0 9 NOV 2005 METHODS FOR EFFECTI VE NI CKEL SI LI Cl DE FORVATI ON BACRGNOUNESDBF
THE I NVENTION (1) Field of the Invention The invention relates to the
fabrication of integrated circuit devices, and nore particularly, to a
met hod of forming high quality nickel silicide in the fabrication of
integrated circuits. (2) Description of the Prior Art The major factors
that effect the formation of nickel silicide include the presence of

nati ve oxide, the cleanliness of the silicon surface, and the presence of
oxygen during rapid thermal annealing (RTA). In manufacturing, the major

‘hi ndrance to fg@ghgg a_high guality nickel silicide is the presence of
native oxi de. RafPRe EFHEGT SN EWNTLEKE LoS IGICUPEf GORMATEON deposi ti on
may encounter delays fromthe unexpected mal function of the nickel

deposi tion equi pnent. These delays allow for the growh of native oxide on

the silicon surface. Ughb iLLapiu ni.ckel is unable to reduce oxi de on
the substrate surface. Thggngyg,B#h AT VENTECNe will act as a diffusion
barrier, preventing the diffusion of nickel into the silicon

(1) Field of the Invention.

The invention relates to the fabrication of

integrated circuit devices, and more particﬁlarly, to a

method of forming high quality nickel silicide in the

fabrication of integrated circuits.

(2) Description of the Prior Art

The major factors that effect the formation of
nickel silicide include the presence of native oxide, the

cleanliness of the silicon surface, and the pPresence of

oxygen during rapid thermal annealing (RTA). In

manufacturing, the major hindrance to forming a high quality

nickel silicide is the Presence of native oxide. For

example, device wafers on queue for nickel deposition may

- encounter delays from the unexpected malfunction of the
'qickel deposition equipment. These delays allow for the

growth of native oxide on the silicon surface. Unlike

titanium, nickel is unable to reduce oxide on the substrate
surface. Therefore, the native oxide will act as a diffusion
barrier, 7

preventing the diffusion of nickel into the silicon

to form nickel silicide. It is desired to find a method to




to formnickel silicide. It=i's desired to find a nethod to 1 0§ MQY 28%05
renove the native oxide before nickel silicidation. A nunber of patents
teach nickel silicidation. U S. Patent 6,037,254 to Hong di scl oses a
protective oxide- |layer to prevent alteration of contam nants on a silicon
.surface before deposition of a nickel layer. U S. Patents 6,066,547 to
Maekawa, 5,075,259 to Moran, and 5,773,329 to Kuo teach various silicide
processes. SUMVARY OF THE | NVENTI ON A princi pal object of the present

invention is to provide an effective and very manufacturabl e nmethod of
fabricat] L.ck iLLicide filmin the fabricatiqQn of an integrated
Circuit.éﬂgygr? grﬁégﬁggtSg%sfhéeghggnpﬁgﬁe'ssf 15?§9F68“a net hod of

~avoi ding native oxide contam nation while fabricating a nickel silicide
filmin the fabrication of an integrated circuit. Yet another object is to

g{gxgﬁe'a nethod of ranauiBerNals v rehicde tblchhe iRkasess19E1 5L LAY a
U.S. Patent 6,b37,254 to Hong discloses a protective oxide
layer to prevent alteration of contaminants on a silicon
surface before deposition of a nickel layer. U.S. Patents

6,066,547 to Maekawa, 5,075,259 to Moran, and 5,773,329 to.

Kuo teach various silicide processes.
SUMMARY OF THE INVENTION

A principal object of the present invention is
to provide an effective and very manufacturable method of .

fabricating a nickel silicide film in the fabrication of an

© integrated circuit.

A further object of the invention is to
provide a method of avoiding native oxide contamination while

. fabricating a nickel silicide film in the fabrication of an

integrated circuit.

Yet another object is to provide a method of
removing native oxide in the process of forming a nickel

silicide film.




silicide film 2 0 9 NOV 2005 Yet another object is to provide & SéiNo@ll
renovi ng native oxide with a titaniumcapping |layer in the process of
formng a nickel silicide film A further object is to provide a method of

“renoving native oxide with a titaniumtitaniumnitride capping |layer in

the process of formng a nickel suicide film A still further object of
the invention is to provide a nethod of renoving native oxide with an
atomc layer of titaniumunderlying nickel in the process of formng a
ni ckel silicide film Another still further object of the invention is to

provi de  a net hod of regmpyi BecRAkLY l.de ;i atom c_|ayer of titanium
under.l yi ng ni ckel and a capp?nggktﬁPgéan%%1%piggofé§%raiﬂe?ﬁ8dp98cess of

for m ngranoiakel nasikecodedti kinl B_aeeBRIARCEaBLE NG e, 8l egl snaf the
i nvention a novel nethod for formng a high quality ni cke silicide film
i n the Pabcesat odn fofcmang at egekkdd sailiedide S im. -

A further object is to provide a method of
removing native oxide with a titanium/titanium nitride

capping layer in the process of forming a nickel silicide

film.

A still further object of the invention is to

provide a method of removing native oxide with an atomic

layer of titanium underlying nickel in the process of forming

a nickel silicide film.

Another still further cobject of the invention
is to provide a method of removing native oxide with an
atomic layer of titanium underlying nickel and a capping

titanium nitride layer in the process of forming a nickel

. silicide film.

In accordance with the objects of the
invention a novel method for forming a high quality nickel
silicide film in the fabrication of an integrated circuit is

achieved. A semiconductor substrate is provided having




achi eved. A seniconductor substrate is provided having 3 0 9 N@/8280% 7005
silicon regions to be silicided wherein a native oxide |ayer forns on the
silicon regions. A nickel layer is deposited overlying the silicon regions
to be silicided. Atitanium |ayer is deposited overlying the nickel |ayer.
The substrate is anneal ed whereby titaniumatons fromthe titaniumlayer
di ffuse through the nickel layer and react wth the native oxide |ayer and
whereby the nickel is transformed to nickel silicide where it overlies the
silicon regions and wherein the nickel not overlying the silicon regions

I S unreaciedon! Freditvalst @LNRL 48 1TRL R titanium nitride |ayer over the
titaniumlayer traps atnDsphericqg%gegeﬁ%ngépha RACIEP P98 t3X®Em in the

titani ufolrapennt aher @adticeint hrdgienandenl yiing nabiye Oxide, The unreact ed
nickel layer is renoved to conplete formation ofxérnigkgﬁpggﬁﬁggde film
in the PERETLNENG ¢hef sdd licune greajiethsCivet Wel s 1A11%Q died .ACGORJaNEE i th the
obj ects _of the invention, another novel nethod for formng a high quality
o) Qer fven. er ne ! . .a nrgh

ni ckel SAFeE 46 Geppsitecheviervioat ithe ofi el Negrat edheCi rcuit is
achieve%. A seqjconductor substrate is :

ubstrate’ 1s annealed whereby titanium atoms from the

titanium layer diffuse through the nickel layer and react

with the native oxide layer and'whereby the nickel is

. transformed to nickel silicide where it overlies the silicon

regions and wherein the nickel not overlying the silicon

regions 1s unreacted. In an alternative method, a titanium

nitride layer over the titanium layer traps atmospheric
- oxygen freeing all of the titanium in the titanium laver to

react with the underlying native oxide. The unreacted nickel

layer is removed to complete formation of a nickel silicide

film in the manufacture of an integrated circuit.

Also in accordance with the objects of the
invention, another novel method for forming a high quality

. nickel silicide film in the fabrication of an integrated
circuit is achieved. & semiconductor substrate is

provided having silicon regions to be silicided wherein a

native oxide layer forms on the silicon regions. A monolayer
of titanium is deposited by atomic layer chemical vapor
deposition overlying the silicon regions to be silicided. A

nickel layer is deposited overlying the titanium monolayer.




provi ded having silicon regions to be silicided wherein a nati §ed dii\0giln

| ayer forns on the silicon regions. A nonolayer of titaniumis deposited
by atom c | ayer chem cal vapor deposition overlying the silicon regions to
bé silicided. A nickel layer is deposited overlying the titanium

nonol ayer. 4 The substrate is anneal ed whereby titaniumatons fromthe
titani um nonol ayer react wth the native oxide |ayer and whereby the
-nickel is transformed to nickel silicide where it overlies the silicon
regions and wherein the nickel not overlying the silicon regions is

-unreact §le Sobaitratid @ ainned 181 Mfbreby AP Al de fayer aver the
ni ckel layer traps atnospheric oxygen. "The unreacted ni cke Igfer IS

renoved tigaodmpl epacilaymat iremoaf watH diRl rddive Aaifdd Mol L manufacture
of an integrated circuit. BRI EF DESCRI PTION OF THE DRAWNGS .. I'n the
acconpalfpergbar Shiengs okerlniing transfiomical tpArdi el Ri iQQYe kibldr@n i+t her e
i's shown: Figs. 1 through 3 schematically illustrate in cross-sectional
repr eseﬁf’&ﬁl 7Sa Hier St 1g1Some mesd evtb Gdideniteredin tie prieseit niovention. Fig.
4 SChen@ﬁ*éyﬁgﬁﬁglt %§E§itfgadr}é§{§§§.is unreacted. In an

alternative method, a titanium nitride layer over the nickel

layer traps atmospheric oxygen. The unreacted nickel layer

is removed to complete formation of a nickel silicide film in

the manufacture of an integrated circuit.
BRIEF DESCRIPTION OF THE DRAWINGS

- In the accompanying drawings forming a

material part of this description, there is shown:

Figs. 1 through 3 schematically illustrate in
Cross-sectional representation a first preferred embodiment

of the present invention.

Fig. 4 schematically illustrates in crdss—
sectional representation completed nickel silicidation in the

- process of the present invention.

Figs. 5 and 6 graphically illustrate depth

profiles of film stacks of the pPresent invention.




sectional representation conpleted nickel silicidation in the PripdiEds2eh

the present invention. Figs. 5 and 6 graphically illustrate depth profiles
of filmstacks of the present invention. 5 0 9 NOV 2005 Fig. 7
schematically illustrates in cross- sectional representation a second

preferred embodi nent of the .present invention. Fig. 8 schematically
illustrates in cross- sectional representation a third preferred enbodi nent

~of the present invention. . Fig. 9 schematically illustrates in cross-

sectional representation a fourth preferred enbodi nent of the present
invention. Fig. 10 schematically illustrates in cross-sectional
representation a conpleted integrated circuit manufactured according to

the process of the pregegt 7i B¥8BLLER =l BT THE PREFERRED
EMBODI MENTS The process of the presenfaggggg#Egﬁg%éggﬁelnuggﬂsﬁﬁ any

appl i cagrebippadhireprietentad@shr adsbechar Braferred embodiment of the

Present invention.

Fig. 8 schematically illustrates in craoss-

sectional representation a third preferred embodiment of ﬁhe

present invention.

Fig. 9 schematically illustrates in cross-

sectional representation a fourth preferred embodiment of the

present invention.

Fig. 10 schematically illustrates in
cross-sectional representation a completed integrated circuit

manufactured according to the process of the present

invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The process of the present invention can be
used in any application in which it is desired to form a

nickel silicide film overlying a silicon region. The process

of the invention will be described for the application in
which a nickel silicide is formed overlying a gate electrode

and source and drain regions. It is to be understood that




nickel silicide filmoverlying a silicon region. The process off §H&Y 2005
invention will be described for the application in which a nickel silicide
is formed overlying a gate electrode and source and drain regions. It is
to be understood that 6 09 NOV 2005 the invention is not limted to the
application so illustrated. Referring now nore particularly to Fig. 1,
there is shown an illustration of a portion of a partially conpleted
integrated circuit. The sem conductor substrate 10 is preferably conposed
of silicon having a (100) crystallographic orientation. Gate el ectrodes 16

and soukge jand N ;L4 r for d |n and Qn t he sem conduct or
substrate as |sn?g?\3lent| glna S'Ll%lqlt%de oPERIAM By % el ectrode 16

has beenlfiocwedt@yer!l ying a gate OXIde Iayer 14. Sidewal | spacers, such as
silicon oxide or silicon nitride, 18 are forned on the gate. Source and
drain regions are n-- type or p-type, depending on the type of device to be
fabricated. Native oxide |ayer 22 forns spontaneously on the silicon

surfaces. The native oRediedryey mBy dBMe garticularly to Fig. 1,
there is shown an illustration of a portion of a partially
completed integrated circuit. The semiconductor substraté 10
is preferably composed of silicon having a (100}
crystallographic orientation. Gate electrodes 16 and source
and drain regions 20 are formed in and on the semiconductor

substrate as is conventional in the art. For example, gate

electrode 16 has been formed overlying a gate oxide layer 14.
Sidewall spacers} such as silicon oxide or silicon nitride,

18 are formed on the gate. Source and drain regions are n-

- type or p-type, depending on the type of device to be

fabricated.

Native oxide la&er 22 forms spontanedusly on
the silicon surfaces. The native oxide layer may have a
. thickness of bétween about 10 and 30 Angstroms. If this
native oxide layef is allowed to remain under the tc-be-
formed nickel silicide, the native oxide will prevent nickel
from reacting with the silicon during annealing, thus

preventing formation of nickel silicide.




t hi ckness of between about 10 and 30 Angstroms. |f this .nativp9ok(dez(ils

| ayer is allowed to remain under the to-be- formed nickel silicide, the
native oxide will prevent nickel fromreacting with the silicon during
anneal ing, thus preventing formation of nickel silicide. 7 0 9 NOV 2005 In
.a first preferred enbodi nrent of the present invention, as shown in Fig. 2,

a |l ayer -of nickel is deposited by physical vapor deposition (PVD) over the
surface of the substrate and overlying the gate el ectrode. The nickel
| ayer 24 has a thickness of between about 100 and 500 Angstrons, depending

on the thickness of thegNiSig;requileg. e that.. the native oxide |ayer 22
underlies the nidkel |ayer. ‘I;hec‘E #5?%35¥%?i8g%%gﬁgfnﬁhp kﬁégspﬁggeﬂ en

great |y iexagagioi eés ishowe igf 3wWignds f ar 1ghald b a;tl | yer 26
is deposited over the nickel Iaﬁgr 24 by PVD %% 8@ng% égtﬁggbﬁggéaof

bet ween abaitys i landp230 G IGGn (B Wflir ithe?3eFaRd WEi gl api d
thermal annealing (RTA) at a tenperature of between about 450 and 650 C,.
and pr efssrbeiinatsbGrtd BeE 1@ inthemnreald RY abitdode .Or M eli@kedi hiagegde 30

over the gate el ectrode and over the
24 has a thickness of between about 100 and 500 Angstroms,
depending on the thickness of the NiSi required. Note thét
the pative oxide layer 22 underlies the nickel layer. The

native oxide layer thickness has been greatly exaggerated

in the drawings for clarity.

Now, a titanium layer 26 is deposited over the
nickel laver 24 by PVD or CVD to a thickness of between about
55 and 200 Angstroms. The wafer is:annealed using rapid
thermal annealing (RTA) at a temperature of between about 450

and 650 °C, and preferably 550 to 600 ©C. The annealing will

form nickel silicide 30 over the gate electrode and over the
source and drain regions, as shown in Fig. 3. The nickel

overlying the sidewall spacers 18 is unreacted.

Prior to and during the RTA, some of the
titanium in the capping layer 26 will react with oxygen in
the air to form titanium oxide. 1In addition, during the RTA,
the titanium will diffuse through the nickel to react with
the native oxide 22 to form titanium oxide, TiOz or TiO. The

titanium oxide forms a membrane that allows nickel diffusion




“source and drain regions, as shown in Fig. 3. The nickel overl yg iy iHeZ(05
sidewal | spacers 18 is unreacted. Prior to and during the RTA sone of the
titaniumin the capping layer 26 will react with oxygen in the air to form

titaniumoxide. In addition, during the RTA the titaniumw | diffuse
through the nickel to react wwth the native oxide 22 to formtitanium
~oxide, TiOz or TiO The titaniumoxide forns a nenbrane that allows nickel
di ffusion 8 09 NOV 2005 towards silicon, after which NiSi is forned. The
titanium oxide is then pushed up to the surface by the NiSi formation. The

t enper atgy8-a5 5heRTA, 'afEBQSGBﬁEﬁ #3540 sf @LELN,S . pRUt (0oL N Bz, TiSiz,

or NNTixSiy. Nl Siz has a r85i stance and sb tsC aeﬁPPable

Ref er ri 8gigewikothieg. pﬁshéheuﬁn&gaﬁhédsﬁkﬁﬁ%h b RBING QS %b& QLyphLt i tani um
oxi de capping |ayer 26 are stripped fromthe wafer surface, eaV|ng t he
nickel silicide film30 over the gate el ectrode 16 and the source and
drain regions 20. Figs. 5 and 6 graphically illustrate the atomc
concentration of titaniTine Hempesakiire6d)f, thiecClRFIA is chosen so as to

form NiSi, but not NiSiz, TiSiz, or NiTi.Si..

NiSiz has a

‘high sheet resistance and so is undesirable.

Referring now to Fig. 4, the unreacted nickel
24 and the titanium/titanium oxide capping layer 26 are
stripped from the wafer surface, leaving the nickel silicide

film 30 over the gate electrode 16 and the source and drain

regions 20.

Figs. 5 and 6 graphically illustrate the
atomic concentration of titaniﬁm {lines 51, 61), nickel
(lines 52, 62), oxygen (lines 53, 63), and silicon (lines 54,
~64) as a function of sputtering time (removal of the titanium
capping layer). The layers of nickel or nickel silicide form

. above the silicon substrate. When the sputtering evéntually
reaches the.silicén substrate, the concentration of nickel

will decrease to almost 0% and the concentration of silicon

will increase to almost 100%.

Fig. 5 illustrates the atomic concentration of

the four elements in the case where a S0 Angstrom titanium




(lines 52, 62), oxygen (l'ines 53, 63), and silicon (lines 54, gpé) ?g qw5
function of sputtering time (renoval of the titanium capping |ayer
l'ayers of nickel or nickel silicide form above the silicon substrate. \Wen
the sputtering eventually reaches the silicon substrate, the concentration
of- ni.ckel will decrease to alnpbst 0% and the concentration of silicon
~will increase to alnbst 100% Fig. 5 illustrates the atom c concentration
of the four elements in the case where a 50 Angstromtitanium9 0 9 40V
2005 capping layer is forned over a nickel layer. A native S|I|con oxi de

' b
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annealed in a rapid erna process or - one
EyﬁﬁaEhERHQh the

i || ustraalstrabe. ln?eg dsfim&ueﬂraiekh%hhlEambUQEQEEDéQSe%
ni ckel layer. This is shown by the drop in titanium concentration at the

sur f acet ahanspmeadpbingheaybkanisuforReaCc €8t kathepknbkskgk spbci de does not
form because of the presence of the native oxide that has not reacted with
t he Angstroms. In both cases, the wafer is annealed in a rapid

thermal process at 700 <C for oﬁe minute. Fig. 5 illustrates
the inter—diffusion of thé titanium capping layer through the
nickel layer. This is shown by the drop in titanium
éoncentration at the surface and spread in the titanium

concentration. Nickel silicide does not form because of the

presence of the native oxide that has not reacted with the

titanium.

Fig. 6 shows that with a titanium capping
layer of 100 Angstroms, nickel silicide is able to form. At
the region 65 between the sputtering time of 500 and 1200
seconds, there is a distinct layer whereby the atomic
concentration ratic of Ni:Si is 1:1. This shows that the

- nickel was able to diffuse through the titanium oxide

membrane toward the silicon.

While titanium alone may not be an effective

diffusion barrier to ambient oxXygen, titanium nitride is a

better diffusion barrier. 1In a second preferred embodiment

of the present invention, a double capping layer is deposited

10




titanium Fig. 6 shows that with a titaniumcapping |ayer of 10@ NGOV 2003
Angstrons, nickel silicide is able to form At the region 65 between the
sputtering time of 500 and 1200 seconds, there is a distinct |ayer whereby
the atomc concentration ratio of N:Si is 1:1. This shows that the

ni ckel was able to diffuse through the titanium oxide nenbrane toward the
silicon. While titanium alone may not be an effective diffusion barrier to
anbi ent oxygen, titaniumnitride is a better diffusion barrier. In a
second preferred enbodi nent of the present invention, a double capping
layer i gvdepesiet 8d k@10 19M¢ 2005 over the nickel layer. As shown in Fig.

7, the nickel layer 24 has been deposited over the substrate. The
underlying native oxide |layer 22 is shown. Now a first layer of titanium
26 is deposited over the nickel by physical vapor deposition (PVD) or

chemical vapor deposi t ifen sHOV®) o FighiTkness nafcideat wegr 2a0was30 and 300
Angstrons. A second layer of titanium nitride 28 is deposited over the
titani ulpSesy denPsibgd eivegvithe substrate. The underlying native

oxide layer 22 is shown. Now a first layer of titanium 26 is

deposited over the nickel by physical vapor deposition (PVD)

or chemical vapor deposition (CVD) to a thickness of between

about 30 and 300 Angstroms. A second layer of titanium

nitride 28 is deposited over the titanium layer by PVD or CVD

to a thickness of between about 30 and 300 Angstroms.

The oxygen from the atmosphere will react with
some of the titanium nitride film to form titanium oxynitride
{(TiON) on the surface of the film 28. With the oxygen
trapped by the titanium nitridé layer 28, all of the fitanium_
in layer 26 is free to diffﬁse through the nickel to combine

with the native oxide and form titanium oxide during

annealing. As in the_first embodiment, nickel silicide is

~formed over the gate and source/drain regions, using‘an RTA

oﬁ preferably between 550 to 600 °C. The unreacted nickel
and the titanium/titanium nitride bi-layer is removed,

leaving the silicided areas 30, as shown in Fig. 4.

In a third preferred embodiment of the

invention, before the nickel layer is deposited, at least one

11




to a thickness of between about 30 and 300 Angstrons. The oxygep of KO $485
atmosphere will react with sonme of the titaniumnitride filmto form
titaniumoxynitride (TiON) on the surface of the film=28. Wth the oxygen
~trapped by the titaniumnitride |layer 28, all of the titanium in |layer 26
is free to diffuse through the nickel to conbine wth the native oxide and
formtitani um oxide during annealing. As in the first enbodi nent, nickel
silicide is fornmed over the gate and source/drain regions, using an RTA
of preferably between 550 to 600 C. The unreacted nickel and the
Ui tani uiohiclaRie Mot (il b 113 Hogos i YAy 18RV IdNG 8 3l I ci ded areas
30, as shown in Fig. 4. In a thir& preferred enbodi nent” of the ™ invention,
before toaeivieCkalideaper ussndepAntied 1adled @a8niA YhpErO dddds 14043,
nonol ayer of titaniumis deposited over the substrate or native oxide 22
usi ng at{@k@M)ayeFiched dadllusdpartede i idiol{y¥rOdd) tifdahiuh i23 ustrates
t he nonol ayer of titanium 23 over the native oxide |ayer 22. The nonol ayer
23 is gr¥aY yheagderva axriide tivanéss f Gthe Imarsikaptdm3 pur poses.

Prefer ab.Ig/ within the sane equi prent and w t hout
1s greatly exaggerated in thickness for illustration

purposes. Preferably within the same equipment and without

breaking vacuum, a layer of nickel 24 is deposited over the

titanium monolayer 23. It is desired not to expose the

rtitanium monolayer to air because it will be converted to
titanium oxide upon exposure. The titanium monoclayer{(s) will
react with the native oxide to form titanium oxide, a

diffusion membrane through which the nickel can diffuse

toward the silicon.

In a fourth preferred embodiment of the
present invention, a titanium monolayer 23 is depdsited
underlying the nickel layer 24 as in the third embodiment.
As illustrated in Fig. 9, after the nickel layer is
.deposited, a titanium nitride capping layer 28 is deposited

over the nickel layer. This capping layer will prevent

oxidation of the nickel before and during RTA.

In both the third and fourth embodiments,

nickel silicide is formed over the gate and source/drain

regions by RTA at a temperature of between about 450 and 650

12




breaki ng vacuum a layer of nickel 24 is deposited over the tift 3nh(ih 2005
nonol ayer 23. It is desired not to expose the titanium nonolayer to air
because it will be converted to titanium oxide upon exposure. The titanium
monol ayer(s) will react with the native oxide to formtitaniumoxide, a

di ffusi on nmenbrane through which the nickel can diffuse toward the
.silicon. In a fourth preferred enbodi nent of the present invention, a
‘titani um nonol ayer 23 is deposited underlying the nickel layer 24 as in
the third enbodinment. As illustrated in Fig. 9, after the nickel layer is
-deposi ted, and I g g J-~ayer,.28 i s deposited. over: the

ni (F:)kel | ayer . TEi s caggltr{g 5%‘2)}/2%0\%0[6? p():?evérne ug%ica: F%n“&FkFﬂeaﬁﬂckel
before ahd ddrtiangudlAidrideotiddie ti rg.a r odinents, nickel
suicide is formed over the gate and 1210&?186?%}1%:%# te?'?éggﬂlgnﬁy RfR at a

t enper aremevell bdmsremalite <450 AmbH2ebd 309 HQ‘/s%gQal 3nd g}y
to 600 C. The unreacted nickel and the titaniumnitride |ayer, ~in the

fourth &RSodiatdie oxide lemeredas emaated he t3i hihei de¢aaHeas 3@ bas,shown
in Fig.

ef grably 550

4,
converted to titanium oxide. The titanium oxide layer is

pushed up to the surface by the nickel silicide formation.

| Standard backend processing continues as is
conventional to complete the integrated circuit. For
éxample, Fig. 10 shows the silicided gate and source/drain
regions 30 covered by a thick dielectric layer 38.

Electrical connections may be made, for example, to one of

the silicided source/drain regions 20 by metal contact 40, as

shown.

The process of the invention provides an
effective method of forming a high quality nickel silicide

film in the presence of native oxide. This saves

manufacturing costs because the wafers need not returh to
cleaning equipment to remove the native oxide before

silicidation.

While the invention has been particularly
shown and described with reference to the preferred

embodiments thereof, it will be understood by those skilled

13




The native oxide layer has reacted with the titaniumand been g@&ntigHt 285t o
titani um oxide. The titanium oxide |layer is pushed up to the surface by
the nickel silicide formation. Standard backend processing continues as is
conventional to conplete the integrated circuit. For exanple, Fi-g: 10
shows the silicided gate and source/drain regions 30 covered by a thick
-dielectric layer 38. Electrical connections may be .-nade, for exanple, to -
one of the silicided source/drain regions 20 by metal contact 40, as
shown. The process of the invention provides an effective nmethod of
~fornindgia bhghaguakhhy whekelssthhfbde ihi FHrhnahiedpEssenCcRaPipati ve

oxi de. This saves manufacturing costs because the wafers need not return
to cl enaflagwetbophedephotingofeonhehaaspyveioxade bebpecorsthici dation.
While the invention has been particularly shown and described with

ref erent®8VeBtiAB-preferred enbodinments thereof, it will be understood by
those skilled 13 0 9 NOV 2005 in the art that various changes in form and
details may be : : .

‘What is claimed is:

14




made w thout departing fromthe spirit and scope of the i nvent( 8nhiGYVIR8D
is clained is: 14 0 9 NOV 2005 1. A nethod of fabricating a nickel silicide
filmin the mnufacture of an integrated circuit conprising: providing a
sem conductor substrate having silicon regions to be silicided; depositing
~a nickel layer overlying said silicon regions to be silicided wherein a
native oxide layer forns on said silicon regions underlying said nickel

| ayer; depositing a titaniumlayer overlying said nickel |ayer; annealing
said substrate whereby titaniumatons fromsaid titanium/|layer diffuse

t hrough 'sai d fi cke er-apd react.with sai atiye oxide_ |ayer formng
a titgnfun1ox?aeKI§§5$é%héFeg§bgﬁfa£hP%kﬁlnﬁ? ?gsﬁéYthéﬁughi§g%ﬂ e ani um

oxi de layer imhRusatgusé!bE0in iﬁg&@pgagnggp¥u££aggkﬁ%ggggg§aid ni ckel to

ni ckel silicide where it overlies 3al Icon regio
providing a semiconductor substrate having silicon

regions to be silicided;

depositing a nickel layer overlying said silicon
regions to be silicided wherein a native oxide layer
forms on said-silicon regions underlfing said nickel

layer;

depositing a titanium layer overlying said nickel
layer;

annealing said substrate whereby titanium atoms
from said titanium layer diffuse through said nickel
layer and react with said native oxide layer forming
a titanium oxide layer whereby said nickel diffuses
through said titanium oxide layer into said silicon
regions thereby transforming said nickel to nickel
silicide where it overlies said silicon regions and
wherein said nickel not overlying said silicon regions
~is unreacted; and

removiﬁg said unreacted nickel layer to comblete
formation of said nickel silicide film in the

manufacture of said integrated circuit.

2. The method according to Claim 1 wherein said silicon

-regions to be silicided comprise gate electrodes and
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wherein said nickel not overlying said silicon regions is unrdn8tHay 20Ra
renovi ng said unreacted nickel layer to conplete formation of said nickel
silicide filmin the manufacture of said integrated circuit. 2. The nethod
according to Claim1l wherein said silicon .regions to be silicided
conprise gate electrodes and 15 0 9 OV 2005 associ ated source and drain
regions. 3. The nethod according to Claim1 wherein said nickel layer is
sputter deposited to a thickness of between about 100 and 500 Angstrons.

4. The nmethod according to Claim1l1 wherein said native. oxide |layer has a

.t hi ckness of éﬁd@i@té@%nﬂ&%ﬂi%ﬁaﬁ{‘gﬁég{ 5. The method according to
Claiml wherein said titanium |ayer has a I ckness of between about 55

and 200 Angstrons. 6. The nethod according to Claim1 further conprising .
depositing a titaniumnitride |ayer overlying said titaniumlayer wherein
sai d titani undd Bhe nethed according to Claim 1 wherein said

nickel layer is sputter deposited to a thickness of

- between about 100 and 500 Angstroms.

4. The method according to Claim 1 wherein said native

oxide layer has a thickness of between about 10 and 30

Bngstroms .

5. The method according to Claim 1 wherein said titanium

layer has a thickness of between about 55 and 200

Angstroms.

6. The method according té Claim 1 further comprising
depositing a titanium nitride layer overlying said
titanium layer wherein said titanium layer has a
thickness of between about 30 and 300 Angstroms and said
titanium nitride layer has a thickness of between about
30 and 300 ﬁngstroms and wherein said titanium nitride
layer traps atmospheric oxygen leaving said titanium

atoms from said titanium layer to diffuse through said

nickel layer.
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thickness of between about 30 and 300 Angstronms and said titarl 8nidV e
| ayer has a thickness of between about 30 and 300 Angstrons and wherein
said titaniumnitride |ayer traps atnospheric oxygen | eaving said titanium
atonms fromsaid titaniumlayer to diffuse through said nickel layer. 16 0O
N OV 2005 7. The nethod according to Claim1l wherein said step of

anneal i ng said substrate conprises a rapid thermal annealing -at between
about 450 and 650 C. 8. A nethod of fabricating a nickel silicide filmin
‘the 'manufacture of an integrated circuit conprising: providing a

sem conductor substrate having silicon regions to be silicided; depositing
a nonol ayer of titaniumoverlying said silicon regions to be silicided
wherein a native oxide |ayer forns on said silicon regions underlying said
titani um nonol ayer; depositing a nickel layer overlying said titani um

nmonol ayer; anneBire MtpEHId aspsdiage tahetaby it fofs step of

annealing said substrate comprises a rapid thermal

annealing at between about 450 and 650 °C.

8. A method of fabricating a nickel silicide film in the
manufacture of an integrated circuit comprising:

providing a semiconductor substrate having silicon
regions to be silicided;

depositing a monclayer of titanium cverlying said
silicon regions to be silicided wherein a native oxide
léyer forms on said silicon regions underlying said
titanium monolayer;

depositing a nickel layer overlying said titanium
monolayér;

annealing said substrate whereby titanium atoms
from said titanium monclayer react with said native
oxide layer to form titanium oxide and whereby said
nickel diffuses through said titanium oxide and is
transformed to nickel silicide where it overlies said
silicon regions and wherein said nickel not overlying
said silicon regions is unreacted; and

removing said unreacted nickel layer to complete
formation of said nickel silicide film in the

manufacture of said integrated circuit.
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from sai d titani um nonol ayer react. with said native oxide |ayd 8tHOYo2fid
titani um oxi de and whereby said nickel diffuses through said titanium
-oxide and is transforned to nickel silicide where it overlies said
silicon regions and wherein said nickel not overlying said silicon regions
is unreacted; and renoving said unreacted nickel |ayer to conplete
“formation of said nickel silicide filmin the nmanufacture of said
integrated circuit. 17 0 9 NOV 2005 9. The-nethod according to Claim38
Wherein said silicon regions to be silicided conprise gate el ectrodes and
associ at ed sdur dheamitthad maegidirsy 4 .C IR e tWRg A6 ¢tid g 119 &l m 8
wherein said titaniumnonolayer is deposited by atom c |ayer chem cal

vapor deposi tH%H-°m8 torke Idiet cormditige gBleniahs-twteteai arshi d native
oxi de layer has a quggness of between about 10 and 30 Angstroms. 12. The.
met hod accor dtFP T G4 IE Sheted iy TREIMIS- | ayer is sputter deposited
to a thickness of between :

10. The method according to Claim 8 wherein said

titanium monolayer is deposited by atomic layer chemical

- vapor deposition.

11. The method according to Claim 8 wherein said native

oxide layer has a thickness of between about 10 and 30

Angstroms.

12. The method according to Claim 8 wherein said nickel
layer is sputter deposited to a thickness of between

about 100 and 500 Angstroms.

13. The method according to Claim 8 wherein said
step of depositing said_nickel layer is performed
immediately after said step of depositing said titanium

monolayer and without a break in vacuum between said

steps.
14. The method according to Claim 8 further comprising

depositing a titanium nitride layer overlying said

nickel layer wherein said titanium nitride layer-has a
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about 100 and 500 Angstroms. 13. The method according to O ai mBIwKEY 108
said step of depositing said nickel layer is performed imediately after
said step of depositing said titanium nonolayer and without a break in
vacuum between said steps. 14. The nethod according to Claim8 further
conprising depositing a titaniumnitride |ayer overlying said nickel
_layer wherein said titaniumnitride |layer has a 18 0 9 O 2005 thickness of
bet ween about 30 and 300 Angstrons and wherein said titaniumnitride |ayer
traps atnospheric oxygen. 15. The net hod according to Clain18 wherein said

-step of  annegllRga5al dr SOEkESh KRR 88CSnA 5601 Shiber n@nnealing at
bet ween about 450 and 650 C. 16. A net f abr |c |ng a n|c el silicide

filmin thewnBpgiackyie Qitaﬂlhmtﬁﬂtﬁlad Ehﬁéﬂlﬁrs gPathibsghepiOVi ding a
sem conductor substrate having silicon regions to be silicided wherein a
native oxi deckggen. forns on said silicon regions;

15. The method according to Claim 8 wherein said step of
annealing said substrate comprises a rapid thermal

.annealing at between about 450 and 650 <C.

16. A method of fabricating a nickel silicide film in
the manufacture of an integrated circuit compriéing:

providing a semiconductor substrate having silicon
regions to be silicided whérein a native oxide layer
forms on said silicon regions;

depositing a monolayer of titanium by atomic layer
chemical wvapor depositionroverlying sald silicon regions
to be silicided;

thereafter, without a break in vacuum, depositing a
nickel layer overlying said titanium monolayer;

annealing said substrate whereby titanium atoms
from said titanium monolayer react with said native
oxide layer to form titanium oxide and whereby said
nickel diffuses throuéh said titanium oxide and is
transformed to nickel silicide where it overlies said
silicon regions and wherein said nickel not overlying

said silicon regions is unreacted; and
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depositing a nonol ayer of titaniumby atomc |ayer chenical vdp8riOY 2805
deposition. overlying said silicon regions to be silicided; thereafter,
Wit hout a break in vacuum depositing a nickel |ayer overlying said
titani um nonol ayer; annealing said substrate whereby titaniumatons from
said titani um nonol ayer react with said native oxide layer to form
titani um oxi de and whereby said nickel diffuses through said titanium
oxide and is transforned to nickel silicide where it overlies said
silicon regions and wherein said nickel not overlying said silicon regions
is unreacted; and FSRQylGgNEw iZ0m reammeid g isxed ql&l&%%Ctt@,dcgim?,Ii@tél ayer to
conplete fornpation_of said nickel silicide filmin the manufacture of
sai d int egrat §TERREER o1 Faithaiskelodiddedae fg 1w 16 &ha 16 wherein said

silicon regio I 1icided conprise gate el ectrodes and associ ated
source and dr g@r‘%“?@%&&%& O%B.S&Fﬁe &S sigiavg t-o G ai m 16 wherein said
native '

17. The method according to Claim 16 wherein said

Silicon regions to be silicided comprise gate electrodes

?nd associated source and drain regions,
18. The method according to Claim 16 wherein said native

oxide layer has a thickness of between about 10 and 30

Angstroms.

19. The method according to Claim 16 wherein said

titanium monolayer is deposited by atomic layer chemical

vapor deposition.

20. The method according to Claim 16 wherein said nickel

layer is sputter deposited to a thickness of between

about 100 and 500 Angstroms.

21. The method according to Claim 16 further comprising
depositing a titanium nitride layer overlying said.
nickel layer wherein said titanium nitride layer has a
thickness of between about 30 and 300 Angstroms and

wherein said titanium nitride layer traps atmospheric
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oxi de | ayer has a thickness of between about 10 and 30 Angstrofd K0Y. 2006e
nmet hod according to Caim 16 wherein said titanium nonolayer is deposited
by atom ¢ | ayer chem cal vapor deposition. 20. The nethod according to
Claim 16 wherein said nickel layer is sputter deposited to a thickness of
bet ween about 100 and 500 Angstrons. 21. The nethod according to Caim 16
further conprising depositing a titaniumnitride |ayer overlying said

ni ckel |l ayer wherein said titaniumnitride |ayer has a thickness of

bet ween aboutc%p and 300 Angstronms and wherein said titaniumnitride |ayer
traps atnnsphenzggﬂU 0 9 NOV 2095 oxygen. 22. The method according to Claim
16 wherein said step of annealing said substrate conprises a rapid thernal
anneal i ng at between about 450 and 650 C. 21

22. The method according to Claim 16 wherein éaid step

of annealing saigd substrate comprises a rapid thermal

annealing at between about 450 and 650 =C.
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