Dummy Patent For Suicide Gate Electrode [0001] This application claims
the .benefit of U.S. Provisional Application No. 60/503,113 filed on
September 15, 2003, -entitled Dummy Pattern for Silicide Gate Electrode,
which application is hereby incorporated herein by reference. TECHNICAL
FIELD :[0002] The present invention relates generally to semiconductor
devices, and more particularly to semiconductor devices with gate
electrodes formed by silicidation. BACKGROUND [0003] Complementary
metal oxide semicoReyeiP PEEMOSHESierR sl Fanatadcoxide
semiconductor field-effect transistors (MOSFETS), are,commonly used in
the fabrication of ultra-large scale integrated (VLSI) devices. The

: tinuing trend. is to. reduce the:size of the ices and to_lower the . | ,
[mggyver cgﬁgjﬁg%?g%%g&uﬁiar%sn%ﬂs%g c&d&%‘;\éﬁ%‘f %?@Wl #@RH@M No.
- enabled-the continued improvement in speed performance, density, and
60/5031 ST HRE [NCHaRGhEICgRtOaRIrcHiS 0 7 P HES QBde Gate
type of a MOSFET formed on a substrate 110. The MOSFET comprises a
source 112, a drain 114, and agate electrode.116. A channel 118
Electrode, which application is hereby incorporated herein by reference.

 TBCHNICAL FIELD

.[0092] ’I‘he present im;fct:ion relg@ generally t.o scmicz_)nductor_ devices, and mo'x.-c
particularly to semiconductor devices with gate électro&ns formed by sili}cidation,v
SACKGROUND

[6@03} - Complementary metal oxidﬁ; semiconductor (CMOS) devices, Asfuch as metal
oxide_semiconductor field-effect transistors (MOSFETS), are commonly used in the
fabrication c;f ultmﬁaréc sz‘:aie.i;-ztegr.ated (ULSD dévices. Thé con‘fmmng tren;:i 13 -to. '
rcduce thﬂsm of the ticvicés and fo low;er the éow_er cmxsumpﬁoﬂ ieq;xirements. Size
reduction. of thé MOSFETs has ensbled the continued improvement in speed

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

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

is formed between the source 112 and the drain 114. The gate electrode 116 is formed



is formed. between the source 112 and the drain 114. The gate electrode
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 formed on the source 112 and the. drain 114. Isolation trenches
126 may be used - to isolate the MOSFET from other devices (not
shown). [0005] As the length of the gate electrode 116 is reduced, the -
source 112 and drain 114 increasingly interact with the channel 118 and

eain difiuanea AR thechaniglys PoteRtiol, GRASEAUEAK: A tRRRIS %%Ee"\@[@ctrode 116,

- a short gate length suffers from problems related to the inability 0

gate electrode 116 to substantially control the on and off states of the

ehdnosiatd SadRhenomaoasiiticasxe ducéshaatbmotisot@asacidedndithe .drain 114.
transistors with short channel lengths are termed short-channel effects.

0006] One of the primary means by which short-channel . effects . are

lipRdEPraatrdilg mevdbavisedliy splie GheeMIOSERE dimmnetheindevices (not

conjunction with transistor , size reduction. However, this aggravates the,
&rlobl ms of poly-silicon (poly-Si) gate depletion and high-gate tunneling
SR, je current. For exampIe for the poly-Si gate

[0065] . Asthe lgng"ch of the gate electrode 116 is reduced, the source 112 and drain

' 114-increasingly- interact v.v"ith- the channel 118 and gain influence on the qhagnei
- potential. Consequently, a transistor Wiﬁl ‘a short _gate lcngih suffers frozﬁ problems - -
N related to the inability of ﬁe gate electrode 116- to subs'tanﬁaﬂy control thé on and off
. states of the channel 118. Pht.avnomc.na.' such as redﬁccdr gate ._x.:onu.'ol ﬁssociatad with

- transistors with shert charinel lengths are termed short-channe] effects.

[0006]  One of the pnmary means by which s;loﬂfchannel_,effe.cﬁs,,are k;:pf under
| éon@i is the: downscaling of the g'até éieiectric thickness -in-conjpnction. with transmtor .
| size reduction. However, this aggijavaieg the pmbigzps of poly-silicon (poiy-Sij gate
dépletiqn aﬁd high gate tunneﬁng'ieakagé currt;n-t" AFor c;xanxple, for the poly-Si éatc
| depletion layer to F)c less fhan?S%’ of the equivalent gat; dielectric thickness, t;}c active - .
. dopant density in. Poiy—Si must be 1.87x10% cm™ at a gate élcgtrodc le;-ngih (Lg).c;f 25

nm.  This dopént dcﬁsity, héwever, 4cia.uses gmat difficulty because ‘the active dopant



depletion layer to be less than 25% of the.equivalent gate dielectric
. thickness, the active dopant density in poly-Si must-be 1.87x1020 cm 3 at
a gate electrode length (.c,) 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 6xI0t9 cm-3 and 1x-1020 ‘em
3 for p+ and n+ doped poly-Si, respectively. Insufficient active dopant
(fe ity in'the gate electrode results in a significant voltage drop across
%‘%“%%f& %%fﬂarﬁ'a%%r&atqr@?é%@é@ tivdestpae st eitfeldOicm? and 1x10%

thickness. In effect, it reduces the gate capacitance in the

chvers ﬁHH‘h%%gBE Invession charge density ar leads tg a lower o
effecti\%]éate volta %Ea(aﬁ(éi- ﬁéelfelf%sr%eg r éﬁroiﬁé@%ﬂﬁé&tﬁ’&féﬁﬁ?gﬁé@mw in‘the
" Tj Attempts have-beenmade to fabricate altighly-conductive

gatelelroteodeshits Narioungiaaal IWMIRR RIREESSA0 the pRlY-SLIle 1. .
eiecd-,Re. . Generally, the silicidation -reactio -,cornverts tg§é¥p§?ﬁ§%l°n layer, .and
_material to--a highly ‘conductive- silicide. For example, FIGS. 2a 2b

migasate briegutingleattr gasistdickrmhiastibeitshewh-in RGedk With réduces the gate

silicided gate.electrode. FIG. 2a illustrates the transistor of-F.IG.. 1. with
Ca..di%zl}(actric layer' 230,..formed cn the.source.112 and..the drain. 14; _
- hieCw %‘?dﬁé%%ﬂ%‘?ﬁ&%%@%.m the.inversion charge.density or feads to a lower’

effective gate voltage, and. therefore ‘car-npmmi's&sdcvicﬁ performance.
. :W'Ti ﬁﬁﬁﬁp@ have ‘been made to fabricate aﬁgﬁlfcéaducﬁve-@ﬂ?t&ﬁé@:ﬁro&e %y
mEOMg a siliéidaﬁbﬁ process -on- the poly-Si gate électredé. . Genérally, the
silicidation -ma;:tion-cénveﬁs the poly-8i -iﬁaﬁezié}"-to--a-hig’h‘ly.-conductivé'-‘s'iﬁcidc. For
éiamplc, P‘I.GS. Za-é'b illustrate fabﬁcaﬁixg"a f-!xaﬂ;s;istor fsgch_-‘as- thai shown'in FIG. 1 with

a silicided gate electrode. FIG 23 illustr:ate_g ,the;.transistor of FIG. 1. with 'éf.dielectrir‘:'
. ";a;?ef 230.ianned-onihe,sou§qe 112 and the drain i 14, anq;amstal layer -232 formied on
‘the gate élcqtroéﬁ. 116 %nd »ﬂflc ;diélﬁctric Aay& 230. Ametal silicided Jayer 234,‘whic£1¢is-
h g’e_neraﬂf fermed whcﬁ the contact pads 124 arc fﬂ_rm.cd,- may remagin on the gate
électmdc_ 116. .Ana;meél 'prqcess is léerformcdlto cause tbﬁ poly-Si gate electrode to
Eecome s_ilicidcd. The excess Ameta;is,mmoved,; thereby providing the structure shown
i FIG. 2b, wherein the gate clectrode 116 is silicided. A similar method: ha.s been

described in a paper by B. Tavel et al., entitled “Totally silicided (ﬂoSizj'ponsiﬁcou: a
- s _ :



the gate electrode.1.16-and .the dielectric layer 230.
A..metal.silicidedlayeer 2-34, which is. generally formed when the contact
pads 124 are formed, may remain on the gate electrode 116." An anneal
process is performed .to cause the poly-Si gate electrode to become
silicided. The excess metal is removed,: thereby providing the structure
shown in FIG. 2b, wherein the gate electrode 116 is silicided. A similar

- method has been described in a paper by B. Tavel at al.,. entitled 'Totally
mileldef AGODIR)RAMBNCAR;RivE RANCHAMBIAGEBED TSAP loyy-sesistive’ ¢atBlished in
without'metal CMP nor etching," published in pages 825-828 of the ‘
Technical Digest of the 2001 International Electron Device Meeting, held
pag¥ashinglendd. the US£hiDADIDREsN cicivev2e0It idntiiiiatiotalsifiiéron Device
transistor gates uniformly throughout a wafer or a chip because the
density of the poly-Si structures varies throughout the wafer or chip. For

Mreiingldield @SVashngting Strbie Eods-section views of a portion of a chip

after various process steps that illustrate one particular problem that may
~cause non-uniform silicidation. [00091 FIG. 3a is a cross-section view of a
[00080n of afsemicondiacior shifffiening silicide transistor gates uniformiy throughout

awaferora Chlp bécau;é the-dcnsity.of ‘tﬁc poly-Si stmctgrés vaﬁes thiougpout the wafer
éf chip. For examplé, HGS 3a-3d illustrate cross-section views of a portion of a cbiﬁa |
after yarious process steps that ﬂlusn'ate .one particular proble;m that' may cause
non-uniform silicidation.

10609} FiG. 3aisa @ssaémﬁon Avicw-pf -a porﬁon of a semiconductor chip having -
- transistors 304, 30_6, -and 308 with vaxyiﬁglgaie -len‘gth.'s formed in actiifc'regions qf the
seﬁi@nducMr chip. Tilc _components of the transistors are eﬁﬁaiajnéd abové mth ‘
referex;ca to FIG. 1. 'I’hé portioxi _cbmpr:ises alow poly-.Si density region 310 and a High
poly-Si density region 312. The low poly~éi dﬁnsﬂy region 310 _and the ﬁighéb_ly-.Si |
densitj region 312 may be adjacent to each other (as sh.o?a.rn in HG. 33} or may be spaced |
. apart on different portions of the wafer or chip.

[0010] FIG. j3b is a c_rﬁs&section view of the portion shown in FIG. 3a after an
in;sulating or dielp;:uic layer 316 is formed over the tfan‘sisi‘aors and a chemical mechanical

4



transistors 304, 306, and 308 with varying gate lengths formed in active
regions of the semiconductor chip. The components of the transistors are
explained above with reference to FIG. 1. The portion comprises a low
poly-Si density region 310 and a high poly-Si density region 312. The low
poly-Si density region 310 and the high poly-Si density region 312 may be
adjacent to each other (as shown in FIG. 3a) or may be spaced apart on
different portions of the wafer or chip. [0010] FIG. 3b is a cross-section
view' of the portion shown in FIG. 3a after an insulating or dielectric layer
| ?E@@F@Fﬁﬁé@b@@&h@irmhmlsa@ﬁ@li_ihﬁgni@ﬁmgﬁ.ﬁ@é%% pérformed. The CMP
planarization or chemical mechanical polishing (CMP) process’is
§ rformed. The CMP process planarizes the surface of the dielectric layer
ahd eXpoLes the Yafaceietfer diclentric AsyituSitatenkin G d EhdNRite electrodes
. CMP often results in a recess 318 in the low poly-Si density region. 310.. _
S "dishingk: oRisac on. artifact of the CMP process in
Z{gas%ﬁ?g%ﬂfl%%vgggﬁ?%@df ea uer:e%[%c 8 feidis iy soweodl§ inige low poly-Si
3c.is across-section View of the' .ortio.; 6.,,.w n ' 'LTT_ 3~ after "

density région 310.. This “dighing” phenomenon is a common artifact of the CMP ~ -

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

00113

- 3¢ Is a cross-gection view of the portion shown in FIG. 3b4fter a metal
Tayer 33@ s formed on e dielectric Iayer 316 and the gate elécirodes 116, andan
~annealing step is.in process. The ancealing step resuits in the silicidation of the gate
eiectrodes‘-ﬁ& The silicidation of the-gate electrodes 116 occurs 1o a large extent in the :
low poty-8i density ragiczn 310 .because the metal -reg‘ioﬁ&paﬁiéipating mthe silicidation
pmcés_s in the low -.pei;y._Si density region 310 is greater than the metal region
‘parti'c-:ipati'ng in the.silicidation process in.the high poly-Si density region 3.ié-_c1u,e of the
diﬁcmaqe in-the @icknm& and/or the density. 'As..a,.rcsult, the rate .at which the
silicidation front proceeds downwards to ;:onsume th% poly-5i ﬁa;:exial differs m regions |
with ﬁﬁergnt poly-Si densities;. In a region with a Jower poly-5i :éez;sit}{, the sili;:idgtion
ocgurs to a greater A‘e'xtent, and the silicidation front is c{@aeper from the mmal top'su.rface

of the poly-Si materiat,



w~. p.va lv. uLLV rrt FTU 3b after a Lam['al layer 330' is formed on ire dell
et tzc layei 316 and the gate electrodes 1116, and -an annealing step is
in process. The annealing step results in the silicidation of 'the gate

~ electrodes 136. The silicidation of the gate -electrodes 11.6 occurs.to a
large extent in the low poly-Si density region 3.10:because . the metal
region -participating in the silicidation process in the low.poly Si density
region 310 is greater than the metal region ,participating in the.

silld8on, pFstEsaTRm EinigRERTST BaRP B SR dasion, af Srapsistors 304, 306,

difference :in the thickness :andlor the density. As a result, the rate .at

Whigh g SUGHRHON AQALPIORESHR SOWRWATHR{9 LORSUNG;TRE PON: Hustrated,

material-differs in regions with different poly Si densitieés. Iha region with a

.. lower poly-Si density, the silicidation occurs to a.greater extent, and the

silibiclatital frantisadee perfeqibithatitalltoprsisfase3®Gf trd 6ty i8ithe high poly-Si
material. -5 [0012] For example, the metal participating in the silicidation :
of transistors 304, 306, and 308 is marked by reference numerals 332,

Pensity T Ak iscdevipam a metahRariGHRENEH P SHipRRg  Pignsistor 308

S|I|C|dat|on of transistors 304 and 306 in the high poly-Si -
in thc low poly-Si denslty rcglon 310. Accordingly, the szlmdatmn fmnt 340 of

transistor 308 progresses faster than the silicidation front 342 of transistors 304 and 306.

{0013] | E'IGI. 3& is a cross-section view of the poft;on shown in FIG. 3c after the |
sﬂipidation process is-complete.. As illustrated in FIG. 3d, the ga?c elcétrodcs 314 of
~mtor 308 located in the low éoisf»Si density region 310, are suﬁs;antiaﬂy silicided,
'_bfut thc‘. gate 'el_eétrodcs 314 of transistors 304 and 'Béé lo'catgd in the high poly-Si deusity
regién 312, are r:;ot;cemplateiy'sil_icidcd, ie. the silicidation front _340;of cansistor 308
reaches the interface beliwéén the gate dielectric ag.d.' the gate electré)de .be.fore ‘tige
silicidation ﬁp:it 342 of trz-msis-tors 304 and 306. Ifaddxnonal silicidation is perfomed -
to cause the gate elécirodes 314 of transistors 304 an& 306 to be Tully silicided, the

trénsistor 308 may suffer from problems re@ed to the excess diffusion of metal atoms- 7

through the gate dielectric into the channel region.



density region 312 is less than the metal participating in the silicidation of
transistor 308 in the low poly-Si density region 310. Accordingly, the
_silicidation front 340 of transistor 308 progresses faster than the
silicidation front 342 of transistors 304 and 306. [0013] FIG. 3dis a
cross-section view of the portion shown in FIG. 3c after the silicidation
process is complete... As illustrated in FIG. 3d, the gate electrodes 314 of
transistor 308 located in. the low poly-Si density region 310, are
[%légstantially silicided, but the gate electrodes 314 of transistors 304 and
%catedﬁefh&;ﬁlglﬁ]@&lm&imt egi ‘

completelysilicided, i.e., the S|I|C|dat|o>£01[irogh'? gf&%?%éﬁ%r%%e%% dﬂca% gate
{{w interface between the gate dielectric and the gate electrode before the

AR oRGRUticslardesistiforadly ailntBRg. gbnogitinaksiigidation is.
performed to cause the gate epodes 314 of transistors 304 and 306 to
be'fully silicified, the transistor 308 may suffer from problems related to
the excess diffusion of metal atoms through the gate dielectric into the
channel region. -6 [0014) Therefore, there is a teed= foi -a low-resistance
rat highly couducti ee gate electrode,: and in particular,:foruniformiy
silicided poly-Si stnxtuis,



-7 SUMMARY OF THE INVENTION [0015] These and other problems are
generally reduced, solved or circumvented, and technical advantages are
generally achieved, by embodiments of the present disclosure, which
provides a semiconductor device having dummy silicide structures.

[0MBR] seeordingHR aNfivsiraspest, there is provided a method of forming

a semiconductor device having a fully silicided structure, the method
comprlsmgﬁthe steps of. providing a substrate having an active region and

afG5alationhesgiend forniig @fss elysiivoH stubierd onlise supseramsented, and

forming a dummy polysilicon structure on the substrate, the dummy

QGQ,C%II%'(I:%. H?E;[ A e%uég" a?ra% 1'161‘3_ ?‘{atlv E)I%CU”Z I%neé};[tsf%%n resen% gisclosure
layer over polysrticon st fé and the ¢ ummy polysili
structure; and S|I|C|d|ng first polysilicon structure and the dummy

patysiliser sty atire withdigometalcdayante fuma fistiodysilicided

structure and a fully silicided dummy structure. [0015b] According to a

second aspect, there is provided a method of forming a transistor with

flliyt Silicidedogadengleictraddirtheaspethodheemprisingviiedstepmetiod of forming a
providing a substrate having an active region and an isolation region;

forming a gate dielectric over
semiconductor device having a fully silicided structure, the method comprising the steps

of: providing a substrate having an active region and an isolation region; forming a first
polysilicon structure on the substrate; forming a dummy polysilicon structure on the
substrate, the dummy polysiiicon structure being an inoperative circuit element; forming a
metal layer over the first polysilicon structure and the dummy polysilicon structure; and
siliciding first polysilicon structure and the dummy polysilicon structure with the metal

layer to form a first fully silicided structure and a fully silicided dummy structure.

[0015b]  According to a second aspect, there is provided a method of forming a transistor
with fully silicided 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 dummy electrode over the gate dielectric, the
gate electrode and the dummy electrode comprising silicon, the dummy electrode being an
inactive circuit element; forming source and drain regions oppositely adjacent the gate

electrode to form a transistor; depositing metal over the gate electrode and dummy

-8-



the substrate; forming a gate electrode and a dummy electrode over the

gate dielectric, the gate electrode and the dummy electrode comprising

silicon, the dummy electrode being an inactive circuit element; forming

source and drain regions oppositely adjacent the gate electrode to form a
transistor; depositing metal over the gate electrode and dummy -8

elleg rgglee q 1silll 1olln the %atfé ere trod tﬁl the QUerln Iectgg%% \ﬁ/}lgr L1 to form
the meta1 to form altﬁl ille e 2léctrode an ?u ysrlrcr

dummy electrode. [0016] In one embodlment of the present disclosure, a
sefiligasiitiatar cheyidectragesariir stistiuciivrishatuishulyisdigided and at

least one dummy silicided structure. The first structure may be, for

example, a gate electrode of a transistor formed in the active region or

the ig0lation RgiemebiiessnicardyriQndeyietd001 4] BHa00HGEIor device has a
embodiment of the present disclosure, a method of manufacturing a
semiconductor device having a first fully silicided structure and a fully
Biscisleeraueniml istiudirelic proviadatl Keisopolysitioonssheidagretastuee. The first
dummy polysilicon structure are provided on a substrate A metal layer is

rmed over he |rst |I|con stru ture % the olggr %n ) .
{uct;ftre mav F aie ¢ BO ro O alf,%st T e acthive regron
structure, an a silici n pr ess IS per orna

or the isolation region of the semiconductor device.

[0017]  In another embodiment of the present disclosure, a method of manufacturing a
semiconductor device having a first fully silicided structure and a fully silicided dummy
structure is provided. A first polysilicon structure and a dummy polysilicon structure are
provided on a substrate. A metal layer is formed over the first polysilicon structure and
the dummy polysilicon structure, and a silicidation process is performed. The first
polysilicon structure may be, for example, a gate electrode of a transistor located in the

active region or elsewhere.

[0018] In yet another embodiment of the present disclosure, a dielectric layer is

formed over a first polysilicon structure and a dummy polysilicon structure. The

-8a-



polysili.eon structure may be, for example, a gate electrode of a transistor
located in the active region or elsewhere. [0018] In yet another
embodiment of the present disclosure, a dielectric layer is formed over a
first polysilicon structure and a dummy polysilicon structure. The -8a
dielectric layer is planarized such that the first polysilicon structure and the
dummy polysilicon structure are exposed. A sil-icidaien -process is per
oirried. -so that the first polysilicon structure and:the dummy pc lysilicon :
SHieieains dravesuissraatiedusiitioitied thegfirBRIERBES CRIBHQON A it dummy
THE DRAWINGS [0019] For a more complete understanding of the
%r&?gﬁf gvgﬁgo&kand the advantages thereof, reference is now made to
ollowing descripHSreRareh inf W%Wﬁ@mymgm the first -
drawings, in which: [0020] FIG. 1 |s a cross- -section view of a transistor;

mgﬂﬂ_ﬂﬁ&-@@m& s, er |IIu ratmgli?zfuﬁyﬁsﬂmded -

process of siliciding a ponS|I|con gate electro A anaraar



[0022] FIGS. 3a-3d are cross-section views of a wafer illustrating a
process of planarizzing and siliciding polysilicon gate electrodes of
transistors; [0023] FIGS. 4a-4d are cross-section views of a wafer
illustrating a process of forming fully silicided polysilicon gate electrodes
in accordance with one embodiment of the present invention; [0024] FIG.
5 is . a graph illustrating the silicide. thickness as a function of pattern
deppiypaEscRUarca Vi THE BRAVAINESt of the present invention;
[0025] FIGS. 6a-6d are cross-section views of a wafer illustrating a ,
progesy of fuly: siligided palysidieongRistelatitodes thiblipiagean aickosion and the
layer in accordance with one embodiment of the present invention; and
-10 0026} FIGS. 7a-7b are cross-section views of a wafer illustrating a

rBRERHAGPSIIRRTRRS, CONEERASCOR alS8h TR Bt haSoIeiRgi iy Ytimlieps taken in

ponS|I|con structures in accordance with one embodiment of the present

ke

embodlments are discussed

[0028]  FIG. 1 s a cross-section view of 2 transistor;

[0621] FIGS. 2a-2b are cross-section ﬁews of a wafer i]lustrat%ng a process of
siliciding a polysﬂicbn gate electrode of a_transigtor:

{0022]  FIGS. 3a-3d are crqss—seétion views of a wafer illustrating a process of
. ~ planarizing and siliciding polys_iiicoﬁ gate electrodes of {ransistors;

[0023]  FIGS. 4a-4d are c;ross—scction _vie_ws of a Wafcr ﬂiustraﬁng_ a process éf
forming ‘fuliy silicided peljfsﬂicon gate electrodes in accordance with one embodiznent 0f
the present invention;

{0824} FIG. 5 is a graph illustrating the silicide thickness as a function of pattern
dﬁnszty in accordance with oﬁe embodiment of the present invention;

{00257 FIGS. 6a-6d are cross-section views of a wafer illustrating 4 process of fully |
silicided polysilicon gate electrodes utilizing an etch s£op laye,f in accordance withl one

embodiment of the present invention; and

-10-



in detail below. It should be appreciated, however, that the present
invention provides many applicable inventive concepts that can
be.embodied'in a wide variety of specific contexts. In particular, the
method of the present invention is described in the context of forming.a
gate of a transistor. 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 structure that utilizes silicided polysilicon structures.
psezydingl speeific [ discussed_ herein.are merely ST
illustrative %ﬁécﬁi@aﬁ%ﬁ? Pr%égg&atﬁg%svemﬁ%ﬁ SntiGher. HHFERERS: @ process of
- limit the scope of the invention. [0028] While poly-Si gate electrodes are B
fisedims conacimpte dosihasitaiguiiss HYEEI NG HRARTH QRN BRL AN Shuctures in
gate electrodes such as poly-crystalline silicon-germanium _ _
* gate.electrodes, or single-crystalline silicon gate electrodes may be used -
St Wity empadinentafehdquieste dpsatibed herein. [0029]
Generally, it is desirable for the silicidation fronts to progress downwards
at approximately equal rates such that all gate electrodes become fully
silicided at about the same time. In accordance with one embodiment of
the present invention, dummy -12

;'I‘}.’ e C : ;:—_.,;“’ A SO



poly-Si structures are formed to modify the speed at which the siicidation
fronts progress in different portions of the semiconductor chip. The
introduction of dummy poly-Si structures in low poly-Si density regions
reduces the amount of metal participating in the silicidation process of the
actual -gate electrode and, -thus, reduces the speed at which the
silicidation front-progresses downwards during the silicidation process.

[00301 FIGS, 4a-4d illustrate cross-section views of a portion of a
JeRTATREECRIES GRHEFIGNRE Yakibad Bepsvst E%%Pﬁ%ﬁt’%ﬁfénbodiment -

or me present invention in which dummy poly-Si structures are formed. It

uld be ngted t he v.Paly-Si. . t :
fmzjﬁtor gngf&fs%alhésaﬁgﬁ\% u rfé)%%ée@ ﬁ%ﬁg{?ﬁ%ﬁ%g%@%&gﬁ?&? are discussed

structures may be used. [0031] The process begins in FIG. 4a, which

" ik sisaie SHhestiuchos discugsediaedy bowidherefbreribe poekdfl . iBvemioepirovides
that dummy poly-Si structures 410 have been formed. The original metal
silicided layer 234 (formed on the .gates) may be retained or removed

(RYEGRAUCSHS dRYRIMI T GeBSEPEY thit Gafe ia SERRRILES Mok Hidh Jamsh Ry specific

poly-Si structures .410 may be formed on an isolation region or in an

%%%Y&@giﬂpp%!ﬂﬁﬁfﬁ%ﬁhgﬁeop mecﬁﬁgﬁg%@@éﬁ% Méﬂ%] QE@COﬁtéxt of "
forming a gate of a transistor. One .df Qrdin@ sk:dl in the art, however, wﬂl appreciate
that the process described herein ma‘y _bé uséd for fc;rming any typc of cieﬁic;;e or stmﬁmc ,
| that unhzes sﬂicidgr.i poilfs_i-licon. smémreé. A;ﬁcdfdingly, the speciﬁc embodiments ‘A

discussed herein are merely ﬁluétrative of sgeciﬁc ways to make and use the invention, -
| and do not limit the scope of the invention.

[0028] '.mc poly-Si gate electrodes are used as an | ciampig to iltustrate this.

invention, it is understood that other gétc electrodf:_s .such as pélymrys:ta]ﬁne

Sﬂicon-.:germanium gzi;c,clscirodes, or single-crystalline silicon gate elc-ctroc.iés' may be

used in place éf the poly-crystalline gate electrode described herein.

[6029] Generﬁy, it is desirable for the 'sﬂicida_tion fronts _to' progress cnlownward“s" at
appf;aximaiely.ccl;uél rates such that all gate. elcctrodcs-bbcome fzﬂly siﬁcided at about f:he _

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



semiconductor chip. In some embodiments, however; they may be
electrically tied to a -13 ground node or other reference potential. In other
embodiments, the dummy poly-Si .structures 410 may be connected to
other circuitry on the semiconductor chip, but does not perform a logical
function for the circuitry contained on the semiconductor chip. [0033] FIG.
4D illustrates the wafer shown in FIG. 4a after a dielectric layer 420 has
been formed and planarized. The dielectric layer 420 may be formed by

method.known in the art, such as, for example, by a chemical vapor

ggi(j}(;gi?ion pcrtgg%ssasr.e %’r%%%ﬂ;}nﬁﬁjéﬁéﬁﬁm%%mh@d sificidation fronts progress
* chemical-mechanical polishing (CMP) using an oxide slurry. [0034] As

anelifferetingorekil iBfﬂiﬁaaéE%Mﬂ preciate . the introduction of dummy .

poly-Si provides a more uniform ﬁ%%r(?eg 12 %%pthej%ﬁlmé?‘és"f dammy poly-Si

compared. to the resulting wafer without dummy poly-Si structures as

SHuatHs P08 ol Sardinusiey, g ol RANCEO eSIISHA uce e fing in the

recess associated with the CMP process in the low poly-é%eéeér%sgﬁa%lﬁfgﬁn“g 1n the

3&}%% increasing the density of poly-Si structures. [0035], Referring now

ISR Becwaref Breracuagrishbawtraitens Mt} ti86es the speed atwhich the

-silicidation front-progresses downwardﬁduﬁing‘ the silicidation process:

(00301 FIGS. 4a-4d iflue

slrs, fa-4d diustrate cross-section vi

ws of a portion of a semiconductor
wafer 'ifﬂfiiig"-'vaﬂbtls}étgpsﬁf a Tirst meitiod embodiment of the f;i‘escnt invention in
whiqh r‘du'rnmy pdlynlSi structures are formed. It should be noted that the dummy poly-Si
structures. gre shown as transistor gates for illustrative putpbéeé énijr and that other
- poly-Si éaucuues may be used. | |
[0031] The process begins in PIG 4&, which illustrates the stracture discussed above
- with rcféren?e to FIG. 3a, except that dummy jjoiy—Si structures 410 -hav'e: bf;en féfnie&. =
The original mc@ silicided layer 234 (formed.on thcgates) may be "ret'air-ied;. or removed
_ prior to the silicidation pfoceés of the gate ele;:irbdeé. | |
[0032] The dummy poly-Si stmc.:m'rés}ild"mdy be formed on an isolation region or
in an acfive region and, preferably, are nc;-t cqnneéted to other (-:irCLiit[)!l oﬁ the

semiconductor chip. In some émbOdiﬁlems,-howé'\;cr,' they may be eiéétz’icaily fiedtoa

-13-



422 is formed 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 electrodes 304, 306, and 308 and the dummy poly-Si
structures 410 progresses- at about equal rates -14 after the introduction
of the dummy poly-Si structures 410: The metal used for the full
silicidation of the gate electrode may be different from or the same as the
metal used-for the formation of the source and drain silicided regions. In

thsogpéfaedel enmibenmderensie Paterarlushy ofbeR I fanfoddiiRERtatBls sumay poly-5i

gate electrode is nickel. The metal may also be cobalt, copper,
%quren%tltamgm tantatlu[mb tu&gsten erbl%rj[rg tl:zmrcg i% N &&tlnurﬁ]p but docs

cOmbinations thereor, , or com inations ﬁ1ereo and nickel Other metals

may .also be. found rlse full after rontine experimentation. [0036] The '

sHisidationdmay hesefipring, farrxemplesioadiigh lemperaiiecannaat chip.

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

CRmPSiing PELORNBHIED 1R Hafkr BRAI B PIRUAD SR 0R 8 Tayer 420 has

~annealing time can range. from about L. microsecond to several minutés.

" For example, in one embodiment in which nickel is.

~ been formcd and planarized.- The dxelecmc layer 420 may be formed by any method
.}'cnown. in the art, such as, 'fgr example, by a chemical vapor deposition procas&
Prefe;rahly, pianaﬁ;ation is performed by a chémical—mechanicalpo]isbiﬁg_ {CMP) .using'
an oxide slurry. ._

.{0034} As one of ordinary skill in tl;m art will appreéiate, the introdz;c‘;ion of dummy
'poiy-Si provides a m;Jre nniform suzfaé;a after the CMP 'precess as -éomparad.to.the
rcsulbng wafer 1éraithcmt dummy poly-Si structures as shown in. FIG.3b. In particuigf, the |
d@my poly-Si structures reduce..thc- recess associated with the CMP Process m tﬁe 1ow'
901y—8:i'dcns_ity mgfoﬁ 310 by im:réasing the dcﬁsity of poly-Si.stzuculrég.

) Referring now fo FIG. 4, the wafer of FIG. 4b is shown after 2 metal layer
;5,22 is formed ov;ar the gate electrodes to be ;ﬂicided and the éi}icidétiﬁn pmccsshas
' '_btgim. FIG 4c llustrates thax the *Sﬂicids;tion_ Eont 424 of -FhevpolyJSi gate electrodes

- 304, 306, and 308 and the dummy poly-Si structures 410 progresses-at about equal rates

. -14-



used in the silicidation process and.the .amount of .desired silicidation is

about 200 to about 2000 angstroms in thickness, a high temperature

anneal may be in the range of about 300 to about 700 degrees Celsius

for several minutes. [00371 FIG. 4d illustrates the wafer of FIG. 4c after

the silicidation process is complete and excess metal has been removed.

As one of ordinary .skill in the art will . . -15 appreciate, the resulting

wafer has a substantially uniform surface and silicidation of the gate

slectiad uhstan ﬂﬁﬁﬂgﬁ | ferring-Aow to FIG
~silicide tﬁ%&r%g?sgﬁﬁformedﬂafter a %%E%gr%n%%é%&s ilcqr(]jaﬁ1 me IS pa ééfdme Full
as a function of the poly-Si pattern density d. FIG. 5 illustrates that a
Taigidatinniof tongatpelyeBiqmttennidetisisoniifranentbicker il Gitemetal used-for
- thickness. By introducing dummy poly-Si structures and limiting the

é)lol% Si struct éﬁadensny across the semiconductor substrate to the range

F Dthespr TPYUSH A R sHieidsd e ginnse diviherefearedrabodiment, the

thlckness range. of between t1 and t2. In one embodiment, sllght

Ayel-eiiddation inperfesmed 3 thatl.or é&(ﬂﬂo bk Iafge tg%ﬁ?geralm be

initial thickness of the poly-Si gate eléctrode prior o SI icidation: 1

cobalt, copper, molybdenum, titanium, tantalum, tungsten, erbium, zirconium, platinum,
combi;ldtions thereof, or cambinations thereof and nickel. Other metals may. also be. |

-found nseful after routine expermentation..

[0036] The silicidation may be effected, for example, by a high temperziture anneal
with 2 ‘temperature in the range of about 200 degrees Celsius to about 900 degrees

Celsius. The anneal can be performed in.an inert amhient comprising nitrogen, helium,

argon, neom, or other inert. gasses., The annealing time can range from about 1. .

microsecond.tg several minutes. For example, in one -embodiment in which nickel is.
used in the silicidation process and the amount of desired Sﬂici@at,idu is about 200 to
about 2000 angstroms in thickness, 2 high temperature anneal may be i the range of
about 300 to ‘about 700 degrees Celsius for several minutes.
[0037]  FIG. 4d illustrates the wafer of FIG. 4c after the silicidation process is -

complete and excess metal has been removed. As one of ordinary sklll in the art will

-15-



embodiment, t2 is approximately. about 10% larger than the initial
thickness of the poly-Si gate, electrode prior to silicidation, and tj is
approximately about 20% larger than the initial thickness of the poly-Si
gate electrode prior to silicidation. [0039] FIGS. 6a-6d illustrate a second
method embodiment of the present invention in which an etch-stop layer
is formed over the transistors prior to .deposition of a dielectric layer and
prior to full gate silicidation. The process begins in FIG. 6a wherein

. i L a - .
oRpreripsspiboicse s giuabeni alsabeantinlieferdivee wrrpee. 294, sthigidgiion of the
etch stop layer -16 610 is formed. The etch-stop layer 610 preferably

comprises erial with ﬁgﬁr&pt hemical property from that of the
e é%?ﬁ%?g%/ser??s%gws %%gﬁ ett an?[v?/lgth a high etch selectivity may be
used. For example, if the dielectric -layer is silicon oxide or a low

ermittivity (low-k) dielectric, the etch-stap:. r -610,may comprise | .
BB i BETERHEE foriirond S S SRRy O S o etermined
layer 611 is deposited and planarized, as shown in FIG. 6b. [00400] FIG: -
éﬁéi%ﬁ&%%ﬁ@%’@i@&é& GG, Ghneftsh %f”&i@"#ﬁﬂ%fﬁlﬁaﬁéﬁ]b@ﬁﬁity d. FIG. 5

or '

ormed. The metal -layer 612 may =be formed, xample, as discussed
above with '
illustrates that a region with a lower poly-Si pattern density will have a thicker silicide

ﬂnckncss By introducing dummy poly—Si sHuc?uréé and Limiting the poiy;Si :st;'uct:uré
‘densi'ty acrosé th;:: s§mi§egductor substrate to the rangg of between d; and ds, the silicide
thickness formed will be in-2 small thickness range :of .bctwq;en t; and fo. In o%:te :
embod@ment, slight _ovér—sﬂicidgﬁop is pcrforxned, 3;5 that foris aboﬁ?. IQ% 1;rge:r than
. the initiafthi_ckgesé of the _lpc_)Iy~Si gate electrode prior to silicidation. In anéth_ér.
embodiment, {2 is apﬁ)roxingataly. ébout_ lé% 1z_srger‘tﬁ’an the initial thic;kn-css @f the poly-Si
| gate eviect-rode _prior..t; sﬂ.i_cidgﬁcn; ana t; is approximately about 26% largé: than. the
lmtxal thickness of the poly-Si gate electrode ﬁrior to éilicidatiém
[0039] FIGS 6a-6d illustrate a :sccoﬁd'methgd embodiment of the p;esc_nt igyentiog '
in which an etch;stop Iayér .is:form_r:d over the transistors prior o :'_dé.pesition of a ,‘
dielectric layer and prior to full gate s'ilicidation. The pfocess bééins in FIG 6a Wﬁerein |

-a wafer is provided as described above with rcfcrenée to FIG. 3_&, and an etch stop layer

- -16-



reference to FIG. 4c. Annealing in an inert ambient as discussed above

with reference to FIG. 4c results in full silicidation of the gate electrodes

.314, :as illustrated in FIG. 6d 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 remaining metal layer is removed, as shown in

FIG. 6d [00411 FIGS. 7a-7b illustrate another embodiment of the present

invention wherein contacts are formed to the'source 710, the drain 712,

ifforgaté. Pl odas i/ 0jer s iR UsmBRELLARISAPYNE Mifroren
. 7a wherein a passivation layer 716 is formed “over the transistors

with silicided gate electrodes. Contacts 720 are etched through the -17

PeeurR RsRReTH foms thateaictatthobitititteld wateuele tinpdes-ahitusitaiachizh etch-

FIG. 7b. Some contacts 720 may be formed through the dielectric layer

- sBpdidbg ‘gm? t efchsstop_layer (if present) to reach the silicided ]
source;&g:raln r%&i%gsi%%%l@%ﬁ gfﬁl@ﬁﬁ%‘?&%’l@&%%%ﬁ%@%r@f alow
formed overlying dielectric layer 716, as is known in the at [0042] In the
proBlgGinEy sieeiigatinedie, nuerdien-sias Bsen SeS B A B rse siticon nitride.
After tbﬂ formation of an etch-stop layer 610, a dielectric layer 611 is deposited and. |

planarized, as shown in FIG. 6b.

T@ea@]'? PG 6 HisttEs e waTer 6T FIG. 65 3FEF 2 mevdl “layer ‘617 Has beéen
formed. The metal {ayer 612 madybe formed, 'fo;'e'i:ariiﬁlc, as discussed above with'
~ reference to FIG. 4c. m§m3 in‘an inert ambient as discussed'a'beve with reference:to
FIG. 4c Tesults in full silicidation of the gate €lectiodes 314, as illustrated o FIG. 6d-
wherein the silicidation front 614 is jlocgted at ‘léhe' junction of the éatc electrode 342 and
the dielectric iayef 120 (HG ). Notathat the remammg metal layer isfemoveé; a;
: .stlxown_in FIG. 6d. | | |
[W_dl’] 7' FIGS Ta-Th ilustrate gimthcr embodimgﬂt of the preseﬂt.iﬁventiﬁn -w];xa;.:eixi '
éoatants' are fomcd fol'tb.e -'sgumc- 710, the- drain 712, Vand'ﬂ:'e gate eléctrédé 714 of Select'-
n‘aﬁsistors. The process begins m FIG, 7a whgréin a passivation layer 716 is formed

‘over the transistors with silicided gate electrodes. Contacts 720 are etched through the

-17-



reference to specific embodiments. However, various modifications and

changes can be made by one skilled in the art without departing from the

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 modifications . are intended to be included within the scope of the

~ present invention. [0043] Although particular embodiments of the invention

have been described in detail, it is understood that the invention is not
pasitodtonrrbgporrdifigly ieashothe, filitidedlypes dbahadigess MihdificationsFIG. 7b.
and equivalents coming within the spirit and terns of the claims appended
hereto. For example, different qrganization of structures and other types.

OPRFRABEE A Bt Be dommrdifg hatk s disloptrindayatend dienpigstsich-stop

msulator layer may be used, and the like. Accordingly, it is understood

iaathie ipusuiprunae ohS SHAde ddn OUIRLAIYEINES NS MBRIARY, mewt

the Specift catlon an flgures are re@ar edin an
|Ilustrat|ve rather'-than a restrictive sense, -19 WHAT IS CLAIMED IS: _
interconnects (not shown) are formed overlying dielectric layer 716, as is known in the

art.

- [0042] ' In t_hé fore._going spsciﬁcatioﬁ, the invention. Tas l:_}een described Witﬁ
‘reference to spcgiﬁc cmquimcnts. However, vé;ious mpdiﬁcations an& changes can be__ :
made by. one skilled m thc art without depz_irtigg from. the scope of the present invention.

: Accordingly, the spf;ciﬁcation and figures are to. be. regarded in an illustraﬁve rather than
2 resﬁictive s‘ensc,‘and aﬂr*sucb modifications .are intended to be included within the

scope of i:ﬁe present -invén_tiaot_x.

;[0'0;4.31 : Although. p?.-rticuiar cmbo@mcnﬁ .of the %nv;ntion have been ;icscribcd in
'dct-ail, it is undérstood that the inveﬁgipﬁ is not Hﬁmd correspondingly in scope, but
incindes all changes; zx:{odiﬁcétions, and equivalents coming %vithin the spirit and ferms of
' the claims ai)pégdcd hereto. For axamp].é, diﬁfc;ent organizaﬁon of stmsﬁgcs and other :
types of structures may be uséd, varying ﬂli_t:knesées of ‘the gate layer and gate insulator .

Iayer may be used, and the like. Accordingly, it is understood that this invention may be
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1. A method of forming a semiconductor device having a fully silicided

structure, the method comprising the steps of: providing a substrate

having an active region and an isolation region; forming a first polysilicon

structure on the substrate; forming a dummy polysilicon structure on the

substrate, the dummy polysilicon structure being an inoperative circuit

element; forming a metal layer over the first polysilicon structure and the

dummy polysilicon structure; and siliciding first polysilicon structure and

the dummy polysilicon structure with the metal layer to form a first fully
extenisde Sifatistiearuss Ay Brtes, cohitgistietapesificatinn raadnBiguogs: are 1o

claim | wherein the first polysilicon structure is a gate electrode of a

ransistor. 3. 'Ihitg%smethod f claim 1 wherein the first polysilicon structure
be 'i%%ocacttg i '%garéagﬁ?ﬁ%%‘éeﬁw&ﬁ?ﬁﬁiml wherein the

dummy polysilicon structure is located in the inactive region.



5. The method of claim i wherein forming the metal layer includes: forming
a dielectric layer over the first polysilicon structure and the dummy
polysilicon structure; and planarizing the dielectric layer such that the first
polysilicon structure and the dummy polysilicon structure are exposed. 6.
The method of claim 1 wherein the step of siliciding is performed by
annealing at a temperature of about 200 C. to about 900 C in an ambient
wepmprsingAkiegens:helium, argon, or neon. 20 7. The method of claim 1
wherein the step of forming the dummy silicided structure is performed by

1.@@&3@@*&;&&4@@ ﬁ&iﬁ&%&iﬂ@@ﬂ&&ieethml ; i%%ﬂwk@ﬁhiaei é}ﬁlfm@@,%ﬁe

of claim 1 the step of forming the dummy silicided structure is performe

m%bqfﬁmﬁ%@gd%mssﬂ cided structure in the isolation region. 9. The
methadwdelgimibyrhes ey the i stfbyrsficidesistilistiveoanddibe; dummy

e S SRR Nl 16 o ot ofcam
forming a dummy polysilicon structure on the substrate, the dummy polysilicon
structure being an inoperative circuit element;
forming a metal layer over the first polysilicon structure and the dummy
polysilicon structure; and
sliciding first polysilicon structure and the dummy polysilicon structure with the
metal layer to form a first fully silicided structure and a fully silicided dummy structure.

2. The method of claim 1 wherein the first polysilicon structure is a gate electrode of a

transistor.

3. The method of claim 1 wherein the first polysilicon structure is located in the active

TEgION.,

4. The method of claim 1 wherein the dummy polysilicon structure is located in the

inactive region.

5. The method of claim ! wherein forming the metal layer includes:

forming a dielectric layer over the first polysilicon structure and the dummy
polysilicon structure; and

planarizing the dielectric layer such that the first polysilicon structure and the

dummy polysilicon structure are exposed.
6. The method of claim 1 wherein the step of siliciding is performed by annealing at a

temperature of about 200 °C. to about 900 °C in an ambient comprising nitrogen, helium,

argomn, or neomn.

20



silicided structure comprise a silicide of a material selected from the group
consisting of nickel, cobalt, copper, molybdenum, titanium, tantalum,
tungsten, erbium, zirconium, and platinum. 11. The method of claim 1
wherein the first fully silicided structure and the dummy silicided structure
comprise germanium. 12. The method of claim 1 wherein the step of
forming the first polysilicon structure and the step of forming the dummy

7. PRSilgR SUGiHe Ae-ReHRIediIBARSSANSHRIAGESSy SiERddPsthifure is

method of claim 1 wherein the dummy polysilicon structure is not
pegiRrERE A, SoEBiR A G R AV RN SRR thsaohiYE FRgiPb of claim

1 wherein the first polysilicon structure is a gate of a transistor. 15. A

ethod of forming a transistor, with fully silicided gate, electrode, the
b SN e A R A
byréginim@tic dnrisalatiticidedian;c farmingai gaie shelagtic over the
substrate; 21

9. The method of claim 1 wherein the first fully silicided structure and the dummy

silicided structure comprise nickel silicide.

16. The method of claim 1 wherein the first fully silicided structure and the dummy
silicided structure comprise a silicide of a material selected from the group consisting of
nickel, cobalt, copper, molybdenum, titanium, tantalum, tungsten, erbium, zirconium, and

platinum.

11, The method of claim 1 wherein the first fully silicided structure and the dummy

silicided structure comprise germanium.

12. The method of claim 1 wherein the step of forming the first polysilicon structure and
the step of forming the dummy polysilicon structure are performed in the same process

step.

13. The method of claim 1 wherein the dummy polysilicon structure is not electrically

coupled to an active circuit element.

14. The method of claim 1 wherein the first polysilicon structure is a gate of a transistor.
15. A method of forming a transistor with fully silicided 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;

21



forming a gate electrode and a dummy electrode over the gate dielectric,
the gate electrode and the dummy electrode comprising silicon, the
dummy electrode being an inactive circuit element; forming source and
drain regions oppositely adjacent the gate electrode to form a transistor;
depositing metal over the gate electrode and dummy electrode; and
siliciding the gate electrode and the dummy electrode with the metal to

formegrfutlly siigidad gate %lﬁf%%rﬁﬁ%i@c%&e%‘@%&dﬁg IR LI A ate

16. The method of claim 15 wherein t ate electrode 15 located in the
clegirade 3o iBR dumpmyiRleRttREPBIEIsMS THSoResimeusirs s btisgan
ina&ilecaiediinthgdsgolation region. 18. The method of claim 15 wherein

depasiting metal includes: forming a dielectric layer qver the gate
cle ISR SIS (R e B R BRI BIAHENST o eEh SRR pigiform
trassietothat the gate electrode and the dummy electrode are exposed. 19.
The Joethon O AaIvER M SR e SIS R SISy ARt amed bY
annealing a
siliciding the gate electrode and the dummy electrode with the metal to form a

fully silicided gate electrode and a fuily silicided dummy electrode.
16. The method of claim 15 wherein the gate electrode is located in the active region.

17. The method of claim 15 wherein the dummy electrode is located in the isolation

region.

18. The method of claim 15 wherein depositing metal includes:
forming a dielectric layer over the gate electrode and the dummy electrode; and
planarizing the dielectric layer such that the gate electrode and the dummy

electrode are exposed.

19. The method of claim 15 wherein the step of siliciding is performed by annealing at a
temperature of about 200 °C to about 900 °C in an ambient comprising nitrogen, helium,

argomn, or neocn.

20. The method of claim 15 wherein the fully silicided gate electrode and the fully

silicided dummy electrode comprise nickel silicide.

21. The method of claim 15 wherein the fully silicized 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.

22



temperature of about 200 C to about 900 C in an ambient comprising
nitrogen, helium, argon, or neon. 20. The method of claim 15 wherein the
fully silicided gate electrode and the fully silicided dummy electrode
comprise nickel silicide. 21. The method of claim 15 wherein the fully
” 'icize%%% te electrode and the fully silicized dummy electrode comprise
-4 IOERSH AeiBria wBrcR P r S GRSt Rediniy sptidedtibobalt,
silicoppdnmohydidantia ctitapiisn gtamtalum,. tungsten, erbium, zirconium,
and platinum. 22 22. The method of claim 15 wherein the fully silicided
gate electrode and the fully silicized dummy electrode comprise
23. Jérmaathuh 028 2iFhé Mmethodnohelstim dSwhengirhthesstepafdoemingiibe
k mmy.electrode are performed in the same
dunglr%c}i%%E%tggg%%g%geéﬁr%ge#ﬁ% of clair lfgevsv%se%ézih the dummy electrode is
not electrically coupled to an active circuit element. 23

24. The method of claim 15 wherein the dummy electrode is not electrically coupled to

an active circuit element,

23



