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 Fiity e OFETBANY EBMiONMductor (MOS)
transistor 110 formed on an active region of a substrate 105. A p-well 108
[0001]s |oCEHieghiesantive ¢eginnchiters fitsiaitoShadam dsadaboisddatian sah80nore
are used to isolate the active region from other device regions. The
particitangjstoredasingofinioed d oai o ifktsicilikedidnsdgdfya-b adjacent to a gate
130, which includes a gate electrode 131 over gate dielectric layer 132.
Located on the gat®&SeRENFIaAN OEIEEIHRITATHDspRErs 160. Metal
silicide contacts 140 and 141 are provided on the surface of the substrate
[0002]n th& rankiscardieire sagiansyanddatehelaatrades] (R00R3. Nitkel silcise ar
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 substreatidA50f Alippwdb 11D838is Fogatbdshawsva Tdghn iofialye sobitensisirdldAs 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
sourcefieagpddéusioNirpghes dd ddaddjadematongdeak3 ey mehativielyeafiectinglectrode 131
device performance or functionality. [0004] In view of the foregoing, it is
over gdesiliablettio pryaridéransistedsowitie rgatasisitied s contebtstihicteredlsgacers 160.
or minimize formation of metal pipes. SUMMARY OF THE INVENTION
Metal [G006E Thetpresktt andeldtionre glatesi¢d falthicatioinaef geimcobsuatom the
devices. In accordance
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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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 1 source/drain diffusion

source/dgiomai fidjace ié divikegjateand faringaad fpidxiahipystaiatngyer on the substrate
substrate over the source/drain diffusion regions. The method further
over tlkOroprisgdrihe dtepsehdepositingle matrldfualiey daygiriedhie swystfadepositing a
covering the source/drain diffusion regions and the substrate is
metal pratiesseagidiooiothe metatsdicide hantacts onerdhensdiffesdr adaidiffusionhe substrate
regions. The epitaxial layer formed reduces formation of metal pipes.
is prod€8366 A\ foif indidcidredtitoaneikenasprecioitbalinveditifisiobhe dions. The epitaxial
comprises a transistor disposed on a substrate, the transistor includes a
layer foatecdmeldaoey Cerdraiomdidfusion pgpéons in the substrate adjacent thereto.
The IC further comprises metal silicide contacts on the source/drain
[0006HiffusienCegidizs] whkirimthkesiigidet obmiiadtss catiopriSEhenklaloonaikey a transistor
layer reacted with epitaxial layer over the source/drain diffusion regions.
dispod&00T hIsupetranptietraspsor aidhednveniio and soaitwddrahfdifhingmiesadns in the
silicide contacts is presented. The method includes providing a substrate
substrapxepdjpednvitie@tdifflibio FCrégibararndh fosey mee aih @hitiakiablayers ovah¢heurce/drain
diffusion region. The method further comprises depositing a metal or alloy
diffusiayecgves, théatifusiernsilégitncand disecsnipsisat@ds pooadssddyto foanted with
metal silicide contacts over the diffusion region. [0008] These and other
epitaxchjgts, @lengavthiadidmiageSuano fieatonss of the present invention
herein disclosed, will become apparent through reference to the following
[0007 Hesclipsiarmaottiches pecc ofripanyiagtamawingshdclothienmaore nieisltald@de contacts is
understood that the features of the various embodiments described
presenteteiflareetbbuitlatlysepolvusivng andbsanteyistiaredriotsachiffiloivaticgson and
and permutations. BRIEF DESCRIPTION OF THE DRAWINGS
forming an epitaxial layer over the diffusion region. The method further comprises 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:



[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
[0010]llustraHng the privciples Witieniventionotwikiefrilgvgingsdescription,
various embodiments of the present invention are described with
[0011Teference ihthe totlandikgordraavingdaitavkicho2:[ORbOHnigat tef-thshowmion; and
conventional transistor with metal pipes; [0011] Fig. 2 shows a transistor
[0012]n acBardaace shitly anrcessbddimenting thednsertion aand di0d 2 iHigme
3a-g show a process for forming a transistor in accordance with one
embodimbadifithatiof digoimvention. DETAILED DESCRIPTION OF THE
INVENTION [0013] In the following description, details are set forth such
as specific matHAIAI[FEDaDESER[BIEON Ol aHB MROVEINTAGN rough
understanding of the present invention. It will be evident, however, that
[00131he piegenfoliveni®desuaiptienpieeiiteaaithdoithnesd detpidsifin otfterials,
instances, well-known process steps, equipment, etc. have not been
paramdessyribednrophiticupao deétail tise@gzhontizehscling tifaheressahinvesiioon. It will be
[0014] The present invention relates to transistors with metal silicide
evidemrphtaactserT Heat tiansistons icanm@inoaspler piadtistd Waholuhehé&sdeaailbdn other
any type of IC, for example dynamic or static random access memories,
instansignakirboessqgrs@s sysierequiphigndewc sy empetesig das@ibahalggrticular detail
devices such as A/D converters and switched capacitor filters. Other types
so as mftlC»bseuatsbe psefet Bvehti@s are incorporated in, for example,
communication systems and various types of consumer products. [0015]
[0014Fig. Ashpwscattravisisior 220ds tagcord stoce wiithmoetel embrldi cvartdas. thighe
invention. The transistor is formed in an active region 206 in the substrate
transi2O%.dam deareoipoditménttdHEs. 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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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
gate diliendager 20Hicang ik sidetre20daisToemadditeregitysicisolatechérgae
other device regions by isolation regions 280. The isolation regions, for

dielecekainplenabfrphiskeshallowl deenOthisalgiions (midshld e hdanenfl th®ource/drain
STIs preferably extends below the top surface of the buried oxide layer.
diffus{O® i die2astiediedwmmnatisiheidbn cophd yith dapantshefsatsaaanchrface. The
polarity type. The transistor comprises a gate 230 on the substrate. The
sourccgditg nrdififiodsrerggitm eleetheda 133b pae wvach3lopdetdiel adiria galritypypallyThe first
the gate electrode is formed from polysilicon and the gate dielectric is
polarifprgped fisoax shgiie alooxpaice Othepdy fasndi gnaierptstanesBlee. Usaiuing p-type
Source/drain diffusion regions 225a-b are located adjacent to the gate
transidoenaeith {heypuldapraies axtactrst pelasnyngpidiainsditiugidn MEglectsiaspacers 260 are
heavily doped with dopants of a first polarity type. The first polarity type,
dispostal @xdnplec codapriles Thtype] dommisgpeerstypeci amnpist areFormadd joity pidicon
transistors with p-type dapants as the first polarity type is also useful.
oxide Ditlesttipspat did @b0carentctiaposechan thkcgatesidevuatslsbhadfidlectric
spacers, for example, are formed from silicon oxide. Other types of
[0017HieleCwigarat2tiatsds2éh as pilwddeditvdethardi flsoonseftib{©0dd pate electrode. In
Contacts 240 and 241 are provided over the diffusion regions and gate
one erslecttodst, the cnstarnbooimestt nkecotitadts Coefiprbly Ndetahsilicsilécide comprises
Preferably, the metal silicide comprises nickel or a nickel alloy, such as
nickelnickeligtatinloy,cunickehtetbhlain@iher types eihmbtal. $kibelegpeaniabseral
be useful. In accordance with one embodiment of the invention, the metal
silicidsflicidesortactsfale teaveaddayqerocdssing:ambodialdatyef thitimaengpnartialmetal
silicon (epi) layer on the surface of the substrate over the diffusion
silicideegionsisTdre dpivaydrs pforessarpplejatander prokide dporaxe slidacécpf) layer on
the diffusion regions selectively. Other techniques for providing epi
the surface of the substrate over the diffusion regions. The epi layers, for example, can be

provided on the surface of the diffusion regions selectively. Other techniques for providing epi
layers are also useful. Preferably, the epi layers are fully consumed by the metal layer during
processing to form the metal silicide contacts. For example, the thickness of the epi layer is
about 200 A for a typical nickel layer of about 100 A. Other thickness is also useful. By
providing an epi layer on the surface of the diffusion regions, formation of nickel pipes are
reduced or minimized.

[0018] Figs. 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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layers are also useful. Preferably, the epi layers are fully consumed by the
metal layer during processing to form the metal silicide contacts. For
example, the thickness of the epi layer is about 200 A for a typical nickel

to a feytRo@fanbeuk O, thithew thickhebaris dtsadesefabobya pravikingaad &pistroms
layer on the surface of the diffusion regions, formation of nickel pipes are

thick. reduaat!iokrainsniae chd @01 SliEigsadbbystbvk Alptagassifoafarmisfia The substrate
transistor in accordance with one embodiment of the invention. Referring

is prepiarédgyidia aa semicaaiticBiGS Ulsiraiev3Gt dib pravigedesThieesuibgidapediregion with
one embodiment, comprises a SOI substrate. Other types of substrates,

dopansuchsasoral pdjpasiypen Tulistratdermeivalagion, usaiinfibea SO fupktiatdon
includes a buried oxide layer 305 below the surface of the substrate. This

technitgsultsih asopdicatidayeiti30 himsindab ik sskdorOBel e dariquaciivngoimeing the
buried oxide layer. Typically, the top silicon layer is from a few hundred 4

activete gidawrthdssasef@ngstroms thick while the buried oxide is about a few
thousand angstroms thick. Other thicknesses for the top silicon and

[0019buriedadxithe kayersiaraaismsiSefinl oftee delistraigiosspne fareabstititeaare isolation
active region 306. The active region comprises a heavily doped region

regions/BRO ddpantslafise cogidpo laritxtypele Toofopnmisth§Tdatig@nsgibnpone embodiment, the
conventional ion implantation techniques, such as implantation with a

STI regiask ©apndeelosd tho toprsietiri gt ds:fourfierhoxigdhey eactVari@gionmkational
also useful. [0019] Isolating the active regions from other device regions

processpstbwn Sulrstrplieyada dsolaioine 580101 @80.Fbhexsolplio theegionsytéaran be etched
example, comprise STI regions. In one embodiment, the STI regions

using ectenotivaldwtthextomsiskfacehoiciines bufiech axidehtayehidteaiouBen filled with
conventional processes can be employed to form the STI regions. For

dielecexamgle]theishibs tvdteooanide. efdivaaicolsiner bamvehpiaindli et dit) vradhe
techniques to form trenches which are then filled with dielectric material

perforsucht@sesilicerensgsieo Gte anid grovedhapicahpslistitag (QhtR)fean Behe STI regions

can be formed, for example, prior to or after the formation of the doped wells.

[0020] Referring to Fig. 3b, the process continues to form the gate layers on the substrate.
For example, forming the gate layers comprises sequentially forming a gate dielectric layer 332
and a gate electrode layer 331 on the substrate surface. In one embodiment, the gate dielectric
layer comprises thermal oxide. Other types of gate dielectrics are also useful. The gate
electrode layer, for example, comprises polysilicon. Other types of gate electrode materials,
such as metal, are also useful. The gate layer, in one embodiment, can comprise a heavily doped
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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performed to remove excess oxide and provide a planar substrate top
surface. The STl regions can be formed, for example, prior to or after the
formation of the doped wells. [0020] Referring to Fig. 3b, the process

compré@tintiet toddien djje gatdldse i asrihie, SubbtiatexideonexasoplssfiarnPirgerably, the
the gate layers comprises sequentially forming a gate dielectric layer 332

bufferanst&igbdemfeticodedayeinBditforihacubat spacuiaaer it eh@e gate.
embodiment, the gate dielectric layer comprises thermal oxide. Other

[0022]ypes Refyaiin glel€igrics,ahe Bigaruseftiel betgated eldaredavayesnibmask and etch
example, comprises polysilicon. Other types of gate electrode materials,

techniguehtasoretalgasss alsoSpaetud. SH0eagafieriayd nnnhenateidedutients shown in Fig.
comprise a heavily doped polysilicon layer of the first polarity type. The

3d. Tholysilesrcaprie,ifiesityaapedaaticloped hatorialisyelantaiiodeafielor nitride. In one
deposition, such as during formation of the source/drain diffusion regions.

embodnauriditig wpatepecopolyisdisiicda aldddiSEhd spadA1 jckm bade@mbddiingrioaf entional
the invention, a buffer layer 335 is formed over the gate electrode layer.

spacerTjredessgosechf dhddpofiemiaydi iakte diedenidheytoronationubkantepntbyae. The
over the gate electrode during a subsequent selective epi process. The

dielechisffaytayerhéarpaxampleosaanveribe hmitrideaQitveiohyp s oniguffespacers on
materials, such as oxide, are also useful. Preferably, the buffer material

sidewddswyprise gaematerial different from the spacer material of the gate. [0022]
Referring to Fig. 3c, the layers are then patterned using conventional

[0023mask and etichintddifimi gues giofor 32 sadatecIdomSp acdrs B0 aregiomoé the substrate
on the gate sidewalls, as shown in Fig. 3d. The spacers comprise, for

adjaceaxamipiegacdidlecttitimate negisuchiaiseaxidplanahopriieitieaviiyoteped regions of the
embodiment, the spacers comprise silicon oxide. The spacers can be

first pddamgdypsinglocodventiozadns pacdregrocesses jeuoh@sntepositifig anplant can be
blanket dielectric layer on the substrate and gate. The dielectric layer is

self-aligeedpatferned toirgnaoventhenhorizbni@tiporttohsidesving thersgaderdifiinsion
sidewalls of the gate.

regions are also useful.

[0024] In one embodiment, the diffusion regions comprise lightly doped (LDD) and heavily
doped (HDD) regions via, for example, a two step ion implantation process. For example, the
LDD regions are formed after the gate is patterned and the HDD regions are formed after spacer
formation. After the formation of diffusion regions, the dopants are activated by, for example, a
thermal annealing process. The anneal also serves to facilitate recovery from any deformation to
the crystal structure 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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[0023] Source/drain diffusion regions 325a-b are formed in the active
region of the substrate adjacent to the gate. The diffusion regions, for
example, comprise heavily doped regions of the first polarity type. The

low tedlgResluegioRstbanepedepmribbhyeidmiguelansationve e hmglasnt godiethe epi layer
self-aligned or formed using an implant mask. Other techniques for

only oiotheisgitoe dlifftasionThegidnsnaagealsdyusefists [H024dHalizaoe modeedinkit,avoids a
the diffusion regions comprise lightly doped (LDD) and heavily doped

maski i ) eegiapsoianiovexaniple d & pwoPstéa ibly jnhel aiitdkiiess pfobe spi Foselected to
example, the LDD regions are formed after the gate is patterned and the

ensurdielng égigns aserethdad aftes sirgae nfgsroatisno Adien thetdbsitiaiden @he thickness
diffusion regions, the dopants are activated by, for example, a thermal

of the apheatingaprplecisabiche 20008al also serves to facilitate recovery from any
deformation to the crystal structure incurred during the process of ion

[0026]mplaxfiati docniatpaaifththepattyeabisraae dtfauid @i aliond, 105+ 1L@AE tha substrate
the case of a soak or spike anneal, a flash or laser anneal is performed

is cleativereBfies aitsldobuI200yck30RC1 AT Refeikrirg ty Hio: SenaricepilRPEY, clean
370 is formed on the substrate over the diffusion regions. Prior to forming

chemiting efhkapeffdhiagirrfacaafviie Absirata is Eigadtd oy tibiaxaddias dbibsited over
clean. The DHF clean removes native oxide from the surface of the
the substhstrateverne efpt dayesiciorexample] mforeddybbeldativede positioomprises
techniques. Preferably, the epi is formed by 6 low temperature selective
nickelepirdepdsition techniguekeSelaativa teahnkgliescdposiOitherapptaydmandyials may
on the silicon surface. This advantageously creates a self-aligned process
also bavinefuhvbigscal thakkiery ahthe tobinlg daperamadwe udvantédle pA Papfernatnl{not
the thickness of the epi is selected to ensure being fully consumed during
showmna subbke furentdwecess tmdeinnpeetdl sticigdaildreftnickmegse, gbthpresps ficanium
example, is about 200 A. [0026] After formation of the epi layer over the
nitridediffuSjorltegiop$a thiei sabfagefof themplestiatd 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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is cleaned. For a nitride buffer layer, the cleaning is achieved by, for
example, a H3PO4 clean chemistry. The buffer layer is removed. As
shown in Fig. 3f, a metal layer 345 is deposited over the substrate,
the desiovetinginedifilisidatiegidng axshgate alvefa bl otheireeilbaxeacts with about 200
comprises nickel or nickel alloy, such as nickel platinum or nickel
A of ejeintditon t«©Ofben ttpes 2i0maidTidlkenayicdso Padisedial Aypicalothitksigsson
of the metal layer is about 80 - 150 A. A cap layer (not shown) can be
depeniBronattayertqeirestaltkayer. The cap layer, for example, comprises
titanium nitride (TiN). The cap layer is about, for example, 50 A thick.
[0029DtheTypas ek capniayarsdry fickilrssesrarenalsusesuhd 0024t R efetiengansistors.
to Fig. 3g, a salicide process is preformed to form metal silicide contacts
For exadprnd 34ékavierithie pifitsiomdagioas {326 arbytanvibthend atenehesirotieh are then
(331). In one embodiment, the salidide process forms nickel or nickel
filled aiithycsilidide wontaetil Thelsaticiogaprocéasy iorexampes. cadijitisasl processes are
annealing the substrate, causing a reaction between the metal and silicon
perfor(eed.tsuhapkie, tepl@ntbpetysiptoyddiiepaiametenscof e alitialepassivation,
anneal should be selected to avoid salicide over-growth into the diffusion
dicingtegibpsckaghne embodiment, the substrate is annealed at a temperature
of about 400C in a nitrogen ambient for about 5 seconds. Other process
[0030 paraifieténsenaynalsoyibe usdiodicthia ogptayecifis Yoethasvekoesdapetalg from the
layer on the substrate, such as over the STIs and gate sidewalls, are
spirit oepsoxeth] Reanoval gars BeaofiicVbd fusigre selbotiteanst dieteicizantoto be
the metal material, such as nickel or nickel alloy. [0028] In accordance
considertid anelleredpedimndosiodtive rmhentiom, ina tihigkness aitihe dgicabedd tnetah. Scope
layers are selected to ensure full consumption of the epi during the
of the savieitioprodessinditntZdthg dhesippdraigtbalatos silididation . bycghe Xxamgle g
about 100 A of Ni or NiPt reacts with about 200 A of epi silicon to form
descripthoutado A diangisahsilicide: Whbiachegahamogirof sitigidafiequidelpenyst the
on design requirements.
claims are intended to be embraced therein.



[0029] The process continues by forming interconnections to the contacts
of the transistors. For example, a dielectric is deposited and patterned to
create vias and trenches, which are then filled with conductive material,
What Bughiase¢opper, to form interconnects. Additional processes are
performed to complete the IC, for example, additional interconnect levels,
final passivation, dicing, and packapiwpMK030] The invention may be
embodied in other specific forms without departing from the spirit or
1. egsenrtidcbarabirisiiguthenegfattieiforega®pcempasdiments, therefore,
are to be considered in all respects illustrative rather than limiting the
inenitingesabiedehepurcSodpea ahiheiovriNiap isgihtaanddicataddoyithdéffusion
appended claims, rather than by the foregoing description, and all
regionshapgeatthathegme within the meaning and range of equivalency of the
claims are intended to be embraced therein. 8 What is claimed is:
Clofdivig: ad epitmethdd af dahhcatingrate innegtiatadwairelditaihC)i omigmi séagins;
providing a substrate prepared with a transistor having a gate and
sdepoeidngin ittasmmeedioihsyddjecent tie thbgate; dovaring tie spitaxidtain
layer on the substrate over the source/drain diffusion regions; depositing
diffusmmrepabos; metal alloy layer on the substrate covering the source/drain
diffusion regions; and processing the substrate to form metal silicide
coniects gy drethebsoatec eddrain oi¢fakidlicidegionsicwhereiththeepitaliah diffusion
layer reduces formation of metal pipes. 2. The method of claim 1 wherein
regionpyedessinghthepsubstl dgecondurae otheepitakislclay eipeS. The method of
claim 1 wherein depositing the metal or metal alloy layer comprises

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.

8. The method of claim 7 wherein processing the substrate consumes the epitaxial layer.



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

9. fenllitatethseleciiveiy fowhtrgithdegitaxiahlpyersalielethesoaee/ciainte sidewalls and
diffusion layers. 6. The method of claim 5 wherein processing the

wherefiibstrate consumes the epitaxial layer. 7. The method of claim 5 wherein
depositing the metal or metal alloy layer comprises depositing a nickel
nfetaliap nickpll ajlyolayraheSalde Mmethedeoktiaimelyihenaia proepssiig layer over
the substrate consumes the epitaxial layer. 9 9. The method of claim 1

the sowbetkuirtliffisiercagiprisemdielectric spacer on gate sidewalls and
wherein: forming a cap layer over the gate to facilitate selectively forming
theepisxiatiayebaveae thessoescerdepimdiffuiaien. regions; and processing
the substrate consumes the epitaxial layer. 10. The method of claim 9
wherein depositing the metal or metal alloy layer comprises depositing a
nickel metal or nickel alloy layer. 11. An IC comprising: a transistor

10. diBposethod af slkisirdtehthe drdesision gnbkidesab @ate taha lsgurgedrammprises
diffusion regions in the substrate adjacent thereto; and metal silicide

depostorgactekei thetdauroeidiait @iffagton regions, wherein the silicide
contacts comprise metal or metal alloy layer reacted with epitaxial layer
over the source/drain diffusion regions. 12. The IC of claim 11 wherein
the epitaxial layer is fully consumed during the reaction with the metal or

11.  metal@ioyniaieng:

a transistor disposed on a substrate, the transistor includes a gate and source/drain
diffusion regions in the substrate adjacent thereto; and

metal silicide contacts on the source/drain diffusion regions, wherein the silicide contacts
comprise metal or metal alloy layer reacted with epitaxial layer over the source/drain diffusion

regions.

12. The IC of claim 11 wherein the epitaxial layer is fully consumed during the reaction with

the metal or metal alloy layer.

13. The IC of claim 11 wherein the metal or alloy layer comprises a nickel metal or nickel
alloy layer.
14. The IC of claim 13 wherein the epitaxial layer is fully consumed during the reaction with

the metal or metal alloy layer.
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13. The IC of claim 11 wherein the metal or alloy layer comprises a nickel
metal or nickel alloy layer. 14. The IC of claim 13 wherein the epitaxial
layer is fully consumed during the reaction with the metal or metal alloy
15. lapes.ICiblafhe 1IGvat&ainhd gahergiprides gatavatimpiisasadidewaltin the epitaxial
spacers and wherein the epitaxial layer is fully consumed during the
layer ike@eorondtimthibdmeiglthe reetdballoiHalemdal dhadtlafiRiaimyéh wherein
the metal or metal alloy layer comprises a nickel metal or nickel alloy
layer. 17. A method of forming metal silicide contacts comprising:
providing a substrate prepared with a diffusion region; forming an
16. epiiaX@ldayriraver ihediiubiomeadionndepaliy th gemetalpoisesetal @&lédynetal or
layer over the diffusion region; and processing the substrate to form metal
nickelsilioigéagantacts over the diffusion region. 18. The method of claim 17
wherein depositing the metal or metal alloy layer comprises depositing a
nickel metal or nickel alloy layer. 19. The method of claim 17 wherein
processing the substrate consumes the epitaxial layer. 20. The method of
17. claimei®od/béfeimdepositihgilicglnetalaotsretgbddiay:layer comprises
depositing a nickel metal or nickel alloy layer. 11
providing a substrate prepared with a diffusion region;

forming an epitaxial layer over the diffusion region;
depositing a metal or metal alloy layer over the diffusion region; and

processing the substrate to form metal silicide contacts over the diffusion region.

18. The method of claim 17 wherein depositing the metal or metal alloy layer comprises

depositing a nickel metal or nickel alloy layer.

19.  The method of claim 17 wherein processing the substrate consumes the epitaxial layer.

20. The method of claim 19 wherein depositing the metal or metal alloy layer comprises

depositing a nickel metal or nickel alloy layer.

11



