Dummy Pattern for Silicide Gate El ectrode [0001] This
application clains the benefit of U S. Provisiona
Application-No. 60/503,113 filed on Septenber 15,
2003, -entitled -Dummy Pattern for Silicide Gate

El ectrode, which application is hereby.incorporated
herein by reference. TECHNI CAL Fl ELD [-0002] The _
present invention relates generally to sem conductor

devi ces, anduRify Pﬁﬂérﬁgfgg@ggircgg%@@eﬁﬁ?@%ﬁr% on.

. devices with gate“electro

BACKGROUND [ 0003j Conpl enentary netal oxide
.Sem conductor (CMOS) devices, such as .netal ‘oxide
@Q!\H‘ condiex epplidasibnl - dfifwcthet barst FroUSs.( P@Eﬁ{{&&[ﬁ@lﬁaﬁom No. -
commonly used in the fabrication of ultra-large:scale )
Gb/géﬁggfﬁgd(mgl) devices. The continuing trend is to
tfHed ginz Septtmble 162200 Sentiftdd t 1o inﬁ??f ‘ ici :
consunpti on retui]t?enents. g‘%e reduc?i 0 g)fa&?[ﬁeﬁg%mde Gate
MOSFETs has enabl ed the continued inprovenent in speed
Blserods; bicteqppiietian s ot ifoBtored hifid by fBRkhbON Of
integrated circuits. [0004] FIG 1 |Ilus¥rates one
type of a MOSFET fornmed on a substrate 110. The

Tﬁ%ﬁ% ses a source 112, a drain 114, and agate
) ectrég‘gﬁﬁ%j A channel 118 . _ . _

.[0092] - The present im-/ention re‘la_tcat generally t_o semicpnductor devices, and mofe
particularly to semiconductor devices with ga_té électrodcs formed by silicidation. |
EACKGROUND .

'[(.)'003]  Complementary metal oxide semiconductor (CMOS) devices, ls.'uch as metal
pﬂdc_SeﬁiconductOr ﬁeld-@ffect transistors (MOSFET;), are commonly used in the
fabrication c;f ultra;lar,g;e s;ale iﬁ_tcgrated‘ (ULSD dévices. Thé contiﬁﬁing tren;I 1s ‘to' '
W thesme of the cievicés and fo lower the échr cbnsumptioﬁ i*eq;lirémcnts._ . _Si;_e
rédnqﬁon of thé MOSFETs has enabled the continued imbl;c;vgmént _ l‘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 con_lprises a source 112, a drain 114, and a gate electrode . 116. A-t‘:hanncl 118

is formed between the source 112 and the drain 114. The gate eloctrods 116 s forcaod

_ ”"1'_' .



is formed between the source 112 and the drain 114.

The gate electrode 116 is forned _1 on a dielectric-

.layer. 120. Spacers 122 are formed on each side of the

gate el ectrode 116, and contact pads or contact

sui cide 124 are fornmed on the source 112 and the drain

114. Isolation trenches 126 may be used to isolate

the MOSFET from ot her devices (not shown). - [ 0005]

As the Ien%th of the gate electrode 116 is reduced

tHea diplgeiEis 1avep 130d Speetrn 122 aw formedbars Eandl sids oft the aate electrode 116,
‘W th the channel 118 and gain influence on the channe
potential. Consequently, a transistor with-a short

b Eontapigpads outortac sHicudn IHoire domnedr @i teambutee tlBend the drain 114,
inability of the gate electrode 116 to substantially

control the on and off states of the channel 118.

Helpfinme tranchesi dR6 amay bdused! tgdsdate othe IMOSTRIO Gloat ether devices (not
with transistors with short channel |engths are

termed short - channel effects. [0006] "One of the

. phowmxy neans by which short-channel. effects. are

‘kept under control is the downscaling of the gate

di el ectric thickness in conjunction with transistor

0L SO U S AL ER L 0ARBBE ) a0 -
gat e tunnellng | eakage current. For exanple, for the '
' H?h mcrcas(%ngly interact w1th the chanpel 118 and ‘gain influence on the chamlel
: Jpotential. Consequently, 2 transistor wit-h a short gate lengfh suffers frore problems " -
) ' related to the _inabj_}ity- of tﬁe gate electrode 1'16. to subs'tanﬁa]ly control tﬁe-oe and off
states of the channel 118. Phenomene. stch as reduced gate ..control e-ssociatc'd_ with
traneistors with short charinel lcnéths are tcr@cd short-channel effects.
. [0006j . One of‘the pnmary means by which spoﬂ%cﬁangcl_effeeis_ are kepf_ under
| control 'is_'the’ downscaling of the gate éic;ecujc thickness 'in.conjpnction‘ with transistor
| size reduction. However, thlS aggijavatee the probleres of poly-silicon (poiy—S'ij gate
dtipletiqn aﬁd high gate tunneiing'leakage curren-t. -For _emlc, for the poly-Si ;gatc
_@M@Mmm@Eﬁm#%d%m@%ﬁ@@ﬁﬂmﬁ%ﬁmmmﬁv'
'  dopant depsity in- poly-Si must be 1.87x10% cm™ at a gate ae;mae lengfh (LG)of 23

nm. This dop.aint dcﬁsity, hewever, ‘eauses gfeat difficulty because ‘the active dopant



depletion |l ayer to be | ess than. 25% of the equival ent
.gate dielectric thickness, the active -dopant density
in poly-Si nust be 1.87x1020 cm 3 at a gate el ectrode
length (Lc,) of 25 rim This dopant density, however,
causes great difficulty because the active dopant -2
density in the poly-Si at the gate-dielectric

i nterface saturates at6x1019 cm 3 and 1x1020 cm 3 for

fenspdn Bt | nsufficiagt _
actsﬁe docpgﬂ? %gélﬁg%l e%/ 1%%883‘;\?@‘%%‘%’%?@%& ﬁégﬁl e and 1x10%
|nﬁa significant vol tage drop across -the gate

eaplfet p-oa _d:N s..t h i.val e ate

el ook T ad 8 e FAy-inREPRIRRY | Inh Byt ool et cousity in e
'capacitance in the inversion: reglne and. the inversion

gdﬂ@b%uﬁ&@ h)fs Eer d %ﬁﬁcérﬁrfgl%%\g%gp g‘fg{’)ggtg}evge g?iepletton iaycr and

vol t age, re co
performance [0007] Attenpts have been made to

‘héfehd t t | o
%ée&??%?%&%%gﬁwglgl cidat :ﬁg«ﬂ g a‘frﬁﬁ ?ﬁg %gqeq]‘ LGt fapees the gate ™

el ectrode. Cenerally, the S|I|C|dat|on reaction

@Bﬁiﬁiﬂzéd % IRQ(%EXL()?I mat&%l@h 21:5‘_5962(%1(‘?1: hl Y Con%lf'lg}:‘ je\gﬁs to a I()wgr "‘.‘.‘*'. e

l.crde.
fabrlcatlng a tranS|stor such as that shovvn in FIG1
FIG.2a illustrates

effeltv e sel.ectrode.

t he tf%ﬁg:"g@“% %&@FE e forgpramites dgkics pecfonmanss. 230
fornmed on'the source 112 and t he draln 114 and a
g;ca--..,d__-maetal IaXﬁr 232 _formed. on

4
[

ttempts have ‘beenmade té fabmcate Q fhxghl'y conduct1Ve Jgatefdecmdﬁ ‘by' i

mdomg a sﬂic‘idaﬁbn process -on- the poly-Si gate electidde. . Genérally, the .

silicidation yeaction -converts the poly-8i inaterigt-to-a -hig?ﬂy.-conducﬁvé'-‘s'ﬂici:de. For -
example, P_',_[GS. 2a-2b ﬂlusmtéﬁfabﬁcaﬁng'vé transistor such-as that-shown-in'FIG; 1 with~
a sﬂici_deg[ gate.clegh‘ed§- FIG 2a ﬂlusuate_s the transistor of EIG.. 1. with '.a..dielcctric.

‘thie gate electrode. 1\16.-and the dielccuic layerl?:l)_. A.metg;:,siljgidedvlayer 234, whichds. .
generally formed when the contact pads 124 are formed, may remain on the gate .- .
dectrode 116, -Anaanneél process is pérfprmedio cause the poly-si' gate electrode ..t(-')

become silicided. The excess metal is removed, thereby providing the structure shown ... _.

;ig FIG. 2b, wherein the gate, electrode 116 is silicided. A similar method has been

_3._



the gate electrode 116:and.the.dielectric |ayer 230. A

nmetal silicided |ayer 234, which is. generally forned

when the contact pads 124 are forned, may remain on

the gate electrode 116. An anneal process is

performed tao cause the poly-Si gate electrode to

becone silicided. The excess netal is renoved, thereby
~providing the structure showmmn in FI'G 2b, wherein the

gate. electrode 116 is silicided. A sinmlar nethod has _ .
heeh approatb e vetyddwimsistiysagase withom, matal, €MIbporggtching,” published in
entitled "Totally silicided (CoSi2)-polysilicon: a.-3 :
novel approach to very |lowresistive ?ate Wi t hout )
pageal 826Mi28 noff thet Thihmggal 1Pigest ohdhbe 2001 phatpseatemal digctepn Device
the Technical Digest of the 2001 Internationa

El ectron Device Meeting, held in Washington D.C.,.

Maating, beid 8} Wakhiegton Ab@eUESA. it is difficult to

'silidide transistor gates unifornmy throughout a

wafer or a chip because the density of the poly-S

t-ur varies t.hroughout. t he: er.. or in. ) '
GOIRE) o GBI o Bl e ol hronghont

a portion of a chip- after various process steps that

At R PR e R Al e B By el M Sghous the water

cross-section view of a portion of a sem conduct or

grhfl:}:gp.h%\clnlr Q)gample,‘ FIGS. 3a-3d illustrate cross-section views of a portion of a chip |

after- _various process steps that ﬂlustrate one particular problém that' may canse
non-uniform silicidation.

[0009] FIG.3aisa cr‘o'ss—éection view of Va porﬁpn of a semiconductor chip having .
- transistors 3@, 306, -and 308 with varyiﬁg -gaxg _‘len'gth's formed in acti've; mgions Qf the
.sen‘lic(.)nducto_r chip. Ti:c .componcnts of -the transistors are cxblainéd abovlf: withj ‘
' refereﬁc;z to FIG. 1. 'Ihé portioﬁ _cbmprises alow pol-y—.Si density region 310 and a high
poly-Si dénsity region 312. The low poly-Si dens@t&_mgion 310 and the iiigh..p.qu-.Si |
-dansitj regiqﬁ 312 may:be a-dj acent to ¢ach othc_f (as Sh.OTA;Il in HG. Z"mi) czr rﬁﬁy 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

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

A



transi stors 304, 306, -and 308 with varying gate

| engths fornmed in active regions of the sem conductor
chi p. The conponents of the transistors are expl ai ned
above with -reference to FIG 1. The portion conprises
a low poly-Si density region 310 and a high poly-Si
density region 312. The | ow poly-Si density region 310
and the high poly-Si - density region 312 nmaybe

adj acent to each other (as shown in FIG 3a) or may be

d...apart on different portions of the wafer or
ﬁ@%ﬁ%m%www@ec@@nm@l polishing SCOBER)t procesy iseperfirmbdle The CVP
portion shown in FIG 3a after an insulating or
g,ir(géegé:t{qi c.layer 316 is formed over the transistors
n BABAZCAI G e Faeaiof dhe dipleatuizriayart J16randrexpb@Ritkabate electrodes
. mechani cal polishing (CW) process is perforned. The _

%/E’ rfgs\rgﬁ%(sess gl,anari zes the surface of the dielectric

Faye Es#a & plided, threClyRR eftal mstitoties reca®318A8 the low poly-Si
illustrated in FIG 3b, the CWP often results in a

recess 318 jn the low poly-Si  density region. 310.

LY regjons

CVMP process in areas witha,l ow density of features

such as transistor 308. {Q01.17 .FIG .3c is a

RIPGES 1R areps withyva lew dsmsithef foatutdsancls howndidio 308, 3b

after a nmetal layer 330 is forned on the dielectric

| ayer 316 and the gate el ectrodes 116, and an

[a0TBal | NBIGS tR0: herdd REAGESS,, e, anneal ing step. .
results iEIn t he é‘iTT”é’ng{é%‘b‘?f"ﬁf”fgﬁ PHatos saown in'FiG. 3bafter a metal

. annealing step is in process. The annealing step results in the silicidationof the gatte

electredes _--1-7i6. The silicidation of the-gate electrodes 116 occurs to a large extent in the-

low .p_oly-Si density r@g_i.czn 310 .because the metal re_g_iaﬁ..,p‘antic::i_pating_ mthe silicidation .
process in the. _low_; pOIT-YjSi:-:d.e@ity Iggion 310 13 greater than the ‘metal .-rg_giml. -
_parﬁéipatiﬁg in the. silicidation ‘proc-es; in the high pol;g-..__Sir density 'regi_ou 312 due.of the
-diff'erenqe inthe I;hickness- .:and_luf the density. As ‘.a -result, the rate .at which the
silicidation front proceeds downward,_s to ;:onsume thc;f poly-Si ﬁm_terial differs i;x_méidns
with d{ifferf:nt poly-Si densities. In a region with a lower poly-Si :;l-ensity_, .the silicidation
Qc§ur_s to a greater éxtent,and- the silicidation front is dfezeper from the 1n1t1a1 top 'su-rface

" Priendiing prenamenonren aasdiibdstar@fact BE the CMP - .

" HEISCHIE Tyt 316558 the gate efctrodes 116, andian . "



‘el ectrodes 116. The silicidation of the gate
el ectrodes 116 occurs to a large extent in the |ow
poly-Si density region 310 because the netal region
participating in the silicidation process in the |ow
“poly-Si density region 310 is greater than the netal
region participating in the silicidation process in
the high poly-Si density region 312 due of the
di nc [

o LR o Bl Wi ARRR RO P GEARRR of ofisrs 304, 306
proceeds downwar ds .t o consune the poly-Si materi al
di eI il Mafiey bﬁfb‘fereﬂ% &1timéeatsfseaez§4 R yzcércsg@cﬁsasrl €8 illustrated,
InaTegion wth a [ower, .poly-Si density., th
..silicidation occurs to a greater extent, and the

Si HieGhdiatgaTtidaliin ths sHRRBESY b1 @iﬁsﬁsﬁﬁs B04 bh@BOG @Pthe high poly—S1
surface ofthe poly-Si material. 5 [0012] For exanpl e .
the netal partici'‘pating in the silicidation of
t r aasipiegion 33045 ledQRan thefkktd Yartichatiny leetie Bilicidafier enemsistor 308
~nuneral s 332, 334, and 336, respectively. As
i I-lustrated, the netal participating i.n the. :
Si ln thedatvi poly<si dendiysiegionr 31B0Aaoridflg, the silieiditiaphfront 340 of
poly-Si density.region'312 is less than the netal
.participating in the silicidation of transistor 308

| ntransistor 308 propesses fastenthid thesiigidation front IMEad trdhsigibyg 304 and 306.
the silicidation front 340 of transistor 308 .
progresses faster than the si'licidation front 342 of

. rﬁ)ﬂfﬂ]St °T§G39§ ifh gro%??ecﬁon view of the pornon shown in FIG 3c after the V

sﬂicidaﬁon process is comélcte.__ As'illusi_rated m FIG. 3d, the gat'e electrodes 314 of
.m-msistor 308 located in the Jow folsr-Si .dcnsity region 310, are suias_,tan];ia]ly silicided,
Tb’ut t-hc'_gate EIeetmdcs 3.1.4 of transistors 304 and '366 1o'cated m the high poly-Si. &ensi;:y
regieu- 312 are ﬁo;._completely-s_ﬂ_jcided, ie., the silicidation front 340.‘of iransistor 308 .
reaches the interface bet_;weép the gate dielectric a.l;Ld‘ t.he- gate electrode -bc-fore the
silicidation front 342 of transistors 304 and -306_. if'addieonal silicidation is pcrfprﬁled. -
to'é;use the gate eléctrodes 3;& of transistors 304 aue 306 to be Tully silicided, the-
treusistor 308 may suffer frem problems re@ed to the excess difﬁmiog of metal atoms

P

through the gate dielectric into the channel region.



[0013] FIG 3d is a cross-section view of the portion
shown in FIG 3c after the silicidation process is
conplete... As illustrated in FIG 3d, the gate
el ectrodes 314 of transistor 308 |located in. the | ow
poly-Si density region 310, are substantially
silicided, but thegate electrodes 314 of transistors
304 and- 306l ocated in the high poly-Si density region
312; are not conpletely silicided, i.e., the
ﬁhbjfida_'on front 340 of transistor 308 reaches the -

&'t acdeeiomcthernis agwed o o or-wesistand it ilsighiigt eonductive gate
el ectrode before the silicidation front 342 of

| Sto s 304 and 306, If additional silicidation is )

g@%F%k‘ 1 pagticulassforupormlyesilididet pasis sdotues; e
tranS|stors 304 and 306 to be"fully silicided, the
“transistor 308 may suffer from problens related to the 7
excess di ffusion of netal atons -through the gate =~ & .o
dielectric into the channel region. -6 [0014]
Therefore, -there is a need for a ,| owresistance not

hi ghfy- conductive gate &l ectrode, and is parti-CUl-@F, . i Fibgr. -

,for uniformy~silicided poly Si structures. SUMVARY
CF THE | NVENTI ON [ 0015] These and ot her problens are
general I'y reduced,- sol ved of circunmvent ed, and- - e
. techni cal advantages are generally achleved by
enbodlnents of t he present |nvent|on

L ..t .
Wty —amae PO N S



whi ch provi des. a sem conduct or devi ce havi ng dumy

silicide structures. [0016]. In, one enbodi nent of the
present invention, a sem conductor device has a first
structure that is fully silicided and at | east one

dummy silicided structure. The first structure may

be, for exanple, a gate electrode of a transistor
fornmed i.n the active region- or the isolation region

: 4] ice. . [0017] In another

enbodi nent of the present invention, a nmethod of

manuf acturing a. sem conductor device having a first
f yobis]si | imhestatld Shetpbbems arteeacialll dduséd, selvetber diethdented, and
structure is provided. A first ponS|I|con structure

and .a dummy polysilicon structure are provided on a

s (tbetintal edvaftapBtat plinydly dchiched,Bdembatimeme of thespresent invention,
pol ysilicon structure and the dummy pol ysi I'i con.

structure, and a silicidation process is. perforned.

Thehiél previdepotepscdnihaaer devicabhving dmmynyiséicidectrueuzaspl e,

agate el ectrode of a transistor located in the active
"regi.on or .el sewhere. [0018] In yet anot her enbodi nent - - -

of pr I e

7 OONLE. 087U pbER M nf pELE ik, £¥hchtugtor dovice has 2
polyS|I|con structure. The - 8 dielectric layer is

plfﬂm&euag& (8440 i Shicldag aLH LB el Un¥ %hh:&xﬁaoéﬂhc‘i&éd*ﬁ:@déﬁﬁe The first

and

" structure may be, for example, a gate e:lec_trodc of a transistor formed in the active reglon

or the isolation region of the semiconductor device.

[0017]  In another cmbo.diﬁlcnt_ of the p;ese_nt invcnﬁoﬁ, a method of m?nufa@hg a-
| scmicozicinc;tor &gvicé ﬁa‘ving a ﬁrst .fu.lly silicided stréctu;g‘énd a _fuliy si].i&:idéd" dummy
. ‘Structure is i)rovi_dei Aﬁrst polysilicon stru;chlrc:aﬁd ;i_-_c.lum'my. polysilicon structuxe arcir g
- p_rovidc& on a substrate. - A metal lgyer i:;: -fo?mr.d ‘over thc: ﬁrét pblysﬂicbn_stmdturé @d
. the dummy polysilicon. slnigture, and .a silicidation process is petformed. The first

polysilicon structure may be, f_q-r cxaiﬁinlc, a—gg;te electrpdc of a traﬁsis-tor located in thc_

active region or elsewhere, - ‘ -~

. IOOIS] In yet another enibodiment of the préscnt invention, a diélectsip layer is

formed.ovér a first polysilicon structure and a dummy ‘polysilicon_strucmre. The

n-—. - - ' ) L. -8*



pol ysilicon structure are exposed. A
silicidation-process is perfornmed so that the first

pol ysilicon structure and the dumy pol ysilicon
structure are substantially fully silicided. -9 BRI EF
DESCRI PTI ON OF THE DRAW NGS [0019] For a nore conplete
under st andi ng of the present invention, and the

advant ages thereof, reference is now made to the

f. i ng _descr | tlons taken in_conjunction with the '
aggatlge%%%n%yﬁb Iyplg Sughy thgh itaeh firgt g@!hﬂﬁl Grochire sand the dummy
cross-section view of a transistor, [0021] FIGS. 2a-2b

a LQn vi ews of wafer illustrating a
P&X%%‘g&g t’?ﬁf“?‘irf’ RSREY Maib@im@@dﬁow is ‘sffornedoetethaf the first-
a.transistor; [0022] FIGS. 3a-3d are cross- sectlon

I rocess of
hapancln Akl ehd SRS DO NBEPI RESRS e rebsnidiy tpeliciden.
of transi stors; [0023] FIGS. 4a-4d are cross-section
views of a mafer kll.ustrating a process of. forn1ng o
fully silicided ponS|I|con gate el ettrodesin- e
accordance with one enbodi ment of the present
invention; [0024]-FIG 5 is a graph illustrating the
silicide thickness as a function of--pattern




density in accordance wth one enbodi nent of the
present invention; [0027 FIGS. 6a-6d are cross-section
views of a wafer illustrating a process of fully
siJdicided polysilicon gate el ectrodes utilizing an
etch stop layer in accordance with one enbodi nent of.
. the present invention; and -10 [0026] FIGS. 7a-7b are

CrQsss ' ' ..kl lustrating a process
ofﬁﬁﬁ%fﬁﬁsgﬁggﬁbggﬁéggﬁ%gﬁgéﬁgggnductor device having
dunng?polysilicon structures in _accordance with one

e ImentFosfa tpere progwdete understapdiag . of1 thepprpagn Ppvention, and the
DESCRI PTI ON OF ‘| LLUSTRATI VE EMBODI-MENTS . ['00271 The

makj ng and using of the presently preferred o .
endyatiAgst deph glesags Jedow madet Fhebgﬁlawmgu flescrptipry taken in
be appreci at-ed, however, that the present invention

provi des 1y, applicahl e.i nventive.concepts that can

b eCABERPLHIE e 2cpmpanying (iapngS SR ¢ cont exts.

In particular, the nethod of the present invention is
described in the context of formng a gate of. a

t r@#030]st oFIGOn& anfroseiselitioavievsdd 4 franisistarhe art, however,

:wW |l appreciate that the process- described herein

-may be used for forming any type. of device or

Stfﬁﬂﬁ]{{r"e‘ FIGS. 2a-2b are cross-section views of a wafer i]lustrat?ﬁé a process of
siiicidiﬁg a ijolysi}icbn gate electrode of a,trausigtor;
[00221  FIGS. 3a-3d are crqss-sei:tion views of a wgfer illuslxatiﬁg a process -of
| ~ planarizing auq siliciding polysiiicon gate clectrog_lcs of transistors;
[0023] FIGS. 4a-4d are cross-section views of 'a Wafgr ﬂlustratingA a process of
 forming ﬁzﬁy silicided pelj’rs_ﬂ.icon gate electrodes in accordance with one emh_o_climénf&
the present invcntion;.
- [60%4] N FIG. 5 -is‘é_graph i]lusu-_a-ting' the silicide thickness as I;l function. of paft;em
dcnsrty in -;1ccordancc with oxic cmbodim.ent of the present invention;
[002-5]- FIGS. 6a-6d are cross-section views of a wafcf illustrating 3 pr_ocess of flJ]lY-
silicided -pcly.'silicon‘ gate e e.ctmfics uﬁ]izing' an etrjh.stop léyef in accordance withv one

embodiment of the present invention; and

-10-



that utilizes silicided polysilicon structures.
Accordingly, the specific enbodi nents discussed
herein are nerely illustrative of specific ways to
make and use the invention, and do not Iimt the
scope of the invention. . [0025] .Wile poly-Si gate
el ect rodes are used as an exanple to illustrate .this.
i nventi on, i s understood that other gate el ectrodes
crystalllne si |l i con-germani.um:gat e

as po ST
iﬁ&j‘ﬂr ode@ Sor7as'[bqgreecmsy-smaldm niewsidfl &onafgaiiRistrating a process of

el ectrrodes may..be used in place of.the
'Folé crystal l.i ne gate el ectrode described herein.’

p oafsksaP y, sdmiconduteni dalideshiving tdaging) Pb@‘sﬂﬁ@bh %ﬁuctures in

fronts to. progiess.downwards at approxi mately equa
‘rates such that atl gate electrodes~beconme fully -
argardange it onglemhodiment afab@piebdm® inventigg.cor dance vv| t h
one enbodi nent of the present invention,- dumry

pol y-Si structures are formed to nodify" “t he" speed at™
which the silicidation fronts progress in different
portions of the sem conductor chip. The introduction
of dummy poly-Si structures:in [ ow:poky-Si- density:
regions reduces the amount of netal participating in
. the silicidation process of the actual gate el ectrode
and, - t hus....r educes . the speed at which.the
silicidation front 'progresses dommmards dur’i ng- theh
S|I|C|dat|on process.

R H 2 U S
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[00301 FIGS. 4a-4d illustrate cross-section Views of a
portion of a sem conductor wafer during various steps
of* a first nmethod enbodi ment or the present invention
~im which dummy poly-Si structures are formed. It

. should be noted that the dummy poly-Si structures are
shown as transistor gates for illustrative purposes
only and that other poly-Si structures may be used.

[%@@ﬁcﬁ@i@ﬁ@?me |scusse§jm%ove vvrth

reference to FIG 3a, except that -dummy poly-Si

gt(fdiﬁ gre q 4&191(:95‘%@ I%?%]Oif r%é g?égtc (ly'freRbd BinbadinRls ke discussed

ayer 2 gates) .may be
retained or renoved prior to the silicidatiron process

oy 1hi51 98b&. 8 ﬁrﬁﬁlﬁ%@eﬁjprc[cﬁ%zho%%r dﬂhﬁmhe Rfd¥nSinvention provides

structures 410 may be*Tormed on. an isolation region or
in.an active region and, preferably, are not connect ed

U ehally % liceble GiMchfiYe %c&ﬁ@ tha® @5 BOBAMEHRd if Biviide WA@Y BE specific
enbodi nments, however; they may be electrically tied to

a -13 ground node or other-reference potential. In

ObhigéxtL MROirARINMS he hftehod e Redent Biventiontis dettibeisn4idcontext of -
may be connected to other circuitry on the -

~sem conduct or chip, but does not performa |ogi.cal-
f eo¥ekgengdto bf & hendsdiore UDhE S oxdirtasy mm imthetanie however, will apprec1ate

sem conduct or chr p. .

thal the process dcscnbcd herein may be used for formmg any typc of dev1ce: or structurc _
. that ‘uti]izes si]icicie_d pelysj]icon structureé. Aécdrdjngljr, the speqi_ﬁc embodiments '-
discussed herein are merely ﬂluéu-atjlvc of spreciﬁc ways to make and use the invention, -
k and do not hntut the scope of the invention.

[0028] '.Whik: pol.y~S‘i gate electrodes are used as an . eﬁe.mp-le to _ﬂlustrate. thJS
_ _in.lvcet-ion, it is understood that otﬁer | gete clectrodf:e .such as pdy—crjsta]liue
Silioou-germanium gét_e_clectrodés, or single-crystalline silicon gate cle‘ch‘oriés. maiy be -
used in place ef the poly-crystalline gate elecrrede desr:ribcd herein.
10029] Gcnere]ly, it is desirabfre for the silicidar:ion fronts _-to- pro.gre_ss“ ‘rt-lovrmwards_ at
appreximately.eéuel rates such that all gate electrodcs‘b_'ccome fully siii_cided at about thﬁ _

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



[0033] FIG 4b illustrates the wafer shown in FIG 4a

after a dielectric |ayer 420 has been fornmed and

pl anari zed. The dielectric |layer 420 may be fornmed by

any nethod known in the art, such as, "for exanple,

by a chem cal vapor deposition process. Preferably,

pl anari zation is performed by a chem cal - mechani cal

polishing (CW) using an oxide slurry. [0034] As one

of l;g%i nary skill in the art will appreciate, the

| P gtructores afe Doaf@d/to BEH o PEOV. Le. uni farm
surface after the CWP procher%;&lea E%gé%pq’g?%@hgggmf#@on onts progress
r_es&j:ﬁfti ng wafer. .without dummy poly-Si structures as

strotmicient PloGionsof the - sBiddn 1.ne oly-Si. .
structures reduce. the" rdgggétgf ggl bc%?%“?%%ﬁi%ﬁpl}f poly-Si
process in the low poly-Si density region 3.10 by

iSheicasss indow beleSNgdnkity &l Hial ' - res. 035] .. . . .
Ref erri ng noviEe t}g FI C.? %%@@%er&mgeg?ﬁ%#ﬁ%& E’B%’QMJC[P?J‘UU% in the
shown after a netal layer 422 is fornmed over the gate

sileidatiodgmodess HBths iabing] 988 b Re. sil i ci datio o s
process has begun.a FI G\g ﬁ%?@%ﬁ%@%@t{a&s’ f%ﬁ?esttﬁésl’eed atwhich the - =+

silicidation front 424 of-the poly-Si gate el ectrodes

-80it1daBion froanpro3R:8sed 8wl ar AR Yr.Si,.structures 410
.progr esses- grt about eq%&tﬁz}]@eﬁg‘?ﬁéﬁc‘gﬁﬁﬁp@?@& g
i ntroduction of the dummy poly-Si structures 410: The

[ta] 1> Hah e bl Sndstrate cross-secti ¢ & pori

oross-section views of a portion of a semiconductor -

e wafe"aumfgmous;mpsofa ‘Hirst mettiod “eitibiodiment of the present invention in
whith"du'mﬂiy pdly—Si _stfgcturés are formed, It shotld be noted that the aummy poly-Si
structures. ére shown as transistor gates for llustrative purpééeé énljr and that other

: poly-Si su'ucnues may be used. |
[0031]  The process begins in FIG ;%" which illustrates the structure dis¢uS§ed above =

- with rcférenc.:e to FIG, 3.;1, except that dummy pbiy-Si structures 410 have bf:sen fbﬁﬁe&. o

The origiaal ot sicided et 234 (o 5 ) ey e roisied o Fnoid

_‘ _ prior- to the silicidation px-'oce‘ssj of the g&&é’éleé&é)deg. ' |

- -,

[0032]  The dummy poly-Si Struc.:tilrés,fil(j"méy. be fOrmexl on an isolation region or o
o an acfive région and, preferably, are not cphneéted to other circuitry 0ﬁ the

semiconductor chip. In some émbbdiiﬁepts,‘howé‘;cr,' they may be"éiéétiiéally tiedtoa

-13-



silicidation of the gate el ectrode nmay be different
fromor the sane as the=netal used-for the formation
of the source and drain silicided regions. In the
preferred enbodi nent, the netal used.for the fall
silicidation of the gate electrode is nickel. The
nmetal nmay al so be cobalt, copper, nolybdenum
titani um tantal um tungsten, erbium zirconium
S [ £0

ﬁl%r eo %ﬁﬁt 'il&fnjex?% c&&%ﬁag ) 2& oﬁ{% %91;5}33 'tso'?ﬁ’c dLlI[I.lé‘ly poly-Si
useful after rontl ne experinentation. [0036] The .
S kil 82k | Ptha g’%\‘, chﬁm@Ec&%&Bﬁér cit @i Bﬁ“ﬁﬁg SomiPdhdacdBF BRp, but does
tenperature a tenperature in.the range
of about 200 degrees CeI SI us to about 900 degrees.
Oﬁn‘% {HeHSrm 2162180 ARl &P &E%trcﬂﬁ'grfcgﬁtﬂﬁl@d b R keldMnbiuctor chip.

I"ent corrp?l sing nitrogen, helium argon,. neon, oOf
-other inert.. gasses., The annealing tine can range

from about m crosecond. . to several nutes.
AR IS dbyillisgaies e on hate i FLGHecHichR Slfoiseayer 420 has

_-_used in the silicidation process and the .anmpount of

-aggeztﬁrogﬁ%‘fﬁ%é %i@ggtﬁéqgg ihgﬁqg,out o2 tg?g‘?nga% %gﬁ%&gﬂ bﬁrﬁ@uy method .

be in the range of . - about 300 to about 700 degrees
| sius for several nut es. 037] FLG
QR Pr1BE AheSTheer 1051 Sxerigle B, Appleppilpgapor deposition procss

SI licidation process is conplet e and excess net al
m?{ﬁfﬁl‘ﬁﬁ:ﬁ?, ﬁlgn%ggon 1@%@ ormed f yoarc cnar -mec cal poilsrbmg '{éMP) using

an omde shm:y. |

[0034] As one of o'rdinaty skdll in tlae art will appreeiate, the introduct_ion_ of. dummy
tnoly—Si p,rovilde's- a mt)re unifot‘m surfatec after the CMP process as -eomparcd.lto-the
rcsﬁltiné wafer tﬁzitlioﬁt dummy poly-Si etrucmres as shown itt FIG.3b. In particulet, the _
‘dummy poly-Si structures reduce. the: recess associated with the CMP pfocces m ttte lowA

k 'Poty-Si'density regit)ti 3.i-0 byint:reasing the deasity of poly-Si-.etructuré_s.

© . [0033], Refcrﬁng now to FIG, 4c, the wafer of FIG. 4b is shown aftcr a metal tayer'
;’422 is formed over_ the gate elcctrodes- to be eﬂicided and the ;ﬂicidaiztiun preccse_.has

' ..bcgun. FIG. -40 illustrates that the -sﬂicidatiox:t_ ftont 424 of »the-poly-'Si gate c]ecttoti_cs

304, 306, and 308 and the duminy poly-Si strnctures 410 progresses at about equal rates

. -14-



... . -15- . appreciate, the resulting wafer has a

substantially uniformsurface and silicidation of the

gate el ectrodes 314 is substantially uniform [0035]

Referring nowto FIG 5, the silicide thickness t

formed after a predetermned silicidationtine is

plotted as a function of the poly-Si pattern density

d. FIG 5 illustrates that a region with a | ower

paoly-Si_ pattern density will have a thicker silicide

wfecibs dBgodution of the diuminmgpal wdinstrpeties $i10.S 1The Ghdtilase RS the full

dimting the poly-Si structure density across the

sem caonductor substrate to the range of between dl1 and

dpicidatian ofjfhsigate cleatiodk may defdifferedt frorh lor e sameas SiBdnkial used for

thi ckness range.. of -between tj and t2. In one

ﬁ%di ment; slight over-silicidation is perfornmed, so
p4Qgofthe sogrogisad drain eidicidad grgionshalin the prefeimed eimdbdiment, the °

t hi ckness of the poly-Si gate electrode prior to

Si chi %ﬁ%}l{@}n hn_ anot her. —enbodinment, t2 is
Hi5BY- Yaeier-theyfull siligidatiamob the gaterelactrade tsimickiehi MThalmetal may also be
t hi ckness of the poly-Si gate electrode prior to

a i s, approxi mately about 20% | ar ger

ll.j.cidation, dtl,
Soball ¢mber. ity dspum itaRivas dangpluy éugslen hiugaeronivm, platinum,

el ectrode prior to silicidation. . [0039] FIGS. 6a-6d

' rate, a second t hod embodi nent of the present
Jl:dﬁzll/b tions ethereof? of com! manns thereof and nickel. cherpmetals may..also be.

.« .-found pseful.after rontine experimentation..

| -[0036] The silicidation may be effected, for example, by a high temperature anneal
witﬁ a ‘temperature in the range of aboﬁt 200 degrees Celsius to about 900 degrees
Celsius. The anneal can be performed in.an inert Mnt ppx;ip_riging muogcn,_heﬁum;
T.arg‘on,_ neon, or cher_ inert. gasses.  The armeahng time can range from about 1. .
microsecond. to several minutes. Fér cxample, in one -embodiment in _wi:ilch nickel is. .-
used in the silicidation j1‘)r_0_c:esls and the amount of desired éilicic_lal;i_dn is -ab.out- 200 to : _'_7
; abc;ut 2000 angétm_’ms iﬁ'thickh;ss, a Ingh tempére_lture-;nnc.z-ﬂ may §e in the range of -

about 300 to about 700 degrees Celsius for several minutes. L
[0037]  FIG. 4d illustrates the wafer of FIG4c after the silicidation process is :-

complete and excess metal has been removed. As one of ordi_z;ary sk_dl in the art will



in which an etch-stop layer is formed over the
transistors prior to deposition of a dielectric |ayer
and prior to full gate silicidation. The process
begins in FIG 6a wherein -a wafer is provided as
descri bed above with reference to FIG 3a, .and an
etch stop layer -16- . 610 is fornmed. The etch st op

| ayer 610 preferably conprises a material with a -

%!Pfgfeaa e rgﬂ,%ﬂ Lo a?%%ﬁ;ﬁéta& r@@h%ﬁm d sﬂlctdatlon of the

tIrcrayer® suc an e
sel ectivity rmy be used. For .exanple, if the

%e'e?e%%he 3143{%&@@3@%% de or a low

permttivity ectric, the etch- stoplayer

-610 may .conprise. silicon nltrlde After the

formati on of an etch- stopl 610, a dielectric

T0635dr 6 Rebringingss &1 F6u S siisidarbicknsss ! fugied bt prdetermined
FIG 6b. [0040] FIG 6C illustrates the wafer of FIG -

6b after a netal |ayer 612 has been %r ned. Tge tg\l s
|sdipedation timamys mlotied raget) funcpn ol e RolES1 fratiers dagity 4. FIG.

above with reference to FIG 4c Anneal ing in an

i nert -anbi ent as di scussed above with refer e

lhestrates thas g Jegion; willy & jeE ppiyey) %ﬁﬁﬁhgﬁt‘? W@ﬁa“ﬁt’ a thicker silicide
el ectrodes . 314, as illustr ated in FIG -.6d wherei n

the sl I [ datl n. nt 614 | | ocat ed t he nctio
%x elngrp ¥ Dely- aﬂﬁawmt%e létﬂibétgj LY @t structure
120 (FI G 1). Note' that the remaining metal Iayer 'S

. _rdeenns?t%eacross %he semlcenductor substrate to the range of between dj and dy, the silicide
 thickness formed will be in-a small thickness range _of .betwecn' t7 and 1. In otlc :
embodiment, slight pvér—si]icidetiqn is perfonned,l so that #; or f2i abo'ttt. 10% 'Ierger» than
g _the iuitial"ﬂiickpesé of the ;pc_}ly-Si gate ciectrode pror fo silicidation. n anether.
embodiment, 1, is approximately. abut 10% larger thian the initial thiqutess -{:f'the poly-Si
'- gate electtode .prior..te sﬂi_c_idgtion; axtd 17 is approximately ztbout 2t)% larg'e: thanthc -
n:ullal thiclcnt:éé of the poly-Si gate electrode tnior o éﬂtciﬁaﬁeﬁ, ‘ |
[9039] FIGS ‘6a—6d lustrate a-‘.secoﬁd.methed .embediﬁlcnt of the presqﬁt ilt\_/entier_l h
in which an etch;stop Iay;; -is‘fomted over the transistors prior tof.déposition o_fj a
dielectric Jayer and prior to full gate silicidation. The ptocess Begins in FIG. 6a wherein

@ wafer is provided as described above with reference to FIG. 3a, and an etch stop laiyef



shown in FIG 6d. [0041] FIGS. 7a-7b illustrate

anot her enbodi nent of the present invention wherein
contacts are forned to -the source 710, the drain 712,

and the gate, electrode 714 of select' transistors.

The process begins in FIG 7a wherein a passivation

| ayer 716 is formed over the transistors with

silicided gate el ectrodes. Contacts 720 are etched

§n§ou h the -17 passivation |ayer 716 to reach the

isdraaef gdhe ewhstaprloye $18 prafedabiytaoatpeises Ambleffal With a-different

Sone contacts 720 may be forned through the dielectric
l.ayer .and the contact etch-stop layer (if present) to
?’Eﬁ‘&?ﬁl tARRPeEty) frem dkad of dier ideatriailayer egihothat. an etchant with 2 high etch-
- Subsequently, nmetal interconnects (not shown) are

_ fegrpegi{ovegllzél rl:%ndi electric layer 716, as is known in
FIEHVARY TRAJoRDYsefn Kofecxpmplegifi thy diglentii¢ dxyat isosilicanhexide or'a low .
i nvention has been described with reference to
:fic enbpdi ments. However, various nodifications
oty é@*@%ﬁ@@?ﬂ@ BgIetohystam iayek 60 avhyi pompriseasiticon nitride,
wi t hout departing fromthe scope of the present
t he specification and figures

i i.on. . Accor di ngly,
%@%e‘?%{fgﬁﬁ?mPg@fg%‘ué%gﬁ%PalﬁWl 195 ardielectaic dayendd 1 tih nposited and. -

" restrictive sense, .-and all such nodifications . are

| .ﬂlﬁﬁﬁggf%ggovgnemiﬁ&[.gﬁed Wi t hi n t he

‘Tﬁ'ﬁﬁﬁ}; R & (A ?ﬂusﬁat"es"thewafero’fﬂ(}ﬁbﬁte“r a mietal Tayer ‘612 has been
formed. " The metal fayer 612 "ma'y.'-be fdnne‘d,"fo;'ékaﬁijjle, as discussed above \ﬁth‘
~ reference to FIG. 4c. Anmfia'[ing in‘au inert ambient as'ﬂiscussed'above with reference:to
FIG. 4c Tesults -in full silicidation o’f the gaiej'-éleéthée.s 314, as -iﬂustr'atéd in FG. 6d°
‘wherein the -sili‘cidationfrqnt 614 is jlocg.ted at ‘t‘he' junction-of the ';gatc clectrode 31% ‘and:
the dielectric Ia'yeL: 120 (F.[GI) ' -N&é'that the r.emaini‘ng ‘metal layer is.r'emovetll; as
 shown in FIG. 6d. | | |
[_0Q41'] _' FIGS 7a-7b illustrate gi:tother embod.imgilt of the preseﬁt-iﬁv‘enti;:jn Wl‘lel‘.‘eili '
| 'c_:ontacts' a're-fo;_med to.'the -"spurce- 710, the-drdin 712, and the gate Eléc@dé '7714 of :gelect’-
traﬁsistors. The pmqeé; begins m FIG. 7a _whgréih a passivation layer 716 xs formed

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

-17-



scope of the present invention. [0043] Although
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
I ncl udes all changes; nodifications, and.equivalents
.comng within the spirit and terns of the clains
appended hereto. For exanple di fferent organization

of str,uc ures _and ot her - es of structure
(PRENAtQR, W’hd 1? Hp dﬁwés@essﬂm elngate tesirpdfets fiw%%f? & FIG. 7b.
i nsul ator | ayer rmy be used and the like..

e <oy 20 gy 1EOR8 A BB tg’eq"e?qr@ac* etch-stop

and, t hus; the speC|f|cat|on and.figures are to

re'ar d |n a |II rativ rather than a res ctiv
el 2t ot el Souce/geart oeBods %Ph%eﬁfl y, metal

a sem conduct or. deV| ce having a fuI ly silicided

?}Iﬁtrg%fc)%q%%tg (gothsﬁﬁg/nf f%%lln@r I Sl @%‘S a@;éf d Eg,a&ﬁds gﬁown in the |

i sol ation region; formngaflrst ponS|I|con
sﬁgucture on the substrate;

- [06042] In thé forclgoing spcciﬁcatiod, the 'invcntidn- has been described Wlth
- reference to speei_ﬁc embodiments. However, Vdﬁous mediﬁcatiods and changes can be-._' -
made b§ one skilled m the art without dcpartmg from the scope of the present invention.
-Accordinglj, the sPeaﬁcation and figures are to. be. ;egarded in an illustrative rather thad
a rcstdeﬁve sense, and aH.' such modifications .are intended to be included w1thm the
scope of 'ﬂ-:te present -invéntiod. .
_.[00‘4‘3‘] : Aithough- pdrtic:ular embodi_ments .of the invention haxize been dcscribe_d in
detajl it is udderstood that the invcddqﬁ 1s not liinited cerrespondingly in scope, but
imludés all changes; niodjﬁcaﬁons, and aduivalents conding within the s'pi;it and terms of
" the claims aﬁpedded hereto. For cxample, diffc;ent organi‘zaﬁon of suu;fdxcs adﬁ other :
types of structures may be used, varying Fhi_ckncsécs of -the gate layer and gate ineulator K

Iaje_r niay be used, and the like. Accordingly, it is understood that this invention may be

-18-



form ng a dummy polysilicon structure on the
substrate, the dummy polysilicon structure being an
i noperative circuit elenment; formng a netal |ayer
over the first polysilicon structure and the dummy
polysilicon structure; and siliciding first
pol ysilicon structure and the dummy pol ysilicon
structure with the netal layer to forma first fully
silicided structure and a fully silicided dumry

1. wher el
RIS 6 Bther Sruckls A Bl Bofls, VOBl a0d. s arot
transistor. 3. The nethod of claim1 wherein the first

B 400 36 L) t he active
e B R PRl e Gy
..polysilicon structure is Iocated in the inactive

region. 5. The nethod of .claim1 wherein formng the |

metal ‘l'ayer includes: fornming a dielectriclayer over

the first polysilicon structure and the dummy .
pol ysilicon structure; and planarizing the. dlelectrlcn L
| ayer Such that 'the first” polysilicon structure and
t he

-19-



“dummy polysilicon structure are exposed. 6. The net hod
of claim1l wherein the step of siliciding is perforned
by annealing at a tenperature of about 200 C. to
about 900 C in an ambient conprising nitrogen, helium
argon, or neon. 20 7. The method of claim 1l wherein
the step of formng the dummy silicided structure is
performed by formng the dumry silicided structure in
WIHhET &8 CLAEMEEISon. 8. The nethod of claim 1 the step
of formng the dummy silicided structure is perforned
1.0y rdetiothofl @rinligy dssmiyonsudtbedeitd hatihga filhyesilididddructure, the
isolation region. 9, The nmethod of claim1 wherein the
mFﬁ?"PQFOIFBFFﬁl%g PRt efed structure and the dummy

siligi t ﬁ%rmr' ' 10. The
met h%gﬁg?lggl Sgiijg?nlta%lg%‘{er el nalc'i%ﬁeelré ﬁ'& ?tl d %{uilsi)lghgﬁelg%?aed

st r ulorming adinet pohwesiligompiyuctiere b Giedwbstate uct ure conpri se

a si}ici f teral slectqlgf mtﬁgl?. rou -
Conséog?]ingg da nn%r nl?@sz]ﬁon Stct te’onc ep%lig%rate eyb i rl]ﬁﬁ%)]YSlIlCOﬂ
stivctuanbaing ar iaopehting circuingiginem; er bi um zirconi um and

platinum 11. The nethod_of claim1 wherein the first
f ul |igreing a gl s@mﬁf{ﬁm%ﬁfa}ﬁﬁwﬁﬁ@name and the dummy
polystlicon 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.

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

region.

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

inactive region.

5. The method of claim 1 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,

argon, or neon.
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silicided structure conprise germanium 12. The nethod
of claim1l wherein the step of formng the first
polysilicon structure and the step of formng the
dummy polysilicon structure are perforned in the sane
process step. 13. The nethod of claim 1l wherein the
dummy polysilicon structure is not electrically
coupled to an active circuit elenent. 14. The net hod
7.dhe cleftiodhof claive A evherdihthefsiopsif fcpniig@ﬁhb idummmkiqimﬁﬁutrecths is
I Stor of formng a
SefulorRinel i Sy SLieidh b i B el PRt he
nethod conprising the steps of providing a substrate

havi ng an active region and an isolation region;
8.Te mrekpd £f glatre 1 dhesttarvelipanigy dhe dumnyg siligidedigtiotupd is performed

by B0 ABaP S BLAC SARE A nei U Bl L T e over

ectric e gate ectr e and the dunmy
el ectrode conprising silicon, the dunmy el ectrode

o 95 RaB L ABS1 et e RO BB ™

silicdded@trittare comprise nickel silicide.

10. 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;
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transi stor; depositing nmetal over the gate el ectrode

and dummy el ectrode; and siliciding the gate el ectrode

and the dummy electrode with the nmetal to forma

fully silicided gate electrode and a fully silicided

dummy el ectrode. 16. The nethod of claim 15 wherein

the gate electrode is located in the active region.

17. The method of claim 15 wherein the dummy el ectrode

i s [foodnga gitn clebteodesioll adiimmy degiodaovet ghe gihadintetttiodhoate

cl ai. m wher ei n. deppsi ting netal includes: formng a
AR AP SRR Spinangal S B SRS Hac R iy
ingtiectirdialerdn®d planarizing the dielectric |ayer such

that the gate el ectrode and the dumy electrode are

ex péIaung sayreeprd dpt 118NH PPRASHEadIBosHh el dlasirody teform a
traRfistsk-l i ciding is perfornmed by annealing at a

tenpérature of about 200 C to about 900 C in an

amb ideprsitingmpatal overthe pate elgemdetuad idummy ekecgrode; and  neon.

20. The.neth f cl ai 5 i.n.the ful i |jcided
oot SR FEbOae HrutlRLm i PR HPul it ol s
fulg} shdidabetcaeqrods end filelsilkided Gushgny electrode.

16. The method of claim 15 wherein the gate electrodé 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,

argon, or ncon.

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,
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21. The nethod of claim 15 wherein the fully silicized
gate electrode and the fully silicized dumy
el ectrode conprise a silicide of a material sel ected
fromthe group consisting of nickel, cobalt, copper,
nol ybdenum titanium tantalum tungsten, erbium
zirconium and platinum 22 22. The nethod of claim 15
wherein the fully silicided gate el ectrode and the
22§ Thd ryethed off daimeld wlhemeiy thel fatly siticided gatp elesteodg andrétei fully
]23'6 he g of claim 15 wherein the step of form ng
S gngygfﬁ PP PR SR W mmy el ect rode ar e
perforned in the sane process step. 43. The nethod of

aim 34 wherein the dumry el ectrode is not
23 eTl@d’fl?th%M qJaigglfphercinghe gigp atforvimgthe gals electtodpand the23

dummy electrode are performed in the same process step.

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

an active circuit element.
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