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SELECTIVE ETCHING OF UNREACTED NICKEL AFTER SALICIDATION
BACKGROUND OF THE INVENTION

(1) Field of the Invention . -

The 1nvent10n relates to the fabrlcatron of

1ntegrated circuit devices, and more’ partlcularly, to a
method of remov1ng unwanted nickel or cobalt ln the
fabrication of 1ntegrated c1rcu1ts.
(2) Description of the'Prior'Art |

) In the fabrlcatlon of 1ntegrated circuits,
metal s111c1des are often formed through a rapld thermal
-annealing (RTA) process. Metals Such as tltanlum, cobalt,
and nickel are typically used in sa11c1datzon. After RTA,
the ‘unreacted metal is typically removed by wet Chemicals.
For example, SC-l (Standard Clean—l comprising ammonium
hydroxlde, hydrogen peroxide, and de—lonlzed water) may be
used to remove tltanlum, SC-2 (Standard Clean-2 comprising
hydrochlorlc acid, hydrogen pPeroxide, and de-ionized water)
and a mixture of sulfuric acid, hydrogen r peroxide, and water
_(SPM) may be used to remove cobalt and nickel. Nitric acid
and SPM are also used for the stripping (rework) of cobalt
‘and nickel on bare silicon wafers. The drawbacks of using

wet chemicals 1nclude the expensrveness of high purity



chemicals;“disPosal costs, and the corrosive nature of the

chemicals.

U S. Patent 4, 659,426 to Fuller et al teaches
u51ng a carbonyl source for etching a metal, metal silicide,
or polys111con. U S. Patent 5 358,601 to Cathey shows the .
etching of a polyc1de using COz and a halogen-containiug gas.
U.S. Patent 5,259, 923 to Hor1 et al etches the polySilicon_
layer of a polycide using carbon: monoxlde. U.S. Patent

5, 091 050 to Fujlno et al etches aluminum and a transition

metal using carbon monoxide.
SUMMARY ‘OF THE INVENTION

A pr1nc1pal object of the present 1nventlon 1s'
to provide an effective ang very manufacturable method of
removing unreacted metal after sa11c1dat1on using dry

etchlng.

. A further object of the invention is to
provide a method of remov1ng unwanted metal using carbon

monoxide dry stripping.

}
Yet another object is to pProvide a method of

mremov1ng unreacted nickel or cobalt after salicidation using



carbon monoxide dry stripping.

Yet another object is to provide a method of
removing unwanted nickel or cobalt'using_carbon monoxide dry

stripping.

 In accordance with the objects of the
invention . a method for removing unwanted nickél or cobalt

using carbon'monoxide dry stripping in the manufacture of an

Aintegrated circuit is achieved. A nickel or cobalt layer on

aISUbstrate-is exposed to a plasma containing carbon monoxide
g9as wherein the carbon monoxide gas reacts with the metal

thereby removing the metal from the substrate.

in the active area wherein dielectric Spacers are formed on
sidewalls of the gate electrode. nickel or cobalt layef is
deposited over the gate electrode and associated.source and

drain regions. The semiconductor Substrate isg annealed



.or cobelt"layer overlying_the dielectric spacers and the

shallow trench isolation reglons is unreacted. ‘The unreacted
nickel or cobalt layer is exposed to a pPlasma contalnlng
carbon monoxide gas whereln the carbon monoxide gas reacts
with the unreacted nickel or cobalt thereby _removing the
unreacted nickel or cobalt from the substrate to complete

salicidation of the integrategd c1rcu1t device.

" BRIEF DESCRIPTION dF THE DRAWINGS

In the accompanylng drawings formlng a

materlal part of this descrlptlon, there is shown:

Figs. 1 through 4 Schematically illustrate in

Cross-~sectional representation a preferred embodiment of the

present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

ThF present invention provides a method for

remov1ng unwanted metal, such as nickel or cobalt, after

salicidation or in the case of rework. This method avoids



the expense of wet chemical strippiﬁgl It will be understood
by those skilled in the art that the Present invention should
not be llmlted to the embodlment described herein, but can be

applied and extended in a-variety of applications.

Removal of unreacted metal after salicidation
will be 111ustrated in Figs. 1 through 4. Referring now more
partlcularly to Fig. 1, there is 1llustrated a portion of a
partlally completed integrated circuit. The semiconductor.
substrate 10 is preferably composed of silicon hav1ng a (100)
crystallographlc orlentatlon. The substrate may be an n- or |
p-type silicon. Semlconductor device structures may be
formed as is conventlonal in the art. For example, shallow
trench isoclation (STI) reglons 12 separate active areas of
the substrate from one another. A polysilicon gate electrode-
16 over gate oxlde or any other. high dlelectrlc constant
material 14, sidewall spacers 18, and source/draln junctions -
20 are formed as is conventional. Sidewall spacers 18
typically are cpmprised.of silicon nitride, siiicon oxide, or
silicon oxynitride. ’ . -

Referrlng now to Fig. 2, a metal layer 24 is

depos1ted over the surface of the substrate, such as by
sputterlng. The metal layer 24 may comprlse nickel or cobalt

'or tltanlum deposited to a thickness of between about 50 and



2000 Angstroms.

-In the case of ‘nickel and cobalt, a refractory
metal such as. tltanlum may be deposited over the cobalt or
nickel to a thlckness of between about 50 and 100 Angstroms,
not shown. 8111c1datlon results in the formation of the
metal silicide on the gate electrode and the associated
‘'source and draln reglons. The unreacted titanium and nickel -

or titanium and cobalt can then be removed using carbon

monoxlde dry strlpplng.

However; if a titanium nitride layer or a
titanium—tltanlum nitride bllayer is dep051ted over the
nickel or cobalt, the unreacted nlckel Oor cobalt and titanium
nltrlde or the unreacted nickel or cobalt and titanium-
titanium n1tr1de Ccannot be removed using carbon monoxide dry
stripping since titanium nitride does not react with carbon
monox1de. In applications 1nvolv1ng a refractory metal
nltrlde (like tltanlum nitride), a wet chemical treatment
utilizing alkaline solutlon (e. g. SC-1) may be used to remove
the metal nitride or metal nltrlde/metal before expos1ng the
nickel or cobalt The unreacted nickel Oor cobalt is then
removedlu51ng carbon monoxlde as described in the present
invention. Alternatively, the unreacted tltanlum nltrlde .or

‘titanium-titanium nitride can be removed through dry etching



whereln the etchlng chemlstry comprises -one Or more gases
from the group contalnlng chlorlne, boron trichloride (BCla),
chlorine-substituted hydrocarbons; fluorine, fluorine-
substitnted hydrocarbons, nitrogen, and argon. The unreacted
nickel or . cobalt can then be removed using carbon monoxide
either in a contlnulng etching step in the same etching

_ chamber or in another etchlng chamber 1n the Same equipment,

Oor in another equlpment

A metal silicide 26 is formeqd, for example, on
the gate 16 and over the source/drain reglons 20 by a rapid
thermal process (RTA) During RTA, most of the metal layer
overlying the poly8111con gate 16 and the s111con substrate
10 in the source/draln reglons 20 reacts w1th the underlylng
silicon to form a metal s111c1de 26, shown in Fig. 3. The
'amount of metal that reacts with the underlylng 5111con
depends, amongst other- factors, on the thlckness_of the
deposited metal and the duration of the RTA. It ig
typlcal to have unreacted metal remaining on top of the
metal silicide at the gate electrode and. the assoczated
source and drain regions, as shown. The metal layer 24

overlylng the dielectric Spacers 18 and the STI reglons 12 is

unreacted. i



Now the unreacted meta] 24 is to be removed
hu51ng the dry stripping process of the present 1nvent10n.
Carbon monoxide gas 1s used as the etchant and either argon
'or helium is usegd. as the carrler gas in the dry etchlng
process of the 1nventlon. If the metal isg nickel, the wafer
temperature should be maintained at between about 20" andg 40

- °C during the dry strlpplng Process. This low wafer

temperature is highly compatlble with shallow Junctlons.

The select1v1ty of carbon monoxlde toward
nickel s111c1de is very hlgh resultlng in essentlally no
etching of the nickel silicide reglons 26 "Downstream"-

. plasma is suff1c1ent for the reaction SO - there is mlnlmal |
plasma induced damage to the shallow trench 1solatlon, source
and draln reglons, gate electrode, ang dielectric spacers.
Plasma is an electrlcally neutral mixture of positive ions,
negatlve ions, electrons, atoms, molecules, and radicals. As
plasma-lnduced damage is caused by positive ions, the
prevention or reduction of the rositive ions reaching the.
wafer becomes 1mportant, particularly in the present
invention where the transistor gate electrode ang the
source/drain regions are eéxposed to the plasma. "Downstream“
plasma is thus deprived of the damaglng positive ions- by
directing the initial plasma generated by RF or microwave

power source through (i) non-stralght paths wherein the



directional ions are deflected leaving only the radicals to
continue on, or;(ii) wide gap wherein a negatively charged
barrier is present. The etching reaction is as follows:

Ni(s) + 4 CO(g) --> Ni(CO)a (g)

The nickel carbonyl product is volatlle and is eas1ly removed
through exhaust or under vacuum. This represents a cost

savings relatlve to the wet chemical method.

If the"metal 24 is cobalt, a higher wafer
temperature of about 80'to.250 °C will be-required for a
bPressure of 10 mTorr to 100 Torr. Carbon monoxide gas along
with'a carrier gas of'argoﬁ or helium will remove the

unreacted cobalt 24. The etching reaction is:

2 Co (s) + 8 CO (g) --> Coa (CO)e (g)
or Co (s8) + x CO (g) --> Co (COYx (g)

If the metal 24 is tltanlum, a wafer
temperature of about 40 to 25Q °C will be required for a
pressure of 10 mTorr to 1oq Torr. Carbon monoxide gas along
with a carrier gas of argon or helium will remove the )
unreacted titanium 24 . The etching reaction is:

b

Ti (s) + x CO (g) --> Ti (CO)x



(no stable titanium carbonyl compounds have appeared in

chemical literature).

Conditions for the removal of nickel, cobalt,
or titanium in any conventional plasma etcher or "downstream",
plasma asher inqlude Co : argon/helium gas ratio of 1:100 to

100:1, pressure of 10 mTorr to 100 Torr, ang power of between

100 to 2000 watts if RF or microwave is capacitively coupled

to the plasma.

Fig. 4 illustrates the intégfatgd Circuit.
after removal of fhe unreacted nickel or cobalt 24-according
to the prdcess'of fhe Present invenfion. P;pce;sing
contihues as is conventional in the art to complete the

-integrated circuit device.

The carbon monoxide dry étching Process may
als6 be used in the case of stripping/rework of deposited
nickel or cobalt on a baré silicon wafer. 1Ip this case, the
carbon ménoxide étchant will remove the metal frém the wafer

easily and at low cost without wet. chemical disposal

concerns.

The invention can be extended to the recovery

of the nickel or cobalt remqv;d through the insertion-of a

10



heat trap between the etching chamber and the exhaust or
vacuum- pump. ThlS is possible because at a temperature

greater than 40 =C, the following reaction will occur:
Ni(CO)e --> Ni(s) + 4 Co(g)

A s1m11ar reactlon occurs for cobalt at a temperature of

greater than 250 oC.

‘The process of the invention provides: an
effective method of removing unreacted nickel or cobalt after
'5111c1dat10n or removzng nickel or cobalt on & bare silicon-

- wafer by u51ng a carbon monox1de dry strlpplng process. The
'removed nickel or cobalt can be recovered by addlng a heat

trap between the etching chamber ang the exhaust or vacuum

pump.

Whiie-the invention has been particularly
shown and described with reference to the preferred
embodiments thereof, it willibe understood by tbbse skilled
in the art that varibus changes in form and detailsg may be

made without departing from the spirit and scope of the

invention.

What is claimed is:

11
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1. A method of removing metal in the fabrieation of an
1ntegrated circuit device’ comprlslng
providing a metal layer overlylng a substrate, and'
. exposing sa1d metal. layer to a plasma containing
carbon monoxide gas wherein said carbon monoxide gas

‘reacts with said metal thereby remov;ng said metal from

sa1d substrate.

2. The method according to Claim 1 wherein said metal

layer eomprises one of the group containing nickel and

. cobalt.

-~

3. The method according to Claim 1 wherein said plasma
also com?riées a carrier gas comprising one of the group

containing argon aud.helium.

4, The method according to Clalm 1 wherein sald
metal layer comprises nickel. and wherein said
substrate is maintained at a temperature of between

about 20 and 40 =C during said step of exposing said

. metal layer to said plasma.

5. The method according to Claim 1 wherein said metal
layer comprises cobalt and wherein said substrate is

maintained at a temperature of between about 80 and 250

12



—_—

) O B R

10

8. A method of siliciding an integrated circuit device

- comprising:

. Said source and drain regiops, said shallow trench

isolation regions, and said dielectric Spacers;
- N
annealing saig semiconductpr substrate whereby saig

metal layer'overlying said gate electrode ang said

13
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15 silicide layer ang wherein said metal layer overlying

20 monoxide gas reaéts with

14
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12. The method according to Claim 1 wherein said metal
layer comprises cobalt and wberein said substrate is
maintained at a temperature of between about 80 and 250

°C during said step of exposrng said unreacted metal

.layer to said plasma.
13. The method according to Claim 1 whereln said metal
layer comprlses titanium and wherein said substrate is
maintained at a temperature of between about 40 and 250

'_ °C during said step of exposing sald unreacted metal

layer to said plasma.

14. The method’ accordlng to Clalm 8 further comprlslng'
dep051t1ng a titanium layer overlylng said metal

layer before sa1d annealing step wherein sald step of

exposing said unreacted metal layer to said plasma also

removes unreacted said titanium layer.

15. The method accordlng to Claim 8 further comprising:
depositing a titanium nitride layer overlylng said

metal layer before said annealing step; and _
removing-unreacted said titanium nitride layer

before said step of exp051ng said unreacted metal layer

4»

to said plasma.

15




_ product.

19. The method according to Claim l'wherein said plasma

comprises a downstream Plasma.

20. A method of siliciding an integrategd circuit device

comprising:

depositing a nickel layer Over said gate electrode,

10 -saig Source and drain regions{ said shallow trench

16
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isolation regions, and said dielectric sSpacers;

Substrate is maintained at a temperature of-between
about 20 and 40 °C during said step of exposing said

unreacted nickel layer to saig Plasma.

17
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product. -

to said plasma.
26. A method of siliciding an integrated Circuit defice

comprising:

forming shallow trench isolation regions in g

18
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~isolation regions, and saigd dielectric Spacers;

annealiﬁg said semiconductor substrate Whereby said
cobalt layer overlying said gate electrode and said
source and drain regions is trahsformed into a cobalt
silicide 1ayer and wherein sald cobalt layer overlylng
sald dlelectrlc spacers and said shallow trench
isolation reglons is unreacted; and

exp051ng said unreacted cobalt layer to a plasma
contalnlng carbon monoxlde gas wherein sald carbon
monox1de gas,reacts with sald unreacted cobalt thereby
removing said unreacted cobalt from said substrate to

complete said 5111c1d1ng of sa1d 1ntegrated circuit

device.

27. The method according to Claim 26 whereln sa1d plasma .

also comprlses a carrler gas comprising one of the group

containing argon and helium.

28. The method according to Claim 26 wherein said
substrate is maintained at a temperature of between

about 80 and 250 <C during said step of exposing said

unreacted cobalt layer to said pPlasma.

29. The method according to Claim 26 wherein said

unreacted cobalt removed comprises a gaseous carbonyl

19
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product. -

31. The method.according to Claim 26 further compfising:
depositing a titahium nitfidé layer overlying said

. nickel léyer before saig anhealing step; and |

removing unreacted said titanium nit:ide layer

before saig steﬁ of exposing said unreaéted nickel-layer

“to said plasma.

20



