnaut :hlﬁi:lde 658
gate dielectric is a material selected froma gro

are:ajhsuswdwgm@ﬁ a rlativelyrhighderb of miptal & dricked)t wh*!fethegﬁﬂeusﬂ'éiﬁ*e 684,

so?rﬁ% ?h%ﬁgé g% a::ﬁl1 grag-éﬁl( Cé%%%f % Ilé%%ﬁ‘%ges%,{ {0 vﬂ?z? évglnof metal A.

Théags fiethl 1), et/ csbad) efidih @h@almygmcrhes ﬂihﬁ‘ beﬁtﬁjbttéd to provide a
material selected froma rouP consi sting of netal

deswadd @@rk rfendiionnby ropdisazingrematal sdeppatiere arogesng | ando licidation

pr%gfsgrg gﬁ]g%cg{n é}ggc%géi}%}ngy Ianggsc%gP 'gie{v{éeqetﬁe séct%ﬁﬁmetté.l?& first and
se@int ThétakEsnd @lidoROBt Yol SilicbNadtaan dbvatantaniperdturs hat @, selected
Hf 02, Zr02, Hf OxNy, Zr OxNy, Hf Si x0y, Zr Si x0y

basafdRinctbepecifiy BetabyNenetaly. 50¢h reprigd silivige oy bf«‘amastab'e phase

ang:emay need a second annealing step or RTA, thereby forming a stable silicide phase
with reduced resistance. Such a second annealing step may also be implemented after the
step 620 (described below) which removes un-reacted metal. It is understood that some
silicides, such as nickel silicide, may be formed in a one step RTA at a lower temperature.

In step 620 and with additional reference to Fig. 6h, un-reacted metals may be
removed from both the NMOS 640 and the PMOS 670, as well as other areas (not shown),
such as an isolation structure. The metal that lies on isolation areas may not have reacted
with an oxide or nitride layer, and may need to be selectively removed using a metal
etching solution. This will leave intact the silicide on the polysilicon gate and source/drain
contact areas.

The present disclosure has been described relative to a preferred embodiment.
Improvements or modifications that become apparent to persons of ordinary skill in the
art only after reading this disclosure are deemed within the spirit and scope of the
application. It is understood that several modifications, changes and substitutions are
intended in the foregoing disclosure and in some instances some features of the invention
will be employed without a corresponding use of other features. Accordingly, it is
appropriate that the appended claims be construed broadly and in a manner consistent

with the scope of the invention.
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5Bi aSi 2022, W3, Y203, LaAl103, Bal., SrxTi @3, PbTi CB,
BaTi @3, SrTi 3, PbZr03, PST, PZN, PZT, PMN, and

conbi nati ons thereof. 14. The sem conductor devi ce of
clai m 13 wherein the-high k material has a
permttivity greater than approximately 10. 10

15. The seni conductor device of claim 13 wherein the

wHABR damEsls:al has a permittivity greater than
approxi mately 15. 16. The sem conduct or

device of claim 13 wherein the high k material has a
15permttivity greater than approxi mately 20.

17. fThe desemicmdudoodevitevdamprisingcl ai m 1 wherein the
sem conductor substrate is an elenentary
senidcEARPEEYor PBPIThe seni conduct or device of claim

1 wherein. the sem conduct or bstrate is, silicon.
19. _'Prfgs ﬂmdeﬂfh?jﬁrg]f% "’88?%'%0%59 %Libﬁﬁ-ﬁ%ela%er ein the
Semacgéng&tsfﬂEide in a second active region of the substrate, wherein the first

silicide differs from the second silicide, and wherein at least one of the first silicide and

the second silicide is an alloy silicide.

2. The semiconductor device of claim 1 wherein the first silicide is a material
selected from a group consisting of nickel silicide, cobalt silicide, tungsten silicide,
tantalum silicide, titanium silicide, platinum silicide, erbium silicide, palladium silicide, and

combinations thereof.

3. The semiconductor device of claim 1 wherein the second silicide is a
material selected from a group consisting of nickel silicide, cobalt silicide, tungsten silicide,
tantalum silicide, titanium silicide, platinum silicide, erbium silicide, palladium silicide, and

combinations thereof.

4, The semiconductor device of claim 1 wherein the first active region has a

first structure and the second active region has a second structure.

5. The semiconductor device of claim 4 wherein the first structure comprises a
negative metal-oxide-semiconductor field effect transistor (NMOSFET} and the second
structure comprises a positive metal-oxide-semiconductor field effect transistor

(PMOSFET).

6. The semiconductor device of claim 4 wherein the first structure

comprises a positive metal-oxide-semiconductor field effect transistor (PMOSFET) and the
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substrate i s germani um 25 20. The

sem conduct or device of claim1l wherein the

sem conduct or substrate further conprises a multilayer
conmpound sem conductor structure. 21. The

sem conduct or device of claim1l wherein the

sem conductor 22 substrate conprises a conpound

se RHISEOBUHE EdMhprisés a. Th@aiRine AIREX 84-0dmidenduetr dikldodflctmrdiSistor
wherei n the sem conductor substrate conprises silicon

(NRIOSFEIRS mani um 5 23. The sem conductor device
of claim1 wherein the sem conductor substrate
conprises an all oy sem conduct or. 24. The

senm conduct or devi ce of cla

sem7eonduch‘SﬁeTGQDW?ra@%'CEWQ?@\QQ%rQSiWEQ té{]réﬁft one of the first
striGE AR GONE SLAHA £ARS! SidileSd HieAlouRE LRR Bl ructure,

Ion t
a double gate structure, a multi-finger structure, a high-stress film, a fin field effect

transistor {(FinFET}, or a combination thereof.

8. The semiconductor device of claim 1 wherein at least one of the first and

second structure comprises:
a source;
a drain; and

a gate comprising a gate dielectric and a gate electrode.

9. The semiconductor device of claim 8 wherein the gate electrode includes

at least one conductive material.

10. The semiconductor device of claim 8 wherein the gate electrode comprises

at least one of silicon, germanium, and metal.

11. The semiconductor device of claim 8 wherein the gate electrode is a
material selected from a group consisting of polysilicon, polysiliconi-Ge, metal, metal

silicide, metal nitride, metal oxide, and a combination thereof.

12. The semiconductor device of claim 8 wherein the gate dielectric is a
material selected from a group consisting of silicon oxide, silicon nitride, silicon oxynitride,

a high k dielectric, and a combination thereof.

13. The semiconductor device of claim 8 wherein the gate dielectric a high k
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25. The sem conduct or device of claim 24 wherein the
senm conductor substrate is SiGe. 15 26. The
sem conduct or device of claim25 wherein the

sem conduct or substrate has a gradient Si Ge structure.
27. The sem conductor device of claim1 wherein the
senm conductor substrate 20is a sem conductor on

didldt®itl Ahi@Fial selected from 8 &roublt@nS &g @ Rtktsl toRides] evdtalaiteities, metal
claim 27 wherein the sem conductor substrate is a

silisates, cvansitioni netidiaixoles, BBAStIOT enaalmitivag utraitiale wietd-sdicates,
claim1l wherein the first silicide has a work function
Oxmﬂfldﬂﬁ abme@ad$, rraetel gluminptesy zirgmiunk silisiy d@esapiyet guminate, HfO,,
ice of claiml wherein the s iligid S a
e P Fueorort s 83 Horo & gﬁw»ﬁéﬁ fibg Torkl kg0 Ces
0 i I b LiCldfle.
5 3 B 500 BB b Sl B BB S0, S A% o, oy

PMN, and combinations thereof.

14. The semiconductor device of claim 13 wherein the'high k material has a

permittivity greater than approximately 10.

15. The semiconductor device of claim 13 wherein the high k material has a

permittivity greater than approximately 15.

16. The semiconductor device of claim 13 wherein the high k material has a

permittivity greater than approximately 20.

17. The semiconductor device of claim 1 wherein the semiconductor substrate

is an elementary semiconductor.

18. The semiconductor device of claim 1 wherein the semiconductor substrate

is silicon.

19. The semiconductor device of claim 1 wherein the semiconductor

substrate is germanium.

20. The semiconductor device of claim 1 wherein the semiconductor

substrate further comprises a multilayer compound semiconductor structure.

21. The semiconductor device of claim 1 wherein the semiconductor
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5the first alloy silicide conprises a first netal wth
a first nolar conposition and a second netal; and

the second alloy silicide conprises the first netal
with a second nol ar conposition and the second netal,
wherein the first nolar conposition is different from
t he second nol ar conposition. 10 33. The

sulssEiitcunthizOd catpouag sehicohductor32 wherein the first
metal is nickel and the second netal is cobalt.

22, The semiconductor device of claim 19 wherein the semiconductor

substrate comprises silicon and germanium.

23. The semiconductor device of claim 1 wherein the semiconductor

substrate comprises an alloy semiconductor.
24, The semiconductor device of claim 23 wherein the semiconductor
substrate comprises a material selected from a group consisting silicon, germanium,

carbon, and a combination thereof.

25. The semiconductor device of claim 24 wherein the semiconductor

substrate is SiGe.

26. The semiconductor device of claim 25 wherein the semiconductor

substrate has a gradient SiGe structure.

27. The semiconductor device of claim 1 wherein the semiconductor substrate

is a semiconductor on insulator.

28. The semiconductor device of claim 27 wherein the semiconductor

substrate is a silicon on insulator.

29. The semiconductor device of claim 1 wherein the first silicide has a work

function below approximately 4.4 V.

30. The semiconductor device of claim 1 wherein the second silicide has a

work function above approximately 4.7 eV.
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31. The semiconductor device of claim 1 wherein the first silicide is a first alloy

silicide, and the second silicide is a second alloy silicide.

32. "The semiconductor device of claim 31 wherein:

the first alloy silicide comprises a first metal with a first molar composition and a

second metal; and
the second alloy silicide comprises the first metal with a second molar
composition and the second metal, wherein the first molar composition is different from

the second molar composition.

33. The semiconductor device of claim 32 wherein the first metal is nickel and

the second metal is cobalt.
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