METHOD FOR FORM NG FULLY SI LI Cl DED GATE ELECTRCODES AND

UNSI LI Cl DED POLY RESI STORS BACKGROUND [0001] The

present invention relates generally to integrated

circuits, and nore particularly to nethods for

fabricating integrated circuits. Still nore

particularly, the present invention relates to

nmet hods for forming fully silicided gate el ectrodes

while also providing unsilicided resistors. [0002] As

t e CMETHOY BOROFERMING E by SEUICIHDHED deATHELHCTRODES AND

i ntegrated circui tgNJICCIDEPAUOEY RESISTORS! | cat ed.

To further increase performance and reduce cost,

i mprovenents to the structural design of the IC as

well as the processing nethods to fabricate the ICs

BACKGRQUMNDuUNt i nportance. For exanple, scaling to

| oner gate oxide thickness to achieve higher gate

capaci,tance is.require s transj stor, channel |.engths
10001] 57 0> Feg el PR aFIaR PRy 3 S eRERY Gieuif thd Trore

i ' ' g i irk it CRA0MRRS Yarticularly, th
pricB A RERR 1 g AR AR BB, prlany, e

preserd pagriticatrelmestoanethods Fanvfermingniullyaitigded gateedécstoaies gvhile also
~and leads to the formation of a finite thickness space
providipng pgailicidledregisioret ed of free charge carriers at the
gate el ectrode/oxide interface. This insulating

[o0oz] PO! ¥~ %Déeajiﬂaﬁgggy haX¥hed rHSfeeeflf%%c&!ﬂEEhg Hb&shioy ?nt@éli’aag(%l circuits (ICs)

t hi ckness, creasi ng overa gat e capacltance, “an

becormO $@fre camipdiceted. Mofutthler Dtréae pevioematicsandgrdyc0ds]
_ Repl aci ng the poly-silicon gate electrode with a netal
improyements|te &he gigectied]idesigs of thelppppelms she prrcpsdapmathess to

. due to. the high carri.er concengration.avalj. LN, t .
fabricqi g 0 18 B o g S REE T B BR R Aobhdf oice
thicknB§ SR RicvE A laBllcdpRsitRtcel 1D B qiiclichs tFR{s@ltoieélenel lengths are

process devef opment, 't hermal budget constraints, and
decreased #h oxdantfaniheagatoe ectr@ietoanairdainioontropof tw chenne. In doped poly-

... alloy a tal. w.th a conventi onal | atterne ..
slicory g LlsFirp iy faate a1 BRI eprn oA iacer § lower Bpifap sate
resistande h¥{d $ddds b PR IR of!f G IR hicRhBGS e OUEREE RAAE defieted 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



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 nim
process nodification. [0004] In conventional IC
fabrication, silicide contacts to the source/drains

and the ilicon . gate e s are for
contacy gfolf galardr ﬁﬁpameg RS e din S GepGrptentialy be
£ RS ég hass i ng dlelectrlc | ayer.
in egr%gu tt Eﬁ glﬁgésll#?gns b?ty{ﬁt nmetal filmis
foll owed by a thermal process to react the netal with
[0004] exposéd cenverdmmahi@ fdbripation hsdlicidé eonthds o ﬂga givrcaiddeins and the

contacts to the source/drai nd the gate el ctrode
doped pylfdicon@a iR aFEeAgHodr .ﬁorém e isousin/ AERindBRpn AL ppaled and
e t
before JE&%'S oﬁclg Ccfoegrlc% \éﬁ% ectzlllgI Sz% ?%pt}lﬁ?& t%?\d%fﬁgﬁanket
metal fllrhes iRk ediby & Heersnl ﬁ@@d £ & lféactstlhb In@étdle‘fvﬁhréb(pﬁﬁed gifitgn areas on
the top portlon of t poly-silicon gate electrode is
the wafe ﬁo:rmm@@llhc@ecc@ggactmﬁ@rtba@%@eﬁétaam ap éh@a@tﬁgﬂfrﬁéqoalp Since the
osi.ted on die ric acers. a isolation is
source/HERE s 6 G G e PRE R Gp 538 G R sy Bk leaage
and thejid dﬂf—%ﬂﬁoﬁ rg%teséllaétfdd@g vtyﬁlhﬁl)pffﬁélge‘f SharStheS®ipth aF HQJB%@rce/ drain
nd often“referred to as a “salicide process. [0005]
silicide Thretapt;, bniyr the pop pestsomuitihiipodt-sidicon gete eledrdde if eilivided. Excess
ICwith fully -S|I|chi€ded ateezlectrodesmto
unreactqg rpgtal IRCliding Bietalirepesitacten dicdediris pRacerrntisntagionds then
remove\akﬂéJ ;%exr/\%ggﬂécﬁv aq%e ofxq'ﬁ#rgg.’s #/Jl%{e o's?c? rs]%lifcglté Er?ecgﬁz ﬁed the process is
self-alighlell] &hdlaftbR Pefefre@d hilh kaljadep mdesszl dation is to
performthe conventi onal S|I|C|dat|on follomed by an
additional silicidation _of the gate al one. revent
[0005] addi t iThweatrinpry piogats Adidiatinr reqidiackie) GFfﬁlaﬁ‘sI with tully-sificided

gate e{%g&;gags 1"§:h|% In%i_l d%f{é ,?hal oW p81e [ o%rcrcr:?/ddrg in s?hmg% gé)lft%&rs 'v&ule ac ieving

. 0S | assli va e sou
full-si¢idhiién 8NheRRké slaedodac bﬁ@n@&ﬂﬁﬂ@f QRbipRE sedice/ dram silicidation

el ectrode. [0006] In a conventional |C process the
from feligatelsijicidapioh ys i parfym theyonvestiéehal gilicetation 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



the gate electrode also serves to formpoly silicon
resistors which are of high value for various circuit
designs. The resistivity of silicided polysilicon is
substantially I ower than that of un-silicided doped
pol ysilicon, therefore it is desirable to use
un-silicided doped polysilicon in order to mnimze

t he surface area r red to
protect I Epghiicon TSIYPrdROPESt fataion 1 gﬁm@wamﬂ% since there
e oo S350 Iy oAU DAL PLARS Bl 4 giton o

polysititdr £dsthadisO s stich) diedirable id the ﬁft&:(ft[thhlﬁrlmioyisarb ladditional structural
resistors fromsiljicidation. In the full silicidation

deSIngraé@as@,ce%irrg:@eth@séhafamy enable |anFi@F1ﬁﬁ¥1f}b¢Pf§tléfy§§,f formations of
fully s? ﬁll%c# %%r}?:e!)eﬁ 6g %gﬁl % tﬁ'eg%ﬁ}nacg %%s)% ghgon }3%9.13t0rsh

deS|rabIe in the art of IC fabrication are additiona
%ﬁh Uhd) designs and processing nmethods that may
enabl e and sinplify concurrent formations of fully
, silicided gate el ectrodes and hi gh resi stance
[0007] pol y- dhivicwwf tesfosegnisg, tBlgvvaeition] parTdesiaxdesigmand mdtkod that

in s invention rOV| es,a.des od
both eple AHURPLRA ST RR: SOATIRY 8 SRt F P S B E e
of gate el ectrode and reS|stor 2. [0008] In one

[0008] enbodi 'IH%% enf ddmeRe teF ghﬂ%&nﬁqg's 5é:6ROAEGERK n‘i@éﬁél‘ f8t the gate
for the gate electrode and resistor structures,

electrdderatd dhissk@cttrictures,yeefirst dialistdc tayepisatsedtto qughebtya pon resistor that
reS|si to . be. silicided then

is ot ¢ Sigefoffend fhaf Aeidation &Pﬁé?rm%d foy roral o 1ﬂ§“tg~|*é‘e gate
electr&fe & thé lg%%irspoq'el tgg? e HEARS CfieZJE %Jckl a( sécla d%%lgcmc lasyeé is used to

ctro Sthic secon ectric aer

protect €he REBtAChat B0k eshe tititidelpthehs: st@bdnd @Ilbﬁia&bhlls? Fdﬁdrmed for
then a second silicidation is performed for ful

fully sglididlizigdhagaterrdecfends. el ect rode. [0009] The construction
and net hod of operation of the invention, however,

t oget her wit ddi L. naI cts._an

[0009] t her eofS Coplsgggtl%%s? eélér {)F %%er]a? 019 fﬁ-leaiﬁifgﬁgtsgn however

togetHde SEEH ?ﬂdlﬁﬁnﬁ’ltfobﬁ&%iéﬁd sdemggésrmefe%f VAR 'befb%&dnmdbrstood from the
connecti on w

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.
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acconpanyi ng drawi ngs. BRI EF DESCRI PTI ON OF THE

DRAW NGS [0010] FIGs. 1A to if are partial sectiona
views of sem conductor structures that illustrate the
processing steps required to fabricate a thin gate
poly transistor in accordance wth a first enbodi nment
of the present invention. [0011] FIGs. 2A to 2G are

parti sectional yie of...sem conduct or structur.e .
00121 g HIGT GBresERE A el G O g ST esp B AL g th the fiet
and theQel éﬁBBSirﬁ%ﬂthP%e Ser GhverltfoRnSi Stor in

accordance wth a second enbodi nent of the present

invention. 3 [0012] FIG 3 presents a flow chart

IhEYSRIRTION t he processing steps in both the first

and the second enbodi rents of the present invention.

DESCRI PTION.. [00131 In the foll ow ng two enbadi nents,
[0013]t hi s grékefnllong fvPsmbnineats thin Presept iBvERtAR PRotdes an

e 3 P 0, .8 SHTLSPURAR o o
(MOSFEBsihtegthRdi iRy € sH eBh@improvet dRsighi phavidRedtifiltaneous

production of both silicided MOSFETs and unsilicided
produgbitry of hethedilidided MOBHIBs ard ungibeighd polysirystelbine silicon or

N

. h iv]. i .
poialf AR 1L Sl RS St N ae ol

silicided.| Irceatadin situatiortshthe e attdovrsof slicidaten af theirebigors tagjuires a
. silicide-blocking | ayer, typicall% oxi de, tq b]ock
dielectriiligieleplockinglayer, tapicaity axidedpdHockyaniagtiod a deposited metal layer

i UG Ror BRI UGB R R

vi ews of sem conductor structures that illustrate the

[0014] pr oceFWGBIL A5 tePB afeppitinbsbctionflaliews af seraicbhdnctgabiuctures that
) polz transistor in accordance wth a first enbodi nent
illustraffe tha prexesgag staprveqiireshto faperata sithiy sate Pobi Wagdster in accordance

with apf?rls%mbggiment 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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t hi ckness thereof is preferred to be under 500
angstrons. FIG 1A presents a partial sectional view
100 in accordance with the first enbodi ment of the
present invention. The partial sectional view 100
includes a MOS transistor 102 and a resistor poly 104,
both of which are fornmed and diffused with sidewal |l

h |
gate PG GMLICESPSaB PO 187 Prphiekete b Tty Spdiidmylocking
layer t?t%% FB% HihadEoflbdd (?'151%%698&% eté}@néc{ glglest or 102

es a gate poly 'S dep03|ted on a gate
dielectric 109, that is preferably a thermally grown
[0016] oxi de FIG. $0yireeenisldpamiatisectidnal vied1118 ifiaecardsined with the first

oly 104 overlies an isglatio tructure 113, such as
embodint Shtha BREA BRI L sy gﬁecrré%Ewebklﬁjlatﬂaaﬁaafy(ﬁtched (for

e L P RO 4 R 0

drain #1281 MislHAvEFL rloydd t_lﬁlt the firt afmgﬁ@r@f €16 1R} ofrtke resistor poly
1B presents a partial sectional view 114 in accordance

104. with the first enbodiment of the present invention. A
first dielectric layer 116 is deposited onto both the

4 gat 0 108 nd t e re JSt The fi
100171 &1 ey SRt ot 5 TigB 10 b pertaRas Witk the fes
embocillﬁ?ént R YhSredBien PéntRie fQ'?uM@tana?@?iﬁ RRpsited &@%e gate poly
0016] FI 1C presents a partial Sectional V|ew
108, thersoamﬁolkﬂ}eambthwdrhunt H&, withshe fiestisticlienteintlaydr 1ﬂ5@r0teetmg the
present invention. The first dielectric layer 116 is
“ﬁmuﬁéF# Y&P4y etched (for enbodinment, using a wet etching
process) fromthe gate poly 108, the source 110 and

[oo18]t he dial @Eg;}gsenls §rt1|39¥&ﬁ§ﬁalr’xﬁ5\%d12t4hﬁ‘tacédfﬁaxf\éer\ﬂth the first

di el ectric Fayer remai ns on the resistor poly
emboditdent [o® ﬂie?ﬂ)regérﬁm‘l@ltmresm ihfgh-genpperaiak pgectss elays thiedinst metal

120 i n accordance with the fjrst nBodlnent of the
layer b’#eglwwn it Y Ent iy Antosheiexgpseestiligon ofyibe satepqly 108, shown in FIG.

e { S
T L N e
formaBbR0E & il sflidRiedrtBsi 4t8pobPi 26, 4@dicided 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

5



[0018] FIG 1E presents a partial sectional view 124
in accordance with the first enbodinent of the
present invention. A high-tenperature process alloys
the first netal |ayer 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 yesult is, the formatj f a full
is dept fack i dafHhrlegitce Bof jourse 210 el Gieab 4 L ofhe @i poty 204
overlidd%h goﬁa‘tﬂoh%‘thl%ﬂxrgrﬁf}fbucﬂl 39 sh%l%ftfeh?ﬁ is@le@ct}cﬁ?&f To€all AY&tion of
116 protects the resistor poly 104 fromthe neta?
silicors kthd ¢f i proweoteddryoihedst dxleri laperedlMoyed netal is al so
renoved in this step. [0019] FIGs. 2A to 2G are
partial . sectional, K views of sem conductor, structures,
[00201¢ hat Aiiﬂrrt?s@%saf cisaticy. W&@&@%‘ﬁ@?l’%‘dﬂﬁﬁ“@& 318 o the hick gate poly
208, HeANAEE] Sl LIPSO L BRD 08 (drthell WHARB6G FIGs. 1B
and 2Ahll€dtr-gat eilRedatiorSpreoedded smatlemprportiss of fotalkhiz&aess of the thick
exceeds 500 angstrons. FIG 2A presents a partia
gate pebr2(8dp aprveresd podlidide imEéor2dance with the second
enbodi nent of the present invention. The partia

Sonal o 00, s .
00211 357 | 116 28 g Potchol Sl Ry 2o BERIGIR PRy second
embodi@heht oRFKE pesédiGhiélasort. hen MoSr-dyRp Siddé@Fic A0D)adebrhe is first

resistor poly 204, both of which are fornmed and
depositedf dd dlois wiagh, i€ idenddrstood dbatrthe 206k goitecp PB08 has Hhestiligided

202 .overlies. a, semc uct,o ubstrate 207 . The MOS
upPerRHER o4y BT A O rE e R 255 Fe MK appigir 302 are
fully silfi§&PRS iAo 3248 HASHREALd GrafD920. aAgQiW AR redilor poly 204 is

ané a drarn 212. The resistor poly 204 ‘oVerlies an

protedtabirain this ptacesst by thedirSt dielechrialaysd2id ow trench
i solation or local oxidation of silicon, and it is

prote d by the first dielectric |ayer 214. [0020
[0022] af ¢ er Cé&f 25%655@@ LAl sertiongkview 226 @gcrdpRee with the second

' . ' J e shlici o

embo 83 08 R8sl el P UL 0B blal BB flkivcon

procesdliiukR abatcheiliéad-meéchanBdpAAhi (OMIBY, Kladrebpegpdsingd Hhatsilddided upper
process, a smaller proportion of total thickness of

portionPd6apidhe repater polyy20208 is converted to silicide in
FIG 2A

[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 .



[0021] FIG 2B presents a partial sectional view 222

i n accordance with the second enbodi nent of the
present invention. An inter-layer dielectric (I1LD)

| ayer 224 is first deposited. At this stage, it is
understood that the thick gate poly 208 has the
silicided upper portion 216, while the source 210 and

the draj.n,212 of the tr.ansi stor,.202 are, full
100251 '} ciENG2E B esPTiR raH LT QR 8 TA 1 Pricerefts it e second
. r ol
e 988 0 A Bt Rl 05 A5 ot
silicidéd Gpp2C prteeliibsof ahethithk ghtepody 2Sad Heawn@bingecond dielectric
accordance with the second . enbodi nent of the present

layer 33Qy dhisinefed thed the sscpag sretaldayer3glin pneanieet vpiyh gone of the resistor
ri i e sugh . G i cal - mechani ca
poly A TNEIERT BLBESP uUI A8 Bz es) Techon
portion 216 and the resistor poly 204. [0023] FIG 2D

[0026] pr eserHIS. 2GPaeddndd a peEtal eddiond] w28 ihmdcasdanctenad the second
W th the second enbodinment of the present invention
embodimygat eh theprepenttinyenticay eb semd highdpopetasdreprosess@ilays the

he sil i cided . upper on 216 and .the resistor I .
second) PSS RO £ Bot PG 5860 SrbEF pRubin AR ghe thick
gate p§1gl I8 Seobh AE KIODH Bttby f&ﬁﬁﬁ%h'fﬁllﬁéi‘li@ﬁiedwm& tSpoly 240.

used fo block contact of a deposited netal |ayer 3AP%
Typicdllye abohity¥) ystatt df nke triclagae ploby 2808/ gatediel dotriky2(5f intdrface area,

resistaor.. [0024] ElG 2E presents a rtial sectio
shown ineif2 32, i%ﬁgla%éa%-d?éﬁ% gatgily (o é‘@%@g t@h_ﬁéﬂﬁ gide
Meareffifi B E S AATRURL Aot YR SHRRIAL B 280 B4y pBXRLY f0h fusther
silicidation BY thIlaD &gt DYt Tie feeBittply RO4 6 A 4iliceddBtalise it is

FIG 2F presents a partial sectional view 234 in

protecirsbppauihitesanpnd allpe pseceonty thamssandreiledric {ayer go@ sBxness,

i nyention. A sec¢cond t ayer, 236,is deposited.o .
nalloy gl tpe rempPes ot (B BSHE f27sh g FERetar dilectric ayer
230. TO& £cBRY Xili%ﬁﬁatﬁ»ﬂ%krkﬁqFI@ﬂQB% nE;) $6RCAGesHr AL EhGier partial

layer 230. It i1s noted that the second netal |ayer 536
silicidatson (FIGoitAgatf the gdte pohe ankl dchevee giesdxprecteddidl sAkddatidmeresult.

silicided source 218, or the silicided drain 220.

[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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[0026] FIG 2G presents a partial sectional view 238
i n accordance with the second enbodi nent of the
present invention. A second high-tenperature process
all oys the second netal |ayer 236, shown in FIG 2F
into the silicided upper portion 216 of the thick
gate poly 208, shown in FIG 2F, thereby formng a

o U O R o
illustr%l%g m‘ﬁ@fiﬁ‘l% sﬁé}? 814, tléé;%‘?% cf{ % ﬁ'\aﬂz&: qgereby

e gate poly now y SI
exposiMgahakilickled dgp&igartibn 2t sod ﬂm&regibi?orqml fo}E, a@allﬂo(llld@tdated in FIG.
drain 220 are protected fromfurther silicidation

2C. Insier Plb thageoond glicleqtris 1aesi230 éy dﬁmsyteé ontq Bothghe Hicided upper

b t
portiof} 2:15 %hgr%%% 1ée%gs ‘}l?,l)rs lg?lplfteZO% eagoaﬁ fl].l%sfr r | d agfgfI %p%qS the second

dlelecﬁi@@?&a 23048 aich@a aelaRitRrel SRR \gemefsﬁ&m@dwg%;bér?drﬁwﬁ P16, as also

4 and fromthe setond dlelectrlc | ayer
ﬂlustrstedon FIGi 2H.cindsep 320, thyesexonéin@etal 12Bert 2)362165)iepomtadmmboth the

silicic'l{ecﬁ1 ggatgl? gorg{ﬂrr{,ilgé:ﬁ gﬁ%ﬁ'ﬂa%%%tg Ipﬂ'l)éb@%rég q‘gg@r&qu%@ sec(:)ond dielectric
layer Sl éscélg%gl At &P TG, Zijogtg&le B3 tha W }?ﬁ&géecrlaﬂ]rfe ggﬁ(:ess alloys the

char ustratlng t oceSS|n st

second hﬁetalflay@tZSG Wit He: thedogde pﬁt}@ﬂSﬁ&[&:&a;@éoﬁﬁEﬂﬁg&h@ silicidation of
invention. In step 302, the dielectric layer 116 is

the thiglks getd pay, 20&@8@%&%%@@@%@ 7 &fter exass mgtad pegy be etched

| hed f h
away, & Hickl e, PO Sr o8N & i tiBiodted T ook @ C1e

step 306, the first nmetal layer 122 is deposited on

[0028]t he gate sealiyorkiftorisi®saate@n bhlicondsiliben Mfediranhim, or
as also illustrated in FIG 1D. In step 308, the

germaigm.- ﬂé\ﬁp@mqmdelcmr@@bs’@atalcan% atthdk sitbstrateret gdnsteyoted as a

t hereb the f ed thin gate .. .
semicopifietans TPiatar 1SN ditietor Die 8 fieftin e pr piR8 giovide
njtrog_gﬁ @bfkaddfe 38icBh %Shdel bf@ h‘[aﬁéﬁ;ﬂ With %lcﬁéleétﬁc cbRstaheP4 3FRe metal

it s determ ned her the sem conductor device is
silicida camhba fgatel lm;ohlj{o)dﬂg |colealo mieke, obklt gaitkelpaingstbey plaginum,
I[f the sen1conductor device is a thin gate poly
zirconga; letitapiEmayisha siigen sphsteain PF ely: the Figtor material can be poly or

amorp?'g).rl% %ﬁﬂ?ﬁg&fﬁ?gﬁl r{'g%?m'eﬂsfm% taﬁb algcgblﬁ)lg dé fgl;er}lthﬁgn as there is for

S 1S nore han
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.



angstrons), the flow continues to step 312, where the
I LD |l ayer 224 is deposited as also illustrated in
FIG 2B. In step 314, the ILD layer 224 is planarized
by CMP, thereby exposing the silicided upper portion
216 and the resistor poly 204, as also illustrated in
FI G In step 316, the second dielectric |ayer 230

onsry P, 018 A o R P i
desigrfafd nebhod roft 8PnedBiheldis n%?ﬁ@&%ecﬂﬂo@&%ftb& td B¥EdetdBshown,

i s etched away, thereby exposing the silicided upper
since mrctusonodzilﬁatlass aldsgrudtital shamgesdnanbéh@dezhereimwithept departing
second netal yer 236 is deposited aon ﬁpth
from thﬁéplrglq s Hwantigpand aﬁ%ahe 590pedNc 9BSE Rf eguiyalests of the claims.

Aot 308 P TSP A 6 S Oy g

manndt @RsisQHp Vit tHe®cPpOELESR iAléiaith, hb cet fEAHAA dh@ﬁill@lwmg claims.
| 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
netal may be etched away, a thick gate poly

transi stor device is fabricated. [0028] The

sem conduct or substrate can be silicon,

silicon/ germanium or germanium The sem conductor
substrate can be a bul k substrate or constructed as a
sem conductor on insulator (SO) substrate. The gate
dielectric can be silicon dioxide, nitrogen
containing silicon oxide, or a nmaterial with a

di el ectric constant >4. The nmetal silicide can be
formed by alloying cobalt, nickel, cobalt/nickel,
tungsten, platinum zirconium or titaniumwth a
silicon substrate or poly. The resistor material can
be poly or anorphous silicon, or silicon/ germani um
alloy with no silicide formation, as there is for the
gate structure. The sidewall spacer can be forned of
silicon dioxide, nitrogen containing dielectric, or a
conbi nation of the two. The silicide-block |ayer can
be formed of a dielectric, such as, silicon dioxide,
silicon nitride, nitrogen-containing dielectric or a
simlar material. [0029] The above invention provides
many di fferent enbodi nents or enbodi ments



for inplenmenting different features of the invention.
Speci fi c enbodi nents of conponents and processes are
described to help clarify the invention. These are, of
course, nerely enbodinments and are not intended to
limt the invention fromthat described in the clains.
8 [00301 Although the invention is illustrated and
descri bed herein as enbodied in a design and nethod
FYHAT IS CEAIMEDP B¢l ess not intended to be linmited to
the details shown, since various nodifications and
structural changes nmay be nade therein wthout
departing fromthe spirit of the invention and within
t hd. sopethodl fordogaimf a eqhsivtel entl smeflicideel :ebidiorn a
Accordingly, it is appropriate that the appended
SeRlRNPISt DT aledc HPBESING: and in a manner

consistent with the scope of the invention, as set

consi stent with the scope of ! | o
10" AP B B A e O S g el resion

nes@s eémdnductde fhaensyct or substrate, conprising:
formng at | east one gate electrode for the transistor
and a resjistor region_using a sem conductor material;
f or mi AgrTaing & Srst diclectde layer FexEMEBearsisigr regaoResi st or
region; performng a first silicidation process for

parti il 1 ciedi . L . i
2 PSSR SR BR ALt o MARBME e gt clecrode
di-gheet sili@dingte reaser tddgor;he resistor region; and

performng a second silicidation process for fully

siliciding the gate electrode. 2, The nethod of claim

1 wherd@imingresesppe diglegtyie layes caverigpihe r@pistos egipp; and

| ayer covering the resistor region conprises: formng

a sec Eiél,gfo‘i’hﬁﬁsﬁe% Esééo?tdl ANEH G FFdR% BPFRI BRcHEANHSIE electrode.

and t resi

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 bulk

substrate,

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

semiconductor on insulator (SOI) substrate.

10



region; renoving a portion of the second dielectric

| ayer for exposing the gate electrode and the
resistor region; formng a third dielectric |ayer
covering the exposed resistor region 3. The nethod of
claim1l wherein the sem conductor substrate is a bulk
substrate 4. The method of claim1 wherein the

uct senm conduct or .on
b akne G ol STEL | Bierein gh ST aN R HOSIGTags i of
Vnﬁ co eﬁﬁ&nﬁlﬁmo‘fgﬂﬁ:%?g& m ﬁ reﬁf is made of

ger mani um or ger nlunmalloy. 6. The
nmet hod of claim1 further conpr|S|ng form ng a gate

di . eclihrel methaylerf claom 1 furehdreanyirising foomitge gate dielectric layer for
sem conduct or _substrate before the for t
o t@é‘?’étoré%fb‘%‘@rSS’a%Cf’“F‘ucﬁfﬁéuL?étF%j’e e ehaforringAbRest pre sate

th&Raie dielectric layer is made of silicon oxide,
nitrogen containing silicon oxide, or any dielectric
material having a dielectric constant greater than 4.

8. 7Therahbibahdaff ctdimi srwhetdin tiegate aligdectsic gy o @y madg oésiticon

i solation structure in the sem conductor substrate.
exidp aifFesHLEPTSRINENGFlren Qe epAvHalelesticmateriab frwing a dielectric

e ation structure. 10. The nethod of
(ﬁgﬁﬂﬁg é?ghggéhe gate el ectrode overlies the

sen1conductor substrate at a | ocati on absent fromthe

I sd. atThmethodadf étedm Ilﬂurtﬁlaiieoffqir{bﬂﬂg frnthgamisblaw@r ghicture in

the sem conductor material is
the semiconductor substrate.

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

structure.

10. The method of claim 8 wherein the gate electrode overlies the semiconductor

substrate at a location absent from the isolation structure.

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

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

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

covering sidewalls of the gate electrode or the resistor region.

13. The method of claim 12 wherein the spacer is made of silicon oxide or a

nitrogen containing dielectric material.

14. 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



pol ycrystalline silicon, anorphous silicon, or
silicon/germaniumalloy. 12. The nethod of claiml
furthering conprising form ng one or nore spacers
covering sidewalls of the gate electrode or the
resistor region. 13. The nethod of claim 12 wherein
the spacer is nade of silicon oxide or a nitrogen
ontainin ielectric erial. 14, d of
o Thegfethort ot chimct S hereis e ol l o e ceagiclsl cobal,
es placing
RS ?ébﬁﬁhﬂ%ﬁkﬁﬁugé?ﬁﬁéﬁgiﬁ%ﬁ%ﬁoﬁ “%‘fé*%erf or i g a
hi gh-tenperature process for alloying the netal into
t helégdite rebéotrddmimill whereiif hise gatt lebdtrotledd atiloastH0 percent
g(g he nmet al | gyer. i.ncludes nickel, cobalt,
\41]'1‘@ e ptterthese silicidaian BROCeBS-t ani um or an al | oy
thereof. 16. The nethod of claim1 wherein the gate
el &yot raflenkihodlof £AH 1 MheREh BEDEate Sldchioudeds 8lhRkntdldf more

second silicidation process. . The nethod of claim1l
when 600 ahger@as.e el ectrode has a thlckness of nore
than 500 angstroms. 18. The nethod of claim1l wherein

the first or thi dielectric | yer i ncl udes Ilcon

oxi e Thegnetheg frféf%'d Fyhersinths A7 F@r#ﬂ el s Jaget gicludes

gﬁl{g“ghgéectrlc | ayer includes a nltrogen cont ai ni ng
ectric material. 12

19. The method of claim 1 wherein the first or third dielectric layer includes a

nitrogen containing dielectric material.

12



