21 Septenber 2006 TRANSI STOR STRUCTURE | NCLUDI NG A

METAL SI LI Cl DE GATE AND CHANNEL | MPLANTS AND METHOD

OF MANUFACTURI NG THE SAME BACKGROUND OF THE INgENTION

[0001] 1. Field of the Invention [0002] The pkagusmber 2006

invention relates generally to the field of integrated

circuit fabrication, and nore specifically to a
TRANSISTOR $TRACTERF PRECBENG POVETAL cSTLACERE: SATH GNP rCHANNEY GMPLANTS AND
METHOD OFy MANUFAEEURIAG FHEcFAMEonduct or substrate. [0003] 2.

Description of the Related Art [0004] Currently,

transi stors, such as netal -oxi de sem conduct or

field-effect transistors (MOSFET) are formed over a

sem conduct or substrate and are used in mTany

i ntegrat ed ci BAGKGROUNBsOFTFHEMIEVENEIQNs| st or

utilizes a gate electrode to control an wunderlying
momgurfng:im%mﬁkm@[m&g a source and-drain region. The

ubstrate I1s doped oppositely to the source and drain

regi ons. For exanple, the source and drain are of the

ame ~conduct i vi . €. 0, N 0 VAP VA :

(0002 " T e oo et e oy, B e il o kel G
. Substrate, e.g., P-type conductivity, Typically, the,

fabricagigneard mare specifically §@ p Sabsicadion progest fé’é?rf‘b%‘i?ﬂ%'& gansistor

substrate by a thin insulating | ayer such as a gate
structu¥s {hea senfibondbaonaibseaaur ce, and drain are | ocat ed

within the sem conductor substrate. [0005] In a

typi cal process formng the gate el ectrode of a MOSFET
[OOOS?ran@. Sb@gm.ilptﬁjﬂm§mﬁt&{ﬁﬂket. deposi tions of various

ayers occu First, an insulating layer for use as a

gate oxide is formed on the surface of a sem conduct or

(00081516 s SRR T B B R 0B

insul ating |ayer. Third, at_hinrefratoré/ )
transistors (MOSEET) 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 dram regions. For example, the source and drzin are of the
same conductivity, e.g., N-type conductivity, whereas the channel has the conductivity of
the semiconductor substrate, ¢.g., P;typc conductivity. Typically, the gate clcctrodc 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 electrode 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



netal layer is often deposited, such as tungsten, on
top of the conductive layer which is wused to forma
silicide with the underlying polysilicon. An
insul ating | ayer may al so be applied over tHeSeptember 2006
tungsten layer. This stack of - ayers is etched to
define what ultimately becones the gate stack for the
transi stor. [0006] However, the presence of a

layer sutle by polysilicons fodmddowie tops of thedasdlatigslager. Third,arthirt sefractory
probl ens during a gate stack etching process. Tungsten

metal I r@o@cﬁid&}ﬁoﬁ% El%r:ﬁretgﬁgs%&'l tﬂc%h&ucﬂ\léqi)ﬁtrmﬁch is

yon
ront as It pasdes t t’ne tdngsten |ayer, becones

ai ny,and wuneven resul ti J.n a pon-uniform etch
used to|fpyan  Sliskic it e Fraehing pelyplichrs Aipsuianng I i) lso be
uneven etch front can result in undesired overetching
applied iovertheanngssens layer. t Flis stabk of biyers iseiched to definexwbat wlgmately
tungsten particles in the etch m xture can coat the :
becomes ithle lstacRffot R traddiserst ack produci ng undesi red
. shorts. The non-uniformetch front can also result in
the polysilicon and oxide layers in the gate stack to

[0(]06]be lﬂgﬁ%&a cé’g/rpﬁ:ﬂ:é 8k L}‘?%F q% té.{llg.g s_ucl‘fi?ﬁ?tl ucnlt, B create
ef

pol ySiT'i"'coh er IS par I't no I'onger

properly functions ,as an ective, self-alignhed
problcmﬁn%m 1 gatsistas £ BIRCESS- Jhengsien 1 aiﬁ%‘l“&ﬁf‘&t‘%ﬁ? metal.

BRI EF SUMVARY OF THE | NVENTI ON [ 0007] The present
Accordingiye dhé ewch frtites itqmsdes chroaghdhe nuigsearslaperg bpeamésdgreiny and

met hod for form ng MOSFET transistors, in which a

r&fu!tﬁg Tuilif i ar t: SR instance,
uneven tEsuld ftﬂr;é/ n8BRhidkform Heth m&%ﬂ%ﬁ@ﬂ: undesed efféd instance

e gate stack e I ng process, but is
subse ntly added after., gate stack.. etchin cur
the uncyen SRt e Telie Ldsondl Orer e ABE iputeitiat of e ffpoumae
a transistor having a gate stack is produced by
surface] Hy edditignatupgstenpartices iaytbe etch miwureccanrgat tccfidevally of the
first insulating | ayer, over a sem conductor wafer;
gate stk phodiftingd'@nd@sed shore TRY 8b-drfifoiey ¢tk fing 2ie alsd aesalt in the
i mpl anti ng source :

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

cffective 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.




and drain regions on opposite sides of the gate stack,
provi ding an additional insulating |ayer over the

i mpl ant ed substrate and gate stack structure ormn

an opening in the additional insulating |a ré%ﬁ@wmgzomi
and down to the conducting |ayer, and then form ng an
unet ched netal -containing |layer, which is used to form

a sjlicide |ayer qver the,conducgtin I r.. |n,thi
[0008] aytn theRipreaE ITvpatipRyRFAFAOT PIVING, & BAtc Aok Jf prcgiuced By

silicide layer is not present during etching of the,
layering gghte ctidelayed, 0@0pYucHgslayearnande it inalatinglgyas, ayry 2

features of the present invention will be nore
scmtcon&h&éf Mfck'-"&&hﬁkctﬁé*rés Sive yefslol dufine G ghté sdatledmplanting source
escrlptlon |ch|s provi ded in connection wth the

s R SEHRE At AS PREEV T 3 Gaiy ps

substrat e cont ai ni ng oxi de, polysil |£Don and chy
layer overthe raplanted, substrare gnd giate gackstaicEirs SOIAUREAR PBRRINg in the
[0011] FIG 2 is an illustration of a gate stack

additionsl ins\datinielafer owrg ahd downhe the Comhdusingilayer, end Hya &rming an
FIG 3A |s an illustration of the FIG 2 structure

ot 54 QR RSB R UG oo e conducing
layer. T, 5 R AN Y Peich e O R Rtk ot prsscnt
FIG 3A structure after an oxide |layer is deposited,

during qucting pf Be@atdBtack. an il lustration of the FIG 4A
structure after sidewall spacers are forned,

[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 1mplants have

been formed;




[0016] FIG 4Cis an illustration of the FIG 4B
structure after additional inplants have been forned;
"[0017] FIG B5Ais an illustration of the FIG 4C
structure after a first insulating |ayer is 21September 2006
deposited; [0018] FIG 5B is an illustration of the
FIG SA structure after a CVp process; [0019] FIG 5C
is an illustration of the FIG 5B structure after
[0013] | S"RI@. 38fis b lulsiricidn of AT, T ceafien temicellimplusits have
inplant 1s forned; [0020] FIG 6A is an illustration
of the PIG 5C:structure prior to alternative channel
been fo sant processes; [0021] FIG 6B is an illustration
of the FIG 6A structure after a second insul ating

Layer is deposited; 4 epper 2006 Q :
[0014] 6 GGk A s ki dpsition offoe FIES A /bSTREUE pterc Todqlpter i
" insulating spacers are fornmed and a second channe
depositédipl ant is perforned; [0023] FIG 7A is an
illustration of the present invention in one
enbodi nent prior to performng a first channel
(0015} ", .48 RGR4iludialon UBthEFEG. 4A lstratnat afer sidewalspited: are
8A structure after at |east a portion of the
i nsulating layer is renpved and a first channe
fom:‘c’dirrplant is performed; [0025] FIG 7Cis an
illustration of the FIG 8B structure after an

addi tional  insylating i §deposi ted: 2

(0016170 | BICHAG i anoilisacion. b MG A sEfiebise afe 18634 pblanc
i nsul ating spacers offset to the gate stack structure

have behdofmédred and a second channel inplant is forned,

[0027] FIG 8Ais an illustration of the present
i nvention in one enbodinment prior to

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

dépositcd;
{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 EIG. 6A structure after a second insulating

layer is deposited;



performng a first channel inplant; [0028] FIG 8B is

an illustration of the FIG 8A structure after at

| east a portion of the insulating |ayer |s r enoved

and a first channel inplant is performed; [CH22piesaksr 2006
8Cis an illustration of the FIG 8B structure after

at | east a portion of the spacers adjacent to the

ate stack structure are partlally etch Fl G
[0022] 8D PEG@@CM mylusratiomolthetlS. fbc ﬂ%ﬁ&‘%ﬁ“@“&%ﬁ%‘m are

an additional insulating |ayer is deposited; 5 21

formed £oeind stiebad chéMitel imPRad isjpeHofine®E is an illustration of
the FIG 8D structure after insulating spacers offset
to the gate stack structure which cover at |east a

[0023] porFl@ 7 &is N BluSHRRGELEF depisieht itvention i ont enibodimeht prior to
a second channel inplant is formed within a first

.Cha el 0032] FIG 9A is an illustration of
r}gf‘r(fh"’%"g re after depositing a netal
contal ning | ayer [0033] FIG 9B is an ill ustratl on of
he FI G _9A structure fter pr oc

[0024] FI FIGTB és anillusyreon g FhGrH@f 8@.43 @%@fi %l}'%m"“ of the

after additional structures are formed. [0035] FIG
insulatingQayics isremoeld adidagfimnetahnel impdiraris perfbrmedig a gate

stack structure in a transistor constructed in

accordance with the present invention. [0036] DETAILED

[0025] PESEIREPFC &HE&&ME&E@ B, 1996t ndd efesr sfithtional insulating

i nvention w be understood fromthe foll ow ng

. ailed di scussi on of the exenplary enbodi nents -
laycrtscgmp FFdle’s presented in connection with the

acconmpanyi ng drawi ngs. [0038] The present invention

provides a nethod of form ng a MOSFET transj st
[0026] FIG. 7D is an illustration of the FIG. 8C structure msufat:ng 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

petforming 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;



and the resulting structure. In the follow ng
description, specific details such as |ayer .
t hi cknesses, process sequences, nmaterial co itiqgns
are set forth to provide a conplete undersggﬁgwkaﬁﬁ?2006
t he present invention. However, it will be obvious to
one skilled in the 6 21 Septenber 2006 art that the
present invention can be enployed with variations

{0031] wi tFiGLBElispaiflusagtibn afithBIG.BID stmcoire sfiopiasyating spacers
i nvention. [0001] The term "substrate" used in the

offset to Y gRNAEK S8SGIEPWhIRA B9 at RabtUdBoribh ofsthRRRPsed Gonducting
structure including, but not limted to, a

em conduct or _supstrate that -h n. .
layer ave Eegand Sietped ShfRreDimuiloh Hled iy FORE habisP il

to include silicon, silicon-on-insulator (SA),

sil.i con-on-sapphire (SOS). doped and un?tce)’g&d .
[0032] e K& Rduisranriustesion:ofiths FIGy 2C strpctue priendenositing 4 mefal
- by a base sem conductor foundation, and other
containirpelayarpnduct or structures. \Wen reference is nmade to a

substrate or wafer in the follow ng description,

previ ous process steps may have been utilized to form
[0033] T eI P1s anl iMB&EdHRAf the PIGOYA strudfurbafer a CMP process;

sem conductor or foundation. In addition, the

sem conduct or need not be silicon-based, but could be

ba siligon-ger i bl - ' . \
(0034] GO an ARPRAR ARG, OB oA JMBHRl structures

anong others. 7 21 Septenber 2006 [0039] Initially,
are formed, shown in FIG 1, a gate oxide layer 201 is grown to

a desired thickness on a sem conductor substrate 200,

e.g. a silicon substrate. The substrate can be doped
[0035] t o FIGarHiBtacslotln didgeamn dfic syisteint yitilicingresgate stack eercture in a

bel ow, channel region inplants may be forned in lieu

: j jold flig.ng. The gate

mnsmtogé?ge Ecghﬁ di%%g%ﬁw&t&%?%?&é%ﬁﬁ%ﬁg a SiQ2 (silicon

di oxi de) layer fornmed by thermal oxidation of the

[0036] DETAILED DESCRIPTION O‘FATHE 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 2 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




underlying silicon substrate region 200 or by any
ot her conventional techniques well- known in the art.
For purposes of a sinplified description, silicon
di oxi de is enployed as the gate oxide |ayer2lfpptember 2006
however, other gate oxides well-known in the art- can-
al so be "utilized. [0040] Next, a polysilicon
conducting layer 202 is forned by deposition on top of
art that theopreseat inveptiga can peenpdayed Pith variations svithows wicparting from the
| ayer 203, such as a nitride |layer is deposited on
spirit ortsogpendf thi énvemliyai | | con conducting | ayer 202.
Typically, the nitride |ayer 203 is forned on the
pol ysilicon |layer 202 by chem cal vapor deposition

[0001]( CVD)The '@ﬂﬁ“@gbstﬁigeﬁscdg@ B{U‘fogﬂg@l%g%ﬁ:?érﬂ?ﬁgndyﬁﬂ%n& any

art can also be utilized, suc

r ocesses,. d PECVD tp na a few |p addition,
supporie Siiciic,pciiding, bif Bot Folted fo. semigondhir yibstrate that has an
ossessing the properties of .a dielectric can also be
exposed subisirztecsurface.| Sgmicopddactof abstaritesshondddie utdersyaod to include
insulator material is described herein is referred to
silicon, Sificért-ohGfsulatir (SOTF, silichnloh-daBphiee {8OSY, d ahBandbped
present invention also applies to gates that also

p {.al itri-des, such _asoxynitride t .
scrnicoyftRhdlt bafadfal 1Bpbis o §iSon SHHROrBE 195 Blek o ifcctyfror foundation,
conprised of nitrides, or that include other possible
and othgr semiroRdircionstragtuessi When refesenceds nude fo gesubstrase or wafes in the
tant al um pent oxi de for exanple. The nmethods of the B .
following déseriptiomypevioasn pratssateps nidy havableey adlivkd o forgirelfions or
(high dielectric constant) gate materials are used.
junctionsQRbelovkPaREHRE §Lnﬁéo§ﬁu&b£ Bif ﬂ:%#]'edgﬁSﬁ. %Q%d%ﬁo?l e 2N

etch stop for later em ca ani cal planarization

. ocesses ( LOr an her cesses wel | - known ‘i n
semicorgpgtar xjecd nﬂ%ﬁg&t@%ﬁf@ 51*!5&@%%&91‘?&53 opsHliqonaRFrmapm,

. 202, and nitride layer 203 are used to forma gate
silicon-en-insklatels Sdicon rap-saphire cgeFingningy, ar gpdlivem swseaide? Ghong others.
formed by  maski ng and etching |ayers 201, 202, and

203. :




[0043] Referring nowto FIGS. 3A-3B, self-aligned
source/drain inplants can then be fabricated.
Dependi ng on the type 'of source/drain inplants
ultimately desired, the source/drain inpl artlsSepigniss2006
angl ed, .as shown in FIG 3A -to produce angl ed inplant
regi ons 206a, 206b, which at this stage, can be of the
type that produces LDD inplants in %Gf.fi nal sed
[0039] t r aimitialiyoss showrcn FIG. Ipmgste oxide byer 40T isgropaytoadesire
extend beneath the gate stack 205, as in FIG 3A or
thicknes€ 8 a Remicontucior s@bstate 200 G.g assiidunvaubistratel Theambstrate can be
whi ch case source/drain regions 207a, 207b do not
i, Q0 el BsdribEd BRicdw, Thafkel 28on imnplants
doPﬁt?%%%&%%?@&gﬁgﬁqg%ggg?ons %m and 2076%n be9
self-aljgned to the gate stack structure, 205
may be fganed uy %Oﬂwni 3(@‘%?& q @Pf?ﬁ‘?’ﬁ'ﬁ%‘g JE‘RH‘g&I f%° ae e%qla%cr 201
. accordance with desired operati ng characteri st (:s'(‘)if1
can be forexatnphn si SOy (silicomediokisio) layer foome Mttbm&%lioaf&iﬁoﬂ of the
: ~ inplanting.can also be omtted at this stage if LDD
lerlyinPEiliaoh Subkt@rd RigidlE300 8 b AaY othidr lbftericed) tecBnigies well-
undﬂlylhsggithenber 2006 0044] Negt,yas shown in FIG 4A an

_ . nsul ati | ayer . Q. n ' | ayer: : ) i em
known iy 358 J9¢ prBicies ofy Pt Rt ProR Plicaiodic s crployed s
ot her techni ques well-known in the art caﬁlal SO bfls
the gatewsistt layer o bowevsr; ather ggteroxides well-kpown in the art can also be

spacer-formng |layer). For instance, sputtering, ALD
utilized.pr ocesses, or PECVD to nanme only a few. For instance,

oxi de | ayer. 208 is deposited.conformally over the

surface of the silicon substrate 200 and gate stack

str r [ e i f th
[0040] ez ésae%cﬁg%%oggc{d%grﬂﬁégg@r POZ 5F0kmed b9 Fgﬁnon on top of the

uti 08, alternativerm.rials
gate oxige agex S0b1 Thee, % Blspinsplarng 560 208 Tachar e iy ipdgposiced

phosphosi licate glass (PSG, borophosphosilicate glass
on top ¢fBRSEplysiticon chrduatngdaye| 202. STy @Bb’ethfdﬂﬂtdﬁw‘ﬁ"?ﬁ%)%i"ﬁg’rm"d
sidewal | spacers adjacent to the gate stack structure

the pUIRIIBA EARr 2024 dHenlit Wapbr d¥pokifion(CV Dt Howewct, other
onthe ox1 de Iag/%f 2038’ i de Igl)glﬁer 08 (e.c(g., a spacer -

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 diclectric can also be utilized for layer 203.

[0041] Although the gate insulator material is described herein is referred to as silicon
nitride, it is to be understood that the present invention also applics 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,




form ng layer) is then anisotropically etched,

resulting in two oxide sidewall spacers 209a, 209b

| ocat ed adj acent to the sidewalls of the gate stack
structure 205 as illustrated in FIG 4B. [ d4sptemhes2006
the formation of sidewall spacers 209a, 209b,

conventional source/drain inplants 250a, 250b can be

forrred illustrated in FLG _.4B if previouys inplants
EFTORSE Tor SraiRe. NBe mathodsishe gt Tvenan crbese

Iants were fornmed, as in FIG 3A, the source/drain
emplqudewghqnhlghsﬁdhlghﬂdcctat eoiDint) egicomateslsshowsed.n Fl G

4C. For purposes of a sinplified description, the
illustrated structures show source/drain regions 250a,

[0042] andIn geRkdral, Hey\giviede layér FUB0ASadhh ¢t0H @fcp foR tatkNétientibd

i nvention has equal appllcablllty to transistors

mechanf) kb BRCH M F b Bibertobiu WP RRGIm S it

gam@aawgba@xféof n%g;gbat g5 50 B

second insulating |ayer 211 can also be formed from

gate stacka Refewing row so FIGNY, ofactBiack BBEis forfhedBRSBaskifFd etching
and other alternative materials that are well-known in

laycrsZGPQO@rEn&\@t)Qh may be used in lieu of or in
onbi nation to formthe second insulating |ayer 211.

[0047] Referring nowto FIG 5B, the second insulating

00457 Rerdg ARFEA9ES, 34 SR SOL o can e

. |nsulat|nglayer 203, e.g., nitride layer 203. As a
fabricatede Jiepending:on the rpe of soue/ draisoinaplantslamarely desjted, they
becomes substantially planar with the surface of the

source /a0 iplaiistcah G ahgi¢d| asdhdwn e FIG. 34, eprotechigiedtin lant

that are well-known In the art can be used to formt
regions DOG L AL ulcH e R SRl %‘Hh“#%#%? P?a‘%%é? %ﬁﬁ‘mb‘m In
the final tl:'Jarnfsnasi(::cS' s(t)rfuctt{rg eTiX b e%ogintgr éa%epalrgal?y cxtcnd beneath the gate stack
205, as in FIG. 34, or can be vertical 2074, 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 2075 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. Alterpatively,
implanting can also be omitted at this stage if LDD implants are not desired (not

illustrated).




[0048] Next, as shown in FIG 5C, the nitride |ayer

203 (e.g., first insulating layer) is etched away

using a wet nitride etch, e.g., H3PGs (hot

phosphoric), with a good selectivity to oxi’decPtshsy 2006

techni ques that are well-known in the art can al so be

used to .etch away the first insulating |ayer so that

the_conducting, |l ayer 202 |s exposed. As a result, e,
[0044] 1 { New as shgmen inBHG; 4A cymissulating layes K1 3ayide jay é&@m

the surface of the conducting |ayer 202 as FIG 5C
depositeid| forekamples by VB nedhniguar ddewaiengothtetechhiquehwealhdhown in the

i npl ants are desired (and have no' been perfornmed

art can a&%qs@ &Hﬁ!t&dﬁg&ﬁ@éfxﬂ@ ﬁgepm %c.g.g EEEQ%cr@Hﬁm 3%7? Mfdr instance,

annel inmplant region 301°c or med

C
.1 ml.aating dopar ough the pol ysilj,can | ayer 20 .
sputtering AT progstedr & PECVI sparme Sofi ek, Reisrafis pride fayer 208 i
_ structure 205. The optional channel inplant region 11
deposited cogtoymally @verdgsurfagiof thefsdicnn qubsirase 200 and gate stack structure
~self-aligning to the gate stack 205. Spacers 209a and '
205. AlgitHghahe préRit invenied hiiligkefanidlaya¥08, altema e materials such
i.mplant region 301. It is to be appreciated, that

s ceeracfifl e (RO, 1 Bh =R ERE (PP R B R RE, g

regions . utiljzing the methods of the present invention .
(BPG), phesppesilicate, 815‘5-‘0@%6% borephosphogilicptecglass { B S(hpprefher materials
variations are possible for channel inplant regions in
suitable fstchonstoncting sidéwahspacak adjaeéntitophe ghtersegkatrudtite 205 can be
illustrated in FIG 5C. For exanple, another
: @gm Eqiefalel | S d t ' 3 .
used in Irst rﬁ%oant g%n eth %%#diﬁg‘?eiﬁ ) ggﬂl Il%?r&gtsgﬁ'gf’%gpa&r
. FIG,6A to.form,a first chanpel . nplant .reqion, 301
forming layer) i then ghisorropically <& F%‘SE’H GS?’“%?A’-“&@YQ‘ SAREes 209,
anitride layer 271 (e.g., a third insulating |ayer
2090 locased adjadrinanmi ehe sidpwallstafdhe gaehstack stmcmirG206Bs illustrated in FIG.
subsequently etched and planarized as shown in FIG
4B. 6C, to produce nitride spacers 212a, 212b adjacent to
the sides of .the insulating |ayer 211 -and covering at
| east a portion of the exposed conducting |ayer 202.

[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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[ 0050] Although the present invention utilizes a
nitride |layer 271, other materials well-known in the
art that are suitable for constructing spacers
adj acent to the sides of the insulating | aydrSepiembe;d006
~covering at |east a portion of the exposed conducting
| ayer 202, can be used in lieu of or in conbination
with the nitride |ayer 271. A second optiaqgnal , channel
[0046]  rpidssecopd inselasinararee 44 dones blenist dapesiced ovpshe gRbstrace 200,
i mpl ant region 303 smaller in size (e.g., smaller in
and gate\stdti 285 hpeingdpicerd 20929202b stsahbiva i8 FIGMEAL ITenstcond insuiating

opti onal channel [ rrpl ant regl on 301's width) than
layer 213RAANGRL b TRkAB §1%q &P LE P, BPE! ﬁsG6§ps¢2TEos
21 Sept enber 2006 [OO 1] Nltrl de spacer’s 21%a an

t | east. ar t flne optio ann

and othfi e ive B3 Bl refnpaRhs 3B i e%r*sﬂfbhw of
-cover a greater portion of the conducting |ayer 202

or in combigation esiorm the seeonslipsulaging lagerclduct i ng | ayer 202

‘ i's- exposed), the optional channel inplant region 303

will be accordingly smaller in width. If nitride

[0047] spadefaringirow enBIG1TB, the vedona insmthting layer 21 bonddrgodea
conducting | ayer 202 (e.g., nore surface area of the

chemicat BF ant T A e R ng'?‘§r“€§ta€‘%m@ ayer 203,

. nnel ant on 303 0SS
€-8-» mtﬂag £ 2050 A repull &{aﬁawface g iecapsl rolaning 1gjes A L becomes
i npl ant regi on 301, dependi ng upon the characteristics
substanullyt planatowith cht fuxface of theckxposddcritrids Ryers208.t Againgcother
construction of nitride spacers 212a and 212b can

techniqél@f thB€areRellkilbwin M tf" @B bé TR forRdthe Budst? of the second

dependlng upon the deS|red deV|ce s operating

. ch 0052 t|v I
msﬂmg%&%%n& > e s el mpolth Tt BgBRE bty ucface of
guences form ng optional channel i mpl ant region 301
thccxP%‘-ﬁ witride leyes208A can be onmitted in which case only
channel inplant region 303 is formed (not-
illustrated). The optional channel inplant region 303
[0048] i s nhlexgueshdvwmin FIG. 561 theatigide 295 208(cLp, firseinsulating layer) is
presence of the
ctched away using a wet nitride etch, e.g., H;PO, (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



optional nitride spacers 212a, 212b, as shown in FI G

6C, and is self-aligning to the gate stack structure
205. As descri bed previously, channel |nplant on

303 is at least in part defined by nitride % 6%? ber 2006
212a and 212b. As can be appreciated fromthe various
enbodi nents, optional spacers 212a, 212b (conprised of

nitride or. other materials well - t he

301 is fgrmed, beneash and isgelfaligriagite dc ﬁ@é%@%@ 'bp@cgéﬁbé% a5 309" at
| ayer 202 to create different sizes for channel

least in ipay| definerdpgrionnal Alancllimplint Segivn36d: 2G0© bd gABSliatsd.chat
nor e addi t| onal channel inplant variations are

addmoﬂﬁg E‘glo&%aﬂ Be ﬁxﬁ?ﬁ:;ﬁ‘cﬂrlf desiRdW HaBritAtion dfadditional
as dIS ussed previ ous y In FIG 5C the nitride

chsone 4§ 5ok Sl 5 L e ey e bl

phosphoric), with a good selectivity to OXI de Then,
portions of the second insulating |ayer é&lﬂqj acent
[0049]t 0 tManyjshanns! eplamosriations are pessiple &o it regions in -
produce the structure in FIG 7B, V\,hl ch possesses a
additioiité eptiohdrhehnd! ppRAE repish 801 dRGuhtelintRIG. WGt Fondxatriple,
gate stack 205 Asa result, a firfst channel inplant

e S P PREE PICH B P ol
nHC AR RAB B B

| ayer 211 defines at least in part, the width of
‘methodshdescribed imBIES 5AECHNTRAS, 2 mttitlet laper:27ly(e.g. a third insulating
formati on of channel inplant region 305 can be

layer) A bk biihket 8 Qéﬁltcmwvﬂgmcf‘@% dndiuBsiquenty erhd@ants

provi ded, [ om ng this, a nitride | ayer 273, e.qg.

an, opt.i onal i nsul t|n b
lemeféipwﬁl? tn 163, 6 f R %@%c?ﬁ"f*@m@“ﬁ&“"
produce nitride spacers 275a 275b as illustra é
sides Of !ﬁlcansglanng:laym Zlﬂmugftqvmng aeleastia portienaf she gRased gandpucting
nitride layer 273 as the insulating | ayer, other
layer 20Bterials well-known in the art that are suitable for
constructing spacers adjacent to

[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




the sides and covering at |east a part of the second

i nsul ating layer 211, and covering at |east a part of
the exposed conducting |ayer 202, can be used in lieu

of or in combination with the nitride | ayer2l2yeptember 2006
second optional channel inplant region 307 can-then be
forned as shown in FIG 7D that is self- aligning to

ate stack 205. The secqgnd _ channel rrpl Aant
(00511507 Nigride sphests 21 2mand 21 20t Aristinuarby R SoF SpupBsl el implane

275b. 14 21 Septenber 2006 [0055] As a result t he
region 303Jt If nifridespaceps 2 I2wdndcT i tnadver agreater pmg:mrofsbﬂconducnng
illustrated in FIG 7D, can be substantially

el
e 2 O Lt 209 s e
A R e

nitride layer 273 (e.g., third insulating |layer) is
and 212tetaer a\smai;creparned of gt eandugtingtayier 292 g HHaOFs Mufgroarea of
' | ayer 273,. as shown in FIG 7C, canresult innitride

the con&ﬁa%g Ryet 9 expoddd)) thé bptidh whigidn 303mwill be m

[ onal channel [ npl ant reg| on 07 that is

oS0 AU A0 i s

stack 205 dependi ng ., upon the desired Vi ce'
dopant gpaceatratign than chanael implang regioe ?\'Mldtdﬁ'-Ps'P EélPeﬁthﬁ gharacteristics
implant region 307, as illustrated in FIG 7D, can be

of the desiradbfbricaed dedes. Abamesult, tlst ¢caatserdctionrof nitadmaspratﬂ@a and
dopant concentration of channel inplant region 307 can

&%ﬁ ¢ Bﬂaﬁats &épzﬁa&%r drothe desired

21%%}%& ﬁ%‘gc anneﬁ} I nmpl a lflﬁ@l%;gg? n 305. [0056 % can be
eci at.ed from t he various enbodi nents, nitride

dcvxcch&geg ehatacteristisyoh can be fabricated to any desired

S|ze | ocat ed above the conducting | ayer 202 or |ayer
to create different optlonal channel i npl ant

[0052]r e g i Aleernaively iel agother pmbodunenscof the peesent inveptgy, the processing
and dopant concentration than depicted in FIG 7B. :In )
Ao el R o 2, e ol
in whlcﬂecgécr &ﬁy channel implant region 303 is formcd (not illustrated). The optional
channel implant region 303 is narrower than the gate stack 205 due to the presence of the
optional nitride spacers 2123, 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



As a result, only channel inplant region 307 is forned
utilizing nitride spacers 275a and 275b. [0057] FIGS.
7A-7D illustrate’ only a small nunber of different
possibilities that can be achieved when ut i}l apiggmesg006
met hods of the -present i-nvention. Many different 15 21
Sept enber 2006 enbodi nents and variations are
possi bl e by creating additional spacers such as 275a

{0053] and Eveii shoreAdiditionah eharsyebingrlsntoanatosvarb eepiceet iadIGS. 7A-7D.
created in conjunction or in lieu of spacers 275a,

Referring/méw t0 FEGS ZAE aff ﬁﬁdﬁ&[sﬁcdj(béfu%ﬁﬁg‘in [ 3LEL 5@[,] theBitrdd¥ layer 203

reglonsthan|s|IIustrated||n bD For
(c-8 i @Pltefing HycrHs elched Iy, i %ﬁ&%ﬁﬁﬁ%ﬁ%%r BpE5 g
etched to form additional cers (not |IIustrated)

phospharie), witha goedh stleativity 4p oxide u cagaomqn@fq lac segond insylating layer
‘ in part, a third channel inplant region vvlthln

211 adjatenn e thd gatk anick 266 & sARFivehsatlied ' phaluct thewucture in FIG.
previously fornmed. For -instance, a third channel

7B, wh&:ﬂ'gbgsﬁﬁ%g%ga %@g@?@%pﬁ%@g@ g@%dﬂlrgfltﬁpéatc stack
205. Ag)gz%e great I esser gopa%ggce&%atl Onhownin

even nDre addltlonal channel |nplant regions (e. a
FIG. 7B As dlustrgtedfindfleh 78, chapichivhphnyregis) 365 & wisles tltahe:hc width of
with the construction of additional spacers which-at

the gatd ﬁ?&tsﬂ'&uﬂ%rzos VPR tﬂ@&lﬁé‘@c Bf' oF At inddidatiigUinRl 29Y

of channel inplant regio Anot her varl atl on

et A W S it

after rermval of the first |nsuI ating |ayer 203,
formatipn of channebimphat wgind0% naubeemigedayer 211 adj acent

to the gate stack 205, are selectively etched to

produce the structure in FIG 8B, which possesses a
[0054]Wi dexssamifiigactiandebimplaftregioaB(shie provitibd dbllbwinggthisga nitride

stack 205 (simlar to the structure disclosed in FIG

layer 2755k n Py op By Rl R R TR, AR He b RRBosiRd as hown in

FIG. 7C, and selectively etched to produce nitride spacers 2752, 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 spicets 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.
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305. If channel inplant region 305 is not forned, a

dean is conducted after selectively . etching

portions of the second insulating |ayer 211. AE

addi tional optional etch is next conducted gh>¢ptember 2006
- sidewal | spacers 209a and 209b as shown in FIG 8C,

recessing themto a 16 21 Septenber 2006 :

pre-deterni ned depth.(e.qg.., selecti,uel tchin ham .
100551, s Edrni IR Slbgiopsiondibanae) s THaR APy Hitrated in
shoul d not extend to the gate oxide |ayer 201. [0059]

FIG. 71 canrbe substantally contralledhanditigan hagea trpgcqniragion of
third insulating | ayer as described in reference to

dopant WHe® cofifardd tcapridial Bhankbimplamaspiond36s Thowiddthroffthéoptional
8D, and selectively etched to produce nitride spacers

y 0 . i .

channel e Hgn 307 Rondiied oy AR Wilich, WER R Jayer 273
i,s, self-aligning to the gate stack 205, at ast .i,n

(c.5. tyignowlaing et s sinesurly codod, Seiegve sichingof 1BE Byrce layer 273,
previously with respect to FIGS. 7A-7D, the width of '

as shownlie FiGa 76k lcan nesultrin nitide apacesr2 Ty 266bnshavewir FIGE. 7D, which
wider than illustrated and possess a higher or smaller

can forfd OB ﬁdﬁﬂ@ﬁﬁﬁﬁ@ﬁ@ﬂﬂmﬁgéﬁdéﬁﬁ%ﬁﬂiséﬂﬁﬁdﬁﬁﬂfﬁﬁﬂ@ﬂdﬁﬁihc
Further, a third channel i nplant region can be forned

. ithin cha i mpl ant regi,en. 307 if .desired. i .

wideh oftic e 652K OE, and oy Ho b ShiFmiesing o e Bt Bl 4 depepcing
formed within each previously fornmed channel inplant

upon theadsisived devite’s pperating charaerodsncst Theewidgh of thiy channe! implant
invention, at least in part defined by additionally

region 307,18 Gl &BRAERT in- FIG 339) cahllR fitFdvs Orafidenttau dliasng el
optional etch on sidewall spacers 209a, 209b, is

to
Furthehdrd U@ FAE CorkEhuttion BF il AR e 80704 B BRateror
shorts, as illustrated in Fl G ei,E. Spacer, s %éga and
less thap the depant consentprtion feund in channed jmpRkBEMRERD £8P future
SAC (self-aligned contact) etching processes. This
exenpl ary enbodi nent finds particular utility in
[0056]f abrAscin bryagpRédiawd e sthe varioud esahadimdntsp pitride spacers 2753,
addi ti onal channel inplant regions can al so be forned

275b cifl b& EibrichRBN8lany 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 3085, s 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
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i mpl ant region 307 is desired (not illustrated). These

addi tional channel inplant regions 17 21 Septenber

2006 can al so possess a different dopant

concentration and have different widths thantloptntgpbgr 2006

channel inplant regions 305 and 307. [0061] After the

opti onal channel inplants are fabricated, spacers

212a, 212b as depicted in FIG 6C, or 275a, 275b as
embodimients and yatistions @re pdsibiiby¢reatiggEadditiongspacens sushas 2762 and

adj acent to the gate stack 205. Referring now to FIGS.

275b. AAdicREhalbpaebrsichh Wb RANAE] SAAERAted idkdRjunttidl drh liewoPgpacers
the nethods of FIGS. 6A-6C inplantation steps, a thin

275, 27588 crple T AERERiRudrle el hblah o ol 3 My R

16b. These netal |ayers_216a and 216b, e.g.

FIGS. 74412 Fop pyamplean 3ddiaenal ingulating coulg be pep vergpacges 275a,
- shown in FIG 9B. Qher techniques that are well-known
275b and nubsequemtly sciezrively eeched tofolm additionalespeedre (mot illustrated). The

: substantially planar surface for the netal |ayers 216a

addicionfitfacetd SSud BAKke, &l inffart L AR A Shptine cBHER St
th VAKX er conbi pat.ion. For e | e W Ti N .

channel gt segin S GG Bo FRupreRly BEBEd, for fietatee. a hird
| ayer combination. Still further, only one conductive

channel implant regiorieandss fozohei fwitlds chanhal implant region 307 if desired (not
conmbi nation of nmetal |ayers. After the netal

illastrated§ Bt pos§Bses b PR€atePoSielse £ 46fSanR 'cOf €& traitionABAE B Al infiplant
orma metallic silicide on the polysilicon 202

f
implane KERPR07 Fobfet b RRE dadBoun Hapfel RRMER Seofls (o, =

. described. The formation of a npetallic silicide.is,
plurahtm? c #nplapt ragions) are possibleswish she copsgricripa @f addisienarspacers
layering in WWNX or WTiNwth reference to FIGS. 9A

which atdesdt iDpart owould| definb ehepfidthesf dit plurslity af charoed iaphaot tegions.

structures described in reference to FIGS. 7A 7D or

FI GS. 8A-8E (or any other variants which are not
[0058] | | | Anb#RE $eBatidrfof Qafthd iftipldnts @ich 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 arca
305 than the width of the gate stack 205 (similar to the structure disclosed in FIG. 7B). In
this exemplary embodiment, a clean is mnductﬁ 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



18 21 Septenber 2006 fromthe refractory netal in

| ayers 216a, 216b and the polysilicon layer 202. The
addition of the refractory nmetal |ayers after

i npl antation allows fabrication of a structufbSeMgnber 2006
does not etch the netal |ayers. As described

previously, the presence of netal |ayers during

devi cg.faprication,can have del eterio effecgts.
pre-detcrihEAN (& po OE D RsOE A 3p S Sekteping hesebt). DF e
etching are conpleted, the deleterious effects are
depth ofithsi atchishoadd optiextghg to thergateroxidedayesR0lhe present
invention find particular utility anytime a structure
is fabricated and one wishes to avoid etching the
[0059] | astAfieprheclcirnyet stchyd hitgdé hger 208 (g, third insoladsg layer as
- [0063] Referring nowto PIG 9C, additional insulating
: trhe I [
descnbétdﬁ)é&%%&g{&? t8 ﬁrgs. SAIAS U @g@né)g{gﬁ%ﬂkl i 453666 &Y $IG. 8D,

ormed transi‘stor. an insul ating

- |l ayer 281, e.qg. BPSG, can e |t ver the FI |
and sclesely FiEard FE piichcs BRI SRAsB S0 RESD PRIV E- Pipepid channel
281 and 211 to the source/drain regions, which are
implantfregipa 307 aah ther b farotedras286wn iv FJG, 8Bchstsis s¢if-aligning to the
provi de contacts to source/drain regions 250a, 250b.

gate stad209 8ileRdd ih Partl REHERbP Spaéeis 27EAN2 2615.0Ab disetifibd Pravibusly with
conductive layer 216b Wwhich is filled with a conductor

0 VA tact.,t he, t rapsi st te
respect OGS A7 586 Midihthchr Gl LAR} B 207 FA086 pitheror
. many el ectronic conponents which may be fabricated as
wider than illusteagedhard pessess @ highariqr smallendopant canegngragion than channel
structure produced as descri bed above. The processor
implant$¥gioars 030 Firdedr il diirddlen@el i t ipgionaan biefoffdd within channel
coupled to a | ocal bus 904. menory controller 902

o3 07BN S TABE S A B¢l can e
e L SRS S0 1508% S o of e

and the primary bus bridge 903 may be integrated as a
present snvegtionganlease idpt difined by additionally formed spacers.

[0060] The purpose of conducting an optional etch on sidewall spacers 209a, 209b, is
to allow a second set of spacers, such as 2752 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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21 Septenber 2006 [0065] The nenory controller 902 is

al so coupled to one or nore nenory buses 907. Each

menory bus accepts nenory conponents 908 which_ include

at least one nemory device 100. The nenory do¥apésweher 2006

908 may be a nmenory card or a nenory nodul e. Exanples

of menory nodul es i nclude single inline nenory nodul es

(SIM) and dual inline menory nodul es (DI MVs). The |
can alsqpossesy achiffigronedopano genceayrating pnd haye diffsrent;widghs than optional

addi ti onal devices 909. For exanple, in a Sl M or
channe[inilntirbgions 06 apdB07devi ce 909 night be a

configuration nenory, such as a serial presence detect

(SPD) nmenory. The nmenory controller 902 may al so be

[0061]°0! H%xg&ttﬁg ogﬁﬁﬁﬁ%aﬁﬁéf%ﬁlgﬁ%c Fsiaadd) SpackRMPIN, 905 as

y nl'y cache nmehory i n the processing system

. ALt atj.vel ot evj ces., ampl 0Ccessors
depictedan FIGUBE, Bp 3757 413D 4 SHicT e D AR BT P gt over
. cache hierarchy with cache menory 905. If the .
or adjagent tee theogate stk 3090 Refoming aewp@r%IMFer%—QB which illustrates spacers
controllers which are bus masters or which support

212a, 20beBllowRiEnhY niGheaSof ENN, 6A-6€ iniplamation e@ps,al thif lapétof
may i nplement a cache coherency protocol. It the :

eongoec SRS GHIROLE Bl i Hookr SRR ER riBub bt B il

in parallel, or different address ranges may be 9 ed
cungsten(IV3 6br chfesermestljayeraltis 200721 Gl ScB iREo N Ml Friisesce

bridge 903 is coupled to at | east one peripheral bus
planari2HQisingV@MP usstiten 3eBIG. 9B hCakemechpiqaesthat are well-known in the
‘ addi ti onal bus bridges nmay be coupled to the .

= | 0 . el

art cmgtﬁélrbgge con?‘?gfc?gecra 5@%&% kn‘\‘scei aneous F?%c%elﬂcgsezlﬁa and

914, a secondary bus bridge-915, a multinedi a
216b'processor 918, and an | egacy device interface 920.

The primary bus bridge 903 may al so coupled to one or

nore special 20 21 Septenber 2006 .
[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, 2 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 t!ic art. The
process described above of layering in W/WN,, or W/TiN with reference to FIGS. 9A and
9B, can also be applied with equal success to the structures described in rcfcrcncé to FIGS.

7A-7D or FIGS. 8A-8E (or any other variants which are not illustrated), to form 2 silicide
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pur pose high speed ports 922. In a personal conputer,
for exanple, the special purpose port mght be the
Accel erated Graphics Port (AGP), used to couple a high
performance video card to the processor sysgbfemguber 2006
[0067] The storage controller 911 coupl es one or nore
.Storage devices 913, via a storage bus 912, to the
peripheral bus 910. For exanple, the storage .
from thegafragptyomend in hapgrs 23 62,22 1Sbsand: the palysilicondayer03y dthe addition
devi ces 913 may be SCSI discs. The 1/0O device 914 may
of the lefra@dyy metd laytrspfier RhphatatiohGllo®s Ftrictoh of alstrtcthey thze does
914 may be an local area network interface, such as
B bk C y 1] SRG
nOtcmaghl nt @?%55%%?ﬁ§%€§&%%ég&ﬁa ar?gt%ﬁer %ulggto
device %Fgag.@r owces Dive 2 ctEﬁeﬂ[g}gli g‘ptgé ﬁclgﬁhﬁg]qem@econgr%r&épggtscd after
] control ler used to couple USB devices 917 via to the
implanption esd etchiyg ammadiictedhthenddl¢terious effgntoare avoided.l Acamingly.
- be a sound card, a video capture card, or any other :
the mefholS of thdBréiéntiimteatioATad piitietaF Rl iBR LRHRINGE if Bbricate
e i i i SGHAE LRl ricated

one additional devices such as sp

and on SR S S s IEE e By S B o R

to the processor system 900. [0068] Any or all of the
el ectronic and storage devices depicted in FIG 10 may
[0063]¢ np| Referring now it FIE. #6n addiionalinswlating layes s8d qthenstrugiires can
i nvention. For exanple, the processors 901 and/or
be fabriceved oyerithe thes faried@ynsiseort. dFor dxanpie, sindnsulitiy lapatadl, e.g.,
in accordance with the invention. The processor

ne . .
BPSG, Eﬁﬁfﬁ* s el dvidB it RS dﬁsﬂ&%&ﬁ]ﬁgﬂﬂ%%e% etched throngh

processi ng systemwt ention

: y sed., Wiile RPIG 1Q illustrat ocessin
tayers 2§} pdcast B e SO/ draisy rgipRs,ayhicl s Hlegdpith 2 <opdhsige 293,
conputer, such as a personal conputer or a
€.g., polysilicen ato providetcopiantd th soareeytdrgini regibns 2502y 250b. kAo wpening in
21 21 Septenber 2006 nodifications can be nmade to

insulat&mﬂ;li, g:iai glsb e chiRAasIOndaY Iy StPwhRBGEBIIEDWRh a conductor
suitable

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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for use in a variety of applications. For exanple,

many el ectroni c devices which require processing nmay

be i npl emented using a sinpler architecture which

relies on a CPU 901 coupled to menory conpofepfpéensess 2006
and/ or nmenory. devi-ces 100. [0069] These el ectronic

devi ces may include, but are not limted to

audi o/ vi deo processors and recorders, gam ng

. [0065] conTbeauemaiytanttoliee POY isalsorconplesd taprear morgnegory; buses 907.
t el ephones, navi gation devices (including system based

Each méfory/ustcebitl mdsory icoRipdderity 908 whickRitludmat/lesst one memory
inertial navigation), and digital caneras and/or

: conde E'% Caldfo! £RRmoly fodule.

device 19@6?@%‘2@%"2@ C&rrgl?b?%?f gggﬁ{afyol%l aggi({gnp , elim naltnioﬁ of ©
unnecessary conponents, .addjtion of specjalij

Examplesaf memogy ipclude.siagle mimememory Bﬁ%&iﬁéhméﬁi‘ ghoal

. of devices. [0070] Although exenpl ary enbodinents of

inline mefrp meschries (IDEMMSs).0 Thh memdry eomppecots Yefomayidnclude one or
illustrated herein, many nodifications, even

i b f ' SEMM Or IDBARL Vihi haditional devi
more m?iﬁe%gﬂ IHE%I r E&B&&H a r ol vice

omthe spirit or scope of the invention.
.Accordin . the above escription an [
909 mighi H 3 A IEHE AN ERAHRLRY b0t BEseEy G BPDY hltnory.
enbodi nents that can achi eve the features %ﬁg
The memévpaengeolers102 may plse bersoupled saricashe memagy 99p. The cache
intended that the invention be [imted to the

memonPIPD HayEsY thesdilyVBache dndlfsy in bleciprotesibigsysteher Alternatifély, other
invention is Iimted only by the scope of the

. follow | alns. sl ol
devices, Bt b, 185 NBre 70 87y ke HEBLRTAEhe Aonch, whTER form 2
‘ formng_ a gate stack over sem conduct or bstrate,.
cache hicggrehyy with cache pemen§0ps ilﬁémd?f@ﬁ?séo’b%@é“ ?Q@ é?‘,&“‘% peripherals
conductive layer; and a first insulating |ayer;

or contfollessiwhichiars bus irieters or velfiele supporndirher memlory axicess 4DMA), the
gate stack; form ng source and drain regions on

memorPBRRPSG F0X 85y Rhpfalcit § ¥deTohekency 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 miscellancous
L/O device 914, a sccondary 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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formng a second insulating | ayer over said gate stack

and substrate; renoving at |east a portion of said

second insulating layer and said first insulatjn

| ayer of said gate stack to expose said cond%'%?‘%%mberzoos

| ayer; formng at | east one channel inplant region by

i nplanting through said gate stack; and form ng at

| east one silicide layer over and in contact with said
purposcchiph speed portsi922.i Iiea ipagsenal cdmphitas fimockaaplé,rthe bpeicial purpose

wherein said | ayer conprises a polysilicon [ayer and

ok Rady e f'P ' OLfEd® & highGlet®rmance
port mt ayigcr&gc; pro{/r?%?%%t egfst?ﬂ%ﬁr?é met al &gigr[h ii r%?l;pg
. | gyer, over sai d pol ysi,l i con | ayer and processing said
“dw%fa@ﬁ‘eewlﬁi’*ﬁg@gf'gr and polysilicon layer to form

said silicide layer. 3. A nethod as in claim1,

wherein said fast insulating layer is silicop . .
[0067]ni t rihsestomge sopEpherd s couples) a1 RrIMOFe SIOREE ‘E&%"r?@v Y& 2

formng said source and drain regions by inplantation
storageibas D22 5 6d thegpdripherhl bas 9200 Foaeramplacthebnpe controlen @11 may

said first sidewall spacers. S. A nethod as in claim

bea SC%%\ s Bﬂéﬂmtﬁgkgnagﬁ%ﬁ ﬁaﬁﬁglsg%ilidlf&.am-l/(ﬁdcvﬁc 914 may

as Inc ereln’ sai npl ants are LDD

be any soff ofrisetl. Tiperambles /) gosiee PPN T 11 Ilarg Actvork

said first sidewall spacers are forned by a ]
interfacepmck s an Bthemnet card! Sftierngeondacy buy bridge my dwetused foyisteerface
and substrate and etching said spacer-form ng |ayer

“additions? dEil’riEQdJﬁﬁ afAgttdr bhi & dRd br SPRALT Por Sxardplélithé gstondary bus

in claim7, wherein said spacer-formng layer is an
bridge 1%)" 88 an universal serial port (USB) controller used to couple USB devices 917 via

to the processor system 900. The multimedia processor 918 may be 2 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. Tlie 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 and storage devices depicted in FIG. 10 may:
employ a transistor constructed in accordance with the invention. For example, the
pMm 901 and/or memory devices 100 may contain transistors fabricated in
accordance with the invention. The processor system 900 illusq-atcd in FIG. 10 is only an

exemplary processing system with which the invention may be used. While FIG. 10

illustrates a processing architecture especially suitable for a gencral purpose computer, such

as a personal computer or 2 workstation, it should be recognized that well-known
21




layer. 9. A nmethod as in claim1, wherein said source
and drain regions are forned after said first
sidewal | spacers are formed. 10. A nethod as g claim
9, wherein lightly doped regions are forned ?L eigmper 2006
substrate on opposite sides of said gate stack before
said first sidewall. spacers are fornmed. 11. A nethod
as in claiml, wherein said second insulating |layer is
modifications ¢anjbgombde by confighe theprocessardystetrB Y0 torbetmde awre suitable
claim1, wherein said at | east one channel i nplant
for use [reQvRHery 6f Fiplic@ASHhs. | ForRahhpRe hiang diddyronid devidek which require
sidewal | spacers. 14. A rrthod as in claiml, further

| 8l f ' nd sid I
process 8 Ty B¢ ipic AR GREE Bl FilfterurSRARER Rty Bh PO 901
channel inplant region by inplanting through said
coupledye; eMORE cOMpeRents 908 japd Aanmsaory ggyiser 10&gion is  at
| east in part defined by said second sidewall spacers.
15. A nethod as in claim1, wherein a portion of said
[0069] secdrlusé eleatranicrdyvicessnay irmhids], bet afe reat linftéd 83 audio/video
sidewal | spacers remains after said at |east a portion

processSis ahdirecord &8 0pdni InBb1es) Aidiay Bdlevisioh S8BY WredSaH Wireless
met hod furthef coprising removi ng AVENDED SHEET

g
AVENDED SHEET .( ARTI .19) 25 21 Septe r, 2006 .
telephofiy, ARAERHSUY Brvies i SBlegh FoiEAa the RoRLpBfioning system
adj acent to said first sidewall spacers and an upper
(GPS) apdy/or inerial naxigation) snddigitalsamenp andy or recordars asiwiel] 2sother
channel inplant region by inplanting through said
electrorfl@tieviédsadthe Modifcdiisninky ickidM) foilexhinpld, elifidgdtion ofidinkcessary

components, addition of specialized devices or circuits, and/or integration of a plurality of

devices.

[0070] Although cxcm;r_)lary cmbodimcnts_ of the present invention have been
dcscribed‘-and illustrated herein, many modiﬁc:aﬁons, 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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defined by renoved the portions of said second

insulating layer. 16. A nethod as in claim1l1, wherein
said at | east one channel inplant region is forned to

be narrower in width thag the gate stack. 1721 Acwemhe2006
as in claiml1, wherein said at |east one channe

inplant region is formed to be approxi mately equal in

width to the gate stack.. 18. A nethod .as, in claim1,
wher el-nﬁsfaP'félwgP ﬁ@&ﬁ%ﬁ'&mﬁeﬁm mgthack comBIBINg | s

for ”Eg,r&?né’f-‘ga% Gadk Mr %@lhi&oﬁmmss@ﬁa Shafe Shksadl0. A

metho aim 13, .further conprising fofmng
nfpRiingch gdteleniak layers paomdm:tlw byeramnd afirs irsulatingdayef; sai d

expos conguct | ve er t her, channel .
Pl P A AR e RELPUCRg e ot ack
Wher ejm ShufldGht Hrain ¢EGRMAN dPfYsREtideeS said gate fhck;
| east in part defined by said second sidewal %wsg_g\cers

20. Afomsingysegend inselptngiayes ovm@rdem am gornd te5ai d
second .Alr? 24196, &&%ﬁfof &Mﬁd lé)cfﬂdsandﬁrst
S| de\/\}élr cers r mal NS ter sal t a pOI‘tI on

insuddtirfppager df egid gd:clsnskl i:oltipogc taa:yeondmuvcehwed sai d

" net hog furth conpri Si renpvi n anoth rtion o
ool d Cast o, stagoel dpe RRE el B A

gatS$ :Q&A@h& spacers and an upper portion of said first
si dewal | spacers; and form ng another chann t
r egi oferming %mfaammr@l@wwgmm in gongACE V&ﬁ ﬁ“ﬁiﬁgg 3

conﬁH&i‘\kf g which is it least in part defined by the

enove portl ons of said second insulating |ayer. 21.
A met hod as-in claim2, wherein said netal containing

cons: & Prrelpa as o GBBEE e sRE) i LORBERS Pl BtiBon tayer
andQhidahedodiFurthir conpriséscormihg sANSNCIAD 15idE B providin@EClcast

ohcsml_EEcho(nAt\;Rlﬂng chg' 2 cr%gdzp]élyssﬁ i;byer an prgcessmg said metal

containing layer and polysilicon layer to form said silicide layer.

3. A method as in claim 1, wherein said first insulating layer is silicon
'nii:gide.
4. A method as in claim 1, further comprising forming said source and
drain regions by implantation to be self-aligned to s2id gate stack before forming
said first sidewall spacers.

5. A method as in claim 4, wherein said implants are angled implants.

6. A method as in claim 5, wherein said implants are LDD implants.

AMENDED SHEET (ARTICLE 19) AMENDED SHE;T




22. A transistor structure conprising: a sem conductor
substrate; a gate stack provided over said substrate,

said gate stack conprising: a gate oxide |aye
provi ded on said substraye; a polysilicon | aéeéeptemberm%

provi ded on said gate oxide |layer; at |east one
unetched silicide | ayer fornmed over and in contact

withy,said | ysi [ - . . rai
Voo 8 el ol Rl R s B QR RB0E o Bl
by a.s?ﬁccr&@hﬁin@%ﬁsﬁ!aﬁhgﬁy’elj @ver sdid ghteseack aed Asbstratecdnal ettiidg
urther conprising, first sidewal] spacers on
said spaceEfRIMHRE Byerste RIoduresaid fisstisidewall spacessy ycture. as in
: claim 23, further. conprising second sidewall spacers
provi ded over and at edges of said conducting |ayer.
25. & Atmethod reingchiin¥, sthaicin @] sfagertfoemingdayer iisamgxide -
~ | east one channel inplant region in said substrate
layer-he| ow sai d gate stack, which is defined at least in
"part by said first sidewall spacers. 26. A structure
as in claim?24, further conprising at ast -one
charthef methed asnin glaim; 1 fherpin, sgid;saugess BIoRs 256 d
Qdffer $4i Ag]g,i',,glh i ifgsept least in part by said
fo'msecorl;g&g%é\%a sf)ﬂgg%r?ge 27. cﬁ structure as in claim
23, further conprising an insulating |layer adjacent

: T f > | > . .
and s iy ST, VREEE! BenchPlcpel DHb R Aot
said stlp§2rite (X0 bppasite sides dishidgtastadi ledore said filstigichall spates are

| ateral width of said gate stack.
formed.

11. A method as in claim 1, wherein said second msulatmg layer is a

nitride layer. -
12. (canceled).

13. A method as m claim 1, wherein said at least one channel implant

region is at least in part defined by said first sidewall spacers.

14. A mecthod as in clim 1, farther comprising forming second sidewall-
spacers over and at the sides of said exposed layer and forming a channel implant
region by impianfing through said gate stack wherein said channel 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-

sccond insulating layer is removed, said method further comprising removing

' AMENDED SHEET
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AMENDED SHEET AMENDED SHUT. (ARTICLE 191 27 21
Sept enber 2006 28. A structure as in claim 27,

further conprising at |east one channel inpl e
in said substrate bel owaid gate stack, whi 2#5? &fiber2006

defined at least in part by said area. 29. A
Structure as in claim?25, further conprising second

g Bl BRGHL ol MSUHE QY adloth b (RIS @onflefacers
arldid Gipser porgion off said first sideaall spavetshard foetingethanngl iantant
region_ in sald sub tr, te beI vysald gate sélagk whi ch

regionday implapting (said,ga 59 sud subsgatsow Wé\AﬁSF In part
dHNRE HyS cmo3éd thé rﬁﬁ'ﬁ&ﬁtdf 5§id 3&onf lﬂlﬁtﬁha@e further

conpr|3| ng an insulating’layer adjacent to said first
sidewal | spacers, said insulating |layer and said first

- si dewal rs.havi n ched .qut ,upper rthons,.t

et no 1an AFERSE A i FHin) Prehni a8 S ABRote e 2piant
intis GsthitdSlodknarrdwer ih Wit dianrthe gateisackl ai m 31,
urther conprising at |east another channel inplant

.region in said substrate- bel ow sai d -gate stack, which

i s defped &Emoh%eﬁl clhﬁh P%ﬁcrém sidlla¥ 135tShe channdimplant

structure as-1n claim22, wherein said S|I|C|delayer
regiortis forertdap be appreximataly eqnalim widthsophe gatsissekng of W
M., WN, Tii, TiN, and other conbinations thereof. 34.
A 'system conpri sing: a processor; and a nenory device
coupl ed8: & mathddps ircelﬁsml whércinaaieltat bnast arfe chanokel implant

rcgo%cig Srhed to be wider in width than the gate stack.

19. A method as in claim 13, further comprising forming second sidewall
spacers over and at the sides of said exposed conduct:'wc layer and foﬁning another
\.;.hahqcl.implant region by implanting through said gate stack wherein said another
channel implait 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 mmlanng
_ iaycr outside of said first sidewall spacers remains after said at lcast a portion of said
second insulating layer is ro:mow:_,d1 szid method further comprising 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 by implanting through sdid gate stack in said substrate which is at

- least in part defined by the 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 thercof.

AMENDED SHEET
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and said nenory device conprising a transistor
structure, said transistor structure conprising: a
sem conduct or substrate; AMENDED SHEET AMENDED SHEET
(ARTI CLE 19) 28 21 Septepber 2006 a gate st akReptember 2006
provi ded over said substiate, said gate stack

conpri si ng: a gate oxide |ayer provided on said

substrat e; pol ysilicon | ayer provided on said gate

oxi de, I%ﬂyeﬂi TapYistPEREICOYA SOMPEYREied silicide | ayer
formed oy t with said "polysilicon

| ayer; %ml%gﬂfl%tgr% gérééi n regions provided in said
substr at :{Egﬂtﬂstﬁﬂ:gﬂﬁwﬂed evettasid mﬁbsuaui, shid) gite seckcampASngA
structure as in i:lalm furt conprlsmgflrst

si dewal |2 E33&LHAS laysf pray! edhan pi Eﬂ‘bsg'%ﬁ d gate stack. 36.

A system lr&oﬁ'l@tmx%adca @htsnarg.&%ﬂad 1&,»&4;9 second -
si-dewal | spacers “provided over and at e ges of said

c o n d uct i andeabtagrerunetched siligide {ayercrmaed pver epdiimeasact with said
0 I sing at | east one channel i nplant o

Pé’ ﬁo?ﬁ‘g '&dssubstrate bel-ow sai-d gate stack,. which -

i s def i n@rcetant dasi rdgions providdd inaidaubstfate an opp@hwaldcs of

spacers. 38. A systemas in claim36, further

§¥dpri sing at. | east one channel i nplant region in

%cq..m%mstrate "bel ow said gate stack, which is
efined at least in :

23. A structure as in claim 22 further comprising first sxdcwall spacers on
sidewalls of said gate stack.

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

. provided over and at edges of said conducting layer.

25. A strucn.u'c as in claim 23, further compnsmg at least one channel
lmplam: region in said subsu'atc below said gate stack, which is defined at least in

part by said first sidewall spacers.

) 26. A structure as in claim 24, 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.

27. A structure as in claim 23, 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 arca cxtcndihg beyond a

lateral width of said gate stack.

" AMENDED SHEET
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part by said second sidewall spacers. 39. A system as
in claim35, further conprising an insulating |ayer

adj acent to said first sidewall spacers, sai
i nsul ating layer and sai,d first sidewall pgk%qunﬁwr2006

having etched out upper portions to define an area
extending beyond a lateral width of said gate stack.
AVENDED: SHEET .. AVENDED SHEET (ARTI CLE 1% 29 21 '
Sept enb@8. AuEcturgzs in clajm 27 firther FOTBPTSInG afdeast gpg ehannel

r [
Gl 009 B G e W PR R
patby sdidarepart by said area. 41.E A system as in claim

37, further conprising second sidewal | spacers
provi ded over and at edges of said conducting |ayer.

CA42. A S!f)‘tﬁ nir@aﬁh%lama%, filrtHek B AP Sccohd Sidewall spaccrs
| east anot channel inplant region in said .

: mbdtdmadndla@ndwdsgdw@mghyml ch is defined at
. -least i.n part by said second sidewall spacers. 43. A
~systemas in claim37, further conprising an
i nsul at 'BugAI siyeture aiinatabm 29, ﬁnﬂa'rdompnsngsﬁldmmther

spacers, - sai d.insul at i | a sai vval I
dpaeneipas FEPLR A B her e Rtk BREAA
ﬁh@%ﬁﬁﬁ?%&&&ﬁ&@ﬁdwﬂl ak@s.er al vvndth of said gate
st ack. . A systemas in claim43, further

conpri si ng at | east another channel inplant region in’

sai d sugftr%cggggg/hmﬂﬂahﬁ&%%h rifth &0 irlsdladRg layed

at least 1nh part sald area. 45 % systemas in
adjaienmt BYisaid fiver adqwad&patea. $aid ingulating/laycriand fsaid e sigewall

spacers having etched out upper portions to define-an area extending beyond a

lateral width of said gate stack.

32. A structure as in claim 31, 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.

33. A structure as in claim 22, wherein said slhcu:lc laycr is f'ormcd ofa
matcnal in the group conslstmg of W, WSi,, WN, Ti, TiN, and othcr combinations

thercof.

34. A system comprising:
iproccssor; and
~ a memory device coupled to said processor, at least one of said processor
and s2id memory device comprising a transistor structure, said transistor structure
comprising:

a semiconductor substrate;

AMENDED SHEET
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material in the group consisting of W WS X, W\, Ti,

Ti N, and conbi nations thereof 46. A nethod of

fabricating a transistor, said nethod conprising:

forming a gate stack oveg a semi conduct or s udls¥gpigraber 2006

said gate stack conprising a gate oxide |ayer, a

conductive layer, and a first insulating-I|ayer;

formng first sidewall spacers on the sides of said

gat e st acgate stagkrirayjdedbover said mebstrats; #id gaye ek epmprising:
‘opposite sid of said. ck: ormng a second

~ i nsul at ian%uf §)§%°r L&Vé)fgvslg%&b%ﬁgﬂsi)?g%t&’ and substrate;

AVENDED 2SidifysTlicowiahEipidotitiéddn cAREhClokide Hyed0 21 _

. Sept enber 2006 renpvi nl[?a% | east a portipn of sai dth .
second 14 dastaneygerched ilicidelager; farmed aver anckim contact with said
I icA 15t ate stack to expose said conductive - .

PRI i ok

; ng at | east one additional set of second
spacer s sower apdhdrain regiche pravideddn isaid substaescorcopphsise ides of
I ager; formng a plurality-of channel inplant regions.
PH%sai d substrate by inpl anting through said gate
ghaGackf ter said conductive |l ayer is exposed, wherein -
said plurality of channel inplant regions are at 1east
in part defined by said first sidewall spacers and .
sai d at 3598 bn@dsread i kiR, foRhertbmpHGAE rd RRIGHRIE spacers on
--and, formng at |east one silicide |ayer over .and in

- siderwallst of said Igatestatkexposed  conductive layer. 47. A
method as in claim46, wherein said conductive |ayer -
conprises.a -polysilicon lLayer and said nethod further
conpr i ses. fAsysienpasdaichins 35| firdher tamprisingsecomdsidelialispacers

A B T AAE AR bR, | ver over el

37. A system as in claim 35, further comprising at least onc 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 l¢ast 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
adjacerit 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.

AMENDED SHEET
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processing said unetched netal -containing |ayer and

pol ysilicon Iayer to formsaid silicide |ayer. 48. A
met hod as in claim 46, wherein said first insulatin
layer is silicon nitridg. 49. A nethod as i Al Sfpfpmper 2006
46, further conprising form ng said source and drain,
regi-ons by inplantati-on'to be self-aligned to.said '
gate stack before formng .said first sidewall .

spacer s. 40507 systemreastin ¢laim 39, fusthsr eemaprising A rlfé‘PhO%“aF*&nnd
' ants.are a

PRI BB B ro P G et back R Rt  least in

RidSFEET AVENDED SHEET (ARTI CLE 19) 31 21

ept ember 2006 52. .A nethod as in claim 46, further,

conprising formng a spacer form ng insulating |ayer’

over sai : ﬁg{ﬂé@ ?% -
spacer - ﬂo?@ngﬁté:ﬁ %;}h‘:ﬁ to pfoduce sa fge&géhds]?giﬁv\gpspécem
pecvididsoved and & cdgthoftbaisiscondudingi layeB2, wherein said '
spacer-formng- layer is an oxide layer. 54. A nmethod .
as in claim46, wherein said source and drain regions

are forqpeda gsterl asSa ic[iuﬁimeurﬂicﬂeMﬂtﬂmmdﬁmamthr channel
formed. 55. A nethod as in cIa|m46Bém IL,
iroplant regiangnsaid subsarcbrloy said gate stack, thiis, °8ﬂ° at leastin -
m% 's&ﬁsﬁécﬁ?%n&(vaﬁﬁﬁﬂcﬂate stack before said first

or me

: pac rs are 56. A nethod as in claim46,

wherein sald second insulating layer is.a nitride
| ayer. m P
ot or %y %,_,6 o cﬁfmfsa' ﬁhﬂ{ﬂé&%ﬂﬁﬁ&ﬁ&ﬁ@@&p
adjacent to said first sidcwall spacers, said insulating layer and said first sidewall

-fD

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
o 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, TilN; and combinations
thereof.

46. A method of f."abricatfmg a transistor, said method comprising:

forming a gate stack over a semiconductor substrate, said gate stack '
comprising 2 gate oxide layér, a conductive layer, and a first insulating -laycf;

forming first sidewall spacers on the sides of said gaté stack;

forming source and drain rcgiohs on opposite sides of said g@te stack;

forming a second insulating layer over said gate stack and substrate;

AMENDED SHEET
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channel inplant regions in said substrate through said
gate stack after said conductive |ayer is exposed

occurs before said silicide layer is forned. 58. A

method as in claima46, wherein a portion of . 3hPgptember 2006
second insulating |ayer outside of said first

sidewal | spacers renmains after said at |east a portion

of said second insulating |ayer is renoved; said

met hod fnentotving at beagsrei poictign o€saixl scaond inswlating laysyrand saiddirst

sai d second i.nsplating | ayer adjacent to.said first
Inuvling en ok Brb et ks Sigps s lfRR e g BB 11D

si dewal | faRA{EAK feastNE adARIORLTscObf Sebsifil spadies GRAAAE bt sides of
implant region is formed by inplanting through said

gadexpowdiconductise Wyerubstrate which is at least in

defined b : A L
Pl ot SRR AR PO RSO R piBuuparity
\Wiplaging Yiotigh kaid gas staok eftatwidendicrivk dayer is exppsod, Wierein

fA%rErred ,tiélﬁ%#&r‘[_o%r irn W dt'IgAg%an.t h%gg%gd}tyasgl first
SRIWATRE cerd AR4 52id % lcast oFE bA@HoAR stiofGk@indspatersyhmd,ei N

sald at |-east one channel inplant regi-on Is forned to
be appr dermingek {easspng siticidedayer Avar and frrconsact vathysajd exppsed
A ‘tlcrﬁq'gl l,i n claim>58, wherein at |east one channel

[ ant-reégi'on is formed to be wider in width than

the gate stack. 62. (canceled). 63. A nethod as in

cl aim47 erejn, sai d, met ontai nj na,l aver .
cont ai ns47am$fﬁ?'é#%fs 1 SJaup A0y WP & ‘11%0%8?%%6 layer comprises a
POREilichh igerodind Shid\WittKod ilfthekicompribts forting edid eilicide layer by
conbi nati ons thereof. 64. A gate stack strudctLhr’g. .
prexidingat sastong dpechefimetalicotppung f&rfémr said polysilicon layer and

processing said unetched metal-éonmining layer and polysilicon layer to form said

silicide layer.

48. A method as in claim 46, wherein said first insulating layer is silicon

nitride.

49. A method as in claim 46, further comprising forming said source and
drain regions by implantation to be self-aligned to said gate stack before forming
said first sidewall spacers.

 50. A mcthod as in claim 49, wherein said implants are angled implants.

51. A method as in claim 50, wherein said implants are LDD implants.
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conprising: . . a gate oxide |ayer provided on said
substrate; a conducting |ayer provided on said gate
oxi de layer; first sidewall spacers on sidewalls
said gate stack; at |east one channel inplang! 5@@?18143”005
in said substrate bel ow™Said gate stack, which is
defined at least in part by said first'si dewal |
spacers; second sidewal | spacers provided over and at
edges of52s &l thethmddhs it clxien 46 ,fueher mm;immgtfomiag elspateed
npl ant reglonln sai d substrateblowsa ate., '

Gining insylating layer QYER $2igrte teaskeand s st ¢ {&*ﬁ#ﬁd spacer-

ﬁﬁm 2 gﬁbaucggﬁggfgsﬂgwmﬁtﬁ&,pne unet ched silicide
. layer over and in contact with said conducting -
| ayer; and, source and drain regions provided in said
substrat.g . site Sld
struct u%’g Iazsa?nrr?l q{eﬁeﬂ%&ln%ﬁ& fb%ﬁ.'%aw@?saﬁ
bﬁaglll@u ng | ayer adj acent to said first si devval |

spacers;_ said insul atin yer and said fir si dewal I
AI\/ENDED SéHPEm %VENE)EEIQ%E@ wheeer egig squgye and é?m regions are
rm%ha&’cpgé%slme paceRa¥E RinliChed -out upper.

portions to I ne an-area extending beyond a | ateral
W|dth of said gate stack. 66. A structure as in claim.

oyl on o A FREREH G 40 SA R Y AG renp P8 Foprucd n

$aid sletistravtbnadpposiassiddsiof sgid lg‘htctsyack befbrosaibfirst spacers are formcd

56. A method as in claim 46, wherein said second insulating layer is a
nitride layer. ' ' '

~ 57. A method as in claim 46, wherein said step of forming a plurality of .
channel iniplant rcgionS in said substrate through said gate stack after said
conductive layer is exposed occurs before said silicide layer is formed.

58. 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
second insulating layer is removed, said method further edmprising rcmov.ing '
another portion of said second insulating layer adjacent to said first sidewall spacers
and an upper portion of said first sidewall spacers; and wherein at Jeast one channel
implant region is formed by implanting througfn said gate stack in said substrate
which is at least in part defined by the.removed portions of said second ineu]ating

layer.

59. A method as in claim 58, wherein said at least one channel implant”

region is formed to be narrower in widch than the gate stack.
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67. A structure as in claim®64, fiuther conprising an
insulating |layer adjacent to said first sidewall
spacers, said insulating |ayer and said first %i dewal I2006
spacers having etched out, upper portions to 4L PPRIEMERT
area extending beyond a |ateral wdth of said gate
stack. . 68. A structure as in claim®67, further
conprising at | east another channel inplant region in
sai d suts ratetioe win slhiml 5§ awhercinzseaid, atlgastcane channel implant

def.ined. at, |east in part by .sai, rea. 69.

SewoR paned oq G SnofirRaly sl 8 Miduedhe sftant. | o o,

is formed of a material in the group consisting of
W.Wsi Z, W, Ti, TiN, and_other conbinations thereof.
70. A t r@lnsh seghodsasin gleim 88 cwheseingt jegst one channel implant: region

isgflgi ngugésj% g{i%c?%p%dgﬁggnetﬁggg‘;gsﬁkack provi ded over

sal conprising: a gate
oxi de layer provided on said substrate; a conducting
| ayer provided said gate oxide |layer; first
si dewal Iéo%ﬂ&%’gfggbrovi ded on sidewal | s of said gate
stack; at |east one channel inplant region in said
substrat e-bel ow said gate stack, which is defined at

| east i rb3pah mahyodsasiin clrim 47, whereingaid meralcongainiag layen st

Qne t Ll d.Ch OV Y :

P altI S e SHEHE) ASm X Brods LATRRaR BT I, ROTH TN, and
AbiexobmbSidebons (hFEBE.CLE 19) 34 21 Sept enber 2006 '
source and drain regions provided in said substrate on
opposite sides of ‘

64. A gate stack structure provided on a semiconductor substrate

comprising: : _ )
a gate oxide layer provided on said substrate;

a conduicting layer provided oni 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 onc 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.

65. A structure as in claim 64, farther comprising an insulating layer

adjacent to said first sidewall spacers, said insulating layer and said first sidewall
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said gate stack. 71. A structure as in claim?70,

wherein said conducting | ayer is ponS|I|con 72. A
structure as in claim70, further conprising

insulating layer adjacggt to said first S|d%h§ﬂﬂﬂmbef2006
spacers, said insulating | ayer and said first sidewal
spacers havi ng etched out upper portions to define.an
area extendi ng beyond a |ateral w dth. of said gate
spagerk havigg ctehest eutawppeepertionn tadefingan arearcxrandng beyond a

east .one channel inplant region in

égﬁ@“gﬁﬁg%ﬁg&d@a-ge oCVIS/'sai d gate stack, which is defined
at least in part by said area. . . 74, "A structure as
-in claim70; wherein, said licide layer is, forned, of
a mat eﬁﬁaﬂmc't%a@w%m% crﬁama%/mw Ayt op chagnel
@A}Lmare oRiNSEd SAIRLRYelANSid ERESEAL whidh is AehA@NRi18k0M
‘structure conprising: a sem conductor substrate; a

bymdmlcaprow ded over .said substrate, said -gate
st ack conprising: a gate oxide |layer provided on said

substrate; a conducting |ayer provided on said .-gate
oxi de | gyen sthubfusé asSinGdail 44, SFERE ESMPridig drt éhsohting layer -

?S;ijg_gxglls of sal d gtasf)%&;gﬁkmégggg :f&gtwa,ll sloaﬁerﬁ
_ %sféréﬁ&h E@hmq.{?gef PBdRL ﬁ&éﬂne'in'a&a%téﬁdﬁigbﬁéyb

ow sald gate st which is defined at | east
- lpweral ubsidmﬁseid@mksu dewal | spacers; AVENDED SHEET

68. A structure as in clim .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 clalm 64, wherein said SlllCld.c laycr is formed ofa
material in the group cons1stmg of W, WSi,, WN, Ti, TiN, and other combinations

thereof.

70.. 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 gau oxide layer;

first sidewall spacers provided on sidewalls of said gate stack;

at least one channel implant region in said substrate- bclow said gatc staclc
which is defined at least in part by said first sidewall spacers; ‘

at least one unetched silicide laycr formed over and in contact with sald

‘conducting layer; and,
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| east one unetched silicide |layer forned over and in

contact with said conducting |layer; and, source an

drain regions provided i) said substrate on &hpeemper 2006

sides of said gate stack. 76. A structure as in claim

"~ 75, wherein said conducting layer is polysilicon. 77.

A structure as.in claim75; further conprising an

| nsul.at i Ireccapd drain degiensproviged i sgidrsnpssrate; pa opApite sides of
ég ald insulating layer and said first sidewall

spa rstﬁaV|ng et ched out. upper portions to define an

“ar ea extendlng beyond. a | at er al MAdth of said gate

stack. 78. A structure as in aim?77, rt her

" conpri sifly AStreryEs asdn clagm gﬂn@‘“""“‘ sﬂﬂl"’&ﬂ “Crt’é'§| Iayer fsn

'§QMﬁﬂ§HQ§trate bel ow said gate stack, which is defined

east in part by said area. 79.A structure as in.
claim77, wherein said silicide layer is formed of a

materi aln4 n t 0 i T

Ti N, and7 otﬁsg& | na ]?{3;;?]'375 %“E&Fre%fr\lgm}é@aﬁ aung fayer
hﬁﬁm&n&b@ndﬁh&mdtwqunmmmusﬁﬂﬂnmhnng}ngMﬁunﬁUﬁbomdmwdl
substrat e; gate stack pr.ovided_over said sybstrate

SRECHES AR OB HBPST frorgons 1g dgfincanarrq extendipg beyond 2

R4teM HRfth OF sk ppsle S4BT rate; a -conducting |ayer
provi ded on sard gate oxide |ayer; first sidewall

spacers provided on sidewalls of said gate stack;
73. Astructure as in claim 72, ﬁlrthcr comprising at least one channel

implant region in said substratc below sald gate stack, which is defined at lcast in

part by said area.

- 74. A structure ds in claim 70, whcrcm smd silicide laycr is formed of a
matcnal in the group consisting of W, W8i,, WN, Ti, TiN, and other combinations
thereof.

75. A transistor structure comprising: ’
a semiconductor substrate; ‘ |
a gate stack providéd 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 ori sidewalls of said gate stack;
‘'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;
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an insulating |ayer adjacent to said first sidewal
spacers, said insulating |ayer and said sidewall

spacers having etched out upper portions to define gn
area extending beyond asl ateral wi dth of saf §ogpiergber 2006
stack; AMENDED SHEET AMENDED SHEET ( ARTICLE 19) 36 21
Septenber 2006 at |east one channel inplant region in
sai d substrate below-said gate stack, ichis.

wh .
def i ned ateapteneraneisherhsiticids layer farmpdeayer apd inecantacs xdth said
gg@%ﬁﬂ&% akki gde | ayer fornmed over and in contact
W sa d con

ucting |layer, and, source and drain
r egi ons spure iand draimregivingd psomidetdria sdd swbstopEowmi oppasitd sisles of
-of . said gate stack: 81. A structure as in claim80, )
$#Hd BateFki 0 conducting layer is polysilicon. 82. A
structure as-in claim80, further conprising second
'sidewal | spacers provided over and _at edges of said
conduct i#6g A syugturegsin daigt 7hcvhersin said popducHpgplaypris
further conprising at |east another channel inplant. .
Pgé?l F°%n said substrate bel ow sai d gate -stack, which
is defined at least in part by said second sidewall
spacers._84, A structure as.i | ai m 80, wherein, said
o 1T of A7 ofySTucREre s i lgjop, 75, fireliss comprfing A0 ingaasiog Jayes
G@ASIn? fcb Sid st MlewAl spadthh, sditt inshiabing Biyer idnaid first sidewall
- conbinations thereof. 85, A transistor strugture
. spaepisihaving etchgd QUHRRRSR BQEHONS to defincapagea extending beyond-a,

lateral width of said gate stack.

78. A structure as in claim 77, further comprising at least one chaniiel
implant region in said substrate below said gate stack, which is defined at least in

part by said area.

79.A structure as in claim 77, wherein said silicide layci' is formed of a
material in the group consisting of W, WSi,, WN, Ti, TiN, and other combinations
thereof.

80. A transistor structure comprising:

2 scmiconductor substrate;

a gate stack provided over said substrate, said gate stack comprising:

a gate oxide layer provided on said sﬁbstrau:;

a conducting layer provided on said gate oxide layer;

first sidewall spa;:crs provided on sidewalls of said gate stack;

an insulating layer adjacent to said first sidewall spacers, said insulating -
layer and said sidewall spacers having ctched out upper portions to define an area -

extending beyond a lateral width of said gate stack;
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a gate stack provided over said substrate, said gate

stack conprising: a gate oxide |ayer provided on said

substrate; a conducting |ayer provided on sajd_ gate

oxide layer; first sidewgl| spacers provi dedZ]O%‘ngt"mber2006

sidewal | s of said gate stack; an insulating |ayer.

adj acent to said first sidewall spacers, said .

insul atin | ayer and sai d sidewal | spacers having .

et ched @ticagimmechpmel irplantregignin said subsapts zkclcwmcﬁ grts gtack,
1-at ergl, W .isal.d gate stack; AMENDED _

%&E‘%r‘}gdgﬁ@[ﬁﬂfqéﬁﬁn@gkh%ﬁﬁ’lg) 37 .21 Septenber 2006

second i tkesvadnk unpehed siligidolayerddrmedooven mod ot coanigre svidy said

sai g conduct i ng | ayer;' at |east one channel i nplant

FRRFGHPBIAYEGRBYsubst rat e bel ow sai d gate ' stack, '

whi ch | $o61RE hA®Braf regRins providddAh il ¥ubstlatt SE6MPUAite sides of

si dewal | spacers; at | east one unetched silicide |ayer
- said getg stekr and in contact with said polysilicon

| ayer; .and, source and drajin regions provided in said
substrate on opposite sides of said gate stack. . 86.
A st ruct8lr A steuchure @b i ¢hiBE80, wrerein mid aomtigtihg diyeeis
[ayer is formed of a material in the group consisting
BPYRN<ARsi * WN, Ti, TiN, and conbinations thereof. 87.
A nmethod of fabricating a gate structure of a

transistor, said nethod, conprising: form ng an oxide
| ayer ofer AStBiSHYE ayinclaim 80, further comprising second sidewall spacers

provided over and at edges of said conducting layer.

83. A structure as in claim 82, further comprising at least another
channel implant region in said substrate below said gate stack, which is defined at
lcast in part by said sccond sidewall spaccrs.

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
' tﬁqrco{.

85. A transistor s&uc;urc 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;
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form ng a conducting | ayer over said oxide |ayer;
formng an insulating |ayer over said conducting
| ayer; renoving portions of said oxide |ayer ai d
conducting layer, and saj,d insulating Iayer2¥gqF9FWF§006
gate stack, said gate stack having an oxide |ayer; a
conducting layer, and an insulating |ayer; renoving
said insulating |layer fromsaid gate stack to expose
csaid coRemdtsifewpll spyesrs provided jovendndian gdges of said conducting
al -containing | ayer on said exposed conducti ng :
ayer which can forma silicide. 88. A nethod as in

.cl ai m 8at leashericetansel iiGlpR@RE4SH MGBaid ST :

. pal SiA_i cop layer . AVENDED SHEET VAN Dnptr i ghte stack,
‘I(?lllﬁg'ls egn?cgﬂt legst ivpacgcby saishascondgidewaligpactrsyet hod as i-n

cl ai m 8¢ jealtf Sl b Qi+ rping sgi.d suicide ..

“further ccorrpr ic&d&t%?%\‘?ﬁ%{d%gayg{ qu"glgg]to v%r?gadﬂ EPRAEwith said
pebssdicor bperaand,ng | ayer over said exposed conducting

| ayer rocessi ng.sai d unet ched .nmetal -containi'n
| azer 2atrc® a8t drain § ‘fsaiifgﬁgf%ﬂksasdrﬁﬂéw &P IOPBPSte Sides of

sail ggeerstac®0. A nmethod as in.claim87, wherein said
met al -containing layer is an unetched netal |ayer.
91. A nethod as in claim90, wherein said unetched

met al Iggyey tﬁ&ﬂ:@iaﬁ‘ﬁx'ﬁnﬁﬁﬁ%w alossliested fromtihe = .

" grou _con$i~ssti ng of V\‘;l Ws~,” W\, uf‘li;%d%ﬁﬁﬁcmﬁr&f%@ﬁ&a

. rre&waj incthF @ropp ¢aasistirig ofAWE 31D VBNETET TiN, and combinations -
thereof. - o o

87. A method of fabricating a gate structure of a wansistor, said method -
comprising: _

forming an oxide layer over a substrate;

forming a cohducﬁné laye.r over said oxide layer;

forming an insulating layer over said conducting layer; .

i removing portions of said oxide layer, said conducting layer, and said -
insulating laysr 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 .';ﬁck to expose said
conducting layer; and,
providing a metal-containing layer on said exposed conducting layer

which can form a silicide.

88. A method as in claim 87, wherein said conducting layer comprises 2

. polysilicon layer.
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89. A method 2s in claim 87, wherein said step of forrmng sald silicide:

further comprises Providing at least one unetched mctal-conmmng layer over said

- exposed conductmg layer and processing said unetched metal -containing layer and
conducting laycr to form said sxhcxde layer.

90. A method as in claim 87, wherein said metal-

containing layer is an
unetched metal layer. '

91. A method : as in clalm 90, wherein said unctched metal layer contains

a matcnal selected from the group consisting of W WSi,, WN, Ti,

TiN, and other
combinations thereof.
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