REDUCED METAL PIPE FORMATION IN METAL SILICIDE CONTACTS

FIELD OF THE INVENTION [0001]The present invention relates to

fabrication of semiconductor devices, and more particularly, to reducing

REDUICEDf MEPASi RitdE If O BNA DEBCINAMIOM DBITHEIBELAORDACTS

ART [0002]Transistors are commonly used in the integrated circuits. Fig.

la shows a conventional FiypP MEtAEHEXIEVENTIIONductor (MOS)

transistor 110 formed on an active region of a substrate 105. A p-well 108
[0001]s |oCEHiteghiesantive ¢eginnchiters fisiaicoShadon dsadabiisaatioas 18Dmore

are used to isolate the active region from other device regions. The
particitangjstoredasi sg tioeediainodiffiegibsiliegiobs dgdba-b adjacent to a gate

130, which includes a gate electrode 131 over gate dielectric layer 132.

Located on the gat®&seRENFIaN OEIEEIHRIIATHDspRErs 160. Metal

silicide contacts 140 and 141 are provided on the surface of the substrate
[0002]n th& sowicetdraindagions] andedatetdaateeaasd [@0O3{Nidke! siidide on

nickel alloy silicides have been extensively used as contacts due to low
convestierilresigiancagropdetiemibmtoms, @Sy annaredridhlyfdifiesive. an active region

During processing, Ni atoms diffuse beneath the spacers, causing
of a substratidA50f Alippwdb 11D838is Fogatbdshawsva TdgMrimbte eftisansistShallds trench

shown, nickel silicide contacts 140 and 141 are disposed adjacent to gate
isolatioosd8Ctaxsus30 witkpkitetval s pacers dislomuntstele phegs gibhsarEhe transistor has

provided over the nickel silicide contacts. Nickel pipes 148 exist beneath

sourcdhieaspddéusioN irpgpess dax deaddjadematangdaakiae whedatnmdiyleffegtiteglectrode 131
device performance or functionality. [0004]In view of the foregoing, it is
over gdesiliabettio pryaridéransistedsowitie rgatasisitied s aontBetswkishlerdlcgpacers 160.
or minimize formation of metal pipes.
Metal silicide contacts 140 and 141 are provided on the surface of the substrate in the
source/drain regions and gate electrodes.
[0003] Nickel silicide or nickel alloy silicides have been extensively used as contacts due to
low sheet resistance properties. Ni atoms, however, are highly diffusive. During processing, Ni
atoms diffuse beneath the spacers, causing formation of Ni pipes 148. Fig. 1b shows a TEM
image of transistors. As shown, nickel silicide contacts 140 and 141 are disposed adjacent to
gate conductors 130 with sidewall spacers 160. Tungsten plugs 165 are provided over the nickel
silicide contacts. Nickel pipes 148 exist beneath the spacers. Ni pipes can lead to junction
leakage, negatively affecting device performance or functionality.
[0004] In view of the foregoing, it is desirable to provide transistors with metal silicide
contacts which reduce or minimize formation of metal pipes.
SUMMARY OF THE INVENTION
[0005] The present invention relates to fabrication of semiconductor devices. In accordance

with one aspect of the invention, a method of fabricating an integrated circuit (IC) is disclosed.

The method includes providing a substrate prepared with a transistor having a gate and
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SUMMARY OF THE INVENTION [0005]The present invention relates to
fabrication of semiconductor devices. In accordance with one aspect of
the invention, a method of fabricating an integrated circuit (IC) is

sourcedibalfasktiudibe ragtinctiistetes pioyalingna sobsiigtensinaiat Iwith én the substrate
transistor having a gate and source/drain diffusion regions adjacent to the

over tigatewrtd danmidigfadiepitaidakayae arthelfubbtrateapesdhehscweeldapositing a
diffusion regions. The method further comprises the step of depositing a

metal biefibpiaitoyiayersabstheestibaiimte the velng/teisaiftsidraiagiitisaiahthe substrate
regions and the substrate is processed to form metal silicide contacts over

is pro¢bsabur ¢eraraiptaliifilzink tegians. ovee tapitaniatlayen thffosidireegioas. The epitaxial
formation of metal pipes. [0006]An IC is disclosed in another aspect of the

layer fionreedienlutheftCneninprisesecsatrpipsistor disposed on a substrate, the
transistor includes a gate and source/drain diffusion regions in the

[0006ubskatBCadjdisehistderetnotiiee d¢pdaribietheanmprises. MdtalSiticidprises a transistor
contacts on the source/drain diffusion regions, wherein the silicide

disposedniaatsubsnypeisbanetadi aoalloyddyesn pactad vitheepitaidaliffyeoovetithe in the
source/drain diffusion regions. [0007]In yet another aspect of the

substring ediionn aimetioo dlbe fir mhingenetal giseidaaehtdatglisqoresented thEheurce/drain
method includes providing a substrate prepared with a diffusion region

diffusmnd-dgionngvherepitaxisiliagdercouerctheatiffusiomeedionalldelayetheatted with
further comprises depositing a metal or alloy layer over the diffusion

epitaxielgioreaodtthbesulnstrdtean piftegsent gooform metal silicide contacts over
the diffusion region. [0008]These and other objects, along with

[0007 hdvahtagesnatitfaapare s fothths presemnt anuethtidro hBnemngj sctosedlliowle contacts is
become apparent through reference to the following description and the

presengatoipamgihgdnadodgs pFavithe pracreysitrasctprbpatribierstaod! filvatcihecgion and
features of the various embodiments described herein are not mutually

formirexetugiveand gam existthe dédificusncagbinalibasatwdénmthaationgrises depositing a

metal or alloy layer over the diffusion region and the substrate is processed to form metal silicide
contacts over the diffusion region.
[0008] These and other objects, along with advantages and features of the present invention
herein disclosed, will become apparent through reference to the following description and the
accompanying drawings. Furthermore, it is to be understood that the features of the various
embodiments described herein are not mutually exclusive and can exist in various combinations
and permutations.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] In the drawings, like reference characters generally refer to the same parts throughout
the different views. Also, the drawings are not necessarily to scale, emphasis instead generally
being placed upon illustrating the principles of the invention. In the following description,
various embodiments of the present invention are described with reference to the following

drawings, in which:



BRIEF DESCRIPTION OF THE DRAWINGS [0009]In the drawings, like
reference characters generally refer to the same parts throughout the
different views. Also, the drawings are not necessarily to scale, emphasis

[0010]nstebiEgdnetaliyweirgmplaneshupemillusiratidgtieappipeiples of the
invention. In the following description, various embodiments of the present

[0011]nvemtigmaiedssctibedswithmateeoaectonhe fodawibgdiliganingshiniivigtion; and

[0010]Figs. la-b show a conventional transistor with metal pipes;
[0012]001 Hgig 32-ghtws a pravsistior ifoastordanesivwihinnecendbncimetht @fdhe

invention; and [0012]Figs. 3a-g show a process for forming a transistor in
embodiacandsitbe witbnoioe.embodiment of the invention. DETAILED

DESCRIPTION OF THE INVENTION [0013]In the following description,

details are set foRTSlidiDaDERERTR TN (HSTHEBMNEENTION. in order to

provide a thorough understanding of the present invention. It will be
[0013Eviddnthedaléwein ghidsthipfioasdedihyartien fiordy doetpiacpseidivvitlacuials,

these details. In other instances, well-known process steps, equipment,
parametershene inairbaeio gesdrdbadhorpagtiaulderdetalisg dshroptaohsaueatibe. It will be

present invention. [0014]The present invention relates to transistors with
evidenméia siligidbac ohtgotseiti@vention may be practised without these details. In other
instances, well-known process steps, equipment, etc. have not been described in particular detail
so as not to obscure the present invention.
[0014] The present invention relates to transistors with metal silicide contacts. The
transistors can be incorporated into ICs. The ICs can be any type of IC, for example dynamic or
static random access memories, signal processors, or system on chip devices, mixed signal or
analog devices such as A/D converters and switched capacitor filters. Other types of ICs are also
useful. Such ICs are incorporated in, for example, communication systems and various types of
consumer products.
[0015] Fig. 2 shows a transistor 220 in accordance with one embodiment of the invention.
The transistor is formed in an active region 206 in the substrate 201. In one embodiment, the
substrate comprises a silicon on insulator (SOI) substrate. Other types of substrates, such as
silicon or silicon germanium, are also useful. The SOI substrate comprises an insulator or buried
oxide layer 205 between top silicon layer 201b and bulk silicon 201a. The active region is
isolated from other device regions by isolation regions 280. The isolation regions, for example,
comprise shallow trench isolations (STIs). The bottom of the STIs preferably extends below the
top surface of the buried oxide layer.

[0016] The active region is heavily doped with dopants of a second polarity type. The

transistor comprises a gate 230 on the substrate. The gate includes a gate electrode 231 over a
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transistors can be incorporated into ICs. The ICs can be any type of IC, for
example dynamic or static random access memories, signal processors,
or system on chip devices, mixed signal or analog devices such as A/D
gate doaueide® and pwilthatcapacilertiitrrs Otheidtitoas miliCisiese @algahe gate
useful. Such ICs are incorporated in, for example, communication systems
dielecaitdiyariaus irpasthéeaisikider dducipcfOttinidgal ahouisoantetnlisotirce/drain
220 in accordance with one embodiment of the invention. The transistor is
diffusiofiredoiis 22 Rctved tgine Pa§docthesiesinadahtintenatenmbedinnioe,. The
the substrate comprises a silicon on insulator (SOI) substrate. Other types
sourcedfigiibdifaie®naegivas sitibenvilysibped gatmiapums, dre falspuieftyl.tffke The first
SOl substrate comprises an insulator or buried oxide layer 205 between
polaritppypididon dayepl) thrapdsbu ik sifieofvizbihg. aiheypetivmsBgion isrisoiai@c ype
from other device regions by isolation regions 280. The isolation regions,
transidoirexatn pley modapaise sheltofirdt@otiriisalgiona(® Us)fulh®dttaric opibers 260 are
STls preferably extends below the top surface of the buried oxide layer.
dispod@Dd6hbgactid vedionTahéalibtiogedwitHfadepantslof acstronrd folariiicon
type. The transistor comprises a gate 230 on the substrate. The gate
oxide.inotheley pegatal @lectricm &8 aby enehJisglie aieledtiec 2821sbyiehlly, the
gate electrode is formed from polysilicon and the gate dielectric is formed
[0017From Goaracad 24idend2the ity pesyofadaterishs diffision usatuls Solipaeddtadrode. In
diffusion regions 225a-b are located adjacent to the gate beneath the
one ershbditnatet sihdfaoetatliveceoymis? anaial diffosien Pegaralsl nréhé eavill/siopde comprises
with dopants of a first polarity type. The first polarity type, for example,
nickelcomprides aitypeptbrminglehpippeuransisidic Rantaing p-Otper trgresistons:tal
with p-type dapants as the first polarity type is also useful. Dielectric
silicidspanerds2a@ asefdisjosedadative gate sidewdislimhet ditlbeingspaetbe metal
for example, are formed from silicon oxide. Other types of dielectric
silicidmaterals astidhras ditig pnocitsioleg anpaid daysefuitl @0 Epj@antboliscdd (eandayer on
241 are provided over the diffusion regions and gate electrode. In one
the sudnthadithe subtiiaeantactiscct ffprise re@taissilidid e pPleferality, ckenpletalan be
silicide comprises nickel or a nickel alloy, such as nickel-platinum or nickel
providethtaltime. sQithaee tyiibs diffnatal siicidesadestiatdy. bethsefethimguesdodaneading epi
with one embodiment of the invention, the metal silicide contacts are
layersdegiobd byefrbcBedimgbdynibead faleeithedinlépitansahsitidontiepielal éryenduring
the surface of the substrate over the diffusion regions. The epi layers, for
processkaEgipl@roahdmpid vidistlondhegarflicecahthpldithesibiekeeiont the epi layer is
selectively. Other techniques for providing epi layers are also useful.
about PPBfér&wiy, titpscepilakelrbprediilhatidime diehbiviersds ayaisdusefyl. By
processing to form the metal silicide contacts. For example, the thickness
providpfighva epi layerds disowrfoe ¢f fbe diffpical rigkulsapemefiabobfinidel pipes are
Other thickness is also useful. By providing an epi layer on the surface of
reducafeifinsivaadgions, formation of nickel pipes are reduced or minimized.

[0018]Figs. 3a-g show a process for forming a transistor in accordance
[00181vith bBigs. 3a-g show a process for forming a transistor in accordance with one

embodiment of the invention. Referring to Fig. 3a, a semiconductor substrate 301 is provided.
The substrate, in one embodiment, comprises a SOI substrate. Other types of substrates, such as
a p-type silicon substrate, may also be useful. The SOI substrate includes a buried oxide layer
305 below the surface of the substrate. This results in a top silicon layer 301b and bulk silicon

301a sandwiching the buried oxide layer. Typically, the top silicon layer is from a few hundred
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embodiment of the invention. Referring to Fig. 3a, a semiconductor
substrate 301 is provided. The substrate, in one embodiment, comprises a
SOl substrate. Other types of substrates, such as a p-type silicon

to a fesubsiigiad maysatsashtivseftllclihe ROksuhsikate dpolivdes a thotiethdxig8roms
layer 305 below the surface of the substrate. This results in a top silicon

thick. l@ythedDidkesnddoutic skoop slitarsantivicisihgxtide biyeschaxide laygnl. The substrate
Typically, the top silicon layer is from a few hundred to a few thousand

is prepingsvam arthickve hile dhe bl rietlecndd ed seabaut enfpiisth ausant pagsttrgion with
thick. Other thicknesses for the top silicon and buried oxide layers are also

dopanuseffubcdhé sulbstsatepts (repanediveitietive acgive regioandidnallioa aapleatation
region comprises a heavily doped region with dopants of second polarity

technityee, sieHernintipéactive region nesk wanttenalddn (niplatetatidqutsdonifjuesng the
such as implantation with a mask can be used. Other techniques for

activefegivnguthelactivefukegion are also useful. [0019]Isolating the active regions
from other device regions on the substrate are isolation regions 380. The

[0019]solalkotaragiohns adoy e xegiple firomptisedsViceagigings bnohe sabHoadimentolation
the STI regions extend below the top surface of the buried oxide layer.

regiony 880ug bondatiionad gionsckses aaplbecomployekiliadgronth@nShk reglanment, the
For example, the substrate can be etched using conventional etch and

STI regiask ¢ecndihulesvtchtotop steficlas kibhrard dhele filled. vWiiridielectrientional
material such as silicon oxide. Chemical mechanical polishing (CMP) can

procesesparfdmeatptoyehioVerextesSIdxigemnd Brovidenalplanarsshiostkatertdpe etched
surface. The STI regions can be formed, for example, prior to or after the

using formerticonalf ¢hvd dopachyiettsh Q2] Refamirgtotegwiinthecpheoddsed with
continues to form the gate layers on the substrate. For example, forming

dielecthie paterialyershcomprise setgudihiaiiyc i mucigaigd tpotidieg (CMPe c 888
and a gate electrode layer 331 on the substrate surface. In one

perforemmb adinmeons thecgatexdielenttiprtayde ephapaisedthatetapoxideccOthbe STI regions
types of gate dielectrics are also useful. The gate electrode layer, for

can beeiamglef@umpnsés polydiliconfi©ther ypesiohgdthe lbgteddechvaterials,
such as metal, are also useful. The gate layer, in one embodiment, can

[0020 EomRiderarheavilie ddipebepuiysilisonnayessabthefirdtengitriyytypen Thesubstrate.
polysilicon can be in-situ doped or doped by ion implantation after

For exdepsitiormmgcthagatiutiygrforomapiase o ¢hecstaligefcinaim gliffgssiodiebgiordayer 332
Providing undoped polysilicon is also useful. [0021]In one embodiment of

and a gageipleentide layudfer tayde 38bsisaformedcovdn e gatbodisatrodddagpde. dielectric
The purpose of the buffer layer is to prevent the formation of an epi layer

layer qoveprises gatensibetidde Qtrindgyasutisegeditledlictive epopredess Thhgate
buffer layer, for example, comprises nitride. Other types of buffer

electredaiepiensfoasentamploxidearee sy yssefah. Fogerdippes thiedotsfieleeiratlsrimpterials,
comprises a material different from the spacer material of the gate.

such afpnRRIRefe Aliyguss fbig. B, gatelbyersiarenthembpalimamed-asiegnprise a heavily doped
conventional mask and etch

polysilicon layer of the first polarity type. The polysilicon can be in-situ doped or doped by ion

implantation after deposition, such as during formation of the source/drain diffusion regions.
Providing undoped polysilicon is also useful.

[0021] In one embodiment of the invention, a buffer layer 335 is formed over the gate
electrode layer. The purpose of the buffer layer is to prevent the formation of an epi layer over

the gate electrode during a subsequent selective epi process. The buffer layer, for example,
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techniques to form a gate 330. Spacers 360 are formed on the gate
sidewalls, as shown in Fig. 3d. The spacers comprise, for example, a
dielectric material such as oxide and/or nitride. In one embodiment, the
compr$§RaRtE ONIphser gt buffia. nhiiersacsiheaniRidpamedsusiftgul. Preferably, the
conventional spacer processes, such as depositing a blanket dielectric
bufferlaygeru toenpribsiratraddithpaikerEhefchelabtyigplayenisttian @atietmes to
remove the horizontal portions, leaving the spacers on sidewalls of the
[0022pate. RE2IIEQ e anthHiffusian segionspRabarkdard fguuectnithalaativeand etch
region of the substrate adjacent to the gate. The diffusion regions, for
technigesnpErooanpiic 8 JteaSilycd o ragifurmed thetfiest pokadéywtypead st wn in Fig.
doped regions can be formed by ion implantation. The implant can be
3d. TheKpalignedopfountd esingkn drjeladtrivaske@thercteahniqdeaddfor nitride. In one
forming the diffusion regions are also useful. [0024]In one embodiment,
embodheediffusicpaagionsgoinpsisedighilidelopad {hi2Ex) ana teforiyedapag conventional
(HDD) regions via, for example, a two step ion implantation process. For
spacergpanephes thech ROdpgitisgud fntkee dialtetrib égatengpadtérnedeand thaee. The
HDD regions are formed after spacer formation. After the formation of
dielecdiffusyen et ionsatthmeld pardmave thethaiednioyl, fortexangleims therpaders on
annealing process. The anneal also serves to facilitate recovery from any
sidewdéfoffittatigatedo the crystal structure incurred during the process of ion
implantation. Typically, the anneal is carried out at about 1050 - 1100C. In
[0023the caseraf/drsmakiibnspike gionedlaflasle trrlaséiadrealtisqpedommegdhe substrate
thereafter at about 1200- 1300C. [0025]Referring to Fig. 3e, an epi layer
adjaced7 @ithfognted e théfssibstrageovdottex diffiscompgisne Riigrdoptalneigigns of the
the epi layer, the surface of the substrate is cleaned by, for example, DHF
first pcleaty. tThe OHE dhpadh remivnyesmbeiveroxid dyromithpl sudiace oflihemplant can be
substrate. The epi layer, for example, is formed by selective deposition
self-aligobdiouidsmiedefenabiy, tihelepi isafdrniedhdytd hovy temipe fatursgeheatifBision
epi deposition techniques. Selective techniques deposit the epi layer only
regionsrthelsilicamiudurface. This advantageously creates a self-aligned process
which avoids a masking and etching to remove unwanted epi. Preferably,
[0024the thickmessbddirecapi tiscsbléesanh e @nss @ieimg figlhytlgodspath édlADyiagd heavily
a subsequent process to form metal silicide. The thickness of the epi, for
dopeddkHphhles gsoabaii, 200cAfG0R.6] Afte sfeprvationpbintas @pptagess over grample, the
diffusion regions, the surface of the substrate is cleaned. For a nitride
LDD iogifers|aseeiothecidnithy siwchipsietingd fod eékabible, ragd8P @4 theand after spacer
chemistry. The buffer layer is removed. As shown in Fig. 3f, a metal layer
formagds id\fepUsitdovertivd diibsticrasgoverity depaiffusivactagioddrnidr example, a
gate. Preferably, the metal layer comprises nickel or nickel alloy, such as
thermaligket pliagnmrensnitkelaznsa alse Stives typeslvhirnateriadsyniepynadsy Beformation to

useful. Typical thickness of the metal layer is about 80 - 150 A. A cap
the crjragaé slinigture incurred during the process of ion implantation. Typically, the anneal is

carried out at about 1050 — 1100°C. In the case of a soak or spike anneal, a flash or laser anneal
is performed thereafter at about 1200 — 1300°C.

[0025] Referring to Fig. 3e, an epi layer 370 is formed on the substrate over the diffusion
regions. Prior to forming the epi layer, the surface of the substrate is cleaned by, for example,
DHEF clean. The DHF clean removes native oxide from the surface of the substrate. The epi

layer, for example, is formed by selective deposition techniques. Preferably, the epi is formed by
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shown) can be formed over the metal layer. The cap layer, for example,
comprises titanium nitride (TiN). The cap layer is about, for example, 50 A
thick. Other types of cap layer or thicknesses are also useful.

low tefaperajRefetidog o dpgdgeshisaliciaiguese Seischrefwenetd e Sdeposietiad epi layer
silicide contacts 340 and 341 over the diffusion regions (325a-b) and the

only ogate elctiosie{@31)T hisaide anpesingote e aaldidei piedgsscdarmeich avoids a
nickel or nickel alloy silicide contacts. The salicide process, for example,

maskifgaftisesiapnealing thasubatraigi ciusiogis yedetihichetwadntibepngtedlected to
and silicon (e.g., substrate, epi and polysilicon). The parameters of the

ensureSadicig éudiyreakshredldure gelectsegic: avpiocssdi cidie oy @tegibyitticitido The thickness
diffusion regions. In one embodiment, the substrate is annealed at a

of the tgrhperatimamé ababbdODM iR.a nitrogen ambient for about 5 seconds.
Other process parameters may also be useful. The cap layer as well as

[0026Exceastandtahlayen ofittieecpubskratecsdchdfwyven thei GE|stendugate of the substrate
sidewalls, are removed. Removal can be achieved using a selective wet

is cleagteh tleamariie boéial Imate tiad, c3erctinasi nicket ardrigk ébadboym IO 28HEPO, clean
accordance with one embodiment of the invention, the thickness of the epi

chemistingl riiatabidfernarei setaaieckdto enswe fililh Contfinptiemblalyre 846 dudisygsited over
the salicide process with 7 the desired amount of silicidation. For

the substaatepley abiogtth®diXeidvi epNiRtaehgisewibefdyably? @R A efaé piysiticomprises
to form about 200 A of nickel silicide. The actual amount of silicidation
nickeldepacids divgesigh e quikehpdaisufdQr 3lithel proedss.cOnbiaugpdsyoformiagals may

interconnections to the contacts of the transistors. For example, a
also beleleltiricligpdepobkitdd an diphtienaed ky ereasboaias®nd feAch®saphigtr (not

are then filled with conductive material, such as copper, to form
shownhtarcha fiecisd Additibe atqgnd tesse STaes pe thyem ddrtexaorpielatenipe 46, tiomium

example, additional interconnect levels, final passivation, dicing, and
nitridepdaRBgiiige cap layer is about, for example, 50 A thick. Other types of cap layer or
thicknesses are also useful.
[0027] Referring to Fig. 3g, a salicide process is preformed to form metal silicide contacts
340 and 341 over the diffusion regions (325a-b) and the gate electrode (331). In one
embodiment, the salidide process forms nickel or nickel alloy silicide contacts. The salicide
process, for example, comprises annealing the substrate, causing a reaction between the metal
and silicon (e.g., substrate, epi and polysilicon). The parameters of the salicide anneal should be
selected to avoid salicide over-growth into the diffusion regions. In one embodiment, the
substrate is annealed at a temperature of about 400°C in a nitrogen ambient for about 5 seconds.
Other process parameters may also be useful. The cap layer as well as excess metal layer on the
substrate, such as over the STIs and gate sidewalls, are removed. Removal can be achieved
using a selective wet etch clean to the metal material, such as nickel or nickel alloy.

[0028] In accordance with one embodiment of the invention, the thickness of the epi and

metal layers are selected to ensure full consumption of the epi during the salicide process with
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the desadteartivandionitingitae dny e depry) Bdube 08I SeNperafthersaventian about 200
is thus indicated by the appended claims, rather than by the foregoing

A of egesttidptian fant atbohangds dhaickemdiviitbinThe s@ahingandoiedftion
equivalency of the claims are intended to be embraced therein. What is

dependiadmeesigh CdqhriMients A method of fabricating an integrated circuit (IC)
comprising: providing a substrate prepared with a transistor having a

[0029Date Endsoceeidrinudi o nmegidne adiaceitiois tealgatenudteksiththeansistors.
gate comprises a buffer layer on a surface thereof; selectively forming

For exampleitaxialléayes Bnitpestedsindtpaneendt eosounceldiabmdiffasibastegiicisare then
wherein the buffer layer prevents formation of the epitaxial layer on the

filled gatterondwdeposiiingrialmathl or cogpal,abhdpiayerandine siybsthiricoalgsingesses are
the source/drain diffusion regions; processing the substrate to form

performedabsibaigée comtallts foveix tnepda uidditdraah idifftsiome e ioels, tildnearsthgtion,
epitaxial layer reduces formation of metal pipes; and wherein processing

dicingthmdpbstrati@gonsumes the epitaxial layer.

[0030] The invention may be embodied in other specific forms without departing from the
spirit or essential characteristics thereof. The foregoing embodiments, therefore, are to be
considered in all respects illustrative rather than limiting the invention described herein. Scope
of the invention is thus indicated by the appended claims, rather than by the foregoing
description, and all changes that come within the meaning and range of equivalency of the

claims are intended to be embraced therein.
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WHatThdameihd of claim 3 wherein processing the substrate consumes the
epitaxial layer. 5The method of claim 1 further comprises forming a cap
layer over the gate to facilitate selatitingyStorming the epitaxial layer over
the source/drain diffusion layers. 6. The method of claim 5 wherein

1. procassatigdiee fabbsitiatpaadmsgiates ¢heuie itxtahaigieg: 7. The method of
claim 5 wherein depositing the metal or metal alloy layer comprises
dep@siishne diclkstrate pieRa edokiEn anwsmmagm@memwr@miv diffusion
wherein processing the substrate consumes the epitaxial layer. 9T

re@f?é‘ﬁm%‘&%?@l&?ﬁﬁ‘%We%ﬂ?%@aﬁét%?ﬁlﬂﬁ@%% %@F&tﬁ&%ﬁﬁ&?%fﬁ‘&éf@ reof;

S|dewq1 %lver?f/j fg\mw?nrg an epitaxial layer on the substrate over the source/drain diffusion

regions, wherein the buffer layer prevents formation of the epitaxial layer on the gate;
depositing a metal or metal alloy layer on the substrate covering the source/drain
diffusion regions;
processing the substrate to form metal silicide contacts over the source/drain diffusion
regions, wherein the epitaxial layer reduces formation of metal pipes; and

wherein processing the substrate consumes the epitaxial layer.

2. The method of claim 1 wherein processing the substrate consumes the epitaxial layer.

3. The method of claim 1 wherein depositing the metal or metal alloy layer comprises

depositing a nickel metal or nickel alloy layer.

4, The method of claim 3 wherein processing the substrate consumes the epitaxial layer.

5. The method of claim 1 further comprises forming a cap layer over the gate to facilitate

selectively forming the epitaxial layer over the source/drain diffusion layers.

6. The method of claim 5 wherein processing the substrate consumes the epitaxial layer.

7. The method of claim 5 wherein depositing the metal or metal alloy layer comprises

depositing a nickel metal or nickel alloy layer.
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8. whefeia rdethos ibirugatiney misdedio prowisiayly Rystraetprisesditpapitndatayer.
nickel metal or nickel alloy layer. 11. A method of forming metal silicide
contacts comprising: providing a substrate prepared with a diffusion
region; forming an epitaxial layer over the diffusion region only; depositing
9. a mdia BreinRAAS SiY TayeereiidPe i igitrIBRINGRYRIPA T SBAIAG 4Rl sidewalls
an%uq]strrea}ﬁe to form metal silicide contacts over the diffusion regioniand
Wheret processing the substrate consumes the epitaxial layer. 12. The

methad A SRR Ll eI q&g%iﬁé@ﬂtéﬂ%meﬁ{} ORERY %@Xgﬁa}% layer over

comprises depositing a nickel metal or nickel alloy’layer. “13. The me

th@EslaiBnaiainieERin [deRasiting the metal or metal alloy layer comprises
depositing a nickel metal or nickel alloy layer. 14. A method of fabricating

an |@rocesginisthe substiate cmingnessihbspateigiepared with a transistor
having a gate and source/drain diffusion regions adjacent to the gate,
wherein the gate comprises a buffer layer on a surface thereof;
selectively forming an epitaxial layer on the substrate over the

1050urERFdTSIRCGALERIA PYiBiaY dRRastipoiiie BHR PiRIAIAIYRMEr AmRsEEH
BT ISR GEA Biesouncerarain difusion regions:
11. A method of forming metal silicide contacts comprising:

providing a substrate prepared with a diffusion region;

forming an epitaxial layer over the diffusion region only;

depositing a metal or metal alloy layer over the diffusion region;

processing the substrate to form metal silicide contacts over the diffusion region;_and

wherein processing the substrate consumes the epitaxial layer.

12.  The method of claim 11 wherein depositing the metal or metal alloy layer comprises

depositing a nickel metal or nickel alloy layer.

13.  The method of claim 11 wherein depositing the metal or metal alloy layer comprises

depositing a nickel metal or nickel alloy layer.

14. A method of fabricating an IC comprising:
providing a substrate prepared with a transistor having a gate and source/drain diffusion
regions adjacent to the gate, wherein the gate comprises a buffer layer on a surface thereof;
selectively forming an epitaxial layer on the substrate over the source/drain diffusion

regions, wherein the buffer layer prevents formation of the epitaxial layer on the gate;
10
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processiigrie etz tateroaygs: ihetepiavsabiaygeverih s ureibiethof
claim 14 wherein the metal or alloy layer comprises a nickel metal or
difigkelrediogsiayer. 17. The method of claim 16 wherein processing the
substrate consumes the epitaxial layer. 18. The method of claim 14
wheREARaPRING 418 SRTIFTIR AL TiRIRn siicite RORACIMYEr iR $RUCESk Ry diesion
reslurt?str%e consumes the epitaxial layer. 19. A method of fabricating an IC
%grﬁp?lsmg: providing a substrate prepared with a transistor having a

g2te gk payieldian A dusioadeiRn adcetin.iig gate, wherein the

gate comprises a buffer layer on a surface thereof; selectively forming

an epitaxial layer on the substrate over the source/drain diffusion regions,

wherein the buffer layer prevents formation of the epitaxial layer on the
15gateThe mdepdsticigra Metbdreinmeisdsaliaytiagabsiratiheossirstatieepitaxialdayer.

the source/drain diffusion regions; and processing the substrate to

form metal silicide contacts over the source/drain diffusion regions,

wherein the epitaxial layer reduces formation of metal pipes, and wherein

16procRREAE Yttt Hasie RedTvie aphiayiiaverRymprises a nickel metal or

nickel alloy layer.
17.  The method of claim 16 wherein processing the substrate consumes the epitaxial layer.

18.  The method of claim 14 wherein the gate comprises sidewall spacers and wherein

processing the substrate consumes the epitaxial layer.

19. A method of fabricating an IC comprising:
providing a substrate prepared with a transistor having a gate and source/drain diffusion
regions adjacent to the gate, wherein the gate comprises a buffer layer on a surface thereof;
selectively forming an epitaxial layer on the substrate over the source/drain diffusion
regions, wherein the buffer layer prevents formation of the epitaxial layer on the gate;
depositing a metal or metal alloy layer on the substrate covering the source/drain
diffusion regions; and
processing the substrate to form metal silicide contacts over the source/drain diffusion
regions, wherein the epitaxial layer reduces formation of metal pipes, and wherein processing

the substrate consumes the epitaxial layer.

20.  The method of claim 1 further comprising removing the protection layer and forming

metal silicide contacts over the source/drain regions and on top of the gate.
11
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providing a substrate prepared with a transistor having a gate and
source/drain diffusion regions adjacent to the gate; forming an epitaxial
21layeAdrethed ififsmine adeviapeoseisieddrain diffusion regions; depositing a
metal or metal alloy layer on the substrate covering the source/drain
diffuBIBHABE R PIOSHAEP PreRAediNENtAd AIRRErTRViIRerd ARINFEhP ificgdain diffusion

contacts ov itpe source/drain diffusion regions, wherein the epitaxial

AR &

on&%tgﬁ by processing to form the silicide contacts to

red%ﬁﬁﬁgﬁﬂ%‘ﬁﬁa%aw ﬂ@ﬁessubstrate over the source/drain diffusion regions;
depositing a metal or metal alloy layer on the substrate covering the source/drain
diffusion regions; and
processing the substrate to form metal silicide contacts over the source/drain diffusion regions,
wherein the epitaxial layer is fully consumed by processing to form the silicide contacts to

reduce formation of metal pipes.
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