Dunmy Pattern for Silicide Gate El ectrode [0001] This application clains
the benefit of U S. Provisional Application No. 60/503,113 filed on

Sept enber 15, 2003, entitled Dunmy Pattern for Silicide Gate' El ectrode,
whi ch application is hereby incorporated herein by reference. TECHN CAL
FI ELD , [ 000Z] The present invention relates generally to sem conductor
devices, and nore particularly to sem conductor devices wth gate

el ectrodes forned by silicidation. BACKGROUND [0003] Conplenentary netal

oxi de sem conduct oDureMPP ateviicha: SHitdd eaGate Blkctrodede- sem conduct or
field-effect transistors (MOSFETs), are commonly used in the fabrication

of ultra-large scale integrated (ULSI) devices. The continuing trend is to
reduce the. size of the devices and to | ower the power consunption

requi M80RIAt s. Bhis epphisatinet cltmothe henaitspETS Shdsodsiabile Appliationi¥o.nued

i nprovenent in speed performance, density, and cost per unit. function of
integrated circuits. [0004] FIG 1 illustrates one type of a MOSFET fornmed
on a $H¥BldBefileroon THepteRSFET 2008pentded Dwomy cBatet? fom SilicadenGat4, and a
gate el ectrode 116. A channel 118 ‘

 Electrode, which application is hereby incorporated herein by refcrence.
 YBCHNICAL FIELD

,[0092] Thc present in\lrention relgtcg generally t_o semicpnductorv devices, and more
particularly to semiconductor devices with gate électrodes formed by s"ili’c;idation.-
BACKGROUND

[0003] . Complementary metal oxide semiconductor (CMOS) devices, .such as metal
Qxide_serbiconductor ﬁeld-gf:fgct tr.ansistprs .(MOSFE'-I'_S‘), are commonly used in the
fabrication éf ultra—larée s.calc i_ﬁtegrated’ (ULST) dévices. Thé contiﬁlﬁng trend is to
teduce fhe.';v;iz‘e of the devicés and fo Iow;ar the power cbnsumptioh i'equiréments.. _Siz‘e-
' : a :

reduction of the MOSFETs hgs enabled the continued improvement _ ‘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 coﬁ_:tprises' a source 112, a drain 114, and a gate electrode 116. A channel 118

1s formed between the source 112 and the drain 114. The gate.cléctréde 116 is formed

. ‘1‘



is fornmed. between the source 112 and the drain 114. The gate. el ectrode 116
is formed 1 on a dielectric layer 120. Spacers 122 are fornmed 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. solation trenches 126 may be
used-to isolate the MOSFET from ot her devices (not shown). [0005] As .the

| ength of the gate electrode 116 is reduced, the source 112 and drain 114
increasingly interact Wth the channel 118 and gain influence on the
channel Oﬂg‘dﬁ%lﬁffmaﬂayecé%% eqbesstd 122 aretfpranasi ont eachwideof thesgate tlegaode | gt h
suffers fromproblens related to the inability of the gate el ectrode 116
to substantially control the on and off 'states of the. channel 118.°
PhenomeAS0 SPFERCI R0y arcemsast sifigide 128rare fhrmed vmcthasemteanil 1D and tlanddait bi%s Wit h
short channel |engths are termed short-channel effects. [0006] One of the
primary_nmeans by which short-channel effects are kept under control is the
downsca %Oéfmtﬂﬁﬁéesg a2@ matiyebeesad- o tisulatk rtbs MORFED njrom cothen dwiités (dcansi st or’
size reduction. However; this aggravates the problens of poly-silicon
(poly-Si.) gate depletion and high gate tunneling.|eakage current. For
exanpl eSh8). the pol y-Si gate - :

[0005]  Asthe 1_cng§h of tﬁe gate eléctrode 116 is reduced, the source 112 and drain
114 incrcasingly. _in;tc'ract v.v"ith- the channel 118 and gain inﬂueﬁce on the qhagnei
. potential. Consequently, a transistor Witil a short gate lengfh suffers froﬁ problems -
- related to the inability of tﬁe gate electrode 116‘ to substantially control thé on and off
states of the channel 118. Phénomf;né such as rediced gate control éésociated with

transistors with sho;t_- channef leng_ths are termed short-channel effects.

' [0006]  Ore of the pnmary means by which s.laortjchannel_,cffta-cis.are k;:pf under
..c'onltrol 'is. the doWnsca]it_lg of the gate (:iieiecu'ic thickness -in‘conjpnction-with transistor -
~ size reduction. However, ’Fhis aggi:avaffes the problgxps of poly-silicon (poly-Sij gate
depletion aﬁd bigh gate tuﬁne{ling'leakagé current. VFor c;cample, for the poly-Si éate
| depletion layer to ]_36 less than éS % o.f the equivalent gat; dielectric thiclméss, t}_ne active o
. dopant density in. poiy-Si must be 1.87x10% cm™ at a gate c;lec'trode lc;,ngth (Lg)_Of 25

- nm. This dop'ant density, however, 'c'auses great difficulty because the active dopant



depl etion layer to be I ess than 25% of .the equi val ent gate dielectric
t hi ckness, the active dopant density in poly-Si nust be 1.87x1020 cm 3 at -
a gate electrode length (LG of 25 nun. This dopant density, however,
causes great difficulty because the active dopant 2 density in the poly-Si
at the gate-dielectric interface saturates at 6x10L9 cm 3 and 1x1020 cm 3
for p+ and n+ doped poly-Si, respectively. Insufficient active dopant
density in the gate electrode results in a significant voltage drop across

t he gat eledelpy at tBPJIRYERS tHaNGte-HRECERS QU ‘ gatesdi el ectyfi c
thickness. In effect, it reduces the ggl?%&&gasp%ﬁt%giﬁ;%glpn %eaﬁ“ﬁbléf i on.
regime and_the .inversion charge density or feads to a |lower effective

gate volctmbﬁqrp&nmdﬁ;hg@ v QI AL l1S,eS ' f oymance. .160671
Attenpts have been rradeﬁtdgﬁf%br’i c%ﬁgaﬁi gﬁgﬁﬁﬂ&g“ﬁ&%‘g{‘ﬁe P@@t‘@.n@%yel@ttp%de by
performng a silicidation process on the poly-Si gate el ectrode. :

Gener al Igate tlbetrodd tes@kda b Qbnif ' - GOnv the poly- S -_matéri_ | to-a
hi ghly conductive 'silici de%é‘?ﬁgyggﬁ%ﬁ g%bF?{gé?s ng_gg ?%lﬂléﬁlr]ﬁ@’@ and
fabricating astransistor -such as that shown in-FIG 1 Wth- a silicided

gat e el éndrem@e. the: Edudval@n@ phie! - transistor of. FIG- | with a
dielectric layer 230.for n’géﬂcoﬁfeﬁlcg&gztllﬁc%g‘es.sll NahideCly H{a rﬁ‘f%ﬁe?] the 128t nd.
a.nmetal |ayer 232 formedon

‘capacitance in the inversion. rogime and the inversion charge.density ot Jeads to a lower .-

____ LEE Va¥ LW vl

effective gate voltage, and therefore compromises-device performance

- [0007] Attempts hﬁ%}ébéeﬁinaﬁé to faﬁﬁééte :a..ih-igh'l”'yi-conductiv.e ‘gaterelectrode ’b’y e
.,perfoi_"ming 2 silicidation process -on' the poly-Si gate électrode. . Genérally, the
siIicida‘fion--reaétion converts the poly-5i »inateriail‘ to-a highly -conductive silicide. For
example, F_IQS. 2a—éb illustraté‘ffabricatiﬁg"-a;traﬁsistor-sqch'as- that-shown inFIG. 1 with -
a silicicfegi gate .f:,lfz:g:l:r;)d;_aT FIG2a -ﬂlqs:,tr_ate_g .tha_transistor of FIG. 1.with a ..diclectriq

) ‘.la.yef 230 formed on the source 112 and the drain 114, and.a metal _;;1%3@!2;3K2ﬁ.for;1,1_.¢dfon
| ‘the gate électroée. l.iﬁ‘énd .the .diélecuiclaycr230, A metal silicided layer 234, whichiis.
generallff formed wheﬁ the contact pads 124 _érf; formed, may remain on the gate .
eiectrode 116. ’An.-axmeél process is performed to cause the poly-.Si gate electrode .tcS o
Become silicided. The excess -metal is_renioved,_ thereby pr-ovidiqg the structure shown . .
in FIG. 2b, wherein the ggt¢._ slectrode 116 is silicided. A similar method has been

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



the gate electrode. 116.and the dielectric |ayer 230. A .netal
.Silicided.layer 234, which c. generally forned 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 : . becone silicided.
The excess netal is renoved,. thereby providing the structure shown in FIG
2b, wherein the gateelectrode 116 is silicided. A simlar nmethod has been

- descr i pedkeliappRadteeverP YowBreskave lga®t williout idAltdIee nof @tcdihy” ?_kﬂ)liﬁ&:@qg

(CoSi 2) polysilicon: a -3 novel approach to very lowresistive gate

wi t hout netal CWMP nor etching," published in pages 825-828 of the

Techni cahodd gESE2P0f tie BRBAiChNTRENAldONRl 260 1 ThieBRiBRN BfectMaeDede hel d
in Washington D.C., USA. [0008] OFten, however, it is difficult to silieide
transi stor gates uniformy throughout a wafer or a chip because the .
densi ty Midetih AeheROL W RihistkdAOlr S avari es throughout the wafer or chip. For
exanple; FIGS. 3a-3d i1l ustrate cross-section views of a portion of a chip
after various process steps that illustrate .one particular problemthat _
may cause non-uniformsilicidation. [0009] FIG 3a is a cross-section view
of a pol®U§h of Ohten.driweayem ifcis GiTinit o pilicida gransistor gates uniformly throughout

.a wafer or a chip because the density-of the poly-Si structures varies throughout the wafer
or chip. For example, FIGS. 3a-3d illustrate cross-section views of a portion of a chip |
after various process steps that illustrate one particular problem that may cause

non-zniform silicidation.
{00091 . FIG. 3aisa cross-section view of a portion of a semiconductor chip having
- transistors 304, 306, and 308 with varying gate lengths formed in active regions of the

semiconductor chip. The components of the transistors are eﬁplainéd above with -

) - reference to FIG. 1. The portioﬁ comprises a low poly-Si density region 310 and a hLigh
poly-Si density region 312. The low poly-Si density region 310 and the high poly-Si
density regioﬁ 312 ‘may'be adjacent to each other (as shown in FIG. 3a) or ﬁlay be spaced

: ﬁpart on different portions of the wafer or chip.

[6010] FIG. 3b is a cross-section view of the portion shown in FIG. 3a after an

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

..4-



transi stors 304, 306, and 308 with varying gate lengths forned in active
regions of the sem conductor chip. The conponents of the transistors are

expl ai ned above with reference to FIG 1. The portion conprises a 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 maybe
adj acent t.o 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 cress-section

vi ew of ph@afRedtidnos} $h i G ,3a..after _an insulating or dielectric
| ayer. 318 is formed over %ﬁ%cﬁﬂ%@ipgpgpggéﬁg@a) REAS$ saperivsobdnilial CMP4
pl anari zation or chem cal nechanical polishing (CWP) process is perforned.

The CMVP pice&ssiandR ' surface of the dielectric |layer 316 and
exposes Fhe gg@enel egﬁéoﬁesﬁ'c‘ggﬁﬁe leF‘lnlcﬁé‘Y‘?fa?t‘]@oﬁﬂdrﬁXFD@s thgate hlec®MRsof t'en

results.in a recess 318 in the low poly-Si density region .310._ This

" di shi ng31fhenom ' n jfact of the CMP process in areas with
a low density of ?@%%%@e@@%%a s fesultsoBa raca13il iBItE lodcpily-Si '
cross-section view of -the portion shown in " FIG 3b, after a netal

density région-310.. This- “dishing” phenomenon s a common artifact of the CMP .

process in areas with a low density of features such as }:fansistor 308.

e elécirodes 116, andan .~
_annealing step is in process. The annealing step results in the silicidation of "the"-'ga‘pe
electrodes --1~:i6. The silicidation of the gate electrodes 116 oceurs to a large extent in the ...
low poly-8i density re;gio_n 310 .because the metal ~reg_ioﬁ..parti¢ipating_ in the silicidation
process in the. _low,;_pol‘_y-;Si.‘ density . region 310 .is greater than the metal ..r_cgjon_ B
) _partiéi_patih,g in thé.silici_daticm process in the high poly—Si density 'regi.on 312 due.of the . .
diﬁerenc_e in the .thickness }and/of the density. 'As'.a..rcsult, the -rate .at which the
silicidation front proceeds dowﬁward_s o consume the .poly-Si material differs in .méidns
with d_iffer_ent poly-Si dcnsitieé. In a region with a lower poly-Si :gl-ensity, the silicidation
occ.:urjs to a greater -g:xtent, and the silicidation front is d_:eeper from the m1t1a1 top ‘su.rface

of the poly-Si material.



| ayer 333 is fornmed on the deiectric layer'f16 and the gate el ectrodes
:116, and ran annealing step is in process. The annealing step results in
the silicidation of the gate electrodes 116. The silicidation of thegate
el ectrodes . 11.6 occurs to a large extent in the |ow poly-Si density
region 3.10 because the netal region -participating in the -silicidation
process in the low, poly.Si. density. region 310 is greater than the netal
regi on pH2Lkci pdior prenipie, theanetsli fartidiphéing onfhe slesltiomef traneistorgf4pdey - Si
density region 312-due of the. _,. difference in the thickness :and/or the
density. As a result, the rate at which the silicidation front proceeds
downwar ds #4708 dhBiarked by eeferpnse pussieraisst@r 334, aad 836 respeaiivelegi Hnilusitedy
different poly-Si densities. Inaregion with a |lower poly-Si density., the
silicidati,on ccurs to a . greater extent, and the silicidation front is
deeper fr B¥n™9® ReFIciRatng inpthe silicrdatian obfrangigon 510§ 2nf 3G it theaigh polysSi[ 0012]

For exanple, the netal participating in the silicidation of transistors

304, 306, ., and 308 j.s.mprked by referepnce nuneral s 332, 334, and 6,
respect i v RECP 31341 st G &Ct%ﬂrpé{t&lpaﬁag th 816&3{6?44&0? iy {rARS ISty et dati on
of transistors 304 and 306 in the high poly-Si density region 312 is |ess
t hah the fE Eh%l lb&aiéllygi p(%[néip relg?ont Q?O.SI clzc%réizgélly? eO];iliE:irdgtri]c?nl tO(L?l{ 3%8 80f

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

[0013] | EIG.. 3& is a cross-section view of the poﬁi_on shown in FIG. 3c after the |
silicidation process is-complete.  As illustrated in FIG. 34, the gatg eleétrodes 314 of
‘trénsistor 308 located in the low ploly-Si density region 310, are suBsFantia]ly silicided,

.b'ut the'_gate 'cleétrodes 514 of transistors 304 and '366 lo'cated in the high poly-Si density
region 3i25 are ﬁOt-_complctelysﬂicided, Le., thé sﬂicida“rioﬁ front _340‘0f tr:-a.nsistor 308 . .

reaches the interface between the gate dielectric and the gate electrode before the

RO

silicidation frqﬁt 342 of transistors 304 and 306‘. ¥ ‘additional silicidation i_s performed.
to cause the gate eléctrodes 314 of transistors 304 and 306 to be fully silicided, the
transistor 308 may suffer from problems related to the excess diffusion of metal atoms

through the gate dielectric into the channel region. |



in the Iow poly-Si density region 310. Accordingly, the silicidation front
340 of. transistor 308 progresses faster than the silicidation front 342 of
transi stors 304 and 306. [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 |ocated
in. the low poly-Si density region 310, are substantially silicided, but

t he gate el ectrodes 314 of transistors 304 and 306 |ocated in the high"
pol y- Si 1ty re n IeteI silicided e., the
silicidati oﬁ fr orlrth%g"'ﬁ%@b?&et%? é§§| %ffe O‘f’é"%%é%cet‘ﬁe hghb’e?qlﬁé@tl‘{feg%éen t he
gate dielectric and the gate electrode before the silicidation front 342
of transg i Q datlon is perforned to
cause tH2§3§?§'§@£c é Héggéi 3ﬁgPP§h P 3§W§“@@6 to be fully"
silicided, the transistor 308 may suffer frontproblens related to the
excess diffusion of nmetal atoms. through the gate dielectric into the
channel region. -6 [0014] Therefore, there is a teed fora | ow resistance;
-or highly conductive gate electrode, :and in particular, for
.uniformy.siticided poly-Si structures. -7



SUMMARY COF THE | NVENTI ON [ 0015] These and ot her problens are generally
reduced, solved or circunvented, and technical advantages are generally
achi eved, by enbodi nents di sclosed herein, which provides a sem conduct or
devi ce having dummy silicide structures. [0015a] In a first aspect, there
is provided a sem conductor chip conprising: a sem conductor substrate
conprising a first region and a second region having a poly- silicon
density | owedMMYSRY CHEFHBINYENTION St regi on; an active region located in
the second region; a first structure fornmed in the active region, the
first structure being silicided; at |east one dumy silicide structure

| ocat ed i n [ORES]sIdessrand atlesr problemscare setieedllyaeduiced, Isalyed or ancemvgritedy andhe fir st
structure and the dummy silicide structure. [0015b] In a second aspect,
there is provide n integrated circuit chip conprising: a substrate
having a fiF&in gﬁﬁ’aﬂtaﬁwg%g%%&@%@dow ¢rBRedigens fistlosedihereas whirnsi t y

| ower than that of the first region; an active region and an isol ation
region | oc Ln the econd region: .a transi.stor formed on the active
region, th r? %g‘!r:l% %P%?O“ﬁ&?c}%cge"yeg%w%éum%’g? Bioe ngﬁqlﬁﬁsn region, and a
silicided gate electrode; at |east one dumry silicide structure located in
the second region; and a dielectric |layer overlying the transistor and

[0015a] In a first aspect, there is provided a semiconductor chip comprising: a
semiconductor substrate comprising a first region and a second region having a poly-
siliqon density lower than that of the first region; an active region located in the second
region; a first structure formed in the active region, the first structure being silicided; at
least one dummy silicide structure located in the second region; and a dielectric layer
overlying the first structure and the dummy silicide structure.

[0015b] In a second aspect, there is provided an integrated circuit chip comprising: a
substrate having a first region and a second region having a poly-silicon density lower
than that of the first region; an active region and an isolation region located in the
second region; a transistor formed on the active region, the transistor having a source
region, a drain region, and a silicided gate electrode; at least one dummy silicide
structure located in the second region; and a dielectric layer overlying the transistor and

the dummy silicide structure.



the dummy silicide structure. 8 [0016] In one enbodi nent disclosed herein,
a sem conductor device has a first structure that is fully silicided and
at | east one dumry silicided structure. The first structure may be, for
exanple, a gate electrode of a transistor forned in the active region or
the isolation region of the sem conductor device. [0016a] In a third
aspect, there is provided a nethod of formng a sem conductor device
having a fully silicided structure, the nethod conprising the steps of
provi di ng al00¢ébiatona embddivienisutosad hérvim, 4 sghioondanidr devidednb afirsd strucage on;
formng a first polysilicon structure on the substrate; formng a dunmy

pol ysilicon structure on the substrate, the dummy polysilicon structure
bei ng an i ntals flinadicided apd at lspst predummy sibicidgd stryeiire  The s strucipee mayhe fi r st
pol ysilicon structure and the dumry polysilicon structure; and siliciding

[ | ysi l.i h | ysili ith th
metal | yer D SOPADE & 11 SECRRe) " G R R (e T 1y
silicided dummy structure. [0016b] In a fourth aspect, there is provided a
nmet hod of f@Bﬁﬁéﬁkﬁ%§h%§ﬂ%@§ rﬁMéHQd%%L&y silicided gate el ectrode, the

met hod conpri sing e steps of providing a substrate having

[0016a] In a third aspect, tﬁere 1s provided 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 silicided strqcture and a fully silicided dummy structure.
[0016b] In a fourth 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 compris.ing silicon, the dummy electrode being an inactive
circuit element; forming source and drain regions oppositely adjacent the gate electrode to

-8a-



an active region and an isolation region; formng a gate dielectric over
the substrate; formng a gate el ectrode and a dummy el ectrode over the
gate dielectric, the gate electrode and the dunmy el ectrode conpri sing
silicon, the dumy el ectrode being an inactive circuit elenent; formng
source and drain regions oppositely adjacent the gate electrode to -8a form
a transistor; depositing netal over the gate el ectrode and dummy el ectrode;
and siliciding the gate electrode and the dunmy el ectrode with the netal
to froma ffh tradlibos iadshitddtnget floR6t the g ARG M ikmly di&hdgd adynmy

el ectrode. [0017] In another "enbodi nent "di scl osed herein, a nethod of

manuf acturing a sem conductor device having a first fully silicided
structure agiliciding thd gatesélédiotcladl tHel duymysddctolenih tfe npdtal\té deh a ML r st
polysilicon structure and a dumy polysilicon structure are provided on a
substrate. A netal layer is forned over the first polysilicon structure and
t he dunmy pelisidéd gataosiecttode enda filly ailidided divnngi detiodn pr ocess i s perf or med.
The first polysilicon structure maybe, for exanple, a-gate electrode of a
transistor located in the active region or elsewhere. [0018] In yet

? :1 ?ts'? er enbfbﬂimlqtangdlgrcelm S0 gne?l?(riigcl;lgs’ed%egelirg la?r(lzett (;dcotJ rr(fi1 %%acil:u?’infg%r med over 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 disclosed herein, a dielectric layer is formed over a first

polysilicon structure and a dummy polysilicon structure. The

-8b-



polysilicon structure and a dumy polysilicon structure. The -8b dielectric
| ayer is planarized such that the first polysiicon structure and "the dummy
pol ysi'licon structure are exposed. A silicidation -process is perforned,so
.that--the first polysilicon structure and the dummy polysilicon

-structure are substantantially fuly silicided. _9 BRI EF DESCRI PTI ON OF
THE DRAW NGS [ 0019] For a nore conpl ete understandi ng of the present

i nvent i on;digledrit Heyer ¢ ereof.. refer e is now made.to the

fol | owi ng descri pt| ons (t aEe%&?%ﬁéﬁc%‘%&) e Lf%ri’ogﬁs’ﬁlﬁont F@%@(ﬁﬂﬁéﬁ?ldﬁ@my

drawi ngs, in which: [0020] FIG 1 is a cross section view of a transistor;

[0021] FI g8lyslivoRbstrater a0 ps@at i awafer. illustrating a
process of siliciding a pol yS| I c%rrlhlmlg%(&neﬂr%cgfsr’&fgrffim 8 fhgfy thestust -
[ 0022] - FIGS 3a-3d are cross-section views of a wafer illustrating a

rocess ofolysilisnasirzd aidehesiul . ). aat r.odes  of
ltor anmstorsyis[ 0023] Iglng'él 4a- 4(?1?;gb{:}?lgggtpé%%ﬁr%%gg%bg%ﬁgfy@%ﬁ’ﬂﬁd '

illustrating a process of



formng fully silicided polysilicon gate el ectrodes in accordance with one
enbodi nent of the present invention; [0024] FIG 5 is. a graph
illustrating the silicide. thickness as a function of pattern density in
accordance with one enbodi nent of the present invention; [0025] FIGS. 6a-6d
are cross-section views of a wafer illustrating a process of fully

si licifiegpoeF ysisiOreeMaabe BiEephhedeas4it i | izing an etch stop layer in

accordance with one enbodinment of the present invention; and -10 [0026]

Fl GS: 7a- gﬁbl@ e CERSH RSkt Lgﬂ%l%leeﬂﬁde? tarflli fo?rthé gdrg‘s%ﬁtr %\jcﬂ o F}:rufp ¢S of
form ng contacts on a sem conduct or devi ce havin ummy polysilicon
structures in accordance with one enbodi ent of the present invention.

T i g Pveag D AR (Y 1 bl Lt L HE R, tio%?ffZieaTﬂF maki ng

and using of the presently pre iments are discussed 1n detail
bel ow. It should be appreciated, however, that the present invention

provi des commetidR RithiBOARohPHSHE dBrine G hat can be. enbodied in a
wi de variety of specific _ .

[0020]  FIG. 1 is a crogs-section view of a iransistor; |

[002;1]"_  FIGS. 2a-2b are cross-section views of a wafcf illusﬁaﬁﬁé a process of
siiiciding a iaolysﬂicon gate electrode of a‘transis.tor;

f0022]  FIGS. 3a-3d are cross-section views of a wgfer i]lustratiﬁg a process of

| _ planarizing and siliciding polysilicon gate electrodes of transistors;

[0023] FIGS. 4a-4d are éross—scction views of a Waf;:r llustrating a pi‘ocess of
 forming fully silicided palysjlicon gate electrodes in accordance with one embodiment of
the present invention;
'_ [6024] - FIG. 5 is,dgaph i]lustta.ting the silicide thickness as é function. of pa&em
diag;i‘ty in -.;rlccordancc with oﬁc cmbodimént of the present invention;
[0025] FIGS. 6a-6d are c_ross-section views of a wafel; illustrating a process of fully.
- silicided polysilicon gate eléctredes uﬁlizing' an etch stop layer in accordance with one

. embodiment of the present invention; and

e . | -10-



contexts. hi. particular, the nmethod of the present invention is described
in the context of formng.a gate of a transistor. One of ordinary skill in
the art, however, wi |l appreciate that the process described herein may be .
used for form ng any type of device or structure that utilizes silicided
polysilicon structures. Accordingly, the specific enbodi nents discussed
herein are rrerely illustrative of specific ways to nmake and use the
inventio zéﬁl 3;(13 limt the scope of the invention. [0028] While-
_ pol y-Si g%q el edtPdda 78 areysiegs-gection eewnpdfea tveafed Hllistratie at pmSe:ss of
“invention,- Jis.-understood that other gate electrodes such as
pol y-cryst al I ine silicon-gernani umgate. el ectrodes, or single- crystal l'i ne
silicon S%% &I QRIFE 0o ansgynipendugtasddsvicep hadng mﬁmmiyepoky‘si;hﬂcnmadukdsma gate .
el ectrode described herein. [0029] -Generally, it is desirable for the
silicidation,front, to pro ress downwar ds. at™ appr oxi mately equal rates
such t haf® zﬁ’Fq‘m’ﬁEﬁ‘@ elfef sheplestdt ynwentiowi ded at about the same
tinme. In accordance vvlth one enbodi ment of the.present invention, dunmmy
-12 poly-Si structures are formed to modify "the 'speed at which the
silicidation fronts progress in different portions of the sem conductor
chip. The introduction of dumry poly Sl

-



structures in |low poly-Si density regions reduces the anpunt of netal
participating-in the silicidation process of the aotual gate el ectrode
and; *t hus; reduces the speed at ,Wiich the silicidation front progresses
downwards during the silicidation process. [0030] FIGS 4a_4d illustrate
cross-section. views of a portion of a sem conductor wafer dozing various
steps of a first nethod enbodi nent of the present invention in which dumry
pol y- Si sPEUsiLkle DPESCRIPDIONCE ILLUSTRATTVDEMBOPGVIENGS t he dunmy pol y- Si
structures are shown as transistor gates for illustrative purposes only and
t hat ot her oly-Si structures may be used. 10031]. The process begins in
FIG 4a, -Rﬁﬁ?«%h i | Theshalangesndt dsemgsifribe presentli meissse dinhbbments wid Hiscusket ence to
FIG 3a, except that dummy poly-Si structures 410 -have been formed. The
original netal silicided |ayer 234 (formed. on the.gates) may be retained
or renovei@ dogl bglow olttsheuld bk iapprgataiedn hpwersssthabthe tieserfanrensioncpiovides .

[ 0032] The dunmy poly-Si structures .410 may be fornmed on an isolation .

region or "in an active region and, preferabl g are not connected to other
ci rcui t rymapy wppdicable inventive concepts that can be embodied in a wide variety of specific

contexts. In particular, the method of tl'%e ‘_presgnt invenfion 1is dqsc_ribéd in‘.thc 'coxitéxt of
forming a gate of a transistor. Ohé of ordinary skﬂl in the art, howcvér, wi_ll appreciate

| that the process descri'.bed herein maj( _bé uséd for forming any @e of dcﬁiée or strﬁcture ‘
that Au*ilizetls silicide_d po'lfs_i.]icon_ struc*;tureé. Aécdidingly, the spec_iﬁc embodiments ’
discussed herein are merely illustrative of sgeciﬁc ways to make and use the invention,

and do not limit the scope of the invention.

[00238] ‘While poly-Si gate electrodes are used as an.e}{amplc to illustrate this.
_ .iﬁvention, it is understood that other gate electrodes -such as pbly—crjfsta]linc
silicon-germanium gai’;gelectrod&s, or single-crystalline silicon gate electrodes may be

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

10029] Generally, i is desirable fof the silicidation fronts 10 progress doviznwards at
appfoximatcly equal rafes such that all gate electrodes become fully silicided at about the _

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

=12~



sem conductor chip. In sone enbodi nents, however, they may be electrically
tied to a -13 ground node or other reference potential. In other

enbodi ments, the dumry poly-Si .structures 410 may be connected to ot her
circuitry on the sem conductor chip, but does not performa |ogical
function for the circuitry contained on the sem conductor chip. [0033]

FIG 4b iIIustrates the wafer shown in FIG 4a after a dielectric |ayer 420
arized. The dielectric layer 420 may be formed by

has beerob fl)pé Ca[l %L?gn

any neth wit T £ Olptd toshedifnthe Spoed evceliiph the shitidatiohEinEAbrodRROT
deposi tion process Preferably, planarization is perfornmed by a

chem cal ﬁ’r‘%ﬁﬁ c oI | §h| ng (CVMP) using an oxide slurry. [0034] As one
of ordinary s PP’E’E dhe Seaniqondpgioe chipt e Th listrddt e Wk tdusiin Plpotany *
pol y- Si prow des a rmre unlformsurface after the CWVP process as conpar ed.

to the {j’,s lWafe{ w t hout dummy poly-Si structures as shown in FIG
I'n pa aP (O maly-ei demy I%Cﬁgtona reducasthela@surt o Hizeal AR S gsm gie o
y

assomated W|th the OWP process in the low poly-Si density regi
poly-Si structures. [0035]. Referring nowto FIG

i ncr easi %@E densi t of
4c, the B PEpes %thﬁ§c%?labﬁﬁte$ﬂaoamda an@tthhs, réi8s the speed atwhich the

-silicidation front-progresses downwards during the silicidation process.

[0030] FIGS. 4a-4d illnctrate nrace cantiax views
srale vioaoLlUon YiEws 0 a pt"} Ur.l OJ. a SBIH.[COH(IUC[OI‘

- wafer ﬂm'mg Various’ s:.eps Gt a ﬂrst methoa emﬁodﬁment of the prescnt mvegﬁgﬁ o
which "dummy poly—Si structures are formed. It shiould be noted fhat the dummy poly-Si

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

: poly-Si structures may be used.

[0031] The process begins in FIG. 4a, which illustrates the structure discussed above =

with referenée to FIG. 3, t"KI""-A‘fPt that durmmy poiy—Si structures 410 have b(;:en fofmea. o

The original me'tgl silicided Tayer 234 '('f-bfhié&..éﬁ;fiig.“g.dtes)' may be _'re'taiﬁeni;drir'éiho:\iéd o
| priof to the silicidation pfocess- of tﬁé géte"éleétfbde;. ' |

[0032] The dummy poly-Si Sﬁ‘uctmés_410"ma'y be formed on an isolﬁtjdn region or

In an acfive region and, preferably, are not cpﬁneéted to other c;ircuitrf 611 the

semiconductor chip. In some embOdii:ncnts,.howe\;er,' they may be"éléléti'ically tiedtoa

13-



422 is fornmed over the .gate electrodes to be silicided and the
silicidation process has begun. FIG 4c illustrates that the silicidation
front 424 of the poly-Si gate el ectrodes 304, 306, and 308 and the dummy
pol y-Si structures 410 progresses at about equal rates -14 after the

i ntroduction of the dummy poly-Si structures 410. The netal used for the
full silicidation of the gate el ectrode nay be different fromor the sane
as the nmetand nodg-orfather refsntopatiidn lof othtreersbedimentaniie dluaimy $lyi-Si ded
regions. In the preferred enbodi nent, the netal used .for_the full
silicidationof the gate electrode is. nickel. The nmetal nmmy al so be

cobal t, -SBpPEEs 44 myaydemennectdd: arithen circuittyatruthe semingsduntor ahibibuindoes
zirconium platinum conbinations thereof, or conbinations thereof and,
nickel . QG her_rnetals may also be .,found useful ater ,routine -
exper i meROERSISRD g logige fummien son the figrudtnoepnitipedren &t semicerfluctaschigxanpl e, by a
hi gh tenperature anneal -with a tenperature in the range of about 200
degrees- Cel sius to about 900 degrees Celsius.. The -anneal can be.

per f or meqgi33] . anFIG A Niudks @Y wafeP SRYWSInNI G 1b hRGE dielSlkik Yier 426 G20

neon, or other inert gasses. The annealing tine. can range. from-about .1
m crosecond. to several mnutes. For exanple, in one enbodinment in which"

ni ckel 'i ®een formed and planarized.. The dielectric layer 420 may be formed by any method
known in the art, such as, for example, by a chemical vapor deposition process.
Preferably, planaﬂ;ation is performed by a chemical—mechanicalpolishiﬁg {(CMP) using

an oxide slurry.

[0034] As one of ordinary skill in the art will appreciate, the introdIJ;ction of dummy
.polj-Si Provide's a m'orc uniform surface after the CMP 'process as ‘éomparcd to | the
resulting wafer ﬁithoilt durmnmy poly-Si structures as shown in' FIG.3b. In particulaf, the |
dummy poly-Si structures reduce. the recess associated with the CMP procéss m thc low

poly—S_i"clens_ity regibn 310 by increasing the density of poly-Si" structures.
. [0035]  Referring now to FIG. 4c, the wafer of FIG. 4b is shown after a metal layer
422 is formed over the gate electrodes to be silicided and thé 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



used in the silicidation process and. the .anmount of .desired silicidation
is about 200 to about 2000 angstrons in thickness, a high tenperature
anneal may be in the range of about 300 to about 700 degrees Cel sius for

several mnutes. [0037] FIG 4d illustrates the wafer of FIG 4c after the
silicidation process is conplete and excess netal. has been renoved. As
one of ordinary skill in the art will -15 appreciate, the resulting wafer

has a su etggti al Idé uni form surface and silicidation of the gate
el ect r od€8" 339 MUOABGHRD: AP SHmnypaly-St Aruqtons 4]0 Rihe mdtal gsevofor tie G 5,
the silicide thickness t forned after a predetermined silicidation tine is
plotted . unction of the poly-Si pattern density d. FIG 5 illustrates
that a rs’gg(flo tI% ﬁ]thggﬁtgmctrﬁgé)magibeg qrept{rera 95 theysame & theanesalasehifaker
silicide thickness. By introducing dunmy poly-Si structures and limting
t he pol yu.Sk struct ure densi acr.gs, he . sem conductor substrate to the
range of g?%géﬁﬁgﬂhgﬁc?uﬁfm% Flﬁi’@?‘ijéﬂgl%ﬁi ceibxpiciesehembodienhghe n a
smal | thickness range of .between t1 and t2. In one enbodinment, slight
over - si | g, ki tl,or t2 is _about. 10%I arger than
b

i erfor ned 0 tha .
the initial t c@%‘é"%‘?@?‘%ﬁ%ﬁ%i’@%ﬁa‘ﬁ&ﬁ@“@-ﬁ%&%ﬁé dibe sretal gagialsocdiedat i on.
I n anot her. : :
cobalt, copper, molybdenum, titanium, tantalum, tungsten, erbium, zirconium, platinum, .

combipations thereof, or cambinations thereof and nickel. Other metals may also be

. ..found useful-after rontine experimentation.

[0036] The silicidation may be effected, for example, by a high temperature anneal
with atemperature in the range of about 200 degrees Celsius to about 900 degrees
Celsius. The anneal can be performed in an inert ambient comprising nitrogen, helium,

? Varg'on,_ neon, or other' inert gasses., The apncg}ing‘ time can range. from about I
microsecond. to several minutes. For example, in one-embodiment in which nickel is.
used in the silicidation .plfo.cess and the amount of desired Silicidati_dn is .ab_out- 200 to

. aboﬁt 2000 angél:rcjms in thickn_ess, a high tempe‘re_xture'anneél may be in the range of

about 300 to _aboui 700 degrees Celsius for several mii;utes.

[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 skﬂl in the art will

-15-



enbodi nent, t2 is approxi mately about 10% Il arger than the initial thickness
of the poly-Si gate electrode prior to silicidation, and t1 is
approxi mat el y about 20% 1 arger than the initial thickness of the poly-S
gate electrode prior to silicidation. [0039] FIGS. 6a-6d illustrate a
second net hod enbodi nent of the present invention in which an etch-stop

| ayer is formed over the transistors prior to deposition of a dielectric

| ayer anePpyrciast. tho resulting gefes hes b sdhstiatinlby nniforn préece 98d bidigidaton nf KeG. . 6a
wherein a wafer is provided as described above with reference to FIG . 3a,
and an etch stop layer -16 610 is forned. The etch-stop |ayer 610
preferabg@ﬁéﬁﬁ%ﬁ¢%é¥4§S#ﬂﬁ@ﬁm%NUMﬁHﬁLa di fferent chenical property from
that of the dielectric layer such that an etchant with a high etch
selectivity may be used. For exanple, if the dielectric layer is silicon

oxi de ory@3siow R&efirstdow h¥16! D'h&duicidh ﬁina&&EA z_cforﬁlglfaigérr] %g{r%m@&inil!l er -610

may conprise silicon fmitride. After the formation o h-stop | ayer
610, a dielectric layer 61.1 is deposited and planarized, as shown in FIG

6b.  X040dilifih4tionb Einde! WSEILALE a$ REFNBAGT offthd IHEly-8P pakd BT dedisiflal mapes 612
"has been forned. The netal |ayer 612 may  be fgr med, for exanple, as
di scussed above with - '

illustrates that a region with a lower poly-Si pattern density will have a ﬂ}ickcr sﬂjcide
thickness. By introducing dummy poly—Si strucmreé and limiting the poif;Si '-stmct:uré
vdensi-ty across .thc semiconductor substrate to the range of between d; and d,, the silicide
thickness formed will be in a small thickness range,lof .betwe%sn t; and . In one
embodjment, slight ovér—si]icida.tio_n is performed, sp that £; or fp 15 abdﬁt. 1 Q% larger than

. the initial thickness of the 'pqu~5i gate electrode prior to silicidation. In anbth_ér
en_lbodiglenf, .t? is approxin}ately. é.boutj 16% larger than the initial thickness of the poly-Si
gate electrode _prior. 'té) siﬁcidgﬁon; a.nﬁ 1) is approximately about 20% Iargér t}:.lan-_the 7
_izﬁtial thickness of the poly:Si gate electrode I;Lior to Si]icidaﬁc;h.
[0039] PIGS 'Ga-ﬁd illustrate a.'-second-mcthnd 'cmbbdi-mcnt of the present inyention
in which an etcl};stop lay;;lf is.form_ed over the transistors prior io ldeposition of a
dielectric layer and prior to .full gate sﬁicidation. The process Beg'ins in FIG. 6a whérein

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

~16-



reference to FIG 4c. Annealing in an inert anbient as di scussed above with
reference to FIG 4c results in full silicidation of the gate el ectrodes
.314, as illustrated in FIG 6d wherein the silicidation front 614 is

-l ocated at the junction of the gate electrode 314 and the dielectric

| ayer 120 (FIG 1). Note that the remmining netal |ayer is renoved, as
shown in FIG 6d. [0041] FIGS. 7a-7b illustrate another enbodi mnent of the
pr esent tlog V\ﬁé"c contacts are forned to the source 710, the drain
712, an H% YHe ?tF]E‘)é@P‘}ZD@f 610 pedferebly comprisisst matrialfieh petiReas begi ns
in FIG 7a wherein a passivation layer 716 is fornmed over the transistors
with silldy | ectrod Contacts 720 are etched through the -17
passi vati ohﬂﬁgg glg %t%agﬁmt%e@m lasied serhgthetenedtelent wites tagh kich ust r at ed
in FIG 7b. Sorre contacts 720 may be formed through the dielectric |ayer

and -t he h- if present) to reach the silicided
sour ce/ d?ggﬁﬁﬁé %% uS§ bsFé3(5 \é » UnfBe sicletiig dayenisndlican ¢xidt oshdew) are

f ormed overlylng dlelectrlc Iayer 716 as is known in the art [0042] In

the for the vention has been described with
?’gﬁm&g‘“@pﬁg{%k) le ec&ic the etcH—stop;_layer 610 may comprise silicon nitride.

After the formation of an etch-stop layer 610, a dielectric layer 611 is deposited and. | -

planarized, as shown in FIG. 6b.

e df[%ztef - FIGT 6¢ iHftistrated e WaTer Of PG, 66 H6e 4 thistal Tayer 612 ik beeh
formed. " The metal tayer 612 'may"-bc formed, for exariiple, as discussed above with
~ reference to FIG. 4c. Annﬁaling in an inert ambient as discussed-dbove with'mfeience'-to
FIG. 4c results in full silicidation of the gate -e‘lecitr-’ocieé 314, :as illustrated in FIG. 6d°
wherein the silicidation front 614 s jl'ocgted at the junction-of the -éate electrode 314 and
the dielectric Iayer- 120 (EIGI) ' -Né)i-:e”that the rcmaiﬁng metal layer is-r‘emovec‘.i, as
: ‘shown in FIG. 6d. |
[90_41-] _' FIGS. Ta-Tb illustrate a\_hothcr embodiment of the preser{t'iﬁ\;entidn rwﬁerein
| Fontacts’ are fo:_med to the source 710, the-drain 7-1’2,_aud the gate electrc;de 714 of Select'-
traﬁsistors. The proceés begins in FIG. 7a Whgréin a passivation layer 716 1s formed

‘over the transistors with silicided gate electrodes. Coritacts 720 are etched: through the
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reference to specific enbodi nents. However, various nodifications and
chahges can be nmade by one skilled in the art without .departing fromthe
scope of- the present invention. Accordingly, the specification and figures
are to, be regarded in an illustrative rather than a restrictive sense,
and all such nodifications . are intended to be included within the scope
of the present invention. [0043] Although particular enmbodi ments of the

i nvent i opashiawgorbEx 9er TS & kddeHl the silidRledi date blbcticRled! REATISHARK fnhFIGt’ﬂ?
invention is not [imted correspondingly in scope, but includes all

changes; nodifications, and equivalents comng wthin the spirit and ter s

of the Bbmé nmtampmmﬁdy hefehed thougeadelestidldvee haNthe Voa AR &BhisRP O
structures and other types of structures may bé used, varying thlcknesses

of the gate |ayer and gate insulator |ayer may be used and the |ike.
Accor di niplyst, (if tpréssntlirtd ereatto dlgk t‘;hﬁideﬂhscﬁrdemtﬁﬂtﬂe%nEYHYSﬁ&e nebBlyexhgaded to
ot her structures band materials, and.thus, the specifi catl on: and figures
are=to be regarded in.an i |lustrative- rather than-a.restrictive sense. 19
VWHAT | S DteMavEEts Giot shown) are formed overlying dielectric layer 716, as is known in the

art,
~ [6042] . In the foregoing speciﬁcatioﬁ, the Invention. has been described with
- reference to spegiﬁc embodiments. However, vﬁ;ious modifications and changes can ber' :
made bf one skilled m the -art withql;t depgrtipg from the scope of th_é presenf Invention.
-Accordingly, the specification and figures are to be regarded in an illustrative rather than
' a restrictive sense, and aJJ-' such modifications .are intended to be_inéluded within the

scope of the present invention. e

_.[00.43] Although pgﬁculm embod@cnts .of the invention ha\:n;: béen described in
detadl, it is undérstood that the inveﬁtiqﬁ is not Ii_inited cgrrespondingly in scope, but
includes a]l changes; modiﬂcations,. and equivalents corping within the s'pi;‘it and ténné of
the claims ai)pégded hereto. For example, &iffc:ent organizafion of stmct'qres and other :
"typcs of structures may be uséd, varying thickucsées of -the gate layer and gate insulator -

layer may be used, and the like. Accordingly, it is understood that this invention may be
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1. A sem conductor chip conprising: a sem conductor substrate conprising a
first region and a second region having a poly-silicon density |ower than
that of the first region; an active region |located in the second region; a
first structure forned in the active region, the first structure being
silicided; at |least one dummy silicide structure |located in the second
region; and a dielectric |ayer overlying the first structure and the dummy
silicide structure. 2. The sem conductor chip of claim1l wherein the first
st r uct uextendedatot GthASItRIcAireSa® maBiRi Leden R R ﬁc@ﬂﬁh@rpérhd ﬁg‘-urgg]ﬁeﬁ;to :
sem conductor chip of claim2 wherein the transistor tfurtherconprises a
gate dielectric underlying the first structure, the gate dielectric

conpr | shaggardeidgh ap@nriatil biter 18Rl RRLLckiGe salgct ed from the group .
consi sting of al um num oxi de, hafnium oxide, hafnium oxynitride, hafnium
silicate, zirconiumoxide, zirconiumoxynitride , zirconiumsilicate,
yttrium oxi de, | anthal um oxide, .cerium.oxide, titanium oxide, and tantal um
oxi de. 4. The seniconductor chip of claim1 wherein the dummy silicide
structure is located in the active region.

.19.



20 5. The sem conductor chip of claim1 wherein the dummy silicide
structure is located in an isolation region separate fromthe active
region. 6. The sem conductor chip of claiml wherein the first structure
and dumry silicide structure each conprises nickel silicide. 7. The

sem conductor chip of claiml wherein the first structure and dummy
silicide structure each conprises a silicide of a material selected from
the group consisting of nickel, cobalt, copper, nolybdenum titanium

t ant al um WHIGEX 6hAlMHD I8n zirconium and platinum 8. The sem conductor
chip of claim1l wherein the first structure and dummy silicide structure
each conpr.i sesA ganieadusidr cip dodgriafig conductor chip of claim1l wherein the
sem conductor substrate is a silicon substrate. 10. The sem conductor chip

of claim1l Vm@s@hﬂcclﬂflﬁct%?@ﬂlﬁﬁ&gUﬁﬁpésiﬁggﬁrﬁtﬁgﬁoﬁ anda secon rcc)atgio(lzlﬁxlaxéingfa claim 1

sem conduct or-on-i nsul ator substra e”seni con

further GRIREliSHERit§ PG Gharh S et Rl & fon;
an active region located in the second region;
a first structure formed in the active region, the first structure being silicided,;
at least one dummy silicide structure located in the second region; and

a dielectric layer overlying the first structure and the dummy silicide structure.

2. The semiconductor chip of claim 1 wherein the first stracture is a transistor gate
electrode of a transistor.
3. The semiconductor chip of claim 2 wherein the transistor further comnprises a gate

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

yttrium oxide, lanthalum oxide, cerinm oxide, titanium oxide, and tantalum oxide.

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

located in the active region.
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overlying portions of the first structure. 21 12. An integrated circuit
chip conprising: a substrate having a first region and a second region
having a poly-silicon density |ower than that of the first region; an
active region and an isolation region |located in the second region; a
transi stor formed on the active region, the transistor having a source
region, a drain region, and a silicided gate el ectrode; at |east one dunmy
silicide structure located in the second region; and a dielectric |ayer

over | yi ng.t he THea®giwhatctdnship BECIEHIMIREH HedRmhy HﬁPHE Siruchite jsTNe
integrated circuit chip of claim12 wherein electrical contacts are

| ectri i ; ] i -t he. ain region, and the
el ectri cgbéated ﬁ%ﬁé&ﬁldn%gﬁa%&%r t€ ?roﬁfg%?ig?ve dlgg,,ogr g

silicided gate el ectrodes. eln e I'rcuit chip of claim12
wherein the dumy silicided structure is |located in the active region. 15.
The integrated circuit chip of claim12 wherein the dummy silicided

structureg is ed ,n the.isplation._ region. '
®. 'ILh%(\Sgltmconductor chip 0 clgllm wheregr'n e first structure and dummy silicide

structure each comprises nickel silicide.

7. The semiconductor chip of claim 1 wherein the first structure and dummy silicide
structure each comprises a silicide of a material selected from the group consisting of

nickel, cobalt, copper, molybdenum, titanium, tantalum, tungsten, erbium, zirconium, and

platinum,

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

structure each comprises germanium.

9. The semiconductor chip of claim 1 wherein the semiconductor substrate is a

silicon substrate.

16.  The semiconductor chip of claim 1 wherein the semiconductor substrate is a

semiconductor-on-insulator substrate.

11. .The semiconductor chip of claim 1 further comprising a contact efch-stop layer
overlying portions of the first structure. '
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16. The integrated circuit chip of claim12 wherein the silicided gate

el ectrode and dummy silicided structure conprise nickel silicide. 22 IT
The integrated circuit chip of claim12 wherein the silicided gate

el ectrode and dumry silicided structure conprise a silicide of a material
selected fromthe group consisting of nickel, cobalt, copper, nolybdenum
titanium tantalum tungsten, erbium zirconium and platinum 18. The
integrated circuit chip of claim12 wherein the silicided gate el ectrode

and dumg. si lAmchegdtsitdinaitenp GMPRsinge ger mani um 19. A nethod of form ng
a sem conductor device having a fully silicided structure, the method

CoMpri i gt g sakGaR HAinlMisAicbrnd WAk & ANEAGE APoRSHicE dbRglyon and

an isolation region; formng afirst polysilicon s re on t

substr at §;wd QR4 BS o oI, RQLYySi | i con structure on the substrate, the
dummy polysilicon structur éing an inoperative circuit elenent; formng

a metal layer Qy&letlifiol bidhin ROLYSh ot ot e SocBhd rdolt, dUMY
a transistor formed on the active region, the transistor having a source region, a
drain region, and a silicided gate electrode;

at Jeast one dummy silicide structure located in the second region; and

a dielectric layer overlying the transistor and the dummy silicide structure.

_13. The integrated circuit chip of claim 12 wherein electrical contacts are electrically

coupled to the source region, the drain region, and the silicided gate electrodes.

14.  The integrated circuit chip of claim 12 wherein the dummy silicided structure is

-located in the active region.

15.  The integrated circuit chip of claim 12 wherein the dummy silicided structure is

located in the isolation region.

16.  The integrated circuit chip of claim 12 wherein the silicided gate electrode and .

dummy silicided structure comprise nickel silicide.
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pol ysilicon structure; and siliciding first polysilicon structure and the
dummy polysilicon structure with the netal layer to forma first fully
silicided structure and a fully silicided dunmy structure. 23 20. The
nmet hod of claim 19 wherein the first polysilicon structure is a gate

el ectrode of a transistor. 21. The nmethod of claim 19 wherein the first
polysilicon structure is |located in the active region. 22. The nethod of
claim19 wherein the dunmy polysilicon structure is located in the

i nacti ve i7egi (e iarattheird®t 896 o0flafh oM AScRRY SliBidte Féﬂe REkhe ARt al |ayer
includes: formng a dielectric |ayer over the first polysilicon structure

and the dumy SRALASLGRSEHCLNRIIC0L RLEAILELAG deudiel ot 11 o | aver

such that the first polysilicon structure an po

STy et o RoRhRingPARRA, ot Pl Rl il Bl Sl NG,

siliciding is perforne
zirconium, and platinum.

18.  The integrated circuit chip of claim 12 wherein the silicided gate elecirode and
dummy silicided structure comprise germanium.
19. 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 silicided structure and a fully silicided dummy structure,
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annealing at a tenperature of about 200C to about 900C in an anbi ent
conprising nitrogen, helium argon, or neon. 25. The nmethod of claim 19
wherein the step of formng the dummy silicided structure is perforned by
formng the dummy silicided structure in the active region. 24 26. The
met hod of claim 19 the step of formng the dummy silicided structure is
performed by form ng the dummy silicided structure in the isolation region.
27. The et hodllgrmetha of ehimhkd eihareiththeffirstsgol §silidoy: seubiued dadasd r uct ure and
the dummy silicided structure conprise nickel silicide. 28. The met hod of
clai m 19 eMrdrode of e hendistost ful ly silicided structure and the dummy
silicided structure conprise a silicide of a material selected fromthe
group consisting of nickel, cobalt, copper, nolybdenum titanium
tantalum tungsten, erbium zirconium and platinum 29. The met hod of

clai m 19 gyher eirfle fhehdd Jrtiaiind llb%@réih%edﬁgt I%(%J%éﬁ%(é{ %%%PL%?E h]?)gﬁtt%ﬁ?gngy wher ei n

silicided structure conprise gernani um
the step tﬂéa&%%g}gnt he first polysilicon

22.  Themethod of claim 19 wherein the dummy polysilicon structure is located

in the inactive region.

23. The method of claim 19 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.

24.  The method of claim 19 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.

25.  The method of claim 19 wherein the step of forming the dummy silicided

structure is performed by forming the dummy silicided structure in the active region.
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structure and the step of formng the dummy polysilicon structure are
performed in the sanme process step. 31. The nethod of claim 19 wherein the
dumy polysilicon structure is not electrically coupled to an active
circuit element. 25 32. The nmethod of claim 19 wherein the first
polysilicon structure is a gate of a transistor. 33. A nethod of formng a
transistor with fully silicided gate el ectrode, the nethod conprising the
steps of :2¢4r ovil b mythednaflsktimal @ theastémgf fommay thy dumedi Siiciaabstarnirs @ at i on
region; formng a gate dielectric over the substrate; formng a gate

~ el ect r odepeaafigmad dyrfoymini e dateyVaidéd@n@daie it f8itnGegbhe gate

el ectrode and the dummy el ectrode conprising silicon, the dummy el ectrode
being an inactive circuit elenent; form ng source and drain regions
oppositely adjacent the gate electrode to forma transistor;

27.  The method of claim 19 wherein the first fully silicided structure and the

dummy silicided structure comprise nickel silicide.

28.  The method of claim 19 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.

.29, Themethod of claim 19 wherein the first fully silicided structure and the

dummy silicided structure comprise germanium.

30.  The method of claim 19 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.

31.  The method of claim 19 wherein the dummy polysilicon structure is not

electrically coupled to an active circuit element.
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depositing nmetal over the gate el ectrode and dunmmy el ectrode; and
siliciding the gate electrode and the dummy el ectrode with the netal to
froma fully silicided gate electrode and a fully silicided dunmy

el ectrode. 34. The nethod of claim 33 wherein the gate el ectrode is |ocated
in the active region. 35. The nethod of claim 33 wherein the dumy
electrode_is located in the isolation region. 26 36. The nmethod of claim
33 wher ei A%2depddictnethodret elhint gl witkesin the findt pglyailidbe etttk és 4 pyefaver t he
gate el ectrode and the dumy el ectrode; and planarizing the dielectric

| ayer suckandistor.t he gate el ectrode and the dunmy el ectrode are exposed.
37. The nethod of claim 33 wherein the step of siliciding is performed by
annealing at a tenperature of about 200C to about 900C in an anbi ent
conprising nitrogen, helium argon, or neon.

33. 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 electrode; and

siliciding the gate electrode and the dummy electrode with the metal to from a

fully silicided gate electrode and a fully silicided dummy electrode.

34. The method of claim 33 wherein the gate electrode is located in the active

region,

35, The method of claim 33 wherein the dummy electrode is located in the

isolation region.
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38. The nethod of claim 33 wherein the fully silicided gate el ectrode and
the fully silicided dunmy el ectrode conprise nickel silicide. 39. The

met hod of claim 33 wherein the fully silicized gate el ectrode and the

fully silicized dummy el ectrode conprise a silicide of a material selected
fromthe group consisting of nickel, cobalt, copper, nolybdenum titanium
tantal um _tungsten, erbium zirconium and platinum 40. The nethod of

cl ai m 33 ther elhe mgtoyificleini B3 wibdaih getositelppotmboieludesd the ful |y
silicized dummy el ectrode conprise germanium 27 41. The nethod of claim 33

wherein the st&pmofg 4 diehdctis lnher @et theglaectieatRicand thd figndye¥yd&ct rode are
performed in the sane process step. 42. The nethod of claim 33 wherein the

dunmmy el eqidrode is not electrically coupled to an active circuit el enent.
28 Dummy Pattern for Silicide Gate. El ectrode ABSTRACT OF THE DI SCLOSURE

planarizing the diclectric layer such that the gate electrode and the dummy

electrode are exposed.

37.  The method of claim 33 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.

38.  The method of claim 33 wherein the fully silicided gate electrode and the

fully silicided dummy electrode comprise nickel silicide.

39. The method of claim 33 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.

40.  The method of claim 33 wherein the fully silicided gate electrode and the

fully silicized dummy electrode comprise germanium.
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A sem conductor, device having a plurality of silicided polysilicon
structures in which the silicidation of the polysilicon structures is
approximately uniformis provided. Dunmy polysilicon structures are forned
on the substrate prior to silicidation.'" The Duminy polysilicon structures
allow'the surface of the Wafer .'to' be planarized wthout an excessive
recess an%l cau%gs the anmpunt of metal available for the silicidation
process tG- pRetadmicey davtherem pheditst of oo thepatg etdegodaidous s
polysilicon structures. (FIG 4a) -29

the dummy electrode are performed in the same process step.

42.  The method of claim 33 wherein the dummy electrode is not electrically

coupled to an active circuit element.
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