NESTED AND | SCLATED TRANSI STORS W TH REDUCED | MPEDANCE
DI FFERENCE FlI ELD OF THE | NVENTI ON [ 0001] The present
vention relates to integrated circuits (jCs). Mire
parti cul arIE?/STthe invention elates to reducing the

di f f er enc NESTER &NR 1$QEATHRISANSR TR WITHo| at ed
transi stors. ngg?Fﬁﬂ E%Aﬁ@%ﬁﬁ?ﬁﬁﬁb@ [ 00021The
fabrication o i nvol ves the formation of features
on a substrate th&alEnBKeF THECINVENTI@¥nponents such as
transistors, resistors and capacitors he circuit
10001] ¢ oot EFRC iy B o Eles i DL SR s IGa M pRibsyarty, the
_ ‘the desired function. [0003]Fig. 1 shows a ) _
inventigioiglagasttp aeriicing thg differapce M Esistappebety geisnastedrand soyedhisgnsistors.
on a doped well 108. The transistor has source/drain
di f fusi on regiDHECRIPSEON QHITHERELAGER ARTe 130, which
i ncludes a gate el ectrode 131 over gate dielectric

[0002] | ay®ie fABZcatibRof 04 BvElvesthe FskendtibRio€ Bdatited ¢n 4 Qub¥RSkefthAMake up
pol ysilicon Located on the gate sidewalls are

circuit | O?IQItltE,i éfﬁ%'agﬁgl?s%@ﬁ,%ﬁ%fs a:h‘é e}am%l. 'Isﬂ.etciix%. ﬁ@omg?nents are

contacts are provi on the surface

. t he substrate in.the squrce/drain regions and gate

interconyégled a8 feirte o achip kg deited WisfioBen the sour cel dr ai n
regions under the gate is referred to as the gate

[0003] | e%gg-hl. shogis) agonyentioay tmsistosd 18.a e Erapsigon 1§ dermigdtop adoped well
substrate 105. [0004]1Cs can clude p-type, n-type or

108. Tipotrénsisyrems edurce/dnsi Gtiosion ragigisclaiShp, adjdvent] tCaigatd Lidewhich
areas whi ch have densely popul ated transi stors (nested

include$ £ ghtertectrode | BsovalgarelisleapWyai E30. tTiaNGikSElOdtfodeitgligally is
regi ons). Conventional processes for liming ICs

formed %%%Pi)&lg/éiﬁcéﬂ. ANstafldYnthd ?éétﬁ Bl frg %ﬂztl%c‘ﬁﬁ’@;ﬁg&\bilg spacers 160.

par aneters, such as sw tching speed. This i
vt o RORSEARHS BPuli SRRV GRE s GRS g BE TR

| npactj ng oyeral] |C perfornance . .
source/drgBl regions and gate eiectrodelcs). l’l{le distance Lg between the source/drain regions

under the gate is referred to as the gate length. Isolation regions 180 can be provided within
substrate 105.

[0004] ICs can include p-type, n-type or both types of transistors. Typically, the IC includes
areas which have densely populated transistors (nested regions) or less densely populated
transistors (iso regions). Conventional processes for forming ICs result in transistors having
different operating parameters, such as switching speed. This is undesirable as this requires [C
designs to accommodate the transistors with the slowest switching speed, impacting overall IC
performance.

[0005] From the foregoing, it is desirable to provide transistors in ICs having similar

operating parameters.



[005] Fromthe foregoing, it is desirable to provide
transistors in ICs having simlar operating
paraneters. SUMVARY OF THE | NVENTI ON 100061The
present inventi oSUMMABY ®b TAHEBYWBNTEPNT or i ng a
contact or an IC. The nethod includes providing a

[0006]S UbTh¢ priceentiidv@nBomBlAds t6ialmethstbotonhmgta. coAtapr @e@dei Mhe method
| ayer, such as silicon, is formed on the netal suicide

1ncludé§ Ahg aEtht%Wﬁﬁ%'n%allsﬁWe &)ﬁﬂlcp €A fpﬁfc@ﬁﬂagﬁ)ﬁy&;\/@chés silicon,
or |on inplantation. A netal layer is dep05|te

is formt%X Gh tﬁehrﬁetgf k& ﬁ? cgrgaéb t L gro-gpﬁenigg%r o8 fe fosl‘m@% Bgeﬁﬁlﬁ dALD or

cause a reacti on rocessi ng an

|.ayers, ther I NCr easj thlckne s of
fon imglGHigHaTh A TAANET FHEPOTIEHS BT 0 GRFER Bl o d DESHE i
| ayer, depositing a netal |ayer and processing the
processediba FRUSE @ Teanhion beives tedHogasting al@dn@e{) lay ks ctherepy incrasing the
contact is at a target thickness. [0007]1n another
thickneas peihit mdtdlesiliodeervintash Thedl sieps o f famang & GrocFsagll@yer, depositing a
i ncludes a substrate on which the 1Cis fornmed. The
metal lﬁﬁﬁ shd piReftafy the EstraRedas BE edpdatee vihGiehé aaikovs felid aedact is at a
ereon. The defined regions are populated with
tmgatﬁﬁgh&@nductor devi ces having contacts, such as
transistors. 'fhe -first region has nore densely
[0007] pthfln O‘g}%{} ?‘%p\e/el f: ?hse 1%1?%1%8%& Ct § oeﬂldICd eﬁ{ecl‘é 15(9%11?% %uggfa[tgaon which

reglons are su

t . 081The an r. obj ects,
the IC fgrnie gd¥ saﬁﬁrﬁ%gﬁs rendoian dsvice GO S BRET Bifeon. The defined
herein disclosed, w Il becone apparent through

regiony as¢ ppirated mothtsemicankneson dryiags baving eonspets such dsdransistors. The first
acconpanyi ng drawi ngs. Furthernore, it is to be

region halao=tdenskly papulathé dé\éedsuhzastheﬁedohé dedcé wgmn. The R of the devices
enbodi ments descri bed herein are not nutually

in the X W8dives 4B duissgdhtighy file shilevar i ousbi ns and

nennut ati ons. BRI EF DESCRI PTI ON OF THE DRAW NGS
[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. Various embodiments of the

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

[0010] Fig. 1 shows a conventional transistor;



100091l n the drawi ngs, |ike reference characters
generally refer to the sane parts throughout the
different vi ews, Also, the draw ngs are_not necessanly

to scal e, enphasis instead gener [ pl aced 0
[0011] || Fjgt Pary SZ‘@Wt%*F@uqudrﬁéﬂﬁ 188iSigpce f?fjé’ ?’yﬁ and ke onpacisted
enbodi nents of the present invention are descri bed
transistowstréspeeifvushyeasrcefunctiothel datd lengihng dr awi ngs, in
[00101Fig. | shows a conventional transistor;
[0012] [ OCHi] Fitwsys adalstichofrarsiChinl sat @darsenidsoreasitaidanas ofthe invention;
p-type and n-type iso and nested transistors

[0013] eqﬁg@t §N68Ish P cds bPRkklimehl GRti8e t&NS:in abBQEZAEIith one

hows a portion of an I'C in accordance with one

embodlmpgftﬂgﬂ#v ?1501{ qu' nvention; [0013]Fig. 4 shows a
process o

met al SUICIde contacts in

accard e wth one odi.nment f t hei pventi :and ..

(00141 §0385% RgSn0 a e SRo it 4o BE B L i PPy ARbS enﬁ?rilmem of
accordance with one enbodi nent of the invention.

the invgniippg LED DESCRI PTI ON OF THE | NVENTI ON

DETAILED DESCRIPTION OF THE INVENTION

[0015] The present invention relates to improving performance parameters of transistors,
such as switching speed. In one embodiment, the invention relates to providing transistors
having consistent performance parameters on the IC. For example, nFETs or ICs in both iso and
nested regions have consistent performance parameters.
[0016] We have discovered that series resistance (R;) of gate electrodes are different in the
nested and iso regions. Figs. 2a-b show simulated R, of p-type transistors and n-type transistors
as a function of gate length (L) in nested and iso regions. R of transistors were simulated at Lg
of 48 pm, 56 pm, 64 pm, 80 pm and 110 um and measured at 25°C. R; is determined by the
following equations:

Rs = 50mV/(Iyin@VG — Viin) = -1.1V for p-type transistors; and

Rs = 50mV/(Igin@VG — V1iin) = 1.1V for n-type transistors,

where

Lgiin is the drain current measured at the linear region and

Vin is the threshold voltage measured at the linear region.
[0017] For iso transistors, the pitch is 0.384 um while nested transistors have a pitch of 0.182
um. From the figures, R for nested transistors (solid line) is higher than that of iso transistors
(broken line). For p-type transistors, the R converge as L approaches zero. However, for n-

type transistors, R remains different as Lg is equal to zero, for example, a delta of about 10%.
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[00151The present invention relates to inproving
performance paraneters of transistors, such as
switching speed. In one enbodi nent, the invention

Due tortled Bt dadtat wansisors dhi neptadraad ssostegioss wall perfprooh§ersnidgytsuch as
performance paraneters on the 1C. For exanple. rthETs

switchi@g spé&esl. iThehahbisiosowhh HighesR ewilr @dtchnsowa vencnsasiseit with
performance paraneters. [0016] W have di scovered that

lower REMBSrs@H if 0ARGE gefFoimMice 4848121 RUTHRACSsifehe slower switching
different in the nested and 1so regions. Figs. 2a-b

transis@ps‘)%?cib%lc@(}n%ﬂoﬁit?@f p-type transistors and n-type

ransistors as a function of gate length (LG in

nested and iso regigons.. R ,:. of transistors r

100181 37 i SO 3 POBE B3I C i SRAT -G B OB Ry SRdmahe

) pm and neasured at 25C. Rs is determned by the

inventipp| Thedhgoreiaanleren brany=type A/IG. tspatyaaad ypamicpangnm geress
transi stors; and Rs = 50i nV/ HcauagVG -= 1.1V for

memonmest(PDRA Ms)astsiis tandsm achass eneirrieh SRIAKsH noovoltite memories including
nmeasured at the linear region and VThr, is the

prograinfa8RNeAdloMe Ik @86+ ¥R AR OMEChnd tfl ablh éhehiofieglopfo@Bc@bnic devices, logic
[0017] For iso transistors, the pitch is 0.384 urn

deviceé""&inlnﬁnﬁﬁ:%#i&q atviensh thlfs? BNR cEssBis(BRPY! m@cr&&%ﬁ’dﬁéra, system-on-

Fromthe figures, Ifs fof nested transi'Stors (solli

oo pREDs b ABEDE AR By Shel SO AP (L0

[0019] aPPERG gglr(taign oF {h%'lcl_g\rl\n%\ﬁ%s’ a gu Gtrate 305. The substrate, for example,
comprises a semiconductor substrate, such as silicon. Other types of substrates, such as silicon
on insulator, are also useful. The substrate, in one embodiment, comprises a lightly doped p-type
substrate. As shown, the substrate includes at least first and second device regions 392 and 394.
The first and second regions correspond to, for example, nested and iso regions. The nested and
iso regions are defined by first and second doped wells 308 and 388. The doped wells comprise
dopants having a first polarity type. The wells serve as active regions of the substrate, separated
by isolation regions 380. The isolation regions comprise, in one embodiment, shallow trench
isolations (STIs). Other types of isolation regions can also be used.

[0020] A plurality of transistors 310 and 360 are provided in the nested and iso regions. A
transistor includes a gate stack 330 and source/drain diffusion regions 325. The gate stack
generally comprises polysilicon gate electrode 331 over a gate dielectric 332. Dielectric liner
and spacers 360 can be provided. The liner lines the gate and substrate while the spacers are
disposed on the gate sidewalls. Typically the liner comprises oxide while the spacers are formed

from nitride. Other combinations of materials are also useful. Nested transistors are provided

with metal silicide contacts 340 and 341 over the diffusion regions and gate electrode; iso

4



type transistors Rs remains different asis equal to
zero, for exanple, a delta of about 10% Due to the
Rs delta, transistors in nested and iso regions wll
performdifferently, such as smntchln% speed.  The

transwt@rls SFRSRTEYIgES W\}ﬁhtmlet?‘\ll syirdde eoniacty 3&\vind 3 @W@Wb? dtfﬁgwntrﬁgons and
transistors wwth lower R This results in overal

gate elepwoderfmmeealdeliideledntants, dér exmpleCeanpriss rtitkes] st vsvdloy, such as
swi tching transi stors nust be acconmodat ed. 00181Fi g.

NiPtSi. 3 Cslh@Wiped op ffetal oor S0né CarBil, Grd dls@geal dane eotthéth s@heas
enbodi nent of the invention. The IC, for exanple, can

terminalR€o ARy trards¥slgs Of 1 C, such as dynam c random access
menories (DRAMs), static random access nenories

[0021] 5 g%ﬁ"\ﬁgﬁt(&m ?}I}et}lﬁg?le%é& | Wrdegss }“g é)rl]ﬂjacti‘!:({1 iy eg%mg Igg‘[es of the
transistgrtéglfei‘léeggntc hlplgfsvcléﬁ]g té)| abﬁgtloégg%ed\élfuie Mﬁa y, a gcae%{ t(r)z{]nsmtors in the

m crocontrollers, systemonchip, as well as other

nested regigashast diffvsiqreregions g, 3 05e. IAtherdraasiatos sonfemtrations in the nested
[09191The portion of the IC conprises a substrate 305.

region afbelss ubstl airecontrast, exiesnypdre in thenpricgies age kendaoeigdpetiked. The
substrate, such as silicon. O her types of substrates,

gates ofSHE lso@fanSiklot LR e Apitch SHHidH 1@lgrealld Snadl th& I8 ﬁ’éstedﬂhﬁsmtors for
substrate, in one enbodi ment, conprises a lightly

examplgoa?Fé; dtpaggﬁﬁ lleggts(-f?l??l% si laﬁgéy\ﬁbnlghgfgvtfdggﬁésgsgl&g r\]’vhlcglg%o not share

diffusiof g A oo LEes amofetﬁg B el e st dBRatog i one so
i so regions are defined by first and second doped

transistege|If i uBdersignd tieg scmalﬂgswﬁ%@a%mose estRgrand dsaisgivtors as well as
having a first polarity type. The wells serve as

other typet ofw@mpegersns of the substrate, separated by
isolation rei!ions 380, The isolation regions conprise,

[0022] i N IaRAc emMBbddicht) & fiShpblhew t&p@ﬂﬁﬁpﬂ@@%&ﬁdﬂi@aﬁ@ﬁbﬁhmg p-wells

O her types of i sol ati on regi ons can al so be used

for n- ty%@ %\% 031% Oﬂ?JlléHt?It}?ez tr91f131§ bRNSThE kMg st3d0n ms&% Adsfed re%lons, in one

este and 1so reglons A transisto
udes t t ack and S e/
embodifrg 8%@?%%%3ﬂ*ﬁéﬁegme§ g ydf@%ﬁ%%e-lg&%ﬁt&iee% the two
ectrode 331 over a gate | ectric

regions dt‘@rle B e %apée@ %‘rfd’esﬁ%bf’é‘f@e@d@e‘ebﬂﬂﬁ © FPRYStYe esfﬂ@l@nd iso
liner lines the gate and substrate while the spacers

transisters gonipsprodedt b sehe tyakress fodgndudegbodtythe same §s.t he
i ner conprises oxide while the spacers are fotuied

[0023] f r diip.n dhoiwd @.prédehed 7E turbediaingdtisn obnta@tt ef,ifad &xaatpée, adasgstors. In
useful. Nested transistors are provided with netal

one eml§dd1ﬂn@htd%e%ﬁ@lu@é@f&ﬂl%g?ﬁﬂétapéig&dé Bént&dté hgh OB thickness to

regions and gate el ectrode; iso transistors are
W .
achleveQ{%éJ Hédsgr?? a{él fl)“ﬁe t&?ﬁg nc?hgﬁéé‘fcgselg}?&% r%%?a %ﬁ)Jstr%ﬁ greﬁfed.q&eformmg
sl B e H B2 R et Bhe SRR o S0P TP g b, such o
exanpl e CoSiy, are also usefid. The contacts serve as.
doped diffpsiomepgipng ping pate elegtyadestafteansistors. The surface of the substrate is

prepared by a presalicide clean, such as SP + SC1+ SC2. A metal layer is deposited on the

prepared substrate at step 472. The metal layer, for example, comprises nickel or alloys thereof,



[0021] Transi stors in the nested region are densely
popul at ed. For exanple, the gates of the transistors
have a pitch which is equal to about gound rule.

such asTyiPtSialOthier taphsademdtals baalbiyss suck as Gotdie areadtoadefubgilonmetal layer
share diffusion regions (e.g., 310a-b). O her

can be HEFIRRESbPVarfAR Bkt @ch dsplifi@inpe DiRek te@iqRds afe@lso useful.
al'so useful In. contrast, transistors in the iso

regi I . foat . | :

0024 2ShEBSFIP FERIAESES] HpBaRE s n TR LR, Bl o
th ested.transistors, flit-exanple, .at t b .

perory i SRt bR Birdne R BP R Bl € e tabigaty. he
whi ch do not share diffusion regions. As shown, the

substraffois @l hat AR G WikGie Netds {1y 2EOIE LASESS UiHS AL EAsHEN between
and one iso transistor. It is understood that actua

the silit@sardaueantardgrmmoretal sidisidedn thedonfagioregioan Sixeess metah sudheds|unreacted
as other types of conmponents, [0022]1n one enbodi nent,

metal dveetheinbgicopatakiioys hywell aoifthe s@sag régie atopanived at step 474.
tbrining p- ells for n-type (second polarity type)

TypicallyANECHTHNG; etdhR pefBRREBES0VdlecBS thagl. and tRigkiesslof the metal
régions, in one énbodi ment, conprises about the sane

silicidechéoglllaclc: O b%&&rggfehgoo% Il%@-rﬁg%f in Ft between the two

ons’'s  ess an In one enbodi nent,

metal silicide contacts of. .nested d iso transistors

100251¢ oy BepiingsLheiRe B et piSHR sattaripay p Sels BT MR ghe
~ same R ,. [0023]Fig. 4 shows_ a process 470 for .

desired Repistend 7R the procswritraeacds wreltheytensGnn 47 {k ﬁgﬁ gleiql giligide

In one enbodi nent, the process includes form ng netal
contacsideilstode thivhtratitepriepss ogptimuestockaneld’s. A0 stepHi7éveeproprssing layer is

desired Its. The process conmmences by providing a
formeBetet kabstrafd] epariag thotarksBion. Thembadssiap lldyet, de onoerhalisent,

at step 471. The substrate, for exanple, includes

comprSNGiAGh, r'[‘?lgig?&%ssiﬁgj&geﬁ§ foaRaby ik kishB, €Dl ams ssing layer

gate el ectrodes of transistors. The surface of the
supstrate i s _prepared. LG . ;
can be FREN ARy o B AR Sy i IO BRRLG A BB ing HEEr #b0ut 0 A
repared supstrate at step, 472. The .nmetal |ayer, for
Other Bickfipves arg ahiprpetil AlterRurieby (s nrogrSsipp pengan bedmmeby
' deposited by various techniques, such as sPutterin . )
implanting eilicereisa jon tlesssubpteatel Excegsfipen orf o suhsiatesfos ﬁxa.p?&e, in regions
the substrate is processed. In one enbodi nent, alicide
other tharthe sentht rggaodsas madovedh ® esmiviloiad de privcesiswittorepetiwasn etching
for exanple, annealing the substrate. Typically, the

(RIE). SHBSS 472L £751 3 ABQBE Bhkilahe RRACsiSPIdE @ohtactNRakd2 thith@ess to produce
sal'i ci de process causes a reaction between the silicon

the de%%g RTE U@y ﬂ]lg QAR R Ahas T &:ésggd ﬂﬁckfnlaﬁ, ARMr&ets RAhREY at 476 to
ceSs netal such as unreacted netal over ‘the no

P cog%act regions as well as in the contact regions are

orm thelnved at step 474. Typically, a HO I HNOB etch is
perl bnne.d to renove excess netal. The_ thickness of,.

[0026}; he Figst 3a-T shiow zpigsess doit REmIng R [6dn agesrdange ingme embogippent of the
180 -220 A. [00251Dependi ng on whether the etal

inventioin) the Ideomprising & firstsind atsh¢oark mevise ragignsdguing trapwstors. In one
desired Rs at step 475, the process proceeds to either

embodithent, thé Giraldeviéd regidn idiamested adgigiwhérdia tasittactara bedsd tioclose
be thicker, the process continues to step 477. At step

proxinfityrela@vOILGER SiHRE TRY Fifch etk QnTRE trAtkidiiS i thbaktad Rgion, for
,0- Ing the transistors. The processi ngenbodi nent,

onpL [ - -
examif TP R Byl TR sorRlE P OERERRIpL BY Bl h G btors arc
pol ycrystalline or anorphous,silicon. The thickness of
the processing layer is about 50 A. O her thicknesses
are also useful. Alternatively, the processing | ayer
can be fornmed by inplanting silicon ions on the
substrate. Excess silicon on the substrate, for
exanple, in regions other than the contact regions is




i nvention, the I1C conprising a first and a second

devi ce regions having transistors. In one enbodi nent,

the first device region is a nested regi on wherein

transistors are |located in close proximty relative to
located dirlter gp#ie ps oPRREcictEmSIBOr W he BeRed areh sThariich et e e

region, for exanple, is about 180 nrn The econd device
transistpmgn the ibsregivn, §o ekagpleniswheuntei®d nnr.ansi st ors are

| ocated further apart as opposed to transistors in the

[0027] nesR&Brriaged Fid 8a, RintIChs JoedongeRirdghefisst @V idest@bs 5P atidhi@second
i so region for exanple is about 384 rim

device lje%% S’bgqg Afkirt8d.t & (Frie%nboﬁiﬁnelﬁnthh Gr2A0vicOPR drSis A%heed region

rst eV|ce region 5 and a second devi c€ region.

and the gt Feyisg O T 3 oL Bell TE@ SRR SR oo udfBhig s st end
T t 0 f

second ag‘flisﬁ? F?gi(’??e a}ép pelfrélgo%ﬁlg{og geleﬁt.é?eg%iﬁslé grrO?v H‘%[a Eubs(t)rra‘[ge 9n one
sem conductor substrate 505 is provided. The

embodigight compasesiarsilings subdiads. nather typenphsubsitates, sudhiag@rightly p-doped
substrate. O her types of substrates, such as a

silicon bt 01, Inyaylchopadesil| Thesubstrato@ prepayd alimcactiee tep@fng1508 and 588.
The substrate is prepared with active regi ons 508 and

The act@%ereglgﬁﬁe&%ﬁtcbﬂlﬁnﬁ@gh@‘ﬁ/ﬂy%ﬁ&l FRRINW B dSbalBial fstdRnedy type.
region with dopants of a first polo, Y To thrmthe

To fom?gfceha\éﬁvé xe&% {5 HQ&Rlo‘ﬁQf ' 2@% a.'npdﬁoh %hﬁgﬁgst EtE(ﬁll as 1mBlantatlon with

shc |on W t

use t echni for formng the. activ

a mask G504 PG GBS re TGS B SOP A LN R U6 SRR gPaH
fronwother devi ce regions on the substrate are

[0028] j s dselptinmthe agiivrTesmee frommethersdavigeiregionseqi thasubsirgfe are isolation
exanpl e, conprise ST1 regions. Various conventiona

regionsHi80c s éwlatimn regoryidrexecipteo coropmset FI8 r&Jidns. egarons coffantional
exanpl e, the substrate can he etched using

processe9PAERY dridflaledah Ghmaiéd STHSKgibRE Fir@uespleOtht QnibBtlateaaa b Stched
which are then filled with dielectric material such as

using ¢ IJehfi lgf&hglﬁd nf38 'E@cﬁﬁ'll ubEONBRA ‘ﬁ%hcﬂégw S 29y }%med%ﬁl

e per orma to reane excess oXl1 de an pI'OVI

tra surf ace, STl
dlelectr? GPARG e oL Bl e CABERNA Frdty Ao RETCE) chEee
doped wel | s. [00291Gate l.ayers are_fornedthe
perfomseéﬁg {FIBOYE CXEETORHF ARPTAfea pipat Sibstrals to@x%lﬁ%?“e The STI regions
conprises sequentially footling a gate dielectric
can be foayed, f58exaande, rigatceorsifise theddenitiopef tis3doped wale.
substrate surface. in one enbodi nent, the gate
[0029] di etigtelldyies dra@ned OAN¢ SbSirhtee Fﬁﬁhingxlidi@te Ry aey fot ypasple,
of gate dielectrics are also useful. The gate

compn@s %G(ilfeﬁgﬁl}l %Ymﬁf a2 $RE JRIRIR! 1Byer®BIRA § @ateRM YDt | 12@@1”531 on the
her types of gate el ectrode” materials, such as metal

substra%o pg% é)op %bgél?nelﬁ th%gﬁaﬁfelle%@ﬁé la %[&8%‘ glggsgtgléx?naﬁ 'ogult!le Other

rovi undo licon.is efu
types OF ate dl% ec Tics are eﬁso uije%.lly S[lhe gate electrode ?ayer or example, comprises

polysilicon. Other types of gate electrode materials, such as metal gate, are also useful. The
polysilicon can be in-situ doped or doped by ion implantation after deposition. Providing

undoped polysilicon is also useful.



[ 00301Spacers 560 are forned on the gate sidewails.

The spacers conprise, for exanple, a dielectric

mat eri al such as oxide and/or nitride. The spacers can
[0030]be BpaceesdSafsire fproed veitld gatasidepatse Thespaessesiprisadhr esimple, a

depositing a bl anket dielectric |layer on the substrate

dielectfB ¢ha@Ha such oslide!@a/ok hitril@yElie dpacdrii€ih afotRéheddng enventional
renove the horizontal portions, |eaving the spacers at

spacerfpﬂﬁ:e%g Suslh %&gélgn b B0RLLRRUEGRE ByRE fa ﬁll'efsflﬂ)s?ﬂafénand gﬁl‘ée. The

I ons 525a- orned in the active region of
dlelectflg ﬁ)%tg{(%t ?nepe{tt%%le ttﬁ) 'fe?n tvgagb/(?ﬁ(tmz(ﬁ)ntali] goﬁjlo[l; ?)%aé'ﬂgtﬁ$ %lea%&% at the gate
first polarity type. The doped regi ons can be forned
sidewalls. j on i npl antation. The inplant can be self-aligned
or formedpl antk. Qther techniques for form ng the
[0031]di f Bowticodraiediftnionargony B5aksae frmerin giractrbisgionsihe substrate
the diffusion regions conprise lightly doped and
adjaceiteta vlid gatel dpleddiffagion rziatisafor eramplbeacuphpeise hedwily dopepregoms of the
i npl antation process. For exanple, the lightly doped
first pdl@rﬁ!y@ﬁﬁ: AR dopedREicAt LA bé RmEALS idSinipRddifioAe The idplai€can be
[

heav doped regions are forned after spacer

self-ali éﬂédﬁ foffled @{J{lﬁ 51} Hfiﬁaﬁt%eﬁgt 'di’ﬁ'erQ%] {rq]gllss for %ﬁﬂﬁ%ﬁl@tdﬁfusion

or- exanpl e annea

r ocess. e _anneal.i es to facil
regionf REGTRAe T ol iy BT R AT AR ery il dpngd and
incurred during the process of ion jinplantation,
heavilyrjenedapgigns Ylnet%am le,jagwetapipn Hplapiation pegesst Fqr example, the
with a 220 'fie/mnute ranp up ma...Iln other
lightlyelohediiegroms sre forreedaftar iz gmlsqjattdmp@nm@thg &pawly doped regions are
integrated into subsequent processing steps. [0032]In
formed#ieer 8pines tormiation.r afterthe figniatiofro@diffubionaegioms; dieldopardeare
clean can be performed. The can, for

activateX BPRbLex APl tﬁ&&aﬁ@ﬁneﬁhﬁ@ﬁb@&s ushBgndefing Msdsédsitb Facilitate

aqueous sol'ution. Other clean chem stries or processes

recovegag‘srgr ?, f ?Jn%ro Qe[hg {:rgrstai %thfc'nﬁlg 11ﬁ:|uﬁg&] dﬁﬁ?}t"ﬁfe ?)?ovcggeof ion

: ) ate and sour.ce dr I fofusi.on L,ons.
implarfgigng aawaﬁy,&ﬁ%we SeEE R € PHQ%Q har et iR pramn
the bottom of the 100331A netal er 574 i s deposited

rate. Ippthenembedigientst e aefjation gf dmanfwﬁi)ieswég@ted ipfo §Rlsequent

processing steps.

[0032] In one embodiment, referring to Fig. 5b, a pre-silicide clean can be performed. The
pre-silicide clean, for example, comprises wet cleaning using DHF in a dilute aqueous solution.
Other clean chemistries or processes are also useful. The pre-silicide clean prepares the substrate
for metal deposition by removing native oxide on the gate and source/drain diffusion regions.
The clean process, for example, forms undercuts 564 in the bottom of the spacers.

[0033] A metal layer 574 is deposited on the substrate, covering the transistors. In one

embodiment, the metal layer comprises nickel or nickel-alloy such as NiPtSi. Other types of



enbodi nent, the netal |ayer conprises nickel or

ni ckel -all oy such as NNPtSi. O her types of netals,

for exanple, CoxSiy, are also usefiul, The thickness

of the netal |ayer, in one enbodinent, is about 220 A
metals, fOQOX4mRES, £0cSingra dsdisgiulsd he ghigknasepldae pretd daysr, jig one

prefornmed to formnetal sUi cide contacts 540 and 541
embodimeet, it dt@ud2Idf Asi on regi ons (525a-b) and the gate

el ectrode (331). In one enbodi nent, the salicide

[0034] Pr OR&ESink @6 M. BE Gkliciab pRicedsab pAdfb@yedsh Fdred Metal silicide contacts
contacts. Other types of netal-silicide contacts are

540 and%éﬁomi‘& ﬁIeLﬁiﬁusT&?B%?dnis %5?5%— fanf ?l?egéaté Ql@ct?&ﬁ%ﬁ?%@i In one

anneal ing the substrate, causing a reactio ween
nd sili

the tal. on. lIn . one. iment, th
embodiiist, 15 Bic A8 PuckeieusRn sk O RickeLA oy TR de Py Qubypes of
500C in N2-02 ambient. O her process_ paraneters nay
metal-sgjcidy qeatagiserplso wsdule dhg saliGde propessclios exavitlel angealingdhe
substrate, such as over the STis and gate sidewalls,
substrafescaueimg\nadactiRe etraden temblel achiikawed lnshagmbodivlert thewsbstrate is
wet etch clean to the metal material, such as nickel

spiked 40232d ASa thngrtBSedf abdig SBS°Min NEe6kt asiblehf NSihst proSesd hHerameters
hi gher than the Its of iso transistors. To conpensate

may aldoWe UsBR1. Hhd &EQGHE AfeabRd %ete%lrb% tHé EfREERE sukl RESv&@Tthe STIs and
transistors, the thickness of the netal suicide
.contacts of the nested transist.ors are,ipcre N
gate siGAANEH Sfivel Reiieh o b SRR QA G clbh to the
nested transistors are further processed. 100361As
metal mg suph gy ekelq o msk | ayer 555 is deposited over
the isolated area to protect transistors therein from
[0035] pr obedistuseed, hegtsod assehiyansigiens agolpgher thay the & ohisp frensistors. To
substrate coven the nmask and transistors in the nested
compensegifonthe ditéer@ice ©f 8s bHitheldaff@rnt tiypesarferaasitiodh, thenhickness of the metal
conprises silicon. The silicon, for exanple, can he

silicideRBhtSts b BRMheRed BARNIRBRUSe BilchdaS ThehatRBodMnheN\ihe EMEilicide
t echni ques, such as ALD is al so useful. The thickness

contactSpt R ALOBERRING MM RAATBL&cd S aDOUL 50 A In an

ernatrve e t'he processing | ayer is forned

by | npl ant.i i.licon . ont he substrate, 100371The
100361 3 TSR dda 3G TaFry 50 RG] S hed A areg e protec
_the STls and gate sidewalls, are renoved as shown in _
transistgysdhergig from pensessingb ol Prasatsing lagereyoP ds Hriged ee dhy sygstrate, covering
| ayer is renoved by selective RIE
the mask and transistors in the nested region. The processing layer, in one embodiment,

comprises silicon. The silicon, for example, can be polysilicon or amorphous silicon formed by
CVD. Other techniques, such as ALD is also useful. The thickness of the processing layer, for
example, is about 50 A. In an alternative embodiment, the processing layer is formed by
implanting silicon onto the substrate.

[0037] The excess processing layer on the substrate, such as over the STIs and gate
sidewalls, are removed as shown in Fig. Se. In one embodiment, the excess processing layer is

removed by selective RIE.



[0038] Referring to Fig. 5f, a nmetal layer 545 is
deposited over the substrate, covering the diffusion
regions and gate. Preferably, the netal |ayer

[0038]c onPrfentisg toi Kigeif, Dmetl tdyet 548 ik dypossted hvashd\iuBstrate, covering the
Ni Pt Si. Typical thickness of the netal |ayer is about

diffusiér FogfonsAng ahtc e iPekFbiably, the@E@8Jayes cHRPFisHs Mitkel dhickel alloy, such as
salicidation process conprises, for exanple, annealing

NiPt 0{:, t§H Tl ﬁléél&egsn&f th@SRtal Biver & AbGkNOER Ok sﬁlt@ddﬁ%h%%cess is

I1icrde con ess or 11 reacted netal is renoved.

pertor R LR BB S AR B Byl OBt ncese
depositjng a netal |ayer, _salicidation process, and
the thiglgigeR firipe et g@lCﬁﬁtcamaﬁ?-eEwa%% wedsHs hetghis Feaayele e
Rs is achieved. The process of formng the IC
procesgasrof iforoesg 2 Prcesslpy e, stpprice sewanted pogessingdayer from the substrate,
addi ti onal device conponents, interconnects, pass
depositiag h ateta hdepaakadsioarpeoqeey, hod necbvijHORBSsThetal arw espeatod until the
may be embodied in other specific thrMs without
desiredRPRMERBE "D Jrb@s$Of fotrhin@thERS &dttindbs. AR eREWSIE] sibbdaSes of
t hereof. The foregoi ng enbodi nents, therefore, are to
_ o . | , .
formingaRRTNUEL R chBpficns! FRBERNREL PHSVARH M gL hrd fi8fbrmed.
inveption is thus indicated t he_.appended c
100391, oy B¢ Ra oY Fe e ER oo b AF PR itk e Hitng from the
.. changes that conme within the neaning and range of
spirit Qs geiepa shagctenairdhaeel. The drgering smbadigienisathstpfore, are to be
therein, What is clained is:
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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CLAI M5 A nethod of formng an | C conprising: providing
a substrate with a netal sit icicle contact; formng a
processing |ayer on the netal silicide contact;
depositing a netal |aver over the processing |ayer;
and r processing the substrate to increase a thickness
of the netal silicide contact. 2. The nethod of claim
| wherein; provi ding a substrate conprises first
and second devi ce regions defined thereon, the first
Whafiyclaisiediddl devi ce regi ons being popul ated with
transistors with contact regi ons having suicide
contacts. 3. The met hodCAIMPai m 2 wherein formng
the processing | ayer conprises formng a silicon |ayer
1. on A hethodbéforsing ani [fecoopnisiagt . 4. The nethod of claim
2 wherein the transistors onprises n-type transistors.
5. pihedingtbasdtrak withad medl shedecontdeqr m ng t he
processing | ayer conprises formng a silicon |ayer on

t hegofghah prdckdstigdBy e BRtIRGhetal silicide contact;
depositing a metal layer over the processing layer; and

further processing the substrate to increase a thickness of the metal silicide

contact.

2. The method of claim 1 wherein:
providing a substrate comprises first and second device regions defined thereon,
the first and second device regions being populated with transistors with contact regions

having silicide contacts.

3. The method of claim 2 wherein forming the processing layer comprises forming a

silicon layer on the metal silicide contact.

4. The method of claim 2 wherein the transistors comprises n-type transistors.

5. The method of claim 4 wherein forming the processing layer comprises forming a

silicon layer on the metal silicide contact.

6. The method of claim 2 wherein:

11



6. Th.e nethod of claim 2 wherein: the first
devi ce region conprises nested transistors and the
second device region conprises iso transistors; and
form ng the processing |ayer, depositing the netal
| ayer and further processing the substrate are
perfornmed on the nested transistors in the first
region. 7. The nethod of claim6 wherein the
t r aths ifistt deGcasgionicomprises ngpied rangistirsanslrte secgnd dityéce region
met hod of claim6 wherein formng the processing | ayer
comprises e tfamsisiongaad si | i con | ayer on the netal
silicide contact. 9The nmet hod of claim8 wherein the
t I afshioANSprocu¥kin g #56r, defopitiag tHeanahlshwt and fuler prb&essing the
met hod of claim2 wherein formng the processing

subk @M€ bire PREBASIA dHe R&stdREAistoRANE Fheate Esibh.her
processing the substrate are repeated until the
t hi ckness of the netal suicide contacts is equal to a
target thickness. 11. The nethod of claimwherein the
target thickness of the neste . f I.SO

7. ¢ ol SR R P Rl Heh st Foryrahlfigh
met hod of claimO wherein the target thickness results
inlt", of the nested transistors and 11, of the iso

transi stors having a difference of | ess than or. equal.
8. t o Elgmethod of claim 6 wherein forming the processing layer comprises forming a

silicon layer on the metal silicide contact.

9. The method of claim 8 wherein the transistors comprises n-type transistors.
10.  The method of claim 2 wherein forming the processing layer, depositing the metal
layer and further processing the substrate are repeated until the thickness of the metal

silicide contacts is equal to a target thickness.

11. The method of claim 10 wherein the target thickness results in R; of the nested

transistors and R; of the iso transistors being substantially the same.

12. The method of claim 10 wherein the target thickness results in R, of the nested

transistors and R of the iso transistors having a difference of less than or equal to 5%.

12



13. The nmethod of claim| wherein formng the
processing |l ayer conprises foil! ing silicon |ayer
onetal suicide contact. 14. The nmethod of claimto
wherein form ng the processing | ayer on the netal
sui ci de contact conprises C. VD, ALD or ion

i npl ant ati on. The nmethod of claim | wherein the
netal suicide contact conprises a contact of a ii-type
16.. The .nmet hod of claim1 whereij
13- E‘H‘?é)fﬁ‘ra%éé’é‘}eﬁ"dgfﬁ%qgt BEPEEFTRAY ﬁ%m%sceéiformmg a

er and further processing the substrate are

Slhcf”é 5t @ythg metal siigidechitainess of the metal suicide

contact is equal to a target thickness. 17. The

nmet hod of claim 16 wherein the target thickness

results in a target fiz.. 18. A nethod of formng
14. cofAthaateshoclarfplairs il A guhepirofondingghs plos¢ssiak dayer ointhe nmaedlal

9d:icicle contact; formng a processing |layer on the
silicitodhtaSiioipiges0OVDALLD ddefosidlamigiod. met al | ayer over

t he processing |ayer; and. further processing

the substrate to increase a thickness of the netal

si hci de cont act .

15.  The method of claim 1 wherein the metal silicide contact comprises a contact of a

n-type transistor.

16.  The method of claim 1 wherein forming the processing layer, depositing the metal
layer and further processing the substrate are repeated until the thickness of the metal

silicide contact is equal to a target thickness.
17.  The method of claim 16 wherein the target thickness results in a target R.

18. A method of forming contacts comprising:
providing a substrate with a metal silicide contact;
forming a processing layer on the metal silicide contact;
depositing a metal layer over the processing layer; and
further processing the substrate to increase a thickness of the metal silicide

contact.
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