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CROSS-REFERENCE

_ This application claims pnonity from U.S. Provisional Patent Application Serial No.
' {Atiorney Docket No. 24061.96), filed on August 25, 2003, and entitled "A DEVICE HAVING
MULTIPLE SILICIDE TYPES AND A METHOD FOR ITS FABRICATION."

BACKGROUND

The present disctosure relates generally to the field of semiconductor mtegrated
circuits, more particularly, to a device having silicide and a method of fabricating such device.

The semiconductor integrated circuit (IC) industry has experienced rapid growth.
Technological advances in IC materials and design have produced generations of ICs where each
generation has smaller and more complex circuits than the previous generation. However, these
advances have increased the complexity of processing and manufacturing ICs and, for these
advances to be realized, similar developments in IC processing and manufacturing have been

needed.

In metal-oxide-semiconductor field effect transistor (MOSFET) technologies, a
silicide may be implemented for reliable contact and less contact resistance. The silicide may be
used to provide an interface between metal lines and substrate‘contaét regions, such as a
polysilicon gate, a silicon source, and a silicon drain. Placing metal silicide on the source and
drain regtons may reduce the sheet resistance of the path between the metal contact and the

- underlying structure. However, although the same silicide is generally used on multiple transistor




drain regions may reduce the sheet resistance of the path between the netal
contact and the underlying structure. However, although the sane silicide
is generally used on nmultiple transistor 2 28 February 2007 types, the
sheet resistance of different transistors (e.g., NMOS and PMOS) nmay vary
depending on the type of metal or sidicide used. Accordinglygrelfnaly dod7
needed in the art is a sem conductor device and the nmethod of

manuf acturi ng thereof that addresses the above-nentioned issues. BRI EF
DESCRI PTI ON OF THE DRAW NGS The present disclosure is best understood from
the follow ng detail ed description when read with the acconpanyi ng
figures. It is enphasized that, in accordance wth the standard practice
in the industry, .various features are not dr to the.scale. In fact, the
dinensionsgg?%teéhgﬁg?f%ﬁgOfég%ﬁ?%gmﬂ%vs%@“&?%@§f%ﬁ%$§$%%%?%%§%ﬁmﬂpgreduced
for clarityrbftdeofuskl onilicligsed] is a schematic di agram of exenpl ary
structure illustratl rticular. .inpl.ementatio f.the, presen

di scl osure. Fig. %%&Q%ng%gﬁ%&%g%ﬁ%?“ﬁﬁﬁﬁéi%%?%ﬁamgg¥f?gfa &@ﬁﬁﬁgfbﬁnethod
for fabri caepyfepturing thastof thet addessef thFplgpve-fnentiingsissib- 29 are cross-secti onal

views of the structure of Fig. | during fabrication wusing the nethod of
Fig. 2a. Fig. 3ais a flowchart illustrating a second exenplary nethod for
f abri cat i nBREBEDESCRIETION OFfTHE §RAWINGS

The present disclosure is best understood from the following detailed description
when read with the accompanying figures. It is emphasized that, in accordance with the standard
_____ practice in the industry, various features are not drawn to the scale. In fact, the dimensions of the
various features may be acbitrarily increased or reduced for clarity of discussion.
Fig. 1 is a schematic diagram of exemplary structure illustrating a particular
implementation of the present disclosure. -
Fig. 2a is a flow chart iliustrating a first exemplary method for fabricating the
structure of Fig. 1.
Figs. 2b-2g are cross-sectional views of the structure of Fig. | during fabrication
using the method of Fig. 2a.
Fig. 3ais 2 flow chart illustrating a second exemplary method for fabricating the
structure of Fig. 1.
Fig. 3b-3g are cross-sectional views of the structure of Fig. 1 during fabrication using
the method of Fig. 3a. |
) Fig. 4ais a flow chart illustrating a third exemplary method for fabricating the
structure of Fig, 1. ' |
' Fig. 4b-4k are cross-sectional views of the structure of Fig. | during fabrication using
the method of Fig. 4a.
Fig. 5a is a flow chart ilustrating a fourfh exemplary method for fabricating the
structure of Fig. 1.
" F ig. 5b-5h are cross-sectional views of the structure of Fig. 1 'during fabrication using’
the method of Fig. 5a.
Fig. 6a is a flow chart illustrating a fifth exemplary method for fabricating the

structure of Fig. 1.




Fig. 3b-3g are cross-sectional views of the structure of Fig. 1 during
fabrication using the nethod of Fig. 3a. Fig. 4ais a flow chart
illustrating a third exenplary nethod for fabricating the structure of
Fig. 1. Fig. 4b-4k are cross-sectional views of the structure of Fig. |
during fabrication using the nethodsof Fig. 4a. Fig. 5a i 9ggehlugly bR0t
illustrating a fourth exenplary nmethod for fabricating the structure of
Fig. 1. Fig. 5b-5h are cross-sectional views of the structure of Fig.
during fabrication using the nmethod of Fig. 5a. Fig. 6ais a flow chart
illustrating a fifth exenplary nmethod for fabricating the structure of
Fig. 1. 3 28 February 2007 DETAILED DESCRI PTI ON The present disclosure
rel ates generally to the field of sem conductor integrated circuits, nore
particularly, to a device having nmultiple suicide types and a net hod of

fabricati % h device. It is understood, however, that the follow ng
disclosur@égﬁigﬁgégiﬁgﬁﬁﬂaﬁﬂierent enbodi nents, or exanples, for

i mpl ement i ng di ffiepen: aiﬁ@és%@éat&fgehagi])‘{(}%@%lm ser%@@rﬁh{tblcmtegﬁt%gpl es of
conponents_and arrangenents are descri bed bel ow to si pr esent

di scl osur &CUHEBCE Paigularyy tD@d’uY‘sféha"Wérf@%“yPWSl@X@ﬁmf@gﬂdmdetam@oF fabricating

“such device. ltis understood, however, that the following disclosure provides many different
embodiments, or examples, for implementing different features of the invention, Specific
examples of components and arrangements are described below to simplify the preseni
disclosure. These are, of course, merely examples and are nol intended 1o be limiting. In
addition, the present disclosure may repeat reference numerals and/or letters in the VaArious
examples. This repetition is for the purpose of stmplicity and clarity and does not in itself dictate
a relationship between the various embodiments and/or configurations discussed.

Generally, both NMOS and PMOS devices are fabricated using the same metal or
alloy silicide. Since the silicon source and drain in an NMOS device has 2 different doping than
the stlicon source and drain in 2 PMOS device, the wbrk function of the differently dopzd drains
and sources will be different. Accordingly, it is typically difficult to choose a silicide material
that has a work function capable of reducing both NMOS and PMOS source/drain contact
resisiance.

Referring to Fig. 1, in one embodiment, a complementary silicide is provided in a
single structure that compromises both an NMOS 100 and a PMOS 120, Both the NMOS 100
and the PMOS 120 may be fabricated on a semiconductor substrate (not shown). The NMOS

L

100 includes a gate electrode region 102, spacers 104 and 106, gate dielectric 108, gate silicide
region 114, a source (not shown) and source silicide region 116, and a drain (not shown} and
drain silicide region 118. The PMOS 120 includes gate electrode region 122, spacers 124 and
126, gate dielectric 128, gate silicide region 134, a source (not shown) and source silicide region
136, and a drain (not shown) and drain silicide region 138. It is understood that other
components and/or layers may be present, but are not shown for purposes of clarity.

The semiconductor substrate on which the NMOS 100 and PMOS 120 are fabricated
may use an elementary semiconductor including silicon or gcmaﬁium in crystal, polycrystalline,

or amorphous structure; 2 compound semiconductor including silicon carbide, gallium arsenic,




not intended to be limting- In addition, the present disclosure nmay
repeat reference nunerals and/or letters in the various exanples. This
repetition is for the purpose of sinplicity and clarity and does not in
itself dictate a relationship between the various enbodinents and/ or.
configurations discussed. CGenerallys both NMOS and PMOS dew, S007
fabricated using the sane netal or alloy silicide. Since t e SI I'con
source and drain in an NMOS device has a different doping than the silicon
source and drain in a PMOS device, the work function of the differently
doped drains and sources wll be different. Accordingly, it is typically
difficult to choose a silicide material that has a work function capabl e
of reducing both NMOS and PMOS source/drain contact resistance. Referring
to Fig. 1, in one enbodinment, a conplenmentary silicide is provided in a
single Stgl’allhﬁfr‘Lﬂl@&phiﬂ@-ﬁntﬁ@(ﬂ@ﬂ&ﬁﬂl@@&dhﬁ{ DsRle MN@d;hgloauﬁﬁgm@e E%HJ}ZO' Both the
NMOS 100 and the P é%_qgﬁ}be fabricated on a_sem conductor’ substrate
(not shoATCORRRONRE g 057 Pretshoeidnds. §ifads didetsr GelaP rag CalnAsor 2 spacer s
104 and ]Jeﬁbmgﬁanhtﬂdoﬂ RGhE E@bolifnt, Gt Bop tddiGh@Bror Etﬁ)gt'rﬁgmg};lh%ve adi gr ce (not
shown) and.sour ce sh %%@% region 116, and a drain (not shown drain
silicide %@f Hhre4q ghic Cf?@PWWBmdﬁﬁgeéaW@n%Wﬁ%ﬂﬂﬁﬂbmﬁ@gkbn 122,

spacers hasthardio aldbihegidtBiodbahe dfllar‘?t 518 eat@ial R il%tklel’ G&xﬁ%srﬁ% kR34, 2
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source (ﬁq% ?omn and _source Ssi de region aln (‘'not shown)
and drai n'& f fEmgtoveeyiish S¥§§meﬂ%aW%“%ﬁ@@%@?%@dS#ﬁawb%@ﬁe¢ﬂ@mﬁbbﬁemts

and/ or | @yl Ay alde sthiesRiNtor sObkira@ Sy ROk S AW f clarity.
The sem conduct or substrate gﬁ WHFC ghe ﬁNCS 10% %%%giﬁg are

f abri cat ée]mbmatlons thereof. Furthermore, the semiconductor substrate may be a semiconductor on
insulator, such as silicon on insulator (SOY), or  thin film transistor (TFT). In some examples,
the semiconductor substrate may include a doped epi layer or a buried layer. In other examples,
compound semiconductor substrate may have a multilayer structure, or the silicon substrate may
include a multilayer compound semiconductor structure.

The NMOS 100 and PMOS {20 may be fabricated using a P-well, N-well, or duai-
well structure, and may be fabricated directly onto or within the semiconductor substrate. In the
present example, there is an isolation region (not shown) between the NMOS 100 and PMOS
120. The 1solation region may utilize isolation technology, such as local oxidation of silicon
(LOCOS) and shallow trench isolation (STI). Furthermore, the NMOS and PMOS may have a
raised source and drain structure, a FINFET structure, 2 double gate structure, or a multi-finger

. structure. In addition, the NMOS and PMOS may include a high-stress film.

Vi N The gate dielectric 108 in the NMOS 100 and the gate dielectric 128 in the PMOS
120 may be a suitable dielectric material or may have a muitilayer étmcture comprising muttiple
dielectric materials. Preferably, the dielectfib material may have relatively high integrity and
low current leakage. Examples of the dielectric material include silicon oxide, silicon nitride,
silicon oxynitride, and a high k dielectric. The high k material may have permittivity greater
than 10, including permittivities preater than 15 and 20. The high k dielectric may include
hafnium oxide, zirconium oxide, aluminum oxide, a hafnium dioxide-alumina (HfO-AL )
alloy, or combinations thereof.

The NMOS gate electrode 102 and the PMOS gate'dielectric 122 comprise
conductive materials and may have multilayer structure. The gate electrode may be silicon-

containing, germanium-containing, metal-containing, or a combination. The conductive material




may use an el ementary sem conductor including silicon or germaniumin
crystal, polycrystalline, or anorphous structure; a conpound sem conduct or
including silicon carbide, galliumarsenic, 4 28 February 2007 gallium
phosphi de, i ndi um phosphi de, indium arsenide, and indium antinonide; or an
all oy semconductor including SiGes GaAsP, AllnAs, Al GaAs,.gEahi4s 2068 NP,
and Gal nAsP; or a conbination thereof. In one enbodi nent, the alloy

sem conductor substrate may have gradient SiGe feature in which the Si and
Ge conposition change fromone ratio at one location to another ratio at
anot her |l ocation of the gradient SiCGe feature. In another enbodi nent, the
alloy SiGe is fornmed over silicon substrate. In another enbodinent, a SiGe
substrate is strained. More generally, the alloy sem conductor substrate
may contain silicon, germanium carbon, or conbinations thereof.
Furthernore, the sem conductor substrate nmay be a seni conductor on

i nsul at or ,mz5Y6MApRS pSlldrlLMMQNichNSY Al Phol(-SDc) me@f mBial Miidkif km Ait-aBsi st.or
(TFT). In sone exanples, _the sem conductor substrate may include a doped
epi | ayer "5 FBuPT EGMPHYET theEplot her exanpl es, conpound semi conduct or

substrate may haggacas MH doli 88 &hichlafUebitlbRd oRboth BBesSf kl-0QROS RSt bakes My
include a nultilayer conpound sem conductor_ structure. The NMOS 100 and

PMOS 120 rfeafeheld 4pr e 3thish afrgiopigonse po fisppth sidesgd e PMEPS atial 22 WeY | structure,

and may beokahei Grled: HalRRsLdh QRGO kikkdh hhR, SRIF-eapdUChiRhn Subst rate.
In the present exanple, there is an isolation region (not shown) between

the NMOS PHMEAY oPimSinadeg thereé j sol ation region nmay utilize isolation

technol ogy, suchTasnlesaby oxiudatd QicOfndSid QB snbk-OCRLL aRdLshahbow trench
i.solation (STlI). Furthernore, the NMOS and P may have a
directly on the semiconductor substrate, in a P-well structure, or using a raised structure.

Silicide may be formed on top of the source and drair 1o form source silicide region 116 and
drain sificide region 118, respectively. The silicide may also be formed on top of the gate
electrode 102 to form gate silicide region 114. The silicide regions 114, 116, and 118 in the
NMOS 100 may comprise materials such as nickel silicide, cobali siticide, tungsten silicide,
tantalum silicide, titanium silicide, platinum silicide, erbium silicide, paliadium silicide, or a
combinations thereof.
The PMOS 120 includes a source and drair (not shown), which may be formed

directly on the semiconductor subsirate, in'a N-well structure, or using a raised structure.

. Silicide may be formed on top of the source and drain to form source silicide region 136 and
drain silicide region 138, respectively. The silicide may also be formed on top of the gate

electrode 122 to form gate silicide region 134. The silicide regions 134, 136, and 138 in the

PMOS 120 may comprise materials such as nickel silicide, cobalt silicide, tungsten silicide,
tantalum silicide, titanium silicide, platinum silicide, erbium silicide, palladium silicide, or a
combinations thereof,

In the structure of Fig. 1, the silicide used in silicide regions 114, 116, and 118 in the
NWMOS 100 {collectively referred to as “the NMOS silicide regfons“) is different from the silicide
used in silicide regions 134, 136, and 138 in the PMOS 120 (“the PMOS silicide regions™). For
example, the NMOS silicide regions and PMOS silicide regions may both be metal silicides, but
of different types, or they may be alloy silicides of different composition, or alloy silicides of the
same composition but with different material ratios. Similarly, the NMOS silicide regions may
be a metal silicide, while the PMOS silicide regions may be an alloy silicide, or vice versa. Such

silicide structures are sometimes referred to as compiementary silicide. Complementary silicide




rai sed source and drain structure, a FINFET structure, a double gate
structure, or a multi-finger structure. In addition, the NMOS and PMOS may
i nclude a high-stress film The gate dielectric 108 in the NMOS 100 and the
gate dielectric 128 in the PMOS 120 may be a suitable dielectric materi al
or may have a nultilayer structure cenprising multiple dig hf&&ﬁ%%z 07 .
materials. Preferably, the dielectric material may have relatively ngh
integrity and |ow current |eakage. Exanples of the dielectric nmateri al

i nclude silicon oxide, silicon nitride, silicon oxynitride, and a high k
dielectric. The high k material may have permttivity greater than 10,

I ncluding permttivities greater than 15 and 20. The high k dielectric may
i ncl ude haf ni um oxi de, zirconi um oxi de, alum num oxide, a hafnium

di oxi de-al um na (Hf O2- Al 203) alloy, or conbinations thereof. The NMOS gate
el ectrode rﬁ@a; rexridk ﬂemlcFIMasmgag ethetinaloscticide add2VIOP BEitiSiegior aighpedvie Ve

materi al s an The gate el ectrode may be

t }/t nee, adhe a %%/ Sttr ﬂ%t ure.
silicon- CORFAIRIHES FErHhIFIHY CORPHIHi%g, netal - containing, or a
conbi nati on. TheI@mmﬁmmhpmefﬂﬁt@ﬂ&@hmﬁnﬂ&uEeb@m@Ewd%ﬂﬁmmnﬁﬁumﬁeﬂpaiSe
oncrystalllne si.l.j.con I 0 met al cjde, neta
Eltrlde l?“?dS%F nmybge di%ﬁ%%ﬁﬁﬁFB%“?héﬁ@8g%%ﬁ§@éwgmﬁﬁﬁ“%ﬁ%ﬁﬁéﬁ whi ch

are positﬂﬁﬂ@asmnmbﬁ@hnsmdesemﬂoshﬂcﬂ@ﬁ@m@ﬁb%eEﬂQmmﬂH&mmﬁﬁaaeﬁs 124 and
126, which,
Ll

fediSnsR sk}wgne On o ‘2{ B ﬁﬁfo I cP:e GPNQS gﬁaﬁ.\e 122, By
conprise a di el e ?r At arfoal %ﬁ%ﬁp & NMOGH Hegeicge wo W@B%“%&?%e
silicon camletdgow spﬂmmmmclyob.«yw,tmlel&m PRI eadidr@NEorit RGdBAhay be
' tuned above approximately 4.7 eV.
it is understood that the complementary silicide structure is not limited to NMOS and
PMOS structures, but may be used to form any iwo silicide regions associaied with a
semiconductor substrate where the first region has a first type of silicide and the second region
has a second type of silicide. Each region may include structures such as a doped silicon 6r
doped poly-silicon arsa, a source, a drain, a gate, or combinations thereof. Furthetmore, the
siructures in each region may comprise a device such as 2a NMOS, a PMOS, a CMOS, a
FINFET, 2 bipolar transistor, a capacitor, a resistor, or combinations thereof.
Referring to Fig. 2a and with additional reference to Figs. 2b-2g, in one embodiment,
2 method 200 may be used to form the complementary silicide structure of Fig.1 with an NMOS

and a PMOS. Figs. 2b-2g illustrate cross-sectional views of an exemplary integrated circuit

undergoing fabrication steps that correspond to steps of Fig. 2a. As the method 200 of Fig. 2a is

described below in greater detail, the cross-sectional views in Figs. 2b-2g may also be referred to
for purposes of illustration. It is understood that the method 200 is not limited to the formation
of a complementary silicide structure for NMOS and PMOS, but may be used to form any two
regions during 2 semiconductor fabrication process where the first region has one composition or
material ratic and the second region has a different composition or material ratio.

In the present example, the first region is an NMOS 240 and the second region is a

' PMOS 270, as illustrated in Fig. 2b. It is understood that portions of the NMOS 240 and PMOS

270 may be fabricated prior to the execution of the method 200. For example, the NMOS 240
includes 2 gate electrode 242, spacers 244 and 246, and a gate dielectric 248. The PMOS 270
includes a gate electrode 272, spacers 274 and 276, and z gate dielectric 278.

With specific reference now to Figs. 2a and 2c, the method 200 begins in step 210

with the deposition of first metal portions 250, 280 (which are formed using the same metal 'A")




The NMOS 100 includes a source and a drain (not shown), which nmay be forned
directly on the sem conductor substrate, in a P-well structure, or using a
rai sed structure. Silicide may be fornmed on top of the source and drain to
formsource silicide region 116 and drain silicide region 118,
respectively. The silicide may al so be fornmed on top of th trode
102 to formgate silicide region 114 The silicide regions ?igahﬁTxgbﬁp

118 in the NMOS 100 rmay conprise materials such_as nickel silicide, cobalt
silicide, tungsten silicide, tantalumsilicide, titaniumsilicide,
platinumsilicide, erbiumsilicide, palladiumsilicide, or a conbinations
thereof. The PMOS 120 includes a source and drain (not shown), which may be
f or med directly on the sem conductor substrate, in a NNwell structure, or
using a rais I|C|de maybe f ormed on top of the source and
drain to fdrrﬁn swa o dp&‘iﬂg reGrEH 36 Q™ BEdl BTETF ol déV peybon 138,
respect|vekymu&heu@mh%GMHﬁpMEwmﬁh@@Ghﬁ»&@ﬂﬂﬁdp@@n&ﬂﬂﬂ@LmbﬁﬁmgéhﬁM1 | ectrode
122 to forn1%9te15|ll gg 34. The sjlicide regi ons 134, 136, and
138 in the “PMS ‘1‘3?@ ”862& bt RlsA cBhastra e VAR (RGO argpspheticde, cobal t
silicide, prasngsCen (sPCVD], dey prefIs&BWDJ(mDEMD G hQsendidy tpeae&hym@(hb@t%
platlnun1S|IHC|d 'éfﬁ?nlé ci de, aIIadlunls|I|C|de, conblnatlons
t her eof . aﬂa%ﬁgm U & OQMh%‘kWﬁ§m§PpF€ﬁath§%ﬁ'ﬁﬁ“@@ﬂﬂéﬁﬁe regi ons
114, 116, sandndd@pbstidnheusedNVESGA0Retb1GREIRE L0V Bdodnd @ GlA Qe dhQy, Aot e NMOS
si i ci de re |ons%2 is different fron1the silicide used in sili€idée regions
134, 136, &‘“ﬁ T PREVBVER U 02 iR OPIDS et merliails e igrashith siligr

exanpl e, the NVEE iibbisiutieo F@@istise AN RVRRsid jhsidgyd €gi ons may both be
metal silicides, th oot e i | . , .

present example, the first metal portions 250, 280 comprise nickel, which may
offer advantages in silicide technology where the feature size is below (.13 um, because nickel
genérally requires a lower thermal budget than some other suitable metals. This enables nickel
silicide to be formed in a single heating step at a relatively low temperature of about 250 °C 1o
aboui 600 °C, with an attendant reduction in silicon consumption in the subsuate, thereby
enab]ing the formation of ultra-shallow source/drais junctions. The nicke! may be deposited by
nicke! sputtering, with a suitable process flow including HF dipping, an argon pre-sputter eich to
prepare the surface, and then nickel sputtering.

[n step 212 and with additional reference to Fig. 2d, the first metal portion 280 may

be removed selectively, leaving the first metal portion 230 intact. The first metal portion 280

may be selectively removed using such processes as photolithography and etching that are weli

know in the art. Such processes may include forming photo-resist on both metal portions 250
and 280, transferring the etching pattern from a mask to the photo-resist, etching, and stripping.
Alternatively, the etching may follow the stiipping. It is preferable that the etching process be
chosen based on the first metal portion 280. For example, if the material is nickel, a :wet etching
- process may be selected using metal etching solution such as sulfuric peroxide mixture
(HaSO4+HaO2+H,0). If the material is cobalt, a wet etching solution may include a mineral acid
(e.g., HCI) and a peroxide solution.
In step 214 and with additional reference to F ig. 2e, second metal portions 252, 282

are deposited over the NMOS 240 and PMOS 270, respectively. The second metal portions 252,
282 are formed using the same metal (metal 'BY), but it is a different metal or metal composition
than that used to form the first metal portions 250, 280. The deposition process may use PVD or

CVD. The second metal portions 252, 282 may comprise nickel, cobalt tungsten, tantalum,




of different types, or they may be alloy silicides of different

conposition, or alloy silicides of the sanme conposition but with different
material ratios. Simlarly, the NMOS silicide regions may be a netal .
silicide, while the PMOS silicide regions may be an alloy silicide, or vice
versa. Such silicide structures aregsonetinmes referred to, @g,ﬁgg?kﬁﬁentary
silicide. Conplenentary silicide 6 28 February 2007 nay provi exi bl e
fine-tuning of the NMOS silicide and PMOS silicide regions to inprove
contact resistance, adhesion, and/or conpatibility. In one exanple of a
conplenmentary silicide structure, different conbinations of nickel and
cobalt may be used in its inplenentation. This enables the conposition for
both the NMOS silicide regions and the PMOS silicide regions to be fine
tuned for desired work functions and sheet resistances. For exanple, the
NMOS si | i ciitdeiumegbtomm oAREK pAIANGH @B DRl Loednbied: Qi apBsxbdat el y 4. 4
eV, while HhetPWCS A ffd ﬁ%éons wor .k functlonﬁgg be tuned above
appr oxi mat 8574, 7m°ﬁf“W Pt 182 SGresiFates Pise £ FSeRt gxagelei % de
structure Mﬁommiaimnmbeﬁﬁnammmﬁﬁo&md PMOS structures, but nmay be used to

formany two siligi C ed mnth senlconductor substrate
wher e t%e first %‘ PB% tifaﬁ‘ﬁ? a'h?&fée“befto&g r& P Secidie fuRed wholivibe r egi on
has a secoIn’MClsyzgea@cfthsPMOSlzie HEaeRkr, Hegiln: fRyed mhydﬂc%tzwestd&%tsuch as a
doped siI| on or. n area, a sourge rain ate, or
combi nat i of % PR @g %ﬁﬂ%b%% G Hehis 18 bacytse {he sdiciiey ogngdiputhegigis

conpri se a@4devitgias SuE hrs&x&iet@l PSS 256 MRl 8 MR Ad s&'a)rNFrgerl prtiBd ﬂ@' ar
t r anSI st Or( aa,' mcetaé %%I; :[:(%aft (?‘efgrr%g ItoSeEsoaliloy giﬁcuﬁ:()) mllég ?ith::lgenrsomtl“d%;?}% PMOS 270
contains only second metal portion 282 (cobalt).

As iltustrated in Fig. 2f, silicide formed on the gate, source, drain of the NMQS 240
produces gate silicide 254, source silicide 256, and drain silicide 258, Silicide formed on the
gate, source, and drain of the PMOS 270 produces gate silicide 284, sourcs silicide 286, and
drain silicide 288. The gate silicide 254, source silicide 256, and drain silicide 258 are alloy
silicides (nickel and cobalt), while the gate silicide 284, source silicide 286, and drain silicide
288 are cobals silicide. The A/B metal (e.g., nickel/cobalt) ratio in the altoy silicide may be
adjusted to provide a desired work function by optimizing meta! deposition processing and
silicidation processing. Silicidation processing may be a reaction between the second metal {or

first and second metals) and silicon (or poly-silicon) at an elevated temperature that is sclected

based on the specific metal or metals. Also referred to as annealing, this may use a rapid thermal

annealing (RTA) process in a gas atmosphere such as Ar, He, N2, or other inert gas. Such
reacted silicide may be in metastable phase and may need a second annealing step or RTA (e.g.,
at a higher temperature selected based on a particular metal and intended compotnd), thereBy
forming a stable s;hcxdc phase with reduced resistance. Such a second annealing step may also
be implemented after step 218 (described below) which removes un-reacted metal. It is
understood that some silicides, such as nickel silicide, may be formed in a one step RTA ata
lower temperature.

In step 218 and with additional reference to Fig. 2g, un-reacted metals may be
removed from both the NMOS 240 and the PMOS 270, as well as other areas (not shown), such
as an isolation structure. The metal that lies on isolation areas may not have reacted with an
oxide or nitride layer, and may need to be selectively removed using a metal etching solution.

Such etching may be completed ini two steps, wherein each step may use a different etching




Referring to Fig. 2a and with additional reference to Figs. 2b-2g, in one
enbodi ment, a method 200 may be used to formthe conplenmentary silicide
structure of Fig. I with an NMOS and a PM3S. Figs. 2b-2g illustrate
cross-sectional views of an exenplary integrated circuit undergoing
fabrication steps that correspond togsteps of Fig. 2a. As E@pemg,PQ@b-,ZOO of
Fig. 2ais described belowin greater detail, the cross-sectional views in
Figs. 2b-2g may also be referred to for purposes of illustration. is
understood that the nmethod 200 is not limted to the formation of a
conpl ementary silicide structure for NMOS and PM3S, but may be used to form
any two regions during a sem conductor fabrication process where the first
regi on has one conposition or nmaterial ratio and the second region has a
di fferent cAmBOSidkAL fMRLELLAl, FiRll Q1 Oid AERPLES BN zf?%,?dmh%n? the first
region is an NMOS 240 and the second region is as Il fustrated
in Fig 2bandspurieddrgingenast veg Orreealiyohet sms hﬁfocxanle mmsn@meca:ﬂ@bw@@ 270
‘may be fabfi gaheshdel1Qersti@ bt 8X8EH . ‘%Hwﬁfe 15tahlgnm5 !ﬂani@Q:Qd sd)E%ﬁlgreﬁ(nanpl €,
the NMOS 240 includes a gate electrode 24 acers 4
gat e di el e¥t# fott“?é@““‘fﬁ@aqnmdzfmmgl(mﬂlfrtg@l@s%aelgalt@e@ﬂe:@rf eadigid2)y 2, sp?cers
and 276, and hekge - ) £rence, now to
Ergs 2a and 2c, ?ﬁgﬁﬁﬁﬁoq & iar%lgsgtﬁgaqﬁ}r?néﬂeﬁpe% W 3§ the aﬂep05| ti on of
first met a?mﬁﬁ@ﬂt”ﬂbﬁ@“%&%@m@m be whrcehiosm ghetomplegieusi BgCthﬂ?&mﬁlﬁOlm—r? fAr)s 7
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2m%t Zfb[)g?': ?(g@n@%%g@wah\%s Elmgéﬂglsul tmqecjcrﬂssslsﬁcém%ﬁ?” gjle r\/%ﬁr&}Plgrdepom tion
(PVD) suchingg ﬂfQ‘ibElfqué mnmomﬁdabemapmrsaps toat cororspqaldad kieyg of Bie. Thetd thahetapor

deposi tion; Cﬁ)@"ﬁ)’ ﬁqgﬂs% ﬂe@o%”% g?ﬁpeagc aelp the crosg s%%%ﬁ@xheugstm : sh%rag may

also be referred to for purposes of iflustration. It is understood that the mathod 300 is not limited

to the formation of a compiementary silicide structure, bat may be used to form any [Wo regions
during 2 semiconductor fabrication process where the first region has one composition or
malerial ratio and the second region has a different composition or material ratio.
In the present example, the first region is an NMOS 340 and the second region 1s a
PMOS 370, as illustrated in Fig. 3b. It is understood that portions of the NMOS 340 and PMOS
370 may be fabricated priorto the execution of the method 300, For example, the NMOS 340
includes a gate electrode 342, spacers 344 and 346, and a gaie dielectric 348. The PMOS 370
includes a gate electrode 372, spacers 374 and 376, and a gale diclectric 378,
With specific reference now to Figs. 3a and 3c, the method 300 begins in step 310
3 with the deposition of first metal portions 350, 380 (which are formed using the same metal 'A")
""""" over the NMOS 340 and PMQS 370, respectively. The first metal porttons 350, 380 may be
deposited using PVD or CVD processes. The first metal portions 350, 380 may be nickel, cobalt,
tungsten, tantalum, titanium, platinum, erbium, paladium, or any other metal able to interact
with silicon at an elevated temi)cratufe to form silicide in a low resistance phase state. In the
present exarnple, the first metal portions 350, 380 comprise nickel. The nickel may be deposited
by nickel sputtering, with a suitable process flow inciuding HF dipping, an argon pre-sputter etch
to prepare the surface, and then nickel sputtering,
| in step 312 and with additional reference to Fig. 3d, second metal portions 352, 382
are deposited over the NMOS 340 and PMOS 370, respectively. The second metal portions 352,
382 are formed using the same metal (metal 'BY, but it is a different meta! or metal commposition

than that used to form the first metal portions 350, 380. The deposition process may use PVD or




pressure CVD (APCVD), |ow pressure GVD (LPCVD), high density plasma CVD
(HDPCVD) and atom c |ayer CVD (ALCVD), or other deposition processes. In
the present exanple, a sputtering deposition is used. The first netal
portions 250, 280 may be nickel, cobalt, tungsten, tantalum titani um
platinum erbium palladium or any Uither nmetal able to i nLeragha rglz
silicon at an elevated tenperature to formsuicide in a |ow resistance
phase state. In the present exanple, the first netal portions 250, 280
conprise nickel, which may offer advantages in silicide technology where
the feature size is below 0.13 m because nickel generally requires a

| ower thermal budget than sone other suitable netals. This enabl es nickel
silicide to be formed in a single heating step at a relatively low _
tenperature of about 250 C to about 600 C, with an attendant reduction in
si licon consUapTiomcdm ntehépsidst3PAtl8] mbhemebiyc n'&hahtbi)aﬂtgtuhﬂfn&nfmngﬁ Ib on of
ultra-shall 1 r i ; ite y
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argon pre- §tﬁw?féiem@ﬁr@wreti@ fﬂﬂprﬁéisaileeuthef rm@aa:;&:,aseangkdﬁmaﬁ pn?efnkﬁbmlﬂﬂ;ﬁ{e][ ering.
In step 21 rence to Fig the first neta

porti olr[: 28(%6%3&%\&8}3&;2%%32%ggs'%%g%t%lfageI y, leaving the first netal portion
250 intact. The f ilr gep hrdtead witoadditomalz8Brenaray Figedesibt ecoiduedtyl pbmdls(m}sed us![ Eg
such proce t ar.e now in the
art . guch EX‘I?A ?ggez%c};/g%? eugeﬁpw&glg?%e@&gnr‘p&l% Oglroggisa%l tagt, Tge%eﬁo cla porti ons
250 and 280rioe B%Zﬁ%lﬁ}efpersc‘hqwheere@\@h g qnaﬂi pre¢essef nmﬁmtﬁhﬂﬁﬁgkpﬂy@nd dahing.
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based on t hensfarmsg theetciahg gmuamlfmm 286k td-he pexXargisetciiitg, Eﬂit&nr@t[@,r ial is
nickel, a %Emgttl\%w, tHd elching may follow the stripping. It may be preferable to select the etching
process based on the compasition of the second metal portion 382.
In step 316 and with additional reference to Fig. 3f, a silicide is formed on both the
NMOS 340 and the PMOS 370. However, the siiicide formed on the NMOS 340 is different
than the silicide formed the PMOS 370. This is because the silicide formead on the NMOS 340 is
an alloy silicide that contains both first metal portion 350 (nickel) siiicide and second metal
portion 352 {cobalt) silicide, while silicide formed on the PMOS 370 contains only second meatal
portion 382 {cobalt) silicide. '
As iliustrated in Fig. 3£, silicide formed on the gate, source, drain of the NMQOS 340

produces gate silicide 354, source silicide 356, and drain silicide 358, Silicide formed on the

Wy

gate, source, and drain of the PMOS 370 produces gate silicide 384, source silicide 386, and
drain silicide 388. The gate silicide 354, source silicide 356, and drain silicide 358 are alloy
silicides (nickel and cobalt), while the gate silicide 384, source silicide 386, and drain silicide
388 are cobalt silicide. The A/B metal {e.g., nickel/cobalt) ratio in the alloy silicide maj/ be
adjusted to provide a desired work function by optimizing metal deposition processing and
silicidation processing.. Silicidation processing may a reaction between the second metal (or first
and second metals) and stlicon (or poly-silicon) at an elevated temperature that is selected baséd
on the specific metal or metals. Such reacted silicide may be in metastable phase and may need
a second annealing step or RTA, thereby forming a stable silicide phase with reduced resistance,
Such a second annealing step may also be implemented after step 318 (described below) which
removes un-reacted metal. It is understood that some silicides, such as nickel silicide, may be

formed in a one step RTA at a lower temperature




process may be sel ected using netal etching solution such as sulfuric
peroxide m xture (H2SA+H22+H20). If the material is cobalt, a wet
etching solution may include a mneral acid (e.g., HCl) and a peroxide
solution. In step 214 and wth additional reference to Fig. 2e, second
metal portions 252, 282 are depositied over the NMOS 240 apgle

respectively. The second nmetal portions 252, 282 are formed using the sane
netal (netal 'B'), but it is a different metal or netal conposition than
that used to formthe first netal portions 250, 280. The deposition process
may use PVD or CVD. The second netal portions 252, 282 may conprise

ni ckel, cobalt, tungsten, tantalum 8 28 February 2007 titanium platinum
erbium palladium or an), other netal able to interact with silicon at an
el evated tenperature to formsilicide in a | ow resi stance phase state. In

the present exanpl g, ﬁﬁ%nd@@&9ﬂﬂwﬁ§@ﬁ%c@@&im90§ @53am&ﬁ%aﬁ£§m@9ba|t I'n
step 216 and with adhltlona reference to Fig. , asilicideis fornmed on

both the NDSd XA batrdhe RMEOPNEBSapiAl: PIMEOWa ik s wvlh@ odfier prggsdBoifsiredugh t he
NMOS 240 i 3 gkl §B£cmrk han rﬁéaﬁ nﬁh k és%'nﬁis%la (SH {ed 00 nbhey MR A anThi s s

because t he SIFICI forned contains both first netal
portion 25@&ideer gtride th@railmdA"?omefrﬁ te Ibeaie)e ared TSI@@‘(ﬂddlSﬂéF gletapgeiiowlpse.  (e. g.

o e Por SR ke CLENA AR ARk O, AL Rk Bl s o e formed

on the PMOS 27 contains only seco metal portion cobalt). As
i |1 ustr at eceneallyrilgre i9fic litkigrdpby decdsongregdeio phiemght metalsgipdsdavethria n of t he

NMOS 240 j@@%gg%%%e' Sﬁ?ork eg%haﬁéﬁ“gggrce silicide 256, and drain

silicide I Ci e
e Referring now to Fig. 4a and with additional reference 1o Figs. 4b-4k, in yet another

embodiment, a method 400 may be used to form the complementary silicide structure of Fig.1
with an NMOS and a PMOS. Figs. 4b-4k illustrate cross-sectional views of an exemplary
integrated circult undergoing fabrication steps that correspond 1o steps of Fig, 4a. As the method
400 of Fig. 4a is described below In greater detail, the cross-sectional views in Figs. 4b-4k may
also be referved te for purposes of illustration. 1t is und=rsiood thai the method 400 is not limited
to the formation of a compiementary silicide structure, but may be used ic form any two regions
during a semiconductor fabrication process where the first region has one composition or
material ratio and the second region has a different composition or material ratic.

In the present example, the first region is an NMOS 440 and the second region is a
PMOS 470, as illustrated in Fig. 4b. It is undersiood that portions of the NMOS 440 and PMOS
470 may be fabncated prior to the execution of the method 400, For example, the NMOS 440
includes a gate electrode 442, spacers 444 and 446, and a gate dielectric 448. The PMOS 470
includes a gate electrode 472, spacers 474 and 476, and a gate dielectric 478.

With specific reference now to Figs. 43 and 4c, the method 400 begins in step 410

~ with the deposition of hard mask portions 450, 480 over the NMOS 440 and PMOS 470,

respectivety. The hard mask portions 450, 480 may be deposited using PVYD processes, CVD
processes, or a high temperature interaction between nitrogen or oxygen gases. The hard mask
portions 450, 480 may include silicon oxide, silicon nitride, silicon cqrb1de, ora combmation
thereof. For example, silicon nitride may be formed by high temperature CVD, LPCVD, or
PECVD. LPCVD silicon nitride may be formed by reacting dichlorosilane (SiCl;H,) and
ammonia (NHs). Silicon oxide may be formed by thermal oxidation or CVD processes. Silicon

carbide may be formed based on PECVD uéing trimeththylsilane.




gate, source, and drain of the PMOS 270 produces gate silicide 284, source
silicide 286, and drain suicide 288. The gate silicide 254, source
silicide 256, and drain suicide 258 are alloy silicides (nickel and
cobalt), while the gate silicide 284, source suicide 286, and drain
silicide 288 are cobalt silicide. The A/B netal (e.g., ni

ratio in the alloy silicide may be adjusted to provide a ggg%éﬁﬁpa%éi
function by optim zing netal deposition processing and silicidation
processing. Silicidation processing nay be a reaction between the second
metal (or first and second netals) and silicon (or poly-silicon) at an

el evated tenperature that is selected based on the specific netal or
nmetals. Also referred to as annealing, this nay use a rapid thernal
anneal i ng (RTA) process in a gas atnosphere such as At, He, N2, or other
inert gas. Such [e#ttdd 28t vite peigtioralyrefowngerio Fist 46 thabire nptkaseioantl may need a

z ﬁc g nd annegkdfigeicfRiRiy, REAnf BrUard maE p(ﬁ‘ticﬂ:{ t%*@%%tacrt. elb‘m‘ﬂﬁr?%é&?%ﬁ%;%é ed based
particular nmetal and intended conpound), thereby ormng a Stable
silicide phgeeflevretmoss! ysesisstanewssseguohoaliberphdamrbakingrsteh may
v eact ed Tetal T 1t S Poek st LR Rl Rl M ML T RN e
silicide, MY drnteingtha cishine seism R aeskio tepivgr-rsppeliag tide. |1 n st ep
P T P R VT A T P e
(not s hom)?t,"h@%lé‘l?ces&gaséﬂhml o materigriomtiratbe barmaskh #ormtmyle, thatthd fhes-redt -
mmy need 5 Bo Lo ot Al o BLREEE S Etiibll: AR p 5 oRindltd el Bsuch
et chi ng nmayregissigisapriére Haisferedion e paticalvhek & the gladrestiep may use a
di fferent etchingy step 414 and with additional reference to Fig. 4e, first matal portions 452, 482 are
deposited over the NMOS 440 and PMOS 470, respectively. The first metal portions 452, 482
are formed using the same metal (metal 'A"). The deposition process may use PVD or CVD.
The second metal poriions 252, 282 may comprise nickel, cobalt, tungsten, tantalum, titanium,
platinum, erbium, palladium, or any other metal able to interact with silicon at an eisvated
temperature to form silicide in a low resistance phase state. In the present example, the first
metal portions 452, 482 are nickel.
In step 416 and with additional reference to Fig. 4f, z silicide is formed on the NMOS
440. The silicide formed on the NMOS 240 contains only first metal portion 452 {e.g., metal A
or nickel) silicide. However, because the PMOS 470 is covered by the hard mask portion 480,
) _the metal A (nickel) that comprises the first metal portion 482 is unable to interact with the
| silicon or poly-silicon of the PMOS 470,
As shown in Fig. 41, silicide formed on the gate, source, drain of the NMOS 340
produces gate silic_ide 454, source silicide 456, énd drain silicide 458. Silicidation processing
may be a reaction between metal A and silicon (or poly-silicon) at an elevated temperature that is
selected based on the specific metal or metals. The silicidation process may include a second
annealing step that anneals reacted silicide in metastable phaée and forms a stable silicide phase
with reduced resistance. Such a second annealing step may also be impiemented afier step 418
(described below), which removes un-reacted metal. It is understood that some silicides, such as
nickel silicide, may be formed in 2 one step RTA at 2 lower temperature. A

In step 418 and with additional reference to Fig. 4g, un-reacted metals may be

removed from both the NMOS 440 and the PMOS 470, as well as other areas such as an




9 28 February 2007 solution and target for different netals. This wll

| eave intact the silicide on th,-, polysilicon gate and source/drain
contact areas. Cenerally, there is no |ithography processing needed to
pattern the metal silicide layers for contact because the silicide is
aligned to the gate and source/drains areas by the selecti and
etching (referred to as self-aligned silicide (salicide)). ¥§E§§ﬁﬁﬁlﬁg'now
to Fig. 3a and with additional reference to Figs. 3b-3g, in another

enbodi ment, a nethod 300 nay be used to formthe conpl enentary suicide
structure of Fie. I with an NMOS and a PMOS. Figs. 3b-3g illustrate
cross-sectional views of an exenplary integrated circuit undergoing
fabrication steps that correspond to steps of Fig. 3a. As the nmethod 300
of Fig. 3a is described belowin greater detail, the cross-sectional views
in Figs. 3dtde: mturea(hcsmb,a) r*afnemr«adtaﬁ@nefaoﬁs;cﬁmm@zoaesh@mfidbl Mstﬁramrisen It is
understood t ha s d not ormat.i on
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conposi ti GAOGH° rdt ﬁ?%f“@% o q%m?H?L5We§HﬁF é%g%pré““¥W5” tT%?“?eglon is
an NMOS 340 tandlybiieonses emtsoliRgdam doﬁta@t aredBMGh80s0l | | ustrated in Fig.
3b. It is undershtod that portions of the NMOS 340 and PMOS 370 may be
fabricated prior 9Pt He2EREEAIA G FCTTESe It 38 BOMIC BaT BRLRRFFR!S the NMOS

340 incl ydes-argate reierimode: Bd2mas qﬁ&@:ﬁ%@é}éﬁ Ndmada, b\@ﬁgtuﬁngat e
dielectric 348. The PMOS 370 includes a gate el ectrode 372, spacers 374

and 376, A&MESE Sydh ¥ 6 SHw&y o orrgie Wt fﬁa@blédp PR R IBNIPD Figs. 3a
and 3c, theypeidaetdI00nDedishSichine $4i8RvidLQween silicon nitride and other materials,

Including silicon oxide and meta! silicide.

in step 422 and with additional reference to Fig. 41, second metal portions 460, 490
are deposiied over the NMOS 440 and PMOS 470, respectively. The second metal portions
460,490 are formed using the same metzat (metal ‘B"), but it is a different metal or metal
composition than that used 1o form the first metal portions 452, 482. The deposition process may
use PVD or CVD. The second metal portions 460; 490 may comprise nickel, cobalt, iungsten,
tantalum, titanium, platinum, erbium, palladium, or any other metal able to interact with silicon
al an elevated temperature to form silicide in a low resistance phasel state. In the present
example, the second meta! portions 460, 490 are cobalt.

In step 424 and with additional reference to Fig. 4], a silicide is formed on both the
NMOS 440 and the PMOS 470. However, the silicide formed on the NMOS 440 is different
than the silicide formed the PMOS 470. This is because the silicide formed on the NMOS 440 is

an alloy silicide that contains both first metal portion 452 (e.g., meta! A or nickel) silicide and
second metal portion 460 (e.g., metal B or cobalt) silicide, while silicide formed on the PMOS
470 contains only second metal portion 490 {cobalt) silicide. |

As illustrated in F i‘g. 4j, silicids fomed on the gate, source, drain of the NMGS 440
produces gate silicide 454, source silicide 456, and drain silicide 458. Silicide formed on the
pate, source, and drain of the PMOS 470 produces gate silicide 384, source silicide 486, and
drain silicide 488. The gate silicide 454, source silicide 456, and draiﬁ silicide 458 are alloy
silicides (nickel and cobalt), while the gate silicide 484, source silicide 486, and drain silicide

4388 are cobalt silicides,




with the deposition of first metal portions 350, 380 (which are forned
using the sanme netal 'A) over the NMOS 340 and PMOS 370, respectively. The
first netal portions 350, 380 naybe deposited using PVD or CVD processes.
The first netal portions 350, 380 nmay be nickel, cobalt, tungsten,

tantalum titanium platinum erbium palladium or any Otﬂ?fdﬂﬁﬁghmﬁble'to
interact wth silicon at an el evated tenperature to formsilici I'n a low

resi stance phase state. In the present exanple, the first netal portions
350, 380 conprise nickel. The nickel may be deposited by nickel
sputtering, with a suitable process flow including HF dipping, an argon
pre-sputter etch to prepare the surface, and then nickel sputtering. In
step 312 and with additional reference to Fig. 3d, second netal portions
352, 382 are deposited over the NMOS 340 and PMOS 370, respectively. The

second netal portjons.352,. 382 are f ed usin same netal (netal

'B'), but it Ps éhﬂF??%?%ﬁf“ﬁgwaﬁeB?Mﬁéggﬁd%ﬁHﬁg§#£ﬁdﬁo“?ﬁgﬁm@hﬁﬁmﬂsed to
formthe khhsgmqe#mlhpmébMﬁmsm@ﬁﬁﬁJ&ﬁﬁaﬂﬁbﬁhﬁ@ﬂﬂ&hﬂhﬂosgggﬁ&%%gﬂ&ﬁ use PVD
or t0 28 Egbrua 07 D...The .second a r{ions , may
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br osent - e R B AR S U ora S B e GOBAT | n st ep
314 and wistdon@ddiat {oofiat acdetenemeist Mid kitigon (3€pol#-NEcoRPE NEleV Eﬁidaémé)l@ﬁfutfs' on 382
may be re i the second netal portion 352 intact.

The seconggﬁgggeagg%%%%%k*%@%gﬁglQ%QFE@P50§WW@FVEQgﬁﬁ?%ﬁabgﬂﬁ§m§ﬁéﬁi
priocesses passe phdmoy ideh o gicapiwinaide 84LRIRTY, thereby forming a stable silicide phase
with reduced resistance. Such 2 second annsaling step may also be implemented afier the step
318 (described below) which removes un-reacted metal. It is understood that some silictdes,
such as nickel silicide, may be formed in a one step RTA ata lower temperature.
In step 426 and with additional reference to Fig. 4k, un-reacted metals may be
‘removed from both the NMOS 440 and the PMOS 470, as well as other areas {not shown), such
as an isolation structure. The metal that lies on isolation areas may not have reacted with an
oxide or nitride layer, and may need fo be selectively removed using a metal etching solution.
This will leave intact the silicide on the polysilicon gate and source/drain contact areas.
Referring now to Fig. 5a and with additiona! reference to Figs. 5b-5h, in still another
embodiment, a method 500 may be used to form the coniplementary silicide structure of Fig.1

with an NMOS and a PMOS. Figs. 5b-5h illustrate cross-sectional views of an exemplary

integrated circuit undergoing fabrication steps that correspond to steps of Fig. 5a. Asthe method
500 of Fig. 5a is described below in greater détail, the cross-sectional views in Figs. 5b-5h may
also be referred to for burposeé .of illustration. It is understood that the method 500 is not limited
to fhe formation of a complementary silicide structure, but may be used to form any two regions
during a semiconductor fabrication process where the first region has one composiﬂon o1
material ratio and the second region has 2 different composition or material ratio.

In the present example, the first region ts an NMOS 540 and the second region is 2
PMOS 570, as itlustrated in Fig. 5b. It is understood that portions of the NMOS 540 and PMOS
570 may be fabricated prior to the execution of the method 500. For example, the NMOS 540
includes a gate electrode 542, spacers 544 and 546, and a gate dielectric 548. The PMOS 570
includes a gate electrode 572, spacers 574 and 576, and a gate dielectric 578.




Such processes may include form ng photo-resist on both netal portions 352
and 382, transferring the etching pattern froma mask to the phot o-resi st
etching, and stripping. Alternatively, the etching may follow the
stripping. It nmay be preferable to select the etching process based on the
conposi tion of the second netal portison 382. In step 316 apgrydfdly 2007
additional reference to Fig. 3f, a silicide is forned on both the” NMOS 340
and the PMOS 370. However, the silicide formed on the NMOS 340 is different
than the silicide formed the PMOS 370. This is because the silicide forned
on the NMOS 340 is an alloy silicide that contains both first netal
portion 350 (nickel) suicide and second netal portion 352 (cobalt)
silicide, while silicide formed on the PMOS 370 contai ns onI y second net al
portion 382 (cob sikicide. As ikl d o 1 formed on
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may be adyilistiedh tten pbmadd@nparaﬂes ior fedhn sithaide ifi wiot teﬁlﬁtartmy phmt BEmEZ imtye et al

d t dat : dat
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gilicon (dwnpetiypsichng ) 2 atiiabla pelcey d@be thcluaigeTradippie, ihaor ;s-es[altef:&[ad based
ofi the speC| fic nmetal or talrﬁa Such. reacted silicide may be i n netastable

phase and nﬁ R tgta surtace, and then ni sputienng.
In step 512 and with additional reference to Fig. 5d, second metal portions 552, 382

are deposiied over the NMOS 340 and PMOS 570, respectively. The second metal portions 552,
582 are formed using the same metal (rnetal 'BY), but it is a different metal or metal COmMpOsILion
than that used fo form the first meta! portions 350, 380, The deposition process may use PVD or
CVD. The second meta! portions 532, 582 may comprise nickel, cobalt, rungsten, tantalur,
titamium, platinum, erbium, patladium, or any other metal able io interact with silicon at an
elevated temperature to form silicide in a low resistance phase state. In the present example, the
second metal portions 552, 382 are cobalt.

In step 514 and with additional reference to Fig. Se, third metal portions 560, 590 are

depostied over the NMOS 540 and PMOS 570, respectively. The third metal portions 560, 590

are formed using the same metal (metal 'A") as the first metal portions 550, 580. This forms 2
“sandwich" structure with a layer of metal B formed between two layers of metal A {e.g.,
nickel/cobali/nickel). The deposition process may use PVD or CVD. i:ile third metal portions
560, 590 may comprise nickel, cobalt, tungsten, tantalum, ﬁtaniurn, platinum, erbium, pallédium,
or any other metal able to interact with silicon at an elevated temperature to form silicide in a
low resistance phase state. In the present example, the third metal portions 560, 59¢ are nickel.
The nickel may be deposited by a process such as nicke!l sputtering, with a suitable process fiow
including HF dipping, an argon pre-sputter stch 1o prepare the surface, and then nickel
sputtering.

‘In step 516 and with additiona! reference to Fig. 5, the third metal poriion 590 may

be removed selectively, leaving the third metal portion 560 intact. The third metal portion 590

may be selectively removed using such processes as photolithography and eiching. Such




a second annealing step or RTA thereby formng a stable silicide phase
with reduced resistance. Such a second annealing step may al so be

i npl emented after step 318 (described bel ow) which renoves un-reacted
metal. It is understood that sone silicides, such as nickel silicide, nay
~be fornmed in a one step RTA at a | qwer tenperature. 11 28 Fell g ¥oed007

In step 31S and with additional reference to Fig. 3g, un- reacted metal s may
be removed from both the NMOS 340 and the PMOS 370, as well as other areas
(not shown), such as an isolation structure. The netal that lies on

I sol ati on areas may not have reacted with an oxide or nitride |laver, and
may need to be selectively renoved using a netal etching solution. This
will leave intact the silicide on the polysilicon gate and source/drain
contact areas. Generally, there is no lithography processing needed to
pattern the netal silicide layers for contact because the silicide is a

sel f - al i gnegrosdshds @:laﬁj&ciuﬁ@ifoﬂﬁxhg @got&@ae&si & d%ktgmct‘ﬁ oAb 20b Lol APl héf%@gl an
ref erence tg Fﬁgat‘ﬁg g t anot her i ment, a netho
used to for P REPHEHATOB faRAS F“%// & PP Fegel sfffflﬂﬂz@reﬁr%ﬂp@mg Fiornativaly tthe eaqdnmglvos

and a PMOS. mEy Bslow 4ie-séiopind. | 1 Sfak BE Brefk BESD SALE Ih @l@lllm%/ﬂr?ggsr%écd%h dh ?lﬁ[%g}[ﬂeg;yo ¢

I nt egrat ed CI reul. geg oing fabrication steps th

Fig. 4a. As"TA Dorr%’tn#g OEW“’&IC ity mateyiyl & nykelcy Ve 6Qhingpiovess malg}reealtzmd
detail, thanwGSWﬁﬁe&hmgﬂﬂhmMEQW%Sh&ﬂﬁhgﬁmn4@eA&ﬂﬂ?y al so be referred to
for purposes of il 2&|on | S understood that the nethod 400 is not
linited to the fo ar@f"”ﬁl @S%F%Fﬁéﬁ?%?ip Bg.|Sigcisilisids i fgmmadon boththe may be

used to forMMASY4 Al me@mgssm dybk A, e SATHIE RRAUESQfe ARS8t AR AL OCESS
where the fthzli‘nst%le schq fn m@g?he%rll\/?og (5)7 O'I‘Shlnstlls ger(]:al?sg the silicide formed on the NMOS 540 i
t 540 is
an alloy silicide that contains a relatively large amount of metal A {e.g., nickel), while silicide .
formed on the PMOS 570 contains a lesser amount of metal A. In other words, both are alloy
silicides containing metals A and B (e.g., nickel and cobalt), but with different compasitions.

As illustrated in Fig. 5g, silicids formed on the gate, source, drain of the NMOS 540
produces gate silicide 554, source silicide 556, and drain silicide 538. Silicide formed on the
gate, source, and drain of the PMOS 570 produces gate silicide 584, source silicide 586, and
drain silicide 588. The gate silicide 554, source silicide 556, and drain silicide 558 are alloy
silicides with a relatively high level of metal A (nickel), while the gate silicide 584, source

silicide 586, and drain silicide 588 are atloy silicides with a lower level of metal A. The A/B

metal (¢.g., nickel/cobalt} ratio in the alloy silicides may be adjusted to provide a desired work

function by optimizing metal deposition processing and silicidation processing. Silicidation

processing may a reaction between the second metal (or first and second metals) and silicon (or

poly-silicon) at an elevated temperature that is_selected based on the. specific metal or metals.

Such reacted silicide may be in metastable phase and may need a second anncalin-g‘step ar RTA,

thereby forming a stable silicide phase with reduced resistancé. Such a second annéaliﬁg step

may also be implemented after the step 520 (described below) which removes un-reacted metal.

It is understood that some silicides, such as nickel siiicidé, may be formed in a one step RTA ata

fower temperature.

In step 520 and with additional reference to Fig. 5h, un-reacted metals may be !

~removed from both the NMOS 540 and the PMOS 570, as well as other areas (not shown), such

as an isolation structure. The metal that lies on isolation areas may not have reacted with an

oxide or nitride layer and may need to be selectively removed using a metal etchmg solution,

ThlS will teave intact the Sthldt‘: on the polystlicon gate and source/drain contact areas.




material ratio and the second region has a different conposition or

material ratio. In the present exanple, the first region is an NMOS 440 and
the second region is a PMOS 470, as illustrated in Fig. 4b. It is
understood that portions of the NMOS 440 and PMOS 470 may be fabricated
prior to the execution of the method7400. For exanple, thegN %g§ 42?
includes a gate el ectrode 442, spacers 444 and 446, and a gate a ectric
448. The PMOS 470 includes a gate electrode 472, spacers 474 and 476, and
a gate dielectric 478. Wth specific reference nowto Figs. 4a and 4c, the
met hod 400 begins in step 410 wth the deposition of hard mask portions
450, 480 over the NMOS 440 and PMOS 470, respectively. The hard nmask
portions 450, 480 nay be deposited using PVD processes, CVD processes, or
a high tenperature interaction between nitrogen or oxygen gases. The hard
mask portions 450, 480 may include silicon oxide, silicon nitride, silicon
carbide, or a conbination thereof. For exanple, silicon nitride may be
formed by high t &reratar @ ¥/Da ahPEVDaddgional PESYD:: th PEGVDL k| ineoathani t ri de may
be forned t i Qsi l.ane; 2H2) and N Silicon
oxi de may %%m§%?%é%a%h&%ﬁgbﬁg?§%i?gj ﬁgﬁ&%?m d“&\S@ggggmaégllcdh car bi de
may be form@dmbﬁé@ﬁa@hﬁﬂEEVDﬁgsEMQhummeﬂmmﬁwﬂsmhanewsmﬁmﬁﬁmﬁﬁbwuary 2007
In step 4 LI e to Fi F4d,r he h portion
450 may bég?ggg%eéLgeﬁgg%&éﬁﬁgdnOgavrggﬁfﬂnsﬁmd hesR! 6r?|on%ﬁgbﬁwﬁtact.
The hard n#8k! periioirsadbei behoﬁyngreser ém::t‘i melngossrse:nmmdxm&nn@:gs.L&bkﬁhpm@cesses

e onot o 09LAEY 0510, Lo SR P PR
_ to the formation of a complc'ncntarv silicide structure, but may be used to form any two regions
during a semiconductor fabrication process where the first region has one composition or
material ratio and the second region has a different composition or materiai ratio.

In the present example, the first region 1s an NMOS 640 and the second region is 2
PMOS 670, as illustrated in Fig. Gb._ It 1s understood that portions of the NMOS 640 and PMOS
670 may be fabricated prior to the execution of the method 600. For example, the NMOS 640
includes a gate elecirode 642, spacers 644 and 646, and z gate dielectric 648, The PMOS 670
includes a gate electrode 672, spacers 674 and 676, and a gate dizlecric 678.

With specific refersnce now to Figs. 6z and 6¢, the method 600 hegins in step 610
with the deposition of first metal portions 650, 680 (which are formed using the same metal 'A")
over the NMOS 640 and PMOS 670, respectively. The first metal portions 650, 680 may be
deposited using PVD or CVD process. The first metal portions 650, 680 may be nickel, cobalt,

tungsten, tantalum, titantum, platinum, erbium, palladium, or any other metal able to interact
with silicon at an elevated temperature to form silicide in a low resistance phase state. In the
present example, the first metal portions 650, 680 comprise nickel, which may be deposited
using a suitable process flow such as HF dipping, an argon pre-sputter etch to pre'.p'are the
surface, and then nickel sputiering. .

In step 612 and with additional reference to F ig. 6d, the first metal portion 680 may
be removed sclecti\}e!y, leaving the first metal portion 650 intact. The first metal portion 680
may be selectively removed using such processss as photolithography and etching. Such
processes may include forming photo-resist on both metal portions 650 and 680, transferring the
etching pattern from a mask to the photo-resist, ctchiﬁg, and stripping. Alternatively, the etching

may follow the stripping. 1t may be preferabie to select the etching process based on the first

metal portion 680.




450 and 480, transferring the etching pattern froma mask to the

phot o-resist, etching, and stripping. Alternatively, the etching may
follow the stripping. It may be preferable to select the etching process
based on the material formng the hard mask. For exanple, after the
photo-resist is applied, exposed, and devel oped, a silicopgpi ﬁ*?gmﬁard
mask may be dry etched according to a pre-designed pattern transferred
froman optical mask to the photo-resist. In step 414 and with additional
reference to Fig. 4e, first metal portions 452, 482 are deposited over the
NMOS 440 and PMOS 470, respectively. The first netal portions 452, 482 are
formed using the sane netal (netal 'A'). The deposition process may use PVD
or CVD. The second netal portions 252, 282 may conprise nickel, cobalt,
tungsten, tantalum titanium platinun1 erbium palladium or any other
metal able to inter §F§%ﬂth Si n at an elevated tenperature to form

silicide inalowr Hhﬁg‘ﬁﬁﬁg'”@T%F@“mFﬁmFW%ﬁ FESBhECieamIresS2tHé fir st
metal porti cmn:sda%sZt,ed 4B2thaNefDf 64ednd PMDS@?@preébk&w@l}dTMU deBoradhebicd] hRMAL 652,
reference to shI|C|de ? f ,ggg the NMOS 440. The SI|ICIde
formed on tH&? R%Eﬁ“ﬁ% AT ST SR I(etp “Hé’ﬁ&ldlfﬁ?f?ﬁtfﬂdﬁ‘ o gtal @uigositioget | A
or nickel) shdnltnatdﬁ:d td-bmuﬁrﬁrstla&&ap@ﬂodsi&eo IBMEXSTitk denckiSios PvEds SladMe P1IB ohar d

mask portio t he A (nic that conprises the first netal
portion 482Q? 'HESF%’“‘E 55“’ e %fégﬁ? lé%]m%‘é’m%ﬁ HESh et gBIE R Eh of t he

PMOS 470. ASit&l[l@NMplahﬁhnFle@uur&fp,alk&ihdnh Gt ge oiter med B it hecgalar sisQdhcs, drain
of the NMOS ?40 fr ces gate.sjlicide 454, source silicide 456, and drain
sil1icide 458°& 'eE’P?ﬂ%tPﬁeé%g‘ﬁﬁnﬁé‘&dsFngwﬁﬁiﬁmﬁ%e ehasesiater ilpihe BepsReEATRtE A
and si | i con séond pehlyrosioni 657 p8Bdre adbakl evated tenperature that is

In step 616 and with additional reference to Fig. 6f, third metal portions 660, 690 are
deposited over the NMOS 640 and PMOS 670, respectively. The third metal portions 660, 690
are formed using the same metal (metal 'A") as the first meta! portions 650, 680. This forms a
"sandwich" structure on the NMOS 640 with a layer of metai B formed between two layers of
metal A (e.g., nickel/cobalt/nickel}. The deposition process may use PVD or CVD. The third
metal portions 660, 690 may comprise nickel, cobalt, tungsten, tantalum, titanium, platinum,
erbium, palladium, or any other metal able to interact with silicon at an elevated temperatuce to
form silicide in a low resistance phase state. In the present example, the third metal pottions
660, 690 are nickel. The nickel may be deposited by a process such as nickel sputtecing, with a
suitable pfocess flow including HF dipping, an argon pre-sputter etch to prepare the surface, and

then nickel sputtering.

In step 618 and with additional reference to Fig. 6g, a silicide is formed on both the
' NMOS 640 and the PMOS 670. However, the silicide formed on the NMOS 640 is different
than the silicide formed the PMOS 670. This is because the silicide formed on the NMOS 640 is
an alloy silicide that contains a relatively large amount of metal A (nickel), while silicide formed
on the PMOS 670 contains a lesser amount of metal A, In other words, both are alloy silicides
containing metals A and B (e.g., nickel and cobalt), but with different compositions.

As illustrated in Fig. 6g, silicide formed on the gate, source, drain of the NMOS 640
produces gate silicide 654, source silicide 656, and drain silicide 658. Silicide formed on the
gate, source, and drain of the PMOS 670 produces gate silicide 684, source silicide 686, and
drain silicide 688. The gate silicide 654, source silicide 656, and drain silicide 658 are alloy
silicides with a relatively high 1evcl of metal A (nickel), while the gate silicide 684, source

silicide 686, and drain silicide 688 are alloy silicides with a lower level of metal A. The A/B




sel ected based on the specific netal or netals. The silicidation process
may i nclude a second annealing step that anneals reacted silicide in
net ast abl e phase and forns a stable silicide phase wth reduced
resi stance. Such a second annealing step nmay al so be inplenented after step
418 (described below), which renpves un-reacted netal. Itzéﬁa#&g§§ﬁhood
that sonme silicides, such as nickel silicide, nmay be fornmed In a one step -
RTA at a |ower tenperature. In step 418 and with additional reference to
Fig. 49, un-reacted netals nmaybe renoved from both the NMOS 440 and the
PMOS 470, as well as other areas such as an 13 28 February 2007 isol ation
structure (not shown). The un-reacted netal associated with the NMOS 440
conprises the residuals of netal A after the silicidation of step 416.
Met al associated with isolation areas, nitride/oxide spacers, and the PMOS
470 (which is covered by the hard nmask) is not reacted with an oxide or
nitride |ayer, and maybe renpved using a netal etching, leaving intact the
silicide on the polysilicon gate and source/drain contact areas on the
NMOS 440. In step 420 and with additional reference to Fig. 4h, the hard
mask portion 480 is renoved fromthe PMOS 470. The hard mask portion 480
may be. renoved by an etching process, such as wet etching or dry etching.
For exanple, in wet etching, an etching solution may be selected that has
a high etching selectivity between silicon nitride and other materials,
including silicon oxide and netal silicide. in step 422 and wi th additi onal
r ef er encend0(eh. Gickdicoba8pann th dRilRl spoktd D460 Qrovaiz@ ddapasictied over
the NMOS 440 and PMOS 470, .respectively. The second netal portjons
e function by optimizing metal deposition processing and silicidation processing. SiP[CldB.ElOD

processing may a reaction between the second metal {or first and second metals) and silicon (or

poly-silicon) at an eievated ternperature that is selected based on the specific metal or metals.

Such reacted siitcide may be in metastable phase and may need a second annealing step or RTA,

thereby forming 2 stable sificide phase with reduced resistance. Such a second annealing step

may also be implemented after the step 620 (dascribed below) which removes un-reacted metal.

It 1s understood that some silicides, such as nickel silicide, may be formed in a one step RTA ata

fowsr temperature.

In'step 620 and with additional refersnce to Fig. 6h, un-reacted metals may be
removed from both the NMOS 648 and the PMOS 670, as well as other areas {not showﬁ}, such
as an isolation structure. The metal that lies on isolation areas may not have reacted with an

oxide or nitride layer, and may need 1o be selectively removed using a metal eiching solution.

This will leave intact the silicide on the polysilicon gate and source/drain contact areas.

The present disclosure has been described relative to a preferred embodiment.
Improvements or modifications that become apparent to parsons of ordinary skill in the art only
after reading this disclosure are deemed within the spirit and scope of the application. It is
understood that severat modifications, changes and substitutions are intended in the foregoing
disclosure and in some instances some features of the invention will be employed without a
corresponding use of other features. Accordingly, it is appropriate that the appended claims be

construed broadly and in 2 manner consistent with the scope of the invention.




460,490 are forned using the sane netal (netal "B'), but it is a different
metal or netal conposition than that used to formthe first netal portions
452, 482. The deposition process may use PVD or CVD. The second net al
portions 460, 490 nmay conprise nickel, cobalt, tungsten, tantalum
titanium platinum erbium pall adb(ym or any other netal able to interact
with silicon at an elevated tenperature to form silicide2f hetquarygpo7

resi stance phase state. In the present exanple, the second netal portions
460, 490 are cobalt. In step 424 and with additional reference to Fig. 4j,
a silicide is formed on both the NMOS 440 and the PMOS 470. However, the
silicide fornmed on the NMOS 440 is different than the silicide forned the
PMOS 470. sS4 the silicide formed on the NMOS 440 is an all oy
silicide thgltﬁk cgﬁ(tzg‘%ﬁ\gﬁﬁ??h first netal portion 452 (e.g., netal A or

ni ckel) silicide antiscrgemdmtb-netiad cpaikign 460 (e.g., netal B or cobalt)
silicide, whil d on the PMOS 470 contains only second netal
portion 490 (cgf)%:“!t? nﬁ{s“? SUh%{ﬁge As illustrated in Fig. 4j, silicide forned
on the gate, subitelicidriaphicsoistivheNVoShddBsi s aguces gate silicide 454,
source silicidg..: drain SI|ICI de 458. Silicide formed on the gate,
source, and drﬁ? éégifmmg "BAVEEC 76 ‘ﬁﬁ%%‘li‘coég'e@awa%ﬂhv@m@ @B8usilicglour ce

si licide 466w famethedreandwilidel oiddencABBa 1TH6r IR it si!h G o FOUr CE
silicide glﬁgdpgqﬂa% i silicide 458 are alloy silicides nickel and
cobalt), while t dag te silicide 484, source suicide 486, and drain
silicide 488 are cobalt SI|ICIdeS 14 28 February 2007 As previously
;.described, the, met a[IhCA silicide ogn the NMOS 440 was initially forned

seritconductor device of claim 1 wherein the first silicide is 2 material

selected from 2 group consisting of nicke! silicide, cobalt silicide, tungsten silicide, tantalum

silicide, titanium silicide, platinum silicide, erbium stlicide, palladium silicide, and combinations

thercof.

- , ; . , )
3. The semiconductor davics of claim 1 wherein the second silicide is 4 maierial

selected from a group consisting of nicket silicide, cobalt silicide, tungsten silicide, tantalum
siticide, titanium silicide, piatinum silicide, erbium silicide

thereof,

. palladiurm silicide; and combinations

4, The semiconductor device of claim { wherein the first aciive region has a first

Structure and the second active region has a second structure.

5. The semiconductor device of claim 4 wherein ths first structure oompnses a
negatwe metal-ox:de—semlconductor field effect transn;tor {NMOSFET) and the second structure

compnsas a positive mntal-oxxde-semlconductor field effect transistor (PMOSEET).

‘6. The semicanductor device of claim 4 wherein the furst structure comprises a
positive metal-oxide-semiconductor field effect transistor (PMOSFET) and the second stricture

comprises a negative metal-oxide-semiconductor field effect transistor {NMOSFET).

7. The semiconductor device of claim S wherein at least one of the first structure and

- the second structure further comprises a raised source and drain structure, a double gate




during step 416. In the current step 424, the netal A silicide on the NMOS
440 interacts with the netal Bto forman alloy silicide. The A/ B netal
(e.g., nickel/cobalt) ratio in the alloy silicide nay be adjusted to
provi de a desired work function by optim zing nmetal deposition processing
and silicidation processing. Silicﬁdation processing may a reaction _between
the second netal (or first and seCond metals) and silicoff {gfuary 2007 '
poly-silicon) at an elevated tenperature that is selected based on the
specific metal or metals. Such reacted silicide may be in netastable phase
and may need a second annealing step or RTA, thereby form ng a stable
silicide phase wth reduced resistance. Such a second annealing step may
al so be inplenented after the step 318 (described bel ow) which renoves
un-react%gmgg;ahmtiﬁm%§(ﬂgQgrstgngLQQt Sone silicides, such as nickel

si licide ey be For e THE oHe" Srap Brainted ignersrentardttives in step
426 and wintthaaaddibticehal reference to Fig. 4k, un-reacted netals may be
removed from both the NMOS 440 and the PMOS 470, as well as other areas
(not shown), such as an isolation structure. The netal that lies on

i sol ation aréas nhye nafcohBy®r tAae et Lk a0k dR: OF mPhikride.-dayer, and
may need_to be selectively renoved using a netal etching solution. This

. SLTUCIUTE Co TgES: . H . . . .
will leave intact the silicide on the pol ysilicon gate and source/drain
contact areas. Refweering nowto Fig. 5a and with additional reference to
Figs. 5b-5h, in still another enbodinent, a nmethod 500 may be used to form

the conpl enent at Y81 ci de structure of Fig.1 with an NMOS and a PMOS.

Figs. 5b-5h il lusitd@t@isiossns@atianal . yievs.ofi.an exenplary integrated
sefrcuit undergoing fabrication steps that correspond to steps of Fig. 5a.
"As the nmethod 500 of Fig. 5a is described belowin greater detail, the

cross-sectional VIigsmicBadub@sdevR oPOailI®Ywhersin the gate electrode includes at least

one conductive material.

1G. The semiconductor device of claim § wherein the gate 2lecirade comprises at least
one of silicon, germanium, and metal,

. R . . _ _ . .

. The semiconductor device of claim § wherein the gate electrode 1s a material
selected from a group consisting of polysilicon, polysiliconi-Ge, metal, metat silicide, metal

nitride, metal oxide, and a combination thereof.

12.  The semiconductor device of claim 8 wherein the gate dielsctric is a material

selected from a group consisting of silicon oxide, silicon nitride, sificon oxynitride, a high k. -

- dielectric, and a combination thereof,

13, The semiconductor device of claim'i.ﬁ wherem the gate dielectric a high k
dielectrir_: maten'al selected from 2 group consisting of m-etal oxides, metal nitrides, metal
siticates, transition metal-oxides, transition metal-nitrides, transition metal-silicates, dxynitri_des
of metals, metal alumina_tes, zirconium silicate, zirconium aluminate, HO,, ZrOé, HfO,;Ny,

ZtONy, HISKO,, ZrSi 0y, HS,0,N,, ZtSi,0,N,, ALOs, TiOs, Ta:05, La;05, CeOy, BiaSixOya,




al so be referred to for purposes of illustration. It is understood that the
met hod 500 is not limted to the formation of a conplenentary silicide
structure, but may be used to formany two regions during a sem conductor
fabrication process where the first region has one conposition or materi al
ratio and the second region has a different conposition o j ratio.
In the present exanple, the first region is an NMOS 540 a%H%?hgﬁééﬁénd
region is a PMOS 570, as illustrated in Fig. 5b. It is understood that
portions of the NMOS 540 and PMOS 570 rmay be fabricated prior to the
execution of the nethod 500. For exanple, the NMOS 540 includes a gate

el ectrode 542, spacers 544 and 546, and a gate dielectric 548. The PMOS 570
i ncl udes at.e el oge 572 ers.574_and 576, and a gate dielectric
578. 15 23”%€b?8555g§%0%m*gvfﬁh§%§§w§29¥éﬁ%Wgh%%ﬁ%b&PPéﬁﬁ?GQGP@guand 5¢,

t he netho i in.step 510 with the deposition of first neta
portions g%ggggggg?aﬂ?%ﬁﬁére formed using the sane netal 'A') over the
NMOS 540 and PMOS 570, respectively. The first nmetal portions 550, 580 may
be deposited using PVD or CVD processes. The first nmetal portions 550, 580
may be ni ckel, 'tobalte semicmyeiisvios efistaah rwherinamitipk gplteil um  er bi unmy
pal | adium or. any other nmetal able to interact wth silicon at an el evated
t enper at uPET BV RHERIE hangparexinmtely Wow r esi st ance phase state. in the
present exanple, the first netal portions 550, 580 conprise nickel. The

ni ckel may be deposited by nickel sputtering, with a suitable process flow
i ncl udi ng HF dippi ride samcaidgas dvies SR 85 wBLER hehQnR SRALB,L he surface,
‘and then nickel sputtering. In step 512 and with additional reference to
“Fig. 5d, peconidityEtal: uparipporiaRhds 582

16.  The semiconductor device of claim 13 wherein the high k material has 2

permittivity greater than approximately 20.

t7. The semicondustor device of claim | whersin the semiconductor substrate is an

elementary semiconductor.

18 The semiconductor device of claim | wherein the semiconductor subsirate is
silicon. |
_ 19.  The semicouductor device of claim 1 wherein the semiconductor substrate is
‘germanium. | | :

20. The scmicdnduc_tor device of claim.1 wherein the semiconductor substrate ﬁ.ltther

comprises a multilayer compound semiconductor structure.

21. The semiconductor device of claim 1 wherein the semiconductor substrate

- comprises a compound semiconductor.

22. The semiconductor device of claim |9 wherein the semicouductor substrate

comprises silicon and germanium.




are deposited over the NMOS 540 and PMOS 570, respectively. The second
netal portions 552, 582 are fornmed using the sane netal (nmetal 'B'), but
it is adifferent netal or netal conposition than that used to formthe
first netal portions 550, 580. The deposition process nay use PVD or CVD.
The second netal portions 552, 582 mmy conprise nickel, cgbal ﬁ% bagst en,
tantalum titanium platlnun1 erbium palladium or any other tal able
tointeract with silicon at an elevated tenperature to formsilicide in a
| ow resi stance phase state. In the present exanple, The second netal
portions 552, 582 are cobalt. In step 514 and with additional reference to
Fig. Se, third netal portions 560, 590 are deposited over the NMOS 540 and
PMOS 570, respectively. The third nmetal portions 560, 590 are forned using
the sane netal (nmetal "A') as the first nmetal portions 550, 580. This forns
a "sandwi ch" structure with a layer of netal B forned between two | ayers
of nmetal A (e.g., nickel/cobalt/nickel). The deposition process may use
PVD or CVD. Thé&. thiThdSﬂIrétoadiucpmﬂrt\iic(amsciaiﬁﬁthﬁQﬁ)tnﬂ&Mm@&ﬁ&ﬁ&r%ﬁ'usﬂia@ke', cobal t,
tungst en, &ﬁ%gggéyﬁbté %pkrplatlnunl erbium palladium or any other
metal able to |nteract “Si'licon at an el evated tenperature to form
silicide in a Iom1re5|stance phase state. In the present exanple, the
third netal pojtio e ni.ckel The ni ckel may be deposited by a
process such dg'nlgﬁ ?ﬁ&mm% 5??%§£°&Fﬂﬁ“d‘gﬁﬁFﬁﬁ?ng%B@€§§sﬂﬁﬁ%ﬁ i ncl udi ng
HF d|pp|ngomaﬁmawg@nmpméxspﬁbmemnﬁ@Q&mkampﬁ@ﬂ@&ﬁnﬁﬁﬁmﬁHﬁ&ﬁcﬁﬁ and then
ni ckel qu%%gL%Bgﬂwmofstep 516 and with additional reference to Fig. 5f,
“the third netal portron 590 nay be renoved sel ectively, |eaving the third
“tretal portion 560 intact. - The third netal portion 590 :

25, The semiconducior device of claim 24 wherein the semicondusior substrate is
Si1Ge.

9 o cori n
26. The semiconductor devize of claim 25 wherein the semiconductor substrate has a

gradient SiGe structure.

- . . : . ) )
27, The semiconductor device of claim i wherein the semiconductor substrate is a

semiconductor on insulator,

5 ) . : . .
28 The semiconductor device of claim 27 wherein the semiconductor substrate is a

silicon on insulator.

'29. _ " The semlconductor device of claun 1 wherem the ﬁrst Sﬂlcld& has a work functton
bclow apprommatﬂ-ly 4.4 eV.

34. The semiconductor device of claim 1 wherein the second silicide has a work

function above approximately 4.7 eV.

31.  The semiconductor device of claim | wherein the first silicide is a first alioy

silicide, and the second silicide is a second alloy silicide.




may be sel ectively renoved using such processes as photolithography and
etching. Such 1 16 28 February 2007 processes nmay include formng

phot o-resi st on both nmetal portions 560 and 590, transferring an etching
pattern froma mask to the photo-resist, etching, and stripping.
Alternatively, the etching may fO||OMlthe stripping. It may be preferable
to sel ect the etching process based*on the third netal pasFeiomay@007 For
exanple, if the material is nickel, a wet etching process may be sel ected
using a netal etching solution such as a sulfuric peroxide mxture. In step
518 and with additional reference to Fig. 59, a silicide is forned on both
the NMOS 540 and the PMOS 570. However, the silicide fornmed on the NMOS
540 is differe nt, than the silicide formed the PMOS 570. This is because
the silicide fdrned Ugropiianaifersios o of daimgy “4Fely siticide that contains a
relatively |arge @RUSM silehdeBinglisefa (18t @etal ﬂthcakfﬁkt}nola‘f\/@dnllp%mﬁérj €L deondf Or mad
on the PMOS %70 contains a |l esser amount of netal A. |In other worJ

are alloy mEH 1 des containing nmetals A and B (e.g., nickel and cobalt)

but with di ffemmtacoa@mmmcudee&npréss b FSHEALEM sisBoFd PolaDGrm §Slitloh jde formed
on the gatﬁ our ce, drai.n of .the NMOS 540 @produces gate SiTichde 554,
source si|l'fefs L. ghpinythe fist wpla qonpesisgs dlquﬁi*L(fioﬂ’é §weamecobn t he gate,
sour ce, anﬁmﬁ&ﬂmmxﬁ the PMOS 570 produces gate silicide 584, source
silicide 586, and drain silicide 588. The gate silicide 554, source
silicide 556, and drain silicide 558 are alloy silicides with a relatively

hi gh I evel of n®talTid sthicck@ldr deMak L?cl:ia!ﬂ%Z%E[emﬁfru iﬁ&t?{%ta?gﬁmkﬂggﬁ tﬁ%v\ér | evel

silicide 586, and drain silicide 588 are alloy silicides wt
of! metal Aecorf el § cobalt.




metal (e.g., nickel/cobalt) ratio in the alloy silicides may be adjusted to
provide a desired work function by optim zing netal deposition processing
and silicidation processing. Silicidation processing nay a reaction

bet ween the second netal (or first and second nmetals) and silicon (or
poly-silicon) at an elevated tenperature that is selected bapagusp26dye
specific netal or netals. Such reacﬁzﬁZS|I|C|de may be in netastable phase
and may need a second anneal ing step thereby form ng a stable
silicide phase with reduced resistance. Such a second annealing step may
al so be inplenented after the step 520 (descri bed bel ow) which renoves
un-reacted netal. |} pi ﬁﬂﬂﬂﬁ§ﬁﬁ$@ §one silicides, such as nickel
silicide, may be formeg r% %? ETover tenperature. In step
520 and with additional referehce %f“3ﬁ¥:%gﬁ3¥eacted netal s may be
renoved from both the NMd 540 and the PMOS 570, as well as other areas
(not shown), such as isolation structure. The nmdtal that |ies on

i sol ati on areas nmay not\yhave reacted with an OX|dé or nitride layer, and
may need to be selectively renoved using a netal efching solution. This

FO

will leave intact the silicide on the. polysilicotgate and sourceldrain
contact areas 17 28 February 2007 Referring nom/to Fig. 6a and with
addi tional reference“o Figs. 6b-6h, in another! odi ment, a nethod 600
may be used to fP# -.cgnplenentary silicide structure of Fig.1 wth an
NMOS and a PMOS. 6h il lustrate cross- JEEEEs views of an
exenplary integy U|tlgﬁdergoing fabni g _m_} eps that correspond
to:steps of Fig.| 6a. od 600 of Fijg. y described belowit,
great er denarr}“fae 08 sectional views in|Figs. 6b-§h\gﬁ§6

‘ i 124 71 | 122
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: ) metals

al so be referred to for purposes of illustration. IT is understood .that the
met hod 600 is not limted to the formation of a conplenentary silicide
structure, but may be used to formany two regions during a sem conductor
fabrication process where the first regi on has one conposition or materi al
ratio and the second region has a different conposition or rl atio.
In the Present exanple, the first region is an NMOS 640 anayﬁﬁguégg%ﬁd
region is a PMOS 670, as illustrated/4h Fig. 6b. It is understood that
portions of the NMOS 640 and PMOS 670 may be fabricated Prior to the
execution of the nethod 600. For exanple, the NMOS 640 includes a gate

el ectrode 642, spacersPBUL TNV BYBMUATIPIE FJat@ Eirelrestri c 648. The PMOS 670
i ncludes a gate el ectrotidD@/METEPEGEISITG AL BRICJABO6;, #nd a gate dielectric
678. Wth specific reference nowto Figs. 6a andzgé, t he net hod 600 begi ns
in step 610 wth the deposition of first metal pogtions 650, 680 (which
are formed using the sane netal 'A') over the NMOS 640 and PMOS 670,
respectively. The first netal portions 650, 680 nay be deposited using PVD
or CVD process. The first nmetal portions 650, 680 may be nickel, cobalt,
tungsten, tantalum titanium_platinum erbium palladium or any other
netal able to interact wthisilicon at an é]evagﬁg tenperature to form
silicide in a | ow resistance; phase state. |Inithe- present exanple, the
first netal portions 650, 68 cg%??$t etZﬁi‘ﬁbkel, whi ch may be deposited

using a suitable process flow such as HF di pping, an argon pre-sputter etch
to prepare the surface, and then ni¢kel sputtering. In step 612 and with

additional reference to Fig. 6d, the¥first tal portion 680 may be
renoved sel ectively, leaving the first netal {portien 650 intact. The first

metal portion 680 Remove metal A s
selectively
F
“ 214
Deposit metal B i
L 2
216
|~
React to form silicide
Y 218

Remove un-reacted |~ >~

Fig. 2a




may be sel ectively renoved using such processes as photolithography and -
etching. Such t processes may include form ng photo-resist on both netal
portions 650 and 680, transferring the etching pattern froma nask to the
photo-resist, etching, and stripping. Alternatively, the etching nmay
follow the stripping. It may be preferable to select the ebgiaétngargrz Ss
based on the first netal portion 680. 18 28 February 2007 - In step 6i4 and
with additional reference to Fig. 6e3/48econd netal portions 652, 682 are
deposited over the NMOS 640 and PMOS 670, respectively. The second netal
portions 652, 682 are fornmed using the sane netal (netal'B'), but it is a

different nmetal or QE; hC-EﬁR' 'tiﬁp than that used to formthe first
metal portions 650, iégbihggégggﬂ TBhEpHdeB¥s THRBES use PVD or  CVD. The
second netal portions 652, vORShpf -BRIGH 1ARY | cobal t, tungsten
tantalum titanium platinum erbium palladium or any other netal able
to interact with silicon at an elevated tenperature to formsilicide in a
| ow resistance phase state,,ln the present exanple, the second netal
portions 652, 682 are coba 9. In step 616 and with aggjtional reference to
Fig. 6f, third netal porgions 660, 690 are depositgd over the NMOS 640 and
PMOS 670, respectively. e third netal portions 66§, 690 are formed using
the sane netal (metal 'A') as the first nmetal portisns 650, 680. This forns
a "sandw ch" structure on the NMOS 640 with a | ayer of netal B forned
between two | ayers of netal A (e.g., nickel/cobalt/nickel). The deposition
process may use PVD or CVD. The third netal portions 660, 690 may conprise
ni:ckel, cobalt, tungsten, jTantalum titanium ptatAum
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erbium palladium or any other netal able to interact with silicon at an
el evated tenperature to formsilicide in a |ow resistance phase state. In
the present exanple, the third nmetal portions 660, 690 are nickel. The

ni ckel may be deposited by a process such as nickel sputtering, with a

sui tabl e process flow including HF dipping, an argon pre-sE%F ngE&ﬁ to
prepare the surface, and then, nickel sputtering. In step W th
additional reference to Fig. 6g, a sid/étide is formed on both the NMOS 640
and the PMOS 670. However, the silicide forned on the NMOS 640 is different
than the silicide formed the PMOS 670. This is because the suicide forned
on the NMOS 640 is anlaVI@HAVINGEMIR Tt SIcorbaim®ra rel atively |arge
amount of netal A (ni ck&lNp A MBETHeDsHOH tisdeHfracaeehy on t he PMOS 670 cont ai ns
a |l esser anount of netal A In other words, both are alloy silicides
containing metals A and B (e.g., nickel and cobalt), but wth different
conpositions. As illustrated in Fig. 6g, silicide forned on the gate,
source, drain of the NMOS 6% produces gate SI|ICIde ?4 source silicide
656, and drain silicide 653. Silicide formed on the source, and
drai.n of the PMOS 670 produces gate silicide 684, so{?ce silicide 686, and
drain silicide 688. The gate silicide 654, source silycide 656, and drain
silicide 658 are alloy silicides with a relatively high |level of nmetal A
(nickel), while the gate silicide 684, source silicide 686, and drain
silicide 688 are aIon silicides with a lower level of nmetal A. The A/B 19
28 February 2007 @PrERO*F=E ni ckel /cobalt) r greresmremtmee al | oy silicides
may be adj usgged 5 gesired work funcli a ptg m zi ng neta
deposi tion processigng gCi daibi on PrLoce 3 i g@tion

244
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processing may a reaction between the second netal (or first and second
metals) and silicon (or poly-silicon) at an elevated tenperature that is
sel ected based on the specific nmetal or nmetals. Such reacted silicide may
be in netastabl e phase and may need a second annealing step or RTA,
thereby formng a stable silicide phase with reduced reSiS%éﬁﬁﬁfﬁﬁﬂﬁﬁ'a
"second annealing step nay also be inplenented after the step ST
(descri bed bel ow) which renoves un-redd2ed nmetal. It is understood that
sonme silicides, such as nickel silicide, may be fornmed in a one step RTA at
a |ower tenperature. Instep 620 and with additional reference to Fig. 6h,
un-reacted netals may be renoved fromboth the NMOS 640 and the PMOS 670,
as wel | as other areaBEVHTHsWOWRMUISHETE SRSC@E 8@t i on structure. The
nmetal that |ies on isohsbionEIHEESFORYrAsakedeacted with an oxide or
nitride layer, and may need to be selectively renoved using a netal
etching, solution. This will leave intact the silicide on the polysilicon
gate and source/drain contact areas. The present disclosure has been
described relative to a préflerred enbodi nent. | nprovenents or

nodi fications that becone/apparent to persons of ord'ﬁ@ry skill in the art
only after reading this disclosure are deened mﬁthi& the spirit and scope
of the application. It is* understood that several npdi fications, changes
and substitutions are intended in the foregoing disclosure and in sone

i nstances sone features of the invention will be enployed w thout a
correspondi ng use of other features. Accordingly, it is appropriate that

1.he appended cl ai ued broadly and in a nmanner consistent with
the scope of the ifhvention 28 February 2007
250 244
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WHAT IS CLAIMED IS: 1. A sem conductor device, conprising: a sem conductor
substrate; a first silicide in a first active region of the substrate; and
a second silicide in a second active region of the substrate, wherein the
first silicide differs fromthe second silicide, and wherein at |east one
of the first silicide and the second silicide is an alloysgkdyrgirgi9e072- The
sem conductor device of claiml wherein.the first silicide 1s a materi al
selected froma group consisting of el silicide, cobalt silicide,
tungsten silicide, tantalum silicide, titaniumsilicide, platinum
silicide, erbiun1siIigbgghgpaLladiun1siIicide, and conbi nations thereof.
The semi conduct or device: bf- oiay WG MASIRIESILKEDEEYeR suicide is a
material sel ected from3VgrodpTdoRIR ITAFABRIGATIORI si | ici de, cobalt
silicide, tungsten silicide, tantalum silicide, titaniumsilicide,
platinumsilicide, erbiumsilicide, palladiumsilicide, and conbi nations
thereof. 4. The sem conductoy, device of claiml| wherein the first active
region has a first structu and the second active regipn has a second
structure. 5. The semi condugctor device of claim4 whepein the first.
structure conprises a negafive netal-oxide-senicondugtor field effect
transi stor (NMOSFET) and the second structure conpriges a positive

nmet al - oxi de-sem conductor field effect transistor (PMOSFET).
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6. The sem conductor device of claim4 wherein the first structure
conprises a positive netal -oxide-sem conductor field effect transistor
(PMOSFET) and the second structure conprises a. negative
met al - oxi de-sem conductor field effect transistor (NMOSFET). 7. The
sem conductor device of claim$S wherein at |east one of t@%gég ;yﬁhgucture
and the second structure further conprises a raised source an rarn B
structure, a double gate 21 28 FebruafZ 2007 structure, a nulti-finder
structure, a high-stress film a fin field effect transistor (FinFET) or a
conbi nati on thereof 8- The sem conductor device of claim1 wherein at |east
one of the first an G . C conprises a source; a drain-, and a
gate conprising a ggjfgg\,glgqiﬁ%ﬁ?ﬁéﬁ%ﬁd‘%ﬁg@ﬁéﬁéwﬁde. 9. The
seni conduct or devi ce of cl al TR ARS8 IgAT @Ml ect r ode i ncl udes at
| east one conductive material. 10. The sem conductor device of claim3$8
wherein the gate el ectrode conprises at |east one of silicon, gernmani um
and netal. 11. The seniconq#ctor device of claim8 wherein the gate
electrode is a materi al el'ected froma group consi stizng of polysilicon,
pol ysiliconi-Ge, netal, Hétal silicide, netal ‘
»
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nitride, netal oxide, and a conbination thereof. 12. The sem conduct or
device of claim8 wherein the gate dielectric is a material selected from
a group consisting of silicon oxide, silicon nitride, silicon oxynitride, a
high k dielectric, and a conbination thereof. 13. The, sem conductor
device of claim8 wherein the gate dielectric a high k di H@gtricz terial
sel ected froma group consisting of netal oxides, netal ni g fef al
silicates, transition netal-oxides, tBé&sition netal-nitrides, transition
netal -silicates, oxynitrides of netals, nmetal alum nates, zirconium
silicate, zirconium alupi.pat 2, Zror, Hf Ox _ZrxXNy, HfSixOQy,
Zr Si xOy, HF Si xOyNz, ( A"ﬂ%@”ﬁéﬁmﬁ%%?%azo& Ce2, Bi 4Si 2012,
22 28 February 2007 Dol B THPD KBTS BABRISAIINGG, PbTi'03; BaTi OB,
SrTi 8, Pbzr3, PST, PZN, PZT, PMN, and conbinations thereof. 14. The
sem conductor device of claim13 wherein the high k material has a
permttivity greater than approximtely 10. 15. The sem conductor device of
claim 13 wherein the high k“"material has a permttivi2zty greater than
approximately 15. 16. The geniconductor device of cld m 13 wherein the high
k material has a permtti tely 20. 17. The

tor substrate is an

ity greater than approxi

sem conduct or device of claim1l wherein the sem cond

el enentary sem conduct or
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18. The sem conductor device of claiml1l wherein the sem conductor substrate
is silicon. 19. The sem conductor device of claim1l wherein the

sem conductor substrate is germanium 20. The sem conductor device of
claiml1 wherein the sem conductor substrate further conprises a multilayer
conmpound sem conductor - structure. 21. The semi conductor deyge&r@drysdey M 1
wherei n the sem conductor substrate mgg’ég)ri ses a conpound sem conduct or.
22. The sem conduct or device of cl ai wherein the sem conduct or
substrate conprises silicon and germanium 23 28 February 2007 23. The
sem conductor device of claimI| wherein the sem conductor substrate

conprises an all oy seBDECITEIHELDGG M@lﬁ?[P]I@?zﬁ@ﬁonﬂn%ct or device of claim23
wherein the sem conduchsiD & WrStHRS ?ORW@@%%T?P%B grial selected froma

group consisting silicon, germani um carbon, an conbi nati on thereof.
25. The seniconductor device of claim 24 wherein the seni conduct or
substrate is SiGe. 2b. The semi conductor device®of claim25 wherein the
sem conduct or substrate has a gradient SiGe structure.
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2 7. The sem conductor device of claiml|l wherein the sem conductor
substrate is a sem conductor on insulator. 28. The sem conductor device
of claim 27 wherein the sem conductor substrate is a silicon on insulator
29.. The sem conductor device of claim1l wherein the first suicide has a
wor k function below approximately 4.4 eV. 30. The senicoqgﬁgkﬂhnpﬁmgce of
claiml wherein the second silicide has a work function above -
approximately 4.7 eV. 31. The sem condudfor device of claiml| wherein the
first silicide is a first alloy silicide, and the second silicide is a
second alloy silicide. 24 28 February 2007 32. The sem conductor device of
clai m 31 wherein: thé$5YEE YO MULTHIGS EBHDETS8ESa first metal with a
first nolar conpositiorf* ¢ MESRLBFPR FEEFABRIGRHOMe second-al | oy silicide
conprises the, first netal with a second nolar conposition and the second
nmetal, wherein the first nolar conposition is different fromthe second
nol ar conposition. 33. Thg11 em conduct or device of claim 32 wherein the
first metal is nickel and < second netal is cobalt 3328 February 2007
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ABSTRACT
Provided is a semiconductor device and a method for its fabrication. The device

tncludes a semiconductor substrate, a first silicide in a first region of the substrate, and 2 second
silicide In a second region of the substrate. The first silicide may differ from the second silicide.

The first silicide and the second silicide may be an alloy silicide.




