1 HATTED POLYSI LI CON GATE STRUCTURE FOR | MPROVI NG SALI Cl DE PERFORVANCE AND
METHOD OF FORM NG THE SAME FI ELD OF THE | NVENTI ON [ 00011 The present
invention relates to fabrication of sub-mcron FET sem conductor devices
and nore particularly to fabrication of salicided FET gate el enent
structures. BACKGROUND OF THE | NVENTI{ON [ 00021 One process for formng
contact regions in netal oxide sem conductor (MOS) devices is the
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f or mi ng MRS davicas isutheself-aligaed silicide fiicidoptetiariqua ra st &lp iodepssited
t echni ques. S%(h‘él further, alternative. exglggded .structures_and net hods of
f orm ng 4'fe? stepclurg Mader Procsssing,cAndiions iy resalt iiny the reaction gf fhemetalor sub

m cron dew efpaRbd BiliEGE LdhESS the source and drain regions and of the polysilicon gate

element to form low resistance metal silicide contact regions. An exemplary salicide

process is outlined in Published U.S. Patent Application No. 2002/0019119 to Saigal et

al., the entirety of which is hereby incorporated by reference herein.

[0003] As polysilicon gate 1iné widths decrease toward 0.07 pm and below,
silicide agglomeration begins to limit the salicide process capabilities, particularly with
réspect to N+ polysilicon gates. Specifically, the narrow line width effect causes an
increase in the effective sheet resistance of the gate contact element and introduces
difficulties in the fabrication process.

[0004] . U.S. Patent No. 6,326,290 to Chiu, issued December 4, 2001, proposes
two alternate gate electrode structures with expandéd top portions, one generally having a
T shaped polysilicoﬁ gate element and one generally having a Y shaped polysilicon gate
element. While the expanded poly gate electrode structures reduce electrode effective
sheet resistance, there still remains a need for a new method of forming such structures
that utilizes popular damascene process techniques. Still further, alternative expanded
structures and methods of forming the same are needed to provide added design

flexibility for sub micron device architectures.



2 SUMMARY OF THE | NVENTI ON [ 0005] Alternate methods of forming a |ow
resi stance salicided polysilicon gate elenent of a FET device are
provided. In a first method, a pair of vertical spacers are forned over a
substrate defining a gate trench region having a gate dielectric |ayer
formed therein. A blanket [|ayer of popysilicon is deposited over the '
spacers and in the gate trench region. The deposited [ayer of polysilicon
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the present 1nv n
a pair of vertical spacers that include a remaining portion of the insulating layer. The

generally T-shaped polysilicon gate element at least partially overlaps the spacers. A
silicide contact is then formed in the T-shaped polysilicon gate element.

[0007] The “hatted” polysilicon gate element increases the effective area in the
polysilicon gate for silicide grain growth during silicide formation. The expanded top
portion helps to prevent silicide agglomeration in the silicide regions, thereby
maintaining or reducing electrode resistance, improving high-frequency performance, and
reducing gate delay in sub micron FET ULSI devices, without increasing the underlying
active channel length, i.e., the electrode length is expanded without expanding the control
length. The process is generally compatible with conventional self-aligned gate

_processes and methods as well as damascene fabrication techniques.

[0008] The above and other features of the present invention will be better
understood from the following detailed description of the preferred embodiments of the

invention that is provided in connection with the accompanying drawings.



understood fromthe follow ng detail ed description of the preferred

enbodi nents of the invention that is provided in connection with the
acconpanyi ng drawi ngs. 3 BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0009] The
acconpanying drawings illustrate preferred enbodi nents of the invention,
as well as other information pertinemg to the disclosure, in which: FIGS.
1-6 are cross-sections of a partially manufactured sem conductor device
illustrating a first el |Gl ! ucture for inproving
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first msh‘ggﬁim ¢ Ry ovi ng sal icide contact performance and a salicided

gate elenent structure of a field effect transistor (FET) are described in
connecti on Wi FIGS. 7HQR. ard-cfoss-Bedtiens oNGpdrtialsy masufbdtired bemitofidREsydsgies i on of a
partially formed nmetal oxide sem conductor (MXS) FET is shown. A
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silicon, érfo 8$VI ded having shallow trench isolations 12 formed therein.
Pad oxi d% 5‘5‘ ®20 is formed thereover, typically to a thickness between
about 100-300 A, and lightly doped regions 14 are formed therein. A dumy
or- sacrificial polysilicon gate el enent can be used to nask the gate
channel area during boron DETAIGHINDESCRIPAFONy of the substrate 10 in the
formation of lightly doped regions 14. [0012] A layer of silicon nitride
Si 3N4 (sﬁ’&é{)] mes rié*ﬁ@@it@maﬁeogaﬁ@ﬁmnagtrum ager provided with expanded top

portions to alleviate salicide agglomeration, thereby maintaining or reducing electrode

resistance, improving high frequency performance and reducing gate delay in sub micron
FET ULSI devices. Methods of forming the gate element structures are also provided. V
[0011] A first method of improving salicide contact performance and a salicided
gate element structure of a field effect transistor (FET) are described in connection with
FIGS. 1-6. Referring first to FIG. 1, a cross-section of a partially formed metal oxide
semiconductor (MOS) FET is shown. A semiconductor device substrate 10, typically
formed from monocrystalline silicon, is provided having shallow trench isolations 12
formed therein. Pad oxide layer 20 is formed thereover, typically to a thickness between
+ about 100-300 A, and lightly doped regions 14 are formed therein. A dummy or
sacrificial polysilicon gate element can be used to mask the gate channel area during
boron or phosphorous doping of the substrate 10 in the formation of lightly doped regions
14,
[0012] A layer of silicon nitride Si3N4 (sometimes referred to herein as. SiN) or
tetraethylorthosylicide (TEOS) is then deposited to a thickness of about 500-1200 A,
patterned and etched using known photolithographic techniques to form vertical side
spacers 18 and to define the gate trench region therebetween. For submicron devices, and
particularly for transistors having channel lengths of 0.07 pm or below, each SIN or

TEOS spacer 18 typically has a width between about 0.19-0.25 pm. For transistors



tetraethylorthosylicide (TECS) is then deposited to a thickness of about
500- 1200 A, patterned and etched usi ng known phot ol ithographi c techni ques
to formvertical side spacers 18 and to define the gate trench region
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FIG 3, 8iwhsicermsist layer 30 is then formed and patterned over the
polysilicon layer 22 in order to mask the region over the gate trench to
form t he[0Qdd]ysi | i Once @a's‘euﬂinenﬁlﬂ[GDI istforendd; abkinkétdayed @Y pelgsilitdh IV

exenpl arﬁ errb%ddl men photoresist layer 30 is fornmed_over the gate
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low pressure chemical vapor deposition (CVD) to a thickness between about 3000-8000

A. The top surface of the polysilicon layer 22 is then planarized as shown in FIG. 2 by,
for example, chemical mechanical polishing (CMP) thereof.

[0015] As shown in FIG. 3, a photoresist layer 30 is then formed and patterned
over the polysilicon layer 22 in order to mask the region over the gate trench to form the
polysilicon gate element of the transistor device. In one exemplary embodiment, the
photoresist layer 30 is formed over the gate trench and has a width approximately equal
to or greater than the channel length of the transistor, e.g., approximateiy 0.07 pm or
greater for 2 0.07 um gate channel. As shown in FIG. 4, an anisotropic dry etch process,
such as a plasma reactive ion etch (RIE), is then employed to etch the polysilicon layer
22 down to the pad oxide layer 20 and to provide a “hatted” polysilicon gate element 22".
The “hatted” polysilicon gate element 22' preferably has a height between about 300-
1000 A. In one exemplary fabrication method, the selected etch process has a trim bias
such that the polysilicon gate element 22' has a generally trapezoidal shape above the gate
trench with a base portion that at least partially overlaps the spacers 18 and a top portion
(parallel to the base portion) that is at least as wide as the gate channel. The hatted gate

element 22' is preferably dimensioned to substantially reduce silicide agglomeration. For



greater for a 0.07 gmgate channel. As shown in FIG 4, an anisotropic dry
etch process, such as a plasnma reactive ion etch (RIE), is then enpl oyed
to etch the polysilicon layer 22 down to the pad oxide layer 20 and to
provide a "hatted" polysilicon gate elenent 22'. The "hatted" polysilicon
gate el enment 22' preferably has a height between about 300- 1000 A. In one
rexenplary fabrication nethod, the selected etch process has a trimbias
such that the polysilicon gate el ement 22' has a generally trapezoidal
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Briefly, after the netal layer 26 is deposited,” a first rapid
techniques to form silicide contact regions 28a in the hatted trapezoidal portion of the

polysilicon gate element 22' and silicide contact regions 28b to the source and drain
regions, as shown in FIG. 6. Briefly, after the metal layer 26 is deposited, a first rapid
thermal anneal may be employed to react the silicon and refractory metal to form silicide
regions. The unreacted metal is then removed, and a second rapid thermal anneal is
employed to complete formation of the silicide regions.

[0017] The generally trapezoidal “hat” of the polysilicon gate 22' increases the
effective area in the polysilicon gate for silicide grain growth during silicide formation.
The expanded top portion helps to prevent silicide agglomeration in the silicide regions;
thereby maintaining or reducing electrode resistance, improving high-frequency
performance, and reducing gate delay in sub micron FET ULSI devices,. without
increasing the underlying active channel length, i.e., the electrode length is expanded
without expanding the control length. As described above, the process is generally
compatible with conventional self-aligned gate processes and methods as well as

damascene techniques.



thermal anneal may be enpl oyed to react the silicon and refractory netal to
formsilicide regions. The unreacted netal is then renoved, and a second
rapid thermal anneal is enployed to conplete formation of the silicide
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provide either the T-shaped polysilicon gate element 46 of FIG. 10, which completely

overlaps vertical spacers 52, or T-shaped polysilicon gate element 46' of FIG. 10A, which
only partially overlaps vertical spacers 52. The etch process can generally be controlled
via process conditions familiar to those in the processing art to have a trim bias bétween
approximately 0.00-0.03 pm. Assuming the total width of the spacers 42 and gate trench
is approximately 0.19 pm (with each vertical spacer having a width of approximately
0.06 pm and a transistor channel width of 0.07 um), then the photoresist 46 should have a
width in the range of 0.11-0.22 pm in order to provide between 0.02 to 0.06 pm of
polysilicon overlap for each spacer 52. Regardless of the overlap, the top portion of the
gate element 46, 46' should have a width sufficient to substantially prevent silicide
agglomeration. One advantage of this fabrication technique is that the spacers 42 and
hatted polysilicon gate 46, 46' can be formed during the same etch process.

[0020] After the T-shaped polysilicon gate element 46 or 46' and spacers 52 are
formed as described above in connection with FIGS. 7-10A, a second doping step may be
employed to form more heavily doped source and drain regions 14'. Thereafter, silicide
contact regions are formed. As shown in FIG. 11 and FIG. 11A, pad oxide layer 20 is

removed to expose the silicon source and drain regions. A layer of a refractory metal 48,



overl aps vertical spacers 52, or T-shaped polysilicon gate el ement 46' of
FIG | OA which only partially overlaps vertical spacers 52. The etch
process can generally be controlled via process conditions famliar to
those in the processing art to have a trim bias between approxi mately
0.00-0.03 gm Assuming the total w dt/h of the spacers 42 and gate trench
is approximately 0.19 gm(with each vertical spacer having a wdth of
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pm. As mentioned, the gate element can be dimensioned to substantially prevent silicide
agglomeration. By preventing silicide agglomeration in the silicide regions, the
expanded top portion maintains or reduces electrode resistance, improves high-frequency
performance, and reduces gate delay in sub micron FET ULSI devices, without
increasing the underlying active channel length, i.e., the electrode length is expanded
without expanding the control length. As described above, the process is generally
compatible with conventional self-aligned gate processes and methods as well as
damascene techniques. |
[0023] Although the invention has been described in terms of exemplary
embodiments, it is not limited thereto. Rather, the appended claims should be construed
broadly to include other variants and embodiments of the invention that may be made by
those skilled in the art without departing from the scope and range of equivalents of the

invention.



growh during silicide formation. This in turn helps to prevent silicide
aggloneration in the silicide region of the polysilicon gate elenents and
t her eby reduces sheet resistance. In an exenplary enbodinent, |ine width
gain is provided between about 0.04 and 0.12 gm As nentioned, the gate

el ement can be di mensioned to substangially prevent silicide

aggl oneration. By preventing silicide aggloneration in the silicide
regions, the. expanded top portion maintains or reduces el ectrode

resi st ancel i uBedds:hi gh- frequency performance, and reduces gate delay in

sub mcrgn FE I Vi ces it hout . i ncreasi.ng, the underl yj tive
channmiel ﬁéngt %‘ 1%:6&18@fjo?tflﬁéﬁggea\é\ftoyvo{félsfagﬁ%FﬂleG‘zﬁdeg%Eaﬂalg re\?/lEr taf%?r]? egtf?‘ﬁandi ng
the cont hehsiéten) gbhpriise SEISNIMARSslpove, the process is generally

conpati ble with conventional self-aligned gate processes and net hods as
vel | 3s daneéuemeg & peirrifgeical f20@38bvat b lsoheiyate) bad ispacers defmipps ghieen
described in ter of exenplary. enbodinents,. it is not limted thereto.
Rat hef, {RRCDASEORbawng p grlsgliclerdin Bygrdomasktheg®yl broadly to include ot her

variapts and ' edn ion fhat be de. hose
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equi vgl epdggorpf the invention. 8 What is claimed is: 1 1. A nethod of

form ng a low resistance salicided gate structure of a field effect 2
trans? st or, cplparizigspid depositedlayer nfjpalysipsin; 3 fornming a pair of vertical
spacers over a_substrate, said spacers defining a gate 4 trench region
havi n% a gat eSecEVely giehing §9d plangpaxkpelyalieamlayer Welvsmi @ palysiicen gaRet | ayer
of pod ySiyad i j |G- gat e . . ion: 7

ol anay | 2P EAChAHE BRUPRGRI A IH® SR AR b B i Ui ng sai
pl antl i zedepd ¥ bakd 60Baill apPezoidal fresion at RabtysdrliAlBOovaRPE sai ph@pBHhdhaving a
general |y trapezoidal_shaped polysilicon region over said gate trench, 10
wher Bl n a bas®rmingssilicide eqnéacbingaid trapgraidalacgiomast partial |y overlaps said
spacers; and '

1 2 The method of claim 1, wherein said silicide formation step includes the step of

[SS]

depositing a refractory metal layer over said trapezoidal shaped polysilicon region and

3 processing said refractory metal layer to form said silicide contact.

1 3. The method of claim 2, wherein said trapezoidal region is sized to substantially

-2 prevent silicide agglomeration in said silicide contact.

1 4 The method of claim 3, wherein said metal layer includes tantalum, tungsten,

2 titanium, cobalt or nickel.

1 5. The method of claim 1, wherein a top portion of said trapezoidal region has a

2 width that is greater than or equal to a channel length of said transistor.

1 6. The method of claim S5, wherein said channel length is less than or equal to

2 approximately 0.07 um and said silicide contact includes cobalt silicide.

17 The method of claim 6, wherein said top portion has as width that is at least 0.10



11 formng a silicide contact in said trapezoidal region. 1 2. The nethod
of claim1, wherein said silicide formation step includes the step of 2
depositing a refractory nmetal |ayer over said trapezoidal shaped
polysilicon region and 3 processing said refractory netal layer to form
said silicide contact. 1 3. The methagl of claim2, wherein said trapezoidal
region is sized to substantially 2 prevent silicide aggloneration in said
silicide contact. 1 4. The nethod of claim3, wherein said netal |ayer

i ncl udes8+¢ ant Ah unfegnatedgeitcsit, inclading taafield naffect bramsistar havingk e Isalicided. gathe net hod
of cl.aim,l rein a top portion.of sajd trapezgidal region has a 2 wdth
that 1s E)IF@S’?VngPh% "(‘S]i‘ergau%} fransistrnRGINGSS R dI9gtSHICeR 28t elemeninformedr . 1 6.

The th i el } e ngt:h 1S hess thap or equal to
2 appox racel § BT B Sertariala: Sehlne AR el i ph Bt R bR T Gl e
1 7. Ahehaviigho gewdrallyl Ripezidalviheped Rgoai PBrhed oReshidoghtd denchSand eﬁ“l&]si hat is
at least 0.10 2 gm 9 1 8. An integrated circuit including a field effect
transi stRAtibvaviedappinggaidspdeats,gaiddrapezaadad saped stgionchaving, a siledesiontasai d
transé stf())r i(g l udes a polysilicon gate elenment fornmed 3 between a pair of
vertical EB% ClYef i ni ng a gate trench, said polysilicon gate element 4
havi ng a general |y trapezoi dal shaped region forned over said gate trench
and at least 5 partially overlapping said spacers, said trapezoidal shaped
regi dn havi ndle sitégrated ecitnfit aftelai® 8O rwiREeih heid®istticide Qontl'&lerdgiﬁne%r at ed
circyit of claim@8, wherein said silicide contact region is
substéantSubstastiafly dise fiopnailicife agademergégdroner ati on. 1 10. The integrat ed
circuit of claim9, wherein said silicide contact region includes a 2
titanium tungsten, cobalt, tantalumor nickel silicide. 1 11. The

i nt egr ateyd Cimqhké?ﬁedﬁig%lmo? clai ¥, Gitdredn bA8 sBR{de! dRta0f refR qnélﬁ{i?égeazm dal

region 2 has a w is greater than or equal to a°channel |‘ength of
sai d 2t r disiigmptungsten] 2obalihtantahine gr mtledd siticideni t of cl aim 11, wherein said
channel length is |ess than or '

1 - 11.  The integrated circuit of claim 9, wherein a top portion of said trapezoidal region

2 bas a width that is greater than or equal to a channel length of said transistor.

1 12, The integrated circuit of claim 11, wherein said channel length is less than or

2 equal to approximately 0.07 um and said silicide contact includes cobalt silicide.

1 13.  The integrated circuit of claim 12, wherein said top portion width is greater than
2 orequal to 0.10 pm.

1 14, The integrated circuit If claim 13, wherein a base portion of said trapezoidal

2 region overlaps each of said spacers between about 0.02-0.05 pm.

15. A method of forming a low resistance salicided gate structure of a field effect
transistor, comprising the following steps:
etching an insulating layer deposited over a substrate to define a gate trench

region of said transistor, said gate trench region having a gate dielectric layer formed

(S B R S O I

therein,;



2 equal to approximately 0.07 gmand said silicide contact includes cobalt
silicide. 1 13. The integrated circuit of claim12, wherein said top
portion width is greater than 2 or equal to 0.10 m 1 14. The integrated
circuit if claim13, wherein a base portion of said trapezoidal 2 region
overl aps each of said spacers betweeggabout 0.02-0.05 m 1 15. A nethod of
formng a low resistance salicided gate structure of a field effect 2

transi stor, sin e foII n s: 3.,etc an i sulatln | ayer
Gepod ted. ovetoRRLt A BIARE 116 0Epo NGl SoreRiE 44 SR o5 Grg iR S8 o
trans7stgﬁeﬁéﬁqu%gﬁe trench region having a gate dlelectrlc | ayer forned
5 therein; 10 6 positing a bl anket |ayer of polysilicon over said

Cinsul&ting | aplesariaing swdtmarmesﬁy&ofﬁo@@iﬂleoﬁrenCh region;, 8 planarizing said
bl anket | ayer of ponS|I|co 9 etching said planarlzed | ayer of

pol ysi I i con atiehingsaidiphanariaed layer efypolysibicanoand said rGulgting dayet fo ﬁcmhaped

lysi | d f vertical l 11
bor 1Tty By oot Bohniom fal oidndy V@%eéaiﬁf/vé’f?gaﬁéié%f?%m‘é ik Zon gt e
el emgnt  gdrtibi£8slaid hulREs aé la%lJ ¥m&’ @ﬁelr@g}pl‘ g?fg@gfgéte efeﬂ%&%%éga%frm ng a

silicide contact 1 n sai shape

met hidd  oparttdlbi ovedlapping@idspacasifdsi | i ci de for mati on step includes the step
of 2 depositing a refractory netal |ayer over said polysilicon gate

el ereht and ppeRBg sisHigideaontacginsaid l-shapgdpolysilidoprgaesdementi | i ci de contact. 1
17. The method of claim 16, wherein a top portion of said polysilicon gate
element is 2 sized to substantially prevent silicide aggloneration in said

si| 1l de1g; ontRfelmethod 8¢ oldite 151346n Shid SHRLY et e @A dRES be | aver

i ncl udes tantal um tungsten, tanium cobalt or
met h@d odepositingha figfractoimemetah lasren @Iver sam@ommmm@e elembatrandIprécegidisaidat i s
less_ 2 th or egual o ap roximately 0.07 gmand said silicide contact

i ncl ddesMedbiaysr tg qn(ﬁa}gieslhm ¢ contact.

1 17.  The method of claim 16, wherein a top portion of said polysilicon gate element is

2 sized to substantially prevent silicide agglomeration in said silicide contact.

1 18.  The method of claim 18, wherein said metal layer includes tantalum, tungsten,

2 titanium, cobalt or nickel.

1 19.  The method of claim 15, wherein said transistor has a channel length that is less

2 than or equal to approximately 0.07 um and said silicide contact includes cobalt silicide.

1 20.  The method of claim 19, wherein said top portion has a width that is greater than
2 orequalto 0.10 pm.

1 21.  The method of claim 20, wherein said top portion only partially overlaps said

2 vertical spacers.

122, The method of claim 21, wherein said top portion overlaps each of said vertical

2 spacers between about 0.02-0.05 pm.



1 20. The method of claim 19, wherein said top portion has a wwdth that is
greater than 2 or equal to 0.10 gm 1 21. The nethod of claim 20, wherein
said top portion only partially overlaps said 2 vertical spacers. 1 22.
The net hod of claim 21, wherein said top portion overlaps each of said
vertical 2 spacers between about 0.G3-0.05 gm 11 1 23. A nethod of
formng a low resistance salicided gate structure of a field effect 2

transjstqr, c rising.the fallow,ng steps; .3 formng pai.r of vertical
space"s g%-er gﬂgﬁh@‘% Pfg@é@l@é‘ila‘”ﬁf&i@"% sglictqedigaty Séru@téfeé%aﬁ@cm regi on
havi ng a : I et & | . d therein; 5 depositing a blanket |ayer
of po yS|Ir |c%%g%@e&é%%e§%§§é?é%nd in said gate trench 6 region; 7

pl anagi zi ng sgjrphinberpst éBricalY §acdt oRRla)abdtiabD Biid Sp28ls Aefinighat chi ng sai d
pl anari zed polysilicon |ayer to forma polysilicon gate 9 elénent having a
gener4l | {renchapgion heldhg s lgateelitlgtriolsydrifermmedrtbgeinn over said gate trench, 10
wherein a base of said trapezoidal region at |east partially over|aps each
of sald spac eg@,osﬂ% agzﬂ?a&itzlaxrésgmlﬁlh@@weaw sRaeers 3N sapl gate Eeiich

trapegoi p%ko region and processing said 13 cobalt layer to forma cobalt
silicide contact in said trapezoidal region, 14 wherein said trapezoi dal

region is si zgqngrgi@gm@é%bg@dn%/ye%% iliéont 1 ci de 15 aggl oneration in said
cobalt silicide contact. 24. The nethod of claim23, wherein a top
porti®n of saselectivelyeohingsaidrpdgiadnedpdysilicon layedtchforhatpolysilpoegtter t han or
equal ,to a channel length of sajd transistor. 1 25. The .nethod of claim 24,
wher e n_ SEPERLIAE R yﬂaPe@OHdé@aﬁq%a@whceaa%gwq ®vep sz grlGHeReh el y 0. 07
am q A ; . . . ve 3
ospitt; GRGR REL bERUPRILAUE PSR a0kl Butely REREN G2 PR IR Pod of
formhg and ow resi stance salicided gate structure of a field effect

12 depositing a layer of cobalt over said trapezoidal region and processing said

13 cobalt layer to form a cobalt silicide contact in said trapezoidal region,

14 wherein said trapezoidal region is sized to substantially prévent silicide

15 agglomeration in said cobalt silicide contact.

1 24, The method of claim 23, wherein a top portion of said trapezoidal region has a

2 width that is greater than or equal to a channel length of said transistor.

125, Themethod of claim 24, wherein said channel length is less that or equal to
2 approximately 0.07 pm, and a top portion and said base of said trapezoidal region have

3 respective widths that are greater than at least 0.10 pm.

26. A method of forming a low resistance salicided gate structure of a field effect
transistor, comprising the following steps: |

etching an insulating layer deposited over a substrate to define a gate trench
region of said transistor, said gate trench region having a gate dielectric layer formed
therein;

depositing a blanket layer of polysilicon over said insulating layer and within said

gate trench region;

00 N Y W bW

planarizing a top surface of said blanket layer of polysilicon;



2 transistor, conprising the follow ng steps: 3 etching an insulating |ayer
deposited over a substrate to define a gate trench 4 region of said

transi stor, said gate trench region having a gate dielectric |ayer forned

5 therein; 6 depositing a bl anket |ayer of polysilicon over said insulating
layer and within said 7 gate trenchqnegion; 8 planarizing a top surface of
sai d bl anket |ayer of polysilicon; 12 9 etching said planarized | ayer of

pol ysilicon and_ said insulating |layer to forma 10 general I% T- shaped

pol ysPl i con g&icking|sgidehnagiped layqsaf polysilicerr andsaid ispaamedayantd fodhag a 11
remaiyRi N ion, of .sajd.insulating |avyer,.said, T-shaped. pol.ysilicon gate
f omift el Prindpsa B SIGT Ban blet AR pair SR S SRR pEREE S ang 19
depogiit i RemaAnin@peficaf s4d RS PR @Rt

processi ng sgli g){) 1%9(?5%%??’;8}%3%?[?6&??%9rqnoégﬁg%dbﬁaoﬁwé(%ﬁiggfe é&g%lr%tal%{gpi n atop
portildn ghrtmAy dvetabyisigleactoof sgidtspackhs; @hdnent, 16 wherein said top portion is

sized_to substantially prevent silicide a,glgl oneration in 17 said cobalt
silidpde cont depositingatayerpecabaltioner safd nolysilinon gatevahemant andprocessingsaid st or  has

a chapnel h.that is,less .2 than.or equal to.approximately 0.07 gm and
sai dff?op C%%aﬁt{]lg%eﬁ t%g%maa %bﬁf F?ﬁfllqﬁf)o‘?q%cqé‘? %équ?p%l%n qt}fglzfogﬁysg&ggga 0 0.10 gm 1
28. The rprifad of claim 27, wherein said top portion only partially
overlaps said 2 vertical spacers. 1 29. The nethod of claim 28, wherein
sai d16op por t whereovsaid tap poemalis sifedtaisabstamtinily plever sjpatepglobrtatepin about
0.02-0.0
9

5.gm .
salg cobalt silicide contact.

1 27.  Themethod of claim 26, wherein said transistor has a channel length that is less
2 than or equal to approximately 0.07 um and said top portion has a width that is greater
3 thanorequal to 0.10 pm.

1 28.  Themethod of claim 27, wherein said top portion only partially overlaps said

2 vertical spacers.

1 29.  The method of claim 28, wherein said top portion overlaps each of said vertical

2 spacers between about 0.02-0.05 pm.



