
METHOD-FOR SELECTIVE REMOVAL OF UNREACTED METAL AFTER  SILICIDATION
Illllllllllllllllllllll  IIIIIIIIIIIIIIII *159159* Background of Invention
I~IIIRngllllllllll>nllllllllllll  1) Field of the Invention *000002*  The
inventi.c:: relates to the fabrication of integrated circuit devices, and
more particularly, to a method  of removing meals, such as nickel, titanium
or cobalt in the  fabrication of integrated circuits. The invention further
relates to the recovery cf the metals.  2) Description of the Prior Art In
the fabr_cation of integrated circuits, metal  silicides are often formed
through a rapid thermal annealing  (RTA) process. Metals such as titanium,
cobalt, and nickel are  typically used in silic:lation. 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-icnized water) may be used to remove titanium,  SC-2 (Standard Clean-2
comprising hydrochloric acid, hydrogen  peroxide, and deicnized 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 1 (rework) of
cobalt and nickel on bare silicon wafers. The  drawbacks cf using wet
chemicals include the expensiveness of  high purity chemicals, disposal
costs, anc the corrosive nature  of the chemicals. US 6, 225, 20231 (Gupta
et al) teaches a method for  removing unreacted nickel or cobalt after
silicidaticn wherein  the unreacted nickel or cobalt layer _s exposed =o a
plasma  containing carbon monoxide gas. 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. US 4,778,536(Grebinski) teaches a method to strip  resist
in a short period of time wherein the object is  positioned with the
surface exposed to both a water vapor and  sulfur trioxide vapor ad,acent
to the surface to provide a hot  mixture comprising sulfur trioxide, water
and sulfuric acid.  Energy requirements are relatively low since the
components are  easily vaporized. The importance of overcoming the various



deficiencies noted above is evidenced by the extensive  technological
development directec to the subject, as documented  by the relevant patent
and technical literature. The closest 2 and apparently more relevant
technical developments in the  patent literature can be gleaned by
considering US  6,231,775(Levenscn et al.) shows a process for the ashing
of an  organic film which compr- ses a plasma. US 6,242,165B1(Vaartst_a)
shows an organic removal  process. TJS 3, 3 58, 60 . (Cathey) shows an etch
process for a  multi-layered structure including siLicides. US
4,778,536(Grebinski) teaches a method to strip  resist wherein the surface
is exposed to both a water vapor and  sulfur trioxide vapor adgacent to the
surface to provide a hot  mixture comprising sulfur trioxide, water and
sulfuric adia. US 3,985,597(Ziel.inski) reveals a passivated metal
interconnect prccess. US 5,259,923(Hori et al.) shcws a multi-layer etch
including sil_cides. 3 Summary of the Invention 



An object of an embodiment of the invention is to  provide a method of
removing a metal using S and 0 containing  gas. An object of an embodiment
of the present invention  is to provide an effective and easily
manufacturable method of  removing ur.reacted metal after siliciad__cn
using a two step,  dry then wet, treatment. A further object of an
embodiment of the invention  is to provide a method of removing unwanted
metal using wet-dry  treatment comprising a gas or a mixture of gases
followed by  liquid treatment. Yet another ohJect of an embodiment is to
provide a  methoc of removing unreacted titanium, nickel or cobalt after
silicidation using two step dry-wet treatment. Yet another object of an
embodiment is to provide a  method of removing unwanted titanium, nickel or
cobalt using  dry-wet treatment wherein the dry portion of the dry-wet
treatment comprises a gas or a mixture of gases. Yet another object of an
embodiment is to provide a  method of removing unwanted titanium, nickel or
cobalt using  dry-wet treatment wherein the wet portion of the dry-wet
treatment comprises a liquid. 



4 Yet another cb,ect of an embodiment is to provide a  method of removing
unwanted nickel or cobalt using dry-wet  treatment wherein the gas or a
mixture cf gases in the dry  portion of the dry-wet treatment is selected
from a group  comprising sulfur trioxide and sulfur dioxide. Yet another
ob]ect of an erbod,men_ is to provide a  method of removing unwanted nickel
or .cobalt using dry-wet  treatment wherein the wet portion of the dry-wet
treatment  comprises deionized water. The present invention provides an
embodiment to  remove a metal from over a substrate in the fabrication of
an  integrated circuit device. The embodiment comprises providing a  metal
layer over a substrate; removing the metal layer by  reacting the metal
laver with a reactant as to form. at least a  solid product; the reactant
gas contains at least S and C; then  dissolving the solid product in a
liquid, thereby removing at  least portion of the metal layer from over the
substrate. Another aspect of a preferred embodiment is a method  for
removing nickel, titanium or cobalt using dry-wet treatment  in the
manufacture of an integrated circuit. Airetal, such as  nickel, titanium or
cobalt layer on a substrate is exposed to a  



gas cr a mixture of gases selected from a group comprising sulfur trioxide
and sulfur dioxide wherein the gas or the  5 mixture of gases reacts with
the metal to form a prcauct. The  product is then removed through
dissolution a liquid, thereby  removing the metal from the substrate. Also
in accordance with the obDects of the invention  a method for removing
unreacted nickel or cobalt after  silicidation using dry-wet treatment is
provided. Shallow  trench isolation regions are formed in a semiconductor
substrate  surrounding and electrically isolating an active area from ether
active areas. A gate electrode and associated source and drain  regions are
formed in the active area wherein dielectric spacers  are formed on
sidewalls of the gate electrode. A nickel or  cobalt layer is deposited
over the gaze electrode and associated  source and drain regions. The
semiconductor substrate is  annealed whereby the nickel or cobalt layer
overlying the gate  electrode and said source and drain regions reacts to
form a  nickel or cobalt suicide 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
gas or a mixture of gases selected from a  



group comprising sulfur trioxide and sulfur dioxide wherein the  gas or the
mixture of gases reacts with the metal to form a  product which is then
removed through dissolution in a liquid, 6 thereby removing the metal from
the substrate to complete the  silicidaticn of the integrated circuit
crevice. Additional objects and advantages of the invention  will be set
forth in the description than follcws, and in part  will be obvious from
the description, or may be learned by  practice of the invention. The
objects and advantages of the  invention may be realized and obtained by
means of  instrumentalities and combinations particularly pointed out in
the append claims. 7 Brief Description of the Drawings The features and
advantages of a semiconductor  device according to the present invention
and further details of  a process of fabricating such a semiconductor
device in  accoraarce with the present invention will be more clearly
understood from t .e fol:_cwing description taker. in conjunction  with the
accompanying drawings in which like reference numerals  designate similar
or corresponding elements, regions and  



portions and in which: Figures IA, 16 and 1C are cress sectional views for
illustrating preferred encodiment of the invention for a method  of
removing a metal layer from over a substrate using a S ana 0  containing
gas. FIGS. 2 Through 5 are cross sectional views for  illustrating
preferred embodiment of the invention for a method  of removing a metal
layer from over a substrate in a silicide  process. Detailed Description of
the Preferred Embodiments The present invention provides a method for
removing  metal, such as nic.<el, titanium or cobalt, from a semiconductor
piece. In a preferred embodiment, a metal is removed after  sa;ic_dation or
in a rework step. It will be ur.derstocd by those skilled in the art  that
t:.e present invention should not be Limited to the  embodiment described
herein, but can be applied and extended in  a variety of applications. The
.general removal of metal from  over a substrate is illustrated in FIGS.
1A, 101 and 1C. The  removal of unreacted metal after salicidat_on is
illustrated in  FIGS. 2 through S. I. First General Embodiment 



FIG. 1A shows a simplified cross sectional view of a  metal layer 11 over a
substrate 10. The substrate can represent  a semiconductor (e.g., Ste)
wafer or a semiconductor structure  such as a wafer with layers over the
wafer. The invention is not  limited by the type of substrate. The metal
layer 11 can be  comprised of: nickel, titanium, cobalt; and alloys and
combinations of nickel, titanium, and cobalt. The metal layer  can comprise
for example, nickel-titanium alloy or cobalt- titanium alloy. The metal
layer can be comprised of any 9 metal- ((s; chat reacts w__h sulfur and
oxygen containing gases,  such as sa_fur tr_ox_de or sulfur cioxide. The
petal layer 11  can be ccmpr.,.sed of seieral metal layers cif the same or
different- composition. Next, the metal laver is at least partially removed
or reacted the embodiment's two Step process as described  below. The first
step is a dr'y gas reaction: step that converts  the metal _r.to a sold
product. The second step is a wet/llquia  step that removes the solid
product thereby removing the metal  laver. First step - S & 0 containing
gas treatment Referring to FIG. 13, in a first step of: a preferred  



embodiment, the metal layer is reacted wit- a reactant gas  containing
sulfur (5) and oxygen (v) elements to form a metal  ccntaining product 13.
Tr.e reactant gas uar. comprise several  gases or mixtures of gases. The
first step can oe performed with  or without a plasma (plasma is opt:ona?)
at a pressure between 1  mTcrr and 760 Torr and at a wafer temperature
between 15 and  200C. The first step 1e.q., dry stet) is des,.;r_bed as
follows. The metal (e.g., nickel, cobalt and.;/or titan iu.,um) is  reacted
with a reactant gas, preterably sulfur tr,cxide or  sulfur dioxide or a
mixture of sulfur trioxide and sulfur 23 dioxide. The sulfur and oxide
containing gases are not 'Limited  i0 tc su,..ur _ xice cr su1f-r dioxide
rut can b- a gas that  _ _~or. des ;cth 5___'1r :r,d oxygen (~cr example -J
c J_C'I . SO_C1 and SO _ ara aJa__able as c'" can be  eas:_'( a"ral_abie as
:'aces due to r nc^:_ 'raper cress~:re. .^1hen  a car__e: gas `I.. passe:
over t- se the 'raper  col; onent can be i .:_od'uced Into the har..c2r. ._
is tho11.:nt  tnac J i 0 gas's react w-:' eca_ '.vet-' Q:le tc toe
fa'Jcrac_e ormat'_cn of sulr,... r nC._ rreierab , e::her argon cr le __
.I^ se'j the  ca___er gas _ n roe pas (Cry, treatise.^.c cl =: e c Jenzic
.. 



the  t:eta_ can to near-ea teicpera:u e prerera',_y between 15 and  400C
and more _ reeferacly between 1-5 and -7.10 C and nose  Preferably cetween
30 and 1c) C P. the reactor or reaction  chamber. a:. -tr, iasr.a L s
applied t, he reactant gas  during the first step. This can be done w_-h or
without nea_ina.  I-n yet and _her opt_cn, p_acma is applied the reactant
gas and the meta_ is heated to a temperature preferably  between 15- and
400C and more creferabil of between abcut 15 and  200 The pressure is
preferably te:ween 1 mTo_r and 750 Torr  and .,ore preferab_y cetween 1
mTorr ar.c 760 _n:orr and mtre preferably between 5 mTcr_ and 200 ?r.Tcrr.
1_ It is thought tnat the metal reacts with the gas to  form at least
M(AC), (where M = N_, Co, Ti a;.o x is between  0.5 to 4) (e.g metal
conta_ninc product 13) Other products can be fcrmea such as metal oxides,
and metal sulfides. Second step - Wet step - Removal of product metal The
secon : step of the embodiment (e.g, Wet step) is  described next.
Referr_ng to FIGS. 13 and '_C, the solid metal  cortai:.ing product l3' is
at least partially removed or reacted. In the einbed_ment, a _i a:d,
preferably comprising  



water (wet treatment; is tc used remove the metal conta_ning  product 13
;e.g., metal sulfates kMISC) ,) . Preferably the liquid  water comprises
de-ionized water and more preferably consists of  water. The liquic f the
wet treazmer.t is nct limited to  deicnized water, but can be any ligli_d
that dissolves the metal  product 13 (M (30) ) . For example, organic
solvents car. be  used. The liquids can dissolve or rinse away the product.
it is  thought that water mostly dissolves the product. Furthermore, the
liquid car be heated to enhance the  dissolution of the metal prcduct. The
liquid is preferably  heated to a temperature cetween about 15 and 80C and
preferably  25 and 80C. 12 II. Silicide Preferred Embodiment In another
preferrec embodiment, the invention is  used to remove metal in a sil:cide
process for fabricating  semiconductor dev_ces. See FIGS. 2, 3, 4 and 5.
Gate and SID structures Referring now more particularly to F_G. 2, there is
illustrated a portion of a partially co~mpieted integrate:  circuit. The
semiconductor substrate 10 is preferably comprised  of silicon having a
<100> crystailographuc orientation. Other  



substrates can be used and the ?nvent_or. is not limited oy the  substrate.
The substrate may be n- or p-type s;liccn.  Semiconductor device structures
may be formed as is conventional  in the art. For example, isolation
regions 12, such as shallow  trench isolation (ST:) regions, separate
active areas of the  substrate from one another. A gate dieLectric layer 14
is  formed over the substrate 10. A gate electrode 16 is over the  gate
aielectric layer 14. The gate electrode preferably is  preferably comprised
of pelysilicen. Dielectric elements can be  formed on portions of the gate
electrode. The dielectric  elements are preferably sidewall spacers l8 on
the gate 16  sidewalls. Source/drain junctions 20.which can include LDD
regions are formed. Sidewall spacers 18 typically are comprised 13 of
silicon nitride, silicon oxide, sil:,--or, oxjnitr:de or a  mixture of
these. Metal layer formation Referring now to F_G. 3, a metal layer 24 is
formed  over the surface of t ,e subs_rate. The metal layer can be formed
by a sputtering process. The meta'- layer 24 may comprise  n:cke_, cobalt
or or alloys thereof. he metal layer  can comprise two or more metal
layers. The meta' layer is  



preferably deposited to a thickness of becweer: about 50 and 2000  Angstr
cros . +Ahen tr metal layer 24 is com=r:tied of nickee_ and  cobalt, a
refractory metal such as titanium may be deposited  over the cobalt or
nickel to a thickness of between about 50 and  200 Angstroms. Ei:icidat:cr.
results _n t e formation of the  metal si_icice on the gate electrode and
the associa_ed source  and ar?i._ regions. Anneal  Referring to FIG. 4, the
structure is annealed so  that portions of the metal layer 24 are reacted
with underlying  silicor. to form metal silicide regions. The metal
s_1:cide 26  27 can be formed, for ex.ar-ple, on the gate 16 (e.g., gate 14
silicice 26) and cver the source ;dra-,n rec_ons 20 (e.g., S/D  si11c'_de
27, by a rapid ther_^.1a1 process PTA) . Curing R`:?, mcst  of the metal
'La'yer the gate 16 and t e silicon  substrate 1C in the source/drain
regions 20 reacts with the  under_yirg siI_cor. to f,rm a metal .__1_c_-de
26 27, shown in FIG.  4. The amr.curi- of metal that reacts 'with the
underlying silicon  depends, or. other factors, co toe _nicknes,: of toe
(-.;epos' fed  metal, the temperature and the cLr.tion of the RTA. It is  



ty'pica_ to nave unreactea metal 24 reita:_iing on top of the metal
si_._c=de at the gate electrode, isolation rec:cns 12 and the  associated
source and drat: regions and areas. The metal  layer 24 overlying the
aielect_ic spacers 18 a.c the STI regions  :2 is ur:reacted. 3ther silicide
processes can be used, such as  processes that siliciae cnly the gate or
the S,' reasons, or  suicide toe S/J and sate in separate steps or that
comprise  raised S/D reg cns or trenched gates or vertical gates. Step 1 -
The Removal Of Unreacted Metal Referring to FIG. 5, the metal can then be
removed  using the embodiment's two step process described above. A
preferred process is also described. First, a reactant gas containing
sulfur and oxygen  is reacted with the metal. Preferably the reactant gas
preferably comprises: 1) sulfur trioxide or 2'" s,:'-fur dioxide or 15 3) a
m xture of sulfur trioxide (SO,) and sulfur diox-de (SO-)  gases. :where
both sulfur d_ox_de and sulfur tricxide gases are  'lsed, the ratio between
the sulfur r_rloxide anu s'ul:,.r c_cx.de  is between 1-0,000:1 ant
1.1.000. In add-t_on, a carrier gas can be used, such as Ar  or He. The
ratio or flow ratio between the reactant gas and the  



carrier gas is preferably between _ : 1000 and 1 . :.. The metal can be
r.eatea to a temperature between 15  and 400C at a pressure preferably
between 1 mTcrr and 760 Torr  and more preferably cetween 5 m--,-r,- and
763 mTDrr. Another option is to generate a plasma by means of  RF or
microwave frequency to the gas or the mixture of gases.  Plasma is an
electrically neutral mixture of posit-ve ions,  negative ions, electrons,
atoms, molecules, afro radicals. The  pressure regime for such plasma is
typically !:~e=ween 5 miorr and  760 mTorr anct preferably between 5 mTorr
and 500 mTorr and more  preferably between ara 230 mTorr. ?F or microwave
is  preferably capacitively coupled to the plasma. A Plasma tools  by
Mattson (USA), Gascnics (San Jose, USA; and Applied Materials  (USA) can be
used. Moreover, both meal neatinc and gas plasma can  used. The SO:' gas
can slowly react with me metal witnout  heating or plasma. The process
:nc_uding bcth heat and plasma :.s  cre-ferred. The rear--ices for the gas
treatment are thought to  be as follows: (1) N'_ (s. SC, (q) a=id/cr S02
(q) 4 N: (SO) . (s)  



If the meta' 24 is cobalt, +'ne reaction is:  (2) CC(S) SC-,(g) and/or SC.
(g) 4 CC (SC;,) . (s) If the metal 24 is titanium, the react-on is (3) Ti
(s) + or SC: (g) or a m xtsre Cf SO_ (g) and  SC2 (g) -4 Ti (SO). (s) The
reactant gas conta:nin, sulfur ara oxygen has a  high selectivity between
metal and metal s__icice (e.g. between  nickel and nickel silicJ.de).
Therefore almost no reacting with  the si_icide regions 26 27 occur. Step 2
- Removal Of Metal Product With Liquid Step In the second step (e.g., Wet
step), a liquid,  preferably water (wet treatment) to used remove the metal
17 product 13 (e.g., metal salfates). Preferably the wa er is de- ion-zed
water. The liquid _..r the wet treatment is not 1:m_ted  to deionizea
water, but .an be any iicu:d _nat dlssoijes the  metal product 13 (e. g.,
('XkSCx,) . For example, other 1iq~ids  such as organic solvents can be
used. Furthermore, the liquid can Lie heated to enhance the  dissclut:on of
the netal product. The 1_ou:d is preferably  heated to a zemteratusre
cetween 25 and 80:. Nickel sulfate, copal: sulfate and titanium sulfate  



art soluble asion_ :e(: water. The invention's rencval of the  metal and
metal products is very cost effective relative to the  pr-or arts wet
c~eP..:. al met .cds that uses c orros_ve acids or  alkalis. FIG. r
illustrates the integrated circuit after  removal of the unreactea metal
(e.g, nickel or Cobalt) 24  according to the process of the present
inver_tion. Processing  continues as is conventional in the art to complete
the  integrated circa:-t device. Dry & Wet Treatment in separate equipment
The emoodiment's first step ;S and 3 gas step) can  be perfor-ea in ccm
ercially available tools such as ashers from  Gasonics, Mattson or etchers
from Applied Materials, Tokyo 23 Electron Limited (TEL) 18 The wet second
step can be pe= forted prefE:rab1y in  slrgle wafer cleaning systems from
SEZ (Austria) or Semitooo:  (Montana, USA). Sepa_ate equipment can be used
to perform the dry  and the rye: treatments. Integrated Dry & Wet
treatments in Same equipment/tool ?cth dry gasecus) anc wet treatments are
preferably  



performed in the same chamber or within the same ecu:pment using  different
chambers (integrated concept) for cost savings. For  example an asher tool,
from Gascnics can ce useA to : erform the  step first gas (optior.ai
plasma) step and step second the  liquid rinse step. Note that the salicide
process described above is  for illustration only and other silicide
processes can be used  with the i nventicr.. Option For TiN Over Metal
Layer In another embccimeri.t, a metal nitride layer is  formed over the
metal layer. For this e:rLodiment, the metal  nitride layer is removed to
expose the metal layer and then the  invention's two step process is used
to remove the metal layer.  An example is giver as follows. 19 A titanium
n:trice layer or a titanium-titanium  nitride bilayer is aeposized over the
metal layer (e.g., nickel  or cobalt). The unreacted metal cannot ce
removed usinc the  aforementioned two step dry-wet treatment since t:tanium
nitride  does not react with the reactant gas containing sulfur and
oxygen. :r. applications witn a refractor-! metal nitride (like  titanium
n_--ride), the re`ractcry petal ..-__:de ;s remove-- to  



expose the metal laver. Then the inven:1cr.'s - step process Is  used to
remcve the metal laver. The metal nitride layer is preferably remcvea using
a wet chemical etch such as uttlizirg a!kal:.ne sclut-on (e.g.  SC-l).
Alternatively, the unreacted titanium nitride or  titan'um-t-tani::~m
nitride can be removed t:.rouge dry etching  wherear, the etoh_ng chemistry
comprises one or more gases from  the group containing chlorine, boron tric
h-oride (3C!:),  ch!crir.e-subst=tutea hydrocarbons, fluorine, flucrine-
substituted hydrocarbons, nitrogen, and argon. The embcd_ments  gas (S and
C containing; treatment step can be performed either  as a continuing step
in the same etching chamber as the metal  nitriee removal or another
etching chamber in the same  equipment, or in another equipment. 2J Rework
-.-e cry-wet treatment may ].sc used in :n e case c_ st_lppLng/ reNor:_ cf
deccsltea cr aoca_: over a wafer.  In _h_3 case, the cry-wet tr?a'rect wil.
remove the eca_ L_; l  :he wafer easily and at low cost w:th~llt we::
chemical C-,Sposal  concerns. Recovery Of Metals 



After t -e :ne :ai is removed using the i nv zion's two  wet; process, - :e
me-:al can be rec verad from the :::e:3_  procuct and L_gaia. ,he in,/en
-_cn can ti =_xtenrea t , tne  recovery of the metals such as r._ckel or
ccba_: =eoc-:ec by  perform=rig e_ec~r~r__c_r_g or eiectrowinning of the
col_ectad N- ,(SC) or Co (SC) scl,_':lons.  Advantages Over Prior Art Tne
inven::cn ^r v: ces many aa:`ntages of the pr--or  art. The invention dces
not use expensive we= cnemicais.  The prior art's wet orccesses (e.g.,
SC-1) drawbar s include the  expensiveness cc hian purity chef^icals,
d:spcsa_ costs, and the  corrosive nature cf the c:heirlcals. 'n contrast,
the invention  only uses a i lq,. r nsc . L1 The invention's removal of the
metal a na metal  products is very cost effective relative to the prior
arts wet  chemical methods that uses corrosive acias or alkalis. P_iso, the
invention provides a method to recover the  metals in the liquid or solid
product. In the above description numerous specific details  are set forth
such as flow rates, press,.zre settings,  



thicknesses, etc., in order to provide a more thorough.  understanding of
the present invention. It will be obvious,  however, to one skillets in the
art that the present invention  may be practiced without these derails. In
otner instances,  well known process have not been described in detail in
order to  not unnecessarily ooscurF the present invention. Also, the flow
rates in the specification can be scaled up or down keeping the  same molar
or ratios to accommodate different sized reactors  as is known to those
skilled in the art. Unless explicitly stated otherwise, each numerical
value and range shoulr. be interpreted as being approximate as if  the word
"about" or "approximately" preceded the value or  range. While the
invention has been particularly shown and  described with reference to the
preferred embodiments thereof,  22 it will be unders=ocd by those skilled
in the art that various  changes jr. form and details may be made w_-hcu`_
departing from  the spirit and scope of -he invention. _ : is ::.tended to
cover  various modifications and similar arrangements and procedures,  and
the scope of the appended claims therefore should be accorded the broadest
in:erpretati^.n so as to encompass all such  



modifications ana similar arrangements and procedures. 23  ; 10  What is
claimed is: 1. A method of removing metal in the fabrication of an
integrated circuit device comprising: a) providing a metal layer over a
substrate; b) reacting said metal layer with a reactant gas to  form at
least a solic product; said reactant as  contains sulfur and oxygen
elements; and c) removing said solid product using a liquid, thereby
removing at least portion of said metal layer from  over said substrate. 2.
The method of claim 1 wherein said metal layer is comprised  of material
selected from the group consisting of Ni, Ti, and  Co. 3. The method of
clalr,: 1 wherein said reactant gas is comprised  of sulfur trioxide and
sulfur dioxide. 4. The method of claim 1 wherein the step of reacting said
metal layer with said reactant gas is performed at a  temperature between
13 and 200 C. 



24 S. The method of claim 1 wherein the step of reacting said  metal layer
with said reactant gas is performed at a  temperature between 15 and 2COO C
and a plasma power is applied  tc said reactant gas and the pressure is
between about 5 mTorr  and 200 ~nTorr. 6. The method of claim 1 wherein
said 1=quid comprises water.  7. The -ethcd of claim. wherein said liquid
ys comprised of  water at a temperature between 15 and 80"C. 8. A method of
removing metal in the fabrication of an  integrated circuit device
comprising: a` providing a :petal layer over a substrate; said metal  layer
is comprised of material selected from the  group consisting of Ni, Ti, and
Co; b) reacting said metal layer with a reactant gas to  form at least a
solid product; where said reactant  gas is comprised of sulfur trioxide,
and sulfur  dioxide; the reaction is performed at a temperature  between
about 15 and 200` C; and at a pressure  between 1 mTorr and 760 Torr; 2 5 



c) removing said solid product with a liquid, thereby  removing at least
portion of said metal layer from  over said substrate; said liuuid
comprises water.  9. The method of claim 8 wherein the step of reacting
said metal  laver with said reactant gas is performed at a temperature
between 1 and 200 C and a plasma power is applied to said  reactant gas and
the pressare is cetween about 5 mTorr and 200  mTorr. 10. The method of
claim. 8 wherein said liquid is comprised of  water at a temperature
between 25 and 80C. 11. A method cf removing metal from an integrated
circuit device  in a silicide process comprising: a) providing a gate
electrode over a substrate; said  gate electrode having sidewalls;
providing source  and drain regions adjacent said gate electrode in  said
substrate; b) forming a metal layer over said substrate, said gate
electrode, said source and drain regions, and said  dielectric element; c)
annealing said substrate to form metal 3114C4 de  regions over at least one
of the following: said  



26 ga~e electrode, said source and urain regions; and  leaving portions of
said metal layer; d exoostna said metal layer to a reactant gas; said
reactant gas reacts with saia metal to form at  least a solid product; said
reactant gas contains  the elements S and 0; and ei removing saici solid
product using a liqu_d. '12. The method of claim 11 wherein said metal
layer is comprised  of a metal that reacts with a gas containing the
elements S  and 0. 13. The method of claim 11 wnerein said metal layer is
comprised- of material selected from the group cona_sting of Ni, Ti, and
Co. 14. The method of claim 11 wherein said reactant gas is  comprised of
sulfur trioxide, or sulfur dioxide. 15. The methoa of claim 11 wherein said
reactant gas is  comprised of sulfur trioxide and sulfur dioxide; the ratio
between sulfur trioxide and sulfur dioxide is between 10,000:1  and 1:1000.
27 16. The method of claim 1: wherein the step of reacting said  



metal layer with said reactant gas is performed at a  temperature between
15 and 200 C. 17. The method of claim 11 wherein the step of react-Ina said
metal layer with said reactant gas is performed at a  temperature between
15 and 200 C and a plasma power applied to  scia reactant gas and the
pressure is between about 5 mTorr  ana 2UC r-Torr. 18. The method of claim
11 w nere_n said. Ligu d comprises water.  19. The method of claim li
wherein said liquir is comprised of  water at a temperature between _5 and
80C. 2C. The method of claim li wherein said metal is recovered from  the
solid product and said liquid by e_eccroplating or  electrowinning process.
21. The method of claim 11 wherein said reactant gas comprises a  carrier
gas selected from the group consisting of argon and  heiiLim. 22. The
method of claim 11 further comprises: depositing a  titanium Layer
overlying said :petal layer be-'ore said 28 annealing step wherein said
step of exposing saic metal la'/er  to said aas or a mixture of gases:. 23.
The method of claim 11 further comprises: depositing a  



titanium nitride layer overlying said metal layer before said  annealing
step; and removing any unreacted sa.:d titanium  nizride layer before said
step of exposing said metal layer  to said reactant gas. 24. The method of
claim 11 f.:rther comprises: depositing a  titanium nitride layer overlying
said metal layer before said  annealing step; and removing unreacted said
titanium nitride  layer using a wet or dry chemical treatment before said
step  (d) of --exposing said metal layer to said reactant gas--. 25. The
met ed of claim 11 wnere'.n saia lrqu_d is deionized  water. 26. A method
of removing metal from an integrated circuit device  in a suicide _ process
comprising: a) providing a gate electrode over a substrate; said  gate
electrode having srdewalls; providing source  and grain regions adjacent
said gate electrode in  said substrate; providing a dielectric element on
at least a portion of said smdewall of said gate  electrode; said
dielectric element is a spacer; b) form:ng a metal layer over said
substrate, said hate  electrode, said source and drain regions, and sa-d
dielectric element; 



(1) said metal layer is comprised of material  selected from the group
consisting of  Ni, Ti, and Co; c) annealing said substrate to form metal s
ilicide  regions over at least one of the following: said  gate electrode,
said source and arain regions; and  leaving portions of said metal layer;
d; exposing said metal layer to a reactant gas form at  least a solid
product; the step of reacting said  metal layer with said reactant gas is
performed at  a temperature between 1- and 2000 C and at a  pressure
between 1 mTcrr and 76C Tcrr ; said  reactant gas is comprised of sulfur
trioxide or  sulfur Cioxi'de; e) dissolving said solid product in a liquid;
said  liquid comprises water. 27. The method of claim 26 wherein the step
of exposing said  metal layer to a reactant gas form at least a solid
product;  comprises: reacting said metal layer with said reactant gas at  a
temperature between 15 and 2000 C and a plasma power applied 30 to said
reactant gas and the pressure is between about 5 mTc=r  



and 230 mTcrr. 28. The method of claim 26 which further includes said metal
is  recovered from said solid product and said liquid by a  electroplating
or electrcwinning process. 29. The method of claim 26 wherein sac liquid is
comprised of  water at a temperature ::,etween 15 and Uc. 30. The method of
claim 2h wnere:n saic reactant gas comprises  a carrier gas selected from
the group consisting of argon and  helium. 31. The method of claim 26
further comprises: depositing a titanium layer overlying said metal  layer
before said annealing step wherein said step of exposing  said metal layer
to said reactant gas. 32. The method of claim 26 further comprises:
depositing a  ti tar. :r. nitride laver over said metal laver before the
annealing step; and removing said ti-an1um nitride layer  before the step
of exposing said unreacted metal layer to said  reactant. 33. The method of
claim 26 further comprises: depositing a  titanium nitride laver over said
metal layer before the  31 annealing step; and removing said titanium
nitride layer  



before the step of exposing said unreacted metal layer to said  reactant
gas; said stag of removing unreacted said titanium  nitride layer comprises
a wet chemical trea-_:ner.t. 34. The method of claim 26 further comprises:
depositing a  titanium nitride layer over said metal layer before the
annealing step; and removing said titanium nitride layer  before the step
of exposing said metal layer to said reactant  gas; said step of removing
unreacted said titanium nitride  layer comprises dry etching. 35. The
method cf claim 26 wherein a plasma can be appliea to  said reactant gas.
36. A irethod of removing metal in the fabrication of an  integrated
circuit device comprising: W praviding a metal layer over a substrate; IN
exposing said metal layer to a reactant gas wherein  said reactann reacts
with said metal to form at  least a solid product; c, dissolving said solid
product in a liquia, thereby  removing at least portion of said metal layer
from  said substrate. 32 37. The method according to claim 36 wherein said
metal layer  



comprised of a material selected from the group consisting of  nickel and
cobalt. 38. The method according to claim 36 wherein said reactant gas
contains oxygen and sulfur in their composition. 39. The method according
to claim 36 wherein said reactant gas  is comprised of a gas selected from
the group consisting of  sulfur trioxide and sulfur dioxide. 40. The method
according to claim 36 wherein saia reactant gas  further comprises a
carrier gas; said carrier as is comprised  of a gas is selected from the
group consisting of argon and  helium. 41. The method according to claim 36
wherein said metal layer  comprises nickel and wherein said substrate is
maintained at a  temperature of between 15 and 200 C during said step of
exposing said meta. layer to said gas or mixture of gases. 42. The method
according to claim 36 wherein said metal layer  comprises nickel or a
nickel alloy and wherein said substrate  is maintained at a temperature of
between 15 and 200 C during  said step of exposing said metal layer to said
reactant gas. 33 43. The method according to claim 36 wherein said metal
layer  comprises titanium and wherein said substrate is maintained at  



a temperature of between _5 and 200 C auring said step of  exposing said
meta- layer to said reactant gas. 44. The method according to claim 36
wherein a plasma is applied  to said reactant gas. 45. The iet cd according
tc claim 36 wherein said metal layer  comprises nickel and wherein said
substrate is maintained at a  temperature of between 15 and 200 C during
said step of  exposing said metal laver to said reactant gas. 46. The
method according to claim 36 wherein said metal layer  cc=rises cobalt and
wherein said substrate is maintained at a  temperature of between !3 and
2t'C' C during said step of  exposing said metal layer to said reactant
gas. 47. The method according to claim 36 wherein said meta- layer
ccmnrises titanium and wherein said substrate is maintained at  a
temperature of between 15 and 200 C during said step of  exposing said
metal layer to said reactant gas. 48. The method according to claim 36
wherein said liquid is  deicnized water. 34 49. The method according to
claim 36 where_n the dissolving of  product is performer at a temperature
between 15 and 80C. 50. The method according to claim 36 wherein said metal
IS  



recovered from said liquid by electroplating or  electrcwinning. 51. A
method of removing metal from an integrated circuit  device in a silicide
process comprising: a) providing a substrate surrounding and electrically
isolating an active area from other active areas;  providing a gate
electrode and spacer on the  sidewalls of said gate; provzding source and
drain  regions adjacent said rate in said substrate; b) forming a metal
layer over said substrate, said gate  electrode, said source and drain
regions, and said  spacers; said metal laver is formed of a material
selected from the group consisting of titanium,  nickel and cobalt; C%
annealing said substrate to form metal silicide  regions over at least one
of the following: said  gate or said source and drain reg.cns; and leav_:ig
portions of said metal layer; 35 d` expo =ing said metal layer to a
reactant gas form at  :.east a sol_ei product at a temperature is
maintained of between 15 and 2000 C, at a pressure  



between 5 and 200 mTorr, and in an applied plasma;  said reactant gas is
selected from a group that  consists of sulfur trioxide and sulfur cioxide;
and e', aissolving said sclic product in a liquid; said  :iqud comprises
water. JL . The method according to claim 51 wherein said reactant gas
further comprises a carrier gas selected from the group  ccnslstir;c of
argon and helium. 53. The method according to claim 51 wherein further
comprises:  depos:.tln_g a titanium nitride laver overlying said metal
layer  before said anneaiLng step; and removing unreacted said tj.tariium
nytride layer  before said step of exposing said unreacted metal layer to
said  reactant gas. 36 




