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"SEM CONDUCTOR DEVI CE Technical Field 5 This invention relates to a

sem conductor device and, in particular, to a method of formn \\\\
disilicide (eg. cobalt disilicide) on a substrate of such a sm m
devi ce. Background of the Invention 10 Vayious netallisation, connect

and polycrystalline silicide (polycide) formation processes are kASHT and
used in the fabrication of sem conductor devices. As senm conductor devices
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processi ng technol ogies. Nickel is another netal which has potential for

use in this regard (eq. with the formation of nickel silicides). Various
silici datioBé&ngﬂﬂj%iﬂ@dﬂ_‘@ﬂ'&Dt are known. One of the sinplest nethods

i nvol ves the deposition of a |ayer of cobalt onto the Si wafer followed by
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materials. In the deep sub-micron regime, however, titanium silicide is less
desirable since the transformation to the low resistivity C54 phase is found to be

20 linewidth-dependent. Also, the roughness of the silicon:silicide interface may also
begin to exceed allowable tolerances.

Cobalt disilicide exhibits low resistivity as well as a small lattice mismatch
with Si (ie. about 1.2%), and there is therefore the possibility of growing epitaxial
layers with low interfacial defect densities. The use of cobalt is also compatible

25 with modern microelectronic device processing technologies. Nickel is another
metal which has potential for use in this regard (eg. with the formation of nickel
silicides).

Various silicidation methods using cobalt are known. One of the simplest

methods involves the deposition of a layer of cobalt onto the Si wafer followed by

30 annealing. However, a simple postjunction silicidation (PJS) does not lead to the
formation of epitaxial CoSi;, with the exception of silicidation of the Si(111)
surface. The process also typically causes the formation of several cobalt-rich
intermediate phases. Polycrystalline cobalt disilicide has several undesirable



One nethod involves the formation of a thin layer of titanium between the
silicon substrate and the cobalt |ayer, followed by annealing (known as
titanium 10 interl ayer-nedi ated epitaxy). Another exanple, disclosed in US
Patent No 5,567,652, is a nethod of formng epitaxial cobalt disilicide by
first formng a silicon oxide filmon the,surface of the silicon substrate,
foll owed by the deposition of a titani um?i Im followed finally by a cobalt
film After heat treatnment an epitaxial cobalt disilicide filmis 15 forned
on the subsfeatures liSrdtatiemto BemicdndlciirOdeldsas, iibeladingelatkrofairiformity of the
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di f f usi on nefigbANubtiaty ahdahe r&ib_@'lt;laﬂélf,i folfowWeth by Nhridafing AKR6WA S fiahiihe
at an eJI vat ed tenr'per ture; \Lt\,hereln the metal is selected fromcobalt and
ni ckel . 3”?6“?”?35‘3 p’ﬂ"&%ﬁ?‘iﬁpt %) the netal used in this method is cobalt.
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ammoni a flow. Pl ddiea PERSRIC Kyentien nisq Gieciedy touardsy ady altetnativep sgthod nier
silicon forming epitaxial cobalt disilicide on a silicon substrate.

25 Summary of the Invention

According to a first embodiment of this invention there is provided a
method of forming an epitaxial metal silicide on a silicon substrate including the

steps of:
o depositing on a silicon substrate a diffusion membrane of silicon
30 nitride;
. depositing on the diffusion membrane a layer of metal; and
. annealing the layered substrate at an elevated temperature;

wherein the metal is selected from cobalt and nickel.



20 nitride. Pure nitrogen may al so be used. The diffusion nenbrane may be
dep05|ted at an el evated tenperature. Tenperatures of between 250C and 400C
are typically enployed. However, if the nenbrane is deposited by sputtering
t echni ques, el evated tenperatures are generally not desirable. 25 The netal
(eg. cobalt) layer nay be deposited by negns selected fromelectron beam
evaporation, sputtering and chem cal vapour deposition. The silicon

substrate typically includes a silicon wafer formed of Si (001 ). The
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30 layer at the source and drain regions of a semiconductor device.

If thicker layers of epitaxial CoSi; are desired, a variety of techniques for
increasing the thickness of this layer are contemplated as useful. For instance,
after the annealing step, another layer of cobalt may be deposited and annealed
(in much the same way as described above). For such additional layers of cobalt



5 the silicon substrate 10. A residual | ayer 45 may form above the cobalt
disilicide layer 40. This residual |ayer typically contains residual
silicon nitride (and other constituents that nay have been present in the
annealing anbient). It may al so contain sonme residual cobalt. 5 A
particularly preferred application of theynethod of this invention is shown
in Figures 3 a) toj). In this application, an oxide-nitride nulti-Ilayer
stack is forned on a silicon substrate 10. Alongside this nulti-I|ayer
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contact 105 and the drain contact 110 (ie. above the shallow junctions 79).
35 An etch back procedure is then performed to renove the remai ni ng cobalt
of the 2@baBrief Descripfion ohthecDyawingsi ng the | ayers of pol ycrystalline
cobalt silicide 6 95 and epitaxial cobalt disilicide 100. The renai ning
silicon nitride &igumelds|a sshematici igpresgndationn of 8 ApEENeot ReseminonduTiars

et chi ng resdelie showlfg I6e 'ab@ﬁcéﬂdnt of @%ﬁl&@ﬁ rAAte |8fdrhd Qrc%dlt%yérktﬁlor to
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pressure of 10E - %uyflsséjg%éﬁ{?%%&e%wq%% 6ﬂh8'b aet]ﬁw{]é&)ﬂlcoﬂtdu?a_w)

growt h %&arrﬂ@mcemlﬁgrﬂ@rheﬁeatherﬁmneailylsrstw ofstha m@thqﬁ @frthtsemmnttom 10
substrate. A fil rpof co ngstrons t{hickness) was deggsmed on the
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skilled in the Alitide 20. On top of this, a thin layer of metallic cobalt 30 is deposited.
The layered substrate undergoes annealing at elevated temperatures (typically in
excess of 300°C). This causes cobalt from the cobalt layer 30 to diffuse through
35 the silicon nitride layer 20 and to react with the silicon substrate 10. This reaction
causes the formation of a layer of epitaxial cobalt disilicide 40 on the surface of




7 Clains The clains defining this invention are as follows: 1. A nethod of
formng an epitaxial nmetal silicide on a silicon substrate including the
steps of: 5 depositing on a silicon substrate a diffusion nmenbrane of
silicon nitride; depositing on the diffusion nenbrane a |ayer of netal;
and annealing the |ayered substrate at ag el evated tenperature; wherein
the netal is selected fromcobalt and nickel. 10 2. The method of claiml1,

wherein the metal is cobalt and the netal silicide formed is cobalt
di si l'i ci de. g silihen sebaisateot0.c Aafasiduab faysr Ainmay foraabonetthe avbaltudisiticide

menbrane is) f4d3' ?ﬂfs' sidudl |a°y7ér6l2pk9|l)€ gtglﬁ?FésdldJéI@ﬂéolﬁemﬂﬂé‘klaﬂcﬁﬁﬁ{ rto

dlffusethro h rane, at b t enper at ure he net
of claim3, Cﬁﬁ‘%ﬁ'té‘ﬁﬂtsttlh‘@ MAY-RA degh F{rﬁ%er&l ipthe ianneating pmrieny). Jbmavedl 30
about 5 andcbAtamesine@sidual cdbalt.net hod of claim 4, wherein the thickness
of the diffusion nenbrane is between about 10 and 40 angstrons. 6. The
met hod df any ond& particuwrhyﬁ)refarwﬁappﬂmatiehmfthﬁamefﬂhmkofetl’&s fventien i showa0

| is b t vl d ,
whar ei 1t he e GuEacY aytth R 1A ABBHEAT, ofy OXRR-ARIO P16yt Habic s
angstrons. &rmetkond siliepsubsirate 1d. ohloppsidaghis maltlﬂay%%taék,nemt?eﬂ%lmgltu ng

i s effecteddailicidé AyepmatHtehdEBaIcR arld'@ibB8tackd 9. The nethod of claim
8, wherein the annealing is effected at a tenperature between about 400C

and 1, 000C. 10. Thehiseapplitatibnashaliowe tregnobl Botatioh (STIP regibas st arédocated

i T1usi 9 TREBE 316 hRrad°BRes (SnRYadRalS R9hEH SloliaTRE RS L LAY oS TC

vapour I on an
11. The et deposited (oai theloppam%u@qe ﬂﬁeofdhﬁfaslsqomhsmfﬁtanw i A g@ptﬁai wdeby

exposi ng t hee@iBRSES ¥ Ehé Oxie RIYEPHE InAIKTISHNE SRILRIGIGnS Bf IEWXide TaydW-are
etched exposed leaving lateral portions 16, 17 of the upper surface 15. A layer of
nitride 70 (eg. silicon nitride) is deposited over the lateral portions 16, 17 of the

15 upper surface 15 and the central oxide region 65.

A layer of polysilicon is then placed over the nitride layer 70. Portions of
the polysilicon layer which overlie the lateral portions 16, 17 are removed (for
instance, by etching) thereby leaving a layer of polysilicon 75 over the gate
region.

20 A dopant (such as boron fluoride) may then be ion implanted through the
nitride layer 70 and subsequently activated by annealing to form p+/n+ shallow
junctions. This results in two lightly doped drains (LDD’s) 78 being formed
between the gate region and the STI regions 50. The layered substrate may then
be annealed to electrically activate the implanted impurities.

25 The remaining edges of the polysilicon layer 75 may be bounded by
spacing elements 80. The spacing elements 80 extend through the nitride layer
70 so that they are seated upon the upper surface 15 of the substrate 10.
Shallow junctions 79 are then formed in the regions of the LDD’s 78.

A layer of cobalt 90 is then deposited over the top of the layered substrate.

30 The layered substrate then undergoes annealing at an elevated temperature,

which is typically above 400°C. This forms a layer of polycrystalline cobalt silicide

95 at the gate contact (ie. above the polysilicon layer 75). At the same time,

epitaxial cobalt disilicide 100 is formed at the source contact 105 and the drain
contact 110 (ie. above the shallow junctions 79).

35 An etch back procedure is then performed to remove the remaining cobalt
of the cobalt layer 90, thereby leaving the layers of polycrystalline cobalt silicide



12. The nethod of claim 10 or claim 11, wherein the diffusion nmenbrane is
‘deposited at an elevated tenperature. 13. The nethod of any one of clains 1
to 12, wherein the netal layer is deposited by nmeans selected fromel ectron
beam evaporation, sputtering 5 and chem cal vapour deposition. 14. The

met hod of any one of clainms 1 to 13, whergin the silicon substrate is a
silicon wafer fornmed of Si(001 ). 15. A nethod of form ng a sem conduct or
device having a nufti-layered stack wherein, when a silicon nitride |ayer

i s deposit e@5andhepitaxidl cdbaltdisiiéidet 1. 1M Heagarmnainingesilicoronitride of the siticon
contact reghingandyd 638 hiGoRIcHH baSK OTHiS Stifing Fékhfts A1 Hhe HedirdR! ik
includes the 'steps’ of: 'depositing a layer of netal on the silicon nitride
| ayer, and layenedigiatr) beng %&m@ﬂ&ﬂ thensubsirate Letwren tee sovice eaplachand dhe
wher ei n t he gpRh@ontafctsel ected from cobalt and nickel. 15 16. The nethod of
claim 15, wherein the netal is cobalt. 17. The nethod of claim 15 or claim
16, wher®i nBxaeplél i con nitride layer is sufficiently thin so as to all ow

metal fromthe nmetal |ayer to diffuse throug_h the menbrane at the el evated
t enperature. 18. Byhwaymof esample,dhaimethed aftbisdnventian has beeaperfagrmesewith

silicon nitride %aaS'i?ﬂioi%SsdH%trB?é.‘N?ﬁé subSHhtedwaS SXbbOE® taBA ARMoARDAGWOEPa
19. The nethod of clai 8 d
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one of claims 15(UBV}Yrowktechambiehe THis dmesds acthirt ayemesf alilidoaywitrides ohethween
about 19 angstrons gtg 130 angstrons. 25 21. The nethod of claim 20,
wher ei n Qhe t hi cl%HB St the metal | ayer i s between about 30 angstrons and

80 angstroms. 22, IILHS SrEthng edo s%ﬁlsofhiéﬂr@sgﬁ #38’%8.8&5%%%@ n‘itﬂga of

annealing is effec at a tenperature greater t ) e _met
clai m 22, wher ei §utfaee.atfeam tegnesatire 2y elgcion beam evapription of afed fdn

about 400C and 1,00QC. 24. A nethod formng. a 1 condu devjce
Substanti al Ly as TR aTsec e Tate Raedban HeBte i aPEist P G/ ofeber ande
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to 14 invention. The invention is not to be understood to be limited to these preferred
embodiments. Various modifications of the disclosed embodiments, as well as

other embodiments of the invention, will be apparent to persons skilled in the art.
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10 2. The method of claim 1, wherein the metal is cobalt and the metal silicide
formed is cobalt disilicide.

3. The method of claim 1 or claim 2, wherein the diffusion membrane is
sufficiently thin so as to allow metal from the metal layer to diffuse through
the membrane at the elevated temperature.

15 4. The method of claim 3, wherein the thickness of the diffusion membrane is
between about 5 and 50 angstroms.

5. The method of claim 4, wherein the thickness of the diffusion membrane is
between about 10 and 40 angstroms.

6. The method of any one of claims 1 to 5, wherein the thickness of the metal
20 layer is between about 10 and 130 angstroms.
7. The method of claim 6, wherein the thickness of the metal layer is between

about 30 and 80 angstroms.

8. The method of any one of claims 1 to 7, wherein the annealing is effected
at a temperature greater than 300°C.

25 9, The method of claim 8, wherein the annealing is effected at a temperature
between about 400°C and 1,000°C.

10.  The method of any one of claims 1 to 9, wherein the diffusion membrane is
deposited by means selected from sputtering, chemical vapour deposition
and exposing the substrate to an ammonia atmosphere.

30 11. The method of claim 10, wherein the diffusion membrane is deposited by
exposing the substrate to an ammonia atmosphere being an ammonia
flow.
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silicon wafer formed of Si(001).

15. A method of forming a semiconductor device having a multi-layered stack

wherein, when a silicon nitride layer is deposited as part of the stack, the

10 layer extends over a source contact region and a drain contact region of
the device and said method includes the steps of:

J depositing a layer of metal on the silicon nitride layer, and
° annealing the layered substrate at an elevated temperature;
wherein the metal is selected from cobalt and nickel.

15 16. The method of claim 15, wherein the metal is cobalt.

17. The method of claim 15 or claim 16, wherein the silicon nitride layer is
sufficiently thin so as to allow metal from the metal layer to diffuse through
the membrane at the elevated temperature.

18. The method of claim 17, wherein the thickness of the silicon nitride layer is
20 between about 5 angstroms and 150 angstroms.

19. The method of claim 18, wherein the thickness of the silicon nitride layer is
between about 10 angstroms and 50 angstroms.

20. The method of any one of claims 15 to 19, wherein the thickness of the
metal layer is between about 10 angstroms and 130 angstroms.

25 21. The method of claim 20, wherein the thickness of the metal layer is
between about 30 angstroms and 80 angstroms.

22. The method of any one of claims 15 to 21, wherein the annealing is
effected at a temperature greater than 300°C.

23. The method of claim 22, wherein the annealing is effected at a
30 temperature between about 400°C and 1,000°C.

24. A method of forming a semiconductor device substantially as hereinbefore
described with reference to any one or more of Figures 1, 2 and 3.
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