- Dummy Pattern for Silicide Gate El ectrode [0001] This application clains
the -benefit of U S. Provisional Application No. 60/503,113 filed on
Sept ember 15, 2003, entitled -Dummy Pattern for Silicide Gate Electrode,
whi ch application is hereby incorporated herein by reference. TECHN CAL
FI ELD .[0002] The present invention relates generally to sen conductor
devices, and nore particularly to sem conductor devices wth gate

el ectrodes forned @ud&glb%%&&%rmmg@e aggﬁ]é) mpl enent ary net al

oxi de sem conduct or ( VI ces, Such as e de sem conduct or
.field-effect transistors (MOSFETs), are conmmonly used in the fabrication
of ultra-large scale integrated (VLSI) devices. The continuing trend is to

reducel@08d] si 2 &hist applzadeicteims ahel .tteneﬁtonerU.Sh@r@ﬂmﬁalcgp@me Ny, -

requi renents. Size reduction of the MOSFETs has enabl ed"the conti nued

i nprovenent .in speed performance, density, and cost per unit. function of

~integr 806@3.413 dled on Fenedberl G 2003 lehtigéd DBSMP MatielP Sor0kilRidMAGHET f or med
on a substrate 110. The '

Electrode, which application is hereby incorporated herein by reference.

|  TECHNICAL FIELD
.[0092} 'I'he present 'm“zcntion rclgteg generally t_o semiconductor devices, and mofc
particularly to semiconductor devices with gate électrodcs formed by silicidation.
BACKGROUND
[6003] . Complementary metal oxide semiconductor (CMOS) devices, such as metal
Qxide_semiconductor ﬂeld—_effect transistors l(MOSFE’lfé), are commonly used in the
fabrication éf ultraﬁargé s;:ale iﬁtegratcd (ULSD de.,vices. The; continuing trend is to'
..l.educe the.éiz‘e of the cievices and fo low;:r the power consumptioﬁ i'equiréments.r _Si%e
reducﬁon of the MOSFETs has enabled the continued imprdvement _ -in‘ speed

performance, density, and cost per unit function of integrated circuits,

[0004] FIG. 1 illustrates one type of a MOSFET formed on a substrate 110. The
MOSFET comprises a source 112, a drain 114, and a gate electrode 116. A channel 118

is formed between the source 112 and the drain 114, The gate.electrbde 116 is formed
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MOSFET conprises a source 112, a drain 114, and a gate electrode 116. A
channel 118 is forned. between the source 112 and the drain 114. The gate
el ectrode 116 is formed -1 on a dielectric |layer 120. Spacers 122 are
formed on each side of the gate electrode 116, and contact pads or contact
silicide 124 are forned on the source 112 and the drain 114. |solation
trenches 126 may, be used-to isolate the MOSFET from ot her devices (not
shown). [00051 As the length of the gate electrode 116 is reduced, the
sour ce ot Aigendric tayen] 201 4Spaverseli ang fyrmed toareach side bhihehatecdienndt 1148 and
gai n i nfluence on the channel .potential. Consequently, a transistor wth
a short gate length suffers fromproblens related to the inabili 'ty of the .
gat e elrdtomate phdSot consasbsitiaidt i18# laye foomed oh thdeovore Hiidamf the dediatiés. of t he
channel 118. Phenonena such as reduced -gate control associated with
transistors with short channel lengths are terned short-channel effects.
[ 00061 IDiationf trérehesp i 2 frauay e ansi - by isofute thes MOSFED druel otledrf dsices gnet kept

under control -is the downscaling of the gate dielectric thlckness in
conjunction with transistor
shown).

[0005] Asthe lfength of the gate electrode 116 is reduced, the source 112 and drain
| 114'increasing1y. interact W’ith the channel 118 and gain inﬂueﬁcc on the qhapnei

' potential. Consequently, a transistor wit‘h a short gate leng{h suffers froﬁ:l problems -
- related to the inability of fhc gate electrode 116 to substantially control thé on and off
states of the channel 118. Phénomgné such as reduced .gate control ldssociatéd with

transistors with short charine] lcngths are fermed short-channel effects.

[0006]  One of the pnmary means by which s'hortfchannel,cffe.cisaxe k;apt under

| dontol 'is.thé dow'nsca]igg of the gate éielcctr_ic thickness -in‘conjynction‘wi_th transistor -
size reduction. However, this aggf_avates the pl‘_oble,.n?s of poly-silicon (poly-Sij gate
dépletion aﬁd high gate tunnelingrleakagé current. .For example, for the poly-Si éate

| depletion layer to be less .than. 2_5 % of the equivalent gate. dielectric thicl_méss, t];e active -

. dopant density in-_po-ly-Si must be 1.87x10% ‘cm'g‘ at a gate c.lac'trode léngth (Lq)‘of 25

nm. This dopant density, however, canses great difficulty because the active dopant



Si ze reduction. However, this aggravates the problens of poly-silicon
(poly-Si)) gate depletion and high gate tunneling | eakage current. For
exanple, for the poly-Si gate depletion |ayer to be |l ess than 25% of the

~ equivalent gate dielectric thickness, the active dopant density in poly-Si
must be 1.87x102 cm 3 at a gate electrode length (Lo) of 25 nm This dopant
density, however, causes great difficulty because the active dopant -2
density in the poly-Si at the gate-dielectric interface saturates at 6x1019

cm 3 angendii @2 theaiBlR St 9 ¢ 0 ' ol yoobe I ESpReti vel y.. .
| nsuf fi ci en%1 act iC[\g/Beﬁdopa%ltg%&%n@ﬁ?c;mgg&?ﬂ%& ég%‘frgteséﬁte@t( od &y é"ggllf(éoi n a
significant voltage drop across the gate depletion |ayer, and increases

t he equinfdkemi+ gat & di % S q.d- ct. Lt reduces.the gate
capaci tance&ml t he in\}grdgﬁg%?'?’rr% Eegn@ﬁd I?J‘r?gﬁ(ﬁ%[{/téf:%?eoﬂo@ﬂgg iEf\3./l:l’\err]i‘§i ty -or
| eads to a | ower effective gate voltage and therefore conprom ses device

f le A LGB Ry | V
per f or nadae eictROGY desitd ﬁ{thsgct t@ﬁ@&ef‘&ggra%%sg g!gagg tgi]%]ﬂ]%ew;](l;f’tl%r‘imﬁrocess

; hi ghl y-conductive gate el rode orm
on the .poly-Si gate electrode, Cenerally, the silicidation -reaction

conver tiscielifes PleY slivABAC Eh! alefeofic iRl eks CORTURRLY ;S SIe BSE -
capacitance in the inversion.regime and the inversion charge density or leads-to a lower ...

effective gate voltage. and therefore compromises-device nerformance.

[0007] Aﬁerﬁ:pt'-s‘ have ‘been made to fabricate a =high’ly~couductivé -gaﬁe:éledtrode by SR
__perfoijning a silicidation process on' the poly-Si gate electrode. = Génerally, the
silicidation ‘-reacA:tion converts the poly-§i Amaterié‘_l' to-a ‘highly conductive silicide. For -
example, F;GS. 2a-2b illustratefabricating a itraﬁSistor -sqch; as that-shown'inFIG. 1 with~
a sﬂicidéd gate electrode. FIG?.a illustrates the transistor of FIG. 1. with '.é‘.d.-ielectrig T
'_la_YCf' 230 formed:on the source 112 and the drain 114, and 2 metal layer 232 formed.on .
the gate électro;ie 116 and the dielectric layer 230. A metal silicided layer 234, whichs
g’enera]ly formed Wheﬁ the contact pads 124 are formed, may ‘Temain on the gate . .
e‘iectrode 116, .Anvanneél process is performed to cause the poly—.S_i gate electrode .tﬁ .
Eecome silicided. The excess 'metal_ is_rerﬁoved,‘ thereby pr;aviding the structure shown
in FIG. 2b, wherein the géte_ electrode 116 is silicided. A similgr niethod,. has been

-described in a paper by B. Tavel ef al., entitled “Totally silicided (CoSi,) polysilicon: a
. 3. . -



exanple, FIGS. 2a-2b illustrate fabricating a transistor such as that shown
in FIG 1 with a silicided gate. electrode. FIG 2a illustrates the

transistor of . FIG 1 with .a ..dielectric layer 230 formed on the source.

112 and: the drain 114; and a nmetal l|layer 232 fornmed on the gate el ectrode
1.16 .and the dielectric layer 230. A netal silicided |ayer 234, which is
generally fornmed when the contact pads 124 are forned, nay renmain on the
gate . electrode 11.6,' An anneal process is perforned "to cause t he

pol y- Siovghtperekk &1 versdow resistive gateewEhqut siegd - MTHer eichEys” REPLNeE 4D ¢ enpyed,
t hereby providing the structure showmn in FIG 2b, wherein the gate

el ectrode 116 is silicided. A simlar nethod. has been__descrjibed in a
paper mgeB 825808 ofethealechnial iRigett ofTéealPQl Jniematiged Etssep) Dvicysilicon:
a -3 novel approach to very lowresistive gate wi thout netal CWVP nor '
etching," published in paves 825-828 of the Technical Digest of the 2001
| nt er nfeettnpahelEire®askingtbei.Ce USNBet i ng, hel'd in Washington D.C., USA

[ 0008] Often, however, it is difficult to silicide transistor gates

uni formy throughout ‘a wafer or a chip because the density of the poly-Si

st-r, uct HfOﬁ§] v-ar(i)gesn, hg{wgw}ég,@ﬂtdifﬂ‘bﬁlt"{@fsﬁ@ide transistor gates uniformly throughout
a wafer or a chip because the-density of the poly-Si structures va';ics thioughout the wafer
or chip. For example, FIGS. 3a-3d illustrate cross-section views of a portion of a chip

after varions process steps that illustrate one particular problem that' may cause

non-uniform silicidation.

[0009] FIG. 3ais a crbss—éection view of a portion of a semiconductor c_hip having

© transistors 30«4, 306, -and 308 with Varyiﬁg.gaté .leng,“th's formed 111 active regions Qf the
scnﬁcﬁnducto,r chip. ﬁe .components of -the transistors are eﬁﬁlajnéd abové with -
reference to FIG. 1. The portion comprises a low poly-Si density region 310 and a Ligh
poly-Si density region 312. The low poly-Si densfl_tsr region 310 _a;ld the highpqu—.Si |
.density regioﬁ 312 'may'be a;dj acent to each other (as sﬂo@ in EIG. éa) or mﬁy be s_paccd

épart on different portions of the wafer or chip.

[0010]  FIG. 3b is 2 cross-section view of the portion shown in FIG. 3a after an

insulating or dielectric layer 316 is formed over the transistors and a chemical mechanical

: .



or chip. For exanple, FIGS. 3a-3d illustrate cross-section views of a
portion of a chip after various process steps that illustrate- . one

" particular problemthat - may cause non-uniformsilicidation. [0009] FI.G _
3a is a cross-section view of a portion of a sem conductor chip having
transi stors 304, 306, and 308 with varying gate lengths forned in active
regions of the sem conductor chip. The conponents of the transistors are

expl ai ned above with reference to FIG 1. The portion conprises a | ow
density region 312. The | ow

pol y- Si I t.v_region 310 and, a hi gh poly-Si _
pol y- Si P@@‘J‘%“@éﬂ 9.58%1 ¢ 1166%49@%@%3( ) Bocess isperformedi dineZUAPray be
adj acent to each other (as shown in FIG 3a) or nay be spaced apart on

differe rti.ons of the wafe r.chip, [0010] FIG 3b is a cross-section
vi ew oﬁ% eRS Pté%nr {FEn0g §BRRrS of the lclestiicfayer 3 nand erposestthmgatoelediredeact ri
| ayer. 316 is fornmed over the transistors and a chem cal nechanical -4

pl anarizgi i -Qr .chem chanical polishing (CVWP) process is perforned,
The cwpir 184pr g‘@é@‘é“ﬁ’f%ﬁ%be?&%%ﬁ&é@ IPFULS e 2 deCsbe S inghe boypepol3-3i6 and
exposes the gate el ectrodes

density region.310.. This. “dishing” phenomenon is a common artifact of the CMP = .

process in areas with a low density of features such as transistor 308,

[0011]  FIG. 3c is a cross-section view of the portion shown in FIG. 35 4fter 2 m

{
$
¢
k

*layer "336 15" ftmeEd o the diglectric Tayer 316 4id the gate electrodes 116, and-an .~
_annealing step is in process. The annealing step results in the silicidation of the gate
electrodes 116. The silicidation of the gate electrodes 116 occurs to a large extent in the ...
low poly-Si density regign 310 because the metal regioﬁ _partiéipating m the silicidation
process in the low _poly-Si .density region 310 _is greater than the metal irggion o
,_pérticipatiﬁg in the silicidation process in.the high poly-._Si density'regipn 3-12- due.of the .
--differenc_e in - the £hickness and/or the density. 'As‘.a Tesult, thg-ratc .at which the
silicidation front proceeds downward§ to consume the poly-Si material differs in regidns
with d_iffer_ent poly-Si densities. In a region with a lower poly-Si &ensity, the silicidation
oceurs o a greater extent, and the silicidation front is Q§eper from the initial top surface

of the poly-Si material.



314. As illustrated in FIG 3b, the CVWP often results in a recess 318 in

the low poly-Si density region. 310.. .This '."'dishing" phenonenon is a
common artifact of the CMP process in areas with a |ow density of features
such as transistor 308. [0011]] FIG 3c is a crewsection view of the

portion shown in FIG 3b after a netal layer 330 is fornmed on the

dielectric layer 316 and the gate el ectrodes 116, and an annealing step is .

in proc §2Thngln L I e Sihl Gl ' gate
cl ot rode 1 £ RERLT e BEERpLEENAIR, in i ARiGPh Bf HRLIER: e 08 07 1o &
| ar ge extent |n the | ow. pol y-Si densi ty region 310 :.because the netal

regi on -Pants &inakidy tRrehbenthdrhls B@*zieem rhndBB@Q@siﬁctNélyt hgsk1owira®@! ¥- Si
density region 310 is greater .than the nmetal region participating in the

SI licidation process in the high poly-Si density region 312 due of the.....

' di f f er ethe encta phitieiphtitieCK Migssiliciantbh it tagistotheIRI oyl 306A6 thedhigh @481 t he
-rate at which the silicidation front proceeds downwards .to consune the

.poly-Si material differs in regions wth different poly- Si densities. In
ar egi ondensitytregioh Gikis 1¢pe khan She themd participithe isithd glidédtionf transistor 308

m the- le\tz poly-Si density region 310. Acc;ordingly; the sﬂicidatien tront 340 of
transistor 308 progresses faster than the silicidation front '3;12 of transistors 304 and 306.
[0013] | P.'IG.. Sti is a cross-section view of the portion shown in FIG. 3¢ after the |
sﬂicidaﬁon process is-complete. As illustrated in FIG. 3d, the gate electrodes 314 of
‘trensistor 308 located in the low poly—Si density region 310, are suBstantiale silicided,
.b'ut thc'l gate 'el_eetrodes 314 of transistors 304 gmd'Bt)G lo'cated in the high poly-Si density
region 3;t2; are rtot _completely-sﬂ__'tcidcd, i.e.?-the eﬂicidatioe front _340. of tre.nsistor 308
reaches the interface betweé_tt the gate diclectric a.t_td‘ the gate elcctrt)de thfore the
silicidation frent 342 of trztnsistors 304 and -306. if'additional silicidation is performed.
o cause the gate eléctrodes 3_14 of transistors 304 and 306 to be fully silicided, the
transistor 308 may suffer frem problems retated to the excess diffusion of metal atorns

through the gate dielectric into the channel region.



occurs to a greater extent, and the silicidation front is deeper fromthe
initial top surface of the poly-Si material. [0012] For exanple, the netal
participating in the silicidation of transistors 304, 306, and 308 is

. marked by reference nunerals 332, 334, and 336, respectively. As
illustrated, the netal participating in the, silicidation of transistors
304 and 306 in the high poly-Si density region 312 is less than the -netal
participating in the silicidation of transistor 308 in the |low poly-S
density ion 340. -Accordingly, the silicidation front 340 of  transistor
308 pr oquZgLes ﬁgﬂe’g}mt 1% "tsh%y%?‘i&ir}@f AderoisSEtaaeR OB hiEhf condunEis gates 304
and 306. [0013] FIG 3d is a cross-section view of the portion shown in

FIG 3c. r. fhe: silicidatio rocess. is .conplete. As illustrated in FIG
3d, theelg‘g%‘gdeé%%g?‘rp&ﬁ%%ﬁ%i@r'BP??@M'éﬁgcﬂﬁﬂ—P@ngl BEEES: i n. the | ow pol y- Si
~density region 310, are substantially silicided, but the gate el ectrodes
314 of transistors 304 and 306 |ocated in the high poly-Si density region
312; are not -conpletely silicided, i.e., the silicidation front 340 of
transi stor 308 reaches the interface between the gate dielectric and the
gate el ectrode before the silicidation front 342 of transistors 304 and
306. Ifadditional silicidation is perforned. i RS



to cause the gate el ectrodes 314 of transistors 304 and 306 to be fully
silicided, the transistor 308 nmay suffer fromproblens related to the
excess diffusion of nmetal atons. through the gate dielectric into the
channel region. [0014] Therefore, -there is -a -.-.need for a'

| ow-iesistance .,or -highly conductive gate electrode, and in particular,
for uniformy si I i di ded poly-Si structures, SUMVARY OF THE | NVENTI ON [0015]
These arginanvERY pROHETSVETEIONener al |y reduced sol ved or circunvented,
and technical advantages are generally achleved by enbodi nents of the
present. i nvention, which provides a sem conductor device having dumy

si |ici dg0813juct dhes. anﬂ@@x&ﬁﬁ:oblbms aeEenentip cidoedd, sdfed dreirpuresandd, envent i on, a
sem conduct.or device has first structure that is fully silicified and at
| east, one dummy si'lici ded strUcture. The first structure may be, for
exanpl e,techniat edwhegts adgemretally achamed, Styoembamlimeds phthelgesot imventi:cmgi on or
the isolation region of the sem conductor device.  [0017] -1 n anot her

enmbodi ment of the present invention, a nethod of rranuf acturing a

sem condwukitbproyisies &eemmnldﬁ@laicﬁcﬁbﬁvmaﬂumlsm%demcmeﬁ ucture and a fully
silicided dunny

'[0016] In one embodiment of the present invention, a semiconductor device ‘has a
first structure that is fully silicided and at least one dummji silicided structure. The first
' structure inay be, for example, a gate electrode of a transistor formed in the active region

or the isolation region of the semiconductor device.

[6017] In another embodiment of the p;ese_nt invention, a method of manufacturing a -
sermiconductor deyice having a ﬁrsﬁ fu_lly silicided structu;r?' and a fully siliéid.ed" dummy
' structure is proﬁdcd. Aﬂrst polysilicon. su'u;:turc and al_c_lum.my polysilicon gtrﬁcture are
provided on a substrate. | A metal 1e_1yer ié Ifo:rmed ‘over thei fuét polysﬂjcon_structuré and
. the dun:'.iny- polysilicon. structure, and ‘a silicidation process is performed. The first
polysilicon structure may be, fc:)r example, a-géte electrode of a traﬁsisfor located in the'

active-region or elsewhere.

. {0018] In yet another embodiment of the présent invention, a dielectric layer is

formed over a first polysilicon structure and a dummy polysilicon structure. The
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structure is provided. Afirst polysilicon structure 'and a dummy
polysilicon structure are provided on a substrate. A netal |ayer is forned
.over, the first polysilicon structure and the dunmy polysilicon. structure,
and a silicidation process is perforned. The first polysilicon structure
may be, for exanple, a -gate electrode of a transistor |ocated in the
active region or elsewhere. [0018] In yet another enbodi nent of the present

inventio dielectric Layer is formed over a first polysilicon structure

and a dudrlr%lﬁaﬁgllg%eﬁl? @kﬁ%@ﬁu%‘?@ﬁ%ﬁt t%agl? i RolsEicpn strpgigrerandthey dimaEy zed such

that the first polysilicon structure :and the dumry polysilicon structure
ar e expOseekiiAn ShinkGldal Q0. RE 0Gess s . berformed so that the first

- polysili con1hsdt%P3“;?:1!['1%};&%e %%3Q?%gé'dwclg3tf@sﬂf’rp?eéﬁﬁREP}%EFE? % thet thesfinskt ant i al | y

fully silicided. BRI EF DESCRI PTION OF TI C DRAWNGS [0019) For a nore

conpl et eyl R18 sBGHR AP lhe ARG R S8 ER cok! Lon, . nd,%Ef .adyant ages

t her eof,Ep ref erence irgqﬂg%etr%gge 3t@§%ﬁgobgﬁow§%sﬁ§§ﬂl Mﬁéﬁ't"ﬁf?gn in

conjunction with the acconpanyi ng draw ngs, in which:



[0020] FIG | is a crass-section view of a transistor; [00211 FIGS. 2a-2b

are cross-section views of a wafer illustrating a process of siliciding a
pol ysi li-con gate el ectrode of a.transistor; [0022] FIGS. 3a-3d are
cross-section views of a wafer illustrating a process of planarizing and

silicidi ng polysilicon gate el ectrodes of transistors; [00231 FIGS. 4a-4d

are cro lustrating a process of formng
fully si W&Eﬁo%ﬁ@ﬁg&@?g rodes in accordance vvith one

enbodi ne b the present invention; [00241 FIG 5 is, %I%h '
i |lustr %93 t h&05 3 Mmore §omplefec RAGELAning, of e hTent &Ff"cﬁ%%e Rfensity in

accordance with one enbodi nent of the present i nvention; [0025) FIGS. 6a-6d
are cross-sectio ws, of a.waf er |II at ocesof full

RSP i R T e R S A e e N
accordance with one enbodi ment of the present invention; and -10 [0026]

FI GS. 7%0%%%%“91%0 eagc%:%%&%?ngdrgws 08 %hy(\%fer |IIustrat| ng a process of}

[0020]  FIG.1 ieacroés—éection view of a fransistor;

[0.021]'._ : 'FIGS. 2a-2b are cross-section \-riews of a wafcr. illustrat_iﬁg a process of

sijiciding a colysﬂicon gate electrode of a transistor;

[0022]  FIGS. 3a-3d are cross-section views of a wefer ﬂlustratiﬁg a process of
| - planarizing anq siliciding polysﬂicon gate electrodes of transietors;

[6023] FIGS. 4a-4d are cross-section views of a Wafer ﬂlustrating‘ a process of

 forming fully silicided poljrsilicon gate electrodes in accordance with one embodiment of
the present invention,

. [6’024] - FIG. 5 is a graph ﬂlustra.ting the silicide thickness as ; fanction. of paﬁcm

density in accordance with one embodiment of the present invention;

[0025] FIGS. 6a-6d are cross-section views of a wafer illustrating a process of fully
silicided polysilicon gate electrodes utilizing an etch stop layer in accordance with one

embodiment of the present invention; and

-10-



form ng contacts on a sem conductor device having dumy polysilicon
structures in accordance with one enbodi nent of the present invention.

, =11, DETAI LED DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS [ 0027] The maki ng and
using of the presently preferred enbodi nents are discussed in detail

bel ow. It shoul d be appreci ated, however, that the present invention
provi des nmany applicable inventive concepts that can be enbodied in a w de
variety(ﬁ; ipecific contexts. In particular, the method of the present

i nvent i BP208" de$3ES bdet 7b rare heossentisont vighwsf of ai wafen ilgatreinf aaploc@RShSt Or .
One of ordinary skill in the art, however, will appreciate that the
process; described herein may be used for forming any type, of device or

st r uct ufWTMIR £PNGER | Gz e semidandiieten dpviby $inving atunshy polysiiedn shec@rdhi Rol y, the
speci fic enbodi ment.s -.-di scussed herein are nerely illustrative of specific

" ways to nmake and use the invention, - and do not limt the scope of the

i nvent i 81FOrG20e0 #jth oppembodionent of thgarescrt invdntiodes are Used as an exanple to
illustrate this invention, it is understood that other gate el ectrodes -
such as poly.-crystalline T R

-11-



silicon-germani um gate. el ectrodes, or single-crystalline silicon gate

el ectrodes may be used in place of the poly-crystalline gate el ectrode
descri bed herein. [00291 CGenerally, it is desirable for the silicidation
fronts to progress downwards at approxi mately equal rates such that al
gate el ectrodes becone fully silicided at about the sane tine. In
accordance with one enbodi ment of the present invention, dumy -12 poly-S

struct urﬁrﬁg Q]P}I%ﬁlaﬂ;l lfﬁ %qgng o}ﬁgﬂmmfshe silicidation fronts
progress 1n P;I?%ggn portl_o}‘frrl“g:'ut(‘)g e sen@%on uctor chip. The introduction

of dumy poly-Si structures in |low poly-Si density regions reduces the

amount ¢ at al & B@LERG of Mheth@enty blefdrdatei®Bdiplagass dRbuskfie act ual.
gate el g@?irﬂ(;de %g?ﬁﬁlﬁsa? relggges—&tﬂﬁecgtg}‘egd at -Which the silicidation
front progresses downwards during thesilicidation process. [0030] FIGs.

4a- 4d 1 |ih URtallHeBowr NP SESERY hffedlit@ivhotevér, ROE tieopteseht Mmvemitncarodides or waf er
during various steps of a first nethod enbodi nent of the present invention
in which dumry poly-Si structures are forned. It should be noted that 'the
dummy  pohyirySipplicable inventive concepts that can be embodied in a wide variety of specific : -

contexts. In particalar, the method of the‘present invention is dgsc;ibéd in‘the ‘coriﬁxt of
forming 2 gate of a transistor. Oﬁé ‘of Qrdinaﬁ skﬂl in the art, howevér, will appreciate

| that the process descrﬁ)ed herein may bé used for forming any fype_ of de\fiée or strﬁcnlre _
that 'u%:i]izcé silicide_d polfs_i.licon_ struc;tureé. At;cdfdinglj, the speciﬁc embodiments H
discussed herein are merely illustrative of specific ways to make and use the invention,

and do not limit the scope of the invention.

[0028] '.Whﬂe poly-Si gate -eiectr.bdeé are used as an eké.mple to illustrate thlS
'iﬁvent.ion, it is understood that oth-t.a.r gate electrode; -such as poly—cfystalline
sﬂjcon-gcnnaxﬁum gate electrodes, or single-crystalline silicon gate electrodes may be
use_d in place of the poly-crystalline gate éle!ctrgde described herein.

'[0029] Generélly, it is desirable foi' the sﬂicidaf.ion fronté ,lto‘ p.rogress dov%mwards at

appfoximately equal rafes such that all gate electrodes become fully silicided at about the

same time. In accordance with one embodiment of the present invention, dummy




structures are shown as transistor gates for illustrative purposes only and
that other poly-Si structures may be used. [0031] The process begins in
FIG 4a, which illustrates the structure di scussed above with reference to
FIG 3a, except that dummy poly-Si structures 410 have been formed. The
original nmetal silicided |ayer 234 (fornmed on the gates) maybe retained or
renoved prior to the silicidation process of the gate' electrodes. [00321

The du ly-Si structures.410 nay be formed on an isolation region or in_
P y ;

an acti (Bl pRcRre farmke tatiodify aespeed ootk alicidatioh FRtG) Bgﬂé&st ry on
t he sem conductor chip. In sonme enbodi nents, however; they né@hb
electrically tied to a -13 ground node or other reference potential. In

ot her e%éﬁ%@ﬁﬁqmﬁwﬁmmwmm chift. 1 Tbk Ufi@sduddéh ofaiinbigy ?’%’%Cf ed to
other circuitry on the sem conductor chip, but does not perform’a ﬁogical
function for the circuitry contained on the semiconductor chip. [0033] FIG
4b i1 1 uStClirss ip low pelyi dewstiregionstd@ucebahe i@t af ﬂie@dl%ﬁ&fd'iﬁati'ng%% ¢420 has
been formed and planarized. The dielectric layer 420 nay be fo neJlby any

met hod licidation o . '
silicidation pracess of the ‘actual gate electrode and, thus, reduces the speed at which the

-silicidation front-progresses downwards during the silicidétion process.

[0030]  FIGS. 42-44 illustrate oro o

frate cross-section views of

& portion of 4 semiconductor
e Buting Varions $teps of"a Tust ethod ‘smbodimént of the present mvention tn
which dummy poly-Si structures are formed. 1t shioald be noied that the dummy poly-Si

structures are shown as transistor gates for illustrative purposes only and that other

- poly-8i structures may be used.

[0031] The process begms in FIG. 4a, which illustrates the structure discussed above -
- with referenée to FIG, 3a, except that dummy poiy-Si structures 410 have b;:en formed.
The original me'tél silicided 'ia‘Yé‘Il234- (formed. onthegates) may be 'rc't'ait'zed c').rifét.ﬁojv'ed o
. priox; to the silicidation pI-'ocess- of thc gate electrodes. |
[0032] The dummy poly-Si struc@és 410 may be formed on an isolé’t_ion region or N
in an acfive région and, preferably, are not conneéted to other ;:ircﬁitry oh the

semiconductor chip. In some emboditne_nts,.howev'er,' they may be"eléﬁt’rically tiedtoa
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known in- the art, such as, for exanple, by a chem cal vapor deposition
process. Preferably, planarization is performed by a

chem cal - mechani cal - poli shing (CWP) using an oxide slurry. [0034] As one
of ordinary skill in the art will appreciate, the introduction of dummy
pol y-Si provides a nore uniformsurface after the CH P process as conpar ed.
to the resulting wafer w thout dummy poly-Si structures as shown in FIG

3b. In i : SRR Sh StheUGHM@Seedbe Buliiey OGS
associ a%qg&d}dwﬁﬁatﬁrh%&%ﬁﬂe ?égrgg%g@s %in the Tow poly-Si densi tyﬁr egi on 310 by
increasing the density of poly-Si structures. [0035] Referring nowto FIG

4c, theogedel Qb :gi e @ﬁn&&ecﬁﬂ&%x%ﬁ&@iﬁg%mﬁé%bmic@ﬂcﬁfctor‘éﬂﬁn, bat déear med over
the .gate electrodes to be silicided and the silicidation process has

begun. FIG 4c illustrates that the silicidation front 424 of the poly-Si
gate el gahEaa8Sa 103041 f13@fn faNHe SbdhiBNEbritdigedisniy semikondSttos thipct ur es 410

progresses- at about equal rates -14- . after the introduction of the dummy
pol y-5i structures 410. The netal used for the full silicidation of the .

ga'lt e el [eocbgé]ode ]Er"IT%YAf‘t??Huggrgtgsetgg Wrnlvtafefr rsk?o%r? {n IEIP}e 4%? eT aauslel%cr}gc %f’lb@ﬁ‘ﬁﬁd for

N been formed and pléﬁaﬁzeé,- The dielectric layer 420 may be formed by any method |
known in the art, soch as, '.fqr..example, by a chemical vapor d\?p(?siﬁon proccss‘.
i’referably, pianari:;ation is performed by a chemical-mechanical. polishing (CMP) .using'
an oxide shury. | |
[0034]  As one of ordinary skill in the art will appreciate, the introdﬁction of. dummy
.poly-Si provides a more uniform surfa;be after the CMP 'process as .comparecl_to‘t‘he
resulting wafer Without dummy poly-Si gtructures as shown iﬁFIG. 3b. In particular, the _

dummy poly-Si structures reduce the recess associated with the CMP procc'ss m the low
Poly—S_i'dens_ity regibn 310 by increasing the density of poly—Si_strucmreg.

© . [0035]  Referring nc.Jw,to'PIG. 49, the wafer o_f_- FIG. 4b is shown aftér a @ctgl layer.

422 is :férmed ov;:r the gate elcctrod;s to ‘be silicided anFI the ;ili'cidation proccsélhas

' v‘bcgun. FIG 4c Mustrates that the 'silicide;‘tio:;_ front 424 of -the'poly-'Si gate e]ecéfocl_es

304, 306, and 308 and the dummy poly-Si structures 410 progresses at about equal rates
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the formation of the source and drain silicided regions. In the preferred
enbodi nent, the netal used for the full silicidation of the gate el ectrode
.is nickel. The netal may.al so be cobalt, copper, nolybdenum titanium
tantal um tungsten, erbium zirconium platinum conbinations thereof, or
conmbi nations thereof and. nickel. Qher netals may .also be found useful
after routine experi rrent ation. [0036] The silicidation may be effected, for

exanpl e, h rature anneal with a tenperature in the range of
about 209 mélg%rl@kgd P%P Qﬂetdélngﬁﬁ()golyg‘?@@tru@gqe@ééo Toe Insital sisedTfoe tienfagial can be

performed in an inert anbient conprising nitrogen, helium argon, neon, or

ot her i ngkdiq The anneal i n me can range from about . 1.
mcr osecon(g ﬂi{%gsoﬁ%e%aéﬁ el?ﬁrl?‘?ﬁf dil%f ERBlEIE or fhs same as ehetroethlsad farn whi ch
nickel is. wused in the S|I|C|dat|on process and the anount of desired

silicidahé afnhsof t bout. 2000 angst n thickness, a high
t enperature ann%a?ﬂH &g afnﬁc? 'ﬁ'”é’ﬁ]a re(ﬂm% b@@egeﬁﬁﬁécfab@hmem@edegrees
Cel sius for several m nutes. [0037] FIG 4d' illustrates the wafer of FIG.

~4c af t ermdtiiqussd kdrGh is conplete and excess netal. has been
removed. As one of éojlﬁﬁ |S§Iaa%c§lyhaﬁg?ﬁﬂe Bl e{f% g %F The metal may also be
cobalt, copper, moly.bde_num, titanium, tantalum, tungsten, erbium, zirconium, platinum,

combinations thereof, or combinations thereof and nickel. Other metals may .also be

... -found useful.after routine.experimentation.

{0036] The silicidation may be effected, for example, by 2 high temperature anneal
with a temperature in the range of about 200 degrees Celsius to about 900 degrees
Celsius. The.anneal can be performed in an inert ambient comprising nitrogen, helium,
:argon, neon, oOr _other. inert -gassc;. The aone_a.ﬁ_ng time can range from about 1
microsecond to several minutes. For example, in ono -embodiment in which nickel s
used in the silicidation _i):ocess and the .amount of desired éﬂicic_latio’n is about 200 to
- about 2000 angétroms in thicknoss, a high tempergulre'anneol z_nay 'oc in the range of -

about 300 to lab-out 700 degrees Celsius for several minutes.

[0037] FIG. 4d'iﬂustrates the wafer of FIG 4c after the silicidation process is -

complete and excess metal has been removed. As one of ordinary sk.tll in fhe art will
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-15 appreciate, the resulting wafer has a substantially uniformsurface and
silicidation of the gate electrodes 314 is substantially uniform [0038]
Referring nowto FIG 5, the silicide thickness t forned after a
predetermned silicidation tine is plotted as a function ' of the poly-Si
pattern density d. FIG 5 illustrates that a region with a | ower poly-Si
pattern density will have a thicker silicide thickness. By introducing

dunmy s, Sk GhHLES io[ib ddnrd BEiERR] MirSle 85d WGEMAGon SEMSI Y across
t he ser%tro%lgﬂﬁt@%rr&g&g‘ﬂ%?eﬂf(L%-S{Ff’)%dnr an%e of bet vve%n dl and d2, the suicide
t hi ckness formed will be in a small thickness range of between tj and t2.

I n one ghadl 3149 { BN RNS LaSédd. ci dation is perforned, so that ti or t2
is about. %&%Pger tuhan' t?]e initial thickness of the. poly-Si gate
el-ectrode prior. to silicidation. I'n another. enbodinment, t2-is

approxi mately. about 10% | arger than the initial thickness of the poly-Si
gat e ell8638 ode Rstarong pey @i-ﬁ‘lﬁgﬁdﬁ% F@ﬁﬁegi%w&sﬁfgnﬁﬁg?f@i@%?dﬁw ulto 2%%

larger than the initial thickness of '"the poly-Si gate el ectrode prior to-
f IhL'I glr desgéch(it ; a%p%,[togﬁQOBi?%@ﬂtt%'asGaa_quncfi:tiBJll 'lo 3 éaptoFy-& %g gﬂ?ddeg&%h% #gogi ment o

illustrates that a region with a lower poly-Si pattern dcnsij;y wijl have a thicker sﬂjciQB
'thicknesé. By introducing dummy poly—Si structurés and limiting the pol'y-.Si structure
. .dcnsi.ty ACTOSS th;a sc_:mi?:ogductor substrate fo the range of between d; and d,, the silicide
thickness formed will be in a small thickness range .of .betwc;:n t; and ;. In one
embodjment, slight _ovér—sﬂicidgtio;l is performed, g0 that £; or #; 1§ abcn‘lrt 1Q% larger than
g ?the initial “thickness of the _.pqu~Si gate electrode prior to silicidation. In anbth_.er.
embodiment, tris approxi:gately. ébout 16% larger than the initial thickness of-the poly-Si
gate electrode prior 'tc‘) si];cidgﬁon; aﬁd t; is approximately about 20% largér thanthe
initial thickness of the poly-Si gate electrode i)ﬂor to Si];icidaﬁoﬁ.
{00391 FIGS .Ga—6d illustrate a '.second.r_ncthc‘)d ‘cmbbdiincnt of the present inycntion
in which an etc1.1;s.t0p lay;ar is formed over the tramsistors prior to 'deposition of a
dielectric layer and prior to full gate sﬂicidaﬂon. The process Beg'ins in FIG. ba w_hérein

@ wafler is provided as described above with reference to FIG. 3a, and an etch stop 1é1y§r'
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in which an etch-stop layer is fornmed over the transistors prior to
deposition of a dielectric layer and prior to full gate silicidation. The
process begins in FIG .6a wherein ,a wafer is provided as described above
with reference to FIG . 3a, and an etch stop layer -16 610 is formed. The
etch-stop | ayer 610 preferably conprises a material with a different

chem cal property fromthat of the dielectric |ayer such that an etchant

W th aéfi gh etch selectivity may be used. For ; exanple, if the dielectric
-1 ayer G!8isformedn Theietrb-stop layérdi0 preferablytdouiptiyes(d mateki)l with eHigftank c, t he

etch-stop:. layer -610 may conprise silicon nitride. After the formation
of an e%ch.—sto .layer 61.0, a dielectric |ayer 61.1 is deposited and
pl anar i“2¥BLc4aRC8 ofurthyt|of thesgiclegmigdayersgh Bat 4nl ¢tolwint witba Higeetolaf er or
FIG 6b after a netal |ayer 612 has been formed. The netal =layer 612 'nay
be forr‘rﬁdét. f.or EXﬁmﬂ e ngs di scussed abhove with reference to FIG 4c.
“Anneal PRETHY AR Ae tseds nEpleiample, df the delaciipiyorisilieon otidy enadowo FIG 4c
-results in full silicidation of the gate el ectrodes 314, as illustrated in
FI G

' %grmitr.ivity (low-k) -dielectric, the etch-stop. layer 610 may comprise silicon nitride.
After the formation of an etch-stop layer 610, a dielectric layer 611 is deposited and. =~

planarized, as shown in FIG. 6b.

"*59'040]‘-? TFIG! ¢ itliistrates “the” WafcF |of TIG. 66" Aftér & Thetdl Tayer 612 has béen
formed. The metal tayer 612"may"-be formed, for example, as discussed above with

- reference to FIG. 4c. Annéaling in an inert ambient as discussed above with réference to
FIG. 4c results in full silicidation o’f the gate -élethozi‘cé 314, :as illustrated in FIG. 6d-
wherein the silicidation front 614 is 1locgted at'the junction of the gate electrode 314 and
the dielectric la'y'cl; 120 FIG. 1). -N&é’that the remaining metal layer is femoveci, ﬁs

' | shown in FIG. 6d.
[90_41] 7' HGS. 7a-7b illustrate gnothcr embodiment of the presen’t.iﬁventidu Wﬁerem
?ontacts are formed to the source 710, the drain 71’2,7and'the gate electrédc 714 of Qelect* . |
transistors. The process begins in FIG. 7a whgrém a passivation layer 716 is formed

-over the transistors with silicided gate electrodes. Contacts 720 are etched through the
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wherein the -silicidation front 614-is :located at-the junction of the gate
electrode 314 and the dielectric layer 120 '(FIG 1).Note that -the

remai ning metal layer is renoved, as shown in FIG 6d. [0041] FIGS. 7a-7b
il'lTustrate anot her enbodi nent of the present invention wherein. contacts
are formed to the 'source 7.10, the drain 712, and the gate. electrode 714
of select transistors. The process begins in FIG 7a wherein a passivation:-
| ayer 716

.is forme over.the transistors with. -silicjded el ect r odes.
Cont actpgss?‘?g‘mégaé’eétc} ¢hdd r?%Potgﬁﬁﬂl-cfd% ga&qelﬁ%%osqeggfi ‘ﬁsq%gcge]rn g%e{bo reach the
silicided gate electrodes as illustrated in FIG .7b. Sone contacts 720 may

be for t _ e di fhc | [ : t =St | ayer.
(it pr oot PhibR sl dhoitedoBind Loy HE R Ml L B ko RbE R 00 Y )
metal interconnects (not shown) are forned overlying dielectric |ayer 716,

as is o [ : S areoql, sp i i,0 he
i nvent :ﬁgﬁ\qﬂgsﬁrg%%@ g%tsr%arcil-btgg%v%\!nl%é}ea %dg%{%%ge&fggg'pegﬁs%&%%b |ertr%alnt S.
However, various nodifications and changes can be : :

interconnects (n_ot shown) are formed overlying dielectric layerl 716, as is known in the
art.
- [0042] _ In t_hé foregoing specification, the invention. has becn described witﬁ
reference to specific embodiments. However, vﬁous modifications and changes can be; :
made bf one skilled m thc art withqut depa_mi;g from the scope of th,é presenf invention.
Accordjngly, the specification and figures are to be regarded in an illustrative rather thaﬁ
' a restrictive sense, and a]l.‘such modifications are intended to be_induded w1thm the
scope of the present -invént-ioq.
[0043] Aithough pgrticula.r embodiments .of the invention ha'\iic.a béen describe_d in
Adctail, it is undérstood that the invcnﬁpﬁ is not lﬁ:uited cprrespondingly in scope, but
includes all changes, modifications, and equivalents corping within the s'pi;it and termé of
the claims aﬁpénded hereto. For example, differ_ent organizaﬁon of structlflres aﬁd other "
types of structures may be used, varying thicknesées of the gate layer and gate insulator -

layer Iﬁay be used, and the like. Accordingly, it is understood that this invention may be
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made by one skilled in the art without departing fromthe scope of the
present invention. Accordingly, the specification and figures are to, be
regarded in an illustrative rather than a restrictive sense, and all such
nodi fications . are intended to be included within the scope of the present
-invention. [0043] Al though particul ar enbodi nents of the invention have
been described in detail, it is understood that the invention is not
limted correspondingly in scope, but includes all changes; nodifications,
and equixiendeftle oftrristroctuies and nderiApiand thianthe wesiicaiion A8l Blatigeappended
hereto. For exanple, different organization of structures and other, types
of structures may be used, varying thicknesses of the gate |ayer and gate

i nsul atlsrreghrdgdin anaijlubientive eatherstheh 4 bestrldikesemdecor di ngly, it is .understood
that this invention may be -18 extended to -other structures-and nmaterials,
‘and ‘thus, the specification and figures are to be regarded in an
illustrative rather than a restrictive-:sense. WHAT | S CLAIMED I'S: 1. A

sem conductor chip conprising: ' -
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a sem conductor substrate conprising an active region; a first structure
formed in the active region, the first structure being fully silicided; and
at | east one dumy silicide structure. 2.. The sem conductor chip of claim
1 wherein the first structure.i-s a transistor gate el ectrode of a

transi stor. 3. The semiconductor chi'p of claim2 wherein the transistor
further conprises a gate dielectric underlying the first structure, the
gate(m§ﬂ§§§§ ing a high permttivity dielectric selected fromthe
group ¢ (ﬁﬁ&@&&% umi num oxi de, haf ni um oxi de, haf ni um oxynitride,

haf ni um si licate, zirconium oxide, zirconiumoxynitride, zirconium
silicate, Wyt d t hal um oxi de, cerium oxide, titanium oxide,

and tanlt aiuﬁ%%%nh&j&%éo”” glgnductor chip of .claim1l. wherein the dummy
silicide structure is located in the active region.. 5. The sem conduct or

chip of clai, @Eﬁc\ﬁ‘ﬂﬁ{cﬁkg‘lﬁbs&?@cg&g oSkl L&l de g%nr ucture is Iocat ed in an |

i sol ation region separ he“active r

p—

a first structure formed in thc active region, the first Structure being fully silicided;

and
at least one dummy silicide structure.
2.-  The semiconductor chip of claim 1 wherein the first structure is a transistor gate. -
electrode of a transistor.
3. The semiconductor chip of claim 2 wherein the transistor further comprises a gate

dielectric uﬁderlying the first structure, the gate dielectric comprising a high permittivity
dielectric selected from the group consisting of aluminum oxide, hafnium oxide, hafnium
oxynitride, hafnium silicate, zirconium oxide, z_iiconium oxynitride, Azirconium silicate,

yttrium oxide, lanthalum oxide, cerium oxide, titaniom oxide, and tantalum oxide.

4. - . The semiconductor.chip of claim 1 wherein the dummy silicide structure is

located in the active region.
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6: The sem conductor chip of claim1l wherein the first structure and dummy
silicide structure each conprises nickel silicide. 7. The sem conductor
chip of claim| wherein the first structure and dummy silicide ..structure: "
each conprises a silicide of a material selected fromthe group consisting
of -nickel, cobalt, copper, nolybdenum titanium tantalum tungsten,
erbium zirconium and platinum $. The seniconductor chip of claim1l
wherein th5e first structure and dumry suicide structure each conprises

ger mani um THee ssersapduioicthig ofothiip owharbiaithe during sidicide siheengens conduct or
substrate is a silicon substrate. 10. The semiconductor chip of claim1l
wherein the sem conductor substrate is a sem conductor-on-insul ator
substrate. Clai WD isQlalipndegian seperate fipmp thsf activarepidn. f-ur t her conpri sing a
contact etch- stop layer . overlying portions of the first structure. -21

6: The semiconductor chip of claim 1 wherein the first structure and dummy silicide

structure each comprises nickel silicide.

7. . The semiconductor chip of claim 1 wherein the first structure and durmnmy silicide
structure each comprises a silicide of a material selected from the group consisting of
nickel, cobalt, copper, molybdenum, titanium, tantalum, tungsten',r erb.ium, zifconium, and

platinum.

8. The semiconductor chip of claim 1 wherein the first structure and dummy silicide

structure each comprises germanium.

9. The ;emjcogductbr chip of claim I wherein the semiconductor substrate is a

silicon substrate.

10.  The semiconductor chip of claim 1 wherein the semiconductor substrate is 2 o

.semiconductor-br_l-insulator substrate.

11.  The semiconductor chip of claim 1 further comprising a contact etch-stop layer -

overlying portions of the first structure.
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12. The sem conductor chip of claim1 further conprising a dielectric |ayer
overlyi.ng the first structure and dumry suicide structure. 13. An
integrated circuit chip conmprising: a substrate having an active regi on and
an isolation region; a transistor forned on the active region, the

transi stor having a source region, a drain region, and a fully silicided
gate el ectrode; and at |east one dumy silicide structure 14. The

integrated circuit chip of claim13 erelnele CEP contarts are
el ectrildal | yheeappradueter dbife fsféw&eﬁlﬁg |CGH‘-‘-PﬂtSfH%a GG ¥’r?§ the fully
silicided gate el ectrodes. 15. The int egrated circuit chip of claim13

wherein the dummy sili ci degl%#ructure is located in the active region. 16.
The i nt%ﬁ%ﬁ%ﬂ‘f’@ﬁ”é@ldpmgm € Y5 13 wherein the, dummy silicided

structure is located in the isolation region. 17. 'The integrated circuit
chip of claim13 wherein the fully silicided gate el ectrode and dummy

silici d storucture ,compri,se nlckel silicide.
dl% Anumtegrated CRemt chip comprising:

a substrate having an active region and an isolation region;
a transistor formed on the active region, the transistor having a source region, a
drain region, and a fully silicided gate ¢lectrode; and .

at least one dummy silicide structirre.

14.  The integrated circuit chip of claim. 13 wherein electj:ical contacts are electrically

coupled to-the source region, the drain regio;l, and the fully silicided gate electrodes.

15. The integrated circuit chip of claim 13 wherein the dummy sj]icidéd structure is_

~ located in the active region.

16.  The integrated circuit chip of claim 13 wherein the dummy sﬂicidcdrsu'uctu:e is

located in the isolation region.

17.  The integrated circuit chip of claim 13 wherein the quj silicided gate electrode

and dummy silicided structure comprise nickel silicide.
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-22 18. The integrated circuit chip of claim713 wherein the fully

silicided gate el ectrode and dummy silicided structure conprise a silicide

of a material selected fromthe group consisting of nickel, cobalt,
copper, nolybdenum titanium tantalum tungsten, erbium zirconium and
platinum 19. The-integrated circuit chip of{claim-13 wherein the fully
silicided gate,dl ectiode and dummy silicided structure conprise germnmani um
20. A nethod of form ng a sem conductor device having a fully silicided

struct ur e, [& he "Hia intsgradesigircnis chig of blgins § 3 pheein thettalis diidigedpapuRsts@t € havi ng
an active region and-an isolation region;, formng a first polysilicon
structure EI(.)HB he substrate; formng a dummy polysilicon structure on the
substrat e, cigen §isiciure ermise acstlivide-dfeimaeral stlaaabirat ithegraipr cui t

el enent; formng a netal |ayer over. the first polysilicon structure and the

dummy’ pol ysi l.i con tst,r U(ft ure; and ‘
consisting of nickel, cobalt, copper, molybdenum, titaninm, tantalum, tungsten, erbium,

zirconium, and platinum.

19. The-integrated cireuit-chip of claim 13 wherein'the fully:silicided gate-electisde

and durnmy silicided structure comprise germanium.

20. A method of forming a semiconductor device ha{?ing .a fully 311101ded st-.ruc;u‘re,
the method comprising t-her steps-of:

providing a substrate having an actifc regiogand..-an isolation'region;

forﬁling a first polys_i]ic_:on ;trqcture on thc substrz_a.té;

forming a dummy polysilicon structure on the substrate, the dummy p?lysil_igqn |
structure being an inoperative circuit element;

fom;iﬁg a metal layer o;zer the ﬁrst polyéi]icon stmctu:rea.nd the dumm.ﬁr |
~polysﬂicon structuré; and |

V-Siliciding ﬁr-stpolysilicon-structure-and=-me..dummy’.pélysﬂicon--structure; withthe

metal layer to form a first fully silicided structure and a fully silicided-:durﬁmy:stmcture‘. -
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siliciding first polysilicon structure and the dummy pol ysilicon, structure
with-the netal layer to forma first fully silicided structure and a fully
silicided dummy structure. -23-. 21. The nmethod of claim20 wherein the
first polysilicon structure is a gate electrode of a transistor. 22. The
met hod of claim20 wherein the first polysilicon structure is |located in
the active region. 23. The nethod of claim 20 wherein the dummy pol ysilicon
structure is located in. the-' ﬁ%%lve ion. '24. tho of cl aim 20

wher ei 21f or ﬁhﬁglemﬂéoﬁélﬁ@m‘é@%ﬂmlt %8%13’5 ‘c‘)‘?nrﬁtﬁlt@méelﬁiae’ﬁtgc fayer over.
the first polysilicon structure and the dunmy polysilicon structure ~and -
planar|2|ng the dielectric layer such that the first polysilicon structure

and t heot 2d#§o%ol ysi | i con structure are exposed. 25. The nethod .of claim
20 wherein the.step of siliciding is performed by anneallng

2. | The method of claim 20 wherein the first polysilicon structure isTocated in the

active region.

23.  The method of claim 20 wherein. the dummy polysilicon structure is located in the’

inactive region.

24,  The rc_tetht)d of claim 20 wherein forming the metal layer includes: |
fortJning a dielectric layer over the first polysi]tcon structure énd the du.mmy
polysilicon structure; and
: ptanarizing the tti_eléc:tri.c layer such that tltc first polysﬂicon structure and the

-dummyI polysilicon structure are exposed.

25.  The method of claim 20 Whercin the step of siliciding is performed by artneatling
_ at a temperature of about 200° C to about 900° C in an ambient comprising nitrogen,

helium, argon, or neon.

'26.  The method of ¢laim 20 wherein the step-ot" forming the dummy silicided -
structure s performed by forming the dummy si]ic_tided structure in the actiw{& Tegion.
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at a tenperature of about 200 C to about 900 C in an anbient conprising
nitrogen, helium argon, or neon. 26. The nethod of claim20 wherein the
step of formng the dumy silicided structure is perforned by formng the—-
dummy silicided structure in the active region. -24-. 27. The method of
claim?20 the step of formng; the dummy silicided structure is perforned by
formng the dummy silicided structure in the isolation region. 28. The

met hod of ¢l aim20,wherein -the "'first -fully silicided~structure and the
dummy si | i<t ded bstmeibedioflgmdprthegemotioahingithd @imtay siRSidedicmRiod of claim
20 wherein=the first filly silicided structure and the dumy silicided
structure conprise a suicide of a material selected fromthe group

consi sti ng® # e orminedhedummy sifipided stmuityts drethangoldiiot aspigam  t ant al um
tungsten, erbium zirconium and platinum 30. The nmethod of claim 20
wherein the first fully silicided structure and the dummy silicided

structure gonpri.se gerani ym_ . A
28OMPIHR me%ho -of claim 20 wherein the 'first Tully silicided-structire and the dummy

silicided structure comprise nickel silicide.

29.  The method of claim20 wherein the first fully siticided structure and the dummy
silicided structure comprise & silicide of a material selected from the group consistingzof =+
nickel, cobalt, copper, molybdenum, titanium, tantalum, tungsten, erbium, zirconium, and

platinum,

30.  The method of claim 20 wherein the first fully silicided structure-and-the.dummy.

silicided structure comprise germanium,

.31, The method of claim 20 wherein the step of forming the first polys.ilicon structure
and the step-of forming the dummy polysilicon structure.are-perfofmed-in the same

process step.

32.  The method of claim 20 wherein the dummy polysilicon structure is not

electrically coupled to an active circuit element.
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31. The nethod of claim 20 wherein the step of formng the first
polysilicon structure and the step of form ng the dunmy pol ysilicon
structure~are perforned in the sanme process step. 32. The met hod of claim
20 wherei'n the dummy polysilicon structure is not electrically coupled to
an active circuit :elenment. -25 33. The nethod of cl-aim 20 wherein the
first polysilicon structure is a gate of a transistor. 34. A nethod of
form ng transistor with fully silicided gate el ectrode, the nethod A
conprisity th cs’f{“élﬁﬁd'%Pl%?@\?‘i@?%thﬁ%éﬁ@@fyﬁlgf%n HEF Ry S&redctide regi on and
an isolation region; formng a gate dielectric over the substrate; formng
a gate el ectrode and a dummy el ectrode over the gate dielectric; the gate
el ect r od&®HK t he dummy el ectrode conprising silicon, the dummy el ectrode
being an inactive circuit el enent; :

4. A méthod of lforming a transistor with fully si}icided‘ gate electrode, the method ‘
comprising the steps of:
providing a substrate having an active region and an isolation region;
forming a gate dielectric over the substrate;
forming a gate electrode and a dummjf electrode over the gate dielectric, the gate
electrode and the dummy electrqde comprising si]ic;on, thg dummy electrode beiﬁg an
inactive circuit eleﬁent;
. fofming source and drain regions op;iositely adjacent the gate elec_trode to form a
trans';stor;
depositing metal ovér the gate electrode and dummy c’lt_:ctrode;,and
si]i'ciding the gate electrode aﬁd the Vdumnﬁy electrode with the mct?l to fO@ a ful_ly-

silicided gate electrode and a fully silicided dummy electrode.
35.  The method of claim 34 wherein the _gatc' electrode is Jocated in the active Tegion.

36.  The method of claim 34 wherein the dummy electrode is located in the isolation

region. -
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form ng source and drain regions oppositely adjacent the gate el ectrode to
forma transistor; depositing netal over the gate el ectrode and dummy '
el ectrode; and siliciding the gate electrode and the dunmy el ectrode with
the netal to forma fully silicided gate electrode and a fully silicided
dummy el ectrode. 35. The nethod of claim 34 wherein the gate el ectrode
is.located i.n the active region. 36. The nethod of claim34 wherein the
dummy el ectrode is located in the isolation region. -26 37. The method of

cl ai m 38%herBiermetbpbafi ddim@4rwttendin dgmisisde sietfioidrideg a di el ectric layer over
the gate electrode and the dummy el ectrode; and planarizing the dielectric
| ayer such that the gate electrode and the dumy el ectrode are exposed. 38.

The net hod offoEpaE ;mdBdecidndawsr overttbe gate plecttodsiani ﬂiediiuﬁﬁgdﬁecﬂ@ﬂé;%&n%‘d by.
annealing at a tenperature of about 200 C to about 90U" C in an anbi ent

conpri sing ni Hr ogen, . ,
piananzing the dielectric layer such that the gate electrode and the dummy

electrode are exposed.

38.  The method.of claim 34-wherein:the step ofssilicidingis performed by annealing

at a temperature of about 200° C to about 900%C in 'an ambient comprising nifrogen, -

helium, :argon; or:neon. -

39.  The method of claim 34 wherein the fully silicided gate electrode an& the fuily -

silicided dummy electrode comprise nickel silicide.

40.  The method of claim 34 wherein the fully 'sﬂici_zcd gate electrode and the fully
silicized dummy electrode comprise a silicide of a material selected from the group
consisting of nickel, cobalt, copper, molybdenum, titanium, tantalum, tungsten, erbium,

zirconium, and platinum,

41.  The method of claim 34 wherein the fully silicided gate electrode and the fully

silicized dummy electrode comprise germanium.
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helium :argon, or: neon. 39. The nethod of claim34 wherein the fully
silicided gate electrode and the fully silicided dunmy el ectrode conprise
ni ckel silicide. 40. The nethod of claim 34 wherein the fully silicized
gate electrode and the fully silicized dumy el ectrode conprise a silicide
of a material selected fromthe group consisting of nickel, cobalt, copper,
mol ybdenum titanium tantalum tungsten, erbium zirconium and platinum
41. The 4fet hdtheafietieddaif Mladd3aMbERIIthE bep bekdrii thi sdrdel @R 88 gct r ode and
the fully-silicized dumry el ectrode conprise gernanium .42. The nethod of
cl ai m.34.wherein the.step of form ng the gate el ectrode and the dummy

el ect r odbiameclperdde anperformetie tieanme piaeasserst ep.  43. The nmethod of claim
34 wherein the dumry electrode is not electrically coupled to an active
circuirt el enment.

43.  The method of claim 34 wherein the dummy electrode is not electrically coupled

to an active circuit element.
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