Partial Replacement Silicide Gate [0001] This application claims priority to
provisional application serial number 60/575,764, filed May 28, 2004,
entitled "Partial Replacement Silicide Gate" which application is
incorporated herein by reference. TECHNICAL FIELD [0002] This
invention relates generally to semiconductor devices, and more
specifically to the formation of CMOS transistors. BACKGROUND [0003]

Modern day metal-oxide-semiconductor field-effect transistors (MOSFET)
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BACKGROUND

[0003] Modern day metal-oxide-semiconductor field-effect transistors (MOSFET) typically
utilize gates made of polysilicon. One disadvantage in utilizing polysilicon gates for MOSFETs
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.

[0004] 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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gate dielectric 2. Accordingly, the effective gate capacitance decreases.
This is due to an -1 increase in the effective distance between the
charges accumulated on both sides of the gate dielectric 2. The effective
distance that separates the charge on both sides of gate dielectric 2
becomes larger due to the depletion of charge, in the polysilicon gate 8, in
the vicinity of interface 4. Accordingly, polysilicon gate electrode 8 causes
. the effective gate capacitance to decrease. [0005] Silicide metal gates
MHERE E)‘éé%ep‘?%ﬁi‘:}%d LA RRTETR (D51 SRR ETEY PBIGSH Yh Pgtteidrs; of the gate
. MOS transistors, Figure.?2 illustrates a cross-sectional view of a MOSFET . .
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underlying layer of polysilicon 8. Rolysilicon 8 typically. exists because of . . .
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. the gate, charge. is still. depleted in the vicinity of interface 4.betwee .
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deCRRacitance. [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 .
[0Q0R)-stepSphisiceseetal satenibrye RetdrriaRasds SdURIBRIPS FeRIafsmeahEpr polysilicon
the hard- mask prevents silicide formation on gate. After a liner oxide or )
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..gate polysilicon. A second silicide is formed on gate resulting in silicide
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po %}FI(S:OTABSS %@%iﬁé%% V%}%ﬁ%gﬁ? exists because of under silicidation. While silicide 10 may

help decrease the resistance of the gate, charge is still 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.
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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.. -2 During the silicide, the . = |
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[0008] Besides the silicidation variations, the traditional two-step fully
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yield. Therefore, new method for forming fully silicided gates is needed.
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the present invention presents a method of forming a

[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.



fully silicided gate of a CMOS transistor. [0010] In accordance with one
aspect of the present invention, a method of forming a silicide metal gates
having uniform silicide thickness is presented. A gate dielectric is formed
over a substrate. A silicon-containing layer is formed over the gate
dielectric. A dielectric layer is formed over the silicon-containing layer. A
top layer is formed over the dielectric layer. The gate dielectric, the
silicon-containing layer, the dielectric layer, and the top layer are
t ' spacer is formed along an edge of the gate
S@%ﬁ? Eﬁ%ﬁgﬁﬁ@%ielectric layer are removed. A metal layer is
deposited on the silicon-containing layer and silicided. After the formation
[0Y%he gatbe thestiaped izl bReneoiedglirmes et satndecks iéwvemelg of forming a
the top edge of the spacer. [0011] By using the preferred embodiment of
fulleifridechedtn ehtioR I the tATSKIIRSs of the gate silicide is substantially
uniform whether the transistor is an nMOS or a pMOS transistor, in a
[0@)Se ragioR@idlReSwienshdegigstt alfthreCprionofiavwmaien, o a@hoadge forming a
of the wafer. The gate silicidation process can thus be better controlled.
silrétd3 Rl RESCIRMY QN o BHIMRAKING Ss[@ekahtedr asngate dielectric is formed
complete understanding of the present invention, and the advantages
ovtharedfstrefereksdi®mnoun aiade: th e fdhonwtd @ desbr piiongitddencn A dielectric layer
conjunction with the accompanying drawings, in which: [0013] Figure 1
is fhostdtesatbonlantionaltpolygilicen. gatetradmsisteformed over the dielectric layer. The

gate dielectric, the silicon-containing layer, the dielectric layer, and the top layer are patterned
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.



[0014] Figure 2 illustrates a conventional transistor with a partially silicided
gate; [0015] Figure 3 illustrates an example of the gate thickness
variation; and [0016] Figures 4 through 16 illustrate intermediate stages of
forming a preferred embodiment of the present invention having a fully
silicided-gate structure. -5 DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS [0017] The making and using of the presently preferred
embodiments are discussed in detail below. It should be appreciated,
i t%' RS vides many applicable inventive
B%@f@?&%ﬁt@%ﬁ%ﬁg&n a ngde variety of specific contexts. The
specific embodiments discussed are merely illustrative of specific ways to
[0Gh3ke andPuge tvacirpasritiors, udareiendondimit e Respd of thitiipiveritibihe advantages
[0018] The intermediate stages of a preferred embodiment of the present
therapdniRfRTaRES it SPAteBfeFigURss RGO e s rIRtERIuFRKEN SbePRit@pn with the
is preferably a semiconductor. More preferably, substrate 32 is formed of
ACCHIRBAN YR EFAY sk BHiwBitWafer or a layer of silicon formed on an
insulating layer such as the well-known silicon-on-insulator (SOI)
[0&I8]ctureri fuub s thdietd2: magovalem thento obditt eihetsenidenductor or
insulator materials such as strained silicon, strained SOI,
ligon-g j in ili er, i iicon-ger i )
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germanium-on-insulator (GeOl), strained GeOl, strained semiconductor,
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[0016] Figures 4 through 16 illustrate intermediate stages of forming a preferred

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



[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 HFO2, HFSiOx, HFSION, ZrO2,
A1203, TiO2, Ta2051 La203, CeO2, Bi4Si2012, W03, Y203, LaA103,
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metal-oxide, transition metal-silicate, transition metal-nitride, and
[0@bthbinafibasakia srariusiperafttherpsse1dp 203 fartegd smbedangapoyitetisewssed in detail

the dielectric 33. In the preferred embodiment, layer 34 is_a polysilicon '
belayer I shavdd g vRres s dinkeniay ahy BARNC BFRETRS IBYEHSE drieVidgemsmy applicable
_ silicon- containing material and other underlying layer or layers. The )
inGESH-CAMEiInGasAr PestawdicdHa fbpsieariserBaPahid s préfarabIyhe specific

a palysilicon, but also can be amorphous silicon, The layers underlying .
e Ui LAY S REEFHAI CAREE S atBRE Conipridh g B use the invention,

nitride, .s[iijiéc::on nitride or.their combinations. For illustration purposes,

ool Sl

P FefiTel tgg IBST%]iﬂBOn 34 although it may be a composite

layer. Polysilicon 34 has a preferred thickness of about 50A to about
[00ES)0A, rhibeecipiafacdblly altapet IG0A pocdbyoast 400Ad[DOR pFidner@Bsent invention are
illustrates a gate etch stop layer (GESL) 36 formed on polysilicon 34. In
illypigatpdefe riegh e Bodiroleght, GETID E&Riyart.oxiberdis cthés embsoahientsniticonductor.

is a dielectric comprising polysilicon, SION, SiN and combinations
Merrpseferaie. tibkintis s’ sipfaraiedbny pasnaetithpioubulk silicon wafer or a layer of silicon

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
insulator, strained silicon-germanium on insulator, Ge, strained-Ge, germanium-on-insulator
(GeOl), 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,, HFSiOx, HFSiON, ZrO,, Al;O3;, TiO,, TayOs, Lay0O3; CeO,,

Bi4S12012, WO3, Y203, LaAlOs, Ba;_SrTiO3 (x less than 1), PbTiO3, BaTiO3, SrTiO3, PbZrOs,



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 dgpant can be antimony, arsenic

PS3r phéSphbfdus PROY pitess:; diid topiit! il b PSR idfislh, tgnsition  metal-oxide,
aluminum. The doping concentration is preferably about 1E15cm 2 to

e ST DRI BSOS e R B H G Grers threo.
pMOS have correct work functions when fully silicided. -7 [0023] Figure 7

[0020dtrates dajop Idyie d8Bositpbsitdu: cietbarCB3SL laysr B6fdmehembefemed, layer 34 is
embodiment, top layer 38 is a polysilicon and will be referred to as top

a nalerggn|ythelnedipodirieasbodeante kyiekteintageratHeweore, lityer of silicon-
will be a different material from the underlying GESL 36 so that a

coralagiy @ateinhgneapilise wedeshridl wether taydey eF BBt ain g Byer resides at
36. The top layer 38 has a preferred thickness of about 100A to about

the oo, thfoleyepridfetibly BISGRIEBOARR Yhian OBDAlS potPaer e dRltkispilicon. The

structure formed in previous steps, including the top layer 38, GESL 36, o
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..etched as shown.in Figure 8 into a gate stack. An implantation can b
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polysilicon 34 although it may be a composite layer. Polysilicon 34 has a preferred thickness 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.



[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
100281 S padd iy %4’ dYHBABX RIS PoRY Fit e RAtHEL O B HikubRE" g In the preferred
multi-layers. They preferabl E,ave a width of less than about 600A. It is
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forming source and drain regions 45 are well known in the art. -8 [0027

préfigME J0JHHSHRIER avietvpsist SO on the formed structure. Photo resist

50 is 'masked and developed to expose the top layer 38, as shown in

Figure 11. The top layer 38 is removed through selective etching. Since
[‘"&ﬁb spabrsEakRA EUE HEERRI it RERY RUHYARAL BF ROy 48 |ayerai8. GESL 36,

tching of the spacers is prevented. GESL 36 protects the underlyin )
POy s ghe %E%rjﬁyéfc%‘g&%ﬁ&‘t% Jisdsstenid iﬁéi%d?ﬁ%‘f@{% %iﬁé%ée&l. as shown in
(%E .36 is selectiv? hed as shown in Figure osing the

. ly etc F , X .
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source/drain (LDD) 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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embodiments, CESL 36 may be etched away before removing photo
resist 50. [0028] Figure 13 illustrates a metal 54 blanket deposited
covering the layer 34, spacers 44 and source and drain regions 45. Metal
54 is preferably a transitional metal, such as cobalt, 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 chemica

i |
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OCVD), and plasma enhanced chemical vapor deposition ( D) .
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a no over silicidation occurs. Since the thickness of t polysiicon-
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ormed silicide 56 is uniform across the wafef. The un-reacted metal is

as SRISEHVEIETEMOY8d 2REBUAD the Yskef ap tﬁé“-&%@léi‘iﬁ’t%tnd&ﬁﬁaﬂ%gt@ﬁ? 34. In other

the silicide 56, spacers 44 and silicon substrate 32, as is well known~in

en{ﬂ@dﬁ%rﬁﬁ@@ﬁﬂaﬁ_@i%ﬁﬁge@%@zﬁv%%@%_r‘é@e@ﬂiﬁ' heloakgidlse formed
in source and drain regions at the same time. -9 [0029] Due to the

0 ovaldg,f the (i%f E)Oé}/ 38 and Glfv% 36, a hgi%gt ,diHerence H%’?"Yhi‘:h ﬁ 44
0% wn i B 14 RS e B Batwe drBliti 4ERS8 i S Eks 4 e spacers

an{i‘hes'(ﬁ{‘Eéj%e eg‘%ﬁ%"{g ;grrgggger %!Yaf‘rs‘ia¥§E)trg%?a%'f’yo‘ét@a%(%ﬁ&o'ﬁa{f' BEGIRT8S, as cobat,

at the height of the silicide 56 formed'is

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.



lower than about 700A and more preferably lower than about 500A. It is
also preferred that the height of the silicide 56 is between about 5 percent
and about 90 percent of the height of the spacers 44. More preferably,
the height of the silicide 56 is between about 10 and about 35 percent of
the height of the spacers 44. [0030] A contact etching stop layer (CESL)
58 is then formed covering the silicide 56, gate spacers 44 and silicide 57
as illustrated in Figure 15. It acts as an etch stop layer to Brotect

[0 M erlyify FegibisT s Behh e teREG Mttt S8t BRiep diligence Ha, which is
N T G T
o R T AR A SRR e e s
o A DB 5 0 0t

he{%ﬁ[‘%ﬁﬁé A veEng Al LBss: & igé{rc%ﬁ'@aﬂH’ﬁU@ﬁ‘?%hf?eQ%}ﬁC&%ﬁ‘@ height of the

e formation of contact 62 in the ILD dielectric layer 60. A photo-resist

spanaienal (Res,ShowR) Mgy e IEmRd ARt RAHSHICSONESe e LIBJAYED 8Rd about 35

in order to form contact’ opening 62 to gate silicide 56. Note that CESL 58

peRRAIJIEH SRR EFhRtgpalayen guring the etching of 1LD dielectric layer 60
and thus protects the underlying silicide 56. Next, the exposed CESL 58

1 the contact openings are etched, preferably using reactive ion etching .
[‘"ﬁﬂtg). Bé*c&%‘é%%%%ﬁ‘%&sfgl_’q '8%5%%?&!1?&%%%‘!1 s CERg & %ﬁffmde 36, gate
pPARECEE SOMURL BTSRRI RPN PR, M7 AoReN SRS Mer o provec

underlying regions from being etched during the subsequent process steps forming electrical

contacts to the source/rain regions and gate electrode 56.

[0031] Also illustrated 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 patterned over
the ILD 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

-10 -



likelihood of over-etching through the underlying silicide layer 56. At the
same time contact 62 is formed, contacts to source and drain regions can
also be formed (not shown). [0032] By using the preferred embodiment of
the present invention, the thickness of the silicide 56 is uniform across the
device. The thickness of silicide layer is also substantially equal on the
gates of different MOS transistors across the chip. To guarantee the
. formation of substantially uniform silicides 56 across the chip, it's desired
likglibeptrhavesidung Hyaraythe yodraspanthsids sk R?théﬁﬁ}ﬁﬁilﬁ%%?e contact 62
. {he sgicide 56. The forma&ifﬁ and remove of i{ﬁxgrs 36 2{1{&‘ 38 crea5es a
15 bRy S HARIA ST ARIERHESE YIS IR A REHOUmSS (Rat th8 Wlicide
thickness difference between transistors of a pMOS or an nMOS, in a
[0638lated Breasoratiemsefcarsh cabadifeerverfiehopatserdferedyen.atd ihigkness of the
large pattern or a small pattern are all low and preferably less than about
siGOI, Yndtapfeferaplysieds tearcabdbe 30pk[O038]sAldidsulghicthe presamstantially equal
invention and its advantages have been described in detalil, it should be
onyhdegsteb@tHEOEG A EORaHeRY S WiH SEtatbrBCapdiIteFatiGRA BdiAcHhe formation of
made herein without departing from the spirit and scope of the invention '
subsangniegmiome Hppdrtiel aramtsthavdrdoliet, dpdred dpe Bidkeerradaply layer 34 is
application is not intended to be limited to the particular embodiments of

lownirgubeg: Meihbeiimifitaeand esihpositibh Braeadeemgye of layers 36

methods and steps described in the specification. As one of ordinary skill o
anh RS AT AR REpre A OO et Sr s e Praganpres that the silicide

iEnIanProcesses, machines, manuiagiite, compoailons of MAGT L. o1 4 qenss
means, methaods, or steps, presently existing or later to be developed, that

erform subs%antiall}/ th same fun(citi.on qr achieve substanti 1I tge same
area, at wafe{ Center or a WéSer edge, and 1in a largé patte€rn or a sma %a em are all low and
résult as the corresponding

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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10

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. -11 WHAT IS CLAIMED IS: 1 1. An
integrated circuit comprising: 2 a plurality of first transistors; 3 a plurality
of second transistors; 4 wherein each of the respective first transistors and
second transistors has a gate 5 comprising a substantially fully silicided

r ing a top surface, a gate dielectric and 6 a spacer
Wﬁgﬁn%ﬁcﬁoﬂgég\f;g; wherein the gate electrode of each of the respective
first and second transistors has a 8 thickness substantially smaller than
1. the Heightastaine easpeictivespaiRer; and 9 wherein the thickness of the
respective gate electrode of the first transistor and the 10 thickness of the
respe&livalgef rstifarfdstithe second transistor is substantially the
same. 1 2. The integrated circuit of claim 1 wherein the substrate
compR&FalineirsranddiatiPi'om 2 the group consisting essentially of
silicon-on-.insulatg{ﬁifOI), Silicon-Germanium-on-Insulator, 3
gernT MR- 6L SR RG0S, UiHad Yambhifisoryt langistors has a gate

combhinations and mu ereof, 1 3. The integrated cjrcuit of

co g B AL DTG L h i e A B o ot dielectric and

a spacer having a top edge;

wherein the gate electrode of each of the respective first and second transistors has a
thickness substantially smaller than 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 the substrate comprises a material selected from
the group consisting essentially of silicon-on-insulator (SOI), Silicon-Germanium-on-Insulator,
germanium-on-insulator (GeOl), strained semiconductor, and combinations and multi-layers

thereof.

3. The integrated circuit of claim 1 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 700A.
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2 k value of greater than about 9. 1 4. The integrated circuit of claim 1
wherein the gate electrode has a height of lower than 2 about 700A. -12 1
5. The integrated circuit of claim 1 wherein the top surface of the gate
electrode is lower 2 than the top edge of the spacer by a difference of
greater than about 200A. 1 6. The integrated circuit of claim 1 wherein the
height of the gate electrode is about 10% to 2 about 35% of the height of
the respective spacer. 1 7. The integrated circuit of claim 1 wherein the

3. spacEihiaLeg st iEME S i dpeRigdRe RSURES NG r%als Elfcliods 1s lower
clajm 1 wherein the thickness af the gate_electrode of an e 2 first
et ikl el hlauae b R
transistors have a 3 difference of smaller than about 80A. 1 9. The
integrated circuit of claim 8 wherein the first transistors are nMOS

6. trandibfoiaiegiaitHe i WEebriditraheibtseindbe prrehsod Hisstaisrleqtrpge thebout 10% to

integrated circuit of claim 8, the first transistors further comprising a
abgy SAIeBE D RO R RESBFEEEBASTEting essentially of antimony,
arsenic, and phosphorous. 1 11. The integrated circuit of claim 8, the first
transistors further comprising a dopant selected 2 from the group )
7. consitingtegseediaityof lorrmihdibers artticadnacindnas, A widthrpidess than about 600A.
integrated circuit of claim 8 wherein the first transistors are in a dense
area and the 2 second transistors are in a less dense area.
8. The integrated circuit of claim 1 wherein the thickness of the gate electrode of any of the

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

difference of smaller than about S8OA.

0. The integrated circuit of claim 8 wherein the first transistors are nMOS transistors and the

second transistors are pMOS transistors.

10. The integrated circuit of claim 8, the first transistors further comprising a dopant selected

from the group consisting essentially of antimony, arsenic, and phosphorous.

11. The integrated circuit of claim 8, the first transistors further comprising a dopant selected

from the group consisting essentially of boron, indium, and aluminum.

12.  The integrated circuit of claim 8 wherein the first transistors are in a dense area and the

second transistors are in a less dense area.
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-13 1 13. A method of forming a metal silicide gate, the method
comprising: 2 forming a gate dielectric over a substrate; 3 forming a
silicon-containing layer over the gate dielectric; 4 forming a dielectric
layer over the silicon-containing layer; 5 forming a top layer over the
dielectric layer; 6 patterning the gate dielectric, the silicon-containing
layer, the top layer, and the dielectric 7 layer into a gate stack; 8 forming
a spacer, with a top edge, along a sidewall of the gate stack; 9 removing
Bihe a4 dWR it e g Retarayesn the
silicorﬁ-containing%g er; and 11 siliciding the silicon-containing layer with

the mAERM&JSY WERUTETYEED electrode. 1 14. The method of

clair? 13iwhgrseﬁ% 5Q§C§H{%%rilﬁcqntgirnoiggrIt%iéer g[:g(ri?aris%s a material 2
selected from’the group consgisﬁ%g essen |aﬁﬁy 0 pdclglsﬁ:lton and

amo%)hous giﬁ%fn téLi%::LﬁgThe m%'{ho .of clairrp[ 13 furlther.comprising the

11 ec €r over the Silicon-containing layer;
step of: 2 §oplng th on-containing layer using d%pant selected from

the grQUR,SUS! tliél%r%\?e??ﬁé‘ﬂ?él¥c‘?xfi9i‘a§{3}ony’ arsenic, and phosphorous.
1 16. The method of claim 13 further comprising the step of: 2 doping the
silicoRiEARIAIING JAXRL USIE 2 HORARLREG RIS LM, e HEQHP GOBSEHD e dielectric
layer into a gate stack;
forming a spacer, with a top edge, along a sidewall of the gate stack;
removing the top layer and the dielectric layer;
forming a metal layer on the silicon-containing layer; and

siliciding the silicon-containing layer with the metal layer to form a silicided gate

electrode.

14. The method of claim 13 wherein the silicon-containing layer comprises a material

selected from the group consisting essentially of polysilicon and amorphous silicon.

15.  The method of claim 13 further comprising the step of:
doping the silicon-containing layer using a dopant selected from the group consisting

essentially of antimony, arsenic, and phosphorous.

16.  The method of claim 13 further comprising the step of:
doping the silicon-containing layer using a dopant selected from the group consisting

essentially of boron, indium, and aluminum.
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3 essentially of boron, indium, and aluminum. -14 1 17. The method of
claim 13 wherein the dielectric layer comprises an oxygen-containing 2
dielectric. 1 18. The method of claim 13 wherein the step of removing the
top layer and the dielectric 2 layer comprises the steps of: 3 forming a
photo resist covering the substrate; and 4 etching the top layer and the
dielectric layer on the gate stack. 1 19. The method of claim 13 wherein
the top surface of the gate electrode is lower than the top, 2 edge of the

175 packhamatisbeb i et efrdte Aldoes dater SRR droDg e oay aining

di he method of claim 13 wherein the height of the gate electrode is about
188410 about 2 35% of the height of the spacer. 1 21. The method of

claim 13 wherein the step of siliciding the silicon-containing layer further 2

comprising the step of: 3 heating the metal layer to activate interaction

18petwbennisthateeariaiper A siei s icoric ot Spmaning tag/&p dpgmind the dielectric

removing the un-reacted metal layer. -15
layer comprises the steps of:

forming a photo resist covering the substrate; and

etching the top layer and the dielectric layer on the gate stack.

19. The method of claim 13 wherein the top surface of the gate electrode is lower than the top

edge of the spacer and wherein the height difference is greater than about 200A.

20. The method of claim 13 wherein the height of the gate electrode is about 10% to about

35% of the height of the spacer.

21. The method of claim 13 wherein the step of siliciding the silicon-containing layer further
comprising the step of:

heating the metal layer to activate interaction between the metal layer and the silicon-
containing layer; and

removing the un-reacted metal layer.
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