METHOD FOR FORMING FULLY SILICIDED GATE ELECTRODES AND
UNSILICIDED POLY RESISTORS BACKGROUND [0001] The present
invention relates generally to integrated circuits, and more particularly to
methods for fabricating integrated circuits. Still more particularly, the present
invention relates to methods for forming fully silicided gate electrodes while
also MBVHOPURSII R MINGrEU D025 Hd (dDEBICGABECBRECS TRIDES AND
advanced, the design of iftBySENCTIDEIRR@SY RESISIEORSre complicated.
To further increase performance and reduce cost, improvements to the
structural design of the IC as well as the processing methods to fabricate the
ICs are of paramount importance. For example, scaling to lower gate oxide
ASECR AN e higher gate capacitance is required as transistor
channel lengths are decreased in order for the gate electrode to maintain
[0001Fontrol of Heepebewitainlie slopeddiatys sticemiatealeeiesies tHedingeand more

solubility of dopant atoms places a lower limit on gate resistance and leads

partiqyleglyspingide &t fondrbrinning dategrried kg iay eFldpie partisalarly, the
prese‘ﬁl?m%efélétte@ﬁ)%@}%agmg%%ﬂ% 'ﬂIﬁ BB HAIS { Hlé'itgaﬂ'odes while also

poly-depletion layer increases the effective oxide thickness, decreasing
providiegallpateickohoitastoesand poses a severe limitation to device scaling.
[0003] Replacing the poly-silicon gate electrode with a metal gate electrode

[ooo2{elieves A@‘%ﬁcﬁ%’%‘?%?’ﬁ%%’rﬁe%"ﬁ?g% %aﬂ%%ﬁ?t@g G&ﬁ%ﬁ%ﬁﬁg%?ﬁ%ﬁo&cmts (ICs)

vailable in the met owever, metal gates face numergus c ging
becorpesaassdriegiplionéessués fuetladinthareisd ptatiqrroaass ardalepiureniost,
thermal budget constraints, and meta%contamingiion. One attractive option is

ImPproy Sy £ AReHBF WRHI Eohvkinioh Ay patfertioll PORSHIE S Qe BleBttdda s ©
fabrid RIS R fosmA Ui IHes Satmeleoiinds e, CeRMABINRMEr gate oxide
processes already rely on a single silicide formation process to concurrently
thickfgbsitaiechieve higher 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 electrodes and source/ drains, a fully-silicided gate
can potentially be integrated with minimal process modification. [0004] In
conventional IC fabrication, silicide contacts to the source/ drains and the
doped poly-silicon gate electrodes are formed after source/ drain implants are

contagiifeRahagptalfsiEuisssubiryr erlsiapasaifling ticidedigatsy spngpnigstially be
integARRASVOR AfiAiRiarkeb el flris:fedpwed by a thermal process to react

the metal with exposed silicon areas on the wafer forming silicide contacts to
the source/drain and the gate electrode. Since the source/ drain silicide

[0004] contact dBsPrvRREPBINR MDEGAH Previdict dc0BEAEIH dRoM feitge/ Shdifiseand the
doped %%ﬁgé%?g}f%?eefegt@oqfeésa%oﬁg HIGHET LB%?JQF&SH{']@

S}figﬁts are annealed and
Icide contact, only the top portion of'the poly-silicon gate

before eleptrsitienscilitidiee. faccessting rémttet inéigkincipditgmietpb siejoositd blanket

ielectric_spacers and isolatjon is then removed by a wet etch. Since only
metal@%ﬁégﬂi}? @z&ﬂw&m rsraﬁs%aéa,rﬁ?étpﬁ%%@ggtéw Wik sipiRsadsicon areas on
the waRfteRy Faifiresicias oralicidePrREesRIQRhINSRIIMArYAEQI8SEode. Since the
modification required to form an IC with fully-silicided gate electrodes is to

sourcefithiptaisieisitovptiecs cleiedr tra biticideitvatstts wHkeeatisksgpgjunction leakage
full-silicidation of the gate electrodes..One. method of decpupling source/ :
and the %??yéﬁﬂmd)a% gﬁ\t?rege%?r cge sttglﬁécltall r@l%gi]ier %afn tHe ep?h oF 208 sotirce /drain

d ICl m full gate ation IS 1o perform the‘conventiona
silicidesdinidattp orivyleetb pypantiadditiohagiligisiiion ohilee-rtedlene silipkaleBikcess
additional silicidation of the source/ drains, the second silicidation is

unreactedpatabingydingdpeiel denesiiednarlislegiiosnaccts paddrltign is then
remove@W¢ e/ HARR ANGRRISHLE RRCKIN AXPASSRBY R GRle IBRTAEE; RO hcess is

In a'conventional IC process the same doped poly-silicon layer used to form
self-aligredatmdletivodefaigedtpasacdbomdpoiositison resistors which are of high
value for various circuit designs. The resistivity of silicided polysilicon is

[OOOS]SUbsmmﬂ@&%&p%ocess modification required to form an IC with fully-silicided
gate electrodes is to maintain shallow the source/drain silicide contacts while achieving
full-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 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

proteghthed)alvafhicompEatisiAerfersre irktdinm e il siliridatianerocess, since there
are tW0 lé’ﬁi.gﬁﬁ’eﬁir&?@l@[% féﬁ@iﬁ@ﬁﬁ%@ﬁsﬁ@é@ﬁﬁ% PlGdatiorrPeesst SiiERiation of

there are two silicidation steps, additional measures must be taken to
polysplicvnresikitidatidys stigivldssicohl eaisidtor sirfefdiic hn biecitaditeaire théditiafalstructural

desi fabricgtion are additional gtr%bctrfral desi rls an% roces ir}é% method§ tIhat p ¢
e B ShEES SR BNy or RIS RS D TORY SIS GSR tormations o
fully sieeisedesaaad]Bighothaistan 6 Fohesitieor ¢gaisiosHi Rk YRR Ys[0007] In
view of the foregoing, this invention provides a design and method that both
enable and simplify concurrent formations of gate electrode and resistor 2.
[0OUMM.AReYembodiment, after patterning a semiconductor material for the
gate electrode and resistor structures, a first dielectric layer is used to

[0007Protect apQkeiesistar hakdsnet R siisites theviadystsligidalian ibethod that
performed for partially siliciding the gate electrode of the transistor. If the
both ¢aablelantigdend ihidonssessndaislabprsiajgate ekedresippadaesigtor 2.

resistor that is not to be silicided, then a second silicidation is performed for

[ooogfully silicigl %é@rﬂ%ﬁiﬁk%ﬁ%%ei%@%rﬁﬁ%@%%m&@&'H%F@f’a?for the gate

operation of the invention, however, together with additional objects and
electradeaamdgesitieretfuyitiibes be sirahdrsidoit firgrartiseusotowipgodedoni pidy wfsistor that

. specific. er%jkg?%i ents when. ea& in connection with the aceco yin

is not R R P B A LRI TON U TR SRRTNCE 0] Eieieiing e sate
electratfeRf i sREINORIVIBWROESRNIRAWBHLQE SHIRIWESIHAd dielectric layer is used to
protect the resistor that is not to be silicided, then a second silicidation is performed for

fully 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 with a first embodiment of the present invention. [0011] FIGs.
2A to 2G are patrtial sectional views of semiconductor structures that
illustrate the extra processing steps required to fabricate a thick gate poly

[0012} ansistof i- Adetsiesaned i £ SeEoh e BaHenPEP RS B8 stpR frivehfidhthe first
and tRd90dSA I G soRiERsERES & R shadliysating the processing steps in both

the first and the second embodiments of the present invention.
DESCRIPTION [0013] In the following two embodiments, this present
INDEBCRAPAYODE an improved method for the production of
metal-oxide-semiconductor field-effect-transistor (MOSFET) integrated

[0013]2"“3“itS qﬁﬁxe?&ﬁé%l?ﬁ(%vﬁﬂoq&ﬂgl’)‘cﬁ{ﬂ&%?tﬁi@ER‘ Y5 REAAIETD RO

ilicided MOSFETSs and’unsilicided polycrystalline silicon or amorphous
impreitsd mrgbistbfer Tie sautoes @ndfdiats -ioxice sebsiratel ot the fdQSEETs-transistor

artially silicided.. Th lysilicon or amoyphous silicon gates of the
MO TR ey Ul D 1oL AU 58 B SUSRm S o L aneous
prod SHicHPHOBRh B FRRIVRSARTS .3d HRlSREHIG&! &?&%ﬁ%@éﬁ%om or

typically oxide, to block contact of a deposited metal layer with the

amorphiyepiligimer evigiosrphbeseiivss mulataing indhesiulstride ]thedd O ETs are

.10 1E.are partia) sectional views of semjconduetor structures that i e

Pt e D D G B e ity

silicickatoldanreeiwititadfitshsriho gireent wbihef pitisehttioveofite Wiistorisiegdives a
thin gate poly, the. thickness thereof is preferred tg be under 500 angstroms.

dielegtygs siliciteRinekingdayar dgically axideds Medeeriipdehilfmosied metal layer

with #{B 2fithe presaokImRRIGnJhenRRal Seetionaliviey 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
[0014] 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 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 resistori%ly 104 overlies an isolation structure

gate paly Wf-And xedirsiviesmisitatidihedintelidesiindaabn 1 6fsmedicidgsblocking
layer I@Rﬂ%ﬁ?%@&oﬁ B aseskilIBdifataeAhtpb #igarositions of the

source 110 and the drain 112 are typically interchangeable. [0015] FIG. 1B

resents a partial sectional view 114 in accordance with the first embodiment
[Oﬂlﬁﬁf the prE@ni%Wﬁﬁ@ﬁtsm fastinbrestienal siert 18 depesrdpprecpbmtheetirst

Vi { ' p The first d ] B
o e L a e P i e ity iched (for
emboobiident [00iG ksetlEdhiesepte @ tiainsebtiorek\pely 108, ithactordantt) and the

. with the first embodiment of the present invention. The first dielectric layer .
dramfﬁ@-iﬁbgrhawﬁheataﬂrt%fntfbedfm%rﬂ}%?gﬁ#&%ﬁw@ref& iﬁ%ﬁ@e@g)t?f‘éﬁ?mtor poly

104. the gate poly 108, the source 110 and the drain 112. It is however noted that
the first dielectric layer 116 remains on the resistor poly 104. [0017] FIG. 1D
resents a partial sectional view 120 in accordance with the first embodiment
[0017f>f the prséé)nﬂ-m@ﬁﬁ%ﬁt%lm%lft&ﬁé%ré%ﬁll‘ﬁ% HhBsreershaneegaithdss first

embow&etﬂpo?ocw@ﬁﬂe%&ﬁlwgﬁtgfﬁj nA 12 iiRinadirst @ﬁqgt&iégaé’ﬁéd%@l the gate poly

protecting the ‘resistor poly 104. [0018] FIG. 1E presents a partial sectional

108, thiespti2ekihldcnodddrecdraithlld firgh dnelfodinddeateoficd resth ipratetiingAhe
. tg{i?héi%rig rature process alloys the first metal layer 122, shown in FIG. 1D,

resiSty %osed 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
[0018Formatioiilal.d Hipyesidintdedythiti gateciolyal 2Gew $Rineasotulaad?®idntha first

sjlicided drain : . . -
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] FIGs. 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
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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] FIGs. 2A to 2G are partial sectional views of semiconductor structures

) that illustrate extra %[J:éocessin required to fabricate a thick gate poly
is deRpSHSRIOPIR SEIOEEE SAR A% 8RB 8&%@&%&r6mr§’é§@%f¢ﬁ%ﬂﬁ@ﬁly 204

overliélstgiﬁli%ﬁgﬁ lé’tﬁé&p@ﬁﬁ%wgs Eﬁéﬁ%@ﬁ&%&%ﬁgﬁﬁgﬂwﬁl@@(ﬁagon of

G. 2A presents a partial sectional view 200 in accordance with the secon
silicosmabetiihiemrofehepileséhe vanlietecttie logrtial bectional view 200 is
formed by the processing steps as illustrated in FIGs. 1A through 1D, but with

hick poly, it-ingl fransj isto I
[0020 oth of V%IC %tﬁe%%gr%%%*gﬁ%i u%éqcp \?\;i%t%iégé/al s%%i%qfsi%gferﬂgtﬁ?}%%gate poly
208, thrandisiolked0d ovarMS anserhicoihididtar driintP2A@ 40 fofme A1 OBHilertsistoFIGs. 1E
02.includes a thick gate poly 208, which 5 is deposited on a gate dielectri )
and Zéoé}%%?ée%ﬁég?ﬂ@% QFART12. RGOk (AL ASIFSS Of the thick
gate WQQ@ Strdctvesed 30 R AS shpltgwikench isolation or local oxidation of
silicon, and it is protected by the first dielectric layer 214 . [0020] After a first

silicidation, the silicided upper portion 216 of the thick gate poly 208, the
[0021kjjicided SKerdE PI8SSHE the bt dpanl 220vare i Rsg ovdRme H vttt second

embotfr@Rd SAHHSHRS RiSIUCIHRYAN RIOEERS-BSPAIRIMPRATHIS) 1 §R18004 is first
thickness of the thick gate poly 208 is converted to silicide in FIG."2A. [0021]

depo#it&d 28 pileserit e, paitiahsErtiomal view ke nckcgate pote 20 htvetbesdlndded

embodiment of the present invention. inter-layer.dielectrj D) layer 224
PP RS R S QG N S U Yde (e TR R BON 02 are
fully bigRifedsHiCidied deanRIROETDNB A1, yhHR]the EeuicEd 1 Aaaththediaiistdpoly 204 is

of the MOS transistor 202 are_fully silicided as silicided source 218 and
protegigel deeraidis Processn, thectisdisistgsércdanas 2htotected from this process

by the first dielectric layer 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 .



[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
[0025b04. (005 4pFHE PEspRésaatiphisalieBativir iat Passrdateaarch thsecond

embo@ﬁrﬁﬁﬁ%ﬂh%%?@s@ﬁ}%b@ﬂﬂ%pr@@?@dﬂ&%@% 1 %&qg&?ég%@i&@%‘?{ both the

230 is deposited onto both the silicided upper portion 216 and the resistor
sﬂlClctmiwm)erﬁm@en@m diclbetriddbygnte30iy 2cutiddlyea sitivitentg)ockingd dielectric

: Il hich d to block fa d ted )
over U5 PRSI SE NER SRS Bk saiet o CORERISE T o

poly 20%.tRE sﬂrﬁ:s@etiss@mrélatseeﬂen@bﬂ@maaamtmdance with the second
embodiment of the present invention. The second dielectric Iayer 230 is

etched f silicided upper. portion 216, and is_left protectjng the resistor
[0026},51y 204 ?@[ol%ééirﬁfémﬁr@ pradiaest b%ttairé% [vRsOsSATGe With the second

emboREAYHABEEWIHY dbenseR0BALBMPAdMNLAIDEA- Péﬁﬁ%}ta'ﬁﬁ%’pm(e‘ﬁs%ﬁwsdthe
metal layer 236 is deposited on both the silicided upper portion 216 of the

seconggretrttapen230sshawth mrEIﬁTauaﬁagrst@d@wdtetdcduepayé pesdon A hetedhe thick

Bt B R S0 e T S D30 OB Ehch SEp ot 240.

Typidalbgesiio e parpat:@aqt@mte/mm]z%aw PEgoR08yigaty ihloetse@Winterface area,
embodiment of the present invention. A second high- temperature process

showg iy Elfe? deid pidiriies 1y 226, RAlSWR e widerrerhis frefutfiatlirislsser

MearR@ﬁtﬂen Ataaidir itk 08 BAN L% shiD &in 200 %%Mt@m(ﬂn further
fully silicided thick gate poly 240. Typically, about 90 percent of the thick

sﬂlClctpécterpbty Q@Q@&M@é@&rcﬂ@@nﬁaﬂewdpe%%ﬁowm sri@@ctbeqeuse itis
roted] gro e gate ga ¥ C;ls now dger% be fuII . Mean IeEt(réeSS
protegifidearas rceef_lc.) and e SHiciae }aralnsfﬁa are prof:ecteoa1 Bt trthat
unalloyed metal is removed from the ILD layer 224 and from the second dielectric layer
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 layer 224. The resistor poly 204 is not silicided because
it is protected from this second alloy process by the second dielectric layer
230. Excess, unalloyed metal is removed from the ILD layer 224 and from
the second dielectric layer 230. This second silicidation cycle (FIGs. 2B to

angstseiehthf faiepntinsiesifatpritisd Wistatinigrdasel ke dpresisg,as also
illustBdpahiaves e gneptsdduhaiicioaton,resyls %19%311%&%- REREENHR & eby

flow chart 300 illustrating the processing steps in both the first and the
exposipgdie eihibiodidheneoitdipreddnrinddhtionsistetapB0204hestiddedtticskigtrd in FIG.

116 is ited, as also jllustrated in . 1B. In step 304, the dielectric
2. 1l B G KEOS Bapalelor 5 ISR S e upper
portidi€218 step (BRbGeta drgionetldayenlda Alisstenediiad on. thp gatesral3188the second
the source 110 and the drain 112, as also illustrated in FIG. 1D. In step 308,

dieleghacHpyrreredp s stghe drovays BiRsgdbynetingkthealiided uppesmpprtion 216, as also
illustlfglfga gl Iﬁ@f%&y %M%Pe?fﬁb“ tgl%tgeggl_){dl&%'tyi‘ ?a?igf W@ %E?&Sil%ﬁ S-Hdom% the

silicided drain 130 as also illustrated in FIG. 1E.’In step 310, it is determine
silicidedetipgrethpostgon itchictbe devk eideartbly doseapdlylderdoeaoniagiiekogatelielectric

ly device. If the semijc r device is.a thin gate poly device, the flow
layer B g T A S A R 6 LS TR adess alloys the
secon(® Shetha dDickressviginaketiar S9Q NIV Mkdbe Hoventisuss WIRiRMtion of
312, where the ILD layer 224 is deposited as also illustrated in FIG. 2B. In

the thigdpeate peley 108, lagetspoll s isrindrizedby TP fthe rusgserpigingaticbe etched
awayz%gﬁgggﬁ]f%g}?e&p?fr o0 &16,2d fhe. tegis &?9&‘1.204’ as also illustrated in

316, the second dielectric layer 230 is deposited onto both
the silicided upper portion 216 and the resistor poly 204, as also illustrated in

[0028FIG. 2D ThestepnB181dhetse subdtrdielcatibdabr @B3GiE eto/igdranayiuthe asby

s PR IR 210 e i IR G 2
semide@ida6tdl 6:01rbelthisk @Ep pabs#atamththeaterdainiogsaceneediflestiidioxide,
nitrogen containing silicon oxide, or a material with 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.



layer 230, as also illustrated in FIG. 2F. In step 322, the high-temperature
process alloys the second metal layer 236 with the thick gate poly 208,
thereby completing the silicidation of the thick gate poly 208, as also
illustrated in FIG. 2F. After excess metal m be etched. away, a thick gate

030%01y trandithausdvits intstionda btseteR @nd drssrtsd diesabsanpambgied ina
demgh%ﬁﬂi%@t}%&?%% Qﬁfé‘}?él}@%&%sg‘?{HEQﬂt@ﬁh&i‘%%ﬁiﬁ%@@&@%@&éﬁﬁ%&hown,
can be a bulk substrate or constructed as a semiconductor on insulator (SOI)
since susrstenddidigationssiactstroahibel siisogasioxigebeninade theveitainiithout departing
from?q 0n19X|(:§ oramaterlal wi tqﬁele tric consta‘é>4 Thefmetal illlCtldef the ol
ah Be 5P LiBiAY At l&e CSERI ARG LE A palnO! the claims.

AccoieNy .96 igripratthatsiliecippuhgeatelampobe dhestasidromiefiahd in a
can be poly or amorphous silicon, or silicon/ germanium allo% with no silicide

manryepiaRteRs wikethersropraiihe dmientienTaessidard) g claims.
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. 8 [0030] Although the
invention is illustrated and described herein as embodied in a design and
method for, it is nevertheless not intended to be limited to the details shown,
since various modifications and structural changes may be made therein
without departing from the spirit of the invention and within the scope and
range of equivalents of the claims. Accordingly, it is appropriate that the
appended claims be construed broadly and in a



manner consistent with the scope of the invention, as set forth in the following
claims. 9 WHAT IS CLAIMED IS: 1. A method for forming a transistor and
unsilicided resistor, comprising: forming at least one gate electrode for the
transistor and a resistor region using a semiconductor material; forming a
diVEEATE 18yEELAIMERpISe resistor region; and performing a silicidation

process for farmi ilicide layer on at leas £1] fithe lectrode .
it S e R AR A S e
gate electrode has a thickness less than 500 angstroms. 3. The method of

claim 1 wéareigthtlsashicon gatear] eatitedealfty dhsolyongsttilimend a resistor region
S%mlir(fonds%%%% Srit%lf ?fﬁ;'g%a lethod of claim 1 wherein the semiconductor
matertalisan amorp%ous semicohductor material. 5. The method of claim 1
wherein the performing further includes placing a metal layer on the gate
electrodéomnihgerfdiebdaty @ highrteoveerafthepresiss fegialtoying the metal

into the gate electrode. 6. The method of claim 1 wherein the gate electrode

is at least ggogercent Sili?idc?egfi 7. The m%}::o of claim 1.¥vh re'in the

dielectrid By &F Inclfides Sicon oxite, B The MEmO of i 1 wharaih the st a

diptation tgydelgaltddsaroifiogathcontdividgyelacticistaiaigiod. A method
for forming a transistor and unsilicided resistor on a semiconductor

Subsir ate['l'nc(:eonnl1 thod bf claim 1 wherein the gate electrode has a thickness less than

500 angstromes.

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

polycrystalline semiconductor material.

4. The method of claim 1 wherein the semiconductor material is an amorphous

semiconductor material.

5. The method of claim 1 wherein the performing further includes placing a
metal layer on the gate electrode; and performing a high-temperature process for

alloying the metal into the gate electrode.

6. The method of claim 1 wherein the gate electrode is at least 90 percent

silicided.
7. The method of claim 1 wherein the dielectric layer includes silicon oxide.

8. The method of claim 1 wherein the dielectric layer includes a nitrogen

containing dielectric material.

9. A method for forming a transistor and unsilicided resistor on a

semiconductor substrate, comprising;:

10



10 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 S|I|C|d|n%§the resistor reglon forming a second

dielectridPEPENERIARY Paergalssladtsls: fndiseitansitigaagitafgsistor region
S'UEi %t@ge%gwggg{gyyﬁgﬁgmg the gate electrode. 10. The method of

claim 9 wherein the step of formlng a second dielectric layer covering the
resistor region comprises: formln(I; a second dielectric layer covering both the
transistofOARRBE raEH ie Tt aeeh 6OV B Shfore o tRE &38R dielectric
layer for exposing the gate electrode and the resistor region; forming a third

dielectric,|gYeHHNE ANGr IS IEXRPHEET PiStesd e8tPhidallSi R Eﬁé?lfelfﬁ electrode

9 wherein the semiconductor substrate is a bulk substraté. 12. The method of
claiithowisélisidithg dwrsastoucegienbstrate is a semiconductor on insulator
(SOI) substrate. 13. The method of claim 9 wherein the semiconductor

SUbs”at?Jizgi‘iﬁg% 9&56‘%?&81&%%?&‘!%2&%%’% @Rrpaaniam,aloy, 14, J he

method of 9 further comprising forming a gate dielectric lay@r for the
transistor on the semiconductor substrate before the forming at least one

gate eleedideEning a second silicidation process for fully siliciding the gate electrode.
10. The method of claim 9 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

11. The method of claim 9 wherein the semiconductor substrate is a bulk

substrate.

12. The method of claim 9 wherein the semiconductor substrate is a

semiconductor on insulator (SOI) substrate.

13. The method of claim 9 wherein the semiconductor substrate is made of

silicon, germanium, or silicon/germanium alloy.

14. The method of claim 9 further comprising forming a gate dielectric layer for
the transistor on the semiconductor substrate before the forming at least one gate

electrode.

11



15. The method of claim 14 wherein the gate dielectric layer is made of
silicon oxide, nitrogen containing silicon oxide, or any dielectric material
having a dielectric constant greater than 4. 16. The method of claim 9 further
com |S|ng8form|ng an isolation structure in the semiconductor substrate. 17

The fRethB8 Bk 2bimBrdih tHerslistBe arjf Aislrsiés teTdsigtrse of silicon
S%&?&ér Grit -Elﬂecgfﬁg]ﬁfhgs‘? @Hﬁ%@dﬁ@ef)‘?'ﬂﬁ 194t eleci{odeiqy ﬁﬁl{ﬂﬁé{ﬁedlelectnc

semiconductor substrate at a location absent from the isolation structure
Thenslethiogred telaiina® éherein the semiconductor material is a
polycrystalline silicon, amorphous silicon, or silicon/ germanium alloy. 20. The

met'i%d qfh atlﬁ 4" lﬁ%ﬁ%%@@%ﬁég%&%ﬁe 2 R AL rgﬁgs%cf%]ﬁén structure in

covering SI ew e gate electrode or stor re
rrlétheelmfcoladndﬁmlméxs&nathe spacer is made of silicon oxide or a nitrogen
containing dielectric material. 22. The method of claim 9 wherein the step of

perf(ilgnufgthe fﬁ]sté)r eilzaond1 |I|chdat|on%rocess further |nclud él?l?ni%oa}ation

meta Iayer on the gate electrode; Vand p performing aﬁg%% tem eratire
pcessiter alloying the metal into the gate electrode. 23. The method of
claim 22 wherein the metal layer includes nickel, cobalt, tungsten, platinum,

zircq itani alloy of 24.. The method of claim ein the
e o B T S AR B R B IR o R HERARf A Thconductor
PrRASESa 15 t N FRathedIkeleiid S Whelshtieroate elgstrode has a

thickness of more than 500 angstroms. 12
19. The method of claim 9 wherein the semiconductor material is a

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

20. The method of claim 9 furthering comprising forming one or more spacers

covering sidewalls of the gate electrode or the resistor region.

21. The method of claim 20 wherein the spacer is made of silicon oxide or a

nitrogen containing dielectric material.

22. The method of claim 9 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.

23. The method of claim 22 wherein the metal layer includes nickel, cobalt,

tungsten, platinum, zirconium, titanium or an alloy thereof.

24. The method of claim 9 wherein the gate electrode is at least 90 percent

silicided after the second silicidation process.

25. The method of claim 9 wherein the gate electrode has a thickness of more

than 500 angstroms.

12



26. The method of claim 9 wherein the first or third dielectric layer includes
silicon oxide. 27. The method of claim 9 wherein the first or third dielectric
layer includes a nitrogen containing dielectric material. 28. An integrated
circuit on a semiconductor substrate, comprising: a resistor, made of a

semrondiieBisigdficyanying et Rihitdigéslario areiinpludes

regisighis,ygsilicided; and a transistor, made of the semiconductor material,
disposed on the semiconductor substrate, wherein the transistor has a gate
electrode that is fully silicided. 29. The integrated circuit of claim 28 wherein

the S&mitbAduetbPd Msttateni8 wheurirthe et c3dhimdedinkegtaietryredinchades a
laj iF ' trate includ iconduct
C ﬁi[?g’%%;fégg‘ﬁ%%b@fﬁ%ﬂm&%%% qrehﬁegps rate includes a semiconductor on

insu ate, on which the transistor is disposed. 31. The
integrated circuit of claim 28 wherein the semiconductor substrate is made of
silic@d; gdmntignted silicoit/gemsaniinanaliestos Zubhtr atee gpangdtisifgsit of
claim 31 wherein the transistor comprises a gate dielectric layer interposed

between,the.aale eleioge AN IS SAMIEANHHGIN A BURRHAIE SPhd BSmiconductor

integrated circuit of claim 32 wherein the gate dielectric layer is’made of
siticbstotidew hitrege theartastng siliositicxied; andny dielectric material
having a dielectric constant greater than 4. 34. The integrated circuit of claim

28 furthee{ QML %Iln,gfr?anc?ecz)rfq}%r%es %%%81%&01‘ material, disposed on the

semiconductor substrate, wherein the transistor has a gate electrode that is fully

silicided.

29. The integrated circuit of claim 28 wherein the semiconductor substrate is a

bulk substrate.

30. The integrated circuit of claim 28 wherein the semiconductor substrate
includes a semiconductor on insulator (SOI) substrate, on which the transistor is

disposed.

31. The integrated circuit of claim 28 wherein the semiconductor substrate is

made of silicon, germanium, or silicon/germanium alloy.

32. The integrated circuit of claim 31 wherein the transistor comprises a gate
dielectric layer interposed between the gate electrode and the semiconductor

substrate.

33. The integrated circuit of claim 32 wherein the gate dielectric layer is made of
silicon oxide, nitrogen containing silicon oxide, or any dielectric material having a

dielectric constant greater than 4.

34. The integrated circuit of claim 28 further comprising one or more spacers

13



covering sidewalls of the gate electrode or the resistor. 35. The integrated
circuit of claim 34 wherein the spacers are made of silicon oxide or a
nitrogen containing dielectric layer. 36. The integrated circuit of claim 28
wherein the semiconductor material is a polycrystalline silicon, amorphous

sifiespriBesidewrgembdhrgrtaslpcirdey the grsietPircuit of claim 28

wherein the gate electrode is at least 90 percent silicided. 38. The integrated

circlgbofThaim @3 uheIeRhR slicided YR IRlecHdR Lsaddrsarigkakédpallicon

tungsten, platinum, zirconium, or titanium silicide. 39. The integrated circuit of
clarifleonnhailingeR comiRisigtdeirsttiotyficludes germanosilicide. 40.

The integrated circuit of claim 28 wherein the resistor is formed over an

isolagion JRuGIHEE diRReSeE N BIR REMISONANSIRISHRSEG G cdAductor material is a

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

37. The integrated circuit of claim 28 wherein the gate electrode is at least 90

percent silicided.

38. The integrated circuit of claim 28 wherein the silicided gate electrode includes

nickel, cobalt, tungsten, platinum, zirconium, or titanium silicide.

39. The integrated circuit of claim 28 wherein the silicided gate electrode includes

germanosilicide.

40. The integrated circuit of claim 28 wherein the resistor is formed over an

isolation structure disposed in the semiconductor substrate.
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