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30 source and drain regions, and then a conformal layer of a metal is formed over the entire structure. Thermal
treatment is then performed to promote formation of a silicide compound comprising the metal and the silicon
of the source and drain regions and the polysilicon of the gate. After performing thermal treatment for a time
sufficient to produce a desired thickness of silicide, the remaining metal is removed, leaving silicide regions as
shown in Figure 1.

35 Demands for increased device speed and performance have driven a continuous search for
ways to reduce the size and increase the operating speed of MOSFETs. At the same time, further research has
been directed toward identifying new materials that may be ‘substituted for conventional materials to provide
advantages such as greater ease of miniaturization and simplified process integration,

One material that is being considered as a replacement for the conventional refractory

40  contact metals is nickel (Ni). Nickel forms three phases of nickel silicide: metal-rich di-nickel silicide (NiSi),

nickel monosilicide (NiSi), and silicon-rich nickel di-silicide (NiSi,). Nickel monosilicide is particularly

preferred, as it has a low resistivity comparable to that of titanium, but consumes less silicon during silicide
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MOSFEBo! S 1458RB5 cMbtdikhe Bolycrystalline siticon germanium. Silicidation with nickel is then performed to form a

nickel-germanosilicide that preferably comprises the monosilicide phase of nickel silicide. The source and

drain regions may also employ nickel germanosilicide. The incorporation of germanium in the silicide
provides a wider temperature range within which the monosilicide may be formed, while essentially preserving
the sheet resistance exhibited by nickel monosilicide. As a result, the nickel germanosilicide is capable of
35  withstanding greater temperatures during subsequent processing than nickel monosilicide, yet provides
approximately the same sheet resistance and other beneficial properties as nickel monosilicide.
In accordance with one embodiment of the invention, a MOSFET is manufactured from a

semiconductor substrate having formed thereon a gate insulating layer, a polysilicon layer formed on the gate
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shows a MUSEERmHOBEpY | cat ed |n accordance with a second pr ef erred enbodl ment
of Figure 6 shows a MOSFET fabricated in accordance with a third preferred embodiment of

the invention;
Figure 7 shows a MOSFET fabricated in accordance with a fourth preferred embodiment of
30  the invention; and
Figure 8 shows a process flow for manufacturing devices in accordance with the preferred

embodiments and alternative embodiments.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

35 Figure 3 shows a graph relating the sheet resistances of nickel.silicides and nickel
germanosilicides to their formation temperatures. The graph of Figure 3 assumes a germaniumy/silicon
composition Si;..Gey, where x is .1 -.4. As seen in Figure 3, the contouss of the graph are similar for nickel

silicides and nickel germanosilicides, varying between three to ten ohms per square, however the formation
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Figure 4b shows the structure of Figure 4a after patterning of the gate insulating layer, gate

silicon g

conducting layer and polycrystalline silicon germanium layer to form a self-aligned gate stack including an
oxide gate insulator 48 and a gate comprising a lower polysilicon portion 50 and an upper polycrystalline
30  silicon germanium portion 52.

Figure 4c shows the siructure of Figure 4b after source and drain implantation and formation
of gate spacers. To produce the structure of Figure 4c, low energy dopant implantation is performed on the
structure of Figure 4b to form shallow source and drain extensions 54. Gate spacers 56 are then formed by
depositing a conformal layer of a protective material such as silicon oxide, followed by anisotropic etching to

35  remove deposited material from the top of the gate and from the substrate surface. Next, high energy dopant
implantation is performed to form deep source and drain regions 58. During high energy implantation the gate

spacers 56 serve as an implant mask that protects the underlying shallow source and drain extensions.
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silicon germanium lattice during formation, a tensile strain is imparted to the silicon layer. In essence, the

s O

silicon atoms are pulled apart from one another. Relaxed silicon has a conductive band that contains six equal
valence bands. The application of tensile strain to the silicon canses four of the six valence bands to increase in
energy and two of the valence bands to decrease in energy. As a result of quantum effects, electrons

35 effectively weigh 30 percent less when passing through the lower energy bands. Thus the lower energy bands
offer less resistance to electron flow. In addition, electrons meet with less vibrational energy from the nucleus
of the silicon atom, which causes them to scatter at a rate of 500 to 1000 times less than in relaxed silicon.

Consequently, carrier mobility is dramatically increased in strained silicon compared to relaxed silicon,
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chem cal ViRE8Ron. dﬁ,Q &ﬁx‘c&ule %PFigure 7 is a silicon on insulator (SOI) structure typically referred to as a vertical
double gate MOSFET or FinFET. The structure comprises a monolithic semiconductor body 76 formed on an
35  insulating substrate 78. The semiconductor body includes source and drain regions 80 and a channel region 82

extending between the source and drain regions. A gate 84 is formed over and around the channel region 82

and is separated from the channel region by a gate insulator (not shown) and protected from the source and

drain regions by dielectric spacers (not shown). In accordance with the invention, the gate includes a lower



using Si2H6 (disilane) and GeH4 (germane) as source gases, with a substrate
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30 In further embodiments it may be desirable to perform additional types of processing or to

form different types of structures. For example it may be preferable to alloy the nickel layer with another
metal such as vanadium (Va), tantalum (Ta) or tungsten (W) to imprové the phase stability of the
germanosilicide. The additional metal may be implanted into the nickel layer or may be formed as a separate
CVD or PVD layer over the nickel layer prior to germanosilicide formation. In other embodiments a

35  polycrystalline silicon germanium gate may be employed. In further embodiments, the polycrystalline silicon
germanium portion of the gate may be formed by annealing a polysilicon gate in a germanium atmosphere or
by implanting germanium into a.polysilicon gate. In other embodiments, it may be desirable to perform a

reduction in a hydrogen atmosphere to remove oxide prior to deposition of the nickel layer.
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The pol ycrystalli'ne silicon germanium | ayer, the polysilicon |ayer and the
gate insulating |ayer are then patterned to forma gate insulator and a
gate overlying the gate insulator (102). The gate thus includes a | ower

pol ysilicon portion and an upper polycrystalline 25 silicon gernmani um
portion. A layer of nickel is fornmed over at |east the upper
polycrystalline silicon germanium portion of the gate (104). Thernal
treatment is then perforned to forma nickel germanosilicide on the gate
(106). It is noted that the substrate referred to herein nmay conprise a

sem conductor substrate, as used in the enbodinents of Figures 4f, 5 and
6, or an insulating substrate having a sem conductor body previously
patterned thereon, as used in the enbodi nent of Figure 8. 30 In further
enbodi nents it may be desirable to perform additional types of processing
or to formdifferent types of structures. For exanple it may be preferable
to alloy the nickel layer with another netal such as vanadi um (Va),
tantalum (Ta) or tungsten (W to inprove the phase stability of the
germanosi licide. The additional netal nmay be inplanted into the nickel

| ayer or may be forned as a separate CVD or PVD | ayer over the nicke

| ayer prior to germanosilicide formation. In other enbodinents a 35

pol ycrystalline silicon germanium gate may be enployed. In further

enbodi ments, the polycrystalline silicon germanium portion of the gate may
be formed by annealing a polysilicon gate in a gernmani um at nosphere or by
inplanting germaniuminto a polysilicon gate. In other enbodinents, it may
be desirable to performa reduction in a hydrogen atnosphere to renove
oxide prior to deposition of the nickel layer. 7 2 9 MAR 2007 WD

2004/ 038807 PCT/ US2003/028680 It will be apparent to those having ordi nary
skill in the art that the tasks described in the above processes are not
necessarily exclusive of other tasks, but rather that further tasks nay be
i ncor por at ed




into the above processes in accordance with the particular structures to be
formed. For exanple, internediate processing tasks such as formation and
renoval of passivation |layers or protective |ayers between processing 5
tasks, formation and renoval of photoresist masks and ot her masking | ayers,
dopi ng and counter-dopi ng, cleaning, planarization, and of he#pggks, may
be perforned along with the tasks specifically described above. Further,

t he proceggggg%g;not be perforned on an entire substrate such as an entire
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descri bedlabove prcvesy €& fdriningdracinetal @idel tersibondudiob didthdffectt wadistdrat t hese

enbodi men ffered. by way of 10 exanple only. The invention is not
limted tgﬁmﬁic@m@m‘éﬁbodi ment, but extends to various nodifications,

combi nations, arwidieg auseaticamdsctoh substratel haninghfonmed ¢hesempe gate insidatinigai med

: o peeg e ' _ :
oot g AT PASHIAUNIERGARS ofuf, AEARA e phocoBiBESs® T
conpr i si ngiicon gemmaniim dayer Sammedopr ther polysiliensy lagere theasibpigate sPWBASIAEEr eon a

gate i nsulsaffdddayet 8V fFained sARLY Dvdrlyitta la§rest sfl&bﬁ?&nﬁﬂilﬁrﬂe gate insulating
| ayer, and a polycrystalline sjili Cﬁg?lfqernam u

ﬁl [ ayer Iormed.on he

pol ysi | i con | apafterningthe; pelyerystalling § EFTHINLIM Ky El ¢ ROR¥siligan Lyery;i hegd
silican ovefdrivi aghteovetlyidig ths gaté inbwlaingdeyerphe pare caaprishiga loyet palysilicon

pol ycrystal Line ﬁi | i conwgler rras(%iuum Lacéer and.them%tc())l ysilicon layer 10 to
forma gatpgn{ﬁ)\l}élp )7?11\'81)? yﬁ&’f i"}’?ssl}f Pigﬁ@]%%P, e gate conprising a

| ower pol ysil i egnovipgrthé ctrainndl sdlivonplager froiy sowrse aintli dreins rdgians nofgéremani um
portion; n ' ' . Skl Ver q,mwrrce and drain regions
of the N&g@?ﬁ?goféc}&rf %@@%ﬁ}féh fgé}ﬂglcgg%g%&%e regi on of the MOSFET,
forming a | ayefomtingia kayer jof mekel 48 tcoptach Withethg pynrper polygrysialing| silied si | i con
15 ger@anigemaich ipdRidaf oft the gdRtMdanEohAcCWit afe! sildonhoeriignifih 1hye? in @& MaNi um
| ayer in the source and drai,n regions; and performng thermal treatnent to
form a- ni SRWIce g dHUEEONEiaE contacts on the gate and on the silicon

ger mani um sour gerfanding rthérmal agit@e®. toF0rmR .a-nicke] gememssiliciia comatts on ¢heai m 1,
wherein the eni gléelheqei\f. rgano%inl iici de elo i Ses, .I’cl)i ckel rnonosilicide. 3. The
process clEiea O tligon e sy A $AE g P novi ng i ckel ot

consuned by formation of said nickel germanosilicide. 25 4. The process

cl ai i clai re £ : i dEbndHi
tenpe%t u?é bet%éﬁ?%g °§%‘g‘?&eg§°‘§?‘?? ,g@ l}%%)lﬁgg%rlﬁgcg%l %e?mgﬁg SIIlﬁ;e pr(g@glssgs cl ai med
in cl ai m pickghwpeesiligidee pol ysilicon and pol ycrystalline

3. The process claimed in claim 1, further comprising removing nickel not
consumed by formation of said nickel germanosilicide.

25
4. The process claimed in claim 1, wherein the thermal treatment is performed at a
temperature between 350 degrees C. to 700 degrees C.

5. The process claimed in claim 1, wherein the polysilicon and polycrystalline
30 silicon germanium are formed in situ.

6. The process claimed in claim 1, wherein the polycrystalline silicon germanium
layer has a composition Si;, Ge, where x is in the range of 0.1 to 0.3.

35 7. The process claimed in claim 6, wherein X is approximately 0.2.



30 silicon germaniumare formed in situ. 6. The process clained in claim1,
wherein the polycrystalline silicon germanium |ayer has a conposition
Si, ,, Gex where x is in the range of 0.1 to 0.3. 35 7. The process cl ai ned
inclaim6, wherein x is approximately 0.2. 9 2 9 MAR 2@9& fgﬂil'he process
claimed in claiml1, wherein formng a |ayer of nickel is P % éged by:
i nplanting shal |l ow source and drain extensions; formng a spacer around the

gate; ang i ”pﬁﬁ@tgr&ﬂssdﬁﬁﬂleﬁ(m cfafin AN Wheked fb [h'i*fer o ﬁckeT@g&E&fc@s

clainmed in claim wherein positing said nic I's precede form ng
a pr ot ect PYmMPantng @b@lowswuacegaaﬂélra}ﬁ&xgeaﬁlenwemag arvgagsF aroynd dh gm% 10. A

net al oxi dgd ﬁmm@@g@ft Wurddaﬁhfdrﬂf@@dnst ransi stor ( MOSFET) devi ce,
conprising: 10 a sem conductor substrate conprising a layer of silicon

germani um  source and drain regions formed in the silicon germani um | ayer;
a strasne@. si| Theprodesncigimeddgictamf&) wherkio defidsiting ishidcmicked) & precidadnblyayer and

ext endi 19 BEHHPE Bro iR 5o Alth SR LEAARS an afi Bt 2t O over | ving

t he chann ger nanosi i ci Qe “Eoht s fornmed on the
silicon germani um source and drain regions. 11. The device clained in

claim 10, jgher & nybdye diidék%émﬂsﬁdlﬁsﬂﬁs 'ﬁkeldc'e@'ﬁct‘?%ilét&e\%n @SPE’?} dev1ce
nonosilicide. 20 12. The device clained in claim 10 erein

pol ycryst&P‘F‘PH%nél li con germanium |ayer has a conposition Si, ,, Gex where

X is o the ramg&nﬁfon&lclortsﬁbﬁra&cohﬁmsﬁgal 1dyae\tlo¢emsdnﬁgdmdmum claim 12,
wherein x is ap I‘OXI device clained in clalmlo

further conpri S? r%‘i’?%?ﬂgnsgfé’f@e%%qlf )?'ihﬁ%n EHmanigmIAYers s il at or, t he
pol yci de gate (aosmmedlsﬂg:oa dhonveel rggidly $ormedoon ger silicon @miamunukawrand

pol ycryst al{ eh@ﬁg%&ﬂeﬁ?ﬁe%&rﬁ@ﬂ &pa’?’%é‘bﬁ]. nand a ni ckel germanosilicide

contact for ycr ys e silicon germanium portion of
the gate. 30 1@gamneslth@wwerlﬁnamﬁe&annﬁlmgsnmmb further conprising: a

proteqgti ve spagglkef g&%ﬂo@ﬁu&é Ssitithd forftled B tHRilNoh AR rEiatifm @rce Siml | ow
source and drain extensions that extend beneath the Spacer. 35 16. The

devi ce cl &FHREGMSc| ai m 15, further conprising a protective |ayer forned
over

11.  The device claimed in claim 10, wherein the nickel germanosilicide comprises
nickel monosilicide.

20
12.  The device claimed in claim 10, wherein the polycrystalline silicon germanium
layer has a composition Si;, Ge, where X is in the range of 0.1 to 0.3.

13.  The device claimed in claim 12, wherein x is approximately 0.2.
25
14.  The device claimed in claim 10, further comprising a polycide gate overlying the
gate insulator, the polycide gate comprising a lower polysilicon portion and an upper
polycrystalline silicon germanium portion, and a nickel germanosilicide contact formed
on the upper polycrystalline silicon germanium portion of the gate.
30
15.  The device claimed in claim 10, further comprising:
a protective spacer formed on sidewalls of the polycide gate; and
shallow source and drain extensions that extend beneath the spacer.

35 16.  The device claimed in claim 15, further comprising a protective layer formed over
said gate and said source and drain regions, and

10



said gate and said source and drain regions, and 10 2 9 MAR 2007 wherein
the nickel gernmanosilicide contacts fornmed on the silicon gernmani um source
and drain regions extend through the protective |layer to said source and
drain regions. 5 17. The device clained in claim 10, wheZ&@MARt20F source
and drain regions and the channel region conprise a sem conductor body
formed on an insulating |layer to thereby conprise a silicon on insulator

(SO) MOSFET. ifherehn fheQficies ééMantﬁ&HegpﬁaaEmkne@qndﬂaeSsﬁfe'oﬁpgaﬁﬂﬁﬁmﬁ field
effect transisto

10 (MOSEET), .co i.sing: providing a s mcondyuctor
conpri si n§OUCE AP dragy r ‘T‘ﬁsce&?)“aéﬁ'i?gfgf’ﬁﬁﬁ P'g’t?gYef Igyex to I%E@est"“’éffe af AR ed
silicon ovegidnsi ng the |ayer of silicon germanium a gate insulating |ayer
formed on the strained silicon, and a gate conductive |ayer forned on the
gate insulatin | ayer; 15 patterning the gate conductive layer to forma
gat ovérl yWng tlhe dgececlaimed| intdlaig 10, axherein thensouioagnd izaig tregipmeandsthei con
| ayer fro . - & | MESEET; woed
silicon cﬁhaaﬁﬁlg{l% gﬂiraglr?ggf@ ?%@%E%%PB?%HRQ a F’éﬁ%‘?a‘g‘fgl ?éirg{e?%bp] cont act
with the SPMPH? Y i1psrlateR/ SOl MQSEEEour ce and drain regions; and 20

performng thermal treatment to formnickel germanosilicide contacts on the
o OSSNSO 5 Pk &l kPO e P SRR Ch bR |
nonosildi ci(MOSESI)2émpFisingpr ocess clainmed in claim18, further conprising
25 The®pr ocos P e A HBRMRE BB aRts Gifiod, fekaniBEL FRURR: ' °°
per f or med layer ef stednedeilisen avarlyingiée Wayen ofiSlicaleggrmaniuig, a gase mddlateglapers C. 11
formed on the strained silicon, and a gate conductive layer formed on the gate insulating
layer;
15 patterning the gate conductive layer to form a gat overlying the gate insulating
layer;
removing the strained silicon layer from source and drain regions of the
MOSFET to form a strained silicon channel region of the MOSFET, forming a layer of
nickel in contact with the silicon germanium layer in the source and drain regions; and
20 performing thermal treatment to form nickel germanosilicide contacts on the
silicon germanium source and drain regions.

19.  The process claimed in claim 18, wherein the nickel germanosilicide comprises
nickel monosilicide.

25
20.  The process claimed in claim 18, further comprising removing nickel not
consumed by formation of said nickel germanosilicide.

21.  The process claimed in claim 18, wherein the thermal treatment is performed at a
30  temperature between 350 degrees C. to 700 degrees C.
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