;| me3ecHpcE46Tp6>+ A METHOD TO FORM HI GH K DI ELECTRIC AND SI LI CIDE TO
REDUCE POLY DEPLETI ON BY USI NG A SACRI FI CI AL METAL BETWEEN OXI DE AND GATE
FIELD OF THE I NVENTION r The present invention relates generally to
fabrication of sem conductor devices, and nore specifically to nethods of
. fabricating sem conductor gates. 1 BACKGROUND OF THE | NVENTI ON As

sem conduct or devices scale down, gate | eakage and polysilicon (poly)

depl etion have becone critical issues. U S. Patent No. 6,171,900 to Sun
describes a nethod for fabricating a CVvD Taz05/oxynitride stacked gate
insulator with Ti N gate el ectrode for sub quarter m cron MOSFETs
(met al - oxi de sem conductor field effect transistors). U S. Patent No.

6, 027,975 to Hergenrother et al. describes a process for fabricating a
vertical MOSFET device for use in integrated circuits.

4,115,914 to Harari describes a process for fabrlcatlng AWWHMWWHQ,MWQ field
effect transistor in which an electrically flo act

storage nedium U.S. Patent No. 6,184,087 to vw descrlbes a methad for
fabricating a high speed and hi gh density nonvol atile nmenory cell. U S
Patent No. 5,304,503 to Yoon et al. describes a nethod for fabricating an
EPROM (erasabl e programmabl e read only nenory) cell array. 2

A METHOD TO FORM HIGH K DIELECTRIC AND SILICIDE TO REDUCE
POLY DEPLETION BY USING A SACRIFICIAL METAL BETWEEN OXIDE
AND GATE

FIELD OF THE INVENTION

The present invention relates generally to fabrication of
semiconductor devices, and more specifically to methods of fabricating

semiconductor gates.



SUMVARY OF THE | NVENTI ON Accordingly, it is an object of an enbodi nent of
the present invention to provide an inproved method of fabricating a gate
dielectric with reduced gate | eakage. Another object of an enbodi nent of
the present invention is to provide an inproved nethod of fabricating a
gate electrode with reduced poly depletion. A further object of an

enbodi nent of the present invention is to provide a nethod to inprove
transi st or perfor manggACXet RN DaDFE Y B VENHIONNModi ment of the present
invention is to provide a nethod of fabricating a high-k dielectric. Qher
objects will appear hereinafter. It has now been discovered that the above
and ot her objects of the present invention may be acconplished in the

fol | owi ng mannefs SSPEEPTI UG gevigesseqsde Aara, igatepleakrgroand Ropyslicpat e
struckuHe ig fﬁrn?% gégg thqf§u93tagte. The pregate structure includes a
sacri fPUVAFCRISET FRYS RFCPRT BRI Shper gate conductor |ayer and a | ower
gate dielectric layer. The pre-gate structure is annealed to formthe gate.
The gate conprising: an upper silicide layer formed froma portion of the
sacrificial metalS|Ryetit Hod6,a7po00 toBunidebdrtbayppektigal roabduaatgyal ayer
fromthe 3 anneal; and a |lower netal oxide |ayer formed froma portion of
t he g&t¥eDdT@ddpxyrittidgstacked gatponsilerprowithh&ils gate elestrpidentor alubt ayer from

the anneal . 4 I CRI PTI OF THE, DRAW NGS_The features and
advantHGes” &‘C‘E%gﬁ&%?glr%t%r‘icfﬂ}m%\lﬁ?%?"ﬁd‘b%"%‘?‘géfre@a‘f?‘%‘%ﬂﬁi rstood from
the follow ng description taken in conjunction with the acconpanying
drawings in which like reference nunerals designate simlar or

correspondi ng elegEPdtsnt N8OS, 0089781 HeFlehifcdtchli desthb&da process for

fabricating a vertical MOSFET device for use in integrated circuits.

U.S. Patent No. 4,115,914 to Harari describes a process for fabricating
a nonvolatile field effect transistor in which an electrically floating gate acts as a

charge storage medium.

U.S. Patent No. 6,184,087 to Wu describes a method for fabricating a

high speed and high density nonvolatile memory cell.

U.S. Patent No. 5,304,503 to Yoon et al. describes a method for

fabricating an EPROM (erasable programmable read only memory) cell array.



Figs. 1 to 3 schematically illustrate in cross-sectional representation a
preferred enbodi nent of the present invention. 5 DETAI LED DESCRI PTI ON OF
‘THE PREFERRED EMBODI MENT Unl ess ot herw se specified, all structures,

| ayers, etc. may be fornmed or acconplished by conventional nethods known in
the prior art. Initial Structure Fig. 1 illustrates a cross-sectional view
of a wafer 10, preferably a sem conductor wafer, that may have conventi onal
devi ce isol ation such agyghahrerorgaeinveabeidosn (STI) structures 12
formed wthin wafer 10.  Formation of Gate Dielectric Layer 14 Gate
dielectric layer 14 is formed over wafer 10 and STI 12 to a thickness of
preferably fromabout 5 to 200b and nore preferably fromabout 10 to 60.i.
Gat e di el ectri c Acagetingly, itds pn ebpradi an eohpdinsed of thSpBefoxiveadiorn or red by
an oxi dation process, an atom c | ayer deposition process or a chem cal
vapor t8dp8¥ids ¥hipPEIEssmaird of irbrisating paedp irleite Wigk rerycegr@ifh by an
oxi datlieq<r1a§rocess either in a furnace or by rapid thermal processing. An
opti ondt ch stop layer (not shown), preferably SiN or SiON, nay be forned
over -gate dielectric layer 14. 6 First Key Step of the Invention -
Formation of Sacrificial Metal Layer 16 In a key step of the invention and
as shown in Fi g.Argthar Sdfedt fofcamlembpddimdraysr tHb presehorineendoeris gat e
dielectric layer 14 to a thickness of fromabout 5 to 500k nore preferably
f r om aproyide entigpOURd anethedse! fbeicatiaglaygdteqiedbrla with tesduwed. pExcri fi ci al
netal lLayer 16 is preferably conprised of Ti, Ta, Zr, H or Al, is nore

pr ef erds 9t1%rrpri sed of Ti or Ta and is nost preferably conprised of Ta.
Sacrificial metal layer 16 is preferably forned by physical vapor
deposition, atom c |ayer deposition, chem cal Vapor deposition or

phot 0-i nduced chemealerdaRQSI &l &N cRUbdimr iRl E dheehREaR nedlizrdisby, physi cal
vapor deposition at the follow ng paraneters: tenperature: fromabout 50 to
500C; prosden methodme mhprgvelQransistorg@@fafemce. and power: from about 100 to
5000W Gate Conductor Layer 18 Deposition As shown in Fig. 1, gate
conductor layer 18 is then formed over sacrificial nmetal |ayer 16 to a

t hi ckness of prefer IQl 0 t. 0] d nore_preferab from
about 500 to 158\6‘%. %gatlgee”f 801%186553{\ e?rgoyoe&rlg\fg\qiog%ﬁ%}fr %sreé\tgllﬂ}g%rgﬁ%\r fbséeoé of
deposi %i&@hﬁéthb&%@f&lﬂf&hﬁ%g aREN-kRlibiRc@fc, POl Y Site with a tungsten or
tungsten silicide cap and is nore preferably conprised of deposited
polysilicon (poly). 7

Other objects will appear hereinafter.

It has now been discovered that the above and other objects of the
present invention may be accomplished in the following manner. Specifically, a
substrate is provided. A pre-gate structure is formed over the substrate. The pre-
gate structure includes a sacrificial metal layer between an upper gate conductor
layer and a lower gate dielectric layer. The pre-gate structure is annealed to form
the gate. The gate comprising: an upper silicide layer formed from a portion of the

sacrificial metal layer and a portion of the upper gate conductor layer from the



This conpletes formation of the gate stack 20 conprising gate conductor

| ayer 18/ sacrificial nmetal |ayer 16/ gate dielectric |ayer 14. Gate
‘Patterning and Etching As shown in Fig. 2, gate slack 20 is sequentially
patterned and etched to formpre-gate structure 22 conprising etched gate
conductor |ayer 18 /etched sacrificial metal |layer 16'/etched gate
dielectric layer 14'. Pre-gate structure 22 may have any wi dth as defined
on Ci riehs adflth iowdtaht Rl BRI abyr RAMheat OB Dhoftltd &ff thel ddtbadianfly. The
etching i s done sequentially, i.e. conductor layer 18 is first etched with
sel ectlayértand opsaioni §fithe shcrifefidimétaylayelfdomand ahhexl. sacrificial metal |ayer
16 is etched wth good selectivity to gate dielectric |ayer 14. The etch
will |leave sone gate dielectric |ayer 14 on substrate 10 (and possibly sone
of the optional etch stop fornmed over gate dielectric |ayer 14) which may
be subsequently renoved by HF fox exanple. Second Key Step of the
;lnvention - Rapid Thermal Anneal 24 As shown in Fig. 3 and in the second
key step of the invention, preferably a rapid thermal anneal (RTA) 24 is
conduct ed whi ch: consunes a portion of etched gate conductor |ayer 18 and
etched sacrificial netal layer 16' to forman upper netal silicide |ayer
26; and consunes a portion of etched gate dielectric |layer 14" and etched
sacrificial netal layer 16' to form/|ower netal oxide |ayer 28, thus
conpleting formation of finalized gate 22'. 8 The rapid thermal anneal 24
is conducted at the follow ng paraneters: tenperature: preferably from
about 400 to 1000C, and nore preferably from about 550 to 850C; tine:
preferably fromabout 5 to 180 seconds; and nore preferably from about 20
to 60 seconds; ranp rate: preferably fromabout 25 to 400 C/ second; and
nore preferably from about 50 to 250C/ second; and anbi ent at nosphere:
preferably nitrogen, argon or heliumand nore preferably nitrogen.
Finalized gate 22' is preferably about 100A wide or wider and is nore
preferably about 300h. wi de or wider. Preferably etched sacrificial netal

| ayer 16' is totally consuned. In another enbodi nent of the invention a
portion of etched sacrificial nmetal |ayer 16' nmay renmain sandw ched between
netal silicide |ayer 26 and netal oxide |ayer 28.



Metal silicide |ayer 26 has a thickness of preferably fromabout 10 to 500A
and-nore preferably fromabout 20 to 100A | eaving renai ning etched gate
.conductor |ayer 18" having; a thickness of preferably from about 300 to
2000A and nore preferably fromabout 500 to 1500A. Metal oxide |ayer 28 has
a thickness of preferably fromabout 5 to 200A and nore preferably from
about 10 to 100A | eaving remai ning etched gate dielectric |ayer 14" having
a thickness of pref8RIABFDESORIFIION GF THEIORAWINGY e preferably from
about 5 to 50A 9 A normal formation sequence of source/drain extension,
spacers and source/drain formation is followed to formtransistors. Metal
oxi de layer 28 has a higher dielectric constant as conpared to silicon

di oxi de so for tihe Bamregand adgrantagesudistheapresenioirgapentvanche merej s

possi bl.e to use a thicker tal oxide |ayer and this can r e | eakage
Porr epe b iegr o s tuen B HiraBiEh Gelin o dicien wfE%Se o a
good ¢ : LEoih S ol : ¥elg . al. 9Xd: f SO this
elim n%gﬁaﬁ{g ng%%h‘gé% e'%HI gﬁﬁ Ié* %{lek%t mtégleeﬁcg\hl E@ﬁg by(g%(sllgggg%a%ﬁdﬁ (?)gnof gate
di el ectdrrespoAduandlagestspfegihes 01d phtenkahadh mengls of the Invention The
advant ages of one ore nore enbodi mrent of the nethod of the present
invention include: 1) finalized gate 22' reduces | eakage between gate and
substrate; 2) finalized gate 22' has |ess .poly depletion; and 3)

Lransi stors 1 abri 65t et ASrHGRavRal| b FI8dD G0 -SSP RERA PR RRY& | mpr oved
perfor iy B .V I and | ess | eakage. Wil e particul ar
enbodiﬁgﬂgge% nﬁﬁggéggiﬁﬁpg&kégﬁfﬁgﬁﬁﬂg%é been illustrated and descri bed,

it is not intended to limt the invention, except as defined by the
foll owi ng cl ai ns.




10 CLAIMS W claim 1. A nmethod of formng a gate, conprising the steps
of : " providing a substrate; formng a pre-gate structure over the substrate;
.the pre-gate structure including a sacrificial netal |ayer between an upper
gate conductor layer and a 5 | ower gate dielectric layer; and annealing the
pre-gate structure to formthe gate; the gate conprising: an upper silicide
| ayer fornmed froma portion of the sacrificial netal |ayer and a portion of
the upper g@ErANEDOESCRAYEION (OFTHIEPRBFERREMPRMBODIMIENEr et al  oxi de
| ayer formed froma portion of the gate dielectric layer and a portion of
the sacrificial nmetal layer fromthe anneal. 2. The nethod of claima1,
wherein: the sacrificial netal layer is conprised of a material sel ected
fromthe group cYnksissotligwise specified, alirstrugturgndapers, etcemaypees fagated
conductor layer _is_ conprised of a material selected fromthe group

consi sPF AgFOBIPLsHES SivIPE¥rItel ynatnods Kippvpét heftir 44t h a tungsten or a
tungsten silicide cap layer; and the | ower gate dielectric |ayer is
conprised of silicon oxide forned by a process selected fromthe group
consi 'sihing: ofkuw@skdation, atom c | ayer deposition and chem cal vapor
deposition. . 11 3. The method of claim1l, wherein: the sacrificial netal
| ayer is conprised of a naterial selected fromthe group consisting of Ti
and Ta; the upper gate conductor |ayer is conprised of polysilicon; and the
| oner gate di el eBigilcillupjuates 8 cgosppiccienaloricyy pf @owaéﬁriﬁ%.pmferqw #ret hod of

claim1l1, wherein: the sacrificial netal .layer is.c risedq of Ta, the upper
at e cotmarncl i ier SRabmay e BRv BRI S Fexls SatOR REC STl o

di el ectric,| ol onpri.se f.. silicon.oxjde..5. The nmethod of claim1,
wher o i RR Do PIFETRIGRES 2o htd EMVBHAEA% s 1o S00A thick. the
upper gate conductor layer is fromabout 300 to 2000A thick, and the | ower
gate dielectric layer is f.rom about 5 to 200 thick. 6. The nethod of claim

1, wherbermatibe of 8zuté Dideaticimyed 14 ayer is from about 10 to 200A thick, the
upper gate conductor layer is fromabout 500 to 1500A thick, and

Gate dielectric layer 14 is formed over wafer 10 and STI 12 to a
thickness of preferably from about 5 to 200A and more preferably from about 10 to
60A. Gate dielectric layer 14 is preferably comprised of SiO, (oxide) formed by an
oxidation process, an atomic layer deposition process or a chemical vapor
deposition process and is more preferably SiO, (oxide) grown by an oxidation

process either in a furnace or by rapid thermal processing.

An optional etch stop layer (not shown), preferably SiN or SiON, may

be formed over gate diclectric layer 14.



the lower gate dielectric layer is fromabout 10 to 60A thick. 7. The
method of claim1, wherein the sacrificial nmetal layer is fromabout 10 to
. 100 thick, the upper gate conductor layer is fromabout 500 to 1500 t hi ck,
and the lower gate dielectric layer is fromabout 10 to 60A thick. 8. The
met hod of claim1, wherein the sacrificial nmetal layer is fornmed by a

physi cal vapor deposition process, the upper gate conductor |ayer is forned

by a cﬁ?g%v SARPIndIERARKL) ORPHARER Br sAMicilIiLiaYEL Bake dielectric |ayer
is forme an oxi datron process. : nmethod of claim1l, wherein
the gate is greater than about 100b wi de. 10. The nethod of claim1,
wherein the gate is greater than about 3001 wide. 11. The nethod of claim
1, wherein the dacrkdy gtepbf thetiabehtinreand ss savph ét Bigy 1 cosswifiedh! durtalng t he
anneal ing step in formng the upper silicide |ayer and the | ower netal

oxi de laygedé ig formped oirer Baig diklesirid yer ldtereethickress of draqyatabogt Sust ur e
anneal _is, a rapid.thernmal process. 13.. The nethod of claim ], erein the
gate i§5%%Iéa°%eopﬂﬁéﬁrﬁhly{rf?%&ﬁﬁb§tlbf§f%ﬁQ%iaﬁﬁrra%tcPrs@ﬁﬂawﬁﬁﬂ{eé!goah. ® et hod
of form [.S1.NG - : vidi-ng a-supstrat.e;. form ng
a pre- g%q}g' %c?ﬁ%c&lé@é%&rﬁ% Eg lé qugfe;%ﬁg;c%we&%;ae@g’% gaé? ?u%{? ar ?‘Lr ficl udi ng a
sacri f hidralré@idlly bamprisEebIMERS: BllaMPREA 0SBt U6 hPrisk@yemraand a 5 | over
gate dielectric layer; the sacrificial nmetal |ayer being conprised of a
material selected fromthe group consisting of Ti, Ta, Zr, H and Al; the
upper gate conductor | ayer being conprised of a material selected fromthe

group consi sti ngS¥Arifidplymatalchyer g6l i rraferakhy fpaned dit @hsical yapahgst en or
t t silicid | ..the,l te diel.ectric | bei
SRR R AL T W
consi =L agxbdabh Ry i8R oxLRKRIy ARG Uy DRy ABdl ABBALIEBb. BRI
and I he formthe gate ;

deposi tion; anneal i ng t re-gate structute to

gate cehpfdlriwigg phdameters:

t he

temperature: from about 50 to 500°C;
pressure: from about 0.1 to 500 mTorr; and

power: from about 100 to 5000W.

Gate Conductor Layer 18 Deposition

As shown in Fig. 1, gate conductor layer 18 is then formed over
sacrificial metal layer 16 to a thickness of preferably from about 300 to 2000A and
more preferably from about 500 to 1500A. Gate conductor layer 18 is preferably
comprised of deposited polysilicon (poly), poly SiGe or poly SiGe with a tungsten
or tungsten silicide cap and is more preferably comprised of deposited polysilicon

(poly).



an upper silicide layer formed froma portion of the sacrificial netal

| ayer and a portion of the upper gate conductor |ayer 15 fromthe anneal;
.and a lower netal oxide |ayer formed froma portion of the gate dielectric
| ayer and a portion of the sacrificial nmetal |ayer fromthe anneal'. 15.
The nethod of claim 14, wherein: the sacrificial nmetal layer is conprised
of a material selected fromthe group consisting of Ti and Ta; the upper
gate conductor |EgrcdiplRePrbaaatioh FOtNSightCafkickand doheplioner gart e
dielectric layer is conprised of silicon oxXide. 16. The nethod of claim 14,
wher ei eondtgorslage: 18/chatfididtrabtal Ryer 16 Sacodfeldcatdagér THa; the upper gate
conductor layer is conprised of polysilicon; and the |ower gate dielectric
| ayer is conprised of silicon oxide. 17. The nmethod of claim 14, wherein
the sacrificial nmetal _layer is fromabout 5 to 500 thick, the upper gate
conduc@%ﬁ@%@i@ﬁﬁﬁ%ut 300 to 2000 thick, and the | ower gate
dielectric layer is fromabout 5 to 200 thick. 18. The nmethod of claim 14,
wherein the sacrificial netal layer is fromabout 10 to 200A thick, the
upper - gat e condugk@holvayiaIFif s, fgaemiabont 504 ubMidiBPPadke kindafiehddhe | over
gate dielectric layer is fromabout 10 to 60A thick. 14 19. The met hod of
cl ai m 14 fomhereigaté heusare i22i @naprising altcHedygate iconflnotmr divpert 181 Cettloedl 00b
thick, the upper gate conductor layer is fromabout 500 to 1500 thick, and
the | ommfgca%lematagw@r nP'd efhpdrgate dieleshiia iy gl 14 0P 108 BO ALRIWER 22 208Y The

nmet hod .of claim 14, erein the sacrifjcial netal layer is forped by a
physi cARVE AN W o%ﬁm??%’ﬂe PBcCé%%‘?tstaﬁléf t?p%%tﬁeraa?lé‘ kéyoﬁﬁﬂéf%ﬁ q?atggral s formed
by a chgm a 05|t d nd i ic layer
e or o e ey o o & T SR ei n ¢ he
gat e i sykealefivitian sabebtial Qta ldger 2&.antheheoiBdaoidicRf nedtal Mydd 16Wher ei n
the gate is greater than about 300a wi de. 23. The nethod of claim 14,

wher ei rettheel witk-ppatisektrivity to gatartidadtricdayeridplle ¢thie willleprecoessgat®4. The

met hod of claim 14, wherein the gate is used to build transjistors with
i mpr Ové;ljelfgét-rfco}ahtﬁﬁélé_on substrate 10 (and possibly some of the optional etch stop

formed over gate dielectric layer 14) which may be subsequently removed by HF

for example.

Second Key Step of the invention — Rapid Thermal Anneal 24

As shown in Fig. 3 and in the second key step of the invention,
preferably a rapid thermal anneal (RTA) 24 is conducted which: consumes a portion
of etched gate conductor layer 18' and etched sacrificial metal layer 16' to form an
upper metal silicide layer 26; and consumes a portion of etched gate dielectric layer
14" and etched sacrificial metal layer 16' to form lower metal oxide layer 28, thus

completing formation of finalized gate 22".

oz



25. A nmethod of formng a gate, conprising the steps of: providing a
substrate; formng a pre-gate structure over the substrate; the pre-gate
_structure including a sacrificial netal |ayer between an upper gate
conductor |layer and a 5 lower gate dielectric layer; the sacrificial netal
| ayer being conprised of a material selected fromthe group consisting of
Ti and Ta; the upper gate conductor |ayer 15 bei ng conprised of

lysili ; the,l di el ic | bej ised of sili
bxi do; and anneqPe R EHBcHReSsRes 24 s Cordiact L HB AT HE R AT 2 e gat o
compri si .”g'ter%rgex%l@uﬁlépgﬁffeéby b8 860 goof(ﬁﬁdc-farn%i%%r ortion of the
sacrificial ta ayer ‘and a portion of the Upper gate conductor |ayer

fromthe anneal ;pr@f@ghbqiy owehbdmisah 1@8swe: | ayer forned froma portion of the
gate dielectric layer and a portion of the sacrificial netal 15 | ayer from

t he anneal 'tim&6GrefEnablyrétchodboiit TlosidhsB&ndshandimore he | ower gate dielectric
| ayer is conprised of silicon oxide forned by a process selected fromthe
group consi st i ngpreferahly famn alpouta0dmioo skepyests; depositi on and chemical vapor
deposition. 27. The thod of claim?25, wherein the sacrificial netal |ayer
is conpri séﬁ“&?fm’f%iPré%.mﬁlﬁgol%PW BrtodPY; %P“Mi n the sacrificial
netal |ayer is f¢ 0 Q ' the. | r__gate conductor |ayer is
from about 300 trg@%‘&%g%%%?é O,mgagu{%Uet%rzg\g\e(?%gtg{;@&cﬁngll ectric layer is from

about 5 to a%Q&ehhil%sg?a@re: %P@‘efﬁ‘%l A Plen Chi3bMod helivhes Rl mokbe sacrificial

nmetal layer is fromabout 10 to Z00 thick, 'the upper gate conductor |ayer
is from about S5Gfteferatllf@itrogdrck, and the | ower gate dielectric layer is
fromabout 10 to 60A thick. 16

Finalized gate 22' is preferably about 100A wide or wider and is more

preferably about 300A wide or wider.

Preferably etched sacrificial metal layer 16' is totally consumed. In
another embodiment of the invention a portion of etched sacrificial metal layer 16’

may remain sandwiched between metal silicide layer 26 and mctal oxide layer 28.

Metal silicide layer 26 has a thickness of preferably from about 10 to
5004 and more preferably from about 20 to 100A leaving remaining etched gate
conductor layer 18" having a thickness of preferably from about 300 to 2000A and
more preferably from about 500 to 1500A.

Metal oxide layer 28 has a thickness of preferably from about 5 to
200A and more preferably from about 10 to 100A leaving remaining etched gate
dielectric layer 14" having a thickness of preferably from about 0 to 100A and more

preferably from about 5 to 50A.



30. The nethod of claim 25, wherein the sacrificial nmetal layer is from
about 10 to 100 thick, the upper gate conductor |ayer is from about 500 to
. 1500A thick, and the |ower gate dielectric layer is fromabout 10 to 60A.
thick. 31. The nethod of claim 25, wherein the sacrificial nmetal |ayer is
formed by a physical vapor deposition process, the upper gate conductor

| ayer is forned by a chem cal vapor deposition process, and the |ower gate
dielectric layer is for med by an oxidation process. 32. The nethod of
clain125, wherein the gate is greater than about 100 wi de. 33. The nethod
of claa.: 25, whérrpmalhermatienisequpreatoésotirandrdiogkieBODA, spaters 3¢d The
nmet hod of claim?25, wherein the pre-gate structure anneal is a rapid then
mal pr GeBES/ demn foreatipn kdallewed tafompBansiFerei n t he gate is used to build

transi stors vvlth i nproved performance. 17 .AY.A[3 . AY. AF. Al F. A@. Al . AF. A Af
. AuE . A . AN3 . AYa3. Asu

af;;nﬁfﬁ;gg;gg%gf ofikan eremlcabaae alealrakraloaleabagleal gl ool oal

XXz uoj &iliddn gidkir] afos ahe 8deé &h Eeaiss'abcsabgthat]eca@]cﬁph@taaic@aﬂt Gﬁb@@llﬂ@]wa] ca] ca]
cAa]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca'6Ch1 &l
~yt 0j e ys¥]d thadleanathlcaiidalaya] é&]aod]tha]oaa]ncdu]mal]e@lsqmeac]maqm@}mq:@agﬁa] cajcalc

Na]l ca] cal c”a] ca] cal] ca] ca] c*al] ca] ca] c”Mal ptirir"np""""
Jcal 18] and]sub]strat]e 10] ] I ca ca] |

Metal silicide layer 26 is a good conductor and it is directly on to p of
metal oxide layer 28 so this eliminates the poly depletion effect seen with

polysilicon on top of gate dielectric.

Advantages of One or More Embodiments of the Invention

The advantages of one ore more embodiment of the method of the
present invention include:
1) finalized gate 22' reduces leakage between gate and substrate;
2) finalized gate 22" has less poly depletion; and
3) transistors fabricated using the finalized gate structure/ 22" have improved

performance, i.e. greater drive current and less leakage.
While particular embodiments of the present invention have been

illustrated and described, it is not intended to limit the invention, except as defined

by the following claims.

10
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"*p'y'"' (|wgl gb] X]]]ca] ca] ca] ca] ca] c*a] ca] ca] ca] ca] ca] ca] ca] ca] ca]c”a]ca]ca
.]cal ca]ca]ca] ca]ca]ca] ca]ca]ca]ca]lcalcalcalca! (4(|((()M))++,-\---1../N//.

061<111"2g222253K3} xsnid_Z]]]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! K33333445%$6G66667+797

7789g9999 W[ a;

; <D<N===} xsni d_Z] 111 ca] ca] ca] ca] calkkA]MS] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! =>>G>>>>>D???=@CcaaadAr AAAAB| BB
BHCCC) D} DDEEeEE} xsni d_Z] 1] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
caj ca] (C:fé]@‘%l .ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal! EEGVGGGGIH Hc Haamb Ar AAAA

Bj BBBH 'PBEEEEE} xsni d_Z]]]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
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annealing the pre-gate structure to form the gate; the gate comprising:
an upper silicide layer formed from a portion of the sacrificial

metal layer and a portion of the upper gate conductor layer

from the anneal; and
10 a lower metal oxide layer formed from a portion of the gate
dielectric layer and a portion of the sacrificial metal

layer from the anneal.

2. The method of claim 1, wherein: the sacrificial metal layer is comprised of a
material selected from the group consisting of Ti, Ta, Zr, Hf and Al; the upper gate
conductor layer is comprised of a material selected from the group consisting of
polysilicon, poly SiGe and poly SiGe with a tungsten or a tungsten silicide cap
layer; and the lower gate dielectric layer is comprised of silicon oxide formed by a
process selected from the group consisting of oxidation, atomic layer deposition

and chemical vapor deposition.
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3. The method of claim 1, wherein: the sacrificial metal layer is comprised of a
material selected from the group consisting of Ti and Ta; the upper gate conductor

layer is comprised of polysilicon; and the lower gate dielectric layer is comprised of

silicon oxide.

' 4. The method of claim 1, wherein: the sacrificial metal layer is comprised of Ta; the

upper gate conductor layer is comprised of polysilicon; and the lower gate

dielectric layer is comprised of silicon oxide.

5. The method of claim 1, wherein the sacrificial metal layer is from about 5 to 500A

thick, the upper gate conductor layer is from about 300 to 20004 thick, and the

lower gate dielectric layer is from about 5 to 200A thick.

6. The method of claim 1, wherein the sacrificial metal layer is from about 10 to
200A thick, the upper gate conductor layer is from about 500 to 1500A thick, and

the lower gate dielectric layer is from about 10 to 60A thick.

7. The method of claim 1, wherein the sacrificial metal layer is from about 10 to

100A thick, the upper gate conductor layer is from about 500 to 1500A thick, and

the lower gate dielectric layer is from about 10 to 60A thick.

8. The method of claim 1, wherein the sacrificial metal layer is formed by a physical
vapor deposition process, the upper gate conductor layer is formed by a chemical

vapor deposition process, and the lower gate diclectric layer is formed by an

oxidation process.
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u 9. The method of claim 1, wherein the gate is greater than about 100A wide.

10. The method of claim 1, wherein the gate is greater than about 300A wide.

11. The method of claim 1, wherein the sacrificial metal layer is completely

consumed during the annealing step in forming the upper silicide layer and the

lower metal oxide layer.

12. The method of claim 1, wherein the pre-gate structure anneal is a rapid thermal

process.

13. The method of claim 1, wherein the gate is used to build transistors with

improved performance.

14. A method of forming a gate, comprising the steps of:
providing a substrate;

forming a pre-gate structure over the substrate; the pre-gate structure
including a sacrificial metal layer between an upper gate conductor layer and a
5 lower gate dielectric layer; the sacrificial metal layer being comprised of a material
selected from the group consisting of Ti, Ta, Zr, Hf and Al; the upper gate
conductor layer being comprised of a material sclected from the group consisting of
polysilicon, poly SiGe and poly SiGe with a tungsten or a tungsten silicide cap
layer; the lower gate dielectric layer being comprised of silicon oxide formed by a
10  process selected from the group consisting of oxidation, atomic layer deposition

and chemical vapor deposition; and

annealing the pre-gate structure to form the gate ; the gate comprising:
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an upper silicide layer formed from a portion of the sacrificial
metal layer and a portion of the upper gate conductor layer
15 from the anneal; and
a lower metal oxide layer formed from a portion of the gate

dielectric layer and a portion of the sacrificial metal

layer from the anneal'.

15. The method of claim 14, wherein: the sacrificial metal layer is comprised of a
material selected from the group consisting of Ti and Ta; the upper gate conductor

layer is comprised of polysilicon; and the lower gate dielectric layer is comprised of

silicon oxide.

16. The method of claim 14, wherein: the sacrificial metal layer is comprised of Ta;
the upper gate conductor layer is comprised of polysilicon; and the lower gate

dielectric layer is comprised of silicon oxide.

17. The method of claim 14, wherein the sacrificial metal layer is from about 5 to

500A thick, the upper gate conductor layer is from about 300 to 2000A thick, and

the lower gate dielectric layer is from about 5 to 200A thick.
18. The method of claim 14, wherein the sacrificial metal layer is from about 10 to

2004 thick, the upper gate conductor layer is from about 500 to 15004 thick, and

the lower gate dielectric layer is from about 10 to 60A thick.
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20. The method of claim 14, wherein the sacrificial metal layer is formed by a
" physical vapor deposition process, the upper gate conductor layer is formed by a

chemical vapor deposition process, and the lower gate dielectric layer is formed by

an oxidation process.

21. The method of claim 14, wherein the gate is greater than about 100A wide.
22. The method of claim 14, wherein the gate is greater than about 300A wide.

23. The method of claim 14, wherein the pre-gate structure anneal is a rapid thermal

process.

24. The method of claim 14, wherein the gatc is used to build transistors with

improved performance.

25. A method of forming a gate, comprising the steps of:
providing a substrate;
forming a pre-gate structure over the substrate; the pre-gate structure
including a sacrificial metal layer between an upper gate conductor layer and a
5 lower gate dielectric layer; the sacrificial metal layer being comprised of a material

selected from the group consisting of Ti and Ta; the upper gate conductor layer
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YO#10%& () - &F. ! 10%& (hnctal layer and a portion of the upper gate conductor layer
from the anneal; and
a lower metal oxide layer formed from a portion of the gate
dielectric layer and a portion of the sacrificial metal

15 layer from the anneal'.

26. The method of claim 25, wherein the lower gate dielectric layer is comprised of
silicon oxide formed by a process selected from the group consisting of oxidation,

atomic layer deposition and chemical vapor deposition.

27. The method of claim 25, wherein the sacrificial metal layer is comprised of Ta.
28. The method of claim 25, wherein the sacrificial metal layer is from about 5 to
500A thick, the upper gate conductor layer is from about 300 to 2000A thick, and
the lower gate dielectric layer is from about 5 to 2004 thick.

29. The method of claim 25, wherein the sacrificial metal layer is from about 10 to

200A thick, the upper gate conductor layer is from about 500 to 15004 thick, and

the lower gate dielectric layer is from about 10 to 60A thick.
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31. The method of claim 25, wherein the sacrificial metal layer is formed by a

physical vapor deposition process, the upper gate conductor layer is formed by a
chemical vapor deposition process, and the lower gate dielectric layer is formed by
an oxidation process.

32. The method of claim 25, wherein the gate is greater than about 100A wide.

33. The method of claim 25, wherein the gate is greater than about 300A wide.

34. The method of claim 25, wherein the pre-gate structure anneal is a rapid thermal

process.

35. The method of claim 25, wherein the gate is used to build transistors with

improved performance.
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