1 - 5 DEC 2005 HATTED POLYSI LI CON GATE STRUCTURE. FOR | MPROVI NG SALI Cl DE
. PERFORVANCE AND METHOD OF FORM NG THE SAMVE FI ELD OF THE | NVENTI ON [ 0001]

The present invention relates to fabrication of sub-mcron FET
seni conduct or devices and nore particularly to fabrication of salicided FET
gate el enent structures. BACKGROUND OF THE | NVENTI ON [ 0002] One process
for form ng contact regions in netal {oxi de sem conductor5 ﬁm devices is -
the self-aligned silicide (salicide) technique.. A netal p ﬂ§ deposi ted

over a 3T ' | b ; I\t -t he
reacti o%ﬁ%@%ﬁﬁqm%%%gzg‘%fmﬁ %ﬁggg%@mgwpﬁﬁand drain
regions and of PEREORNANCE AND S8LPHO OFFORVINGTIE QAMEesi stance netal
silicide contact regions. An exenplary salicide process Is outlined in
Publ i shed U. S. Patent Application No. 2002/0019119 to Saigal et al., the

~entirety of which is hereh inco:Foorat ed by reference herein. [0003] As
pol ysilicon gate |ine wi dHELALOFEHE I BHAN07 gm and bel ow,. suicide

aggl one Hon begins to limt the salicide process capapilities

pgrgt i cu@roillj) Wit hiey PEgseRt 'PchQﬁmprf?@t%% |ﬁ°céﬂ’r§é%%. Ofgfié\giml?re&l FBT the
narro ' \ *bzf“%“ | v ' f | heet
resi s}tlvaidgg@og‘ﬁh ?ﬁiﬂeg'g{cgﬁé%{%? a e(ﬁlgn rrl\y ntp ?éb%%ﬁt?oﬁ&gé@c@%@ ﬁ%féql‘t%lglﬂﬁ?’ﬁes in the
f abri castrusturgst ocess. .[00041. U.S. Patent No. 6,326,290 to Chiu, issued

Decenber 4, 2001, proposes two alternate gate el ectrode structures with
expanded top portions, one generally having a T shaped polysilicon gate

el ement and one general,ly ' Qlysilicon gate elenent.
‘Wi | e the expanded po@%@%%@@ﬁéﬁm&m educe el ectrode
-effectifgpprpheet | ere. St E kns a.,need for a.new nethod of
for m ngw?uc str tg:dt% r@ééggﬁao iias ‘?°§‘£ea§{ %e&bogx?g}n 813%%@%6%’8}‘:85% r

t echni q@¥8S) dtvides isfthie teiBaligned biticida ({aticide) RANSAR. /& hicth mﬁessde?a&te&m hods of -
form ng the sanme are needed to provi de added design flexibility for sub
mi cr on YT A MO slewature ainderepsocessing gondibieds #g0 Eesult in the reaction of the metal

with exposed silicon areas of 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. .A
[0003] As polysilicon gate lme widths decrease toward 0.07 pm and below; -
| ~si1icide agglomeration begins to limit the salicide process capabilities, particularly with
respect 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. : 4
[0004]. U.S. Patent No. 6,326,290 to Chiu, issued December 4, 2001, pfoposes
two alternate gate electrode structures with cxpandéd top portions, one generally having a
T shaped ponsilicoﬁ gate element and one generally having a Y shépea polysilicon gate
clement. While the expanded poly gate electrode structures reduce électrode 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.




SUMVARY OF THE. | NVENTI ON [0005] Alternate nethods of formng a | ow
~resistance 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 polysilicon is deposited over the

- spacers and in the gate trench regign. The deposited 4 5yBECOZU[]ﬁoI ysilicon
is then planarized and selectively etched to forma polysilicon gate

el ement having a gener al SYMMARY @ THBINYENTION! ysil i con region over the
gate triﬂgg V\/nerghtg a base of said trapezoidal region at least partially
over| ap 3l s paéeerlatemethpdscolaformingt abow resisfancasaticidad pblgsilicapgeoi dal

region. o100 .second netf hoqd of _form ng a | ow resistance salicided
pol ysi | e 8?1% %IF%Q? devissare BWV}‘fﬁgu&Pian%rSI W@Pg,f%l?%@lf verteal spasatssre ate i s
et ched tfornsiaf dnee 42 t .0 f_the . transistor. The gate trench
regi on has a gate %%zggtdreﬁ@ﬁ od; %geg ?ﬂlgﬁé@g}m A2ping i gite diclgetric dayer

. if d- th . H I . 1 i |
pol ysi | itemredithereliap o blaaRet Ay O‘flibgl}‘;ﬂﬁ% 2 dH3sitedVeRer ﬁﬁ@%@%ﬂe}% %Pg%gat ©

trench region. The polysilicon |ayer 1s then planar ari zed

| ayer oB2igdTepsh ragiosn Ehediepesited layenibApolpglibayie thearpfartigdieshd seleb @fely) 2
general% a pair of vertical spacers

hae §h ed pol ysilicon gate el enent and
that i nc?éu%de %af)%f RORGILiSeR 1§3n edsment chavinguk aganemlly dyapezoidileshapeer al | y
T-sh NS Ll t . at | t tiall | th .
A Sor T RS R A gite BERCH, aoreif A bisd Ciraidobiends resneront et o
el enent patieldpateripesaidypaterd” A @Hﬂci&icbhﬁ&ri]g Gitngd ﬁl tﬁgggﬁezgﬁg{]r%gl\;es t he

| Cl

effectiye area in the polysilicon gate for si grai Bwt h during

silici dDG0& rmat i din.a sEbendempthodiefiforming Pyt fesiStahe) AFciH ﬁ(?lzﬁﬁébtn gr%'té i cide

aggl orre%}g}ni on in tEfggI?iiiyl | ci de regions, thereby nmaintai g or Teducing
e )

el ect (rj og el ninsy] ehiPERadinyens substrate duesehed tcpécrﬁmrarmtn:menchmg;]onr educi ng
ndor | otk Winditey, il 0% Gt tbethn B8 6588 gilbclitolimediBerein AR lex panded
Wit houtla?“p@ﬁmblﬁlictdﬂeiscdgj?si@!i oveP R Hhsulllify BHBCERP witinORICLA (i gomPat i bl.e

w th conventional self- gned gate pro and ne as

danas c &8 °Pafhe palysilicon lag¢ms then planh KIS | Thelptanakigaddayer @fgbi&@iﬁc&?ﬁf_du res of

the pr i.avention wll be better understood fromthefollow ng
detai | e S&é‘s“éﬁf%l’aﬁaﬁ%ﬁ °t‘?¢e‘°;§?@$ & geraralbybwbaped polysidicon pate elemeaturidon t hat i s
provi defipain of Q&HieA isp XrdMhbtinkRi8e SRR fnor}ﬂox(xj of mer}gs?dlating 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 fomiation. 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.
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rpi,g{fj cial polysilicon gate el enent can be used to mask the g
mation of lightly doped regions 14. [0012] A layer of sili

nitride Si3N4 (sonetinmes referred to herein as- SiN) or

-tetraet

500-120Q A, patterned and etched using

nyl orthosylicide (TESETATERDISRSGRRPRIGIE] Lo a thi ckness of
no

to for m{0&k0i cal Fiwdealternate gate element structures are 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. .

[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 Si;N, (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

ate -

I3GEi ng, boron or phosphorous doping of the substrate 10 in

con

about

wn phot ol i t hographi ¢ techni ques




spacers 18 and to define the gate trench regi on therebetween. For subm cron
~devices, and particularly for transistors having channel |engths of 0.07
“gmor below, each SiN or TEGCS. spacer 18 typically has a w dth between
about 0.19-0.25 m For transistors 4 - 5 DEC .2005 havi ng channel |engths
around 0.07 gm an exenplary spacer 18 may have a width of approximtely
0.06 gm [00131 A gate dielectric |ayer 16, which may i nc%}tﬂ%} zg[ﬁ l'i con
~oxi de layer having thickness between about 15-20 A-or a high-K dielectric
materi al § such tant al um oxi de é7Ta205), titani um oxide (TiQ2), alum num

~ oxi de (AD8YSS channellspgtheraround §.Q7znmpn exerapladysracsr i18angyHioR)a width of um oxi de
'5;1%2312 o?%ﬁmaggﬁi@q?r (ehgﬁorS)ei]i gﬂdbér\?\/ieren f?lhgmt \r/]vgt SZr?ingaISi | isgzzzgf’s |1§
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deposi teg#glver t he @#&)&:rat,e 10, covering the vertical spacers 18 and
filling {HBUFHOXME. yiFeg; exdadYegwer lantheme aXideTfa,Q¢) ad Itheion | ayer
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exanpl e, chem cal nechanical polishing

FIG 3, butpiebnescsseiilys be depmsita@Don thetihside Swfaoeef tho spaeaistar deslteriivély! he
-polysilicon layer 22 in order to mask the region over the gate trench to
form t he® H@ﬁ%}ﬁ%ﬁﬁ%ﬁﬂ“ﬁ’&@@a PEQRESOMAY heused 4o firax verydhinoxidelon aone
exenpl arg; ijgent, the photoresist layer 30 is fornmed over the gate
trench and has a w dth approxi mately equal to or greater than the channel

| ength of00UHE t r arics tRY struBtuge of FRRT 'cgfﬁx%&' if or a
0.07 gm %at e channel . As shown®i_lﬁﬂa?léllg\H , ar%é%kgg&a?%p&gog%&gé g%lspr ocess,
such as ¢eppsitedraver Swecsubstzate A, ebwdringRIbB)vertical tpacsts e8phmYy Etlidzotheteah t he
pol ysili,con, | ayer 2 dq o the pad oxide layer 20 and to provide a
R u. V\@@ L2 Kd X .
"hat t ed" %1811 §gq¥qq BoHOHR IR Fip-che Rhe polysilicon layer 22 is preferably deposited via a
~ 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 a 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” pofysilicon 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 éverlaps 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



The "hatted" polysilicon gate elenent 22' preferably has a hei ght between

- about 300- 1000 A. In one exenplary fabrication nmethod, the selected etch
process has a trimbias such that the polysilicon gate elenment 22' has a
general ly trapezoi dal 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 |east a%vm' de as the gate channel. The hatted
- gate element 22' is preferably di mensi oned-to' subst ant i-ab1BEG @80k e
silicide aggloneration. For 5 - 5 DEC 2005. exanple, if the silicide
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spacer s poysilichr gatetelensdng B2'njref22blysdvillags bRhShARE 18 Oy SHBHIR0P-0.05 lon,  Prevent
silicide s%%?l omeration therein. After the polysilicon gate element 22' and
spacer s 3SHHIBE gach spagen elementefoliag adwidtnef apmyoximatelyi). 06/, tAs hentionsdyr e
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sour ce dRaratfoaned, asgiondsloping may beenfplsyed do formanere hadgly dpedsolifteaagt or Y
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for 0.0 egins dfimnging spyaerd 8 aad polysilicens gate element 2! asdthplafihmaskisr uct ure i s
e PrHASRAST PoB R kR b s, A e | L e
silicon,.and refractory netal to formsilicide regions.” The unreacted netal

is 't'he_nti e‘H?kegntéf_“él_“ﬁféébﬁQPaﬁamhith isepraferredifore@.07 ism aedpimailengtio conpl et e
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polysiTico
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.., 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.



effective area in the polysilicon gate for silicide grain growh during
silicide formati on. The expanded top portion helps to prevent silicide
“aggloneration in the silicide regions, thereby maintaining or reducing

el ectrode resistance, inproving high-frequency performance, and reducing
gate delay in sub mcron FET ULSI devices,. -without increasing the
underlying active channel length, i.g, the electrode | egq) imﬂ?xpanded

wi t hout expanding the control length.” As descri bed above, the process is
gener al li mrrpati ble wi-th conventional self-aligned gate processes and
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per f or na%‘g“et&éﬁaf?%lﬁ%% A esermplancsaligided gtte elemeniestuctyre: Referring fimeloer r i ng
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spacers [8019jor T- dagefmPed VWG | - A,._whi ch
only par[t [ aI]I_y over | aps verﬁ?alggﬁéggl?gﬁﬂig é(tﬁZﬂH%ordgg sgs]z@arz\mgeneral ly
'be cont rafPropHatelyi patisrmed ephotaresisti 44 dnJSofmed biartht qatdeesch Fegidie [Thecessi ng

art to a.trimpbi het wee approxi mately 0.00-0.03 m Assumi ng the
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(W th eqpivideEiter e PRAGRE ORI 2atd doRed 4@OPERK '1’6?%%%35 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 between
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 pm), thén 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 pum 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. 7-104A, 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,



0.06 mand a transistor channel width of 0.07 m, then the photoresist 46

- should have a wdth in the range of 0.11-0.22 gmin order to provide
"between 0.02 to 0.06 mof polysilicon overlap for each spacer 52.

Regardl ess of the overlap, the top portion of the gate elenment 46, 46
shoul d have a width sufficient to substantially prevent silicide

aggl onerati on. One advant age of this-}abrication technique s that the
spacers 42 and hatted polysilicon gate 46, 46' can be fﬂﬁnQECdﬂmﬁng t he
sanme etch réﬁes . [0020% After the T-shaped polysilicon gate el enent 46 or
46' and Efﬁg% 30&21%%0-0 dimgate atguquasz:amdogdo\a,ﬁsﬂmidmsmme@mvemm1 h FI GS.

our ce TG SBRP SoB! SR e emilesstib foriesilcis emlactisgone Soataghas. ar o

fornmed. #& silicbnfda8 el v 11 AG- pad oxi de .| a 20 is renoved to
expose the. sillLon Sonr cg%éiﬁ@n‘gsrgx‘:% ra?eiéisgwga‘_% cgntﬁ&g;ggo%%/@ indhs SQWSr y et al
48, 7 5 oEdraneEgiont ef erably cobalt for 0.07 gmgate structures and bel ow,
is then deposited. Conventional salicidation process steps are then

enpl oyed 0081} or m Sitiei polgsiliconngate teleragitod®, tlierei the tpaBsilivors kRt BALYSI i con
gate el enen 46(%('g 46' and silicide contact regions '50b in the source and
drainr W’é’ 0 Qslihem@’ugp&sy@ Fpasons Yatmaybe pesferredsin, ondee tee ptdvide

pol ysi li . ele aonl: artially overlaps the vertical side spacers 52,
may be p@gglé)?%leg |E ihgoﬁdéglafW b‘?%’\?f”ﬁéhe 88 smpsnh silisidls Gontgclor0a angd thei on

bet ween sobiee gad ragl SHEAS coitdctsCIope contact 50a and the source and drain
silicide contacts 50b. [00221 It should be apparent that, |ike the silicide

cont act [0822]of t hdt siouldshd apparent @At dikef thE siBicid. b | or Gl g&ﬁ@o ct 50a of
the T-sha edféaated pol ysili COI? ate el emsntlséCgfitflst,g&dz%'%l OF?]%%&% es the

‘ef fect i B&¥} 6> theeilisedeyeontact 50 ofathe Testapedhbatfed polysilicon gatg eRinentsgr owt h
during i gld LQ Jhis in turn helps to prevent sujcjide .

aggl one?gi ?g nﬁllc;r?%etqﬁté se?ﬁef%‘fed@'e? &y ‘?11’8%5’(1{‘)?@ gateyelement far glicleegrairent s and
t her eby grevtti asing BRRIde BThatoAN This i Itﬂm?& Yeahodi pent . .1 i.ne width
gain is pr Q\(i.deggbet wgen abgg"t q%.lsolg an ﬁgr&én‘@ﬁt%ﬂg@en%g%c&uwg gate

el ement theasilicide tighmef thapdlysiticanpate afeimieats andrh@uedsdek iskide fosistance.
aggl omaﬁ;lti on. reve(iglltgi ng.silicide agglonmeration in the silicide
regi ons; ™ fhé&XE rdabpdientling Wisith gainris providedrbetwetn abouted.04 and 642

resi stapge. Al MRhAYRT, Mk 3ite el G 0SYbe 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.




performance, and reduces gate delay in sub mcron FET VLSl devices, w thout
_increasing the underlying active channel length, i.e., the electrode |ength
i s expanded wi thout expanding the control |ength. As described above, the
process is generally conpatible with conventional self-aligned gate
processes and nethods as well as danmascene techniques. [00231 Although the
i nvention has been described in ter of exenplary enbodinents, it is not
limted thereto. Rather, the appendreTE3 clainms should be consty O&B 20850adl y
to include other variants and enbodiments of the invention that nmay be nade
by t hos Vkgkisidlaimed Is: t he art wit hout departing fromthe scope and range of
equivgle?ts of thg~éng3gtLQn. 8 5 DEC 2005 What is clainmed is: 1 1. A
met hobl of* f or 1t MEhad o fprmiag 3ilawdesisfandecsalicided gete structurst ofreficld cifetti el d

effec RS F ; i sknpr the follow ng steps: 3 formng a pair of
verti%al a%‘?)sgceféé&ﬁvgf’nggtﬂgg%tgwpﬁpsé‘?pssai d spacers defining a gate 4 trench

regi oh havi NOform Rt £; } Y ere . ositing a
bl anket | ayer of poafa};/ﬁsiif ﬁfS%?}lﬁ%l&g?@eggP\éérgz{)%gtrr%t&a%gj %bﬁcggidgﬁg%gglaeench 6
regi o‘h u“ephacg?mihavmg$gdtddiéfcp@i_@i1§)%elfdrgﬁe@&he@éimpol ysilicon; 8 selectively

et cm?ﬂg said planari ze&nﬁol ysilicon |ayer to forma polysilicon gate 9

el emeht havi n¢fPasifiega blankst layes pépalysititonstneep eald ppdcyisiand dmsaid gagé aenchver sai d
gate gdre - 10 wherein a base of said trapezoidal region at |east

partial | y°overl aps said spacers; ‘and 11 forming a silicide contact in said
trapezoi dal rg8i-ge; 2 qe ;m1l, wherein said silicide
formation stelgﬁiiagigrlné:c%%@%e%@g@g&ggpgysggg siting a refractory netal |ayer
‘over &ai d tr apleztivedpletchingpad pnhat&leﬂlmiuceﬁug@ra@@‘omi%arﬂog%ﬁﬁah gSai d
.refragctory nmetal. |ayer to formsaid silicide contact. 3." The nethod of

cl ai 2,61%%‘\3? Wng & generally dapezgidal shapied polysilisor mgidnooven baitl gateitadnkly, pr event

silify deyRgah ALt dr%id {lape2ois Srlelg{o(rzxI gelezfs r;‘)%%i%hjf overlaps said spacers; and

11 forming a silicide contact in said trapezoidal region. _

oy

2. The method of claim 1, wherein said silicide formation step includes the step of
2 depositing a refractory metal layer over said trapezoidal shaped polysilicon region and

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 S 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 5, wherein said channel length is less than or equal to

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

1 7. The method of claim 6, wherein said top portion has as width that is at least 0.10
2  pm.



1 4. The nethod of claim3, wherein said nmetal |ayer includes tantalum
tungsten, 2 titanium cobalt or nickel. 1 5. The nethod of claim1,

“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 claimb5, wherein said channel length is |ess than rDlthﬁd to 2
approximately 0.07 gmand.said sili cigde contact includes cobal*t*si 5ci de. 2
7. The nethod of claim6, wherein said top portion has as width that is at
| east. 0.10 gm 9 5 DEC 2005 1 8. An integrated circuit including a field

ef fedt t&ansiut mntegrated miyowt frlidiigd e dieddietfectArakiRige havifig aUalisld & erein
said, transistor includes a polysilicon gate elenent forned 3 b%’tween a
pai r 2of /RGNt SHYCtuRsa ydersin egid riransister gneledasr & pelysilisai gatpeleymid formed gat e

el emgnt ving a.geperally t ezoi dal shaped. regi on forned over said

gat g% tr ebr?é}ﬁéégr?dp?g'i of gegggal SBa‘%‘é'?r({"t%g‘P}gya 86rtreashisiy rolyslicop gateralementi d

“trapdzoipd h (WalslE i ] icCi cont act formed therein. 1 9.
The i nt eg?i.gg 2@?&88?&’%@?&%@%@%@f‘gé(lﬂegsoa’]% 4 IgthiatffEaE_Brff 4Jeast egion i s
2 subst gattiallly byerlappingfshidEpadets] §didl @@l daMREA4d RBion inQvin%QEilibiﬁ% &gﬁaa& ed

circuit of claim9, wherein said silicide contact region Includes a

titaki urf?mlfér%@ﬂén, cobalt, tantalumor nickel silicide. 1 11. The

integrated circuit of claim9, wherein a top portion of said trapezoi dal
region 2 has a width that is greater than or equal to a channel |ength of

sai djtr@nsis 3 - Niee chrcuit .of ...claim1ll wherein said
channel i eng?ﬁéilggc ess ;E QH{ oryéf a@%gﬂa thrgmaB?} osfiride e‘?°§‘é6t B YmEind sai d
si | i 2i deulstantialdy frea b dittide@BomefatiohCi de. 1 13. The integrated circuit of

.claim12, wherein said top portion wwdth is greater than 2 or equal to

0.10 gm 1 14. The integrated.circuit if claim 13, wherein a base portion
of sqidifra ot dal regj on.averl aps each qf .said spacers between about
0.0 2?0. 6@. gﬁ]‘fﬁe i cgrated2 circudt oF claim’9, wherein said silicide contac? region includes a

2 titanium, tungsten, cobalt, tantalum or nickel silicide.

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

13.  The integrated circuit of claim 12, wherein said top portion width is greater than
2 orequalto 0.10 um.

1 14.  The integrated circuit If claim 13, wherein 2 base portion of said tfapezoidal

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

UV B W N e

therein;



1 15. A method of formng a | ow resistance salicided gate structure of a

. field effect 2 transistor, conprising the follow ng steps: 3 etching an
insulating |layer deposited over a substrate to define a gate trench 4
region of said transistor, said gate trench region having a gate dielectric
| ayer formed 5 therein; 10 5 DEC 2005 6 depositing a blangep taﬁﬁs of

pol ysilicon over said insulating Iayi and within said 7 ¢a g t ch
region; 8 planarizing said bl anket | gerfof pol ysilicon; 9 etching said

pl anayized | ayer .of polysilicon and said insulating layer to forma 10
genertl |y T- SkBpsdiingroblasketilassnofpalpsilkdonrnyet saichiisulatmeg layatnd withinsald spacer s
i ncl udin tion of said insulating |ayer, said generally T-shaped
polygfli%%%u%%%gggﬁénent at least 12 partially overlapping said spacers;

~and 18 form ‘S b oS i . 4. T-shaped polysilicon gate
element. 1 12. Théhgégﬁgﬂwgﬁkﬁk@géﬁé@ér ein said silicide formation step
incl ddes the eschey sid pRndepdsiaydrnet Iﬁzliﬁidoﬂ%@rs‘éidr%t%ﬁ%ﬁir}gaﬁgér 10 gai d
nmet a

polysilicon gate elenment and processing said ayer to formsaid
si | i deseaeyalvdtshaped polysiticompath etbneht ahdiarpairéof vdmieadispacerstingluding bi on of

sai ol ysilicon..gate el ement | 2 sjized to_substantiall revent silicide

aggﬁc}ﬁer ac’?tiloé’noti%ﬁldgﬁ?‘ﬁatg}g ¥stawud generadly T-shaped polysilipas gﬂwdéﬂgﬁ lablenst 18,

wherei n i A i tantal um tungsten, 2 titanium cobalt

or ni cke@a?y?géxﬂ?ﬁig%ﬁg{dhgggg%#g%?ai m, 15, wherein said transistor has a

chari3el | engffértihgsd siﬂi@idb%&ﬁtactgn%ﬂ&'l‘-s‘hﬁpmsg}c‘an%@tg%@ﬂlgﬁﬁt ely 0.07 gmand
e. . €

said silicide contact includes cobalt silicl e method of claim
19, wherein said top portion has a wwdth that is greater than 2 or equal

to 0410 p. 21.. Th th f claimz20, wherei id t ti |
(0 0410 . 1l b TS g1 S A0, e S s Lop bt n anly
wher gi n deFdstlingAreRXtblyMe @V Ryd Wver SAFTbINiIRR! e Ll dhd processing said

3 metal layer to form said silicide contact.

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,

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 pm and said silicide contact includes cobalt silicide.

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

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

2 vertical spacers.

1 22.  The method of claim 21, wherein said top portion overlaps each of said vertical

2 spacers between about 0.02-0.05 pm.




2 spacers between about 0.02-0.05 gm 11 - 5 DEC 2005 1 23. A nethod of
formng a | ow resistance salicided gate structure of a field effect 2

“transistor, conprising the following steps: 3 formng a pair of vertical
spacers over a substrate, said spacers defining a gate 4 trench region
having a gate dielectric layer fornmed therein; 5 depositing a bl anket |ayer -
of polysilicon over said spacers andsjn said gate trench- % DE€oiDpa§ 7

pl anari zing said deposited |ayer of polysilicon; 8 selectively etching said
pl anairi zed poJysilicaon layer to forma polysilicon gate 9 el enent having a
generlal 133-t r dbBEdiod of fymipgalovoreyisiansecehicidedgasmstoncture ofi felgeffestt r ench, 10

.wher @i n of said.trapezoidal region at |least partially overl aps each
of S% d tgaﬁlglgtg’f’éz?mpﬁmgmf {fi.’goﬁ’é‘ﬁégq’?i ng a |l ayer of cobalt over said

trapegzoi dal rg@i; ] ' t _|laver o forma cobalt
sili ?izde contfgﬁlﬂgﬁﬁggpg{’ﬁg%é %?ﬁ%@%f%%q%gtﬁﬁg%gfdmg%gﬁ (%eﬁggxig&gg apezoi dal
regi dn itsensh rogibnttavingasiatidiciebthiy 14yeERRkd fiefdigi de 15 aggl oneration in said
cobalt silicide contact. 1 24. The method of claim 23, wherein a top
portPon of saeppsitingpelaikealayeragipolysitiaen aver 2aidispiderstandtin said grtenéreh t han or
equal. to_a channel length of said transistor. 1 25. The nethod of claim 24,
Wnergi n &PY channel |l ength is less that or equal to 2 approximately 0.07

gm and a to . | ¢:_bas f said trapezoidal region have 3
reschtive mﬁé@%&il{lggbtl&lgfg%)igééejlgye&oﬁ)ﬁlgﬂﬁg?n’I east 0.10 gm 1 . 26. A nethod
of 18rming astiemiveReieinge] pahidd Bolyfiiten BYar Sk lydfidoh g €7 fect 2
transi stor, conprising the follow ng Steps: etchin a% I nsul ating | ayer
depofi t edemspthavingsaganeralydraperoittd smpedipalzsilicdnrregioh ovek saidgjatertrenth, sai d

tr aRQi St o .sahd g)?te rench, regjion having a gate dielectric |ayer forned
5 t her ei o §_%6 F#‘ﬁ%‘aaeﬁ&} n 2 lcast paftially oyeriaps sah of waid SBRER; i nsul at i ng

| aygq agggw thin said

12 depositing a layer of c_:obalt 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 prevent silicide

15  agglomeration in said cobalt silicide contact.

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. |

25.  The method 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

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;

QO\)O\MAUJN'—‘

- planarizing a top surface of said blanket layer of polysilicon;



7 gate trench region; planarizing a top surface of said blanket |ayer of
_ polysilicon; 12 - 5 DEC 2005 .9 etching said planarized | ayer of
“polysilicon and said insulating layer to forma 10 generally T-shaped
polysilicon gate elenent and a pair of vertical spacers including a 11

remai ning portion of said insulating |ayer, said T-shaped chepgtl Zﬁ@n gate
el enment at least 12 partially overl a;gpi ng each of said spac ) 13
depositing a |layer of cobalt over said polysilicon gate el enment and

er to forma cobalt silicide contact in a top

i id. 14. It | ) . .
BL?? |e ﬁl 2? ig%tghla%wi?faﬁwdg%moﬁwlwmﬁ saig ingulatiag feyerdp dormap portion is
i t i . t . silicid | tion in. 17.sai d cobal t
1D g eattnah Rk Bed Yol PLRUSH R el aB Atk SEVeriil BB dstimeans | stor  has
a channekemhaiig pokibRbf a8 h@@&m@t@é}?&i&’f«ﬁg@'pgwtggggﬁgﬁé bIZRE 'apg 07 pm and

said top portion has a wdth t IS great requa .10m |

28. The putibllyiovetlapping eacR bf saibeper; @a d top portion only partially
overi?ps said, 2 vertical spacers. 1 29. The nethod of claim 28, wherein

sai dlt op por t 9pRsiENE? layprofcabalt ever said golysilicom gite emeptand psochssingseid about
0.02;9. Oéob(m]layer to form a cobalt silicide contact in a top portion of said polysilicon gate
15 eclement, '
- 16 wherein said top portion is sized to substantially prevent silicide agglomeration in

17  said cobalt silicide contact.

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

28.  The method of claim 27, wherein said top portion only partially overlaps said

2 vertical spacers.

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

2 spacers between about 0.02-0.05 pum.




