NESTED AND ISOLATED TRANSISTORS WITH REDUCED IMPEDANCE
DIFFERENCE FIELD OF THE INVENTION [0001] The present invention
relates to integrated circuits (ICs). More particularly, the invention relates to

reducing the diffSYEREEMANISIENATIRdINNSREBQRY WaHkd transistors.
DESCRIPTION OF T RERNERABINCOBIFheaication of ICs

involves the formation of features on a substrate that make up circuit

components, such as trans%& P&E‘ﬁ?rgl\é‘ﬁﬁh&%itors. The circuit
[0®Ohipon&htspareniritercoionectack as idegiraettcmchialEsih dvibes pad duladiiothe

[0003] Fig. 1 shows a conventional transistor 110. The transistor is formed on
inyegopedelosl (0 08luThg thadsitionerais seiteadd anvdifusiedrati dredat@Sepppistors.

adjacent to a gate 130, which includes a gate electrode 131 over gate

dielectric layer 132. TREYaRRIALNIAE THicRiN-STFABA from polysilicon.

Located on the gate sidewalls are dielectric sidewall spacers 160. Metal

[0002lde chtARE A6 N TH TSSO REBBIP R SR B MP SIS e uP

the. source/drain regions an %ate electrodes. The distance Lo between %he
circuit COI/HCPOIIGI‘I'[S, SucC S transis P' . re%IStOI‘S a]? cae%a%ltors. € clrcuit co onents are
source/drain regions under the’gate Is referred to as the gate length.

inkSRIAHIRREAIORSF8P FAMRE PRV Wihig; gubstrate 105. [0004] ICs can
include p-type, n-type or both types of transistors. Typically, the IC includes

[0S Wikigh havk, deaselvhentlatadiisnsistonhénestedegiRnsk@6ieSdoped well

densely populated transistors (iso regions). Conventional processes for
1dermingui{asi s&s bl siBoliansistor ditfavinigreditfiey e nb o parpiing paagmeless, St

as switching speed. This is undesirable as this requires IC designs to
inabclrnzodatedinedtrdbbistor gatdtiidlretstolest SkitEhingp spdedoda paotialdy is

overall IC performance. [0005] From the foregoing, it is desirable to provide

fopapdisronnyrdis pravimg ahh varthe geratidevsdlraisetwlgctric sidewall spacers 160.

Metal silicide contacts 140 and 141 are provided on the surface of the substrate in the
source/drain regions and gate electrodes. The 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 IC
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.



1 SUMMARY OF THE INVENTION [0006] The present invention relates to a
method of forming a contact or an IC. The method includes providing a
substrate with a metal silicide contact. A processing layer, such as silicon, is

formed on the metal silicRI&M¥HB. At EHJEBEENME @Yer can be formed by
CVD, ALD or ion implantation. A metal layer is deposited over the
(9913 e ssihlf IBarMrRE BB {0 Aroclesky {6TeUn%a SPPESERbAT I twhmethod
roces ing and metal Iaq/ers, tt]egﬁ(% increasing the thickness of the

. the -
lnCI]ll(%gT gr viging a s S%I‘ with a met% e contact. grocefsm laé{er such as SlllCOIl,
metal silicide eontact. “The steps of forming a processing layer, ‘depadsiting a

i%ﬁh?&l%%@ﬁ%t&f?ﬁf%?d%%@n &S4Re f?Tt@eE Q%E?Q%ﬁ%qotﬂﬁ%t RIBKGSS or

e contact Is at a target thickness. [0007/] In"another aspect, the invention

ihEIRIRSHQ R |G B Gy RGUAS GeHRRIr e ABMRIAR 1406 | Gils {ppmad iThe

substrate has first and second device regions defined thereon. The defined
pIRYIRES BleRepURa b MveeM tee Peiictomd avic o PMNIGSCRIABISnSHER BSthe
transistors. The first region has more densely populated devices than the
thieeendod ehdcrerdgidini € kenRstofTinesdpviceriniibha devicsingdigns dugositing a
substantially the same. [0008] These and other objects, along with
matildveiged predefsate ths subshatpresdntrénveindontihdeeindistiosedic wiltact is at a
become apparent through reference to the following description and the
tapgd Shi¥aRYing drawings. Furthermore, it is to be understood that the features
of the various embodiments described herein are not mutually exclusive and

[0 it ARAPS FSPE rIBEEPHO il 58 iR ASTor e R R 1B RS S SRASHON Which

+SfTHE RRAWINGS (000l I the drawings, ke efetence chaiaders 1 efineq
generally reter 10 ﬂ']e same par{s rougnou fﬁe élﬁeren VIEWS. 2\FSO, the

rIANINGSBEEINCL DRRESRALMAR RS ERRARIS I0RiRAd JERGIAMREIRD The first

placed upon illustrating the principles of the invention. Various embodiments

re@{dNBa PHEREALINVEiIPNI kR dectiPdnvithsreiRiense Lo tBR AOHAWIRYof the devices

rawings, in which:
in the device regions are substantially the same.
[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;



[0010] Fig. 1 shows a conventional transistor; 2 [0011] Figs. 2a-b show
simulated series resistance of p-type and n-type iso and nested transistors
respectively as a function of gate length; [0012] Fig. 3 shows a portion of an

[0 1h acdoesatice shith srelatehedimaptiBirprdhvdyifomnd [oOrs] Fignd e s
a process of forming metal silicide contacts in accordance with one

CRBOH TP Bhe Ah Y SRS Sh 8363A% Eigs. 5a-f show a process for
ing an IC in accordance with qne embodiment of the jnvention. . .
T B8 SR G URRHON (90T PR BREQcpf e imventon
[dﬁ'i’ﬁnt.'oﬁirﬁe.lﬁts%%&%é PIOMING: %)%%?ég]ﬁg ﬁ%ﬁ@?&ﬁ(a%t?ﬁﬁ@l%&%ta%%_Hﬁchghe
as switchifig speed. I one embodinfent, the invention relates to providing

MBNBIRIAIS rRRVIRG: ceASIgiaNt performance parameters on the IC. For
example, nFETs or ICs in both iso and nested regions have consistent

[goediprmace Raf anaatans:olROLR) Wenhavendiserveserdiihal saHesd esibtanaent of
(Rs) of gate electrodes are different in the nested and iso regions. Figs. 2a-b

thehioweigimulated Rs of p-type transistors and n-type transistors as a function
of gate length (Lo) in nested and iso regions. Rs of transistors were simulated
at Lo of 48 pm, 5BIEr\IBEIPMESCRMAIAAYN OICIHH BvdENddedied at 25C. Rs
is determined by the following equations: Rs = 50mV/(ldg@ VG - VTal) =

[0913]\/ foFhs-Brptent AMSTBHORSTeAHEP REPEORYRTHG@AES PAVAAALT: af frapsstors,
n-type transistors, where ldb" is the drain current measured at the linear

SRl IHREPRRETS (RNt B HEALER St 4T e TR Ve B ors
RS RS SFARRIaTE IS RISR 1 A2 LIS RESIRE ARREIRARYS, ana
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 (Lg) in nested and iso regions. R, of transistors were simulated at Lg
of 48 um, 56 um, 64 um, 80 um and 110 um and measured at 25°C. R; is determined by the
following equations:

Ry = 50mV/(Igin@VG — Vyin) = -1.1V for p-type transistors; and

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

where

Laiin is the drain current measured at the linear region and

Vriin 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 Ry converge as L approaches zero. However, for n-

type transistors, Ry remains different as Lg is equal to zero, for example, a delta of about 10%.
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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 Lo
approaches zero. However, for n- type transistors, R. remains different as Lo
Dyas dythsl Ro b tfeisisiamplacsiedena o9 &sevns 1odhpIpie ddferrn s thshas
transistors in nested and iso regions will perform differently, such as

SWUrBgeSPedde tRES RS &Y B RAER RigHE SEYRil SVt 8 BRSNSl Thyith

1otr%?%?“i’iis"¥'tsﬁ‘11t's°i"1‘{%rv§a1[hé%f{)%%“'tcse'ﬁ‘eo‘é%z%'&?‘éf@%r?é‘rs‘&%ed{ﬁg“Tdv"é‘“r"“ O&‘i‘g'ng
tﬁe since the slower switC ing at?anséfors must be accommodated. [BB ]‘

tr%&%&l}g}}(g&g Qf?:gjgﬁé(ﬁpegf an IC in accordance with one embodiment of

e Invention. The IC, for example, can be any type of IC, such as dynamic
[0RIOM FECEHsh MEMPSIESH BRIV 18RI FBRAA RARSS BAUDAHRS of the

(SRAMS), non-volatile memories including programmable read-only
innamariemABR @M ancbilashnbemyrigs: oplosieairanis awicesdagisccess
devices, communication devices, digital signal processors (DSPs),
mANCHOSOMIRARES, systenmdrm abipssasaneiti ss(SRYayVIty pas ofotieNtcasmilaeincluding
types of ICs are also useful. [0019] The portion of the IC comprises a
progbstratd 1805 dTindysuboirate (FREMaamdI€asbommisies apsegisidondadesices, logic
substrate, such as silicon. Other types of substrates, such as silicon on
deNisGratNBYE ISR definesT Hig S S igPat@r Ao rRE S BRI e ceBiinb fige syatem-on-
lightly doped -tyfe substrate. As shown, the substrate includes at least first

IR ERETH YEHEPB bR 582 &?{B"ééyé’_.eﬁ%é(fﬁéfeaaﬂﬁ)é’é%%d regions
O B RS A L S e

regions are define irstan oped wells n

MR EOMPHSS HARRBNNANIDG AA R AABHOMBE  PEWENR SRS A% AW on

regions of the substrate, separated by isolation regions 380. The isolation

oRERIRRBEARRNIRL M ANT IRIPAImE R, KNS deREN cxlaians {shlgtoped p-type
Other types of isolation regions can also be used. [0020] A plurality of

sUbaRSIStLS hbO/aNnhe300s a6 Provigie dineibefin@ Siesanal dsR vREIRRTerA 392 and 394.
transistor includes a gate stack 330 and source/drain diffusion regions 325.
THhBregatel staokd 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
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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
trijpaftenrisisey ddad v airethdisgacersalre3fdrand S SR s HitadE Towperegions and
combinations of materials are also useful. Nested transistors are provided
StRISHE P sifiRfdB Y RTHEI SRR Y 54 PO BRI Gl Felfb HS Alita-gued as

1 1S0 4 transist are Vi g with mletal sg}l}(ﬂdfhcontacts 381 and

ectro r I r
NS o Tt A T i AR US PR e G ger e o

Eontact flflg)ert%_?mglg, comprise nickel or its alloy, such as NiPtSi. Other
types of metal, for example Co.Siy, are also useful. The contacts serve as

[desinalg b NG KanHRIAESlPRE b LRSI U MRS HELKSHHAB, BEE gates of the

densely populated. For example, the gates of the transistors have a pitch

trivBisbrishadealbie RReWHIEQE kblgholy picaty radjacemntAIBNsighokstifdhgstors in the
nested region share diffusion regions (e.g., 3 |Oa-b). Other transistor

neonfiggiaticnsddiffiesine stgtbne@ion A dsoubeafuldsiscantsafipransisiothdmested
the iso region are less densely packed. The gates of the iso transistors have

regipiterewhsichsésugremteothan, thvarsofdrsd midstisd teaivsistolssfdenesdamysiedatThe
least about 2 times. The transistors may be individual transistors which do

24ipt HAFd SUFRRSISN PGS PAD SHEWHS gieafss tian BrtREhe tpYRided thiaes. for
nested transistors and one iso transistor. It is understood that actual ICs

R A R he SR an RS RSBYY £8 IREI U biARHHfse e do not share

aFRIPONERLS, [0022] 10 ope embodimant, the frst, Cﬁ’}é‘é iﬁ‘&%@%&?ﬁ“ QISES! one iso
p-type dapants, Torming p-welis for n-type (Second polarity type) transistors.

wdPRGAIRIRSIER 12 A0H N eS8 e HARSniB ORGSR ANERN GOPRYISER as

about the same R. For example, the difference in R; between the two
Oﬁ%gi%gs%?%]gpggegﬁs than 5%. In one embodiment, metal silicide contacts
of nested and iso transistors comprise about the same thickness to produce

[0dRopt thin saBeniBo{@023] dhigidtiatmisyaypeoaassrAdOpioypedsiing, Rirtling p-wells
contacts of, for example, transistors. In
for n-type (second polarity type) transistors. The transistors in the iso and nested regions, in one
embodiment, comprises about the same R,. For example, the difference in R between the two
regions should be less than 5%. In one embodiment, metal silicide contacts of nested and iso
transistors comprise about the same thickness to produce about the same R;.
[0023] Fig. 4 shows a process 470 for reducing R; in contacts of, for example, transistors. In
one embodiment, the process includes forming metal silicide contacts having a thickness to
achieve the desired R;. The process commences by providing a substrate prepared for forming
metal silicide contacts at step 471. The substrate, for example, includes contact regions, such as
doped diffusion regions and gate electrodes of transistors. 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,



one embodiment, the process includes forming metal silicide contacts having

a thickness to achieve the desired R. The process commences by providing

a substrate prepared for forming metal silicide contacts at step 471. The
suslisstPitE STo Pdhartprs, dheltidboearbtsHslishsosticis yopetr bifflisimstal layer
. regions an%ﬂ%?te electrodes of transistors. The surface of the substrate is

PrBpAraer s raEHE T LaHrS: Shithaa Srepesing cPtheg deshmiquesiara lrgryeetul
sited on the _prepared substrate at step 472. The.metal layer, for .
D R o R A T e B erésbad e s Ronssesdy

p%}e‘S}ﬁléd?r QYR £ o%§ﬁ‘s:9cs§{ (5 ACRISQ S, RS MAkR !ﬁ%ﬁ{at%f"‘%’ ically, the

posited by various techniques, stich as sputtering. Other techniques’are

s@sﬁfﬁfﬁ@%neﬁ@%bﬁ@)@%&ﬁg e, I(Q%U %U@ﬁﬁéﬁl@fﬁ’&%%§@%s’é@ QW&ction between

embodiment, a salicide process is performed. The salicide process
theQMPsisesd fastexample ninealig: therrubsitae diypicBIYesth@caUbsIRateuSeacted
annealed at 500C spike in N2-02. The salicide process causes a reaction
mbeilveeenhthesiliconcanginetal teefoasrimietabsilicidezionthecentactdegiap. 474.
Excess metal such as unreacted metal over the non-contact regions as well
Trgidalthe E8AHN Gegionts arcfoensdve deatostegrd®s mawppidaihythi eisleN@3metal
etch is performed to remove excess metal. The thickness of the metal
silifiefieoBORtSRR Barf e X onRiSaPie] EbadP 180 -220 A. [0025] Depending on
whether the metal silicide contact has a thickness to produce the desired R.

[P step A2 tHES I E0E PrbHseBe Uit SHRAcA e arsdrHePrIgtsr the
silicide contagt needs to be thicker, the. process continyes to step 477, At
O R i T T i i ATt oAy P e

cSFRRESIONS 1o N RIQEE TR JAVE e IR ANE FINPYAUTENL: SOMRTSER SISO, THE: is

processing layer is formed by, for example, CVD. The processing layer can

fdmRPlaRsSiang O amARRNAY & SIlcRIs. The: thidkniass Af thePsacestingiaver
is about 50 A. Other thicknesses are also useful. Alternatively, the

cRfpEessiNg day ermeaideesiargegtbi fisnplariingosdicanpiens VD, thasplostates layer
Excess silicon on the substrate, for example, in regions other than the

caomtgol yegiorikris semeveth R sitioval Bantliekachiet e withessaetiageion about 50 A.
etchin

Other thigknesses are also useful. Alternatively, the processing layer can be formed by

implanting silicon ions on the substrate. Excess silicon on the substrate, for example, in regions
other than the contact regions is removed. Removal can be achieved with reactive ion etching
(RIE). Steps 472-475 are repeated until the metal silicide contacts have a thickness to produce
the desired R;. After the metal silicide has the desired thickness, the process continues at 476 to
form the IC.

[0026] Figs. Sa-f show a process for forming an IC in accordance to one embodiment of the
invention, the IC comprising a first and a second device regions having transistors. In one
embodiment, the first device region is a nested region wherein transistors are located in close
proximity relative to each other. The pitch between the transistors in the nested region, for

example, is about 180 nm. The second device region is an iso region wherein transistors are
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(RIE). Steps 472-475 are repeated until the metal silicide contacts have a
thickness to produce the desired R. After the metal silicide has the desired
thickness, the process continues at 476 to form the IC. [0026] Figs. 5a-f
lospsH T cpas foomRNePRAdod IS SieTade drelasited ity nel beribisHiRsertcarthse
invention, the IC comprising a first and a second device regions having
TSNSt PSP GBS IO BY MBI e d&YiRE region is a nested region
rein fransistors are Jocated jn close proximity relative ta e other. The
O o e oo DL RRR RIS e e AL T
afie KIS RERANS AEUIGRAC9I00, . ERIOR WRE R AA0AISIALS BIG Gy repion
ocated further apart as opposed to transistors in the nested area. The pitc
aREINEER Hag IV RPSISHRFS N ANG,IRQ 501 fQLEXATR G i AR BBA D first and
[0027] Referring to Fig. 5a, an IC 500 comprising a first device region 592
sRBAlAISACORGI SR VICeeginaRAst nilustsaesisiprong.embedintenitdia brst
device region is a nested region and the second device region is an iso
enrdgimeiltanaipiors biliare ddrsmed. Witthist theesirstsabdrasacend devicghrigiatuped
A semiconductor substrate 505 is provided. The substrate, in one
sibpebodittnmnaonsprisesduilithe sshbisttaie POhedtypds o wulsgtrate®)Ssushs 88.
as a lightly p-doped silicon or SOI, may also be useful. The substrate is
ThiaparesedirpsseihevBgitas Bow dndopsdregine Hithwonrayigs darPelarip -
a heavily doped region with dopants of a first polarity type. To form the active

TodgiBhEIEctsHYE At I TRGRIEE8 ATRRRHH bR K BB s StHp PATARIBA Wit With

a sk can be,u €" ther techniques.for forming the active region are also
a marlg% (ia]rg)ﬁégf(il30§g | r{g?et(héllgl(l: I%rc%rml? ftr c EIC{It erre%lon.are alsoqlsertlu?

use ve region omo evice regions on the

[0BRP AR ALE SQIALRRVESIIRNR PR JhE: BRI EURASH I FAAMRIR isolation

comprise STI regions. Various conventional processes can be employed to

rQ0Rs B9 ST @giansn Rk Examniath-sehaae CaNDE[IChed digiBshventional

conventional etch and mask techniques to form trenches which are then filled
pivisehieleateiempaestbistich s SITaoxiderdcbamisl eaanitakpobishioged
(CMP) can be
using conventional etch and mask techniques to form trenches which are then filled with
dielectric material such as silicon oxide. Chemical mechanical polishing (CMP) can be
performed to remove excess oxide and provide a planar substrate top surface. The STI regions
can be formed, for example, prior to or after the formation of the doped wells.
[0029] Gate layers are formed on the substrate. Forming the gate layers, for example,
comprises sequentially forming a gate dielectric layer 532 and a gate electrode layer 531 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 gate, are also useful. The

polysilicon can be in-situ doped or doped by ion implantation after deposition. Providing

undoped polysilicon is also useful.



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. [0029] Gate layers are formed on the substrate.
[0880mingSPrejafd e formsid exdhsptate sidmytised b eRaspiaNRIFFRIAG & Gatele. a

dielectric layer 532 and a gate electrode layer 531 on the substrate surface.
diglesisic sripiYimehestAE GARRERLIHE 1A rRATD RR B hNRTESIna SoByEREenal
RS, of gate diejectrics are also useful, 1he date electiode Jayer 1ol o e, The

S
EXEMRPIET B prisés FRNVEIRESH: of typeso aglié)%fectsrué)ae mz%({r'r%ﬂs,

dfg%%ﬂgza%?‘i%'x tga@é&@d% ﬂéﬁ%‘tb’é-tﬁ@ﬁo&%%%i' @)Iﬂo%%ﬁ&%l({a%ﬁﬁ%‘fggﬁgﬁf’i{she gate

oped by ion implantation after deposition. Providing undoped polys
siglsepseful. 7 [0030] Spacers 560 are formed on the gate sidewalls. The
spacers comprise, for example, a dielectric material such as oxide and/or

[ooBnifle. TR chAcRRSIOHNE FSHRUSING £ RYGHIGN FheSRACEFIOEBSHRSsubstrate
such as depositing a blanket dielectric layer on the substrate and gate. The

adjietectoaiayetcis Thedifiatienned dosy émoxanipie, khonipontdicpoiliieiope b@ayings of the
the spacers at the gate sidewalls. [0031] Source/drain diffusion regions
figsp Baldyitrey porméed dnpevbregitive aagho oot 5 ikrs trapkngdiaicehhe¢dmipdagfaten be
The diffusion regions, for example, comprise heavily doped regions of the
S@ﬁ?@#lﬁaﬁrﬂyffyﬁ@dvﬁ@%p@m@gim%éﬁfﬁé FsfnsgsyIbiPimpRhadBH sThRe
implant can be self-aligned or formed u%%% an implant mask. Other
[

TRIERh RS TP mIAG HR S BRTANTSAL 8GOS 478 SElgTSORIPTIRF gy doped and

nEMpOmant, the. diffusion reqions comprise "%‘t}Xn‘?a%%d and h%%‘r"bééjn?@%dme
regionsiia, for exaniple, a sfepion iMplantation process. For example.

iSRAy MORLY AoRGd JRHRNR AR IPHD S A RE A RANEGIEhANS 8ions are

eavily doped regions are formed after spacer formation. After the formation

R MRIPHeG PR HiendQRRN IS AFEmaRINAtedilYsilar BXRMPIS. adhgimak
annealing process. The annealing also serves to facilitate recovery from any
adiRtoEmaiaor tex the eyt stauchuealing Prir ek d UTIRGathR MHQCASS Rivento facilitate
recovery from any deformation to the crystal structure incurred during the process of ion
implantation. Typically, the anneal is carried out at abut 1080 °C with a 220 °C/minute ramp up
rate. In other embodiments, the activation of dopants can be integrated into subsequent
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



implantation. Typically, the anneal is carried out at abut 1080 C with a 220
C/minute ramp up rate. In other embodiments, the activation of dopants can
be integrated into subsequent processing steps. [0032] In one embodiment,
mesils i AGCIS RIS, S al pracsiiicidectibahhedhigagse 16 R abL taHay prén sifiide
clean, for example, camprises wet cleaning using DHF in a dilute aqueous
rBBRHBANL GtAREIRAh Ehemistries or processes are also useful. The

[o%rs%'f'"C'ﬂgfé:r'r?%”tgﬁg%satﬁ iéh‘?ﬁ%ﬂ%ﬁs for metal s %893%&0%%3’1 (GiAe Cohtacts
native oxide onthe gate and sourc rain dirfusion regions. e Clean

5%%&%?%‘1 f&%?ﬁé%ﬂjﬁsf@ﬁ '?é%Hﬂsd&?é%é?%ﬁ%elﬂsetpb%?&g&%cﬁf(% ).Sﬁh'ﬁ‘e%%res-

metal layer 574 is deposite strate, covering

eﬁ{e&ﬁiﬁ%[ﬁh'é‘sﬁ’ﬁ@dégﬂb&gyﬁgﬁk mﬁ(@@f%héﬁwlmmﬂgﬁﬁ%m%. Obther types of
nickel-alloy such as NiPtSi. Other types of 8 metals, for example, Co.Siy, are

matePsusEHd e e thiek aRs @i theTRetali kayesrdbe ) oresnhinslinamb dsnahpeit
220 A. [0034] Referring to Fig. 5c, a salicide process is preformed to form

subetatsdicideccortadisn b6 @ndhbdieayandhdidiiiudioontegitiogi(t2bhaks)sabdrate is
the gate electrode (531). In one embodiment, the salicide process forms

smicketnoe s ickas| 2aifoysiticitteo tabraci80 ot ireNtyPesndfiente @ibsilipides soprraotsters
are also useful. The salicide process, for example, annealing the substrate,

may akin §eatretittidhoBteresrr tHecasd sl enidsruhitie Bifibbanysé e thels and
substrate is. spiked annealed at a temperature of about 500C in N2-02

SUFIENE P BROCE s & AP EIBrR ATAL WSS B ST T hE il g to the

un eacted met%I on .tq(e substrate, such as over the STIs and gate sidewalls,
meta materla&, ﬁgc as mci el. k . .
IS removed. Removal can be achieved using a selective wet etch clean to the

[dﬁt%tf" m %@5@&?&@? tfe IQsi %lf%%s@(? ?féllé?ﬁogésa(fy ﬁ?&%r mgn%eqﬁﬂ%%%qransistors. To

transistors are higher than the R. of iso transistors. To compensate for the

cSffRreREE RR: e diffpien e i RIS iRG dicknreRiOfHEg Meidinetal
silicide contacts of the nested transistors are increased. In one embodiment,
sithedmn@tahsilicit@e nested transistors are increased. In one embodiment, the metal silicide
contacts of the nested transistors are further processed.
[0036] As shown in Fig. 5d a mask layer 555 is deposited over the isolated area to protect
transistors therein from processing. A processing layer 550 is formed on the substrate, covering
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. 5e. In one embodiment, the excess processing layer is

removed by selective RIE.



contacts of the nested transistors are further processed. [0036] As shown in

Fig. 5d a mask layer 555 is deposited over the isolated area to protect

transistors therein from processing. A processing layer 550 is formed on the
[03BEratBetsvRE Y i MasleEhldteansistorsnpstisd pestdd sabfirfeTgeaering the

processing layer, in one embodiment, comprises silicon. The silicon, for

diEfSiomregioan aé‘é‘ By shrebebhatho Fﬁﬁ@dé@ﬂ RPN S %Wﬁe&‘ll@f’ such as
chn e Dis a usef I The thickn fthe essin
N S e A e i AR T s Rt locess i

é%ﬁ?e &?'”ﬂl&%\é? LSl ‘%S'CQ% JB’&%QE‘&L“%?Q&? %”E%ﬁ*ézﬁlﬁé: rs%esn[aQQ?’J crease

excess processm ayer on the substrate ch as over the STIs and
I URISAS VAR, AERT Myt AR SRR s FI%mErdR LREARROIvENt The

excess processing layer is removed by selective RIE. 9 [0038] Referring to
ploi@s&k & raatahlay proadkiis teReSieshaaliRentidsbales CONSERGIMahe substrate,
diffusion regions and gate. Preferably, the metal layer comprises nickel or
d¢yickiéhalloyie mlitlyassdNiRtaoioNriGissT yipdaahibvokness oftheimetal jeyted imtil the
about 220 A. A salicidation process is performed. The salicidation process
desoiepRisesicioe vesdarhiteregmeafifrgtiee b EtracatiovirerEasexathpl¢hjekersses of
the metal silicide contacts. Excess or unreacted metal is removed. The
fosreiae s gnFOIRiAg @ PROBERSIAR SERABRCS i I YR ARt Prescedsipyy eiesd-
from the substrate, depositing a metal layer, salicidation process, and

4% bving l]?x‘t‘?é‘%% fietbabe FEpedipd At R GaS P RY IR eRAstnerfigm the

S[P T Ceggso” ar CECI’IS‘!ICS(%RQ‘EQH ePhe ogeexamre)}relbfp Oceen S %? rgfofp rre?rlg 9) be
ona eVICG comp onenfs mterconn gpasswa on an(f e are

c&%{ﬁ‘éf&ﬁg aliQQs%@lJﬂﬁléﬂ\éﬁ%'Pﬂh@?@%aﬁ%ﬁfﬂﬁ%ﬂ@%%&}@ﬁ ﬁé&%ﬁ%@t?ﬁ&é‘iﬂs Scope

without departing from the spirit or essential Characteristics thereof. T

of eapingismbagdineatsdh %Sﬂi@@p@ﬁ%‘lé@ 08intORSiderachiBAthdeSRE6IS:
illustrative rather than limiting the invention described herein. Scope of the

désmgntion dsdhushncicatas byntbevappendedeliaimadratierdhaivyéhey of the
foregoing
claims are intended to be embraced therein.
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description, and all changes that come within the meaning and range of

equivalency of the claims are intended to be embraced therein. 10 What is

claimed is: CLAIMS 1. A method of forming an IC comprising: providing a
Wb stdtEnfstisa 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 irfcdréd¥a thickness of the metal silicide
contagt. Zthcﬂjc% Enethod oflgaim 1 wherein: providing a substrate comprises

o 9] ImMINng an comprising: . .
first dnd'§econd devic regions elined thereon, the first and second device

regio I%plgmg JJ%Q%:%%%@% Itﬁgtqﬂ 9{§e\gg%&g;ntact regions having silicide

contacts. 3. The me aim 2 wherein forming the processing layer

COMPYRaH I THALRiRYIEO8: (AL ARdhsifRRIaLSHiside contact. 4. The

method of claim 2 wherein the transistors comprises n-type transistors. 5.
The mgihigehefciaim thivheveintopningsthe pyecasaing layer comprises
forming a silicon layer on the metal silicide contact. 6. The method of claim 2
wheréinhtherficst deyibe segioaeccorprisss nistkabtsafsistarstanditive secand
device region comprises iso transistors; and forming the processing layer,
depositing the metal layer and further processing the substrate are

performed on the nested transistors in the first region. 11
2. The method of claim 1 wherein:

1

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:
the first device region comprises nested transistors and the second device region
comprises iso transistors; and
forming the processing layer, depositing the metal layer and further processing the

substrate are performed on the nested transistors in the first region.

11



7. The method of claim 6 wherein the transistors comprises n-type
transistors. 8. The method 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
T metal PSPPI, GPOCEEEiHY tHELHBStFABPEIEY B e dd i 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 Rs of the nested
transistor ; Of SO, i [ jall . .
Fmethi o e O R ot S I BTG} fcon
lafansisiRraeandifti®s (hgdso transistors having a difference of less than or
equal to 5%. 13. The method of claim 1 wherein forming the processing layer
comprises forming a silicon layer on the metal silicide contact. 14. The
method of claim 10 wherein forming the processing layer on the metal silicide
9 contathccomipsiseScGMDS AhBer inttanplactatienpil&s hhepnethedtakclaim 1
wherein the metal silicide contact comprises a contact of a n-type transistor.
12 16. The method of claim 1 wherein forming the processing layer,
depositing the metal layer and further processing the substrate are repeated
1Qintil tHes thickpbeE Hithe sl s fitraB S starcs Biglarso dparditaHiernraklayer
17. The method of claim 16 wherein the target thickness results in a_target R.
affsf.uw}?réﬁ?aasmo%msma&geesmgrﬁ%%ﬁ&eﬁhm3%@8&%%&%? geontacts

isg%(;l}agé!g%ggeg%%ﬁg&sform|ng a processing layer on the metal silicide

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%.

13.  The method of claim 1 wherein forming the processing layer comprises forming a silicon

layer on the metal silicide contact.

14. The method of claim 10 wherein forming the processing layer on the metal silicide

contact comprises CVD, ALD or ion implantation.

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

transistor.

12



depositing a metal layer over the processing layer; and further processing the
substrate to increase a thickness of the metal silicide contact. 19. An
integrated circuit (IC) comprising: a substrate on which the IC is formed; first
and second device regions defined on the substrate, the first and second
device reglons being populated with semiconductor devices having contacts;

IQuherdfi? tREBRLOGENEE Fagien ik iRTBYBSIORSEN 5BaYSE AT LLRs s atiatdsyer

devic S, than the g d device req |on and the R. of the first device.
o SA R e oo PO & S MR (NSS! 3 R el e e
1s]e d/é/n%rﬂgrgegm%[(%nge of R. in the first device region and the second device
region is less than or equal to 5% 21. The IC of claim 19 wherein the

transistors comprises n-type transistors. 13

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.

19. An integrated circuit (IC) comprising:

a substrate on which the IC is formed;

first and second device regions defined on the substrate, the first and second device
regions being populated with semiconductor devices having contacts;

wherein the first device region is more densely populated with semiconductor devices
than the second device region and the R; of the first device region and the second device region

are substantially the same.

20. The IC of claim 19 wherein a difference of Ry in the first device region and the second

device region is less than or equal to 5%

21.  The IC of claim 19 wherein the transistors comprises n-type transistors.
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