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| NCLUDI NG A METAL SI LI Cl DE GATE AND CHANNEL | MPLANTS
WQERND4/0METHOD OF MANUFACTURI NG THE SAME BACKGRRAMNDULF003/026815

THE I NVENTION [0001] 1. Field of the Invention [0002]

The present invention relates generally to the field
TRANOfsTORt E@Ueted eidittite Af @biCatiiefpr ARG MRDECHANNEL IMPLANTS AND
METHAEPeE| tANvahdyriOe aukadmzcat i on process for use in

creating transistor structures in a sem conductor

substrate. [0003] 2. Description of the Related Art

[0004] Currently, transistors, such as netal -oxide

sem conductor field-effect transistors (MOSFET) are

forned over a s éﬁbf 5hﬁa§§q¥? used in
many i ntegrate %J(cjlirgﬁcwt evices. B#w K

transi stor utlllzes a gate electrode to control an
[00QhKer | i Adeldupfithe dnvandionel j oi ning a source and drain

region. The substrate is doped oppositely to the
source and drain regions. For exanple, the source and

[0002ZRi n dhe préschibinvenbion related gehéerdlly Yo tiee feld dfHihtegeated circuit
conductivity, whereas the channel has the conductivity

fabrpcfatiafl,r%?}c\f; ﬁ'%g 915%/%%? 2l t§ Li*??r#fcghg? g‘f' f rd Wﬁ? creating transistor

condutc Iy,

separated fromthe sem conductor subst rate by a thin
StrUFRSEN 153 PERiFQRCtRysuPsHatea gate oxi de. The channel ,

source, and drain are |ocated within the sem conduct or

substrate. [0005] In a typical process formng the
[0003} e eRedDeszdiptioh of theBlekated Aansi st or, successi ve

bl anket depositions of various |ayers occur. First, an

insulating layer for use as a gate oxide is fornmed on

[OOg{ﬂ)ﬁ dS Uit cRnSiStdrs AAAY S Akt R Rhficomft®biificld-effect

ucti ve

transistors (MOSFET) are formed over a semiconductor substrate and are used in many
integrated circuit devices. The MOSFET transistor utilizes a gate electrode to control an
underlying surface channel joining a source and drain region. The substrate is doped
oppositely to the source and drain regions. For example, the source and drain are of the
same conductivity, e.g., N-type conductivity, whereas the channel has the conductivity of
the semiconductor substrate, e.g., P-type conductivity. Typically, the gate electrode is
separated from the semiconductor substrate by a thin insulating layer such as a gate oxide.

The channel, source, and drain are located within the semiconductor substrate.

[0005] In a typical process forming the gate clectrode of a MOSFET transistor,
successive blanket depositions of various layers occur. First, an insulating layer for use as a

gate oxide is formed on the surface of a semiconductor substrate. Second, a conductive
1



1 WD 2004/ 021429 PCT/ US2003/ 026815 | ayer such as

polysilicon is forned on top of the insulating |ayer.
wabiong21420 t hin refractory netal |ayer is oftePCT/US2003/026815

deposi ted, such as tungsten, on top of the conductive

| ayer which is used to forma silicide with the

underlying polysilicon. An insulating |ayer may al so

layer sullgﬁ as ?Bf;{sgﬁg? ?%ﬁfém %&e#)rﬁ%gt\i}g ultxs‘?ﬂ'u{t{n ? Lls’y'fl[ug&e Ky ﬂ’lfm refractory
metal léyggs%?fte% éépaqffi(tﬁ&? s:uatbtgg.t@éafgqsnlafgmoéyéﬁo fge &ﬁnagctwfﬁ@’artéﬂzich is

can create problens during a gate stack etching

used topfoapessilicide ngdi gie dxﬁieﬁ%l'gxlgqidiysﬂm. cAa irsselavirigalhyer may also be
Accordingly, the etch front as it passes through the
t r '

sopted ARBEAE Ny IS OF S A @RS RCARE A Blmarly

effects. For .in tance, t he uneven etch front can
bccom‘?se@ﬁlgat‘?ﬁa%ﬁgstf‘%‘anﬁﬁéﬁetchi ng into portions of the
substrate surface. In addition, tungsten particles in
the etch m xture can coat the sidewalls of the gate
[0006]st acHgvavdraha gpresandasof eckfmbanry setdHeyeronching furgstent, cim create
front can also result in the polysilicon and oxide-

. i .1 F 14
problerln?l‘lﬁhgg'a]n%a{t? @tagﬁtégcgiﬁ‘rﬁa]g%c&ﬁe %E&ﬂ% E%Lu?ﬁg%? c:og}slz Ynetal.
r ially etched,, it no |on oper | uncti ons as,
Accord St Fonsel e parroHuRu PRk OBl DEGTBGh ey and
and drain i nplantation. BRI EF SUMWARY OF THE | NVENTI ON

unever] R&flfhg Tha mwreseifbro ruwdnwhich candawsesexdasined nffeasl For instance,
probl ems and provides a nethod for form ng MOSFET

the unévrcﬂrk%ﬁ h%h% carh Pesiif in@edifid ra}%}&E%ﬁﬁgEﬁl ottt} FF3he substrate

I's not present during stack
Chl rocess, but .Su ent | added af t er. ,gat
surf: accst tlgn tungsten partlcles in tB etth m t ixtire can coat the sidéWwalls of the

gate stack producing undesired shorts. The non-uniform etch front can also result in the
polysilicon and oxide layers in the gate stack to be undesirably partially etched. If for
example, the polysilicon layer is partially etched, it no longer properly functions as an

effective self-aligned implant mask during source and drain implantation.
BRIEF SUMMARY OF THE INVENTION

[0007] The present invention addresses the noted problems and provides a method
for forming MOSFET transistors, in which a refractory metal, such as tungsten, is not

present during the gate stack etching process, but is subsequently added after gate stack.

etching occurs.
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[0008] In the present invention, a transistor having a
w@ai0e/0st42ck i s produced by |ayering a gate oxPCBEUS2003/026815

| ayer, a conducting layer, and a first insulating

| ayer, over a sem conductor wafer; etching the

respective layers to define a gate stack, inplanting

[0008] SOUTR&he PRéseht Riventish) @ﬁ-&n@rﬂo@ﬁﬁﬁﬁ% tb§yasd stask @fprotieced by
gat e stack, pr ovi di ng an additional insulating |ayer

er anted,s Lade nd Qat. e,
layermgr aogam: ﬁ)ducghlngerfeﬁ Icgadp#xxt ayer, If%%a sr?l%@gg éagru %Q/%g{ll o
over and down to the conducting |ayer, and then .
semicorfdwcramyafars cteling che despectivie levisis tl defing 3 agterstackninplanting source
used to forma silicide | ayer over the conducting

and dr ons!éh bb{)éslﬁ@%‘{dcsa)f@@ gaetstack, peovedinghincdidigonss adulating
orma silicide layer I's not present durl ng

e o PSP PP B B o

be nore clearly understood fromthe foI | ow ng
additionrd frsulasingleserever iaod damrcte the qondyrdeg laysr, caé!ﬁirrélérl ifeming an
with the acconpanyi ng draw ngs. BRI EF DESCRI PTI ON OF

unctché&ﬁe%%&ﬁﬁn[gqﬁ)ﬂéﬂ whidz is hsddStoafoefos siticide ldyen averihewonducting
a substrate containing oxide, polysilicon and

ulatin er.s_prior t . QR
SRR T N —
structure forned fromthe FIG 1 structure [0012]
during ptalingef the gate stackist ration of the FIG 2 structure
after angled inplants have

[0009] These and other advantages and features of the present invention will be more
clearly understood from the following detailed description which is provided in connection

with the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a cross-sectional view of a substrate containing oxide, polysilicon and

insulating layers prior to gate stack formation;

[0011] FIG. 2 is an illustration of a gate stack structure formed from the FIG. 1

structure;

[0012] FIG. 3A is an illustration of the FIG. 2 structure after angled implants have

been formed;
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[0013] FIG 3Bis an illustration of the FIG 2
wareotye®e after vertical inplants have been POF/IBIN3/026815

[0014] FIG 4Ais an illustration of the FIG 3A

structure after an oxide layer is deposited; [0015]

FIG 4B is an illustration of the FIG 4A structure

(001321 SEY LS UP SRR RHE PR T o it v

addi tional inplants have been forned; [0017] FIG 5A

been formedn || ustration of the FIG 4C structure after a
first insulating |layer is deposited; [0018] FIG 5B
is an illustration of the FIG B5A structure after a

[0014]CVP BI@c£Asds an RSt Ajor-bfiheIIG. B Aastruttuns sftatanooxidé layheis
" FIG 5B structure after renoval of the first

deposi. gsul ating layer and a channel inplant is fornmed;
Ef:OZO] FIG 6Ais an illustration of the FIG 5C
structure. prior to alternative channel inplant

0005 ) BRSPS PSEHAT s e o
eposited; 4
formed;

[0016] FIG. 4C is an illustration of the FIG. 4B structure after additional implants

have been formed,;

[0017] FIG. 5A is an illustration of the FIG. 4C structure after a first insulating layer is

deposited;
[0018] FIG. 5B is an illustration of the FIG. 5A structure after a CMP process;

[0019] FIG. 5C is an illustration of the FIG. 5B structure after removal of the first

insulating layer and a channel implant is formed;

[0020] FIG. 6A is an illustration of the FIG. 5C structure prior to alternative channel

implant processes;

[0021] FIG. 6B is an illustration of the FIG. 6A structure after a second insulating

layer is deposited;



WD 2004/ 021429 PCT/ US2003/ 026815 [0022] FIG 6Cis an
illustration of the FIG 6B structure after insulating
wGepagme2are formed and a second channel i nplBET/UBD03/026815

performed; [0023] FIG 7A is an illustration of the
present invention in one enbodi ment prior to
performng a first channel inplant; [0024] FIG 7B is

[0022] an RIQISC Btandllusttatidieoffthe FIGA 68 stiedtufecafedrtinsulaing spacers are
| east a portion of the insulating |ayer is renoved

nd a fir .l i.siperformed; [0025] FIG
formed 3‘&‘9? e%%nf%l?a‘é%%pgﬁ# 1%?1@;1‘9%&%%&%1’% 8B st rucE ure !after

an additional insulating |layer is deposited; [0026]

FIG_7Dis an jllustratjon of the FIG 8C strugtuye ;
[0023] af t &G f\is 20 iHgstsationepisthe presspt inventing 1y 9PE egodiment prior to

structure are forned and a second channel inplant is

performigg agiest chhfRSldnpHs 8A is an illustration of the
present invention in one enbodi ment prior to
performng a first channel inplant; [0028] FIG 8B is

[0024] lan Ratersy:| Qtzlin‘)Lﬂu&EatH?io thORI8A 83 S EdHESaRIr®leadl 2 8ortion of the

east a portion o i nsul at ng rayer 1s renove

. .and a first channel inplant .is perforned; [0029] FIG
insulatiglayer i TeMOVEa P4 if6F SPRoRFldmplgt %BC’-‘LIS’FH%‘%M e after
at least a portion of the spacers adjacent to the
gate stack structure are partially etched. [0030] FIG
[0025]8D iIFH@G¥C s arsilluatration of theHE GF18B sB@tare aftenamcadditienal insulating
an additional insulating layer is deposited; 5 WO
layer is 39196%{@3}429 PCT/ US2003/ 026815 ’

[0026] FIG. 7D is an illustration of the FIG. 8C structure after insulating spacers

offset to the gate stack structure are formed and a second channel implant is formed;

[0027] FIG. 8A is an illustration of the present invention in one embodiment prior to

performing a first channel implant;

[0028] FIG. 8B is an illustration of the FIG. 8A structure after at least a portion of the

insulating layer is removed and a first channel implant is performed;

[0029] FIG. 8C is an illustration of the FIG. 8B structure after at least a portion of the

spacers adjacent to the gate stack structure are partially etched.

[0030] FIG. 8D is an illustration of the FIG. 8C structure after an additional

insulating layer is deposited;



[0031] FIG 8E is an illustration of the FIG 8D
structure after insulating spacers offset to the gate
wa@e@ek2eey uct ure which cover at |east a porti oPCDiS1008026815
exposed conducting |ayer are formed and a second

channel inplant is formed within a first channel
inplant; [0032] FIG 9A is an illustration of the

Fl Cost: fter derasi &i t . i ni
100311 7, PRI HE NGBl OF EERS) SRl S Btb At
9A structure after a CVMP process; [0034¥ FIG 9Cis )
offset toghe jgata staekagtrustursswhish cpyer at dgast g poEtien of the eposed conducting
additional structures are formed. [0035] FIG 10 is a

layer arelfofrtlkd dindgr 260 cRarfiebiraplatit islfornhed withga b dirst cdaknel implant;
structure in a transistor constructed in accordance
wWith the present invention. [0036] DETAILED
DES Pl . -

0032) S AR NP ENG, OOl ehpdlinga mec

. detailed discussion of the exenplary enbodi ments
contalilP|ri s presented in connection with the

accompanyi ng drawi ngs. [0038] The present invention
provides a nethod of form ng a MOSFET transistor, and
[0033] t he H1&s 9B isag iHostrationrad. the FIGh @ Af suiicomiersdted e SCMiPpriooess;
specific details such as layer thicknesses, process
sequences, material conpositions, are set forth to .

[0034] PT OVIEE o &%mhs&?atiml ltlfl@.' iostRlcrhieafRir@8aiHonal structures

i nvention. However, it w be obvious to one skilled

in the 6 WO 2004/ 021429 PCT/ US2003/ 026815 art that
are formagy present invention can be enployed with variations
wi t hout departing fromthe

[0035] FIG. 10 is a block diagram of a system utilizing a gate stack structure in a

transistor constructed in accordance with the present invention.
[0036] DETAILED DESCRIPTION OF THE INVENTION

[0037] The present invention will be understood from the following detailed
discussion of the exemplary embodiments which is presented in connection with the

accompanying drawings.

[0038] The present invention provides a method of forming a MOSFET transistor,
and the resulting structure. In the following description, specific details such as layer
thicknesses, process sequences, material compositions, are set forth to provide a complete

understanding of the present invention. However, it will be obvious to one skilled in the



spirit or scope of the invention. [0001] The term
"substrate" used in the foll ow ng description nmay
w0 pkozig2any supporting structure includi ng, BPCE/USIN3/026815

limted to, a sem conductor substrate that has an

exposed substrate surface. Sem conductor substrates

shoul d be understood to include silicon,

art that}hl: 'g?&@h@ﬁfv'eﬁﬁHh dhPbe (sﬁ?l&ycdsdvidx RRAEOSPRRGL GepaiiRy) from the
oped and undoped sem coriductors, epitaxial |ayers of

.. silicgﬁéﬁuggorted by a base sem conductor foundati on,
SPIrit OL3¢OPE ¢ UNHEBRduct or structures. Wien reference is

made to a substrate or wafer in the follow ng
description, previous process steps may have been

[00011iti | i Thd temm Foubstrate]] waed inthe fallosting elesdription mae include any
base sem conductor or foundation. In addition, the

support i SRRAUCIAEIUARRY bAPhoPBm¥elit6 0N sAARBAdubISE sGBYH e Bfat has an

baSed on silicon-germanium silicon-on-insul ator,

si | L con-on-saphire I mani r galliumarsenide, .
exposed| yhEFRlE RUFECs 7o oD gD TN ope b BS P dRR g o include
[0039] Initially, as shown in FIG 1, a gate oxide
silicon| siliean-podinswlatpr ¢8R 1),siliwod exi-sapphire SO edepashard undoped
sem conductor substrate 200, e.g. a silicon substrate.

semicoldRcEHDSPiRKRI BBrsRST sild6R st By @dRbEsdmid8Aductor foundation,
conductivity, of as described bel ow, channel region

nmplants ,may be fornmeq.in lieu of.or in addition to .

and othfEselipSnductlr HEprHEE: TS IEreReT fanpdgis @ Suutafe o afer in the
for exanple, a SIi2 (silicon dioxide) |ayer forned by

followirigedasatipaon opreiions pfodebwestepsrmiay hyvenpean wilizsd tofosnregions or
regi on 200 or by any other conventional techniques

junctiof®! ih-orfveihé BaseRemiddndub®r RYbRASAFR IrfadditiBhi fheed
description, silicon dioxide is enployed as the gate

scmicé)rﬁut%ﬁ%rl xg%é?r%(itgblég' 'cg)\,\rgégsrcd, ltlthceorulc? B %age):(ci gS %m‘é’%hlge‘&rﬁ%m,

silicon-on-insulator, silicon-on-saphire, germanium, or gallium arsenide, among others.



utilized. [0040] Next, a polysilicon conducting |ayer
202 is fornmed by deposition on top of the gate oxide
WO 200@102201. Then, a first insulating | ayer 203PCHUSIN03B26815
a nitride layer is deposited on top of the
pol ysilicon conducting |ayer 202. Typically, the
nitride layer 203 is forned on the polysilicon |ayer

[0039]202 1Y fARCH $Rtwn/RPRIG.JERASIE bS&fdie(l@éP)ZOlH@gﬁdﬁﬁ to Qldegired
techniquées well -known in the art can also be utilized,
. such as sputtering, ALD. processes, and PECVD to n
thicknesy g, SepirogtlT OF SO 2PRet Eud STibe PRt ekt QubHAe can be
silicon nitride, possessing the properties of a
doped wi predetarminahcaidutibity,or dsidesditfedr bdlay eehamel regtmyitpplants
Al t hough the gate insulator material is described

may be 16ifédid Bed 8f 6f infflidiGortfo Bid $utRfrated UdPihe e THelgakSokide Mer 201
understood that the present invention also applies to

ates t hat SO ...cont.ain her .ni tr..de sugch .as.
can be B sRmpltia G0e Lot Soried layeh it B6 HienFf Pitiop of the
are solely conprised of nitrides, or that include
underlymghahicposshshiage paien 206 ok by any wgher aniventigna iedmiqe:s woll-
2004/ 021429 PCT/ US2003/ 026815 tantal um pentoxi de for

: s&fton, BNRBA IdMKIGAR edhsiByed
known%)le(am;‘l#gl gégguﬁgpﬁlﬁ?gﬁhgl{ﬁﬁ?g{ﬁ diel ectric constant) Flbyed as

ate terjals are used. [0042], I n neral. the
the gard eyt 29 Bobsvere pLch ghir O bt Vel SROPRinyhe e can also be
chem cal nechanical planarization processes (CWP) or
utilizedany ot her processes well-known in the art. The gate
oxi de layer 201, polysilicon layer 202, and nitride
| ayer 203 are used to forma gate stack. Referring

(o040 el in 0308 kavttcpomns o
gate oxide layer 201. Thcﬁ, a first insulating layer 203, such as a nitride layer is deposited
on top of the polysilicoﬁ conducting layer 202. Typically, the nitride layer 203 is formed
on the polysilicon layer 202 by chemical vapor deposition (CVD). However, other
techniques well-known in the art can also be utilized, such as sputtering, ALD processes,

and PECVD to name a few. In addition, alternative materials besides silicon nitride,

possessing the properties of a dielectric can also be utilized for layer 203.

[0041] Although the gate insulator material is described herein is referred to as silicon
pitride, it is to be understood that the present invention also applies to gates that also
contain other nitrides, such as oxynitride gate dielectrics, or silicon dioxide, or are solely

comprised of nitrides, or that include other possible gate insulator materials, such as,



[0043] Referring nowto FIGS. 3A-3B, self-aligned

source/drain inplants can then be fabricated.
whepenziszg on the type of source/drain i nplantBCT/US2003/026815

ultimately desired, the source/drain inplants can be

angl ed, as shown in FIG 3A to produce angled inplant

regi ons 206a, 206b, which at this stage, can be of the

tantaluby Péntokide fBF eLisss1e. HiNe hembds bf thdpreséit ihv&idtion can also be
transi stor structure. Thus, the doping can partially

employfhHh BERSRBieh)Gs 45 Bp8sky ERRmARHbERE Ko™ O

whi ch case source/drain regions 207a, 207b do not

significant]y extend beneath the gate stack 205. For
[0042] st bneencrab the pitdde layey 203 a¢ts apar gteinstopdonlagerrhgmical

self-aligned to the gate stack structure 205. O her

mechaniedl| pl&ieiratibDProdesica (CM Lo mjuethet procthste wadl-kis®eh inthe art.
accordance wth desired operating characteristics of

. ' r f i ion. .. e tAyvely,
The gabq Gtk MR 208 pifplitos Ay 7P 48 nifid SO b yspgto form 2
implants are not _desired (not illustrated). 9 WO
gate staahp Bdorringonerte HE0 832 grestsk JWpisfprmest by maskingoand etching
in FIG 4A, an insulating layer, e.g., an oxide |ayer
layers 2208 202, af¢pROSi t ed, for exanple, by CVD techni ques.
However, other techni qgues well-known in the art can
al so be used to deposit oxide |ayer 208 (e.g., a
pacer 2 F8k .05
(0043 £ REFHARE DALPHRES 3450, SOFFEREA souB/deAl Bbladls dan chen be
. oxide layer 208 is deposited Qonfornally,over t he
fabricategy rIldeRenghing Re the (tyReoP! souUESydsaia Ipplenin yltiarielysdesisrd, the
structure 205. Although the present invention
source/tlidin ipplaats @xiteardglotsras 2kBvn ah FEGN3H, Y& piddiedel adlghed implant
such as tetraethylorthosilicate (TEGS), a high

rcgionggaéi,t%dﬁ, WHIEL AR stgé(é, % bRYFRL Hp%%gt ggomcs LDD.implants in
the final transistor structure. Thus, the doping can partially extend beneath the gate stack
205, as in FIG. 3A, or can be vertical 207a, 207b, as shown in FIG. 3B, in which case
source/drain regions 207a, 207b do not significantly extend beneath the gate stack 205.
For instance, source/drain regions 207a and 207b can be self-aligned to the gate stack
structure 205. Other well-known LDD implant techniques can also be used in accordance
with desired operating characteristics of the transistor under fabrication. Alternatively,

implanting can also be omitted at this stage if LDD implants are not desired (not

illustrated).



(BPG), phosphosilicate glass (PSG,
bor ophosphosilicate glass (BPSG, or other materials
waeionabl4eo f or constructing sidewall spacers adpEDEs1003/a26815

the gate stack structure 205 can be wused in |ieu of
or in conbination with oxide [ ayer 208. Oxide |ayer
208 (e.g., a spacer- formng layer) is then

[0044]ani sKExQRS SO ire FEGedlA, 4€fishiaking layer!aB., alidk®de layer 208 is
sidewal I spacers 209a, 209b | ocated adjacent to the

. sk dewal | f te stack .structure 205 as .
deposiefl R4 iarfeff> bk SRR EyBAEG gl RbeF ieciiausorelkngun in the
sidewal | spacers 209a, 209b, conventional source/drain
art can plsp|bgriised 28 ggposicotide dayeh 308 de.gad spacerHionmingtager)i For instance,

FIG 4B if previous inplants were not forned. As

sputterin@} 84.IPpRYdeedts) o PECVERED hithe loRly 4 W aBbsindBinke f ideRyer 208 is
as in FIG 3A, the source/drain regions 25la, 251b,

T Rt N N K o T L i —

show source/drajn regions 250a, and 250b; however, it
205. Adthoueh the presant iventdon htilizesta ovidehyeoA0Sadteseptive materials such
applicability to transistors having LDD source/drain

as tetraét@lcrttsosili@te @ E’@Q?l,/ DHiEH 2R BT H SR OBITPROSide, hd184hdaté\glass

second insul ating layer 211 i's next blanket deposited

e . [ 0 nd_gat. t ack avin .
(820), 3 Rlph A5HTBIS SR BoroRe Rl 865 BARCE By B materias
. insulating, layer 211 can also be fornmed fromthe
suitableyfos senseraing sidgvdl spaprs agpgentreche prEGtackmtg cturg kPS5 can be
other alternative materials that are well-known in the

used indielu ofBrdhA cFIbigiotS Rethi dkidld Ryer0308.00xide ﬁmm@ Na & -
formthe second insul ating |§§er 211. [0047] Re e%’r?n%’accr

forming ga\g\/g%)glg gllée%aaxgsBOtrct)&galﬁrec%&?c%, Irgssulljthnagt {nngng) 8¥ide s12d%%vall spacers 209a,

209b located adjacent to the sidewalls of the gate stack structure 205 as illustrated in FIG.

4B.

[0045] After the formation of sidewall spacers 209a, 209b, conventional source/drain
implants 250a, 250b can be formed as illustrated in FIG. 4B if previous implants were not
formed. As noted previously, if earlier LDD implants were formed, as in FIG. 3A, the
source/drain regions 251a, 251b, are LDD regions as shown in FIG. 4C. For purposes of
a simplified description, the illustrated structures show source/drain regions 250a, and
250b; however, it should be understood that the invention has equal applicability to

transistors having LDD source /drain regions.
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chem cal nmechani cal planarization process (CVMP) down
to the first insulating |layer 203, &e.g., nitride
WO 2002102208. As a result, the surface of the sePORUS2003/026815

insulating |layer 211 becones substantially planar

with the surface of the exposed nitride |ayer 203.

Agai n, other techniques that are well-known in the art

[0046]can Aseusmditsalatingriayen @13 us hevreblafiker ieposiesahdver the substrate 200,

insulating layer 211 so that it becomes snpoth and

and gawm ﬁﬁ\hﬂg Q%‘?c@?s[ %)%%S?ORE easssllﬁré)gﬁlg PiG. 4A¢ Tgégg%ﬁﬁii insulating

nltrlde ayer omn in Fl
rldela

tayer 2} L Caalshutt g fis gliégm’#n%{sﬁta% ogiﬂ??t, brf’&f?ﬁyﬁéd%%m TEOS,

(hot phosphoric), with a good selectivity to oxide.
and oti@tradternaike nhnmeisls tthattarawellbalowrkimothie artwhieh miay be aed in lieu of
al so be used to etch away the first insulating |ayer

or in céxﬁbH&ﬁbnt RBohANeH g&d?ﬁgia%}g%i% figet s1gxposed. As a

result, the nitri s conpl etely etched
away exposing the surface of the conducting |ayer 202

10047FF o Refisne piapy HRFLCLFE wesrrand el BRETS o dukhioes o

performed previously), they can nom1be formed. Thus,
chem1cabmcolmahcad ipdamaeization peovess (G PY mlodbltacthe fivst ingulatog hgyer 203,
i mpl anti ng dopant through the polysilicon | ayer 202

e.g., nitfide fahé&r 203! ﬂs‘%’%ﬂﬁt ltRY §irf2@ brehe Eé&nﬂ%@uﬁﬁﬁ%'& yer 211 becomes

structure 205. The dptional channel i mpl ant gron

4/ 021429 PCT[US20Q3/ 02681 lis
substagE RS G R ace pf Hhe popat pitEg ke 2Pac gy otber
Spacers 209a and 209b at Ieast in part, define
techniquessitbatadre credlnkmdwin inp teendrt cagbons&Dto fdrm the suwfioe of the second
appreci ated, that additional channel inplant regions

msulatﬁ%’ll {'ﬁ' ilalbid Ak 89 donts %Ho%% ahd Qﬁb&@ﬁﬂlﬁl} Z}]ﬂgnar with the surface of

onal channel 1 nplant regions util

the cxposcd ngitsn cfla};clgi(ﬁr. esent invention are descrl bed beI OW.

[0048] Next, as shown in FIG. 5C, the nitride layer 203 (e.g., first insulating layer) is
etched away using a wet nitride etch, e.g., H;POg (hot phosphoric), with a good selectivity
|

to oxide. Other techniques that are well-known in the art can also be used to etch away
the first insulating layer so that the conducting layer 202 is exposed. As a result, the nitride
layer 203 is completely etched away exposing the surface of the conducting layer 202 as
FIG. 5C illustrates. After this processing step, if channel implants are desired (and have not
been performed previously), they can now be formed. Thus, optional channel implant

region 301 can be formed by implanting dopant through the polysilicon layer 202 and the

gate oxide layer 201 of the gate stack structure 205. The optional channel implant region
11



[0049] Many channel inplant variations are possible
for channel inplant regions in addition to optional

w@e bannzi429 npl ant region 301 illustrated in FlI @CBUS20p8026815
exanpl e, another exenplary enbodinent is illustrated
in FIGS. 6A- 6C. Afirst inplant can be conducted, as
illustrated in FIG 6A to forma first channel

301 is fotiRledBene @il 01d i80dlf-aBgrThi 26 th@Fat’&%thEOSd eSckBY%arand 209b at
FI GS. 5A-50). Then a nitride layer 271 (e.g., a third

| I t
least oyl B Bpcib R kA iR A ROA IR £ ?aﬁefﬁé‘%ﬁyﬂamﬂ
shown in FIG 6C, t o produce_ nitride spacers, 212a
addmogilzﬁmaaflaamnttrsgm cars pe éabrigatedrf desiead. athﬁgan@@/ ef additional
211 and covering at least a portion of the exposed
channet dfglifit tepions @ylRing fhie meHldlof the Praset inbentisre aerdescribed below.
invention utilizes a nitride |ayer 271, other
materials well-known |n the art that are suitable for

[00491°0NS alﬁ?rtdhg nQQH'ﬁ)Zﬁ e &853&151@ f?f A&singf irﬁoélgntorr?gions in

I nsulatrng | ayer cover east a

of the, exposed onductlng | ayer 202 din
additio; tg pR$iongf channebinpplan fegionyd ¢ h lfuserafed; m.%‘é’ @ Fopgample,

A second optional channel inplant can then be
anothee excinphgdembodinochtdeilusehrdrir FIGSp bAR6C. efifost idffdant can be
smaller in size (e.g., smaller in vvidth conpared to

conductEJT easQﬂ&&ra%éc@ﬁi(ggCi 28R ﬁMdf?) x?laaﬁxgﬁ 919 . ﬁH@P‘%ﬁén 301 (similar to

npl ant region
| 3 asd |cted|n FI G GC 12 V\D2004/02 429
AR e 'SRt s\ 24 thid isulating
212b, at least in part, define optional channe

layer) ¢anbeabbiankd¢tattipositadDas shiovmint FIIGI &6 B padesubsctjiizatigredhed 2nd
cover a greater porti on of the conducting |ayer 202

planar&gd gs shdvii® ?1 ﬁ?(ﬁ %ﬁ)%ugg nitB8e %B%Ps%ii‘ag jl%qd]a%g&t to the

posed

sides of the insulating layer 211 and covering at least a portion of the exposed conducting

layer 202.

[0050] Although the present invention utilizes a nitride layer 271, other materials
well-known in the art that are suitable for constructing spacers adjacent to the sides of the
insulating layer 211 and covering at least a portion of the exposed conducting lgycr 202,
can be used in lieu of or in combination with the nitride layer 271. A second optional
channel implant can then be conducted to produce a channel implant region 303 smaller in
size (e.g., smaller in width compared to the gate stack’s 205 width and optional channel

implant region 301’s width) than channel implant region 301, as depicted in FIG. 6C.

12



channel inplant region 303 will be accordingly smaller

inwdth. If nitride spacers 212a and 212b cover a
w@pmiher2porti on of the conducting |ayer 202 (BCHUS2003/026815

nore surface area of the conducting |ayer is

exposed), the optional channel inplant region 303 wll

be accordingly wi der. Further, channel inplant region

(00511303 BRIHARAPEEFS 282N a8 21 2B) atI8Rk it part @@ty optional channel implant
concentration than channel inplant region 301,

. endi on.t har [L.Sti.CS . ' .
region S8 18 b8 ¥ BRe kL1 LML FLA bolerppreflr bBRIGHFBE RS onducing
nitride spacers 212a and 212b can define the w dth of
layer 202 énrgelless sprfage aree gf Bie auslugaps fyend0d foexrased i éhe ppaonal

device's operating characteristics. [0052]

channefirhflhRgtdgich B03iwillaeaicberdi®stp eghiattenin widthhef pitedespacers 212a
i nvention, the processing sequences form ng optional

annel i nphant r.egi gn 301, .sh [
snd 21303808, SFRAG Yo SEe Sy R lal 08 e - P i geea of
is formed (not illustrated). The optional channel.
the condystiagtlayesds eposed), itke aptieralshanpel imphat gegionF03ckilles
due to the presence of the optional nitride spacers

accordibRawidek2 Ruréer sdhavhel ithpHrde rcgﬁn 308l cdrbpesstds-adhiper drmaller
to the gate stack structure 205. As descri bed :

[ evi . annel janplant reqi 3 l.S: t, i e
copanSRECRTS IR0l ARUBRch R 301 Ik il SR Al
be appreciated fromthe various enbodi ments, optiona
of the desinedrfabricaved deviody As amgsuilts he ednstiucHpa©atitrisdersppcers 212a and
materials well- known in the art) can be fabricated to

212b AR¥dedas ithe tiddhzef ARaME ifdipfart QBgidat 30Bdepatidiig dP@n tite desired
create different sizes for channel inplant region 303.

deviccég)g}éﬁt%ngé(ﬁ{agzc élr%s .CECI'/ US2003/ 026815 [0053] Even nore

ann i npl ant variations are depicted in
FI GS. 7A-7D.

[0052] Alternatively, in another embodiment of the present invention, the processing
sequences forming optional channel implant region 301, shown in FIG. 6A, caﬁ be omitted
in which case only channel implant region 303 is formed (not illustrated). The optional
channel implant region 303 is narrower than the gate stack 205 due to the presence of the
optional nitride spacers 212a, 212b, as shown in FIG. 6C, and is self-aligning to the gate
stack structure 205. As described previously, channel implant region 303 is at least in part
defined by nitride spacers 212a and 212b. As can be appreciated from the various
embodiments, optional spacers 212a, 212b (comprised of nitride or other materials well-
known in the art) can be fabricated to any desired size above the conducting layer 202 to

create different sizes for channel implant region 303.

13



Referring nowto FIG 7A, and as discussed previously
in FIG 5C, the nitride layer 203 (e.g., first

WO pgloztseng | ayer) is etched away using a wet PCT/DE2063/026815
etch, e.g., H3PGG (hot phosphoric), with a good
selectivity to oxide. Then, portions of the second
insulating layer 211 adjacent to the gate stack 205,

[0053]2 € E@éne \A%?Jé%m%hﬁlr@ﬂnﬁa 1Mp@ﬂt§%§n§tﬁ@n§§r@é& RE&L lnnFIGS 7A-7D.

FI G possesses a annel i

i on dt h of the k 205
Referring emt°31215<? tanéﬂaérﬁ%tusxﬁ«mra‘ﬁ9u%1§ e %ﬂ%@éﬁw 203
i mpl anted as shown in FIG 7B. As illustrated in FIG
(e.g., firsB insulbeinpelayémnid aohed sgiyousii§Hs wes midridleret¢tnang , b P@dhbt
of the gate stack structure 205. Thus, the degree of

phosph%h‘é '\ﬁ% qf otolaese%fgﬁﬁ 7 dé aﬁ'&n o‘ﬁ@fdf S s&bnh?ﬁ’ﬁflanng layer

nneI ant region 30
Addltl al | i f ired, fo natlo annel
211 adlaﬁifttéﬁttg’tcéé¥"oﬁ é@ggiaaﬁe flecsielyiaghe %B%ﬁ?lﬂg hpstrgeture in FIG.
channel inplant region 305 is provided, follow ng

7B, whidhi possesses 4 widbe chharyd implagt rapion 30arthapthowadthtdfithe gate stack
insulating | ayer, can be bl anket deposited as shown in

205. AslaGesdlE 2 g6 cﬁﬁ{n%gﬁhgﬁh?’ 1e gt&h%’s S %&py@ﬁn@lahféddﬁ shown in

spacers 2/5a, 275 strated I1n FIG

e1G. 7 Dk R8T, PO B b e v o

vvell-knovvn in the art that are suitable for

the gate szsk stratturg 28paclins, dej dupeed of erchinigeofahd @ssudatihg layer 211
covering at least a part of the second insulating

defines #YEst %x]%art and Vﬁﬁﬂ?f}f BhnRkl mltgﬁi'&tt regto%agéS OfA&dlﬁonallgf, if desired,

exppse onduct 1 ng layer 202, can Be used in I1ieu

i conbination wt nltrldelayer 273. A
formatioucRhFagpe! 18}&1@%5&%50# B PMiE-on 307 can then be

formsd as shown in FIG -7Dthat is self-aligning to

the gate stack 205. The second channel nﬁl ant region
[0054B07 Asswminigedmnnelingdartt rdgibnBdd is providedfollo®ing thig a nitride

layer 2’?5 ,5 cb.g.,::l optional third insulating layer, can be blanket deposited as shown in
FIG. 7C, and selectively etched to produce nitride spacers 275a, 275b as illustrated in FIG.
7D. Although the present invention utilizes a nitride layer 273 as the insulating layer,
other materials well-known in the art that are suitable for constructing spiccrs adjacent to
the sides and covering at least a part of the second insulating layer 211, and covering at
least a part of the exposed conducting layer 202, can be used in lieu of or in combination
with the nitride layer 273. A second optional channel implant region 307 can then be

formed as shown in FIG. 7D that is self-aligning to the gate stack 205. The second

channel implant region 307 is at least in part defined by spacers 275a and 275b.

14



WD 2004/ 021429 PCT/ US2003/ 026815 [0055] As a result,
the width of the optional channel inplant region 307,
w0 kdwsead ed in FIG 7D, can be substantial | yPCT/US2003/026815

controlled, and it can have a different concentration

of dopant when conpared to optional channel inplant

regi on 305. The width of the optional channel inplant
[0055]r egi Asna 8Bidlti theowitlth aif itedofiondl ehammel émplamtwbgioh 30Agillustrated in

nitride layer 273 (e.g., third insulating layer) is
FIG. 75 e&ﬁ%é X&Asx g%eméﬁe@ Ghid4e cﬁ{ ﬁmerwdm‘eréd%%oﬁt&mﬁﬁm of

éyer hown 1 n C, can result innnitrid

spacers 275 275b shown .i.n FIG 7
dopant axﬁwepqqmﬁ £ SRAGR: q#apraﬁtlnwé@t&ﬁg@a#% o e §tk & t optional
substantially smaller than the wdth of the gate
channekingplin2@§iomdd/ sacvnatalled thy the Inharadeir gmiwhjcht thet merlctmlaﬁer 273
stack 205 depending upon the desired device's

(e-g., ttﬁﬁ? Rhlafg Q%ﬁﬁts@fct@él}? h&li"eSE\le@ﬁ\Vb &khin geoﬁﬂ@'ﬁﬁ?ilde laeycr 273,

ant n 307, as [ustrated i n FI can

as showwaﬁﬁﬁ-goﬁéaﬂr?sfélr AR RS 27 PR, QDR 5% ddrhich

be ,greater or |ess than the dopant concentration
can forfroamdptionat khamed! impfing ntgior F0Ftha0s supgasdillysanalan thea the
appreci ated fromthe various errbodi ment s, nitride

width GERAE ghit st %Bﬁkt Ao e Z%{%M s&%ré 0§ Wdepending
Sl ze ocat e ove e con UCtI ayer 2 or ayer
217, .t eaedlffer nt o |ona |.ant

upon thesisited dRyBes RPOSSIE FErAGais e > b e ciAgek implant

and dopant concentration than depl ct ed in FIG 7B. In
region 304 4s illnstrathe is FEG. 8D, chwbainagrosteamnevidemthlaantustagidn
305, as illustrated in FIG 7B, can be omtted if

Furthc).qﬁé e'é)}ﬁ?rcégo@ﬁt%oh@%&uod’@f éhaﬁﬁéﬂﬂ?ﬂlaﬂlﬂm 94 307 %IPBC 8feater or

l1Tzing nitride spacers 275a and 275
less th &2@0&%%%%@5@9{1: 4 {{g{:hequ)% };n)glant reglonn gHE er Of
[0056] As can be appreciated from the various embodiments, nitride spacers 275a,
275b can be fabricated to any desired size located above the conducting layer 202 or layer
211, to create different optional channel implant regions 305 and 307 that can be different
in width and dopant concentration than depicted in FIG. 7B. In addition, the step of
forming channel implant region 305, as illustrated in FIG. 7B, can be omitted if desired.

As a result, only channel implant region 307 is formed utilizing nitride spacers 2752 and

275b.

[0057] FIGS. 7A-7D illustrate only a small number of different possibilities that can

be achieved when utilizing the methods of the present invention. Many different
15



be achi eved when utilizing the nmethods of the present
i nvention. Many different 15 WO 2004/ 021429

w8203/ 026815 enbodi nents and vari ati onSPEr/ES2003/026815
possi bl e by creating additional spacers such as 275a
and 275b. Additional spacers can also be used and
created in conjunction or in lieu of spacers 275a,

embodiméaf 4 drB@bRAs & SSBIEbPElch GRS Qadﬁf@ﬁﬁf‘éﬂacérgﬁhélms 275a and
regrons than 1s 1l ustrated In “FIGS. 7A-7D. For

an addi tj onal sulatr coul d be r ovi
275b. KEPugtwdre’ s als0 U5 et S Sl LG hvgr i Sl of spacers
etched to form additional spacers (not illustrated).
275a, 27Thk to sttt eEmahospdifferantcbahatl agplant degipns thamt is iliwtrated in
in part, a third channel inplant regron wi t hin

FIGS. 7218 eFor ERhE, el Bfof Insubiaige Sﬁo{nﬂc&@ﬁcr spacers 275a,
prevr ously f rred For I nst ance a th|r channel

275b and Bgrauds Plkehdly B el b Torh ot forbL i (pBPuRrated). The
possesses a greater or | esser dopant concentration

additioriahaprcetserondd agaipldefine, dtipisaint paregi drird3dranoelineplant region within
even nore additional channel inplant regions (e.g., a

channclﬁtdﬁlzﬁ{t'ﬂé 103 3677 38RBhink TRAGHR ak Po-IOEsly ﬁfrﬁteﬂo%rtihﬁancc a third
the constr uctl on~of additi onaI spacers whi ch at

charmelarfm?erﬁ egRBr S iniRsmer R bR e SpTas® o8B 0% i riged (nor

vari ati on of channel |nplants mhrch can be produced is
illustrateidsthat Ipossesdse h @reatkt dr keskedeopay doncen@gioshaghannel implant
this variant, after renoval of the first insulating

implant R¥RM 3673, Faarht:r QQén Hork Qﬁd&ﬁﬁﬁp&drﬁépirﬂﬁlhﬂﬂrégmr(e%ﬂa
adjacent to the gate stack 205, are sel'ectively

ed t uce.the struc FI G 8B, . whi ..
plusalieg of 5o b Ereionh i ool Hidkpe s Pssiot p i litipnal spacers
the gate stack 205 (simlar to the structure disclosed
which atreast B patB)would defimie she sadghl eff the phivaliynefthanpeldmplantirsgions.

conducted after formation of channel inplant region

[0058] Another variation of channel implants which can be produced is described
below with reference to FIGS. 8A-8E. In this variant, after removal of the first insulating
layer 203, portions of the second insulating layer 211 adjacent to the gate stack 205, are
selectively etched to produce the structure in FIG. 8B, which possesses a wider implant area
305 than the width of the gate stack 205 (similar to the structure disclosed in FIG. 7B). In
this exemplary embodiment, a clean is conducted after formation of channel implant region
305. If channel implant region 305 is not formed, a clean is conducted after selectively
etching portions of the second insulating layer 211. An additional optional etch is next

conducted on sidewall spacers 209a and 209b as shown in FIG. 8C, recessing them to a

16



305. If channel inplant region 305 is not forned, a
clean is conducted after selectively etching portions
w@bootlozi4gecond i nsul ating |ayer 211. An addit i PCEIUS2003/026815
optional etch is next conducted on sidewall spacers
209a and 209b as shown in FIG 8C, recessing themto a
16 WO 2004/ 021429 PCT/ US2003/ 026815 pre-determ ned
pre-detéteiihéd depth (e. & pscdadttivelyleyching bihery tolagrmedetesmined height). The
predeterm ned height). The depth of the etch should
[ MEN 0059] After
depth 0? %Iéc C égﬁggﬁnéﬁ%@a&n%rég%bﬁgsel?}%g%) IE e.g., third
insulating |ayer as described in reference to FIGS.

TA-7 can be bl anket deposited hown in.Fl G. 8
[0059] and @%‘F%@Fi‘&éﬁﬁ cttlbd RS bS5, (5 g daird b’é?&‘g‘?gqayer as
275a, 275b of FIG 8E. A second channel inplant
describeceiyi wfierdnd® caRlGHeM G fanrhedlasket dsposited £ sBowadniif43. 8D,
is self-aligning to the gate stack 205 at |least in:

and selR@ElyIeéHaed ProdabRAR ide dpaedns 27/5aD2756 ATFIGUSFE A second channel
previously with respect to FIGS. "7A-7D, the wi dth of

. t he. ch el i.nmplant reqi on 307 .c b rrowe r .

implantjegian SharaR Hisbs frmwan aowedi 416, 35 ek p iF Hrpinege the
dopant concentration than channel inglant.region 305. )

gate staEki20Beat leaat irhpard defiaathby spacpis@5a; gbbn Asatiscussefl pravigusly with
wi thin channel inplant region 307 if desired. Still

respect tJHIGR. 7A87P), Wilidid oTch& BRRRR! irhPRheRlgi6i 80Pkan GaHhab@wer or
forme thin each previously fornmed channel inplant

W
. egli,.pon utilizing the t hods of, the resent. .
wider thig B i PR3et B RE SBRYeh Pyl SR Fyien fyn channel
formed spacers. [0060] The purpose of conducting an
implanoregiema0s5 e Fuithen, sihielvdianneliagdast rgdm cadghformed wighin channel
all ow a second set of spacers, such as 275a and 275b,

i ' d LSk PeFlaROR ofdr@an b
mpln gF580075 B0EcBIAER AL GRS PugtOL gL

formed2 \Z/?tﬁlncgaréh previously formed channel implant region utilizing the methods of the

present invention, at least in part defined by additionally formed spacers.

[0060] The purpose of conducting an optional etch on sidewall spacers 209a, 209D, is
to allow a second set of spacers, such as 275a and 275b, to protect the edges of the
conducting layer 202 from shorts, as illustrated in FIG. 8E. Spacers 275a and 275b can
also provide further enhancement for future SAC (self-aligned contact) etching processes.
This exemplary embodiment finds particular utility in fabricating DRAM devices. As
described above, additional channel implant regions can also be formed within channel

implant region 307 is desired (not illustrated). These additional channel implant regions
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al so provide further enhancement for future SAC

(self-aligned contact) etching processes. This
wez@rptaey enbodi ment finds particular utilityP@HUS2003/026815

fabricati ng DRAM devi ces. As described above,

addi tional channel inplant regions can also be formed

Wi thin channel inplant region 307 is desired (not

can als'bl odselss & defbrent| t@6ftdntanah wldamveldifferehawidthe giadnsptional
WD 2004/ 021429 PCT/ US2003/ 026815 can al so possess

chmn@% %ngr gnggp 3% cpcentration and have different

n op ¢hannel inplant regions 305 and
307. [0061] After the optional channel inplants are

fabricated, acers 212a, 212b as epicted in_Fl G
[00615C, " ftep i opio3H e gpLSts s FPREALD SRAGPFRREI F2b 25

are present over or adjacent to the gate stack 205.

depict@REIEFIGNGCHON2T Ba, 7G5S asHopREediii BIG) TDusidr B S8 B pa€ present over
212a, 212b follow ng the mat hods of FIGS. 6A-6C

oo SRS RS Bl ATl Pl VAP ARG e
212, e o A A B 2 A e o
pl anari zed using CWP as shown in FIG 9B. O her -

tungste althidg (FBEN| T 620is €irsketldnke n depositad ttbkowed hexwly alager b
utilized to create a substantially planar surface for

tungstE{?(ﬁV ?Etlab 38 ﬁlﬁ%%i?%; ?pgkéatzgrﬁp?.légoe[ﬁ é] rck'ﬁc@lqg HeLﬁ']zgrre{:s, are

condu ive are wel I'known
can be used in lieu of the WW\X | ayer conbi nati gn. .
planarizgd usingneME agshgwn pp Eoa? haQthar Efégf%lé‘ gaasass Wé@ﬂﬁnﬁwn in the
pl ace of the W W\,, layer conbination. Still further,

art carilky be ngilieed @bl eidavea shimyitiallp plagiap owificedor thedmstal Bgfers 216a and
rat her than a conbination of netal |ayers. After the

216b. M8t 2!

[0062] In addition, other conductive layers that are well-known in the art can be used
in lieu of the W/WN, layer combination. For example, a W/TiN combination can be
deposited in place of the W/ WN, layer combination. Still further, only one conductive
layer can deposited if desired rather than a combination of metal layers. After the metal
deposition steps, a silicide process is conducted to form a metallic silicide on the polysilicon
202 region of the gate stack 205. For purposes of a simplified description, the silicide
process is not described. The formation of a metallic silicide is well-known in thc art. The
process described above of layering in W/WNy or W/TiN with reference to FIGS. 9A and
9B, can also be applied with equal success to the structures described in rcfcrcncc; to FIGS.

7A-7D or FIGS. 8A-8E (or any other variants which are not illustrated), to form a silicide
18



deposition steps, a silicide process is conducted to
forma netallic silicide on the polysilicon 202

WO eguori4ed the gate stack 205. For purposes of PEI/US2003/026815
sinmplified description, the silicide process is not
descri bed. The formation of a netallic silicide is
wel |l -known in the art. The process described above of

from d'xcabéﬁfatfdﬁy eV WA eRs 2 VéalidNlobi dnld thefpulpsilecont [@ydri283. "Bie addition
an 9B, "can al so be applled wi th equal success to the

of thc rrégt%trgkeggdl? &5 5&?%'}3'1@%%’ ?gﬁ 'f'\?aqu:caﬁﬁn of %n%@uﬂ-g that does
illustrated), to forma silicide 18 WO 2004/021429

not etqhcthe wastablBy &rs 6 dssles¢ribag pravondy ; thetryesense CAmetal lygyedyring
216a, 216b and the polysilicon |layer 202. The addition

device €brichfonh ehi AavOdslefdeionak effeater Sinat k¢ maorill laydrahideateposited after
allows fabrication of a structure that does not etch

1mplané Qéo ar{d’j\ctc rglcopg)}%gé bcﬁei’ct@xrlcg eév Qigéec'n%’ are a@gldtcd Accordmgly,

ence o abr
can have deleterlous ef fects. Slnce t he net al Iayers

the meghedsgefgbsipresgnainvention fisdparaeulanualy wyERcystEp@ure is fabricated
conpl eted, the deleterious effects are avoi ded.

and onRGgieli€ti tddvibid etchBrgidle i fohed RPerRidRERIP thierfyiBidaition process.
find particular utility anytime a structure is

fabrl cated and one wi shes to avoid etching the | ast

r . S
(o0 CAAHEGE TS BTGP B s o
and other structures can be fabricated over, the th
be fabrigtesbaverrthe $hus frmeddiransistorp | or Cdfﬁm%tﬂndfl?‘ﬁ@ﬂp&%@f 381, c.g,
281, e.g., BPSG can be deposited over the FIG 9B

BPSG sdahUsd déprsited ovpethe BIG. IBLstelcietaddoperghgs 22V etched@iirough
and 211 to the source/drain regi ons, which are filled

layers ﬂii A &‘ gﬁqqg%te %E)ut?cggdrau? résiond) gvl'}igl% BLCC%%'RI‘A%&HCQ{%DI 293,

to source/drain gldns

n|ng in insulator 281, can al so be etche
c.& pelyFiligRity tPEPIORIAEICOPLBES tehiauwcs Adrainy fegipng %ﬁ@aagééhﬂé&%emng in

insulator 281, can also be etched to conductive layer 216b which is filled with a conductor

to provide contact to the transistor gate.

[0064] FIG. 10 is a block diagram of a processor system having many electronic
components which may be fabricated as an integrated circuit chip having a transistor
structure produced as described above. The processor system 900 includes one or more
processors 901 coupled to a local bus 904. A memory controller 902 and a primary bus
bridge 903 are also coupled the local bus 904. The processor system 900 may include
multiple memory controllers 902 and/or multiple primary bus bridges 903. The memory

controller 902 and the primary bus bridge 903 may be integrated as a single device 906.
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to provide contact to the transistor gate. [0064] FIG

10 is a block diagram of a processor system havi ng
woreow/ozl4ext roni ¢ conponents which nmay be fabrPCHUSH0ZEB26815

an integrated circuit chip having a transistor

structure produced as described above. The processor

system 900 i ncl udes one or nore processors 901
- [0065 JcoupThd memary cmstrollen 903Qdlalsdcomplod yo ometorahbsr méddry buses 907.
and a primary bus bridge 903 are al so coupled the

Each rﬂe‘?ﬂ?@x{y %Sacg%s nIé}ﬁo ﬁgﬁg%@aﬁtgy&qgcﬁ% at Nk U8 memory

ry con ers I'tiple

bus bridges 903. nor contrqll er 902
device R Hine BERARY §OBP Qnslaﬁsgé Y ay3b6A FA RO 356 £5 AdBeRnzmodul.
singl e device 906. 19 V\D 2004/ 021429 PCT/ US2003/ 026815
Examp|8@fmeribey mexinies indnde sihplerin@imiesncaly smodwep(SHMMs) and dual
one or nore nenory buses 907. Each nenory bus accepts

R 8 [ t
i %W%WW‘WM%W om0 oo
np ar d o dul e of nme
more aRGiHATBL AFYIER 20 s gw@m filRe ﬂ%@ 9913)65@%@@( @ﬂiﬂéf)ﬂl device
and dual inline nmenory nodul es (DI MVB). The nenory

909 miphirbe racuirdig@@8iorayn ey Loheh an e sarial preseacaddtect (5PAD) memory.
devices 909. For exanple, in a SIMor DM the

The mBERky LGRRb1 ZCFna %i%% glcﬁetoaa AE i9dhak) O05. The cache

nenory, suc erla sence tect (SPD) nenory.

memop e M%gggy AKA rgggﬁg,%ﬁgg;g?&g@gg LSS el other

only cache nenory in the processing system
devicedlforecaatple cpryocessbhe?0] day abednclide cechanpémorips,odesls oray form a
901 may al so include cache nenories, which my forma

cache BiRfR&h s)ks‘bvﬁ:ﬁad'a‘éﬂé’ éxé)cg}y%h qg@l%ngr | p%g’é syfskémtdm include peripherals

processor system 900”inclu era
or controllers which are bus masters or which support direct memory access (DMA), the
memory controller 902 may implement a cache coherency protocol. If the memory

controller 902 is coupled to a plurality of memory buses 907, each memory bus 907 may

be operated in parallel, or different address ranges may be mapped to different memory

buses 907.

[0066] The primary bus bridge 903 is coupled to at least one peripheral bus 910.
Various devices, such as peripherals or additional bus bridges may be coupled to the
peripheral bus 910. These devices may include a storage controller 911, an miscellaneous
1/0 device 914, a secondary bus bridge 915, a multimedia processor 918, and an legacy

device interface 920. The primary bus bridge 903 may also coupled to one or more special
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or controllers which are bus masters or which support

direct nenory access (DVA), the nenory controller 902
worey4iopppkenrent a cache coherency protocol. |f PEEUS2003/026815

menory controller 902 is coupled to a plurality of

menory buses 907, each nenory bus 907 may be operated

in parallel, or different address ranges may be napped

v AL I A o 550 PR o
poe i ey ke BRI, 2D 4Eh i estormanc

peri pheral bus 910. These devi ces may include a

video catdtoagte prooessot $yeten®900. an mi scel | aneous 1/ 0O device
914, a secondary bus bridge -915, a nultinedia
processor 918, and an | egacy device interface 920.

o067 TR 498) e R 8585, v

pur pose hi gh speed ports. 922. In a personal ,

storage B Sicort B PERENGBLETEY 1B uFBbsEmplS; theftgree sahtrager 911 may
Accel erated Graphics Port (AGP), used to couple a high

be a SC8Irdoartrailes and statege dewickstd 3tinay bb(S@SiS:ﬁﬁcss Vidteciri®@device 914 may
[0067] The storage controller 911 couples one or nore

be any Bé&r(gﬂ)gr%ﬁgtaf eﬁg? %ém&%lk Ahid II%? ﬁ'éaigﬁ 9@4%%@6 ah fodal'Srea network

exa e stora
controller_911 may  be_a SCSI IIer stora

interfages juhbas m@ﬂrﬁyﬂber@c@“#wdp%sdarw bs Pridse s el tagrerface

be any sort of peripheral. For exanple, the 1/0O device
additichdldeviseshea amothechhs & tha protasesiksystieni.eEbaemmyslactheascondary bus
an Ethernet card. The secondary bus bridge may be used ‘

. v,
bndget%ﬁ 3; lgér %1([1: féxgigzgrsaf"gcq %8&2 S%)(ég?rxgﬁ%u\éi ﬁﬁe (8 ip QWFSI%&MCCS 917 via
to the processor system 900. The multimedia processor 918 may be a sound card, a video
capture card, or any other type of media interface, which may also be coupled to one

additional devices such as speakers 919. The legacy device interface 920 is used to couple

legacy devices, for example, older styled keyboards and mice, to the processor system 900.

[0068] Any or all of the electronic ana storage devices depicted in FIG. 10 may'
employ a transistor constructed in accordance with the invention. For example, the
processors 901 and/or memory devices 100 may contain transistors fabricated in
accordance with the invention. The processor system 900 ﬂlus;ratcd in FIG. 10 is only an
exemplary processing system with which the invention may be esedi. While FIG. 10
illustrates a processing architecture especially suitable for a general purpose computer, sueh

as a personal computer or a workstation, it should be recognized that well-known
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bri dge may be an universal serial port (USB)

controller used to couple USB devices 917 via to the
wEe@enssey system 900. The rnul ti nmedi a processoPCPUS200EHY26815

be a sound card, a video capture card, or any other

type of nedia interface, which may al so be coupled to

one additional devices such as speakers 919. The

modifichBORE Yarf6Y hilei tBIBpfigaR Be %rb&sé&%?stt:& 900 B BecdBE fdte suitable
devi ces, for exanple, ol der styled” keyboards and m ce,

to the pracessor. system 900. 0068] Any.or all qof the .
for use i 3 ReHion ABRBCAITVa G0 SRS Tap o Bt Aopogs sfict Ruie

may, enploy a transistor constructed in accordance
processig imay be iinplancitod usigra smphyplaechitetre pyhicle seliss 9n90aPU 901

and/ or menory devices 100 may contain transistors

' ' ' dei¥&nta®@n. The

Coupluip%@ggl?%%%%ﬁ%@?%/s%%? r(?(%I)IF)l?n FIG 10 is only an

exenpl ary processing systemw th which the invention

may used. Wiile.FIG 10 ,iJlustrates a processi.ng .
(006915 % s Phest i seabi dfvisasybipciidsy B34 48 50 Bt FE 3B vdeo
conputer, such as a personal conputer or a )
processaoy 4wt recprders,i gamihg gbdsdies, digiad tilovddon lsets, warad amuixeless
21 WO 2004/ 021429 PCT/ US2003/ 026815 nodifications can
telephd?Rs, TR RrationCRivides tineludite: §5QeE58RH 1 BicesloBaddsitioning system
becone hore suitable for ‘use in a variety of
appl,i cations. .For. ampl &,. ny el ectronic devices
(GPS) it et Paviepfiorb ot Al g ARIERE FEal i g el as other
sinpler architecture which relies on a CPU 901
electropigigsivizds.t Theemodificatonsonaninshgiogfarreamplenelipripatinn plernecessary
100. [0069] These el ectronic devices may include, but

compofEfts M ditibAIof8fledifli_H HePic¥d S€Grcuits OHREASH ifitepRfkion of a plurality of
recorders, gam ng consoles, digi tal television sets,
devi wired or wireless telephones, navigation devices
EVICCS¢i ncl udi ng system based on the gl obal positioning
system

[0070] Although exemplary embodiments of the present invention have been
described and illustrated herein, many modifications, even substitutions of materials, can be
made without departing from the spirit or scope of the invention. Accordingly, the above
description and accompanying drawings are only illustrative of exemplary embodiments
that can achieve the features and advantages of the present invention. It is not intended
that the invention be limited to the embodiments shown and described in detail herein.

The invention is limited only by the scope of the following claims.
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(GPS) and/or inertial navigation), and digital caneras
and/or recorders, as well as other electronic
waleaisozR29 The nodi fications may include, for erENpPEm®P3/026815

el i m nation of unnecessary conponents, addition of

speci al i zed devices or circuits, and/or integration of

a plurality of devices. [0070] Although exenpl ary

enbodi ments of the prese %Mwﬁnti on have been

described and illustrate erein, many nodifications,

evewisdths tlainidd anseve hndrdkgfddadosbe givtedted byddeterd Pdrent of the

departing fromthe spirit or scope of the invention.
Unitedtetsdé:ngl y, the above description and acconpanying

drawi ngs are only illustrative of exenplary

enbqdi gent t hat, can achi eve the .featyres and..

v dnt Aguebor of fbrsaa i fait BGHof Sofiising:

intended that the invention be limted to the

enbodi nents shown and described in detail herein. The

i Nviiiing aigatd stadk @ctrankmidondubeorsabpeatef saidhgate stack comprising a

followi ng clainms. 22 WO 2004/ 021429 PCT/ US2003/ 026815

Gatd dBdYger i asScatldaicting 14er,ed afidt iieslated layerpe

protected by Letters Patent of the United States is:

1. forimhpdiesteideiallishecid 68 tiae tidansf sidpgatesaictt; met hod
conprising: formng a gate stack over a sem conduct or

SUbJrhAhE sodt dnd &l finSAoks 68 BYPosite Sides ol gaeeistk;
| ayer, a conducting layer, and a first insulating

| ay 5‘“83%‘@ &@EE&L& ﬁ{sﬁhﬁ%@@é@hbﬁ%%&& sBRkLRE stibsteseOf

sai d stack; formhg’source and drain regions on
OPPPShbGng 2t BsOf pSAdh 9BhRI §k8fY insulating layer and said first insulating
layer of said gate stack to expose said conducting layer; and,

forming at least one silicide layer over and in contact with said exposed

conducting layer.

2. A method as in claim 1, wherein said conducting layer comprises a polysilicon
layer said method further comprising forming said silicide layer by providing at
least one metal containing layer over said polysilicon layer and processing said

metal containing layer and polysilicon to form said silicide layer.

3. A method as in claim 1, wherein said first insulating layer is silicon nitride.
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formng a second insulating | ayer over said gate stack
and substrate; renoving at | east a portion of said
w@emanzi4ensul ati ng | ayer and said first insul ap€TygsS2003/026815
| ayer of said gate stack to expose said conducting
| ayer; and, formng at |east one silicide | ayer over
and in contact with said exposed conducting |ayer. 2.
A nmethod as in claim1, wherein, said conducti layer .
dorfbmeashed as gioriaim |1, Seher|camprising foraeg 6%‘1%? 8%8} mplants in
conprising formng said silicide |ayer by providing at,
| eaaid sirhstrate whichane salihalignedapepidgate stagk defase Jerming spid first
| ayer and processing said netal containing |ayer and
pol syddwallcspacers. f orm said silicide layer. 3. A nethod
as in claiml, wherein said first insulating |ayer is
silicon nitride. 23 WD 2004/021429 PCT/ US2003/ 026815
4. A method as in claim1, further conprising formng
SouACedicd s inngiiand swheresrdaitl Boplahtsatre angled Amplants.
self-aligned to said gate stack before form ng said
first sidewall spacers. 5. A nethod as in claimi4,
wherein said inplants are angled inplants. 6. A
Bt POghedSod Bs 1l @hif §, whbrirelaid fapEnisgrt LMD iarplantDD
inmplants. 7. A nmethod as in claim4, wherein said
first sidewall spacers are forned by a spacer-formng
i nsul ating l-ayer over said gate stack and substrate
nd L9 ﬁﬁélgin?@a%&cﬁrpgaﬁ@l RekstlsRieQalllsPadirdShéTBrHied By a
i'rst sidewal I spacets. 8. A nethod as in claim?7,

WheL Gl By Rithlng RACEIingh i el S BateSstik A Sdstrdéaind etching

said spacer-forming layer to produce said first sidewall spacers.
8. A method as in claim 7, wherein said spacer-forming layer is an oxide layer.

9. A method as in claim 1, wherein said source and drain regions are formed after

said first sidewall spacers are formed.
10. A method as in claim 9, wherein lightly doped regions are formed in said
substrate on opposite sides of said gate stack before said first sidewall spacers are

formed.

11. A method as in claim 1, wherein said second insulating layer is a nitride layer.
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9. Anethod as in claim1, wherein said source and

drain regions are forned after said first sidewall
wapagoes2are forned. 10. A nethod as in clai mBCT/US2003/026815

wherein lightly doped regions are fornmed in said

substrate on opposite sides of said gate stack before

said first sidewall spacers are forned. 11. A nethod

as in claiml, wherein said second insulating |layer is

B2 NA niétted|28 Y& tlaim 24 fEh QM SI2sire PorBim s IS RARSA2A8hGe] implant

12. A nmethod as in claim1l1, further conprising formng

at réflafitin 9418 saBavdie!thiotighabld gdt€§taeR aftBr Sudd dosdaingdbger is
t hrough said gate stack after said conducting |ayer is

EXRRSEE N BRI Qi alidde ldyerisderhéyer is formed. 13.

A nethod as in claim 12, erein said at |east one

channel inplant region is at least in part defined by

said first sidewal|l spacers. 14. A method as in claim

1. ATHEHBR"as GO TRIh SN hoRiih 3hid{ A ILRE BhE ehfHel iiblahf tetffon is ac
ayer, Si I at

orm ng secon ewa spacers over an

' ' C df '
cndeRe H pATRLARAPT S SRR RS 2C1 ack wher ai n

said channel inplant region is at least in part
defined by said second sidewall spacers. 15. A nethod

st 340 gk dr B BGoru B 1y o R sid slcide lyer,
spgﬁers remai ns, after said at ast. a ggrt'on of ,sa
in

I
rinegopad sideyvall spacseyer and 4t pides BEs4d, Privsed Bhductor layer
conpr.i si ng, rior to form ng aid siljcide | er, . .
r emO ifsﬁémg}%‘?ﬁfé%“"ﬁiﬁfﬂ’%ﬂt %?%ra ough spid 54 Eﬁag Wﬁ?@rem said

| ayer
yc%anncl implant region is at least in part defined by said second sidewall spacers.

15. A method as in claim 1, wherein a portion of said second insulating layer
outside of said first sidewall spacers remains after said at least a portion of said
insulating layer is removed, said method further comprising, prior to forming
said silicide layer, removing another portion of said second insulating layer
adjacent to said first sidewall spacers and an upper portion of said first sidewall
spacers; and forming a channel implant region through said gate stagk in said
substrate which is at least in part defined by removed portions of said second

insulating layer.

16. A method as in claim 14, wherein said first channel implant region is formed to

be narrower in width than the gate stack.
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adj acent to said first sidewall spacers and an upper
portion of said first sidewall spacers; and formng a

w@e bannzl429 npl ant regi on through said gate stacRCT/ONS®a3/026815
substrate which is at least in part defined by renoved
portions of said second insulating |layer. 16. A
method as in claim 14, wherein said first channel
implant region is formed to be narrower in width than
I7heA getlsod haikclaiad 190vheRn ©2d demretinpleno egior gosmed to be
17. A method as in claim13, wherein said channel
' ;&btcimﬁglyosqda!sirfwfdthdotlme pate sequpr oxi mat el y equal in

th to the gate stack. 18. A nethod as in claim 15,

wherei n said channel inplant region is fornmed to be
wider in width than the gate stack. 19. A nethod as in
1. A MetBod hylid Haim A8 Phefim ghid phimtel implank segign $afoeimed to be
silicide |ayer, form ng second sidewal | spacers over
andiddr ifiviaeh BlarStetdatxft@ged conductor |ayer and
form ng anot her channel inplant region through said
gate stack wherein said another channel inplant
region is at least in part defi ned by said second

1. dewalihod R ?%‘?Eﬁl 43 ﬁﬁ ?fﬂ)rﬁfn 'f)rfb'r% %rjtﬁlng%ﬁrﬁidiﬂc layer,

a ‘portion of sai seéon ati l'ayer outside of

S a'f&tr&hg%c i ?ﬂﬁ@\?&ll g&% ro%cf 5{]§id€sf ShiPAlpdsat corhductor layer

| east a por Ion |nsu ating Tayer 1s’'renove

sai d pet hod furfhe

AT SRS S g
€% OH another cegalnpl 1m[}iant region is at least in part defined by said second

sidewall spacers.

20. A method as in claim 13, wherein a portion of said second insulating layer
outside of said first sidewall spacers remains after said at least a portion of said
insulating layer is removed, said method further comprising, prior to forming
said silicide layer, removing another portion of said second insulating layer
adjacent to said first sidewall spacers and an upper portion of said first sidewall
spacers; and forming another channel implant region through said gate stack in
said substrate which is at least in part defined by removed portions of said second

insulating layer.

21. A method as in claim 2, wherein said metal containing layer contains a material
selected from the group consisting of tungsten(W), WSi,, WN, Ti, TiN, and

other combinations thereof.
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adj acent to said first sidewall spacers and an upper
portion of said first sidewall spacers; and formng
wa@emtlzr2channel i nplant regi on through sai d getBUS1088626815
in said substrate which is at |least in part defined
by renoved portions of said second insulating |ayer.
21. A nmethod as in claim2, wherein said netal
containing layer contains a material selected from
the group consisting of tungsten(W, Wsix, WN, Ti,
Ti N, and other conbinations thereof. 26 WO
gQQAkggégggsgg@ﬁg@gggﬁﬁgg@gls 22. A transistor
structure conprising: a sem conductor substrate; a
gate stack provided over said substrate, said gate
stack conprising: a gate oxide |ayer provided on said

Su%%ﬁﬁé&id@t&oqﬁ&% con | ayer provided on said gate

oxi'de layer, at least’one unetched silicide |ayer

Forede QUSk oA ofG AL, S84 daudBhotSidh it

source an aln regron§ provided in said
substrate on,opposite.sides of i gate stack. 23. A
st r uct G Hdf fAVET Riqyidsd of fﬁ’l‘flﬁ‘zt?s’t%ct)%’pri sing first

sidewal | ,spacer,s on si.dewalls., of said e stack. 24.
A str B‘CSQ laygr E’F%‘_flﬁ’?‘gg? sgid &3 PXIdS nl‘%?e F’s i ng second
S devvgl 1ca§tpoarfeel§r§ctgﬁc%véiﬁ|§gc layer formed over and in contact with said
polysilicon layer; and,

source and drain regions provided in said substrate on opposite sides of said

gate stack.

23. A structure as in claim 22, further comprising first sidewall spacers on sidewalls

of said gate stack.

24. A structure as in claim 23, further comprising second sidewall spacers provided

over and at edges of said conducting layer.

25. A structure as in claim 23, further comprising at least one channel implant

region in said substrate below said gate stack, which is defined at least in part by

said first sidewall spacers.
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over and at edges of said conducting layer. 25. A

structure as in claim23, further conprising at |east
woen@4okmenel i nplant region in said substrat eP@PUSM03/026815

said gate stack, which is defined at |east in part by

said first sidewall spacers. 27 WO 2004/ 021429

PCT/ US2003/ 026815 26. A structure as in claim 24,

further conprising at | east one channel inplant region

161 Aatrdcsubas imtleinb 3 pfurtder dogyprising: atdkast @hf chanagl implant
defined at least in part by said second sidewall .
Spaegion in 2%id sAbstrate belovesaid gate stacki, widdh isfdefinhd at least in part by
conprising an insulating | ayer adjacent to said first

si dedaktorpaidewsll sgared. i nsul ating | ayer and said first
sidewal | spacers having etched out upper portions to
define an area extendi ng beyond a |ateral w dth of

said gate stack. 28. A structure as in claim?27,

byr AR cBR8RE i chRin 23, hadsdr coRfprishanae insulpingrisyer adjacent to said
region in said substrate bel ow said gate stack, which

| S (&f diddefhlPdpak &35hid MsB@fibe Pfer 83d Gaid &t siddvallSpacers having
structure as in claim?25, further conprising second

si : 0| r af aS@deehl width of
deS%l’gétdl %%ﬁ)_&%m Qe finR S ard ek RhdRGURS o8H aSl@lcehl width o

con 0. A structure as in claim?29,

furmie i sing at | east another channel i npl ant
regl onéa}t%gggglkd substrate bel ow said gate stack, which

is defined at least in part by said second sidewal
spacers.

28. A structure as in claim 27, further comprising at least one channel implant
region in said substrate below said gate stack, which is defined at least in part by

said area.

29. A structure as in claim 25, further comprising second sidewall spacers provided

over and at edges of said conducting layer.

30. A structure as in claim 29, further comprising at least another channel implant
region in said substrate below said gate stack, which is defined at least in part by

said second sidewall spacers.

31. A structure as in claim 25, further comprising an insulating layer adjacent to saic
first sidewall spacers, said insulating layer and said first sidewall spacers having
etched out upper portions to define an area extending beyond a lateral width of

said gate stack.
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31. A structure as in claim25, further conprising an
i nsul ating |ayer adjacent to saic first sidewall
wG@paameR29 sai d i nsul ating | ayer and said firstPer/uswab/i26815
spacers having etched out upper portions to define an
area extending beyond a lateral width of said gate
stack. 28 WD 2004/021429 PCT/ US2003/026815 32. A
structure as in claim31l, further conprising at |east
anot her channel inplant region in said substrate bel ow
said gate stack, which is defined at least in part by
82J A sefirture 38 in Aabh 306 fHieera®niptisi@atie2s? anvtie ehfnnel implant
said silicide layer is forned of a material in the
9r QEPionqn Shidlsubstrite bAlow'\Rlid :EaE@NvtaE[d, whitiNis dufihe@labRhast in part by
conbinations thereof. 34. system conprising: a
PrQgRsses; and a nenory device coupled to said
processor, at |east one of said processor and said
menory device conprising a transistor structure, said
transi stor structure conprising: a sem conductor
g4b %tsﬁqltcﬁireaas gxz'i:ﬁnﬁtﬁ(,: KHREQY sAadiRy & la?%" id f&’ﬁpe?f &2 fraterial in
C g e [ayer

i
sal gate sta conprirsing: a gate ox

prQy.i ' .e; | sy o

o 4 88 Rl ) SRR A AR R LEhbinaions ot
unetched silicide |ayer fornmed over and in contact

with said

34. A system comprising;:
a processor; and

a memory device coupled to said processor, at least one of said processor and
said memory device comprising a transistor structure, said transistor structure

comprising:

a semiconductor substrate;
a gate stack provided over said substrate, said gate stack comprising:
a gate oxide layer provided oﬁ said substrate;
a polysilicon layer provided on said gate oxide layer;
at least one unetched silicide layer formed over and in contact with said

polysilicon layer; and,

29



polysilicon layer; and, 29 WD 2004/021429
PCT/ US2003/ 026815 source and drain regi ons provided

WO poog@zd2substrat e on opposite sides of said PEL/ES2003/026815
stack. 35. A structure as in claim34, further
conprising first sidewall spacers on sidewalls of
said gate stack. 36. A systemas in claim35, further
conpri sing second sidewall spacers provided over and
at  ed@@gcoindaidin eQRNCHioRecan Shid sabstriteHEbFPOsRE sides of said
claim35, further conprising at |east one channe
| npl agfrek@@kON 1N said substrate bel ow said gate
stack, which is defined at least in part by said
first sidewall spacers. 38. A systemas in claim 36,
further conprising at | east one channel inplant region
. . “balo . ‘ S . )
45 R A RUHORL IR imD S (MR CoRRRing AL BT o sidewall
sp%%gha.a§9m35ksysten1as in claim35, further
conprls#%g an I'nsulating | ayer adjacent to said first
sidewal | spacers, said insulating |ayer and said first
sidewal | spacers having etched out upper portions to

S5 A SRS B Bl oy provied

over and at edges of said conducting layer.

37. A system as in claim 35, further comprising at least one channel implant region
in said substrate below said gate stack, which is defined at least in part by said

first sidewall spacers.

38. A system as in claim 36, further comprising at least one channel implant region
in said substrate below said gate stack, which is defined at least in part by said

second sidewall spacers.

39. A system as in claim 35, further comprising an insulating layer adjacent to said
first sidewall spacers, said insulating layer and said first sidewall spacers having
etched out upper portions to define an area extending beyond a lateral width of

said gate stack.
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40. A systemas in claim39, further conprising at

| east one channel inplant region in said substrate
whedeme2d d gate stack, which is defined at | eRSI/USIW03/026815

part by said area. 41. A systemas in claim 37,

further conprising second sidewall spacers provided

over and at edges of said conducting |ayer. 42. A

systemas in claim4l, further conprising at | east )

200 Ahgsteah aninedlaind B9 Aitther eginprising as déadt endsharatebimplant region

bel ow said gate stack, which is defined at least in

parin sa sutRtrdteton daidi gevsth ik, sytcle issdefiizd ab leagsinepartby said

in claim37, further conprising an insulating |ayer

adj gegnt to said first sidewall spacers, said

insulating layer and said first sidewall spacers

havi ng etched out upper portions to define an area

extendi ng beyond a lateral width of said gate stack.

. Asyiden Emtf"cci inD 39! Rirfef BomipYisinlpelec6QMEIde Fall gpers provided

|'east “anot her cﬁannel Implant © region in said

sub ' : whi ch is defined at

Iea§%&%%gﬁgﬁ?%é§8ﬁ%g}%ﬂgggghggé&rA systemas in claim

34, wherein said silicide layer is forned of a

material in the group consisting of W W& ,,, W\, Ti

TN, d conbi ' f .
T 0TI ST et 5 o i
WO 2004/ 021429 PCT/ US2003/ 026815 '

ovefC&oR é‘?rf"’dé AERREEASS géﬁﬁ'ssta} gae sgaacli(%’ s eacéciﬂ Pt part by

A d-gate"s
€0 ”EL&SSL&%da sidewall spacers.

43. A system as in claim 37, further comprising an insulating layer adjacent to said
first sidewall spacers, said insulating layer and said first sidewall spacers having
etched out upper portions to define an area extending beyond a lateral width of

said gate stack.

44. A system as in claim 43, further comprising at least another channel implant

region in said substrate below said gate stack, which is defined at least in part by

said area.

45. A system as in claim 34, wherein said silicide layer is formed of a material in the

group consisting of W, WSi,, WN, Ti, TiN, and combinations th;rcof.

46. A method of fabricating a transistor, said method comprising:
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gate oxide layer, a conducting layer, and a first
insulating layer; formng first sidewall spacers on

wo bw4o2des of said gate stack; form ng source BCTUS083/026815
regi ons on opposite sides of said gate stack; formng
a second insulating | ayer over said gate stack and
substrate; renoving at |east a portion of said second
insulating |ayer and said first insulating |ayer of

sanfab e gHk@stack Bv@dPREfRcSRlt 610 Erhtd) Baill @38 stack comprising a
formng at” | east one additional set of second spacers

é&‘é@&xﬁ@q??& §E§ﬁ?ﬂc$%§%§;i&, aRKP AR hsebnbuchiary | ayer;

orm ng pl ur f ‘channel inplant regions in said

coRAE by AN R BB e SRS e SRS 1ty o

oo g0 T ) PURELE B acbra ined

spacer sal ast one

?g é].{nluglggal sscl%sxitl% ?%gfaﬁ%?gggyé RIEFLSd gﬂ%dstaécko.{rm éﬁ%st‘fi‘%tc'é ai d

r’over and®rn contact wt
SRS g AE RS ot g B B bt M i
Risniat b stk o FHBOF APEr By HBe Mg ot Teast one
el A T
| ayer and polysilicon to formsaid silicide |ayer.

aposed gendeeringlayer; cl ai m 46, wherein said first
insulating layer is silicon nitride., 32

forming a plurality of channel implant regions in said substrate through said gate
stack after said conducting layer is exposed, wherein said plurality of channel implant
regions are at least in part defined by said first sidewall spacers and said at least one
additional set of second spacers; and,

forming at least one silicide layer over and in contact with said exposed

conducting layer.

47. A method as in claim 46, wherein said conducting layer comprises a polysilicon
layer said method further comprising forming said silicide layer by providing at
least one unetched metal-containing layer over said polysilicon layer and
processing said unetched metal-containing layer and polysilicon to form said

silicide layer.

48. A method as in claim 46, wherein said first insulating layer is silicon nitride.
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WD 2004/ 021429 PCT/ US2003/ 026815 49. A nethod as in
claim46, further conprising formng source/drain

WO pplari4g9 i n sai d substrate which are self - al | PEEUS1003/026815
said gate stack before formng said first sidewal
spacers. 50. A nethod as in claim49, wherein said
inplants are angled inplants. 51. A nethod as in -
cl ai m 50, wherein said inplants are LDD inplants. 52.
4o MRt HeghodSasiif chiidi 48, 49théedhprisif fmhinpouf@y/draigy implants in
spacer-formng insulating | ayer over said gate stack
and, b fradeByIHen afd Q:W-zﬂ%n%&'tg saidogaE statlo beforg foraiag said first

[

to produce said first ewal | spacers. 53. A nethod

as ¢ Ikepd, Wherein said spacer-forming |ayer is
ans%ﬁvgg‘ ayer. 54. A nethod as in claim46, wherein

said source and drain regions are forned after said
first sidewall spacers are forned. 55. A nethod as in

ai,m er.ein |4 daoped; h QNS fom dn
ggi ém gé}%{/\% a éiaérﬁl %%B%%%%lgl SI dlengﬁg#lgga? gﬂggt e tagk
before said spacers are forned. 56. A nethod as in

cl ai m 46, wherein said second insulating layer is a

Ltride |l . .33 004/ 021429 / /.
B3 BPREIGL inldiR EParitas: S PORGP B g

formng a plurality of channel inplant regions in said
substrate through said gate stack after said

conducting, |ayer is exposed and before.said siljcide

Bay d meshodbperlaist A9 AUERDEF 6OmRESIG (OPRIT kI al e

a portjion of said second i nlséul gti Bg | ayer . .
insulating layer over said gate stack and substrate’and etching said spacer-

forming layer to produce said first sidewall spacers.
53. A method as in claim 52, wherein said spacer-forming 1gyer is an oxide layer.

54. A method as in claim 46, wherein said source and drain regjons are formed after

said first sidewall spacers are formed.

55. A method as in claim 54, wherein lightly doped regions are formed in said

substrate on opposite sides of said gate stack before said spacers are formed.

56. A method as in claim 46, wherein said second insulating layer is a nitride layer.
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outside of said first sidewall spacers remains after
said at |east a portion of said insulating |ayer is

w0 eemwed?29 sai d met hod further conprising, prioPCT/US2003/026815
formng said silicide layer, renoving another portion
of said second insulating |layer adjacent to said
first sidewall spacers and an upper portion of said
first sidewall spacers; and formng at |east one
SHaAnmiethotbasint claimgt @rfuttheoughpssing foumiagsk plokality of channel
said substrate which is at least in part defined by
r enmydanhtpeptdmis saif sabitchte sroapH shidsgatasianky afterysmid caglucting
A nethod as in claim46, wherein said channel inplant
r edaydiss axposedanE befare Baid silideotaper is formadt. h t han t he
gate stack. 60. A nethod as in claim46, wherein said
channel inplant regions are forned to be
approximately equal in width to the gate stack. 61. A

w8t Rogheod Bs T dhifl 58, whbielfi poirofhahsbnd indulting layer
region is formed to be wder in wdth than the gate

St aGitsidRof sAIdBish Qe ?al ifacEh Fihihe afteh i@ hPledstOPdrki®B of said

i $
of said second iInsulati r?g3 | ayer outside of said first

o G RS e s mming

| NSyt 2400 l%{c?{)rrchfbww&ﬂcr @tﬂm@i‘ﬂﬁfﬁsc@ﬁ& MSfulating layer

conpri Si ng, . formn saird silicide layer,

SRR Ry U 4RO oA B G s

| a : : _ _ pacers and an
PSR BoBlig 1kl AR P B g8 e ek

thr x%us%]d gl?ti)s%ra%g Ev%ich is at least in part defined by removed portions of said

second insulating layer.

59. A method as in claim 46, wherein said channel implant regions are formed to be

narrower in width than the gate stack.

60. A method as in claim 46, wherein said channel implant regions are formed to be

approximately equal in width to the gate stack.

61. A method as in claim 58, wherein said channel implant region is formed to be

wider in width than the gate stack.

62. A method as in claim 46, wherein a portion of said second insulating layer

outside of said first sidewall spacers remains after said at least a portion of said
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stack in said substrate which is at |east in part

defi ned by renpoved portions of said second insulating
WO ay08/021468. A nethod as in claim47, wherein sBETHURBDHD26815

contai ning |ayer contains a material selected from

the group consisting of W Wsi,,, WN, Ti, TiN, and

ot her conbinations thereof. 64. A gate stack

structure provided on a sem conductor substrate

conipsulating layeaisgateved; sdil ineytesd furdwirdethpoisinggipgior to. forming

substrate; a conducting |ayer provided on said gate

oxi ghed hilivide Jlayet, reffovirigawher peaioer of sail sicdeddhsutating layer

said gate stack; at |east one channel inplant region

i N Sfhébnt vOSAidHS: Siddvaill spatcis 8Aad an sippekportidh ofsaidsfirst sidewall
defined at least in part by said first sidewal

SPaghikcérs; HRERIHhidg d€16itandBRGUhanRélQmiplet reyieh thrshgh said gate
edges of said conducting |ayer; at |east one channel

| MPLaat inf GEH QihstArS@hfhSyRsleitig pha! Rinsdiby @aidved portions of
stack, which is defined at least in part by said

Sec&@@gé&oﬂa‘é@%@%ﬁﬂgﬁgéé at | east one unetched silicide

| ayer torne in contact with said conducting
| ayer; and, 35 WO 2004/021429 PCT/ US2003/ 026815
source and drain regions provided in said substrate on

opposite sides af. sakd A St . .
R B P 0 5 e BV o
ad] 3 cecr%ted tfr%rr? %Illcd group consisting of W, WSi,, WN, Ti, TiN, and other

combinations thereof.
64. A gate stack structure provided on a semiconductor substrate comprising:

a gate oxide layer provided on said substrate;

a conducting layer provided on said gate oxide layer;

first sidewall spacers on sidewalls of said gate stack;

at least one channel implant region in said substrate below said gate stack,
which is defined at least in part by said first sidewall spacers;

second sidewall spacers provided over and at edges of said conducting layer;
at least one channel implant region in said substrate below said gate stack,
which is defined at least in part by said second sidewall spacers

at least one unetched silicide layer formed over and in contact with said

conducting layer; and,
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first sidewall spacers, said insulating |ayer and said
first sidewall spacers having etched out upper
w@oeonkioorazo t 0 defi ne an area extendi ng beyond aPCEUS2088/026815
width of said gate stack. 66. A structure as in claim
65, further conprising at |east one channel inplant
region in said substrate bel ow said gate stack, which
is defined at least in part by said area. 67. A
St I ugduie€ and dirdin Gk@ibfd Prbvided fnhald aisputesomgpposite sides of said
insul ating |layer adjacent to said first sidewal
spacgm§$u§§ld insulating layer and said first sidewall
spacers having etched out upper portions to define an
area extendi ng beyond a lateral width of said gate
stack. 68. A structure as in claim®67, further
O f R in \cBaR (6 A PAAE coOrhFHNISE ah TREHng G adfackt to said
6§a| sugggfgﬁgc%gﬁéﬁgsaid é%te st ack, mhichgﬁsﬁgef?hed
at ' - S.8i f <ai ' ;
ety R A rRRE, B R RIAR: Al cal 3f YELWEsERRery Raving
mat g i ' e .St ' Tiws
TrREe ot fppdr HsbRe R AGRY 3 488 cplenting Piond akterdwidth of
2004/ 0 14@% PCT/ US2003/ 026815 70. A transistor
stk éztghprising: a sem conductor substrate; a
gate stack provided over said substrate, said gate
stack conprising: a gate oxide |ayer provided on said

substrate; . : . :
66. A structure as in claim 65, further comprising at least one channel implant

region in said substrate below said gate stack, which is defined at least in part by

said area.

67. A structure as in claim 64, further comprising an insulating layer adjacent to said
first sidewall spacers, said insulating layer and said first sidewall spacers having
etched out upper portions to define an area extending beyond a lateral width of

said gate stack.

68. A structure as in claim 67, further comprising at least another channel implant
region in said substrate below said gate stack, which is defined at least in part by

said area.

69. A structure as in claim 64, wherein said silicide layer is formed of a material in

the group consisting of W, WSi,, WN, Ti, TiN, and other combinations thereof.
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a conducting |layer provided on said gate oxide |ayer;
first sidewall spacers provided on sidewalls of said
w@adog/ost4ack; at | east one channel inplant regiPCI/UR2003/026815
sai d substrate bel ow said gate stack, which is
defined at least in part by said first sidewal
spacers; at |east one unetched silicide |ayer forned
over and in contact with said conducting |ayer; and,
768 0Arteansiatst sinaiturercegipisingdr ovi ded i n sai d substrate on
opposite sides of said gate stack. 71. A structure as
in claim70, wherein said conducting |ayer is
polysilicon. 72. A structure as in claim70, further

C gRiichidhcdr substth@t i ng | ayer adjacent to said first
sidewal | spacers, said insulating |ayer and said first

si Lenalstack PReAAEd Bt saldl subbehedsad gatepadk qanprishmg: t 0
define an area extending beyond a lateral w dth of

sai da%@%@oﬁﬁ@?ﬁ{cr rovidedSdh S68 YaBstatei N cl aim 72,
further conprising at |east one channel inplant

regi ' i e tack, which
R K i et PR A

'2004419%%\%@%4&&%2{21&34&%6&%&3%& is &F Sl gtk 4ERLkAS in

claim Ins stlicl ayer 1s fornmed of a

material J 4.1 Leti: i ' k
T 54 ol By 5 GLR 0 hn Wt pc
ST UCHHNS Rl St fst in part by said first sidewall spacers;
at least one unetched silicide layer formed over and in contact with said
conducting layer; and,

source and drain regions provided in said substrate on opposite sides of said

gate stack.
71. A structure as in claim 70, wherein said conducting layer is polysilicon.

72. A structure as in claim 70, further comprising an insulating layer adjacent to said
first sidewall spacers, said insulating layer and said first sidewall spacers having
etched out upper portions to define an area extending beyond a lateral width of

said gate stack.

73. A structure as in claim 72, further comprising at least one channel implant

region in said substrate below séid gate stack, which is defined at least in part by

said area.
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a sem conductor substrate; a gate stack provided over

said substrate, said gate stack conprising: a gate
woziodo21429er provi ded on said substrate; a conPUTUB2093/026815

| ayer provided on said gate oxide |layer; first

sidewal | spacers provided on sidewalls of said gate

stack; second sidewall spacers provided over and at

edges of said conducting |ayer; at |east one channe

implant region in said substrate bel ow said gate

stack, which is defined at least in part by said

FECARA S hABWREA CBRRTE! SheAdin bAAsllicRitEapdids €dtatkd of a material in
ilicide layer formed over and in contact with said

S
congy g&&@gcéﬁ@r o SV, VRRUNGR, andTiN 3 6@t eSfmbinations thereof.
provi &ed 1 n sal d“subsfrate on’opposite sides of said

gate stack. 76. A structure as in claim75, wherein

said conducting layer is polysilicon. 77. A structure

Zsjj‘% rg‘{sgkgg s%glcé&ééréol&? i rising an insulating |ayer

cen 0 sai fir Silewal | spacers, said
insulating layer and said first sidewall spacers
having 38 WD 2004/ 021429 PCT/ US2003/ 026815 etched

out upper portions to define an area extendi ng beyond
a Iaaﬁcgﬁg?n%c&?ﬁs‘g?smgeai d gate stack. 78. A structure

o o e eh el Ao TR B S 5% Pt

gate Satg?lsc:ck’oxi eilgygr ip?ov(ii g | gr? gm tsu S.Gt?aic’ttc; 'n part by
a conducting layer provided on said gate oxide layer;
first sidewall spacers provided on sidewalls of said gate stack;
second sidewall spacers provided over and at edges of said conducting laycx;;
at least one channel implant region in said substrate befow said gate stack,
which is defined at least in part by said second sidewall spacers;
at least one unetched silicide layer formed over and in contact with said
conducting layer; and,
source and drain regions provided in said substrate on opposite si.des of said

gate stack.
76. A structure as in claim 75, wherein said conducting layer is polysilicon.

77. A structure as in claim 75, further comprising an insulating layer adjacent to saic

first sidewall spacers, said insulating layer and said first sidewall spacers having
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said area. 79. A structure as in claim?77, wherein

said silicide layer is forned of a material in the
w@emyp2aonsi sting of W WS X, WN, Ti, Ti N, andP@r/ii82003/026815

conbi nations thereof. 80. A transistor structure

conprising: a sem conductor substrate; a gate stack

provi ded over said substrate, said gate stack

conprising: a gate oxide layer provided on said

subathad ent appanshrdonntp defirer arparey iesiehdorg beyahdyataeeral width of

oxi de layer; first sidewall spacers provided on

si dewhphte seicksai d gate stack; an insulating |ayer

adj acent to said first sidewallspacers, said

insulating layer and said sidewall spacers having

et ched out upper portions to define an area extending

bRy Anstrdcchd Krilclandt RfthéRtSnpAtifg At &kt od ch@e! implant

one channel inplant region in said Substrate bel ow

sai ol £ SPGIbstratbABw sdidigftk B8k avhicAas HefiRePa IEash¥n part by
said area; at |east one unetched silicide layer forned

ove$%?%gain contact with said conducting |ayer; and,
39 004/ 021429 PCT/ US2003/ 026815 source and drain
regions provided in said substrate on opposite sides
of said gate stack. 81. A structure as in claim 80,

WL TR L L R GRNE W,%th&)é&f satcP siOHY ﬂyjek %¥rmed of a material in

the group consisting of W, WSi,, WN, Ti, TiN, and other combinations thereof.
80. A transistor structure comprising:

a semiconductor substrate;

a gate stack provided over said substrate, said gate stack comprising:
a gate oxide layer provided on said substrate;
a conducting layer provided on said gate oxide layer;
first sidewall spacers provided on sidewalls of said gate stack;
an insulating layer adjacent to said first sidewall spacers, said insulating layer
and said sidewall spacers having etched out upper portions to define an area
extending beyond a lateral width of said gate stack;
at least one channel implant region in said substrate below said gate stack,
which is defined at least in part by said area;
at least one unetched silicide layer formed over and in contact with said

conducting layer; and,
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82. A structure as in claim80, further conprising
second sidewal|l spacers provided over and at edges of
wa@aiod/ozaeducti ng | ayer. 83. A structure as i n PCHUA082026815
further conprising at |east another channel inplant
region in said substrate bel ow said gate stack, which
is defined at least in part by said second sidewall
spacers. 84. A structure as in claimB80, wherein said )
sui ci deutcaysd drsinfregions podvidedrint sid subskmate o epgeigsides of said
consisting of W Wi X, W\, Ti, Ti N, and ot her
conmbi pateispack.t hereof. 85. A transistor structure
conprising: a sem conductor substrate; a gate stack f
provi ded over said substrate, said gate stack
conprising: a gate oxide layer provided on said
8ub At drAalRuredasGathigit 801 oviicyiarsail @ndire ting hayeaischajgsilécon.
oxi de layer; first si dewal | spacers provided on ‘
sidewal | s of said gate stack; 40 WO 2004/021429
PCT/ US2003/ 026815 an insul ating | ayer adjacent to said
fgor gl stPhGENBLY inSRARELE, fufiBeAcoMpHiiak iséerdasiéswalbgpdcers provided
sai d sidewal | spacers having etched out upper portions
to [ [%m” nd a lateral w dth of
sai %ﬁg@ggg&?@gg@d& sfgig\%gi%l)é?épacers provi ded over
and at edges of said conducting |ayer; at |east one
channel inplant region in said substrate bel ow said
ﬁ g%gttrg&ggev\%ﬁvﬂ cgzglml g%gﬁfrt'h%? gox%i)nglﬁgsé& 1% :B?cfr}lelbé'haiﬁhfjimplant

ac
region in said substrate below said gate stack, which is defined at least in part by

said second sidewall spacers.

84. A structure as in claim 80, wherein said silicide layer is formed of a material in

the group consisting of W, WSi,, WN, Ti, TiN, and other combinations thereof.
85. A transistor structure comprising:

a semiconductor substrate;

a gate stack provided over said substrate, said gate stack comprising:
a gate oxide layer provided on said substrate;
a conducting layer provided on said gate oxide layer;

first sidewall spacers provided on sidewalls of said gate stack;
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at | east one unetched silicide |layer fornmed over and

in contact with said polysilicon |ayer; and, source
wap@4meEen regi ons provided in said substrate POT/US2003/026815

opposite sides of said gate stack. 86. A structure as

in claim85, wherein said silicide layer is forned of

a material in the group consisting of W W5 X, W\,

Ti, TiN, and conbinations thereof. 87. A nethod of

f abr i eatinsdaing hyer atjaaent tw saidfirst sideradli spacars, sgil idsulating layer

met hod conprising formng an oxide |ayer over a

subst raatieaidf sidewallspaceas haviagienchedayeruppee postaomns toxdafime an area

| ayer; formng an insulating |ayer over said

conduixtemglingBeyond £hmstangideb of issid paed staek;d oxi de

| ayer, said conducting layer, and said insulating

| ayer st@ddsidewallgiaCesipaetided avel gal & algrs bof bad icogdadting layer;
oxi de layer, a conducting |ayer, and an insul ating

| ayer ;at 1@EPY¥hE BhaMelirhPlant Rlgidifin AYEsutistare bebd @Rt gate stack,
stack to expose said conducting Ilayer; and, 41 WO

2004/ Qaritr % R HIR903( PASRL By sBHQUESHA ddéwall spacers;

met al -containing |ayer on said exposed conducting

| ayer aggﬂn@ ﬁﬂcécﬁé@sdiﬁciﬂl‘:gzi}f& T@rmc%ﬁovc% HBGANBRt With said
claim87, erein sald conducting layer conprises a

pol ysiddifdifton! B! and,

source and drain regions provided in said substrate on opposite sides of said

gate stack.

86. A structure as in claim 85, wherein said silicide layer is formed of a material in

the group consisting of W, WSi,, WN, Ti, TiN, and combinations thereof.

87. A method of fabricating a gate structure of a transistor, said method comprising,
forming an oxide layer over a substrate;
forming a conducting layer over said oxide layer;
forming an insulating layer over said conducting layer;
removing portions of said oxide layer, said conducting layer, and said
insulating layer to form a gate stack, said gate stack having an oxide layer, a
conducting layer, and an insulating layer;
removing said insulating layer from said gate stack to expose said conducting

layer; and,
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89. A nethod as in claim87, wherein said step of
formng said silicide further conprises providing at
wo e@s2@e®e unet ched mnetal - cont ai ni ng | ayer ovePCHEBIN03/026815
exposed conducting | ayer and processing said unetched
met al -containing |ayer and conducting layer to form
said silicide layer. 90. A nethod as in claim87,
wherein said netal -containing |ayer is an unetched
met al ploRiting aMetalicomhinieg hger on sdidienp&ed auneueting bgexwhich
unet c%ed netal |ayer contains a material selected

f r om ¢dmefogmongilieidesi sting of W Ws~, WN, Ti, Ti N, and
ot her conbinations thereof. 42

88. A method as in claim 87, wherein said conducting layer comprises a polysilicon

layer.

~ 89. A method as in claim 87, wherein said step of forming said silicide further
comprises providing at least one unetched metal-containing layer over said
exposed conducting layer and processing said unetched metal-containing layer

and conducting layer to form said silicide layer.

90. A method as in claim 87, wherein said metal-containing layer is an unetched

metal layer.

91. A method as in claim 90, wherein said unetched metal layer contains a material
selected from the group consisting of W, WSi,, WN, Ti, TiN, and other

combinations thereof.
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