METHOD FOR FORM NG FULLY SI LI Cl DED GATE ELECTRODES AND UNSI LI CI DED
PCLY RESI STORS BACKGROUND [0001] The present invention relates
generally to integrated circuits, and nore particularly to nmethods
for fabricating integrated circuits. Still nore particularly, the
present invention relates to nethods for formng fully silicided gate
el ectrodes while also providing unsilicided resistors. [0002] As
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achi eve highﬁ%cﬁﬁﬁﬁ gpitance is required as transistor channel

| engt hs are ecreased in order for the gate el ectrode to nmaintain
control of the channel. In doped poly- silicon gate el ectrodes, the
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char ge paatienladapanedhods forf fabeicatiag iefegrated eirsuiss. $tHbmyae earticularly, the
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capaci . . ere limtation to device scaling. [0003]
Replachﬁggﬁﬁgggg?ggéﬁﬁ%g%ﬁ§§§te electrode with a netal gate el ectrode

relieves the problem of poly-depletion due to the high carrier

concenfogd2j on avaid bhRologytheeois @hore ddvwaved, theEediondd#tifGgtae@ circuits (ICs)
nuner ous chal | engi ng process integration issues including netal etch
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concur rRidkhysd lichtdlethigher gate capacitance is required as transistor channel lengths are
decreased in order for the gate electrode to maintain control of the channel. In doped poly-
silicon gate electrodes, the finite solubility of dopant atoms places a lower limit on gate
resistance and leads to the formation of a finite thickness space charge layer depleted of
free charge carriers at the gate electrode/oxide interface. This insulating poly-depletion

layer increases the effective oxide thickness, decreasing overall gate capacitance, and poses

a severe limitation to device scaling.

[0003] Replacing the poly-silicon gate electrode with a metal gate electrode relieves
the problem of poly-depletion due to the high carrier concentration available in the metal.
However, metal gates face numerous challenging process integration issues including
metal etch process development, thermal budget constraints, and metal contamination.
One attractive option is to alloy a metal with a conventionally patterned poly-silicon gate
electrode in its entirety to form a fully silicided gate electrode. Since conventional IC

processes already rely on a single silicide formation process to concurrently fabricate



1 contacts to poly gate el ectrodes and source/drains, a

fully-silicided gate can potentially be integrated with m ni nal

process nodification. [0004] In conventional I1C fabrication, silicide
contacts to the source/drains and the doped poly-silicon gate

el ectrodes are fornmed after source/ drain inplants are anneal ed and

bef or e devsads to palyogatd eldctiodea esil vatiiaey ddaisk exfullyesiligided. gasp gan potentially be
deposi ti on of %an et _netal flkf}ls foll owed by a thermal process

to reaC?‘%ﬂ@“W@Wg THEReL PESEH Qi Phr eas on  the wafer form ng

silicide contacts to the source/ drain and the gate el ectrode. Since
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is typdspgdd %vloltyhélﬁi@{ ghteatedthricdepé Fordhed Meﬁsaﬂr@@/dldfrﬁirﬁ?laﬁltd 41@l dHhealed and

cont act y the top portion of the poly-silicon gate electrode is

silici ldﬁdre doasition ugde\ace pdssieatitg divddaids tagemesputtdeéqsmsﬁb’dn oha blanket
isolation is then renoved
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drain silicide contacts while achieving full-silicidation Jf t he

gat e elretthrequidg-siliavn grte khdtrotlede qpipdliynthidaurthad tidr depthsifl theisdatdegdrain
f romfull gate silicidation is to performthe conventional
silici Séllé‘ilfié ROREICH kY] sy togrporige afit ﬂé’l()l}é'ﬁﬂ icen gatq eJactspde Wél@@ﬂéd Excess
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only the gate’ electrode. [000 I'n a conventional | C process$ t

sarme chelfeahg@@dyaﬁdldfmrref@ye&itmseﬂmcﬂ@pmcet;é]e gate el ectrode al so

serves to formpoly silicon resistors which are of high value for

various circuit designs. The resistivity of silicided polysilicon is

subst ad®0Q8l| y | owkhe prgary process modification required to form an IC with fully-silicided
gate electrodes is to maintain shallow the source/drain silicide contacts while achieving
tull-silicidation of the gate electrodes. One method of decoupling source/drain silicidation
from full gate silicidation is to perform the conventional silicidation followed by an
additional silicidation of the gate alone. To prevent additional silicidation of the
source/drains, the second silicidation is performed after dielectric layers are blanket

deposited to passivate the source/drains and polished back to expose only the gate

electrode.

[0006] In a conventional IC process the same doped poly-silicon layer used to form
the gate electrode also serves to form poly silicon resistors which are of high value for
various circuit designs. The resistivity of silicided polysilicon is substantially lower than
that of un-silicided doped polysilicon, therefore it is desirable to use un-silicided doped
polysilicon in order to minimize the chip surface area required to accommodate a resistor
of a given resistor. In the conventional IC process, this is achieved by patterning an

additional dielectric layer after source/drain implant and before silicidation in order to
2



that of un-silicided doped polysilicon, therefore it is desirable to

use un-silicided doped polysilicon in order to mnimze the chip

surface area required to acconmmopdate a resistor of a given resistor

In the conventional |IC process, this is achieved by patterning an

addi tional dielectric layer after source/ drain inplant and before

si |i ci deiategt the p@b@éﬁcqnorezlsmr@tfm silisedgssiny slinl the dnll sdiidatemspracess, since there
S|I|C|dat|on si.l.icidation proces nce there
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of ICT ication are additidnal structura esi gns and process

met hodsdéda: Fﬁﬁt@b&ﬁgaﬁ&h@dgﬂhzﬁtﬁﬁaﬁ eNEBIE @t sufr@hlf@i'&b@d‘lﬁrréﬁt foﬁﬁlaths of
SI|ICIded ate el ectrodes and high resistance poly-silicon resistors.

SUMVARquHbe@]@Cz]ied gatd enctopdesand bighgesistance Ipiody -silicentresistops.ovi des a
design and nethod that both enable and sinplify concurrent
formations of ate el ectrode and resistor 2. [0008] In one

enbodi nment , ARBYt erning a sem conductor material for the gate
el ectrode and resistor structures, a first dielectric | ayer is used

to prot a pol y; resis h ot. 10 ed, .then S
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dielectric layer is used’to protect the resistor th is not to
silicided, then a second silicidation is perforned for fully

silici c[D(DQjS]t he galreorsd @obodtheent] @ﬁ&gﬂ)aﬂémmg)alsemmmicbmt@ndatmiahﬁﬂ the gate

operatlon of the_invention, however, ggther wi t h additi onal
obj ect %@%MF%@@T BUHHEEeS, @ifITpt @@165 ¢ laygnés atedd® protast epely resistor that
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structures that
protect the resistor that is not to be silicided, then a second silicidation is performed for

tully siliciding the gate electrode.

[0009] The construction and method of operation of the invention, however,
together with additional objects and advantages thereof will be best understood from the
following description of specific embodiments when read in connection with the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIGs. 1A to 1E are partial sectional views of semiconductor structures that
illustrate the processing steps required to fabricate a thin gate poly transistor in accordance

with a first embodiment of the present invention.

[0011] FIGs. 2A to 2G are partial sectional views of semiconductor structures that
illustrate the extra processing steps required to fabricate a thick gate poly transistor in

accordance with a second embodiment of the present invention.



illustrate the processing steps required to fabricate a thin gate

poly transistor in accordance wth a first enbodi nent of the present
invention. [0011] FIGs. 2A to 2G are partial sectional views of

sem conductor structures that illustrate the extra processing steps
required to fabricate a thick gate poly transistor in accordance

with a[868Ind enbdld: Fepresaits afovpchadliustraterg therprogedsd@) SppFirchotd the first
presents flow chart iJlustrating the processing steps in both the

first therecard smp f%égﬁhE%HF“¥ﬁé“B¥E§%ht i nvention.

DESCRI PTION [0013] In the follow ng two enbodi nents, this present

i nvention prqyl i mproved nethod for the production of
netal-oxide-@%ﬁgﬁgﬁgﬂgﬁgr field-effect-transistor (MOSFET)

integrated circuits (1Cs). The inproved design provides sinultaneous
productjpersjof botin ieltbBoRash MBERb> @REnEN B pebdad iRy Sottddsii
silicon or anorphous silicoh resistors. The sources and drains in

t he substpmivedahethiod (IMOBETOdAEonpd mhétal-byideidentdtciadiuctdh feldobaititensistor

or anDHPhous silicon gates of the MOSFETs are fully silicided. In
cert ai nMPPEEL) Briegragerbeiprtsehislonl ks imyproved glesigmprsvidesimedianeons

requires ielectric.,.si]igcides: cking l.ayer . typical oxj.de, to

bl ok cBrmtetofe? Tl fitideugv B i iR iR ERo MRt b or
anor Ph%ﬁoéﬁﬂd&%ié@{ 51sBrs OMhERBuF &S lapHUraid AR AL sfib{atk At Qe MOSFETSs are
partial sectional views of sem conductor structures that 1llustrate

t he progsasisllpgilkidat Thepolysiidoa drabnoghiorsailidinyged 6 thelMOSFETs are fully
transistor in accordance wth a first enbodi ment of the present

i nvent i Bhcidee i aeitaig sitvetiohsthg @revendion oftsilicidetipr khBusresistonsabqitiges a
preferred to.be .under, 500 angstrons.. FIG, 1A presents a parti al

Bect | orfarlestissigeertlogepg athrcl Rl Prderio Toacimuartii deacted metal layer
present_ i I . rij t.k I V] I es a MOS
transigfgg%ﬁg%?ggﬁgﬁgﬁggﬁﬁg%%gh%§%§S?%%%lgé#%£%%99%#%%SH%Fe f or med

and diffused with sidewall spacers 106. The MOS transistor 102

over | i §6014] FIGs. 1A to 1E are partial sectional views of semiconductor structures that

illustrate the processing steps required to fabricate a thin gate poly transistor in accordance
with a first embodiment of the present invention. When using the thin gate poly, the
thickness thereof is preferred to be under 500 angstroms. FIG. 1A presents a partial
sectional view 100 in accordance with the first embodiment of the present invention. The
partial sectional view 100 includes a MOS transistor 102 and a resistor poly 104, both of
which are formed and diffused with sidewall spacers 106. The MOS transistor 102 overlies
a semiconductor substrate 107. The resistor poly 104 may or may not be diffused. The
MOS transistor 102 includes a gate poly 108, that is deposited on a gate dielectric 109, that
is preferably a thermally grown oxide, a source 110, and a drain 112. The resistor poly 104
overlies an isolation structure 113, such as shallow trench isolation (STI) or local oxidation
of silicon. It is however understood by those skilled in the art that the positions of the

source 110 and the drain 112 are typically interchangeable.

[0015] FIG. 1B presents a partial sectional view 114 in accordance with the first

embodiment of the present invention. A first dielectric layer 116 is deposited onto both the
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a sem conductor substrate 107. The resistor poly 104 may or nay not

be diffused. The MOS transistor 102 includes a gate poly 108, that

is deposited on a gate dielectric 109, that 1is preferably a

thermally grown oxide, a source 110, and a drain 112. The resistor

poly 104 overlies an isolation structure 113, such as shallow trench

i sol at i gate EIlY 103 and seatesistorpelyotd4. dhedinst distecttic layer Advisaesilicide-blocking
understpod thosg Skk%kﬁd in the art that.thg go itions of the

sour ce “TY6" HHY e o Prefranpippredersrmiped o geabl e. [0015]

FIG1 B presents a partial sectional view 114 in accordance with the

first di nent ks i A fi1st, di o3 .
1161 s G Tod Bt o pRReTRe Do ok oh viRuEl b R BHERE «ith Wit
104. Thenbodshert &lthe piésent anemtibhb THe farsstldledteeidbleadhs ﬁ'tgpaﬂti&l’lgretched (for
that may be nade of one or nore predeterm ned oxides. [0016] FI 1C

pr esent&mbogianentaisingat wehelichirigeprotes) ifrora tho garmrdy w08 Hhe lseufderldO and the
enbodi nent the present inventign. The first dielectric, |ayer 116 :

is par t{& ii%t J@H% OEYET naiggdl Hiintirshdielestac faser die KemRgisBLibggysistor poly
fromthgygate poly 108, the source 110 and the drain 112. It is

however noted that the first dielectric layer 116 renmmins on the

resistor poly 104. [0017] FIG 1D presents a partial sectional view

120 i n [e@rAr dancer)@. D phgehistaSparti@NreionBNiedf 120 dc8f®iHce with the first
invention. A first netal |ayer 122 is deposited on the gate poly

108, t ambodingentiof Ghapdeseheirdreaition] ¥R firstirhétat layef 123 is ditpeisged wincthe gate poly
| ayer 1 rotecting. th resi st poly. 104. [0018] FIG 1E presents

a parti ]i%%f thecsapal 1 pesthedrain 1%66#1&&% gtr% Cilﬁlef«’ﬁé? layeis}16 prabesdinesthe

of the]%%ﬁﬁﬁ%%&%ﬂbgntion' A high-tenperature process alloys the first

metal ‘layer shown in FIG 1D, into the exposed silicon of the
gate poly 108, shown in FIG 1D, and the exposed silicon of both the

sour ce [gd@B]and t QN & preddids a PagtifleptibnalSyibWel 24fiATBdidaRcOviah fHel fint

silicided thin gate pol'y 126, a silicided source 128, and a silicided

drai n embodiment of the present invention. A high-temperature process alloys the first metal
layer 122, shown in FIG. 1D, into the exposed silicon of the gate poly 108, shown in FIG.
1D, and the exposed silicon of both the source 110 and the drain 112. The result is the
formation of a fully silicided thin gate poly 126, a silicided source 128, and a silicided drain
130. The first dielectric layer 116 protects the resistor poly 104 from the metal silicidation

process. Excess, unalloyed metal is also removed in this step.

[0019] FlIGs. 2A to 2G are partial sectional views of semiconductor structures that
illustrate extra processing required to fabricate a thick gate poly transistor in accordance
with a second embodiment of the present invention. A thick gate poly is so defined when
its thickness exceeds 500 angstroms. FIG. 2A presents a partial sectional view 200 in
accordance with the second embodiment of the present invention. The partial sectional
view 200 is formed by the processing steps as illustrated in FIGs. 1A through 1D, but with
thick poly, and it includes the MOS transistor 202 and the resistor poly 204, both of which
are formed and diffused with sidewall spacers 206. The MOS transistor 202 overlies a

semiconductor substrate 207. The MOS transistor 202 includes a thick gate poly 208, which

5



130. The first dielectric layer 116 protects the resistor poly 104
fromthe netal silicidation process. Excess, unalloyed netal is also
renoved in this step. [0019] FIGs. 2A to 2G are partial sectional

views of sem conductor structures that illustrate extra processing
required to fabricate a thick gate poly transistor in accordance

with a isetepoditedroodi gasadiglectrie@0presante 2h,emd odrain 218i dhegesistopglojy 204
is so defined when .its thick s exceeds 500 angstrons. FIG _.2A . .

br esent SV AN AL FORAFe SLonushos ShAll B aEdatPh R 197] Seicatian of

enbodi f : [ i . . ' sectional view 200
s 1 or nan g pRaE P RIER g LN R el Ry By PROH &7 1At hr ough
1D, but with thick poly, and it includes the MOS transistor 202 and

the reqoe20]r pol yARGAa fot dili€itlavibh Cihe saic@déDLPBEr Fﬁﬂlcﬂ‘l bfaiseteWhick gate poly
sidewal | spacers 206. The MOS transistor 202 overlies a

sem condfi¥c thy silicidstsatiece2IB,. arththeMiBidednlsaist 220 20 Zoimed.utdslebathiHiGs. 1E

gat e pol 8,, which 5 .is deposited on a _gate dielectric 209, a i
sour ce @%b,ggdﬂﬁs“éa@raaﬁlhc121:1‘?9“'%@‘3‘?5@54 gnallcmprgpostign ob{ia] thagkngss of the thick
i solati e . S trench isolation or |ocal

oxi dat i%#eg);(ﬂ}pg(it)ﬁsccgﬁ}ggﬁg%lg?ﬂ??zdepir}lg}%%’g\tﬁ(éa‘d by the first dielectric

| ayer 214. [00201 After a first silicidation, the silicided upper

portioro@2q of thelQ. BGkeg@ite aRRirial RPBoniiNEew 202GhdRELSRHAEE il theadddond
the silicided drain 220 are forned. Wiile both FIGS. 1E and 2A

i |1 ust renbodingénti afithapiresenpirowesion. s ivgki-ryepdogectticH.0f layet 224 is first
t hi ckness of the thick gate poly 208 is converted to silicide in .
FI G 24lenqsyods A this szgep#%@éﬁ\és?r%toaérth@ta{fheéb@ki&@#apom%Qﬁh?@zhﬁ gilicided

accor dan it h secand, enbodingnt t.he. S [ ntion.

ot or - g b ey BRI e SRR 2T Bod the RPEE G dh MG HAr i are

stage, fullylsHidAegaS sPRMHINMurkdI18 Bh@ kildad &1 BRliY 2208 Abas, th€resistor paly 204 is

silicided” upper portion 216, while the source 210 and the drain 2%2

of the pdofedtedhsins thus p26éksabg thé tilrstydislekirid ldedr 21.si | i ci ded source

218 and silicided drain 220. Again, the resistor poly 204 is

protected fromthis process by the first dielectric |ayer 214.
[0022] FIG. 2C presents‘a partial sectional view 226 in accordance with the second
embodiment of the present invention. The ILD layer 224 is planarized by a planarization
process such as a chemical-mechanical polish (CMP), thereby exposing the silicided upper

portion 216 and the resistor poly 204 .

[0023] FIG. 2D presents a partial sectional view 228 in accordance with the second
embodiment of the present invention. A second dielectric layer 230 is deposited onto both
the silicided upper portion 216 and the resistor poly 204. The second dielectric layer 230 is
effectively a silicide-blocking layer, typically oxide, which is used to block contact of a

deposited metal layer with the polycrystalline or amorphous silicon body of the resistor.

[0024] FIG. 2E presents a partial sectional view 232 in accordance with the second
embodiment of the present invention. The second dielectric layer 230 is etched from the

silicided upper portion 216, and is left protecting the resistor poly 204 .



[00221 FIG 2C presents a partial sectional view 226 in accordance

with the second enbodi nent of the present invention. The ILD | ayer

224 is planarized by a planarization process such as a

chem cal - mechani cal polish (CW), thereby exposing the silicided

upper ortion 216 and the resistor poly 204. [00231 FIG 2D presents

a part i[8ﬂ25§ ect i ondlG. Fgwesads p pastid seddenad igwR34 lie aserdadce with the second
esent |nvent.ion., A second | ayer 230

nmbodi f the jele e
deposi (aHLERBeHIGERRE Prent VERHE. dpHsPraoPe bt oI ame Pd S the
| 2 .. i i e i i V. . .
20 2ol O8 PP AFRELT U6 ST AN o 514 RS LB e e
cont actlagér 280. depasdte@ dhaEhalsed EmMWA 1Ay drIBoRS Y EdtaEBN thMOneTof the resistor
anor phous silicon body of the resistor. "~ [00241 FIG 2E presents a

part i al padg@0iothelsilidided 832ce A13,cudhdaipeded tdinin?280second enbodi nment

of the present invention. The second dielectric |ayer 230 is etched
fromt ilici er portion 216, and is |left protecting.the

resi st 50%@ y zogﬁ%ag%@rﬁ?mﬁ@@ar? ﬁf’FEQBglt‘éle‘é’ parinjagrogienre St the egond
234 in 1 s odi resent

nvent | b oABRIR SN Bt F BER . R T b bR BB ERbss aloys the

si |i ci dedon@pestalliaiét 286, SAEwAlintHIE. PRiifko GRiSliAaLY upPBr ?Bﬁiéﬂ'@m of the thick
remai ni ng second dielectric layer 230. It is noted that the second

met al | gatepoBBB0§, showndordtl&c 2F vihetebydoemirdig & elly edicitenr thigkogate 204y 240.

t he siIichegfs urce 218, or _the silicided drain 220.(%%026 _FIG 2G

pr esent YRICH r@gﬁ}lt W percsnbp! thedhickamte policddY/ eate disliatric 20bintertarriarea,
enbodi ngnt of resent. i nvention. second ;high-te rature.

o ocesoravi PN FEEBkdeRk i i a3 SaRE den S B i,

the si INeheRHIHPRE IRED 95u%d 019 hnlitRe bilickded 4Rl 2POhY% O}?%@C’té(ﬁ'%'fﬂrther
FIG 2F, thereby formng a fully silicided thick gate poly 240.

Typi caldilycidationby9he pelDdeydr 224. (Tihe resibok pedy 20HBInot208ided Because it is
dielectric 209 interface area, shown in FIG 2A, is silicided. The

gat e pdiptecsechipnydusrserond Aoy piidcgssshyl thei seeend digdegiviilayer 28Ae Excess,

fs Iulr ![ ﬁ;?frgallso?fléé%get%ﬂ'g r%rr}gox}egefrosrlnl the &Eﬁqagerrajﬂ azn2 frg&eth%rsgc[:gr% ggelgzcrtlgimayer
230. This second silicidation cycle (FIGs. 2B to 2G) continues from the earlier partial

silicidation (FIG. 2A) of the gate poly, and achieves the expected full silicidation result.

[0027] FIG. 3 presents a flow chart 300 illustrating the processing steps in both the
first and the second embodiments of the present invention. In step 302, the dielectric layer
116 is deposited, as also illustrated in FIG. 1B. In step 304, the dielectric layer 116 is etched
from the MOS transistor 102, as also illustrated in FIG. 1C. In step 306, the first metal layer
122 is deposited on the gate poly 108, the source 110 and the drain 112, as also illustrated in
FIG. 1D. In step 308, the high-temperature process alloys the first metal layer 122, thereby
forming the fully silicided thin gate poly 126, the silicided source 128 and the silicided
drain 130 as also illustrated in FIG. 1E. In step 310, it is determined whether the
semiconductor device is a thin gate poly device or a thick gate poly device. If the
semiconductor device is a thin gate poly device, the flow ends. By contrast, if the

semiconductor device is a thick gate poly device (e.g., the thickness is more than 500
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silicidation by the ILD |l ayer 224. The resistor poly 204 is not
silicided because it is protected fromthis second alloy process by
the second dielectric |ayer 230. Excess, wunalloyed netal is renoved
fromthe ILD | ayer 224 and fromthe second dielectric |ayer 230.

This second silicidation cycle (FIGs. 2B to 2G continues fromthe

ear | i erangstianag), thei flowicoatinoes (cFitep 32A)whéretthe IhBtleyeola4 is alegosited as also

achi eves the ex| ed fyll silicidation result. . [0027]. Fl 3

present uglia gl inaiGs 333 do 5t4R #5417 F}a%afir% Lapice 3§4 &%@gﬁﬁae% P s MPnthsaelhy

the fi . i 1 jonVv ' | .
step s02Pohd HRaTiIRERaRpel BBRAT Rl € o R MORRIGEERY AP Mystivedyin G
i n FlI G2dBin $tepSt 6pthdGcond 8jcdlie@tie tdyer 03h &Y 86p sl d sht8 ol the diliGidelNBper
MOS transistor 102, as also illustrated in FIG 1C 1In step 306, the

first neerddon Qpemnd theZesistatqmdy 204 dsatsd hlesgatesl jpofigs. P08, Intdtep §B8)rthe second

110 and_the drain 112, as also illustrated in FIG 1D. In step 308
the hi ghielestrireloaen 2l isreekassawpy derelveemositg thersalicided appep portion 216, as also

t her eby..; formn ully, siddclded thiin ga 0 12 t he

ST o SRR FIE 2R sh i) o i gy Iactat BaBP o Koo lifd opbgthghe

in Fl Ggilifdel tirded 2 2 of \1 ] }y\Q@g em t ;
devi ce Siﬂslﬁget hip?eggto gt}t%élz?/é 825}(%2[ Cg{ggz;e?%ilck g%’?% t%%feﬁ %g%}%ge&gﬁ? (?{ﬁlgcmc
seni condyei 280, devlsodllustratetilin FIGaRE hostgp 3RY) ibe hisheetpevutandprodys alloys the
contrast, if the sem conductor device is a thick gate E)Ol y device

(e.g., werend mairhiayst 23 withetherbickapte polndiS Hagrely compl¢tingthe silicidation of
Pt b e300 Bt T s BRSSP

by CMP, r j i bicl portion 216 and the

rgsi stoar&%gla?@%%zgﬁggﬁla?grg%f%ls(ﬁvgétegigq?n %E%l 2C. In step 316, the

second dielectric layer 230 is deposited onto both the silicided

upper [p0R8]i on 2IEhéswnicbaduewi stibstraelcinPR4ilics, silison) bémsddiabedri n

FIG 2D. In step 318, the second dielectric layer 230 Is etched

away, tgfememyue pldy segnichedeitor sulkithta gpie bepdrulk snbsttate axsoabgucted as a

illustrated in FIG 2E. .In 320, the second.netal |ayer 236 is |,

deposi (RHTEHRBUERT PRAT RSP plale. phr §0R HAIBCor DR G,

poly Z%tt%%gntcgﬁtariﬁ%%' sidh 3)888,“& IhBE&EFHW AR a dielectric constant >4. The metal
silicide can be formed by alloying cobalt, nickel, cobalt/nickel, tungsten, platinum,
zirconium, or titanium with a silicon substrate or poly. The resistor material can be poly or
amorphous silicon, or silicon/ germanium alloy with no silicide formation, as there is for
the gate structure. The sidewall spacer can be formed of silicon dioxide, nitrogen
containing dielectric, or a combination of the two. The silicide-block layer can be formed of

a dielectric, such as, silicon dioxide, silicon nitride, nitrogen-containing dielectric or a

similar material.

[0029] The above invention provides many different embodiments or embodiments
for implementing different features of the invention. Specific embodiments of components
and processes are described to help clarify the invention. These are, of course, merely

embodiments and are not intended to limit the invention from that described in the claims.



| ayer 230, as also illustrated in FIG 2F. In step 322, the

hi gh-tenperature process alloys the second netal |ayer. 236 with the
thick gate poly 208, thereby conpleting the silicidation of the

thick gate poly 208, as also illustrated in FIG 2F. After excess

metal nmay be etched away, a thick gate poly transistor device is

f abri cd0e30] [ 0028Althhegh ¢t turmtionds ilbutistted frd cescilzedsh¢retoas embodied in a
silicon/ germaniu r. germaniu The sem conduct oy substrate ca e

2 bul ko deniet Pt enghoddns I aeaarReles neIEOILE B LBNr e R Carals shown,
(sA) Sé‘fRéet{f iSus &%ﬁlﬁc‘%ﬁ‘m‘é 'a%ti?sgxtt{clt&racf %ﬂax‘? essrhgii B2 %%deo’zﬂ 98 Witthout departing
ni trogen containing silicon oxide, or a erial "W a dielectric

const anfrorrfthe Bpei#&H ke inSédtid sed GathiRehé 8¢ SR MRY radlgeBf BB 1088k bof the claims.
ni ckel , cobalt/nickel, tungsten, platinum “zirconium or titanium

wi th a Atddrdorglguibst apprepoiateidiay thd hppembidstlaimsrtae eonsatuechbrdaellpehy in a
or anorphous silicon, or silicon/ germaniumalloy with no siicide

f or mat i HANNGECANsistant withdhe s¢are ¢fdhe yentiary ps setrfigsthsindbgdpilowpgepims.
can be forned of silicon dioxide, nitrogen containing dielectric, or

a conbination of the two. The silicide-block |ayer can be fornmed of

a dielectric, such as, silicon dioxide, silicon nitride,
nitrogen-containing dielectric or a simlar material. [00291 The

above invention provides nmany different enbodi ments or enbodi nments

for inmplenenting different features of the invention. Specific

enbodi nents of conponents and processes are described to help

clarify the invention. These are, of course, nerely enbodinents and

are not intended to limt the invention fromthat described in the
clainms. 8 [00301 Although the invention is illustrated and descri bed
herein as enbodied in a design and nethod for, it is neverthel ess

not intended to be limted to the details shown, since various

nodi fications and structural changes nmay be nade therein wthout
departing fromthe spirit of the invention and within the scope and
range of equivalents of the clainms. Accordingly, it is appropriate

that the appended clains be construed broadly and in a



manner consistent with the scope of the invention, as set forth in
the followwng claims. 9 WHAT IS CLAIMED IS: 1. A nethod for formng a
transi stor and unsilicided resistor on a sem conductor substrate,
conprising: formng at | east one gate el ectrode for the transistor
and a resistor region wusing a sem conductor material; formng a
first diel ecWHATISYELAIMY® IS10 the resistor region; performng a
first silicidation process for partially siliciding the gate

el ectrode wthout siliciding the resistor region; formng a second
dielectric layer covering the resistor region; and performng a

second silici dfit i R%&ﬁ’l%%%\%ﬁ gérgglﬁfg?a:{clrgrésflétl(ﬁ‘ %i?gi I} iﬁcri]gag%ssgsgg#gg %r ode.

2. The nethod of claim i e ep fOrm ng

di el ectric | R¥8EonG@MBF slsktidte, ({O@ﬁi,ﬁgig?: regi on conprises: formng a
second dielectric |ayer covering both the transistor and the resistor
region; renoving a portion of the second dielectric |ayer for

exposi ng the gat dormlieg bt kdst andgdthelacasidstfor thesgamsistof andiangsiatdrhiegibn
dielectric layer covering the exposed resistor region 3. The nethod
of claim1l W&?ﬁe%@%&ﬁt@b‘ﬁ‘émﬁ%& substrate is a sem conductor on
insulator (SO) substrate. -10 4. The nethod of claim 1l wherein the

sem conduct or su i f iLlico rmanium. or _silicon/
germani um al | oy. b@%&%arfr% t}:%igﬁesﬁmcllailermaive?{lnr%q%eerre%%%r%rrle%%orr]lg form ng
agate dielectric layer for
performing a first silicidation process for partially siliciding the gate electrode

without siliciding the resistor region;
torming a second dielectric layer covering the resistor region; and
performing a second silicidation process for fully siliciding the gate electrode.

2. The method of claim 1 wherein the step of forming a second dielectric layer

covering the resistor region comprises:

forming a second dielectric layer covering both the transistor and the resistor

region;

removing a portion of the second dielectric layer for exposing the gate

electrode and the resistor region;
forming a third dielectric layer covering the exposed resistor region

3. The method of claim 1 wherein the semiconductor substrate is a

semiconductor on insulator (SOI) substrate.

-10-



the transistor on the sem conductor substrate before the form ng at

| east one gate electrode. 6. The nethod of claim56-wherein the gate
dielectric layer is nmade of silicon oxide, nitrogen containing
silicon oxide, or any dielectric material having a dielectric
constant greater than 4. 7. The nethod of claim1 further conprising
formng an isolation structure in the sem conductor substrate. 8.
The net hod of clain178 wherein the resistor region overlies the

isolation str ctyr h of .cl,ai m 78-wherein e gate

el ectrode overTies ?ﬂ% sé%lggﬁﬂﬂ?ﬂ@beﬂ%ﬁg¥?%%?%Oﬁgugnr83§§F3ﬁl%ﬁgﬁﬁfﬁ
fromthe i soglﬁ@érp;ge%éﬁﬁhﬂr@rmﬁpon/ nﬁ%ﬁmdal claim1l wherein the
sem conduct or rial is a polycrystalline S|I|con, anor phous

silicon, or silicon/germaniumalloy. 11. The nethod of claim1l
furthering conpriEhametiosdbhdaond forthepcengpatgs orndoy erdgatg didledeawallder for
of the gate electrode or the resistor region. 12. The method of claim

1 wherei n t hidedtasisier op thesemisgnepetor ﬁugfﬁtr@qe bseqreribe fenmningiad dgdsp ane gate
process furtqer u?cludes placing a netal |ayer on the gate el ectrode;

and perfor %F |gh t enperature process for alloying the netal

into the gate electrode. -11 13. The nethod of claim 12 44 wherein

the netal layes iTed H{é@ﬁod‘bﬁlﬂﬁim 568PREein tHUNAS HfflectBL %}}e@qg}nade of silicon

zirconium titaniumor an alloy thereof. 14.” The nmethod “of claim
wher ei n t he @dtle, itregen odetaisingtsilie@aséxif, qgerrmediclecsid naiteted Iﬁifvﬁrﬁg a dielectric
t he second silicidation Process 15. The method of claim 1l wherein
the gate el e€tstad gieafenthamitkness of nore than 500 angstrons.
7. The method of claim 1 further comprising forming an isolation structure in

the semiconductor substrate.

8. The method of claim 78wherein the resistor region overlies the isolation

structure.

9. The method of claim 78wherein the gate electrode overlies the semiconductor

substrate at a location absent from the isolation structure.

10. The method of claim 1 wherein the semiconductor material is a

polycrystalline silicon, amorphous silicon, or silicon/germanium alloy.

11. The method of claim 1 furthering comprising forming one or more spacers

covering sidewalls of the gate electrode or the resistor region.

12. The method of claim 1 wherein the step of performing the first or second
silicidation process further includes placing a metal layer on the gate electrode; and
performing a high-temperature process for alloying the metal into the gate electrode.

11-



16. The method of claim 1l wherein the first or third dielectric |ayer
includes a nitrogen containing dielectric material. 17. The net hod

of claimwherein the sem conductor substrate is a bul k substrate.

18. The method of claim 11 wherein the spacer is made of silicon

oxide or a nitrogen containing dielectric material. 19. A nethod for
formng a transistor and unsilicided resistor onsem conductor

substrate corrp13 sI'img medtbodi ofclaiim [18akt wdreeigatie mleeadt lapde irfdudédaickel, cobalt,

transistor tdrﬁ?le&hﬁ{m,r A AMum) Sitdtdush S£HH GNO¢ Wedebf, Mat eri al ;
formng a f| rst- dielectric |ayer covering the resistor region,

erformng a f Silli at}o cess f.or .part] si,lici
gate el ec'?rod vah‘% t%é)gll Jé gqﬁ‘gth L Bt9p? eﬁi fode dtngegét % percent
second di el edfifided rth‘%:%‘?f’@iﬂfi iqiflatio Pragess- regi on; and perforni ng

a second silicidation process for siliciding the gate el ectrode after

form ng the sethmhediethect ¢fi dain20 wHéreimmiichade efecalode Mad 9, thidk@esd 8f more than
t he second sidg ﬁ{g},@tdnqgw process includes conpleting silicidation of

about 90% of the gate el ectrode. -12

16. The method of claim 1 wherein the first or third dielectric layer includes a
nitrogen containing dielectric material.

17. The method of claim wherein the semiconductor substrate is a bulk substrate.

18. The method of claim 11 wherein the spacer is made of silicon oxide or a
nitrogen containing dielectric material.

19. A method for forming a transistor and unsilicided resistor onsemiconductor
substrate comprising:

forming at least one gate electrode for the transistor and a resistor region
using a semiconductor material;

forming a first dielectric layer covering the resistor region;

performing a first silicidation process for partially siliciding the gate electrode
without siliciding the resistor region;

forming a second dielectric layer covering the resistor region; and

performing a second silicidation process for siliciding the gate electrode after
forming the second dielectric.

20. The method of claim 19, wherein the second silicidation process includes
completing silicidation of about 90% of the gate electrode.

-12-



