Partial Replacenent Silicide Gate [0001] This application clains
priority to provisional application serial nunber 60/575,764, filed
May 28, 2004, entitled "Partial Replacenent Silicide Gate" which
application is incorporated herein by reference. TECHNI CAL FI ELD
[0002] This invention relates generally to sem conductor devices, and
nore specifically to the formation of CMOS transi stors. BACKGROUND

[ 0003] Mbdem day net al - oxi de-sem conductor field-effect transistors
(MOSFET) typically wutilize gates made of polysilicon. One

di sadvantage in utilizing pdfagialiRemagement Bdicidabatss is the
depletion effect that affects polysilicon gates. At inversion, a

pol ysilicomogst € gRREiplitltion QKREY hreREL® [16ALiekdl fplRhtidmAkfil8fufmbEN6/I¥8,764,
area of the polysilicon adjacent the gate dielectric. The depletion

ef fect redprasMaberef b@nt ismaudnt-@agaP®ehladtR Afilidifle MSFGhich application is
incorporating a polysilicon gate. ldeally, it is desirable thaﬁ t he

gat e capacif.apeRidiheRiOhy refdgchbi gher the gate capacitance, the nore
charge is accunul ated on both sides of the gate capacitor, and

therefore nore charge is accunulated in the channel. As nore charge

is accunul j annel, the drain-source current becones

hi gher mheﬁgﬁﬁ%hQ%gﬁﬁﬂégor is biased. [0004] Figure 1 illustrates, in
sinplified form a cross-sectional view of a MOSFET that has a

pol ysi | i co[oogzi e efgcihkamion Selatd geremlll he sgnibyslnttb€VicdRtaal indre OfccBiails to
el ectrode 8, the depletion effect causes charged carriers to

accunul at ethpgamatitrt €rE¢MOS thnfigbween gate el ectrode 8 and the gate
dielectric 2. Accordingly, the effective gate capacitance decreases.

This is due to an
BACKGROUND

[0003] Modem day metal-oxide-semiconductor field-effect transistors (MOSFET) typically
utilize gates made of polysilicon. One disadvantage in utilizing polysilicon gates for MOSFETSs
is the depletion effect that affects polysilicon gates. At inversion, a polysilicon gate generally
experiences depletion of carriers in the area of the polysilicon adjacent the gate dielectric. The
depletion effect reduces the effective gate capacitance of the MOSFET incorporating a
polysilicon gate. Ideally, it is desirable that the gate capacitance is high. The higher the gate
capacitance, the more charge is accumulated on both sides of the gate capacitor, and therefore
more charge is accumulated in the channel. As more charge is accumulated in the channel, the

drain-source current becomes higher when the transistor is biased.

[G004] Figure 1 illustrates, in simplified form, a cross-sectional view of a MOSFET that has
a polysilicon gate electrode 8. Due to the polysilicon material of gate electrode 8, the depletion
effect causes charged carriers to accumulate near interface 4 between gate electrode 8 and the

gate dielectric 2. Accordingly, the effective gate capacitance decreases. This is due to an
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-1 increase in the effective distance between the charges accumul at ed
on both sides of the gate dielectric 2. The effective distance that
separates the charge on both sides of gate dielectric 2 becones

| arger due to the depletion of charge, in the polysilicon gate 8, in
the vicinity of interface 4. Accordingly, polysilicon gate el ectrode

8 causes the effective gate capacitance to decrease. [0005] Silicide
netal gates have been proposed as a prom sing replacenent for
polysilicon gates for MOS transistors. Figure 2 illustrates a

cross- sect {SHAe i thayeffpotiye ESET beivern He dPIgeY AREU 3Ty ball sieyaf e gate
The gate has a |ayer of silicide 10 with an underlying |ayer of

pol ysi | i coﬁle@ctrlp& yEhel gftestiveadistarse dht sgpagatessihe cliyegears Both fidgnefegate dielectric 2
silicidation. Wile silicide 10 may help decrease the resistance of
the gate, B¥famge larsersive|p e geretian ohcharas. i dlenpalysilispn igateed fiacke 4icinity of
bet ween polysilicon 8 and gate oxide 2, thereby causing a smaller

ef fective Héaracedpawicednety, polygbos] g%blbglmslp 13 eabgte thyatfeestivegate capacitance to
devel oped to solve the above-nenti oned problem Like pure netals,

fully silidéaksse.gates elinminate the gate-depletion effect. Fully
silicided gates are fornmed by a two-step process. First, silicide is

formed in EdﬁﬁS]SourS(}l%uﬁjé’ 1‘?1!31]31 éai th%@eg %r ﬁ?e&%&gp'ro ?rl%[rg‘ﬁgé{emktsfor polysilicon

silicide forndation on gate. oxl

depos! t ' On% téshl%r %(t)§ aﬁn tgllébjdﬁg&re tz;)ﬂl?lst r%gstesse%tlon% o a IEVQ?SF%&F Sith a

polysilicon. A secon orne resul

silicide nPl %hecﬂﬁélgﬂll%gopag ]Pﬂg g;ﬁ{%glx%nt llaglgra!)f sific Hatlbl il eI;u? glgégly?rfg layer of

nmetal silicl sone di an €s nco

silicidati nd arj at i.ons t E e are. s

chal | enges&ﬂ ahcon\é' '#Pﬁrmlrlﬁ & yg}cﬁp¥ e’gﬁ \%T'Cf“fsel rrpaagefg ﬁgﬁg’\?i ?vehl%flﬁld% 10 may
function, fleqp cscr}gasg tﬁ/eorlegglgnde OequEI: gte,e cg;[arg% is sgll depleted in the vicinity of interface 4

between polysilicon 8 and gate oxide 2, thereby causing a smaller effective gate capacitance.

[0006] Fully silicide gates were developed to solve the above-mentioned problem. Like
pure metals, fully silicided gates eliminate the gate-depletion effect. Fully silicided gates are
formed by a two-step process. First, silicide is formed in the source/drain region, and the hard-
mask prevents silicide formation on gate. After a liner oxide or nitride deposition, the gate is
subject to a CMP process to expose the gate polysilicon. A second silicide is formed on gate

resulting in silicide metal gate.

[0007] The conventional formation process of metal silicide gates has some disadvantages.
Incomplete gate silicidation and variations in the gate silicide phase are serious challenges. Non-
uniform silicidation will impact on device work function, threshold voltage, equivalent oxide
thickness, gate leakage, and gate resistance. Figure 3 illustrates an example of the silicidation
variation. MOS transistors 11 and 13 are formed in separated regions having different device

density. Due to CMP variations, the thickness of the gate electrodes 14 and 16 are different.
.



t hi ckness, gate | eakage, and gate resistance. Figure 3 illustrates an
exanple of the silicidation variation. MOS transistors 11 and 13 are
formed in separated regions having different device density. Due to
CWP variations, the thickness of the gate el ectrodes 14 and 16 are
different. -2 During the silicide, the thick difference H' causes
either over silicidation or under silicidation. A small device may

be silicided fully, but a |large device based on the sanme condition

may not. The  gate_difference may also conme from nMJS and pMOS. For
exanpl e, u?ﬂﬁ@g thR atligipethg thiskgldiderengs He gses t’g@%owa%lhadawp@k%@gmbmatwn A
about 210A, and a pMOS has a thickness of about 530A. The thickness

di f f er enceSBYheaYIGe AR betdiciied flyebit abies devissibatpdop she samp cendjigsinymay not. The
thickness difference is too high for the silicidation process

appl i ed t oSHiaEeEREE HRIOESQEome o8 AMOY WM%OFW@?‘M@P | s dfer SamA process, an
variation occurs at wafer level. After poly gate etch back, there npy
be about 10WUAS & 93%FW3%|0ﬁfaéﬁlér?é@Ab@t%§MQfeMScﬂe§HC&tlesﬁ 196 abyeat S0A. The
center and wafer edge. [0008] Besides the silicidation variations,

t he tradi t iharkagss differance porfiasl frogn e djfterene doly dopingiype eElis poly thickness difference is
conplicated, increasing cost and decreasing yield. Therefore, new

met hod f or toodrigh fig thesbiligidatgin| pro¢ese dppdiad ¢s nMOSHaEdBdOS -8 (BUNMARNnOFAnother
THE | NVENTI ON [ 0009] The preferred enbodi nent of the present

i nventi on pheadsivnsadatimetdeods of whfer leivelgAfier folyt fate sich baikdtheregadyebeodboat 100A
CMOS transistor. [0010] In accordance with one aspect of the present

i nvent i on, pay heighotiffoénde betweng devicesiat the meléer etralandatfesedyavi ng uni form
silicide thickness is presented. A gate dielectric is fornmed

[0008] Besides the silicidation variations, the traditional two-step fully silicided gate process
is complicated, increasing cost and decreasing yield. Therefore, new method for forming fully

silicided gates is needed.



over a substrate. A silicon-containing |layer is formed over the gate
dielectric. Adielectric layer is fornmed over the silicon-containing

| ayer. A top layer is fornmed over the dielectric |layer. The gate
dielectric, the silicon-containing |layer, the dielectric |layer, and

the top |ayer are patterned into a gate stack. A spacer is forned

al ong an edge of the gate stack. The top layer and the dielectric

| ayer are renpoved. A netal |ayer is deposited on the

silicon-containing layer and silicided. After the formation of the
gate, the Eqﬁg lting gate electrode is | ower than
the top ed @RQ?HP‘e sBﬁEé&gﬁﬁg§§¥] By using the preferred enbodi nent

of the present invention, the thickness of the gate silicide is

subst ant i all099uni frremryieihanbddirtent bADSI Béseit ihgendon pivkdhisor mathpdeSforming a
transistor, in a dense region or a |less dense region, at the center

of a waf er fubly siicidat g@d@gea aMaSeandRfogr . The gate silicidation process
can thus be better controlled. -4 BRI EF DESCRI PTI ON OF THE DRAW NGS
[0012] For re conpl et e under standi n f the present inventiagn, .
bnd the. adiBATEged® ERuTinge Mipi BHcs < G PE0R o MEGRR ot Tagnine o
descriptions .taken in conjunction with the acconpanying draw ngs, in
Whi oh: [ OOBBCEGH Eies REtH RiTe S SHOBISES SRAFUBG v e pHegat s formed
t ransi stor; [0014L_Fi ure 2 illustrates a conventional transistor
with a par PYERIYOERE; ¢ Ylepngapianing a1 &) fompeg er e pate disterice dplectric layer
exanpl e of the gate thickness variation; and [0016] Figures 4 through
16 il ust rb’itf%“?e%toé’Frn‘E%iF%l‘E@'%oﬂ’%@gé%g Byert oY wpAyenis fowiedovadhe diglsear kaypt The

of the present_ invention having a fully silicided-gate structure.
gate dielectric, the silicon-contaming layer, the dielectric layer, and the top layer are patierned

into a gate stack. A spacer is formed along an edge of the gate stack. The top layer and the
dielectric layer are removed. A metal layer is deposited on the silicon-containing layer and
silicided. After the formation of the gate, the top surface of the resulting gate electrode is lower

than the top edge of the spacer.

[0011] By using the preferred embodiment of the present invention, the thickness of the gate
silicide is substantially uniform whether the transistor is an nMOS or a pMOS transistor, in a
dense region or a less dense region, at the center of a wafer or at an edge of the wafer. The gate

silicidation process can thus be better controlled.



-5 DETAI LED DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS [ 0017] The naki ng
and using of the presently preferred enbodi nents are di scussed in
detail below. It should be appreciated, however, that the present

i nvention provides many applicable inventive concepts that can be
enbodied in a wide variety of specific contexts. The specific

enbodi ments di scussed are nerely illustrative of specific ways to
make and use the invention, and do not limt the scope of the
invention. [0018] The internedi ate stages of a preferred enbodi nent

of the pre i j il d in Figures 4 through 16. In
Fi gure 4, ﬁgﬁq?gggﬂ?ﬁgg%ﬂggﬂmgem conductor. More

preferabl y, Substrate 32 is formed of silicon, either a bulk silicon
waf er or all0dgkr diorsi mbeotvmplas mederamdary oidial padseiginbayien, mdche agvantages
the well-known silicon-on-insulator (SO) structure. Substrate 32

may al so behefeof,nefircate ot hew el 1©ohedetoring Hedcriptidna ttalen NAt@hjuadtin SWEH the
as strained silicon, strained SO, silicon-germanium strained

silicon geadmmpwmnngrh\ivﬁgﬂng@hmm umon insulator, strained
silicon-germaniumon insulator, Ge, strained-Ce,

ger mani um ul at or strai ned strai ned

seni conduc ll,klncorfg%ﬂfﬁéiﬂ H‘i‘tﬁ%%f:ﬂ?d’?‘?ﬂ(’“a]é’r‘i’g'e %P'ﬁ P Hgspstor:

sem conductor. [0019] A gate dielectric layer 33 is fornmed on the
substrate f14) n dgurettiogdirend condaitnaldi@biest Witk a patiAIGNgIIdidedSate;
mat eri al s havi ng di el ectric val ues (k val ue) greater than about 9,

such as de, ox tainin ielectric, npitrogen
cont ai ni ngfd(ﬁg]ll ect tlgucfegé}?’f‘dtr%:tfﬁ”ﬁ% mea‘ﬁ%@ t%ﬁ]? eps yagatpns 2 't'cﬂer eof. In
ot her enbodi nents, it conprises nmat erl aI s having k val ues greater
t han about [@16kuc rFigfred—JFMugHESiﬂthratHEﬂrahldia%rs%es #Ia0ng Iprerreda20b,
La203, CeQ2,

embodiment of the present invention having a fully silicided-gate structure.



Bi 4Si 2012, W3, Y203, LaAl(3, Bai-,Sr. Ti3 (x less than 1), PbTi O3,
BaTi O3, SrTi(O3, PbzZra3, -6 PST, PZN, PZT, PM\, netal -oxide,

netal -silicate, netal-nitride, transition netal-oxide, transition
netal -silicate, transition netal-nitride, and conbi nati ons and

mul ti-layers thereof. [0020] A layer 34 is deposited on the
dielectric 33. In the preferred enbodi ment, layer 34 is a
polysilicon layer. In alternative enbodi nents, |ayer 34 contains at

| east one | ayer of silicon- containing material and other under | yi ng

| ayer or | IS r the top of
the | ayer g%ﬁgﬁ%ﬂﬁgﬁ%rgb%ra @PQJ%§%¥§QP$@%ﬁ%BEﬁ§N§$ﬁ‘ can

anor phous silicon. The layers underlying the silicon- contalnlng

mat eri al cH91Be a Thetnekingland osipg bitha gresstly @reforedrentbodidents agi discaoad in detail
nitride or their conbinations. For illustration purposes, |ayer 34

wi || be rebdowed ssuldpelappietiaedrhdd4val thaothgipraséntrimentien jgrociosasiyt plicable
| ayer. Polysilicon 34 has a preferred thickness of about 50A to

about 1500#&ventde eofdepfsahaillay bakeibbdiddAa twidabatitty 0QAcifiE @023t FiTgel kgecific
5 illustrates a gate etch stop layer (GESL) 36 fornmed on polysilicon
34. I n theempidhealy edcRssaacd merly illckbltive 6f kfecdid vab @8 makdalt ikelthe invention,
enbodi nents, it is a dielectric conprising polysilicon, SIiON, SIN

and conbi nadd dsot lik@redicopd band ivedpass is preferably between about

| A to about 100A, nnre preferably about 30A to about 60A. The CGESL

Ihe S PR e P P Dt e
f or med u3|nﬂ nethods such as |l ocal _oxidation or other known nethods,.
[0022] cEstUsEedF ’Eié‘ilfﬁ%ﬁltb%’aﬁh 30 dp digWRA- PerdoAeds PTRERDRY Agemiconductor.
synbolized as arrows 37 in ure 6. The dopant depends on the ty

of MOS tra}\@rf’s&réﬁegab%%w&éﬁ%%ﬁ ornegof wiliess. cifha a byl saigen wafsr gea layer o sticon

antinony, arsenic, or phosphorous. For PMOS, the dopant can be boron,
i ndi um formed on'an insulating layer such as the well-known silicon-on-insulator (SOI) structure.

Substrate 32 may also be formed of other semiconductor or insulator materials such as strained
silicon, strained SOI, silicon-germanium, strained silicon germanium, silicon-germanium on
insvlator, strained silicon-germanium on insulator, Ge, strained-Ge, germanium-on-insulator
(GeOD), strained GeOl, strained semiconductor, compound semiconductor, and multi-layers

semiconductor.

[0019] A gate dielectric layer 33 is formed on the substrate 32. In one embodiment, gate
dielectric 33 comprises materials having dielectric values (k value) greater than about 9, such as
oxide, oxy-nitride, oxygen containing dielectric, nitrogen containing dielectric, and combinations
and multi-layers thereof. In other embodiments, it comprises materials having k values greater
than about 9, such as HFO;, HFSiO,, HFSION, ZrO;, Al:Os, TiQ2, Ta:0s, La:0s3, CeQs,

BisSi>012, W03, Y203, LaAlOs, Bay.Sr,TiOs (x less than 1), PbTiOs, BaTiOs, SrTiOs, PbZrOs,



or alum num The doping concentration is preferably about 1E15cn? to
about 9E17cnR. Doping polysilicon 34 ensures that both nMOS and pMOS
have correct work functions when fully silicided. -7 [0023] Figure 7
illustrates a top | ayer 38 deposited on the GESL | ayer 36. In the
preferred enbodinent, top layer 38 is a polysilicon and will be
referred to as top layer 38. In other enbodinents, it can be a
dielectric layer. However, it will be a different material fromthe

underlyin S t a_selective etching can he perforned to. .

the top | SBEF S8R : BB LEits e fhaRas FaTkRtR e mefaloxice
referred thickness .of about 100A to about 120QA, nore referab

D bout | 500N BT 2 aA. TH9 Peia el BT HER i TR heor
previ ous steps, including the top |layer 38, GESL 36,

pol ysi | i co[poeont ai Aiayer 4ay eepositedasndhgaitiecttlt 85 .emtthd pre@ded Smbdtefent, layer 34 is
patterned and etched as shown in Figure 8 into a gate stack. An

i mpl ant at i @RoBEifcdEla@P! i1 aRdrhtive ehbodiiRes 1@ydr a4 Mohb@h bl MalepeByer of silicon-
source/drain (LDD) regions 40. [0025] Figure 9 illustrates a pair of

spacers 44cdm4inm e natedilant tehes LA NsSayef of RPerdatRe §li@Glkcon @RI 1hytk RGides at
regions 33, 34, 36 and 38. Spacers 54 serve as self-aligning masks

for subsequgnép oS@BINES! S Adis (HRIEMEI) ApoBlsBRSn, bABatlesm UelBthrRRhO WticohNerhe
spacers may be formed by well-known™ nethods such as bl anke

deposi ti Ng1:3ed LRSS Inkitke diBMRLcoRMBing NBeRMbhd 6 4 RGEAR bRGHURE Bbde, oxynitride,
substrate 3 and tfop layer 38, then anisotropically etching to

renove t hesiﬂ&ﬁﬂ @i@ﬂcfei & tBEi?%ﬁBﬁatﬁlﬁ%.i thiﬁﬁstnaﬁd’ff Bﬁﬁ@sﬁs,qgﬁrlﬁ%hlnge referred as

spacers 44. Spacers 44 can be oxide, oxy-nitride, nitride or

conbi nati o i bich @V T fera ‘ ' :
t han about E@ESSO%.WII’jtgml iktééur%?t e]ggyts?leaat gbtg%pé)%eela%r' RO siflEhEs ety Bilterl hi€Rdss of

about 50A to about 1500A, more preferably about 100A to about 400A.

[0021] Figure 5 illustrates a gate etch stop layer (GESL) 36 formed on polysilicon 34. In the
preferred embodiment, GESL 36 is an oxide. In other embodiments, it is a dielectric comprising
polysilicon, SiON, SiN and combinations thereof. The thickness is preferably between about
10A to about 100A, more preferably about 30A to about 60A. The GESL 36 is used as an
etching stop layer in subsequent steps to prevent the underlying polysilicon 34 from being

etched. GESL 36 can be formed using methods such as local oxidation or other known methods.

[0022] GESL 36 and polysilicon 34 are then pre-doped, which is symbolized as arrows 37 in
Figure 6. The dopant depends on the type of MOS transistors to be formed. For nMOS, the
dopant can be antimony, arsenic, or phosphorous. For PMOS, the dopant can be boron, indium,
or aluminum. The doping concentration is preferably about 1E15cm™ to about 9E17cm™.
Doping polysilicon 34 ensures that both nMOS and pMOS have correct work functions when

fully silicided.



materials of the spacers 44 is different fromthat of top poly 38 so
that selective etching can be conducted. [0026] In the preferred
enbodi nent, source and drain regions 45 are forned by inplanting the
desired dopant into substrate 32. In other enbodi nents, the source
and drain regions 45 can be forned by form ng recesses in substrate
32, and epitaxially growi ng sem conductor materials in recesses. The
nmet hods of form ng source and drain regions 45 are well known in the

art. -8 [0 Fiqure 10.illustrates ot o resi st on the fqrne
structur [e. ?‘éé%ﬂ 0 %%‘i@% iy trpigs a ﬁ%“slﬁ%ﬂ%g%mi‘f P%B‘é@"?sg‘ ]é&%ége Iy ﬁ@ Pt‘%f)“ed
| ayer 38, as.shown in Figure 11. The top layer 38 is renoved through
ol et ve EPRRIREN. 6P ais? Haris pplisdicon 20 Al e e REER D 51 10 Py thnt I other

fromthat of to aly 38, lateral etching of the spacers is )

prevent ed. e@%hmg‘égrﬁ 51ebt & diglermimipErt yiingeveayibvilbhe o qigarepempgrial from the
etched. Photo resist 50 is then conpletely renoved. GESL 36 is

sel ect i vel YneEf¥RE FESISGRGNR 2 SRlepli Gt ingXan b BHETAgd {hibe &qpr lpyes &8 gpd stop at
t he polysilicon-containing |ayer 34. In other enbodi nepts, CESL 36

may be et cFEdLlaifay hpdpiiaret 2hbes mdgreiersdothickagss of gbout [16028p abpgul28043more
illustrates a netal 54 hl anket deppsited covering the |ayer 34,

spacers 44prefmbls@ertd0ane alpHilA0P&gi ons 45. Metal 54 is preferably a
transitional nmetal, such as cobalt, titanium nickel, tungsten

platinum gjopgpni UfHe_sel_(:kéd*&?ru&tiﬂé%r%ti@bre%&ué?ﬁ&sb&cﬂﬁﬂgﬁiettﬁﬁha!? 38, GESL 36,
chemi cal vapor™ deposition (CVD), sputter deposition, or physfcal

e Po ' : | e ‘
vapor depoghildiid, (CBMB)hmgQH%e'& E%e/%j@ %at%%iefﬁ%&%ﬁ%i tlée?lu[%ﬂeﬁéd @%}%g ra@é}%wn in

chem cal vapor deposition , metal or em ca

eposi ti OnFl(gMcxéVQ}o a g-és}g éﬁ&l_@‘}ﬁgﬁ ﬁ@ﬂ%ﬁ@caﬁ%@pﬁ%&%l&i@ﬁ%ﬁ RO$drh! lﬁnt]?/ I%]gped

(PECVD) may “al so be Ice 1s then ch caus

metal 54 t QoJr(?e%Ejn\ff;IBB) regions 40,

[0025] Figure 9 illustrates a pair of spacers 44 formed along the sidewalls of the gate stack
comprising regions 33, 34, 36 and 38. Spacers 44 serve as self-aligning masks for subsequent
source/drain formation steps, as described below. The spacers may be formed by well-known
methods such as blanket depositing a dielectric layer over the entire region including substrate 32
and top layer 38, then anisotropically etching to remove the dielectric from the horizontal
surfaces and leaving spacers 44. Spacers 44 can be oxide, oxy-nitride, nitride or combinations
and multi-layers. They preferably have a width of less than about 600A. It is noted that the
materials of the spacers 44 is different from that of top poly 38 so that selective etching can be

conducted.

[0026] In the preferred embodiment, source and drain regions 45 are formed by implanting
the desired dopant into substrate 32. In other embodiments, the source and drain regions 45 can
be formed by forming recesses in substrate 32, and epitaxially growing semiconductor materials

in recesses. The methods of forming source and drain regions 45 are well known in the art.
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t he underlying polysilicon-containing |ayer 34 and forma silicide
56, as shown in Figure 14. The process is controlled so that the
silicide 56 reaches to the bottom of the polysilicon- containing

| ayer 34 and no over silicidation occurs. Since the thickness of the
pol ysilicon- containing |layer 34 is uniformthroughout a wafer, it is
guaranteed that the forned silicide 56 is uniformacross the wafer.
The un-reacted netal is selectively renoved through the use of an

etchant th es not tack the silicide 56, spacers 44 and_silicon_ .
substrate gﬁ)z‘;ﬁs ilﬂg‘\%ﬁb ‘ﬁ‘r‘?&r\ﬂﬁs A phofonEsig 19 omriig fSE?Féli TR e aftolg Eeiyg 0 is
a silicide 56. Silicides 57 are also forned in source and drain )
regi ons at MPF&dcaddetsigped o eXRosRudlomREeTt 3S: fhEomanB UG ! -t ke toppayer 38 is
poly 38 and GESL 36, a height difference Hd, which is shown in

Fi gure 14, Tgmoved baqush splestive sfrhing iSinca gatsspachts Gputer saipzial difrepdiqgnthat of
difference Hd is Preferably reater than about 200A. It is preferred
that the h&PGREY B latasd eiching of the sersep dy prevenicd- GESTEP praieass o wiserlyiopyer 34
and nore preferably |ower than about 500A. It is also preferred that
the hei ghffowfbeingetdipd.| Bhgje raspt P& isgbenygoampletip tamayepe FESht36anetlesbvaly etched
90 percent of the height of the spacers 44. More preferably, the

hei ght of &hehosin indfigiae 58, ¢xpopeg Wsetyrfagsoeft the Polysiticerbenntaide layer Fenin other
of the height of the spacers 44. [0030] A contact etching stop |ayer
(CESL) 58 embedimpnts,drEd oyl stghetl heagbdforgireieo il phyat wsistsiacer s 44

and silicide 57 as illustrated in Figure 15. It acts as an etch stop

layer to prebget ﬁgﬁggg YE?J%QME@Q h%Pa? sh 'Bﬁm(%?%ie@%it&f et FIHE ilz{;@r § % pacers 44

subsequent " process ormng electrica ntacts to th

sour ce/rai thd &%kc@%dad@%n %L(&l 6456 c ef?lggél ?516 Ee?%%”i t@LaROI‘jai léé& rsaéhegs éo%alt,

Figure 15 1s an inter-lev élelec rc EB , al so sonet| es
titanium, nickel, tungsten, platinum, zirconium, or the like. Metal 54 can be deposited by
chemical vapor deposition {(CVD), sputter deposition, or physical vapor deposition (PVD), but
other CVD methods, such as atomic layer chemical vapor deposition (ALCVD), metal organic
chemical vapor deposition (MOCVD), and plasma enhanced chemical vapor deposition
(PECVD) may also be used. The device is then heated, which causes the metal 54 to react with
the underlying polysilicon-containing layer 34 and form a silicide 56, as shown in Figure 14.
The process is controlled so that the silicide 56 reaches to the bottom of the polysilicon-
containing layer 34 and no over silicidation occurs. Since the thickness of the polysilicon-
containing layer 34 is uniform throughout a wafer, it is guaranteed that the formed silicide 56 is
uniform across the wafer. The un-reacted metal is selectively removed through the use of an
etchant that does not attack the silicide 56, spacers 44 and silicon substrate 32, as is well known

in the art. The remaining part forms a silicide 56. Silicides 57 are also formed in source and

drain regions at the same time.



known as a pre-netal dielectric (PVMD) or an inter-metal dielectric
(I'MD) layer deposited over the surface of the CESL 58. The ILD | ayer
60 is preferably a phospho-silicate glass (PSG or other known
dielectrics. This ILD |l ayer 60 provides insulation between the

transi stor and overlying netal lines. Figure 16 illustrates the
device after the formation of contact 62 in the |ILD dielectric |ayer
60. A photo-resist naterial (not shown) may be forned and patterned

over the ay 60 in ord o for a ni.ng, 6

silicide SEATBRLt Yo tReemo &‘ﬁé?pali’og;égg daﬁ(ﬁ;é%ltg %}9 ‘%gﬁ}r@?g”g%ﬁ high s
the etchin | di Iectrlc er 60 and thus protects th

under | yi ng V‘f’i ipj fanre; %, 1ngsepted Pﬁt e‘é‘kﬁB@%S@E@_Sl’%@rﬁ i+t hee %%ﬂtégference Hyis
openi ngs are_etched, referablﬁ . using reactive ion etching %
Because CERICTERIY gregigh than @hgud 2P adls Vé’f?fﬁn?q_ﬁaW%Pé‘élﬁtr?féhe flggféfr Sgdprmed is
process control and end-point detection are nore closely controlled
thus |inmit NG hee abmﬁdoﬁhg Red mREsgYeiprRbleyerdhambagt 3000 Jéﬁ ajspa@referred that the
underlying silicide | ayer 56. At the sanme tinme contact 62 is forned,
contacts t 8eigEutcle tieide Saiinbeaganoaheuich Rergens Gnthabgus Phwarceniott tahbeighy of the
[0032] By using the preferred enbodi nent of the present invention,

t he thi cknanserdfidt Rdoregireipiablye heheiaht ghitoslinidecitisetwren dboutcld, anfitabout 35

t hi ckness of silicide layer is also substantially equal on the gates
of di ff er enercentsf the hpighisif dresspagersok’s t he chip. To guarantee the
formation of substantially unlforn15|I|C|des 56 across the chip,

it's desiregsppe t @b&ﬁg},‘%%& I g ﬁgllézel' @%’L)?§ id fen ko??ﬁ’e@ﬂg?gé%%lgrs{)ﬂfﬂg iSG),rgate

to the formation of the SI ornati on an

| ayers 36 sﬁ’a@«g‘s 38 aglg %ﬂ'{gﬁl@ 5 atshll téa@i A%é’“l hupd.f ar @e%ttﬂ 9[%8?%@1‘ toe%rotect

This in turn ensur t he s ICI ness dif ence

transistor i c%;lyi?lg %@n Oﬁorﬁ%e\g\%f@chehgjuﬁné %1?4 gf}bne%agft FoRs ?t ei%?rgmfg ¢lectrical

area, at and 1 rge pa ern
smal | pat t Eodl ¥ & t]?el Jou!‘cg)yalg‘rccéions and gate electrode 56.

[0031] Also Hlustrated in Figure 15 is an inter-level dielectric (ILD) 60, also sometimes
known as a pre-metal dielectric (PMD) or an inter-metal dielectric (IMD) layer deposited over
the surface of the CESL 58. The ILD layer 60 is preferably a phospho-silicate glass (PSG) or
other known dielectrics. This ILD layer 60 provides insulation between the transistor and
overlying metal lines. Figure 16 illustrates the device after the formation of contact 62 in the
ILD dielectric layer 60. A photo-resist material (not shown) may be formed and pattemed over
the IL.D layer 60 in order to form contact opening 62 to gate silicide 56. Note that CESL 58
operates as an etch stop layer during the etching of ILD dielectric layer 60 and thus protects the
underlying silicide 56. Next, the exposed CESL 58 in the contact openings are etched, preferably
using reactive ion etching (RIE). Because CESL 58 is quite thin relative to ILD dielectric

layer 60, process control and end-point detection are more closely controlled, thus limiting the
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preferably | ess than about 80A, nore preferably | ess than about 30A

[ 0033] Al though the present invention and its advantages have been
described in detail, it should be understood that various changes,
substitutions and alterations can be made herein without departing
fromthe spirit and scope of the invention as defined by the appended
clainms. Moreover, the scope of the present application is not
intended to be limted to the particular enbodinments of the process,

machi ne, o osition of mat.ter, neans t hods an
tops descIRHLASH H Cretlal ATRER L o QungRELE: 1ot P e e 2
art will readily appreciate from.the.disclqgsure of the present

i nventi on, ‘%%’&%s%é‘%" SHR SRR i, (rélols Gl Soﬁﬁfﬁ%th(f‘%tﬁ %t matter,
nmeans, nethods, or steps, presently existing or later to be

devel oped, (G032} peBf osing teufrskaad kmbbdimeteofserpresenn dheatior) theathitkasse of the
substantially the same result as the correspondi ng enbodi nents

descri bed hifitiéie 66 kayifben siirddsitiatdvie C Dhdlihitfndse of dilicidy 1@Fe i aldonvBdintiay equal
Accordingly, the appended clains are intended to include within

thei r scopen hicRatey of @FResr MBS hidieiStors fReH fae thibe, T6 p@askd it orMbtion of
matter, means, nethods, or steps. -11 What is clained is: 1. An

I nt egr at ed sWistagtidlly HOOTH kBitiAes 56 acrBdsUh@bhib i Oldedilel 3ie thicRASE 5 PSIS laydr 34 is
plurality of second transistors; wherein each of the respective first

transi st or Hvadid WEEANFridritasifshRfien BRsc Alidiad §6. TIRMBMlSibA SnPremove of layers 36

substantially fully silicided gate electrode having a top surface, ‘a

gate diel ggt 53 creaRdl aanSPaEeB4havh Bfifdmt BRKEHAYE This in turn ensures that the silicide
thickness difference between transistors of a pMOS or an nMOS, in a isolated arca or a dense

area, at wafer center or at wafer edge, and in a large pattern or a small pattern are all low and

preferably less than about 80A, more preferably less than about 30A.

[0033] Although the present invention and its advantages have been described in detail, it
should be understood that various changes, substitutions and alterations can be made herein
without departing from the spirit and scope of the invention as defined by the appended claims.
Moreover, the scope of the present application is not intended to be limited to the particular
embodiments of the process, machine, manufacture, and composition of matter, means, methods
and steps described in the specification. As one of ordinary skill in the art will readily appreciate
from the disclosure of the present invention, processes, machines, manufacture, compositions of
matter, means, methods, or steps, presently existing or later to be developed, that perform
substantially the same function or achieve substantially the same result as the corresponding
embodiments described herein may be utilized according to the present invention. Accordingly,
the appended claims are intended to include within their scope such processes, machines,

manufacture, compositions of matter, means, methods, or steps.
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wherein the gate el ectrode of each of the respective first and second
transistors has a thickness substantially smaller than a hei ght of
the respective spacer, wherein a height of the gate electrode is
about 10%to about 35% of the height of the respective spacer; and
wherein the thickness of the respective gate el ectrode of the first
transi stor and the thickness of the respective gate el ectrode of the
second transistor is substantially the sane. 2. The integrated
circuit olVhgfiichimediserein a substrate of the integrated circuit
conprises a material selected fromthe group consisting essentially
of silicon-on-insulator (SO), Silicon-Germaniumon-Insul ator,

ger mani uni.on- i Agidtegrated ¢(Bad Jompstsingi ned seni conduct or, and

conbi nati ons an .Itti fl ayer s. % hereof. 3. The integrated circuit of
claim 1 wherei®hP ufr?él 3@%]; & i EFEStYi ¢ conprises a material having a k

val ue of greatgplutdlignodeeaiid tBnsidtorsThe integrated circuit of claim1l
wherein the gate €| ectrodﬁ has a hei 9ht of lower than about 700 A
5. The i nt egr at'8&eidcaeh ph therespychy et {arsistorn and capkisasisipashas agai h

of less tham,@ sub@gﬁidﬁ? Sy éli_ﬁﬁd@:d"éa‘?géléééﬁﬁe?lwiﬁé’hEoggu{%%@%%a%t

wherein the thickness of the ‘gate electrode of any
t ransi st odislcemia anthe spaseckavasa iop edgre gate el ectrode of any of the

R i A e L R A R T
are nMOS hasantkicRi@E Substantially smaller than a height of the respective spacer, wherein a
height of the gate electrode is about 10% to about 35% of the height of the respective
spacer; and
wherein the thickness of the respective gate electrode of the first transistor and the

thickness of the respective gate electrode of the second transistor is substantially the same.

2. The integrated circuit of claim 1 wherein a substrate of the integrated circuit
comprises a material selected from the group consisting essentially of silicon-on-insulator
(SOI), Silicon-Germanium-on-Insulator, germanium-on-insulator (GeOTl), strained

semiconductor, and combinations and multi-layers thereof.

3. The integrated circuit of claim ! wherein the gate dielectric comprises a material

having a k value of greater than about 9.

4, The integrated circuit of claim 1 wherein the gate electrode has a height of lower

than about 700 A.

5. The integrated circuit of claim 1 wherein the spacer has a width of less than about
600 A.

6. The integrated circuit of claim 1 wherein the thickness of the gate electrede of any

of the first transistors and the thickness of the gate electrode of any of the second

-12-



and the second transistors are pMOS transistors. 8. The integrated
circuit of claim6, wherein the first transistors further conprise a
dopant selected fromthe group consisting essentially of antinony,
arseni c, and phosphorous. 9. The integrated circuit of claim®6,
wherein the first transistors further conprise a dopant sel ected
fromthe group consisting essentially of boron, indium and alum num
10. The integrated circuit of claim6 wherein the first transistors
are in a U¥REPrapay dfitferepcepfismalprdhaapoph) gecond transistors are in
a |l ess dense area of transistors. 11. The integrated circuit of claim
1 further conprising a contact etch stop |layer (CESL) over the
plurality7of fThsintegraessiirstiposclaml6 wherepl the dirst trpnpftos @pomdOS transistors

transi st of.s, rein rtion the CESL directly over gate
electrodeéK%:e?%%“%hﬁ?%ﬁ???féidﬁﬁ}%?mm?¥ansistors and the plurality
of second transistors have top surfaces |lower than top edges of the
respective spacers. 12.. The integrated circuit of claim]l wherejn
each of tfe gat & Blegrated denit 8f oo el the rstirangisioss tupther rompriss &

and the phafast deltte@frodea@nebup’ RRSktioUssentidlly 8 dn¥ndhl, Fdeflfdang 13- A
sem conductor structure conprising:. a sem conduct or substr at e, a gat e

di el ect ri Bhaspharpes. seni conduct or substrate; a fully silicided gate

el ectrode on the gate dielectric; and a gate spacer on a sidewal |l of
the fully silicided gate el ectrode, wherein the gate spacer has a
top edge %ubstBint inglgtayedniighie bf ¢lhiano,avticdgin sher fireaeanektothiarthed doynprise a

silicided, gate - . .o :
dopant selected from the group consisting essentially of boron, indium, and aluminum.

10.  The integrated circuit of claim 6 wherein the first transistors are in a dense area of

transistors and the second transistors are in a less dense area of transistors.

11.  The integrated circuit of claim 1 further comprising a contact etch stop layer
(CESL) over the plurality of first transistors and the plurality of second transistors,
wherein portions of the CESL directly over gate electrodes of the plurality of first
transistors and the plurality of second transistors have top surfaces lower than top edges

of the respective spacers.

12, The integrated circuit of claim 1 wherein each of the gate electrodes of the

plurality of first transistors and the plurality of second transistors is fully silicided.

13. A semiconductor structure comprising:

a semiconductor substrate;

a gate dielectric on the semiconductor substrate;

a fully silicided gate electrode on the gate dielectric; and

a gate spacer on a sidewall of the fully silicided gate electrode, wherein the gate
spacer has a top edge substantially higher than a top surface of the fully silicided gate

electrode, wherein a height of the fully silicided gate electrode is about 10% to about

- 13-



el ectrode, wherein a height of the fully silicided gate electrode is
about 10%to about - 13 35%of a height of the gate spacer. 14. The
sem conduct or structure of claim 13 further conprising a contact etch
stop layer (CESL) over the fully silicided gate el ectrode and the
gate spacer, wherein the (CESL) conprises a portion directly over
the fully silicided gate el ectrode, and wherein a top surface of the
portion is_|ower than the top edge of the gate spacer. 15. The

sem conduéi'Gof ateigat ofrtae gate 89856t m 13, wherein the top edge of the gate
spacer and the top surface of the fully silicided gate el ectrode
have a vertical distance of greater than about 500 A 16. The

sem condut4.or he seoticondugbr sttugfume dclaimel3cfurthervempesing e abntdetstdinmte i s

greater far)}grn(c%g?jltovélfqgg fuﬁ'y sﬂi%‘:ﬁ:led gate electrode and the gate spacer, wherein the
(CESL) comprises a portion directly over the fully silicided gate electrode, and wherein a

top surface of the portion is lower than the top edge of the gate spacer.
15. The semiconductor structure of claim 13, wherein the top edge of the gate spacer
and the top surface of the fully silicided gate electrode have a vertical distance of greater

than about 500 A.

16.  The semiconductor structure of claim 15 wherein the vertical distance is greater

than about 1000 A.
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