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RELI ABLE CONTACTS FI ELD OF THE | NVENTI ON The invention
relates generally to the formation of gernmani de

w@eonbactsst used in, for exanple, integrated ciredi/s62004/000220

(1Cs) . Mre particularly, the invention relates to

i mproved formation of nickel -based germani de contacts
used in integrated circuits. BACKGROUND OF THE

I NVENTION Fig. 1 shows a porti?n 100 og a con;entlona
CMOS I C. The portion ingludes first and secon

conpl ementary transis AR5 SRTRFFS ormed on a
silicon substrate 101. The first transistor is an

n-MOS transistor forned on a deep p-doped wel |l 121

WHRELD_OFp THE: INVENTION stor is a p - MOS transi St(l?/[)S

forme ; - ] 141.  Benea the n-

transﬁgggﬁg?gﬁgﬂéﬁ%ﬁﬁg%gﬁgg EQ&rﬁéﬂV fgzk%ﬁlEgggatlon of

Seameowde- dopedonel usiesl liagatfed b&bmylbhei%ggEQated g

tr. I,stor,_142. Shal |l ow trench isolations are use

F&§?§6?§téliﬁé t r S FsPEFS 1CBAEK LY ahbPsEaVenférndaslates

souia@roldd Gorihd)ion &rahAcki24pgkeds Ermaﬁ@gegggﬁtacts
125 or 145) el ectrodes. For an n-MXS fransistor, the

§Sﬁﬁcép dR&rATaRggaiEcelisstrodes are doped with

n-type dopants, such as P . As for the p-MOS

transistor, the source, drain, and gate el ectrodes are
8ACKEGRAUNR PFt FHE FUWENTIONsuch as B . To reduce

tact istance in, for exanple, the source, drain,
ggg 35%3(2 ;% PYtied BPTtiaRsiPorE, 2t FPRHPURIBRaE0EMPE IC.

$hédeetEanuiﬁ@luﬁébaﬁEHgtQEHdCQQ@BﬁdSHEﬁégﬁﬁeﬁEgrysed
as contacts 170 due to their good electrica
transistors 120 and 140 formed on a silicon substrate 101.

The first transistor is an n-MOS transistor formed on a
deep p-doped well 121 while the second transistor is a p-
MOS transistor formed on a deep n-doped well 141.

Beneath the n-MOS transistor is a shallow p-doped well 122
while a shallow n-doped well is located below the p-MOS
transistor 142. Shallow trench isolations 160 are used to
isolate the transistors. Each transistor includes source
(123 or 143), drain (124 or 144), and gate (125 or 145)
electrodes. For an n-MOS transistor, the source, drain and
gate electrodes are doped with n-type dopants, such as P.
As for the p-MOS transistor, the source, drain, and gate
electrodes are doped with p-type dopants, such as B.

To reduce contact resistance in, for example, the
source, drain, and gate electrodes of transistors, titanium
or cobalt silicide is used. Titanium and cobalt silicides
are used as contacts 170 due to their good electrical
properties and relatively high thermal stability. The
metal silicide contacts are formed using self-aligned

salicide processes. As part of the self-aligned process,
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properties and relatively high thermal stability. The
nmetal suicide contacts are forned using self-aligned

wa2l06/011881 processes. A s part of the self -alirRgE8G2004/000220

process, dielectric side-wall spacers (128 and 148) on

the sides of the gate el ectrodes may be used. Salicide

processes are described in, for exanple, Sze, "ULSI

Technol ogy", McGaw Hill (1996) , which is herein

i ncorporated by reference for all purposes. For

dighesperd s tweall omsacees M &inaddiske4B S ubrst tlad esides of
re enpl oyed, such as gernmani um or_ger nani unsi |l i con.

(P T RS EtP LTI TR RS WF T ncvafh HGLIT P aesses are
e 8br sipe@di RppEdeabikams1 duesid, tveigT hr@éhﬁ@xcsg?yfr, McGraw-
mobility characteristics, which are conducive for
Hathe(HP99k: cUiriehntss erebr nieemperatedrbgopierence for
gigigur d.gate el ectrodes in gernani um based
substrates, netal gernani de processes are used.

Ti t anfamm lahgh copadd apphl satidnesh gemnav dehybaised to
form sui ci de cont re inconpatible with gernmani de

ts,
BIOTEEREE® T oTRL BEAAASE o3 9P TTASH b or STHBAR U

SONL36h S Wd Pn&O0Gm SbL£sEd | S@hs Ehd S t£Fd Sddesnd £gdous for
low resistivity) requires relatively high annealing

b bppetRe e PR @R BPRS d@te | Fenthe 1 d1yeh AT The baseli 11ty
BRPLLCRLLO0S; - £OT, EXAIPL fo DGR, L APDEF SL Ufa@éngac%aa’éfve
evapor at1on of germani um or, ere intentiomally

streemes. neTerfats aoetastes, fondesirad] ydralmx 4@ gate
s#rain Ln such materjals F he foregoi

. omt ol n .
S SCERTGR, 17 97 SHRLTPABR BT PP e T by mant de
gessBgssle gpatasdafor use in IGCs.

Titanium and cobalt metals, which are widely used to
form silicide contacts, are incompatible with germanide
processes. This is because forming titanium or cobalt
contacts with good electrical characteristics (e.g., low
resistivity) requires relatively high annealing
temperatures which are detrimental to germanium-based
applications. For example, high temperatures cause
evaporation of germanium or, where intentionally strained
materials are used, undesirably relax the strain in such
materials.

From the foregoing discussion, it is desirable to

provide an improved germanide contact for use in ICs.

SUMMARY OF THE INVENTION

The invention relates generally to fabrication of, for
example, integrated circuits. In one embodiment, a
substrate is provided. The substrate includes an active
region comprising germanium. A nickel-based contact is

formed on the active region. The nickel-based contact
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SUMVARY OF THE | NVENTI ON The invention rel ates
generally to fabrication of, for exanple, integrated

w@eoeitsst | n one enbodi ment, a substrate i s pPOVBGEBN4/000220

The substrate includes an active region conprising
germani um A nickel -based contact is forned on the
active region. The nickel -based contactconprises a
processing nmaterial which inhibits aggloneration of
ni ckel during processing. This results in inproved
ebmpri$ealacpamacseingtm@senialh@hh¢hkbmhbb$ea cont act
. _1nh one I S, deposi.ted over
T AT TS T S et i SO SRR
Layeovea@npr ést Agchhecha PEEEST NG DB es f athé snf k@b dbased
over the nickel layer. In another enbodinent, the
APRk@Ftt ayer conprises the processing naterlm
form [ | ay e ;yg§t t
proceggegn%yggﬁéggk%ﬁ% t% ?%?E%?h% nlck£€ @%%ﬁiibga over
tbatanbstﬁhEeprOQESSLng nh¢eacaiV©fr¢®eonappAngappyng layer
or the cont er inhibits a?gio gt on, of nlcth
‘a%‘i“l?ﬁbsh‘ﬁ%e‘é tBr GFATtHe ‘H‘?‘E‘F&é bastAr ot AL . He
BREEE] DESEEE PTI O &0 ORAW M&Sodti dend, stiggsnackel ti8yer
of a conventional CMOS IC, and Figs. 2-6 show a
BPBRELSEF oF € OPHPHYS EHAT AR SeT b hechPHRMRE @i RRCkRk alloy

i me 0 ent.i LED BESCRL
T%gefNNéﬁﬁ?C%P%PErée% ggs om;gg%$%cess f or f%g%§%%£§ £o
ﬁbcketheasedkebﬂbased tonggcor dabce Nr®©e@ﬂen9 material of

gpbodient of [the Lovention, Refersing 10.Fg 2 .
agglomeration of nickel during anneal to form the nickel-

based contact.

BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 shows a portion of a conventional CMOS IC; and
Figs. 2-6 show a process for forming contacts in

accordance with one embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

Figs. 2-6 show a process for forming nickel-based
contacts in accordance with one embodiment of the
invention. Referring to Fig. 2, a cross-section of a
portion of a substrate 201 is shown. The substrate serves
to form integrated circuit components. In one embodiment,
the substrate comprises a multi-layered substrate in which
at least the top or surface layer comprises germanium. For
example, the multi-layered substrate comprises a germanium-
on-insulator substrate. The germanium-on-insulator
substrate may include a silicon bulk substrate 203 with a

top layer 205 comprising germanium separated by an
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portion of a substrate 201 is shown. The substrate
serves to formintegrated circuit conponents. In one

wendedisent, the substrate conprises a nmulti- PEysGEU4/000220

substrate in which at |east the top or surface |ayer
conpri ses germani um For exanple, the nulti-Iayered
substrate conprises a gernani unon- insul ator
substrate. The gernmani um on- insul ator substrate may
include a silicon bulk substrate 203 with a top | ayer
Posutenpri Sangr g2f fmnsuph sepas bl edobyonhdasul Brertop layer
y 2 a L] oxide, The.top_l ayer,of the
ofrEhe 2P ioathere SaMbriiol ahel e dihgle SX5EHSI 1 ne
aryetanl ina patyciyst ahl pokyOfyat®I phoelSofresesiphoudr
a conbi pation thereof. The germanium | ayer can be
BRFEFHRY: oPTr 2l GRBRINEE L9 dF RGOS ur fHe SRPRRLIRglayer
885 "BAI YPLQYREGAoS1 LELQRaGET MBRLVI DM Ky | 8YREalS @&ﬁﬁrising
useful . In another enbodi ment, at |east the top or
gerfagtunageer of shbicobsyeumantenppibleslayer is also
séé%&9n-gernaniun1 Preferably, the silicon-gernmani um
ayer-conprises Sii_xGex where x is |less than 50

at om Tnpericenér diitodihetONget Nhédh s ¢y et o adr b€urface
strained or relaxed. The substrate can al so include
%?Y?Eo%ﬁg%?ﬁaﬂVﬁﬂFB%%? %?TPEb%@%e$h%h?Qﬁﬁ$%Wmﬁﬁlum-

piéterepty petRent p9eSoRt gLma I @ th e a-Shpsl L avel £dce,
substrat e conprising gerfrani um i ncludi ng

whéreonges nhasanthanab@oatuseial pereenyet dhloe herlicon-

%nngﬁggﬁtl?gérlggﬁFbg g@%éiﬁ&dogrtggitgg ?ur{ﬁges&gstrate
e subsira conmprises germani um 1 ncl udl ng

Sahi £DHe gEmaRd e Ns i A ¢ NG Tiieh Yum dotrdit Ns 51 L @bMegermanium
| ayer of silicon provided on top of the germani um
h%yé?giél%f%BE%%e?%¥¢eﬁ?@968 of Ge. Providing a single-

layered substrate comprising germanium, including silicon-
germanium is also useful. In yet another embodiment, at
least a portion of the top surface of the substrate
comprises germanium, including silicon-germanium.

Alternatively, a thin strained layer of silicon
provided on top of the germanium layer is also useful. The
silicon layer éhould be sufficiently thin to maintain
tensile strain. Typically, the thickness of the thin
strained silicon layer is less than 100 nm.

Referring to Fig. 3, a portion of the substrate is
prepared with doped wells for transistors. As shown, the
wells are prepared for a CMOS application. Other types of
applications are also useful. 1In one embodiment, active
regions 308 and 309 for a p-MOS and n-MOS transistor,
respectively, are provided. The active region of the p-MOS
transistor includes a deep p-well 321 and shallow n-well

322. The active region of the n-MOS transistor includes a
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silicon | ayer should be sufficiently thin to maintain
tensile strain. Typically, the thickness of the thin

werweonssh silicon ayer is less than 100 nm RsfE$G1004000220

to Fig. 3, a portion of the substrate is prepared

wi th doped wells for transistors. A s shown, the wells
are prepared for a CMOS application. Qther types of
applications are also useful. In one enbodi nent,

active regions 308 and 309 for a p-MOS and n- MOS

deean i -stedlr], JAElspaamia/est}ye,l]aJve mpvwalildedi2 Thesegstrateing the

region of th i stor inclu a dee - wel

S Flaiae e i s L g E 4 deo.
n- MO d raansistiad gl U@est}ﬁéj%ﬁn%dbé@ﬂdorﬁﬁhﬁbj ¥ forming
shal | ow p-wel| 342. Separating the active regions are
mms ow medF | Sona i urrr g FB % )argh o4 st 15 Rsin e 1|tons

:fo ook 3%1}% a5t S frd ng, Prd& and -4 MXS

ranS|stors 4 I'nactive regions 308 and 309.
dédeorid adusi Sisoicn ecsd o | (AES- 434 sir 4B seebndind a gate

f f 423- 424 443- 444 d 425
AL DD O, R B e ¢
£ B0 SEOF @&ﬁﬂ%i -t e dRaits while die g £ fusian

regions of the n- transi stor conprise n-type
mmns, off Hehgyat ODIt s 1Ttz i SAUGBL s priigee dopants.

B N e G D e R e i a s,

T&p&béﬁlﬁ]|th§ﬂgaﬂes¢¢mpxﬂﬁﬁﬁrpﬂﬁynﬂy&ﬂ&ikﬂﬁ&)gﬂmﬂanlum.

Preferabl E at es re do ed wt, ants. ln. one
5 Shangire B R e S dre Sk
é’@frﬁbrplﬁryp%zg@p@]ﬂéé ué@ﬂhpg the: Ut 88 W tthdtdefes are
dopants is also useful. It may al so be useful to dope

doredarish olopadiet H- MBS aoRE rENOS ifeHs il sgates of the
transistors are doped with p-type dopants. Doping the

gates with other dopants is also useful. It may also be
useful to dope the gates of the p-MOS and n-MOS transistors
with different types of dopants. Beneath the gate is a
gate oxide layer. The gate oxide layer comprises, for
example, thermally grown silicon oxide. Other types of
gate oxide materials are also useful. In one embodiment,
insulating sidewall spacers 428 and 448 are provided on the
sides of the p-MOS and n-MOS gates.

Referring to Fig. 5, the process continues by
depositing materials for forming nickel-based germanide
contacts on the diffusion regions and gates. 1In one
embodiment, a nickel layer 571 is deposited on the
substrate. Various techniques can be used to form the
nickel layer, such as sputtering, including magnetron
sputtering. The nickel layer is sputtered, for example, at
a pressure of about 5X10°7 Torr at about room temperature.

Other techniques or parameters for forming the nickel layer
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with different types of dopants. Beneath the gate is a
gate oxide |layer. The gate oxide |ayer conprises, for

wex@aplesi thermal |y grown silicon oxide. O herPtlpemowhHon220

gate oxide materials are also useful. In one

~enbodi nent, insulating sidewall spacers 428 and 448

are provided on the sides of the p-MXS and n- MOS
gates. Referring to Fig 5, the process continues by

I ckel -based
AERranrhadeBRule: o1he BhechnrraYPan chegnsREeindaysreds
hnoaaesembodhmentPréfaksb§k |QMSVtﬁZékBésgeBgskhganEkel

the substrate. Various techniques can be used to f
tA¥SRi eRel ePEyERansabhuas 58pomt er Pheri hbliudhegses may also

sputtering. The nickel layer is sputtered,
?%?G§§§§%|e at a pressure of about 5X10 7 Torr at

aboutAroappiegpeageur 8720 befokREANbUYESLRE AAERERL €LGer .

f he ni ckel | ayerare also useful . The
%ﬁ%cﬁ%égiggfi?ﬁgrnl&RePan9@P°@ém%66utCBmRGGSﬁﬁ1a material

ﬁheéﬁrﬁ@EYbltgethél5?§§é§e9£t185 OF CERL h?¥ﬁé §e£8§83de

t han about 50 nm O her thicknesses nmay a ase
aﬁ@%appl%gongy@mbngmthfothedm®WQr1aheoﬁ|tkelchﬁpfﬁg

n rises a
TapeE Ep M BB L 1 ORE e Rt ed (SR beSEhe Tn one
exnl@ck@ime}etrnam@ecdalaymg layenecenbetbdento, tHe, Ti, w, zr

[. of t l ayer is insoluble in the
%?gié%%mﬁgﬁﬁﬁﬂg%ﬁggg%ggfn é% %%ﬂﬂﬁﬁ?ﬁ#ﬂlst%@a%a@@mngnhlblt

A RYBSmeSEHT b1$ ESE M?lcﬂ—@l Jérméﬁld;ra@?rgoc?@@ilqgt Ion

thereof. O her material s that can
‘é%j@?%‘fﬁstﬂﬁff@%rﬁm 3l ekebseferhani de aatot;hemceaﬂmas@lment the

%aﬁg@ﬁ{gﬁ‘tlua{fesr A Sin llsge usefnlfgterl‘lnalan% %{ 1esnbsoglllgrl§lnet in the
nickel-based contact, such as Pd and/or Pt. The use of a
combination of soluble and insoluble materials in the
nickel-based contact to form the capping layer is also
useful.

Various techniques can be used to form the capping
layer, such as sputtering, including magnetron sputtering.
The sputtering, in one embodiment, is performed at room
temperature. Other techniques or parameters for forming
the capping layer such as thermal and electron-beam
evaporation are also useful.

The thickness of the capping layer should be
sufficient to inhibit agglomeration in the layer at
temperatures greater than about 500°C. Preferably, the
thickness of the capping layer should be sufficient to
inhibit agglomeration in the layer at least up to
temperatures of about 700°C. In one embodiment, the
thickness of the capping layer should be sufficient to

inhibit agglomeration in the layer at temperatures from
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cappi ng layer conprises a material which is soluble in

t he nickel -based contact, such as Pd and/or Pt. The
wasmwe/0f18s1 conbi nati on of sol ubl e and i nsol ubl ePCT/SG2004/000220

materials in the nickel -based contact to formthe

capping layer is also useful . Various techni ques can

be used to formthe capping | ayer, such as sputtering,

i ncl udi ng magnetron sputtering. The sputtering, in one

enbodi nent, is perforned at roomtenperature. O her

dlesinni pes7 ©r° cparz-mm ertsi dkore sfsoofi et leapee g rigmeacyerfor

such as t her el ect ron-peam evaporation are a
SRS, TR 1T HEYE O TR b api e Moyl Shoul SFERe2=blY.
o Fiici @Bted® oNNilE toAGe QBT Ak.ON 4 NaBdie: | @y at
tenperatures greater than about” 5000C . Preferably,

the t AklersshofcomeachpiyRr S syes LHOWE pee substrate is

ST Rl ot s AR O e T AT e che

reditbec alento £ ttiee tmmsslaayeimeaIwmmfmrtcshmﬂdt
e sufficjent_to inhibit agglonerat] t elayer at
E Attt r]?ﬁ‘n%% ]Srfb‘-t‘)‘%f%ﬁ) %nlc 1935 Gess of

%@ﬁn&@&@i Pﬁci@é/eécantfé?ét§Xﬁm%sd§aﬂ@5§réa{'@%&ﬁpﬁﬂé‘ﬁhg
o about 50 nm Preferably, the thickness of the

TSPPRMGIN ay FoF surdert Y Bngin aygr @ f tIrremt et fonydrs

e 034 of
AN Rl AR S als anel sl MNAR o
ftontad twh Bye rzm@ln@ll Shhddsd d &_f]@ftﬁ&ﬂ’ldiﬁﬂﬁgld@ ravmge a € kaete
-based germanj de or ni cke| as ﬁ‘—lf]g;”m osilicide

EORRER t £OF S b ﬂ%r%?%h‘ém c ¥Rt um TEgrRe
é%@@ﬂiﬁéﬂ@,|@W@raﬁﬁeéﬁiﬁ§”&émﬁf£§e§h§ rapid thermal anneal

(RTP). Other types of annealing are also useful. The RTP
is performed at a temperature of about 200°C to at least
about 700°C for about 1-100 seconds. Preferably, the RTP
is performed at a temperature of about 280°C to at least
about 500°C. The ambient of the RTP is, for example,
nitrogen. Other types of ambients, such as vacuum, He, Ar
are also useful. Other types of inert gases can also be
used.

Referring to Fig. 6, the contact layers are patterned
to leave portions of the contact layers in areas where
contacts are formed. In one embodiment, materials of the
contact layers are removed from areas 690 and 691 above the
STIs and sidewall spacers, leaving the contact layers over
the surface of the diffusion regions and gates. The
contact layers are patterned by, for example, conventional
mask and etch techniques. For example, a photoresist layer
is deposited and patterned to expose portions of the layers
to be removed, followed by an etch process to remove the

layers unprotected by the photoresist layer. In another
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contact layers, nickel -based nonogernani de contacts
are fornmed while nickel -based gernanosilicide

w@obactsst are formed for silicon germani um undeet/yGrg4/000220

| ayers. In one enbodi ment, the annealing conprises a
rapi d thermal anneal (RTP). Qther types of annealing
are also useful. The RTP is perforned at a tenperature
of about 2000C to at | east about 7000C for about 1-100

_.Pref bl the RTP is perforned at a
R R b=l 58006 YPa ar reRaL 'aBBAT BEGOE Fo the
dhecalihgnprotekle FBEP fiogmihgr t8XaRBheachkt r ogen.

QO her types of anmbient s , such as vacuum He, Ar are
al so d8efdl dlterRativgpesbefiimaatt gasestsah ahgerbe

i Ik 0nEl 1 ~the_cqntact, |lagyers ar
TR R e g
grbasraher preparadt wiahether oednsintone, eaBodeBBRibed in,

erial s.of the contagt layers are renoved fromareas
gg% Sﬁ%mﬁbi'agbge ?he %%?sngﬁhe%reéﬁﬁﬂla%baxeﬁgmprlses NiY,
Wweaveny &b@pe0Btach haYBr$aPVEE1LLEeGUEFARCA0%al D141 which
di ffusion regions and gates. The contact |ayers are

pabiet hed28glonerackanpPE, thenventsonalayesk and enheh
LRBhAl HLss . goéoﬁéggﬁég’?amQPQ%?éfs%ﬁi?%ﬁggr%h%ﬂ%uble in

deposited and pat 0 eXpose por 0
Ragkes-based cenvzed, fDhl onededyodimet€h ProsRsSsisds Mo,

e the layers unprotected by the photoresist
?%32?%'|ﬁoan@¥h T eRbodi MeAP 1N HECR oritekeof ayePhear e

pat ¢ et absl Pl d0et hesANRASEE i VY PEOGESSKd PIp QL& Ot act
the contacts. In an alternati ve enbodi nent, a contac

FEy eFL2dnFTShg ntkanotlems eembod oyerts, déposipetseyes
rﬁi‘@elsi‘epfg\ﬁﬁfﬁq P{EPas it th the AR P Sag Bontact , such

descri bed 1 n,

as Pd and/or Pt. Providing Y comprising a combination of
both soluble and insoluble materials in the nickel-based
contact is also useful. The thickness of the nickel-based
alloy layer is, for example, about 5-100nm. Preferably,
the thickness of the nickel-based alloy layer is less than
50nm.

In one embodiment, the percentage of Y should be
sufficient to inhibit agglomeration in the layer at
temperatures greater than about 500°C. Preférably, the
percentage of Y should be sufficient to inhibit
agglomeration in the layer at least up to temperatﬁres of
about 700°C. More preferably, the percentage of Y should
be sufficient to inhibit agglomeration in the layer at
temperatures from about 500-700°C. The percentage of Y,
for example, is about 0.1 to 50 atomic percent.
Preferably, the percentage of Y is less than about 20

atomic percent.
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for exanple, Fig. 4 . The nickel -based all oy conprises
Ni Y, where Y conprises a material selected froma

woratoeniast whi ch i nhi bits aggl onerati on of the PON$G@N4/000220

| ayer. In one enbodinment, Y conprises a material which
is insoluble in nickel -based contact. In one

enbodi nent, Y conprises My, Ta, Ti, My, W, Zr or a
conbi nation thereof. G her materials which are
insoluble in the nickel -based contact are al so

usef IAftdm @Emtrierkeiisiare ] 1oy caywr sies fommdr itdle
which is soluble in the nickel -based contact, such as
PR OB B Y S & SRR i g
aidh &0l 1) an drﬂ@sa&iﬂéuleiﬁ?tﬁd@é@ J NEdheshingked,
-based contact is also useful. The thickness of the
GREREl seh RER af IEEVigeTly desariksthnpl@ntasoit are formed

- ; r - t i cé{g{yf 4i 'ni oﬁal -]k@%eqﬂh
lgrll Ijlg rga@%r&%r@ﬁafegs%n% hrglﬁc%gohnm ﬁg%orgia enbodi manta} the
gercenitag el ofabseoul @l be, sabidveitg ST )i nhiditeaction
aggl oneration in the |ayer at_t er at.ure reat er
ST AT

IFEAF o N ERIFED B b ISE TN t G oA 5P
Sdmud i kel 8 Ui @tud thd Nhidy te a0 IEratdan dutl he

| ayer at |east up to tenperatures of about 7000C .
Ctpred drabiie IerRCiRd cattdgnofoly Wiodtidhel layer. As
|, Gient ihi b rad.j idL the dayer at
afgn%éelglat{j’urse% ra{)hrnzL %%%&E%fd%hlﬁe%erlcem age of
e rmdrors iekiamplee, corst axbtorutar® If dronesl. at om ¢ percent.

o S RS Thda GRS ST oy e i
deddeibed REi 1 OfeESr &Y | tBIef R iU D rdMEdE et Acti BYi11l be .
;ggggﬁi;g%tg§ethose skilled in the art that modifications
and changes may be made to the present invention without
departing from the spirit and scope thereof. The scope of
the invention should therefore be determined not with
reference to the above description but with reference to

the appended claims along with their full scope of

equivalents.
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contact l|ayer. The annealing process, for exanple,
conprises RTP as previously described. Contacts are

wo eooadissn regi ons conpri si ng ni ckel and ger maPCT/&G2004/000220

areas where germaniumis absent (e.g., above the STI),
no reaction occurs. Unreacted portions of the nicke

| ayer are selectively renoved using, for exanple, a
wet etch selective to the reacted portions of the

ni ckel layer. As a result, self -aligned nicke
geatansdelaimadcksel: gernmanosilicide contacts are
formed. While the invention has been particularly
shown and described with reference to various

enbodhnRet Bodi b Wehbrbeat e6g9ai gedehyct hepe akthbad in
the art that nodifications and changes nmay be nade to

EABPPHEBSBAE | nvention without departing fromthe

spiri p T f_.the_Lpyventi

P RSP SFAPE ISHERLycTOBu3EORe, 0! oo OLCRl BBk
tragiabovempessinpgt genmbuiumit h reference to the

appended clains along with_their full scope of

bt varBneL g 31 GOFaFhoter S GOMPRi fotRoatokel on the
babi{eattygon;contact, the nethod conprising :

providing a substrate conprising at |east an active

r egi CRFeVAPLNG| AgPFeraaAine Madepoiali kg Bheonpatact layer;
gyer conprising nickel on the active region;

providing a processing material to the contact |ayer;

and ppocesssnggt bhhesabibstateet bof Bormaanhtkeel -based

contact, the processing includes annealing the substrate to.
cause a reaction to form the nickel-based contact, wherein
the processing material inhibits agglomeration of the

contact layer during processing.

2. The method of claim 1 wherein the substrate comprises
a multi-layered substrate in which a top surface layer

comprises germanium or silicon-germanium.

3. The method of claim 1 wherein the substrate comprises

germanium or silicon-germanium.

4. The method of any of claims 1-3 wherein the processing

material is insoluble in nickel-based contact.

5. The method of claim 4 wherein the processing material

comprises Ta, Ti, Mo, W, Zr or a combination thereof.

6. The method of any of claims 1-5 wherein the providing
the processing material comprises forming a capping layer

over the contact layer.
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contact, the processing includes annealing the
substrate to cause a reaction to formthe nicke

WO bmsetissont act, wherein the processi ng mat eriBIET/SG2004/000220

i nhi bits aggl oneration of the contact |ayer during
processing. 2 . The nethod of claim1 wherein the
substrate conprises a nmulti -layered substrate in

which a top surface |ayer conprises gernani um or
silicon-germanium 3 . The nmethod of claim 1l wherein
The sTihstmatkeodonprciesmgérwharemmothe thickness of the
silicon-gerna od o

SrepERd PReSr e etuf RichaRer ral RatPhE orest gpaefTon de

perkelabased 6ongachted thdAcofeefiagl of oChBLIE4500°C.
wherein the processing nmateri al conprlses Ta, Ti, M,

W, Zr or a conbination thereof. . The nethod of any

of C'fhgsméﬁﬁo&h8£e¢ma£meap&ﬁgfgiﬂgtﬂgetﬁieﬁﬁéggngg the

material conprises formng a cappl ng layer over t
cappany layer. ¥s. sThéiobehodtof ichabit 6agbeomenathen at

thickness of the capping layer is sufficient to
FARPBTSC OGP ortbr &t | DRRAE. VBnEer 3eRbs /8P G eat or t han
or equal to about 5000C . 8. The nethod of claim§®6

wherein the thickness of the capping layer is
8uf f | Ehenretlbodnpf brladggf oveereiBnthe Eohpkrassres bhe

ﬁ%g#%ﬁ%t%%g %h1§b9gés7ggg§%or e ugyet éﬂSQtOE Chﬂ[ﬁ]G

I ckness e ca plng ayer I's ess
t han or equal to about 50 nm 10. The nmethod of any of

cl ai ns er.ei the dln ocessin

Pt er T3t BSMErToRl PRYCHF aftAURENb orBRSEST Rt Ra: BFPELding
tHé0p£8§e§§§ﬂg0ﬁaQSPQ§ltbBﬂp%b@e@ODﬁﬁééré@Yﬁé tReform

a nickel -based alloy contact layer conprising

processing material into the step of depositing the contact
layer to form a nickel-based alloy contact layer comprising

nickel and the processing material.

11. The method of claim 10 wherein the processing material
in the nickel-based alloy is less than about 50 atomic

percent.

12. The method of claim 10 wherein a percentage of the
processing material in the contact layer is sufficient to
inhibit agglomeration during processing at temperatures of

greater than or equal to about 500°C.

13. The method of claim 10 wherein a percentage of the
processing material in the contact layer is sufficient to
inhibit agglomeration during processing at temperatures of

at least up to about 700°C.
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ni ckel and the processing material. 11. The nethod of
claim 10 wherein the processing material in the nicke

WO bmsedisal | oy is | ess than about 50 atom c perBen$G2004/200220

The nethod of claim 10 wherein a percentage of the
processing material in the contact layer is sufficient
to inhibit aggl onmeration during processing at
tenperatures of greater than or equal to about 5000C .
13. The method of claim 10 wherein a percentage of the
Pt oceBisé ngetide@r ofl any dhectammact -3 aykeresnsuhéi prenessing
to inhi | orer ati on durln cessi ng_at .
BErp o eBSE S feaSTo iR toa bt e benea T unigh ave
&&1 hete 0fn@NYn 861 6bak NBn 1t Be WhEERED-bAS BT 86868ERT
mat eri al conprises a conbination of materials which
are soluble and insoluble in the nickel -based

nt e d. ef f,clai - rej -
£5. pihe gArnddroroatiglof ol 1 fp B dia LHE) fhBgeasing
mategi &t edowprtaes Eon@ndSongPda substrate having at
| east an active region conprising germniunt a contact
coupled to the active region, the contact conprising
g ckedn ﬂﬂ@e@r@f@&e§§féﬁlﬂaé8%pﬁisiﬁgContaCt with the
contact, wherein the processing material inhibits
aggloﬁe$@b$@ﬁa©¢ haeing ciklel 1¢ast han cont bive Hegiag

PLASESSIANG §O-hQh ke contact

a contact coupled to the active region, the contact
comprising nickel; and

a processing material in contact with the contact,
wherein the processing material inhibits agglomeration of

the nickel in the contact during processing to form the

contact.
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