
200 103339 -8 -
0 5 JUN 7001 

SELECTIVE ETCHING OF UNREACTED NICKEL AFTER SALICIDATION 

BACKGROUND OF THE INVENTION 

(1) Field of the Invention 

The invention relates to the fabrication of integrated circui"t d~vices, and more particularly, to a method of removing unwanted nickel or cobalt in the 
fabrication of integrated circuits. 

(2) Description of the Prior Art 

In the fabrication of integrated circuits, metal silicides are often formed through a rapid therm.al 
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arinealing (RTA) process. Metals such as titanium, cobalt, and nickel are typically used in salicidation. After RTA, the unreacted metal is typically removed by wet chemicals. For example, SC-1 (Standard Clean-1 comprising ammonium 
hydroxide, hydrogen peroxide, and de-ionized water) may be used to remove titanium, .sc-2 (Standard Clean-2 comprising hydrochloric acid, hydrogen peroxide, and de-ionized water) and a mixture of sulfuric acid, hydrogen 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 include the expensiveness of high purity 
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chemicals, disposal costs, and the corrosive nature of the chemicals. 

u. S. Patent 4,659,426 to Fuller et al teaches using a carbonyl source for etching a metal, metal silicide, or polysilicon: U.S. Patent 5,358,601 to Cathey shows the etching of a polycide using co~ and a halogen-containing gas. u~s. Patent 5,259,923 to Hori et al etches the polysilicon layer of a polycide using carbon· monoxide. U.S. Patent 5,091,050 to Fujino et al etches aluminum. and a transition metal using carbon monoxide. 

SUMMARY ·OF THE INVENTION 

A principal object of the present invention is to provide an effective and very manufacturable method of 
r~oving unreacted metal after salicidation using dry 
etching. 

A further object of the invention is to provide a method of removing unwanted metal using carbon monoxide dry stripping. 

Yet another object is to provide a method of removing unreacted nickel or cobalt after salicidation using 
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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 nickel or cobalt using carbon monoxide dry stripping in the manufacture of an .integrated circuit is achieved. A nickel or cobalt layer on a substrate is exposed to a plasma containing carbon monoxide gas wherein the carbon monoxide gas reacts with the metal thereby removing the metal from the substrate. 

Also in accordance with the objects of the invention a method for removing unreacted nickel or cobalt after salicidation using carbon monoxide dry stripping is achieved. Shallow trench isolation regions are formed in a semiconductor substrate surrounding and electrically isolating an active area.from other active areas. A gate electrode and associated source and drain regions are formed in the active area wherein dielectric spacers are formed on si4ewalls of the gate electrode. A nickel or cobalt layer is deposited over the gate electrode and associated.source and -drain regions. The semiconductor substrate is annealed 

3 



whereby the nickel or cobalt layer overlying the gate 
electrode and said source and drain regions is transformed into a nickel or cobalt silicide layer and wherein the nickel .or cobalt layer overlying the dielectric spacers and the 
shallow trench isolation regions is unreacted.· The unreacted nickel or cobalt layer is exposed to a plasma containing 
carbon monoxide gas wherein 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 integrated circuit device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings forming a 
material part of this description, there is snown: 

Figs. 1 through 4 schematically illustrate in cross-sectional representation a pref erred embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention provides a method for ~ removing unwanted metal, such as nickel or cobalt, after salicidation or in the case of rework. This method avoids 
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the expense of wet chemical stripping-. It will be ··understood 
by those skilled in th~ art-that the present invention should 
not be limited to the embodiment des~ribed herein, but can be 
applied and extended in a·variety of applications. 

Remov.al of unreacted metal after salicidation 
will be illustrated in Figs. 1 through 4. Referring now more 
particularly to Fig. l, _there is illustrated a portion of a 
partially completed integrated circuit. The semiconductor 
substrate 10 is preferably composed of silicon having a (100) 
crystallographic orientation. The substrate may be an n- or 
p-type silicon. .Semiconductor device structures may be 
formed as is conventional in the art. For example, shallow 
trench isolation (STI) regions 12 separate active areas of 
the substrate from one another. A polysilicon gate electrode 
16 over gate oxide or any other.high dielectric constant 
material 14, sidewall spacers 18, and source/drain junctions 
20 are formed as is conventional. Sidewall spacers 18 
typically are comprised of silicon nitride, silicon oxide, or 
silicon o~ynitride. 

Referring now to Fig. 2, a metal layer 24 is 
deposited over the surface of the substrate, such as by 
sputtering. The metal layer 24 may comprise nickel or cobalt 
or-titanium deposited to a thickness of between about SO and 
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2000 Angstroms. 

·In the case of nickel and cobalt, a refractory 
metal such as titanium may be deposited over the cobalt or 
nickel to a thickness of between about 50 and 100 Angstroms, 
not shown. Silicidation results in the· formation of the 
metal silicide on the gate electrode and the associated 
source and drain regions. The unreacted titanium and nickel· 
or titanium an~ cobalt can then be rC:!IQ.oved using carbon 
monoxide dry stripping. 

However, if a titanium nitride layer or a 
titanium-titanium.nitride bilayer is deposited over the 
nickel or cobalt, the unreact~d nickel or cobalt and titanium 
nitride or the unreacted nickel or cobalt and titanium-
titanium nitride cannot be removed using carbon monoxide dry 
stripping since titanium nitride does not react with carbon 
monoxide. In applications involving a refractory metal 
nitride (like titanium nitride), a wet chemical treatment 
utilizing alkaline solution (e.g_~ SC-1) may be used to remo"'tte 
the metal nitride or metal nitride/metal before exposing the 
nickel or cobalt. The unreacted nickel or cobalt is then 
removed using carbon monoxide as described in the present I 
invention. Alternatively, the unreacted titanium nitride or 

·titanium-titanium nitride can be removed tl_?.rough dry etching 
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wherein the etching chem.istry comprises ··one or more gases 
from the gr,oup containing chlorine, boron trichloride (BC13), 
chlorine-substituted hydrocarbons, fluorine, fluorine--
substitu:t~d hydrocarbons, nitrogen, and argon. The unreacted 
nickel or cobalt can then be removed using carbon monoxide 
either in a continuing etching step in the same etching 
chamber or in anothe~ etching chamber in the same equipment, 
or in another equipment. 

A metal silicide 26 is formed, for example, on 
the.gate 16 and over the source/drain regions 20 by a rapid 
thermal process (RTA). During RTA, most of the metal layer 
overlying the polysilicon gate 16 and the silicon sUbstrate 
10 in the source/drain regions 20 reacts with the unde~lying 
silicon to form a metal silicide 26, shown in Fig. 3. The 
amount of metal that reacts with the underlying silicon 

_depends, amongst other·factors, on the thickness .of the 
deposited metal and the duration of the RTA.· It is 
typical to have unreacted metal remaining on top of the 
metal silicid~ at the gate electrode and.the associated 
source and drain regions, as shown. The metal layer 24 
overlying the dielectric spacers 18 and the STI regions 12 is unreacted. 
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Now the unreacted metal 24 is to be removed . . , 
•··using the dry stripping process of the present invention. 

Carbon monoxide gas is used as the etchant and either argon 
or helium is used-as the carrier gas in the dry etching 
process of the inventio~. If the metal is nickel, the wafer 
temperature should be maintained at between about 20· and 40 
°C during the dry stripping process. This low wafer 
temperature is highly_ compatible with shallow junctions . 

. 
The selectivity of carbon monoxide toward 

nickel silicide is very high, resulting in essentially no 
etching of the nickel silicide regions 26. "Downstream"· 
plasma is sufficient for the reaction so there is minimal 
plasma induced damage to the shallow trench isolation, source 
and drain regions, gate electrode, and dielectric spacers. 
Plasma is an electrically neutral mixture of positive ions, 
negative ions, electrons, atoms, molecules, and radicals. As 
plasma-induced damage is caused by positive ions, the 
prevention or reduction of the positive ions reaching the-
wafer becomes important, particularly in the present 
invention where the transistor gate electrode and the 
source/drain regions are exposed to the plasma. "Downstream" plasma is thus deprived of the damaging positive ions-by 
directing the initial plasma generated by RF or microwave 
power sour.Ce through ( i) non-straight paths wherein_ the 
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directional ions .are deflected, leaving only the radicals to 
continue on, or. (ii) wide gap wherein a negatively charged 
barrier is pres~nt. ·The etching reaction is as follows: 

Ni(s) + .4 CO(q) --> Ni(C0)4 (g) 

The nickel carbonyl product is volatile and is easily removed 
through exhaust or under vacuum. This represents a·cost 
savings relative to the wet chemical method . 

If the metal 24 
. . 

cobalt, a higher wafer J.S 

temperature of about 80 to 250 oc will be requ"ired for a 
pressure of 10 mTorr to 100 Torr. Carbon monoxide gas along 

-with a carrier gas of argon or helium will remove the 
unreacted cobalt 24. The etching reaction is: 

2 Co (s) + 8 CO (g) --> Co.a (CO)e (g) 
or Co {s) + x CO (g) --> Co (CO)x (g) 

If the metal 24 is titanium, a wafer 
temperature of al;:>out 40 to 2SQ °C will be required for a 
pressure of 10 mTorr to 100 Torr. Carbon monoxide gas along 
with a carrier gas of argon or helium will remove the 
unreacted titanium 24. · The .. etching reaction is: 

t 

Ti (s) + x CO (g) --> Ti (CO)x 
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(no stable titanium carbonyl compounds have appeared in 
chemical literature). 

Conditions for the removal of nickel, cqbalt, or titanium in any conventional plasma etcher or "downstream" . plasma asher include CO : argon/helium gas ratio of 1:100 to 100:1,.pressure of 10 mTorr to 100 Torr, and power of between 100 to 2000 watts if RF or microwave is capacitively coupled to the plasma. 

Fig. 4 illustrates the integrated circuit 
after· removal of the unreacted nickel or cobalt 24 according to the process of the present invention. Processing 
continues as is conventionai in the art to complete the · integrated circuit device. 

The .carbon monoxide dry etching process may also be used in the case of stripping/rework of deposited nickel or cobalt on a bare silicon wafer. In this case, the carbon monoxide et~hant will remove the metal from 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 removed through the insertion-of a 
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heat trap between the etching chamber and the exhaust or 
vacuum·pump. This is possible because at a temperature 
greater than 40 °c, the following reaction will occur: 

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

A similar reaction occurs ~or cobalt at a temperature of 
greater than 250 °C. 

The process of the invention provides an 
effective method of removing unreacted nickel or cobalt after 
silicidation or removing nickel or cobalt on a bare silicon· 
wafer by using a.carbon monoxide dry stripping process. The 
removed nickel or cobalt can be recovered by adding a heat 
trap between the etching chamber and the exhaust or vacuum 
pump. 

While the invention has been particularly· 
shown and described with reference to the preferred 
embodiments thereof, it will be understood by those skilled 
in the art that various changes in form and details may be 
made without departing from the spirit and scope of the 
invention. 

What is claimed is: 
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1. A method of removing metal in the fabrication of an 

integrated circuit device.comprising: 

providing a metal layer overlying a ?ubstrate; and 

exposing said metal. layer to a plasma containing 

5 carbon monoxide gas wherein said carbon monoxide gas 

reacts with said metal th~reby removing said metal from 
said substrate. 

2. The method acco~ding to Claim 1 wherein said metal 

layer comprises one of the group containing nickel and 

cobalt. 

3. The method according to Claim 1 wherein said plasma 

also comprises a carrier gas comprising one of the group 

containing argon and helium. 

4. The method according to Claim 1 wherein said 

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 

mainta1ned at a temperature of between about 80 and 250 
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°C d~ring said step of exposing said metal layer to said plasma. 

6. The method according to Claim 1 wherein said metal removed comprises a gaseous carbonyl product. 

7. The method according to Claim 6 wherein said metal removed is recovered by channeling said gaseous carbonyl product into a heat trap wherein said gaseous carbonyl .. Product separates into metal and carbon monoxide molecules. 

a·. A method of siliciding an integrated circuit device .. 
comprising: 

forming shallow trench isolation regions in. a semiconductor substrate surrounding and electrically 5 isolating an active area from other active areas; 
forming a gate electrode and associated source and drain regions in said.active area wherein dielectric spac~rs are formed on sidewalls o~ said gate electrode; depositing a metal layer over said gate electrode, 10 said source and drain reg~o~s, said shallow trench isolation regions~ and said.dielectric spacers; 

.. 
~ 

annealing said semiconduct~r substrate whereby said metal layer overlying said gate electrode and said 
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source and drain regions is transformed into a metal 15 silicide layer and wherein said metal layer overlying said dielectric·spacers and said.shallow trench isolation regions is unreacted; and 
exposing said unreacted metal layer to a plasma containing carbon monoxide gas wherein said caroon 20 monoxide gas reacts with said linreacted metal thereby removing said unreacted metal from said substrate to complete said. siliciding of said integrated circuit device. 

9. The method according to Claim 8 wherein said metal layer comprises one of the group containing nickel .. and cobalt. 

10. The method according to Claim 8 wherein said plasma .. also compr_ises a carrier gas comprising one of the group containing argon and helium. 

11. The method according to Claim 1 wherein said metal lay~r comprises nickel and wherein said substrate is maintained at a temperature of between about 20 and 40 °C during said step of exposing said unreacted metal layer to said plasma. 
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12. 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 
°C during said step of exposing said unreacted metal 
layer to said plasma. 

13. The method according to Claim 1 wherein said metal 
layer comprises titanium and wherein said substrate is 
maintained at a temperature of between about 40 and 250 
°C during said step of exposing said unreacted metal 
layer to said plasma. 

14. The method· according to Claim 8 further comprising: .. 
depositing a titanium layer overlying said metal 

' layer before said annealing step wherein said step of 
exposing said unreacted metal layer to said plasma also 
removes unreacted said titanium layer. 

15. The method according to Claim· a further comprising: 
depositing a titanium nitride ~ayer overlying said 

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

before said step of _exposing said unreacted metal layer 
to said plasma. 
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16. The method according to Claim 15 wherein said step of-removing unreacted said titanium nitride layer comprises a wet chemical treatment. 

17. The method according to Claim 15 wherein said step of removing unre.acted said titanium nitride layer comprises dry etching. 

18 . The me_thod according to Claim 8 wherein said unreacted metal ·removed comprises a gaseous carbonyl product. 

19. The method according to Claim 1 wherein said plasma comprises a downstream pl~sma. 

20. A method of siliciding an integrated circuit device comprising: 

farming shal,low trench isolation regions in a semiconductor substrate surrounding and electrically . 5 isolating an active area from other active are~s; 
forming a.gate electrode and associated source and -drain regions in said active area wherein dielectric spacers are formed on sidewalls of said·gate electrode; depositing a nickel layer over ~aid gate electro~e, 10 -said source and drain regions, said shallow trench 
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isolation regions, and said dielectric spacers; 
annealing said semiconductor substrate whereby said nickel layer overlying said gate electrode and said source and drain regions is transformed into a nickel 15 silicide layer and wherein said nickel layer overlying said dielectric.spacers and said shallow trench 

isolation regions is unreacted; and 
exposing said unreacted nickel layer to a plasma containing_ carbon monoxide gas wherein said carbon 20 monoxide gas reacts with said unreacted nickel thereby removing said unreacted nickel from said substrate to complete said siliciding of said integrated circuit device. 

21. The method·according to Claim 20 wherein said plasma also comprises a carrier gas comprising one of the group containing argon and helium. 

22. The method according to Claim 40 wherein said substrate is maintained at a temperature of between about 20 and 40 °C during said step of exposing said unreacted nickel layer to said plasma. 

l 
23. 

1

The method according to Claim 20 wherein. said 
unreacted nickel removed comp~ises a gaseous carbonyl 
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product. 

24. The method according.to Claim 20 further comprising: depQsiting a titanium layer overlying said nickel "layer before said annealing step. wherein said step of 
ex~osing said unreacted nickel layer to said plasma also 'removes unreacted said t~tanium layer. 

25. The method according to Claim 20 further comprising: depositing a titanium nitride layer overlying said nickel layer before said annealing step; and 
removing unreacted said titanium nitride layer before said step of exposing said unreacted nickel layer to said plasma. 

26. A method of siliciding an integrated circuit device comprising: 

forming shallow trench isolation regions in a semiconductor substrate surrounding and electrically 5 isolating an active area from other active areas; 
forming a gate electrode and associated source and drain regions in said active area wherein dielectric spacers are formed on sidewalls of said gate ele¢trode; depositing a cabal t layer over said gate ele.ctrode 10 said source and drain regions, said shallow trench 
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isolation regions, and said dielectric spacers; 
annealing said semiconductor substrate whereby said 

cobalt layer overlying said gate electrode and said 
.. 

source and drain regions is transformed into a cobalt 
15 silicide layer and wherein s~id cobalt layer overlying 

said dielectric spa~ers and said shallow trench 
isolation regions is unreacted; and 

exposing said unreact~d cobalt layer to a pla~ma 
containing carbon monoxide gas wherein said carbon 

20 monoxide gas reacts with said unreacted cobalt thereby 
removing said unreacted cobalt from said substrate to 
complete said si.liciding of said integrated circuit 
device. 

27. The method according to Claim 26 wherein said plasma 
also comprises a carrier 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 plasma. 

29. The method according to Claim 26 wherein said 
unreacted cobalt removed comprises a gaseous carbonyl 
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product. 

30. The method according to Claim 26 further comprising: depositing a titanium layer overlying said nickel layer before said annealing step wherein said step of exposing said unreacted nickel layer to said plasma also removes unreacted said titanium layer. 

31. The method according to Claim 26 fur.ther comprising: depositing a titanium. nitride layer overlying said nickel layer befoTe said annealing step; and 
removing unreacted said titanium nitride layer before said step of exposing said unreacted nickel layer · to said plasma. 
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