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i nvention ggy Lty rela ated circuit chips. M articularly
it relates to '?le+d ef fect tr.aggéstors (FET) . Even nore p'Ia(ﬁ/?BWI’%NN it

relates to an i nproved FET having a T-shaped gate. Background of the

I nvention The speed of an FET is largely determ ned by the distance across
the ogate; transistors with a shorter gate conductor distance have a
shorter spaci ngFBetAgE nVSEHER SATR AN ¥ETHORNSF ARBURRITERING HEasMEr . The

I ndustry has noved to photolithography equi pnment that provides a shorter
wavel ength 15 of |ight and a higher nunmerical aperture lens with each
gener ati omri@fa oentrgeatadisi rcuits to pernmit decreasing this dinmension of
the gate. However, these changes have frequently increased cross chip line
width variation, Furthernore, these changes have resulted in higher gate
reSi stance. 20 T2E5 30VeH-igp 195epRt@nte R tPs (ko4 dukeoraf e s HiRaFhiBen Mescr i bes
a gate havangicudarlpedt siedeved ks frddudEdch\tramgiestd ngePal gséd meosn for the

gate in apavt NN RCLYVBRNENACE & 1dhRvhE ANEE HaQind @S To:HREHE sl MENSi ON at
the top than at the bottom It provides a channel length 'that is shorter

than the _m ni nrum di nensi on and reduced overl ap capacitance. An FET with a
notch at PREIFGEREDMALoFbe HBVEREL9™ gate was described in a paper "100nm Gate
LaAgt h Hi gh performance /Low Power CMOS Transistor,” by T. Chani et al,

Techni cal Di gesghe Cgéaegg'eoflgg%ﬂrniserlgﬁéél?rn@étegnlnﬁféhrﬂp thpeé/iis%g§cewgg£és@gthe
Washi ngt Ogate; rarg'51%%brspwi4€115 a’ _sl'-g}:%egog}a%re] c?cfnfdgcetto% tgihs%ance have a shorter
spacing between source and drain and are generally faster. The industry
has moved to photolithography'equipment that provides a shorter wavelength
i5 of light and a higher numerical aperture lens with each generation of
integrated circuits to permit decreasing this dimension of the gate,
However, these changes have frequently increased cross chip line width
variation. Furthermore, these changes have resulted in higher gate
resistance,
20
US patent 5,750,430, to Jeong-Hwan Son describes a gate having
curved sidewalls produced by depositing polysilicon for the gate in a
window between spacers. The transistor has a larger dimension at the top
than at the bottom. It provides a channel length that is shorter than the
25 minimum dimension and reduced overlap capacitance.

An FET with a notch at the bottom of the poly gate was described in
a paper “100nm Gate Le_ngth High performance /Low Power CMOS Transistor,”
by T. Ghani et al, Technical Digest of the 1999 International Electron
. 30 Devices Meeting, Washington,.DC, 1999, p 415 . The notch offsets the
source-drain-extension implant and provides a shorter gate dimension with
improved capacitance and also avoids increasing resistance since the gate
has a larger overall crosg sectional area.

35 The spacer defined gate with the curved sidewalls and the notched
gate provide advantage but substantial further device performance
improvement is possible. This improvement may be derived by modifying the
structures described in the ‘430 patent and the paper by T. Ghani. The new

structures and processes to achieve those new structures are provided by
40 the f£ollowing invention.
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sournce-drai n-extension inplant and provides a shorter gate dinmension with

< i nproved capacitance and al so avoi ds increasing resistance since the1@dW§Z%5
has a | arger overall cross sectional area. The spacer defined gate with the
curved sidewal | s and the notched gate provi de advantage but substanti al
further device performance inprovenent is possible. This inprovenent may

be derived by nodifying the structures described in the 430 patent and
the paper by T. Ghani. The new strucBMMARYH processes to achieve those

aper > ARYd processes t s
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provi ded ancdrhfiisinpagatessaidgate gamprisisgfickt gaductompaiesinhandfd sesoncamductiviev e
mat erial and a sec¢qopnd caonductive material different fromsaid first
conducti ve Wﬁ{e@ﬁ(ﬁéﬁfér%%@%%ﬁﬁﬁst% bye %%‘éLéPH%aﬁeCWﬁic EP%PVFifP%tF“aI on

conductive gpd gfrirdlondiiifeShitedal WheRHPHAd GORMIH CohNitive tidibdd] xén@deydiayond
said first conductive material to provide a T-shaped gate, a first

di ffusi on reaid distsesinfluctislei matstiak to pioxidei a Ttshepaddgate.i & dirstediffusion region selénd
di ffusion regi i i n It . eyl : cer
al ong si dewaﬁ%nggct) a{sea@rggg@gbl?\@\"eg%l?\tgﬁ%f ?55&%%@ ?géﬁre%ecgéé@ r%\d g% ﬁlldrasaécg@1

i npl ant i s cafduokive htesial, andpaspacer aldg fsidewhadls ofiseidesaconh canductjap maseriadf t

behi nd sai d acer .al png .a not ched, si dewal | of id, first conductive
materi al . AW@E‘?"H} pght ‘8“&’1@&18 ﬁ@ﬁﬁgdpé}étsala%pm% @@&H‘ff ‘Hﬁ%rgllno@u?lé 8y flelt i s
provi ded anpétidd sai&@p’ﬁééi aﬂbﬁ%a nétcBetf Sdvasrseid fikt candudiie mdterialsai d gate
conprising a lower portion having first sidewalls and an upper, B portjion

havi ng second si@etdinggto assgeand pspeet efnibe paessrigdisslemupm there isprovidedanekialy y

of f set; spag&ﬁﬁﬁgh%s_posed on said second sidewal|s and extending down to
said substrate wthout contacting said first sidewalls to define an air
gap therebet weea;ga dispesed iompd awlistraies pud exdte eonspaisthgsabewverapatiomdawing direld t o

said first sidewalls, and a secq .. npl ant . di.s ed_.i a| . nd
1 Gned to SAPTRELAR AT Bohrd T ki e, SUPRORT Pul S BP0} GGt
present di sbtingldaterally bfket; i s provi ded a nethod of fabricating a

sem conduct or devi ce gonprjsing.the steps of: ovi di.n supstrate fornmed
of a first matefRA4FS dispelzed g wafeg%@ﬁﬁaaﬁs ath Fé@%@mgf@m geeid ghsgale
di el ectric Qpihedi @nBfih@EAd fitQERNAPoIREiBe &ORMEYSS DeredBtwidhd gate
dielectric, wherein the step of formng said gate conductor conprises a

first gate |ayen fissidmplasedispasedin wid supsirate pug alkaned heaié first sidevalls; and
a second implant disposed in said substrate and aligned to said second sidewalls.
According to a third aspect of the present disclosure, there is provided a method of
fabricating a semiconductor device comprising the steps of:
providing a substrate formed of a first material, said substrate having a surface;
forming a gate dielectric on said surface;
forming a gate conductor on said gate dielectric, wherein the step of forming said
gate conductor comprises a first gate layer and a second gate layer, further wherein said
first gate layer contacts said gate dielectric and said second gate layer is on said first gate
layer;
chemically reacting edges of said gate conductor adjacent said gate dielectric to
form a first reaction product;
selectively removing said ﬁrst reaction product with respect to remaining portions
of said gate conductor so as to provide a notch in said gate conductor; and
providing a spacer along sidewalls of said second gate layer, wherein an air gap

is left behind said spacer along sidewalls of said first gate layer.
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first gate layer contacts said gate dielectric and said second gate éa)oer
is on said first gate layer; chemcally reacting edges of said gatle AUG 2005
conductor adjacent said gate dielectric to forma first reaction product;
selectively renoving said first reacgion product with respect to renaining
portions of said gate conductor so as to provide a notch in said gate
conductor; and providing a spacer along sidewalls of said second gate
| ayer, wherein an air gap is |left behind said spacer al ong sidewalls of
said first gate layer. [ R \LIBQ 2634. d oc: MIC 15 AUG 2005 3 Bri ef
Description of the Drawi ngs The foregoing, and other features and
advant ages of the invention wll be apparent fromthe follow ng detailed
description of the invention, as illustrated in the acconpanyi ng draw ngs,
in Whi ghiedbGscdiatiure oBoPientrPEBIT | es of extension inplants and hal os for
conventional and notched gate devices show ng one side of the device, FIG
b are net conpensated dopi pond¥ eédduess @hdeactvensadsA ¢hphantdeand hal os for
convent i-onal™&ntP* R8T €Ited” gate devi ces.. fhGS. aedaripthon 2¢ ane inedntdonpensat ed
dopi ng winofid espafentxirest nEey r?p‘ffré‘%?ts and hanl 0 . figr conventional and
not ched, gat fdeyi«sesn athedadcompryting RARTES Ilengﬁlﬁs ‘'showi ng the full device,
i ncluding source and drain; FIG 3a is a cross sectional view of a T-shaped
gate and show ng thatdog%é)gq@gi@gt@mskeernsiinqnlia\mlsntérEn%é‘ﬁicﬁe(ﬁo’by di fferent
edges of the™*f *FIPE5."3b, " 3¢ are ¢Lass,SAchi arakisd ewsciehoaiieg; process

. & te, déev . ;
st eps t@ormmtn@é%é‘@p&%@rh Qifd“Ene 'sour ce/ drai n inplants for the a T-shaped
gate of FIG 3a; FIGS. 3d, 3e are cross sectjonal views show,ng process

steps to prgyé.d@bag}eahét gampdnshiaiddepiogRaaf LGT °4 T Shaped gate of FIG
-6 s

3a; FIGS 4 OW CI 0SS SE61 i@Ratorehengatd ldgstesati ng a process of
fabri cat“’il%d‘a&ﬁ% : %napedl gate of FIG 3a; and FIGS 7-10 show cross

sectional views illustrating another proces fq Jre8blrigabt ngrénsioshaped
gat e wit hout racs weal @prer 24 288 rifét ﬁ?"?eg%a%egh%pga% eJ maf.eLlale aDatabhed
Descri pljg. @k Lhenkmeensi ernraitoondr 2bERET " #Pi‘ants are well known as a
means of noderating. shoiis chanmel effect dn¢imdbey PosHTT E°VIBRET5. Short

ne
channel cé‘f‘ ectsS 1ncl ude

w of a T-shaped gate and showing

i cross sectional vie
FIG. 3a 1s a e

. . of
that halo and extension implants are defined by different edges

ross sectional views showing process steps to

. 3b, 3c are C “
o the a T-shaped gate of

provide a spacer and the source/drain implants for

FIG. 3a;

nal views showing process steps to

FIGS. 3d, 3e are Cross sectio :
a;

provide an air gap behind a spacer for a T-shaped gate of FIG.

FIGS 4-6 show cross sectional views illustrating a process of

; d
fabricating the T- shaped gate of FIG. 3a; am

. . £
0 show cross sectional views illustrating another process o

Gs 7-1
. layered structure for the gate

fabricating a T-shaped gate without a two-

material.

Detailed Description of the Invention

ing
or pocket, implants are well known as a means of moderatil
1

+ MOSFETs. Short channel effects include

te 1ength decreases. Halo

Halo,
short-channel effects in very shor

hreshold slope increase as ga&

i and subt :
vVt lowering g a dopant type opposite to

formation is usually accomplished by implantin



vt Lowering and subt hreshol d sl ope increase as gate | ength decrea . Halo-
formation igs usual I'y acconplished by inplanting a dopant type oppjgf\@ 2085
15 AUG 2009 WO 02/ 41383 PCT/ GB01/ 05015 4 5 10 the source/drain-doping,
(e.g. by i Qgﬂfli"?fb boron in NFETs). A high energy is usedPC3GEBMOSHAl O
inplant to nove it under the gate beyond, the extent of the source/drain
extension inplant, which usually have significantly |ower energies and

hi gher doses, as shown in Table 1. As a result the p- dopant of the halo
is often placed deeper than the n-dopant of the source/drain diffusion.
The n-typéhsotrugee train dpfhasi(engi oyt sl andegobaicnd imiNAaTa) Pat ¥ hal ohal I
around. - Wbyt B8 W/ Bér dapaRlLol MufiiGe. CNANACL: LEQEANLIS el BLYL. S OF, Short
Channel ef tcggli o%htqaehg‘égrceeZ&xear}Ldlg eunderit S SQUI’CG. ral as-v €

unf ort unat e elF act-of “THor 65T Ag S SHTH 82 AL | YHEP wiraddpdiveance. Tabl e
1 15 20 25'gwifisaggvalomsr apetodes ofd Bighrdadabeblalaw, skxtensi Dbleandas a

Sofir ce/ Dr apsulmphant-sabpapkant thperdies id reedlg3etnnant snetay, I@hgrrp_(agg%btggrz
cmil) concegkr@td QBkkRYhrdin BEFruElly ) ﬁg':gﬁp%&%%ib%os%ﬁf g§§}19511§nt o 2x il

to 20 Ext gnsi onAgn‘%?%gOM %o 2x12155x1 1 X 10.

Sour ce/ dr 8 NASHEX IHTE ¢ & T¥RD FE5X P02 T¥nex 18518 ths BEvARt ¢rpagh 4o Bhgh
energy i s ChREE Lt BeThsvels ﬁglpﬁﬂlofgmw§@ort(ﬂhﬂ@#ﬁi efﬁect, the halo extending

under the source/drain has the unfortunate effect of increasing

10 source/drain junction capacitance.
Table 1
Parameters of Standard Halo, Extension, and Source/Drain Implants
1s
Implant Species Type dose Dopant energy
Purpose ( per cm?) concentration (kev)
( per cmd)
20 Halo B P 1x10"? to Bx101 5x10* to 2x10?%° 2 to 20
Extension As n 8x10* to 2x1015 §x10Y° to 1x102 0.5 to 5§
Source/drain As n 5x10% to 1x10%6 5x10%** to 1x102% 3 to 35

Although a high energy is used to move the halo away from the

25 source/drain and extension, typically the net p-dopant available for the
halo is a small fraction of the total implanted p-dopant dose since most
of the p implant falls within the more heavily doped source/drain and is
compensated. Thus, the standard implant technique allows only limited halo
concentratioﬁs to be achieved with reasonable control, and this limits the

30 éxtent to which short channel effects are controlled. Furthermore, control
over the halo carrier concentration is difficult because of the small
fraction of p-type dopant atoms that are left uncompensated. Therefore
small variaticn in the dose or energy of either the halo or the extension

implant can provide large variation in the halo carrier concentration,

35
With the conventional halo, a change in halo carrier concentration
of 10x is achieved over a distance of 70 to 100A when the carrier
concentration is in the 10el7 to 10e 18 range. This gradual rate of change
of carrier concentration is the result of the compensation of the halo
40 implant by the extension and source/drain implants. For improved short

channel control a more abrupt change in carrier concentration is needed,
such as by providing the same 10x change in carrier concentration over 30
to 40A. In addition, for improved device performance the halo
concentration below the source/drain can be reduced S0 as to reduce

45 source/drain junction capacitance'. The higher halo doping concentration
provides a narrower depletion region which provides higher capacitance.



source/drain and extension, typically the net p-dopant avail able for AQEZUOS
halo is a small fraction of the total inplanted p-dopant dose si nce

of the p i nploanigdl |s wthin the nore heavily doped source{‘,errﬁ%@%g
conpensat ed. Thus, the standard inplant technique allows on hal o
concentrations to be achieved with reasonable control, and th| s limts the
extent to which short channel effects are controlled. Furthernore, control
over the halo carrier concentration is difficult because of the snall

fraction of p-type aigem;t eL%stJ;atc&{eefL&I enbHROREN AL edg, Lher ef,or e
a

smal | vari at| on %‘% e or energy er 0 orFJﬁ‘?t’extenm on

i npl ant caf gf&’ e vEF BE 56 |Wlfﬂep"}?é(Fﬁe é??sl EFraggheefPr atSt6APEIN t h
t he convenbd Foiﬂd{eore%lﬂéhameMW hpl| omparingerunyencidnendtls onin Bfc] Ox.i s
achi eved overvea1diisd aneecdbertQohr AODA iMpEMt hl@il(éaéﬁxlv%rls-CQECt%@tﬁﬂU on is

in t’:'>he | @letaﬂt %&geé %[}g@sllgn;%h% 95&%8' t%t oef % t]ﬁwe’%gf’% %rg‘r i er

concentration IS e resu npensati on o A8 by the
ext ensi on SAFELBET é“@FB’r%ubﬁl?‘frpF‘a’fﬁesle Pﬁr therpretids shore e\éﬁ%ﬁmel impdatt ol a
nmor e abr up€ox frahlyecanmextgionpkrand ontedd ghtorraisss needed, irSURd R§i&Y where
provi di ng the maseimbl¥nehansaekm glsac%a ERJR\C@IEE reﬁééngmo,p\{ﬁ%lé& eddd P& o
ow the

addi i on. hele LDLoYST evieocperf pLmage. e, "l g, concell el ol be

SO rce/draln can uce sourc

capaci t anc& rVEHI"hje7 rﬁnﬁhje_f 'hﬁllﬂcfhd%rpﬂ" hOST BnRIHTCMEE 9GRLetiPR \FHedbn énn‘é?irsomer
depl eti on P&Hi-of Vilfidd higy beales dfi ghehighpadikrlanioeingl bheddG £ @0hord\Ebrupt
02/ 41383 PEHIEB6A/ G504k Tyeothist Andda shangesesan, clermrhfermxfota& not ched

gate. Fi rs&epl@tLWeglgrp% Wlﬁé'é%tré‘%)'si% %%Qm?e% g§nq: Cpt pgg %eg{fﬁ! \e/ZZ

straggl e, rofile resu ts

e I
16 and 16' P""’fa%f- c‘i‘et Eamt @r%"&%’% §7t e %fo%?\?sﬁﬁhaﬂaqhahaﬁtopvwl Arfn GhFYee
curve 16' 1% Pheviding B aplldfv Yor owitded dhpnosi pgteidanotiched spatterof the
invention asarhdl tdehs teerathedihensi Rebedrawgeddeve 18 is the profile of
the extension inplant for both conventional and notched gate cases.
Second,. in the re halo inplant is laterally spaced fromthe

[
ext ensi on i npl an %39% a,O\/ft';t;i%‘g’ pﬁ%ﬁﬁ °n% PRIRT Ghet™ FBFVAD! 1F§° nERTRREAL 15, as
shown by pbhiit &t B’O&HH ongpuryg Kubgesise7a ayvteq Energvhiiwgl apt cariddesssa nar r ower
depPet i on dfuekon mahhbes usgdne. fdrn addhbiowibecadsetehed Berdi ghay hal o

dopi ng t hepevii8ed 13RE EsHRELE and URSS |d.3.gpez.assio§ fB}W@h@XlaP&' Qiﬁ:vﬁﬁg%clte‘ rI il
oot o of SscES, RLTONEL IPLELL A HEAQ" RLALL A0oHEt LS o300 L, Channel

control of \g
S, a, 2b, and 2c¢, the steeper profile C’ of the halo implant allows

source and drain diffusions to be placed closer to one another before the

25 two halos merge. This allows a shorter channel length to be provided with
the same Vt control. Physically, FIGS 2a, 2b, 2c¢ differ only in the gate
length. In FIG. 2a, both conventional and notched gate halos have distinct
regions adjacent source and drain and are equally effective in Vvt control.
In FIG. 2b, the notched gate halo continues to provide distinct halos

30 adjacent source and drain, the conventional halos are beginning to merge,
providing less well controlled Vt. In FIG. 2c¢, the conventional halo is
fully merged while the notched gate haloc is now beginning to merge. Thus,
a shorter channel can be achieved with good Vt control with the notched

gate halo.
35
One way to separate the halo implant from the extension implant is
to implant the halo at an edge of the gate, then to provide a spacer along
sidewalls of the gate, and then to implant the source/drain extension. The
spacer has a width of 10-20nm, and that provides a spacing between the
40 halo and the extension implants. While this method does provide the

desired separation of halo from source/drain extension it has the
disadvantage of requiring that the NFET extension block mask be used



profile at point A on curve 17" is steeper than that at point A on curve
15 17, providing the ability to control channel potential with a gl‘ﬁ)y\yqagﬂ%
channel so_as to be able to turn off the device. The hal o doping profile at
point C oWOWNB317' can be steeper than that at point C REI/GBOIMESOLS
because a | ower energy inplant and | ess¢20 diffusion can be used to form
the halo with the notched gate. This provides |ess straggle and | ess

di spersion of the halo, allowing better control over the linear Vt with
shorter channel length. As shown in FIGS. 2a, 2b, and 2c, the steeper
profile CGvigk. tdmeehedfore rpidasnceabfitans spaeyr bermahtbrdr at neldbf fausii ons thghtbe
plhaced cl @sekol @fofiee ﬂz@tflrhelf tief eisaa:etéha: 22sEM0 rBAd L3 IE G aIJa: Smplahpws a
shorter cf . e | .\ same Mt _control.
Physi cal l%&gﬁg%gﬂkﬁ%&f@@dﬁv{%}e{#&%ﬂ x#r{bﬂe? h’%gﬁa%és ?%pﬁé’f‘%l?' In FIG 2a,
bot h conventi onal and notched gate hal os have distinct regions adjacent
sdurce and dr dfhe preresrecfedbaldrgseitt éutdngéon providentedlsepatatify Ghe2b, the

nozI cged_ gfmehmi Qx €A bAURS 1Ak D! 14 ﬁl@w.;)éﬂia_smgtct_amlt&aelieﬁ, i AEEPLRRHELCE
and drai c r, i nni-ng r.ge, roviding l'ess
vel | co'ntncrvct)3 I ghcf @tg i’&‘:}%kﬁ% cé}(?:é,?g? ﬁ%lgghv nﬁ%ﬁafmﬁgﬁlﬁ the ﬁ’laﬁ? gy
whi | e t he'W6Etsfed Rftte IloPFYidl 158y sxsrRa onolmalage . fxPRus more wivbh calr
channel cHwebeloachfiey pdesdnthigeodiot tmonkl Ddwswihd Habe 4@t ehesthsigat e hal o.
_35) lO’let Wfag'yi\ptgntﬁﬁﬁa{lﬁﬁ Qaﬁéﬁlh}ﬁ'cﬁts. iHHeanfrofn{ %mht ??tlﬁ?ﬁte&? 9951&1@18' ?t%&)s: s to
i npl an : An.doe.of. the qate, .then to provide a spacer ~al on
si dewal | s g?” ?‘Lghga?f“%? Igt?]sg %‘lﬁjeh fo %rr%}dﬁn? '?ﬁe anﬁge?‘?:ﬁdaf’?‘}iggf(ﬁ’r§i"6‘?ﬁdgThe
spacer hd&°g Wi 8TRVEE 29D 6hembedfrdnthe gresnsdes. Fhipameraystdopveen t he 40
hal o and impéarbe whth ansingleamss. iyVrickenttlhbsedrby hbid sd oetschph® vii-@Ragelegate
desi red sapahadem@Bortifucbed QlafélomlﬁOWhgef-dEﬂ&ﬂEde§£1§é1%EQrbei o PRS &Q@zg the

dissadvantage.of sLeQuLEl N L hat NFET extension bl ock mask be used 1 5
AUG 2005 Iﬁ%\10302 41383 Uf%ﬁgngfgg‘gk 6 5 3.0 15 20 25 30

As shown in FIG. 3a, T-shaped gate 20 has lower part 22 having
dimension L, and
edge 23 on gate dielectric 24. T-shaped gate 20 also has upper part 26
20 having dimension L. and edge 27 on lower part 22. Notch 28 is thereby
defined having height h and lateral
extent u where u = (L,- L,)/2. After T-shaped gate 20 has been formed, an
extension block mask (not shown) is provided to block PFETS while NFET 30
is being formed.
25 .
P-type halo 32 is then implanted at an angle g given by tan g < h/u
where h is the height of the notch and u is the lateral extent of the
notch. Thus, halo 32 is defined by 1ower'part 22 of T-shaped gate 20.
Typically the angle implant for the halo is provided from all four
30 cardinal directions to provide the implant for devices on the wafer of
different orientation. Any particular device receives the implant in
active area along two directions, as shown in FIG. 3a. Finally extension
diffusion 34 is implanted at an angle normal to semiconductor wafer 21, so
extension diffusion 34 is defined by edge 27 of larger upper part 26 of
35 gate 20.

Thus, implant edge 36 of halo 32 is displaced from implant edge 38
of extension 34 by a dimension approximately equal to u, which is about
equal to the dimension of notch 28, and both implants are accomplished

40 without any masking step between the implant steps. No masking step is
required to achieve this separation because the two diffusions 32 and 34
are defined by different edges 23 and 27 of gate 20, and this is



35 40 twice, once before and once after spacer formation. It also requires

. ti.ght ‘control of the width of the spacer to ensure repeatable hal o]dng G‘I]rqn‘['
i mpl ant |9;1 The present invention inproves upon this agFroaCh

process of We HP&5ent i nvention provides for separating t RET/GBVIQEHI

extension inplants, the nore abrupt junction, and greater control over the

hal o carrier concentration, by angle inpl anti ng the halo with an inverted

T gate while providing the extensi on i rrpl ant froma nore verti cal

direction. The prese i nvention thus ows the halo and extension

i mpl ants £6° ‘E)'%pﬁ Pt g?’l%?c’ﬁ’r ?a%é’&rf’rct?i TR Ao BRI BRI witdps

bet ween t hevértsidahit shargdugate Be- ext ensi on bl ock mask need only be provided

once to provide both the haI o and the extension. This separation of

20" 0n sem condate o ngar o o PARE P BRET 4Ry rebbElas b el Renk P URRG Phe”
nr Gcess dEERYTHFE ertt ﬁ“ﬁ%”lcﬁﬁ/ 92 K&f¥hghn Ei‘snﬂ’f“?"ﬁ inFICT.-Hhapetlghtw 20 has

| ower par maperipdvihgs thirmedsifoa natenirl edge aaasmmc@atdeoﬂdal eﬁtsrlueco%

T- shaped g&ﬁﬁd%%oﬂﬁoagﬁ%eMQM RREL 1%6usetlia-‘ﬁhnﬂ’rﬁ' SRASLON of @é 4£d9g 27 on
ower par re avi.n [ atera
extent u Epé ere u f % E?[ allgg K#y‘rce aq'gd glaf% ief

Vorned an
ext ensi on *BROTH# ﬁ%'slf‘s("ﬂ(ﬁf’ %}mmn |F§Gp@&w%‘é&‘"ﬁ?lﬁ?b@klWET‘SwmimPéeNFET 30

i $%bei ng forerzd be Prany peenfienal3P deposited saphantaedatdt. gap @ngh elegt ghatAd by
t?n ﬂ < h/spacr-]ébzhes&ulhn@&hbhﬁbtbﬁé@lﬁh?&falgh@f rf:'i)t:&h 1894k Wei Zast fQﬁoTana%Erp% extent
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di f f er ent 2p¢ ivdidf atlivendepanit parkiakek afildewi @eheEeentsds stdtack Nn@inglted Bo a
acki ve ar eardlcangsdasacdli rzecalh:eé‘t&.,onas <tBRWE thd:ItS'l £3A- sfdef@l 1 ¥pR2d.2N54 ON

di ffusiony,3d, s,y apt.ed.af, an, 61;.9 Snor m conduct or _waf er 21, so
ext ensi on .di f fUs 34 s del 7r0519‘ Fﬁ}g &t (bet 25 p&Ft* 26 of

| ned e
gate 20. TA Ieclérh%lcﬁﬁftaé‘a °ef 3Bt * haélwéllg‘? ‘ﬁl%“éﬁnsﬁ’r%éﬁ ?W@W%hﬁ?ﬁ%ﬁrseﬁﬁge 38
of ext ensPd¥e 3ﬁ4db‘§,le§t’éﬁ°rré?f§it6ﬁt Hipreitndtel yreggap 4%reducehitdie esfealbout
equal to thelditmbnsioostanf sOECHv28] @adeboikh inmplmnt feBL tacLanpd i shed

20 overlap capacitance.

While T-shaped gate 20 permits separating halo and extension
implants without adding a separate masking step the process described here
also provides great advantage in allowing bottom portion 22 to be

25 fabricated with a sub-minimum dimension length, substantially 1ncrea51ng
device performance. Furthermore, the method of the present invention
allows this shrinking of the gate 1ength without increasing line width
tolerance. Furthermore the T-shaped gate provides large area top part 26
that avoids unacceptable increasing of gate resistance when bottom part 22

30 is shrunk. Thus, performance may be substantially improved without

unacceptable negative effects.

T-shaped gate 20 is formed by depositing two-layer structure 54 on
gate dielectric 24 and on isolation (not shown) on wafer 21, as ghown in
35 FIG. 4. Two layer structure 54 includes a first layer, such as germanium
layer 56 and a second layer, such as polysilicon layer 58. The two layers
are selected from materials for which first layer 56 can be oxidized
differently than second layer 58. Next, two layer structure 54 is
photolithographically patterned and etched, as shown in FIG. 5, in which
40 etched germanium layer 56 and polysilicon layer 58 have equal lengths and
- widths. The length or width may be the minimum dimension achievable with
the photolithographic system.



wi t hout any masking step between the inplant steps. No masking step is

. required to achieve this separation because the two diffusions 32 glgdAL@dm%
are defined by different edges 23 and 27 of gate 20, and this is 1

2005 WO 0¥O04R383PCT/ GBO1/ 05015 7 acconpli shed by provi di necrGBerdsoral -

i mpl ant and an angled inplant wwth inveyjted T- shaped gate 20. In the next
step a layer of insulating material 46 is conformally 5 deposited on all
surfaces on wafer 21, as shown in FIG 3b. Insulating material 46 is forned
of a material such as silicon dioxide or silicon nitride. Then a

di rectional etth the wsedstap,f oranisydewatictapacar $s 48bjastedshown chemikekG.  3c.
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i mpl ant s %Wﬁéﬂtprédél‘???g a&%pkﬁ"&f—e"ﬁwﬁ@k??@ §Y@p theeampree efsgekmgetinbed here
al so proviades %F ehbt ady aenage, iproaldiayi ag ibbt tteleporcki an 1225610 obewizhh

fabri cat ek %g&@uaumnsmaamam 'lQQe:!' %@ghh:s ﬁyp%t amgn@uuy abBGI §3SLOY

ice pe e her ent [nvention
aﬁ/ows Fha{bggéﬁnn 1e %m% e Sﬂlc?n 1§¥%r Vil t ho etm?rﬁélp‘e gt i°AB X"t h

tol er ancé‘avﬁui"tﬁé}eﬁﬁ Fhee Tss%:i’&bédlog P 2houb\f Hedetaathen sheamipépupart 26
t hat avoidseopbwcept e photrd L eagiraghicf sgated beispstasdcehieepoh@tiloderpart 22

30 is shrisyér Fhuont BRIEEFITRRCE tHBYmiREmSH REhatdba!l |y i nmproved without
unaccept abl e negative effects. T-shaped gate 20 is formed by depositing

tyo- | ayer structure 54 on dgate dielectric 24 and on isolation (not shown)
O%l vvaf er 21, aJén §H8W'F ﬁ odiment, first layer 56 can consist of a germanium

compound Gexsilx, where x is in the range of about 0.5 to about 1.0.

Other chemical reaction steps can be provided with good control as

well. For example, first layer 56 may be polysilicon and second layer 58

25 may be a refractory metal. A thin layer of metal, such as platinum,
titanium, tantalum, or cobalt, is conformally deposited along sidewalls of
two gate layers 56, 58. The substrate is then heated so the thin metal
reacts with polysilicon layer 56 to form -a metal silicide along sidewall
edges of first layer 56. Second layer 58, being a refractory metal, will

30 not react. Then the silicide can be selectively etched without affecting
the second layer to form notch 28.

Alternatively, a single gate layer of polysilicon 66 can be used for

gate 20'. FIG. 7 shows thin metal 68 deposited coating sidewalls 70 of

as gate polysilicon 66. FIG. 8 shows thin metal 68 is subjected to a
directional etch to remove metal along.horizontal surfaces and top portion
70a of sidewall 70 of gate polysilicon layer 66. Now substrate 21 is
heated so remaining metal 68' reacts with polysilicon 66 to form metal
silicide 72 exclusively along lower portion 70b of sidewall 70 that was

40 coated by metal 68', as shown in FIG. 9. This silicide is then removed to
form notch 28, ag shown in FIG. 10, Metal silicide 72 such as cobalt



‘ [ [ h as ger mani um
4. Two layer structure 54 includes a first layer, suc
, ISZyZIr G56 and a se%:/ond | ayer, such as polysilicon layer 58. The tMoA[{ljﬁamg{,rs
are sel ect edvd §ompgypt erials for which first layer 56 can be %ﬁr'/g'géﬁmma
differently than second | ayer 58. Next,ht\é\o layeII:]O\sl\:1r:J?]t llélrg . \;\,hi‘ch 20
[ [ d and etcheg, as s ,
phot ol i t hographi cally patterne et nown ol | ent b ond
niumlayer 56 and polysilicon |ayer ! ave equal .

\(/a\; g?ﬁg g'?’[lgal ength )(;r wi dth may be the m ni numz;jldfggggl g&?(égbiygglo%wsstg 10
i thographic system 15 AUG 805 WD O _ (
tlgezghggogbtiégcgl@ep% ttih%nin’@xﬁils’{cé@% cewchel asteet Siddlah UiRIraded §e§d,|,_lgké§cgred to

a chem cal hot eadfioit /st E&hges UsdtoRSdcA R Bth-gat i on at about 500-600 ,nas
shown in FIG 6. At this tenmperature, a geLmanl um gi(ICExdGGGOPg{S\é\IiS| iocon

o] ermani um | ayer-_ 56, as shown in . (
Tayer 58 WLl ndi* Ee A4 oRh Ok PHi e S REOPRES Mrenpurasuirie]l dSmENBReM
oxiy&e 60 i VYT BRMCE GFEoTRSGRe SANES thm {dvat arcak i @X o€Natd) 26fa-deFTR0) Uyl ay;agh
56. Then gefframilvenchshokel G6ndth, M eNNRVEE ot iI2 BxMBLSE, rénr&f?xé%nﬁﬁgv' g' ng no

' ' © |l ed
28 as showgedranfhd1adar sEhearFé&Qﬂlfdggge@tgﬁ% %ggﬁ%gﬁggﬁrn%ﬁme Fgg’: s Ogﬁgqt};g d €

! t .
and al ) of "TESE iR LR <labtara R eRb LR rehdpus eehimas i £har of e d
ger mani um G15%REA g8ty siliongen orThidert tep oxiydaliam aﬁlﬁlazeisﬁhzan%@%ﬁcg tBr ovVi des

i dah i L Oer i I er 56 that is
?eﬁsggdl e\éﬁo\;’?g?ng aE?!cgﬁ?e?t;F’E%ﬁggwgﬁ %ﬁgighé%rg ‘\l';lmgH tuﬁggrdf ger rzrgni ulm | ayer
mani r 56 thus has a di nensi on about 14 to about 26nm | ess
?ﬁaneggrgg: :Jimcl)njyl ayer: 8ghe(3§?ﬁ%1rﬁ°ﬂﬁ‘l‘clt3§esrt35]6_Ct?_anbﬁcmmpb@deqa adiemasi on
that is abbtieT19f 6 EHHUP FOOahawpet Haget o€ silnicemwidh e Rsie ofy-nge os
phot ol i t ho¥iGeph esystremhbeivoy mm@dvatil SR04y SI kiS4 LA%8!. 58 sontinu
toihave thentl Bsduubt 6 HRDSEQRe, rather than a sharply discontinuous profile

between the germanium and silicon films.

Other conductive materials can be provided for first layer 56 and
second layer 58 in which there is selectivity for oxidation an

20 the oxide. For example, a refractory metal, such as tungsten,
molybdenum,

ad etching of
tantalum,

or titanium, or a silicide, such as titanium silicide, cobalt
silicide, or pPlatinum silicide can be used for second layer 58.
Polysilicon can then be used for first layer 56.

25 In another embodiment first layer 56 can be selectively etched of

with respect to second layer 58 to provide T-shaped gate 20, eliminating

the oxidation step. However, thisg is expected to provide somewhat less

process control than providing the oxidation and then the etch step.
30 While several embodiments of the invention, together with
modifications thereof, have been described in detail herein and
illustrated in the accompanying drawings, it will be evident that various
further modifications are possible to provide an FET with notched gate

without departing from the scope of the invention. Nothing in the above

specification is intended to limit the invention more narrowly than the

appended claims, The examples given are intended only to be illustrative
rather than exclusive.

35



I n anot her enbodi nent, first |layer 56 can consist of a gernmanium cgﬁpmzd
. Ge.Sil _x, where x is in the range of about 0.5 to about 1.0. OQher 7£ﬁ75
reaction steps can be provided with good control as well. For exanple,
first layer 56 may be polysilicon and seg¢ggnd | ayer 58 nmay be a refractory
metal. A thin layer of netal, such as platinum titanium tantalum or
cobalt, is conformally dep05| ted along sidewalls of two gate |ayers 56,

58. The subWedaim:i s then heated so the thin netal reacts with pol ysi licon
| ayer 56 to forma netal silicide along sidewall edges of first |ayer 56.
Second | ayer 58, being a refractory netal, will not react. Then the

silicide can beAsatEEtdongirikingt £ aad, wid fg@tétcoaﬁﬁrﬁ;ﬁig ﬂ@t cbiiductie€ otderiad)ad at 0
formnotch 28. Alternatively, a_si ngI e gate | ayer FOl ysili con 66 can be

used for gsgcandgondyctize matemaydifferenh fli%t atudes@rsaégwc 1xg) mpaseniln gaid sgeidl | s
70 of gat eccm?ilu%@\'iel hGRRiaPBn sﬁidaef' irsb cB vé B fledR! @helféﬁtagagcsl %gﬁddﬁc&ﬁﬁuct%e

directional "etch to renove net al’ong hori zontal sur top portion
70a of si demwateriall€xteidsgryendosdid Sirst |conxiuct1ag/mat66ﬁl td\plwvxiebs"fﬁha}nadgate,s first

heat ed so r i ni ng _.net 8' S| | 66 to al

o o e 7o TR aPen selredned BRmE Sl boROhtstnalePEl SkebRe HHREE en
coated by ngéftled®Y saidsec6HD¥bndubtive ﬁateﬁal Thd @ sphder @ldhg sideviallebfsgidméeshdt o
formnotch 28, as shown in FIG 10, Vet al silicide 72 such as cobalft&lg 5 AUG

2005 WO 02/ erggsiG peterial, Bwqremsothydsmlwdé defined {byn sth Werereiand ethe
wet et ched lvﬁ apegﬁ)gig{]é ?éﬁj%eﬁlh ARE s5ekef 'dfo'ngl A‘}ﬁgfcﬁg&réld%%raﬁxbid@ald first

m xt ures. or ned y thi's process has substanti al

advant ages ccamdgvte\rerpatpnal art gates. Since the |lower portion of gate 20
determnes its effective channel length, this selective oxidation and
trimm ng of germanium | ayer 56 can provide a higher performance device than
a device wit hotl]he FElrmﬂ digmM  Whirei@hagt fisoicbiidilctivé amutqriabis ons g@itd digfecsict o
forma T-sha Longer or wi der top polysilicon |ayer 58 can be used
to 10 pr ow@féjo tﬁ‘?ﬂl?c‘tsiot}latsybf’tt ®the entire gate conductor. r If
desired, the gate conduct or stack can be conposed of a |lower |ayer of

ger mani um and an up | ayer of silicon, with a graded |layer of SiGe in
bet ween t he3t mTherhI]rQET woliicdpipr dvi whersin: spidr secopdorpndicve tmaterial gomprises

polys111con
4.  The FET of claim 1, wherein said second conductive material comprises a silicide.

5. The FET of claim 1, wherein a thickness of said second conductive material is

greater than a thickness of said first conductive material.

6. The FET of claim 1, wherein said first diffusion and said second diffusion regions
are laterally offset by a distance equal to about a given distance that said second
conductive material extends beyond said first conductive material.

7.  The FET of claim 1, wherein said first diffusion region comprises a first impurity
having a first conductivity type and said second diffusion region comprises a second
impurity having a second conductivity type.

8.  The FET of claim 7, wherein said third implant comprises said second impurity.

9.  The FET of claim 1, wherein said first material comprises a first semiconductor

material.
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15 gate conductor structure, rather than a sharply discontinuous profile
. between the germaniumand silicon films. Qher conductive material s1§af)chf)y
provided for first layer 56 and second |ayer 58 in which there is
selectivity for oxidation and etching of{;20 the oxide. For exanple, a
refractory netal, such as tungsten, tant a]l um nol ybdenum or titanium or
a silicide, such as titaniumsilicide, cobalt silicide, or platinum
silicide can be used for second | ayer 58. Polysilicon can then be used for
first layer 56. 25 In another enbaodi msntaeé3 | ayer 56 can be sel ect.ively
etched of Wt hTheddcioft playacBnavhesgars "Jt:‘rét &F@\W%@uﬁogﬁaﬁéﬂagét’@pﬁﬁfs
el i m nati ngg.ffiuAxi dation step. However, this is expected to provide
somewhat | eSs process control than providing the oxidation and then the
etch step. 30 Wi le several enbodinents of the invention, together wth
nodi ficatiops t ebe r ' rej
illustrated fﬁ %?gcggp; yi %g aé\jlhﬁnégag&q‘llr%tn Sgﬁc %ucgc\%i g{gn&irﬁpdcgpp\?gﬁsi gus
further mdgéﬂrﬁﬁhxmlﬁnwuﬁd GrgSis.i, Wierdin x s mvthel eanga oF EHoutOttorabbuthed gat e
wi t hout departing fromthe scope of the invention. Nothing in the above 35
specification is intended to limt the invention nore narrowmy than the
appended cl f My N r EmBEsdd! i@kl ve
rat her thanﬂexc us?%g%{?{%%éwg%gﬁ%?ﬁ f?r\s/ﬂ\éd&%lﬁgiéliﬁz]@ n@ﬁéﬂalfc ?ﬂs?oﬂr?%?s :i soi%ng a
gate, said gate conpri SI ng first conductive material and a second

ducti I ot
gggoﬁg I\égn uct @ZF&;&!{ ecgzﬁnon sal d &‘?}ill%a{d cig)ctr? (%Hiil\l(/ig&%et Wﬁl(&kﬂ&el n said

second condilactesy memt.eri al extends beyond said first conductive nateri al
to provide a T-shaped gate, a first diffusion region self-aligned to the
first conductive material, a second diffusion region defined by said

second condugt i 7R FET @FtRlm 13" hérefmPRfiEsecotPEshdatiamblesialodongiisds aggeem
conductive material, wherein a third inplant is defined by said spacer, and

further m@n@iumamlabdengaporgtan@m behi nd said spacer along a notched
sidewal | of said first conductive material. 2. The FET of claim1l, wherein
said first conductive material is on a gate dielectric and said gate
dielectric 1% oAnzIFEﬁmehpmimg 3. The FET of cI aim1, vvherei n said second

conductive materi al L €O The FE ein
sai d second conﬁﬁﬁ&el(ﬁﬂ’%pﬁ%(i 8P| % EtB%ﬁr ?aécgggtg QMPIEINge? owdr Forfbi hdvintIEk
sidewalls and an upper portion having second sidewalls, said first and second sidewalls

being laterally offset;

spacers disposed on said second sidewalls and extending down to said substrate
without contacting said first sidewalls to define an air gap therebetween;
a first implant disposed in said substrate and aligned to said first sidewalls; and

a second implant disposed in said substrate and aligned to said second sidewalls.

16. The FET of claim 15, wherein said upper portion of said gate extends beyond said

lower portion to provide a T-shaped gate.

17. The FET of claim 15, further comprising:

a third implant disposed in said substrate and aligned to said spacers.
18. The FET of claim 15, wherein said first implant comprises a first impurity having a

first conductivity type and said second implant comprises a second impurity having a

second conductivity type.
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5. The FET of claim 1, wherein a thickness of said second conductive

. material is greater than a thickness of said first conductive materk RlAUG 8005
The FET of claim 1, wherein said first diffusion and said second diffusion
regions are laterally offset by a distapce equal to about a given distance
that said second conductive material extends beyond said first conductive
material. 7. The FET of claiml, wherein said first diffusion region

conpri ses alg.i r'she FRPWIficlaym 15pwhaginaa thickatssadraidateondtsyddwadle ingdatsathdn a
second di ffusion region, conprises a second inpurity having a second
conduct i vi t‘}ll(tkyﬁ‘@.OfS?ld'ﬁW S;@Waﬁﬁ claim?7, wherein said third inplant
conprises said second inpurity. 9. The FET of claim1l, wherein said first
material conprises a first sem conductor material. R \LIBQ 634216sg_cl ai ns
doc 15 AUG 2005Thd HETOS cirfre ISEWhekinciaid fisspandeeerd implantcire pffagt by a distance

sem conduct or terial. [ r i T T of claim?9,
wher ei n sai E‘I‘P,Tf‘l’s"t oggﬁfc@%ﬁ&?%?t Ontg’ lg@gﬂa&l‘?gﬁ%o&]fiss}ads&’gﬁgger mani um conpound
Ge,ISil_,1, wherein x is in the range of about 0.5 to about 1.0. 12. The

FET of claim1, ,wherejn.sai.d first conductiye. mteri.al rises
pol ysi | i conﬂ-lSA mﬁ&oé;ﬁfa@mca&ngiaﬁelyﬁon ‘?re‘i/eﬁl?é’f’ﬁlpgél@gﬁﬁen@@?‘? ctive
material conpri segidng 4 QlbsBatk Tormdd®)ra firstifaterldl SsalcEdubgirate havify h3urfudeer ei n

sai d second conductive material conprises tungsten, tantalum nolybdenum
or titanium 15formingzESate distastricsinggid wrgee;e di sposed on a substrate, said

gate conprising.a_lower portijon ViR ir j / .
portion having go(gn@b%a EP@&\?&?‘%&P%%%%@ g{an’ s@élgcr@é’g‘g%\%ﬁhs%?g%\ﬁaﬁl f{gHR@gisﬁlg
| ateral |y ofdts ebndusparenpridisSp e @aeayeriatdd acsecood gitel tayat, |fartherdvieectiesdidng
down to sai? substrate w thqyt contacting, said fiést i dewal | s é (%ef' ne
an air gap fFbeusdiXReeontacss a1 gate;diglecing ‘”gq ?b%?é’&n ﬁat'gjf%?ré%%%f‘? ?lés &ﬁ{?
aligned to ﬁgglc;i first sidewalls; and a second inplant disposed in said

substrate and aligned to said second sidewalls. 16. The FET of %&I m 15,
wherei n sai d upghemipally; regeting: edges @f saidegas capdety Adiargnis saig gaicoistecisr 10 on
to provide - t . The FET of claim 15, further conprising: a
third inpl a%ﬂﬁ@%g%ggﬂﬁﬁg%% substrate and aligned to said spacers. 18.
The FET of cl ai sal&Sivelpiremevimgssaiddfifst reactiompiodnet withhpespeas o gerhaingig porpensi t y

222;'023 ?WDL%J §Sa§f1 gaggguc ugtor EA’ ag %ppero%cri]g afié 'cﬁi i §aid Eﬁe 'cngPAu%pc;[r; SRyPrises a
providing a spacer along sidewalls of said second gate layer, wherein an air gap is

left behind said spacer along sidewalls of said first gate layer.

22. The method as recited in claim 21, wherein the step of chemically reacting edges of

said first gate layer forms said first reaction product.

23. The method as recited in claim 22, wherein the step of selectively removing said
first reaction product further includes removing said first reaction product with respect to
remaining portions of said first gate layer and said second gate layer so as to provide a

notch in said first gate layer.

24. The method as recited in any of claims 21 to 23, wherein said first gate layer

comprises germanium.

25. The method as recited in any of claims 21 to 23, wherein said first gate layer
comprises a germanium compound Ge,Sii.,, Wherein x is in the range of about 0.5 to

about 1.0.
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second conductivity type. R \LIBQ 634216sg_cl ai ns. doc 15 AUG 2005 -12 19.
, The FET of claim 15, wherein a thickness of said second sidewalls if 6.2005
greater than a thickness of said first sidewalls. 20. The FET of c zr!u‘}u. f%ﬂ
wherein said first and second inplant areyoffset by a distance equal to
about said |ateral offset of said first and second sidewalls. 21. A nethod
of fabricating a sem conductor device conprising the steps of providing a
substrate f25. meThoetholi assiecinmit @r iryl of dainth Zlutrs 23, avkerbinviand) secopd rgateckayer
formng a gate dielectric on said surface; formng a gate conductor on said
gate diel ec?w&r}sem@f:@?'n the step of forming said gate conductor conprises
a first gate layer and a second gate |ayer, further wherein said first
gate |l ayer contacts said gate dielectric and said second gate |ayer is on
said first ateThe method ashispitesain glaim 3+ Whereisdspids fisst regationgueduct SAEIRESE

adj acent said gate di.el ectyi irst reaction product;
sel ecti vel ygﬁrg'%‘g\}lflh%ﬂg%tio Si;l#cg%%g?ngé@{%ﬁd%r oduct with respect to renaining
portions of said gate conductor so as to provide a notch in said gate

conduct or; d ovi di a spacer, .al si dewal l.s of said secand gate

| ayer, V\/nergf?'n g e‘é’ie&magbr‘?cggglne‘ﬂ?‘nbgﬂi reln, sayd g‘ﬁsi(g@'iﬂslyeﬁiﬁﬁmﬂlaeeg\/\sgﬁog' of
said first gate layer. 22. The nethod as recited in claim2l, wherein the
step of chemcally reacting edges of said first, gate |ayer fornms said
first react?%n Phoamethod asrecitpd innslain L8 svhesein saidl $acond Latp Byer GRTBPIIER & he
step of selleegrta' %‘?}'r}ﬁe{a‘?.m"i ng said first reaction product further includes
renovi ng sai I'rst reaction product with respect to remaining portions of
said first gate |l ayer and said second gate |ayer so as to provide a notch

in said fir gate layer. 24.. The. nethad as r.ecit in.an | al ns: to
23, wherei niéai ‘g}t‘? i‘?@)t{o‘gﬁf ée‘flta?gelrn 018%%?? swgga’red%rs dﬁ?%cr%ndz%a?( © ?‘{Vggr?ebﬁglagsés
recited in gnysted, tedtalui® oPfitahian® 3, wherein said first gate layer conprises
a gernmani um conpound GeSii _,l, wherein x is in the range of about 0.5 to
about 1.0. R \LIBQ 634216sg _c lains. doc 15 AUG 2005 -13 26. The nethod as

recited in gy he Ghedhdiad decitld 45 clafiSIE i Whetéth haRe 6RBAd Patcelalydy 8smprises a
conprises silicon.

silicide.

32. The method as recited in claim 21, wherein said first reaction product comprises

silicon dioxide.

33. The method as recited in claim 21, wherein said first reaction product comprises a

silicide,

34. The method as recited in claim 21, wherein said second gate layer comprises a

silicide.

35. The method as recited in claim 34, further comprising the steps of:
providing metal along sidewalls of said gate conductor; and

recess etching said metal.

36. The method as recited in claim 35, wherein the step of chemically reacting further

includes the step of:
reacting said gate conductor with said metal to form a silicide along edges of said

gate conductor adjacent said gate dielectric.

RALIBQ\6342165g _claims.doc



27. - The nethod as recited in claim2l, wherein said first reactiopn product

. conprises germani um oxide, or silicon germani um oxide. 28. The hetM6dits
recited in claim2l, wherein said first gate |ayer conprises silicon. 29.
The method as recited in claim28, whereipi_said second gate |ayer conprises
a refractory netal. 30. The nethod as recited in claim?29, wherein said
second gate | ayer conprises tungsten, tantalum or titanium 31. The

met hod as r&%ki t €k methol aif tlaf 36ywvkereinrthe stiepl of sxdentirelyatmol mgeaidcinspreagn a
silicide. 32. The nethod as recited in claim2l, wherein said first
reaction prErHQE‘Et%%%r"i‘ ¥ES silicon dioxide. 33. The nethod as recited in
claim 21, wherejphingiaWay digilicRRCti on product conprises a silicide. 34.
The nethod as recited in claim2l1l, wherein said second gate | ayer conprises
a silicide. 35. The nmethod as recited in claim 34, further conprising the

steps of: OVi-f] t ' l b Ofici i(q.n%@t £ORAUE Of said@NEt
recess etchl?éig Egé g%r%ﬁt;gt%la?}. c%k&%hyh%e%(g%aa@fl?g%ifte iﬁocgai_ #35, sﬁllme%(ragi n
the step of cadeatoradjheent smid gatadidlectridiscobalisilicide r tikemiwn elicade: reacti ng

said gate conductor with said netal to forma silicide al ong edges of said
gate conductor adjacent said gate dielectric. R \LIBQ 634216sg_cl ai ns. doc

15 AUG 200539 14TR¢ meli®l BEichad o8, whakim B6, staphef eelactivety strapviag sail ecbalvel y
renoving said first reaction _product further includes: etchi,nglﬁ%lway ai d

silicide. 38liciffpermaidnim esilisids, ingludesesing A hydreges; nerexide niyfuse L1 88l
edges of saj 3 i nt said gate dielectric is cobalt
silicide, o%‘ﬁPlgtﬂ{zfﬁ?yS%&gs%gllbﬁ:Q% eﬁﬁ%@g@,ﬁe nmet hod of claim 38, wherein the

step of selectively renoving said cobalt silicide or said titanium

silicide ing¢ludes usi a_hydr.ogen oxi de. m e t .

sul phuri c/ hgl{)jr oée'ﬁle%‘(ga%&ff%fg%ﬁ% Qgcﬁ?'gfﬁkowh% e aﬁ%gﬂsg(,ggor %?%’gﬁt%? rmpgium 4
wher ei n sai ghidl isecdndggite ldyay & silicorg evitthaiguaded ayer i IIGs da dretiverart thel fageand s
silicon, with a ,graded |ayer of SiGe in between the first and second

| ayers. | 4%ccond R¥e¥od according to clai'm 40, wherein the step of
chem cally reacting edges of

41. A method according to claim 40, wherein the step of chemically reacting edges of

said gate electrode forms said first reaction product with germanium.

42. A method according to claim 41, wherein removing said reaction product produces
a narrowing of said first gate layer and a tapering of said graded layer between said first

and second gate layers.

43. A method according to claim 21, including a first dopant implant step to create a

diffusion self-aligned with the portion of the gate conductor on said gate dielectric.

44. A method according to claim 43, wherein said first implant comprises a halo

implant.

45. A method according to claim 43 or 44, wherein said first implant is directed at an
angle from the normal to said gate dielectric to provide said implant self-aligned to said

portion.

46. A method according to any of claims 43 to 45, further comprising carrying out a

second implant defined by said upper portion of said gate conductor.

RALIBQ\634216sg_claims.doc



said gate electrode forns said first reaction product with gerrrggtgrﬁ 452. A
nmet hod according to claim4l, wherein renoving -said reaction pr Y6 200
produces a narrowing of said first gate layer and a tapering of said
graded | ayer between said first and secpnd gate |ayers. 43. A nethod
according to claim 21, including a first dopant inplant step to create a
diffusion self-aligned with the portion of the gate conductor on said gate
di el ectri c.4744.A Anathbd ctcadiny ¢ ripimo46,| wihene#tB saidhsacend inyilant fdomprisesghant
conprises a halo ,inplant. 45. A method according to claim43 or 44,
wher ei n sai FSPIMPEN-ant is directed at an angle fromthe normal to said
gate dielectric to provide said inplant self-aligned to said portion. 46.
A nethod according to any of clainms 43 to 45, further conprising carrying
out a secotfd iApnethed aesording toyplaymidd, fpper cpwprising the stepiof fomUIBS AotRgtRt or .
R \LI BQ®6 SQ. | N8, C Al o Y/ 3 l to
cl aim 46, vﬁ%i%é?tn&sfgll@gs c?gn #pﬁhggﬁp(%%ﬁ%@goéna t@gte Sll or@?ﬁrﬁg%?fﬂ%&
A net hod acgpatedi ng to claim47, further conprising the step of formng a
spacer adjacent said upper portion and the step of carrying out a third
i npl ant defined by said spacer. 49. A nethod according to claim 48,
wher ein saigh t AT gheiidl! a8dor&iRFPol $RISMa 48 S Mitle€dih daid Nthirdpiraplant Bomprises a
\ LI BQ 634216sg_cl ai ns. doc

source/drain implant.
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