METHOD- FOR SELECTI VE REMOVAL OF UNREACTED METAL AFTER SI LI Cl DATI ON
frerrerrerrrrrerrerrertr rrerrerrrrrrrrrr *159159* Background of I nvention
I~TIIRngl LI ELLLE>nl LI IIIIT 1) Field of the Invention *000002* The
inventi.c:: relates to the fabrication of integrated circuit devices, and
myre particularly, to a nethod of renoving neals, such as nickel, titanium

or cobalt in the fabrication of integrated circuits. The invention further
rel ates to the MEGOPe FPRCEELECTINE RRMOVAL) OPebSWRERCTE MTATNAFREROr Art In
the fabr_cation of integrated circuits, netal silicides are often forned

through a rapid thermal annealing SCRIPIDRTINSS. Metal s s i tani um
cobalt, and nickel are typically used in silic:lation. "m"m@ﬂ
1

unreacted nmetal is typically renoved by wet chemi cals. For
(Standard C ean-1 conprising amoni um ' hydroxi de, hydrogen pergistte, and

de-icnized water) may be usedBackgmwsmt dfi TamennionSC-2 (St an P
conprising hydrochloric acid, hydrogen peroxide, and deicniz mmm
a m xturelpf Bidldirdfc thei dnvention

*G00002*
The inventicn relates to the fabrication of
integrazed circuir devices, and more particularly, =Zo & methcd
of removing metals, such as nickel, titanium cr c¢obal:z 1n the

fabrication of i1integrated circuits. The inventicn further

relates to the recovery of the metals.

2) Description of the Prior Art

In the fabr:cation of integrated circulits, metal
silicicdes are often formed through a rapid thermal annealinc
{RTA) process. Metals such as titan-um, ccbalt, and nickel are
typically used in silicidation. After RTA, the unreacted metal
is typically removed by wet chemicals. For example, S7-1
(Standard Clean-1 comprising ammonium hydroxide, hydrogen
peroxide, and de-icnized watar) may be used zo remove titanium,
SC-2 {(Standarcd Clean-2 comprising hydrochloric acid, hydrogen
peroxide, and deiconized water) and a mixture of sulfuric acid,
hydrogen peroxide, and water (SPM) nay be used %o remove cobalt

and niczel. Nitric acid and SPFM are aiso used for the stripping



hydr ogen peroxi de, and water (SPM May be used to renove cobalt and
nickel. Nitric acid and SPM are al so used for the stripping 1 (rework) of
cobalt and nickel on bare silicon wafers. The drawbacks cf using wet

chem cal s include the expensiveness of high purity chem cals, disposal
costs, anc the corrosive nature of the chemicals. US 6, 225, 20231 (Gupta
et al) teaches a nethod for renoving unreacted nickel or cobalt after
silici dat(ir%uo\eﬁa@r‘sifn&o%&ﬁ: uyeacted 1nbakgh -ors cobald Jael _scayposed =o a
pl asma contai ni ng carbon nonoxi de gas. The carbon nonoxi de gas reacts

wi th the ynreacked,pi kel QfecQBRAL LhSr ehy) LeIDM NG, 1 s wareact gd ni ckel
or cobalt fromthe substrate to conplete salicidation of the integrated
circult %%hcgurg@ 4eddB O30 G ARINSK) -Leacheg,a Rt hod 1Q SErLR-, £ €S1 st
in a short "pefio 3f time erein the object’ is positioned wth t%e
surface expqesed ta.both.a water vapor and sulfur trioxide vapor ad, acent
to the surface to provide a hot mxture conprising sulfur trioxide, water
and sul furic acid. %ﬁ?%ﬂ%:@e%Hké?”ﬁﬁﬁﬁiéué% %GkatL¥QLXeL0¥/éﬂJK§%téyi
conponents are easily vaporized. The inportance of overcom ng the various

removing unreacted nickel or cokalt atter silicidaticn wherein

by

the unreacted nickel or <ckalt layer :is expocsed -0 a plasna
conta.ning carbon moncxide gas. The carbon rnonoxlde gas reacts
with the unreacted nickel or cobalt thereby removing the
unreacted nickel or cobalt from the substrate to ccmplete
salicidation of the intsgrated cirrcuit device.

US 4,778,536 {Grebinski) teaches a methcd Lo strip
resist 1n a short period of time wherein the cbiect is
positioned with the surface exposed to both a water vapor and
sulfur tricx.de wvapcr adiacent tc the surface tc previde a hot
mixture comprising sulfur trioxice, water and sulfuric acid.
Energy requiremants are relatively low since the components are

easlly vaporized.

The importance of overcoming the various
deficiencies noted above is evidenced by the extensive
technological develcpment diractec to the sukiect, as documented

by the relevant patent and technical literature. The closest



deficiencies noted above is evidenced by the extensive technol ogical

devel opnent directec to the subject, as docunented by the relevant patent
and technical literature. The cl osest 2 and apparently nore rel evant
techni cal devel opnents in the patent literature can be gl eaned by
considering US 6, 231, 775(Levenscn et al.) shows a process for the ashing
of an organic filmwhich conpr- ses a plasma. US 6,242, 165B1(Vaartst_a)
shows an HPapga rleafBVahor Pl BEESEantl k3 cBnidaD8ue B0 oprdAihay) tsBows an etch
process for a multi-layered structure including silicides. US

4,778, 536{ gLl nskie)at gashesn avdrefnetcio o5t EbRs: d€8i s Wherein the surface
is exposed to both a water vapor and sulfur trioxide vapor adgacent to the
surface to pOVigaIavRatcnMEXtAT & GNNS Si BYosrEE Uf o f riraxide. nwater aand

sul furic adia. US 3,985,597(Zi el.inski) reveals a passivated netal

i nter connedaPrCa8Is wScR, dof 923(dar ipi@kral . ) shcws a multi-layer etch
including sil _cides. 3 Sunmary of the [nvention

US €,242,165B1 (Vaartsztra) shows an organic removal

process.

(8]

US 5,32¢,60L (Catheyv) shows an etch process fcr a
multi-layered structire iancluding silicides.,

US 4,778,236 ({Grekinsk1l) teaches a method to strio
resist wnerein the surface is exposed to both a water vapcr and
sulfur trioxide wvapor adracent to the surfzce to provide a hot
mixture comprising sulfur tricxide, water and sulfuric acia.

Us 3,985,597 (Zielinski) reveals a passivated metal
interconnect prccess.

UJS £,259,9Z3(Hory et al.) shcws a multi-layer etch

including silxcides.



An obj ect of an enbodi nent of the invention is to provide a nmethod of
renoving a netal using S and O containing gas. An object of an enbodi nent
of ‘the present invention is to provide an effective and easily
manuf act ur abl e met hod of renoving ur.reacted netal after siliciad__cn
using a two step, dry then wet, treatnent. A further object of an
enbodi nent of the invention is to provide a nethod of renoving unwanted
metal using wet-dry treat neftmoarprofSithg dngastoena m xture of gases
followed by Iliquid treatnment. Yet another ohJect of an enbodinment is to
provide a nethoc of Anepbyeny cfir@acterbdinteani af thecketerorixobal t-oaf t er
silicidation using two step dry-wet treatnent. Yet another object of an
enbodi memtrovideoapnevhde @& metchodgoh menavimgrnunvearsred ot ictahaumingi ckel or
cobalt using dry-wet treatnent wherein the dry portion of the dry-wet
treat mentgasanpri ses a gas or a mxture of gases. Yet another object of an
enbodi nent is to provide a nethod of renoving unwanted titanium nickel or
cobalt using dry-wetArt medenent £ waereigndimenvet fponei pneoént henvdmyr-ivweat
treatment conprises a |iquid.

is to provide an effective and =asilly manufacturable method of

removing urreacted meta. after siiiciaaeticn using a tws step,
dry then wet, treatment.

A further cbject of an smbediment <£f the invention
is to provide a methcd 2f removing unwanted metal using wet-dry
treatment comprising a gas or a mixture of gases follicwed by
liquid treatment.

Yet another ohject of an embodiment is to provide a
methoa of removing unreacted :Titanium, n.ckel or cchalt alfter
silicidation using two step dry-wet treatment.

Yet another ckiject c¢f an embcdiment i1s to provide a
method ¢of removing unwanted titanium, nickel or cobalt using
dry-wet -“reatment whersin the dry pecrtion of the dry-wet
treatment comprises a gas or a mixture cf gases.,.

Yet ancther object of an embodiment is to provide a
method ¢f remcving unwanted titanium, nickel or cobalt using
dry-wet treatment wherein the wet porticn cf the dry-wet

treatment comprises a liquaid.



4 Yet another cb,ect of an enbodinent is to provide a nethod of renoving
unwant ed ni ckel or cobalt using dry-wet treatnent wherein the gas or a

m xture cf gases in the dry portion of the dry-wet treatnent is selected
froma group conprising sulfur trioxide and sul fur dioxide. Yet another
ob]Ject of an erbod,men_is to provide a nethod of renoving unwanted nickel
or .cobalt using dry-wet treatnent wherein the wet portion of the dry-wet
treatment conprises dai GRiczed - Watesct THE 4 @x8BH1hBMENL & OF: PE 0%} GRS zan
enbodi nent to renove a netal fromover a substrate in the fabrication of
an integid-R Gifr gdinbvegyi ¢e.arThel eyTkedilnent c €OAP | BES: PLeY-dbng a net al
| ayer over a substrate; renoving the netal l|ayer by reacting the netal

|l aver W tdranRact ankras~t end ofd8 &t & eastude &Pld44y aducte tihe reactant
gas contains at least S and C, then dissolving the solid product in a

liquid, thereby eMmeuingratyet easiz ARG @8 9814beedretdln la¥ghubr om over the
substrate. Another aspect of a preferred enbodinent is a nethod for

removi ng niekels, i tanieum ok, sohal tousishd sdeyavet; 44 eatment  in the
manuf acture ‘of an’integrated circuit. Airetal, such as nickel, titaniumor
cobalt layer on a subsisat@dhere¥P9sed 4P £ erbodiment is to provide a

method of removing unwant2d nickel cr zckalt using dry-wet

treacment wherein the wet portion cf tne dryv-we: treatment

comprises deionized water.

The present invention provides an embodiment te

remove a metal from cver a sukstrahbe in the Zdabrication £ an

H

integrated circuit device. The embodimernt comprises providing a

metal layer over a substrate; removing the metal layer by

reacting the metal layer with s ¢ form at least a

"

reactant

hY]
19}
fu

or
i

solid preduct; the reactant gas contains at least S and C: then
dissolving the solid product 1n a liquid, thereby removing at
least pcrtion of the metal layer from over the substrate.
Another aspect of a preferred embodiment is a methoed
for remcving nickel, titanium or cgbalt using dry-wet treatment
in the manufacture cf an integrated circuit. A wetal, such as
nickel, titanium or cobalt layer on & sukstrate is exposed to a

gas cr a mix:cure of

(9]

asa2s selected from a group comprising

sulfur trioxide and sulfur dioxide wherein the gas or the



gas cr a mxture of gases selected froma group conprising sulfur trioxide
and sul fur dioxide wherein the gas or the 5 mxture of gases reacts with
the netal to forma prcauct. The product is then renoved through
dissolution a liquid, thereby renoving the metal fromthe substrate. Al so
in accordance with the obDects of the invention a nethod for renoving
unreacted nickel or cobalt after silicidation using dry-wet treatnent is
provi ded.miShaldeows Hkeoghrd sl Atiiam regi ABsSaares foyed ivrcaugem cqaduct or
substrate surrounding and electrically isolating an active area from et her

active arngasiucA gat eneh ecdriae! andagsoai aketusid ce. andduakn thegelOps are
formed in the active area wherein dielectric spacers are fornmed on

si dewal | sr@fohiiig @gatemet grtiage.cHA Biuekekaee. cobalt layer is deposited
over the gaze electrode and associated source and drain regions. The

sen conductor substratigd Sn anRgabigd-sher@by-rehevnkekel o oregobadedayar
overlying the gate electrode and said source and drain regions reacts to

forma n Giealhcer reebabhosihgide-daen andrvheseidodae niggkel or cobalt
| ayer overlying the dielectric spacers and the shallow trench isolation

regions igunnieact gd. udhes uprpacded Alaekeht 0f z CORA tded Ay hal S sfXposed to a

gas or a m xture of gases selected froma
trench isolazion regions are formed in & semicenductor substrate
surrounding and electrically isolating an active area from cther
active areas. A gate electrocce and assocliated source and drain
regions are fcrmed in the actlve area wherein dielectric spacears
are formed on sidewalls of the gate electrode. A nickel or
ccbalt layer is deposited ¢ver the gate electrode and assoclated
scurce and drain regions. The semiconductor substrate is
annea.ed whereby the nickel or cobal: layer overiying the gate
electrode and said source and drain regions rsacts to form a
nickel or copalt silicide layer and wherein the nickel or cokalt
layer overlying the dielectric spacers and the shallcw trench
isolation regions 1s unreacted. The unreacted nickel or cobalt
layer is exposed to & gas or a mixture of gases selected from a
group comprising sulfur trioxide and sulfur dioxide wherxein the
gas or the mixture ¢f gases reacts with the metal tc form a

procduct which is then removed thrcugh dissolution in a liquid,



group conprising sulfur trioxide and sul fur dioxide wherein the gas or the
m xture of gases reacts with the netal to forma product which is then
refmoved through dissolution in a liquid, 6 thereby renoving the netal from
the substrate to conplete the silicidaticn of the integrated circuit
crevice. Additional objects and advantages of the invention wll be set
forth in the description than follcws, and in part w1l be obvious from
the descritpereny Gemafiyndhehleearned byom priectsuee tehrtheci avgntd @n.tnEhe
obj ects and advantages of the invention may be realized and obtai ned by
means of SipsCidamertraldft ithe antdegoabédations tpaktiieyl arly pointed out in
the append clains. 7 Brief Description of the Drawi ngs The features and
advant ages of a sem conductor device according to the present invention
and further details of a process of fabricating such a sem conductor
device in accoraarcenuiit bidhel present bAvention Mdd be rrenglearly
understood fromt .e fol: _cw ng description taker. in conjunction wth the
acconpanywngl doavsagstdmhwiinchkbi kes¢ef oy eice naumeral s.s designat ¢ sicm | ar
or corresponding el ements, regions and

will be cbvious frcm the description, or may be learned by

practice of the invention. The objects and advantages of the
invention may be realized and cbtained &ty means of
instrumentalities and combinat:ions particularly pointed cu* in

the append claixs.



portions and in which: Figures IA 16 and 1C are cress sectional views for
illustrating preferred encodi nent of the invention for a nmethod of
renoving a netal |ayer fromover a substrate using a S ana 0 containing
gas. FIGS. 2 Through 5 are cross sectional views for illustrating
preferred enbodi nent of the invention for a nethod of renoving a netal

| ayer fromover a substrate in a silicide process. Detail ed Description of
the Preferred Enbodi nents The present invention provides a nethod for
removing netal, such as nic.<el, titaniumor cobalt, froma sem conductor
piece. In a preferred enbsdefeddscmaptRial ofSthenmyechefd er sa;ic_dation or
inarewrk step. It will be ur.derstocd by those skilled in the art that
t:.e present inventi arhesltaslzdreat abe hdwaitwedidso ctthe sembodhaenioxlescri bed
herein, but can be applied and extended in a variety of applications. The
. gener al demmealacebraehgl térome muwesena subshrate asdifladiaratiedainsFbES.
1A, 101 and 1C. The renoval of unreacted netal after salicidat_on is

il lustratedddteskl 68. £abtheoughy Sudh Fiskst cernet abr Enpodisrant

accorcance with tThe present inventicon wi’l be more cleaxly

lescraiption taken 1n conjuncticn

0
(9%

understood frcm trne follcwin

rence numerals

1

with the accempanying drawings in wnich like ref
designate similar or correspending elements, regicns and
pgortions and in whi<h:

Figures ZA, 1B and 1 are crcss sectional views for
illustrating preferracd erpodiment 0f the inventicn for & method
of removing a metal layer from over a sucstrate using a S ana O
centaining gas.

FIGS. 2 chrough 5 are cress sectional views for
illustrating vreferred embecdiment cof tne i1nvention for a method

cf removing a metal layer from cver & supstrate in a silicide

process.

[a0]



FIG 1A shows a sinplified cross sectional viewof a netal |layer 11 over a
substrate 10. The substrate can represent a sem conductor (e.g., Ste)
waf er or a sem conductor structure such as a wafer with | ayers over the
wafer. The invention is not l|imted by the type of substrate. The netal
| ayer 11 can be conprised of: nickel, titanium cobalt; and alloys and
conbi nations of nickel, titanium and cobalt. The netal |ayer can conprise
for exanple, nickel-titaniumalloy or cobalt- titaniumalloy. The netal
| ayer can be conprised of any 9 netal - g(s; chat reacts w_h sul fur and
oxygen containiggeﬁééE%Q Dagih B 08a of uFRe rPERE A <5t ERBedameBtdxi de. The
petal layer 11 can be ccnpr.,.sed of seieral netal l|layers cif the same or
di fferent- conpositiofe RERESEhE TRt EICT BFeVigsat PeEdtd pitd iM%y ~Pénoved
or reacted the enbodinent's two Step process as described below The first
step is aadrtly gashreactiotl stiefarhal esnverd st tHe™mst dPRIFCR8Eatenl d
product. The second step is a wet/llquia step that renoves the solid
product tHersby AemdvPhgie e femglcdimgRer . 2Frese ! stepercgeg 6LEBAt ai ni ng
gas treatnment Referring to FIG 13, in a first step of: a preferred
sallcidation Oor 1n a rework step.

It will Te underszocd by those skilled in the art
that tne present inventicn should nct be limited to the
embodiment descriked nherein, but can ke arplied and extended in
a variety of apolications. The yJereral removal cf metal from
over a substrate 1s 1ilustrated in FIGS. 1A, 12 and 1C. The

removal of unreacted metal. after salicidaticon is 1lliustrated in

(

FIGS. 2 thrcocugh 5.

I. First General Embodiment

FIG. 1A shows a simplified cross secticnal view cof a
metal layer 11 over a substrate 10, The supstrate can represent
a semiconductcer (e.g., Si) wafer or a semiceoncuctor structure
suck as a wafer with layers over the wafer. The inverticn is not
limited by the type of suks:rate. The metal layer 11 can be
cemprised of: nickel, titanium, cobalt: and allcys and
comkinations of nickel, titanium, and cobalt. The metal layer
can ccmprise for example, nickel-titanium alloy c¢cr cobalt-
titanium alloy. The metal layer can be comprisec of any

9



enbodi nent, the nmetal layer is reacted wit- a reactant gas containing

sul fur (5) and oxygen (v) elenents to forma netal ccntaining product 13.
Tr.e reactant gas uar. conprise several gases or m xtures of gases. The
first step can oe performed with or without a plasma (plasm is opt:ona?)
at .a pressure between 1 nifcrr and 760 Torr and at a wafer tenperature
between 15 and 200C. The first step le.q., dry stet) is des,.;r_bed as
follows. Thepgeials;(@ng:, réd £kl -50HAl 41 -aR8y ; 4:005=hi Lo dih1aYnkaiss, reacted
with a reactant gas, preterably sulfur tr,cxide or sulfur dioxide or a

m xture of sghfwrad rsi;osiuderantk-sul urs 2Fudi exd:dele . Thee stddaur rang:- oxi de
containing gases are not 'Limted 10 tc su,..ur _ xice cr.sulf-r dioxide
rut can b- acgascd hatpr.osedort sdesrattieml laders pidioxyger prcr exanple -J
cJCIl . SOCL and SO _ ara aJa__able as c'" can be &eas: '( a"ral_abie as
:'aces due torfisweEnt corape¥iicress~:re. .“lhen a car__e: gas |.. passe:
over t- se the 'raper col; onent can be i .:_od' uced Into the har..c2r.

is tholl.:nt tnac J i O'9f&s' §° BRI lw-2YeRcd, @™, vea3T r@rkeatky tr@aoved
fa'Jcrac_e ormat' _cn of sulr,... r nC._ rreierab , e::her argon cr le __
1IN se'j theSrcBRACHAC gash Cif e opasey Oty tWP rvdid 605285 (S desgridefenzic

beilcw. The first ster 1s a 3ry gas rgaction step that ccnverrts
the metal znto a solid product., The second step 1s a wet/liguia
step that remcves the solid product therseby remcving the metal

layar.

First step - S & O containing gas treatment

Referring =o FIG. 12, 1n a f_rst step ¢

r#

[}

prefarred
embodiment, the metal layer is reacted with a reactant gas
contalirning sulfur (3 and oxygen (0) elsments to fcrm a metal
ccncalning procduct 132, Tne reactant gas oan comprise several
gases or mixtures ¢l gasas. The first step can one perfcrmed with
or without a plasma (plasma 1s optional) at a pressure between 1
mTeorr and 760 Teorr and a%t a w;fer ~emperature between 15 and
200°C. The I.rst step fe.g., dry step}) 1s descrized as follows.
The metal (e.g., nickel, cockalt and/cr titanium) 1s
reacted with a reactant gas, preferably salfur traicxide or

sulfur dicxide or a mixture of sulfur tricxide and sulfur

[\
[#Y)

diox:de. The sulfur and oxide containing gases are not limited

i0



the t:eta_ can to near-eat
and nore _ reeferacly betwee
30 and 1c) C P. the reactor
applied t, he reactant gas
W thout nea_ina. |I|-n yet an

, _y between 15 and 400C

n 1-5 and -7.10 C and nose Preferably cetween
or reaction chanber. a:. -tr, iasr.a L s
during the first step. This can be done w -h or
d her opt_cn, p_acma is applied the reactant

eicpera:u e prerera’

gas and the neta_ is heated to a tenperature pr
400C and nore cref ecabid “ofdheeweersalbcutd b5 1én
preferably te:ween 1 mlo_r and 750 Torr and

MTorr ar.c 760 COF¥omnds e prefer abk yoyaeneln - 52 raek2

1 It

MCAQ),

i's thought tnat the nmetal _reacts wi.th the

(where ME"N_3°€o, FF %r “o %3 ”’%‘et”‘Wéer?‘s

eferably between 15- and
Guc200: Thea preesstye i s

ore pref erab_y cetween 1
Fhd- 266 2r “Fcrr.
as to, format |east

¥5 o 4y G e far B2

conta_ninc pr odu'c‘tu_}B) Othe\{ u%s, can J e fermea, _sucpJgsu rretg_t 0)§Ldes
and netal sul fi des=~Setondst step - “Retoval - of produc et al'* The
secon : step of atb.e en;bodgmeru ﬁ(e 9., Vei:stepd. kS.sdeseribed pext ..
Referr _ng to FIGS. 13 and " C, the solid metal cortai: .ing product 13" is
at | east partialdyscbrsnvedn ose neactedaql mctoheheld?daedc_ﬂent & thoaiAd,
preferably conprisi ng
that 3 & ¢ Jasas r23aIT wi.Th metal well que to tnae favcraolis
formaticon 2L meTal-cHxigen < meta. sulfur goend.ang
crefarzbly eliher argon cr heliul L< used as the
. Cazrzer @gas 1n Ine ¢as {dry) traztnent 21 the invVention.
InoancThner sgtien, T oennant= tne re2igIlan, Lhe
metal can e f8ateq [¢ tempseratursae preferanbly tetwaen 13 and
400°C and mores vrefsracly between 13 and 230 °7 and mos:

preferap.y cetwesn 3¢ Ln

t

pr.ch,

1z
-

kbezween and <400°C

P

plLasme 15 aprlied

13 heated to

rably cetween

rhe reactsr Or react.on

~he reactant gaés

Ww.-h or withcuz heating.

-
-

the

el ~lo.T-2d

1

arna 76C mTorr and mcre



water (wet treatnent; is tc used renove the netal conta_ning product 13
;e.qg., nmetal sulfates kMSC) ,) . Preferably the liquid water conprises
de-ionized water and nore preferably consists of water. The liquic f the
wet treazmer.t is nct limted to deicnized water, but can be any ligli _d
t hat di ssolves the netal product 13 (M (30) ) . For exanple, organic
solvents car. be wused. The liquids can dissolve or rinse away the product.
it is thought that water. npstly dissolves the oduct . Furthernore, the
liquid car be heated to%énﬁantheyﬁ"hé‘ %?%s“(ﬂeuf“%‘%{ o%eatctﬁé 'r”ré'ihalh:%ﬁr &8Uct" The

liquidis pr ahly, . bheated 0 a tenperature cetween aboyt 15 .80C and
pref erably gé%n%%écg“ ﬁzgﬂl:’.”' Si I(itwé‘iggé %r eflg‘t’ré%’ E‘n]boa(‘:ﬁ“rrgn)tsll”r?%g%()lf1 her

preferrec empodinent, (Lhe inyention.is,ysed Joreqoye metal in a sil:cide
process forn?abricatiﬁg ’seniconductorqdevjﬁes.C§ee Fl oS5 . 4 and 5.

Gate and Sl D stguctuces Ref@ibRIsNOWOLE: PATddicdkarlys bR B GyiZidkbere is
illustrated a portion of a partially co~npieted integrate: «circuit. The
sem conductor substrate 10 is preferably conprised of silicon having a

<100> crystai |l ogr aphuGeodne siept- Wet sfdphcRemaval of product metal

The seccna step of the embcdiment (e.g, Wet step) is
descrilted next. Referring tc FIGS. 13 and 1C, the scl:d metal
containing product 13 is at least partially remcved or reacted,

In the eambcdiment, a ligquid, preferably comprising
watar {(wet “resatment) 1s t¢ used ramovz the metal containing
prccduct 13 (e.g., metal sulfates (M{S3).). Praferakly tha liquid
water comprises de-iconized water and more preferably consists cof
water. The ligquic for the wef treatment 1s nct lim:ited to
deicrnized water, but can be any ligurd that dissolves the metal
rreduct 13 (e.g., (M{3Q).). For exarple, organic solvents can be
used. The liquids can dissolve or rinse away %he praduct. It is
thought that water mestly dissolves the product.

Furthermcre, the liguid can be heated to ennance the
dissclution of the mecral prcduct. The liquid 1s preferably

heated tc a temperature cetween about 15 and 872°C and preferably

2S5 and 80°C.

12



substrates can be used and the ?nvent_or. is not limted oy the substrate.
The substrate may be n- or p-type s; liccn.  Semconductor device structures
may be formed as is conventional in the art. For exanple, isolation

regions 12,
active areas of the

such as shallow trench isolation (ST:) regions, separate

substrate fromone another. A gate dielLectric |ayer 14

is fornmed over the substrate 10. A gate electrode 16 is over the gate

aielectric lmyer
of pelysilicen.
el ectrode.
the gate 16

14. The:padirieelorarepsiel mrebermdity is preferably conprised
Dielectric elements can be forned on portions of the gate

The dielectrig ,&lenents.al e fF ehesably-si dewald .spagers; 18 on
sidewal I s. Source/drain junctions 20. whi ch can i ncl ude LDD

regions are fqaed. rShdpnallaspaces $.118-1ypiGakbys arg capprisedthcl3 of

silicon nitride,

t hese.
f or ned

| ayers.

silicon oxide, sil:,--or, oxjnitr:de or a mxture of

Met al sdrayendhiotsmideancRef exdd mycpowe t @, FaGrd,5.a netal layer 24 is
over the surface of t ,e subs rate. The netal |ayer can be forned
by a sputtering process. The neta'- |ayer 24 may conprise n:cke_, cobalt
or or alloys thereof.Ghte anst D $tayesurescan conpri se two or nore netal

The neta'

circuit.

| ayer is

Referring now more particularzly tc FIG. Z, there 13

rated a portion of a partially completed i1ntegrated

The semicecnductcr subkstrate 10 is preferakly comprised

cen having a «<190> crystallograrhic orientatien. Cther

substrates can be usad and the invention 1s not limited oy tae

substrate. The substrate mcy be n- or p-type s:licen.

Semiconductor cdevice structures may pe formed 25 is ccnventicnal

in the ar%t. For example, isolaticon regions 1Z, such as shalleow

trench

iscilzation (S7TI) regicns, separate actaive areas cf the

substrate from one ancther. A gahe dieliectric layer 14 is

formed over the sukstrate 10. A gate electrcde 16 1s over the

gate alelectriz layer 14. The gate electrode preZferably 1s

preferakly ccmprised c¢f pelysilicon. Dielectric elements can be

formed on portions of the gate electrcde. The dielectric

elements are preferably sidewall spacers !8 cn the gate 19

-

sidewalls. Source/drain junctinns 20.which car include LDD

regions

are formed. Sa ewa‘l spacers 18 typically are comprised



preferably deposited to a thickness of becweer: about 50 and 2000 Angstr
cros . +Ahen tr netal layer 24 is conrr:tied of nickee_ and cobalt, a
refractory netal such as titanium may be deposited over the cobalt or

ni ckel to a thickness of between about 50 and 200 Angstrons. Ei:icidat:cr.
results nt e formation of the netal si_icice on the gate el ectrode and
the associa_ed source and ar?i._ regions. Anneal Referring to FIG 4, the
structure i sarAeaked ©a r.6bat s orbnoas. ©f, tshe: met alvayerd4rare react ed
with underlying silicor. to formmetal silicide regions. The netal
s_1:cide 26 mixfueanobecHemrened, 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/ID sillc' _de
27, by a rapid ther_".1lal process PTA) . Curing R:?, ncst of the netal
'La'yer the gate 16 “aMdtal iayegfarmagian substrate 1C in the source/drain
regions 20 reacts with the wunder_yirg sil_cor. tof,rma netal .__1 c -de
26 27, shown in FIG 4reTaernany rcuric KG.net ad ndtat [epct $4' wet frdnze
underlying silicon depends, or. other factors, co toe _nicknes,: of toe
(-.;epos' fedvemetal sutfrce efperatinte-ante t H@ieckheted oyef the IRTAorhed| s

py a spuztering prccsss. The metal layer 24 may comprise
nickel, c¢ckalt or titanzum cr alloys therscf. The metal laver
can cocnpr.se twe or more meteal layers. The metal layer 1s
preferacly depcsited o 2 thickness cf kbetweern akout 50 and 2090
Angstrcnms,

RAhen tre metal layer 24 1s comprised of nickel and
ccpalit, a refractory metal such a&s tirtanium may be depcsited

ovar the cobalf c¢cr nickel tc a thickness of between akcut S0 and

N
O
Q

stroms. Silicidaticn resulcs in ft-e formation cof the

n
ol

[Ye]

rT

=

netal silicice on the gate electrede and the asscciatad scurce

and arain regions.

Anneal

Referring to FIG. 4, the structure is annealed so

that portions of the metal layer 24 are reacted with underlying

0

3licon te form metal silicide regions. The metal s:licide 28

27 can be formed, Zfor exarple, on the gate 1

03

{e.g., gate

14



ty' pica_ to nave unreactea netal 24 reita:_iing on top of the netal

Si_. _c=de at the gate electrode, isolation rec:cns 12 and the associ ated
source and drat: regions and areas. The netal |ayer 24 overlying the

ai el ect _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
conpri se raiseddd D eghEryeor thé enalred,/ gad 85 e _yesticak.gat es’'D Step 1 -
The Renobval OF Unreacted Metal Referring to FIG 5, the netal can then be
renmoved usknpid:he enbogly nrentosdt wo-Steéprpetocess raBscr ibednab®ie. rmAst
preferred process is also described. First, a reactant gas contai ni ng

sul fur and ofRyyen meizglreacied art hithdahwevats Prefdrabt yitthecreact ant gas

preferably conprises: 1) sulfur trioxide or 2'" s,:"-fur dioxide or 15 3) a
m xture of SuP$'ureter i-6x+ee~NESOPY r atvdi it GRS HiTox 2der ¢80 Wi§Ase: :where
both sulfur d_ox de and sul fur tricxide gases are 'Ised, the ratio between

the sul fur EREROXIAE AAU-FUIER, PR _Tlsdel FslPetiReeh 21050007 11 arftic.
1.1.000. In add-t_on, a carrier gas can be used, such as Ar or He. The
ratio or fl8w Faft FFHBEWREBN'Re Fedtdit “gas-ahd ‘Fhenderlying silicon

depends, on other facters, cn tne Thickness ol tne depcsited
metal, the temperature and the curation 2f the RTA. It 1s

typical tc rave unreactec wmetal 24 remarning on top »f the metal

(a3
T
un
b
(]

silc.de at the jge ctrode, i1solaticn ragicns 12 and the
- assoclatad source and drain regicns aad ctnsr ar=as. The metal

layer Z4 cverlying the aislzactri

0
19
6]
o
9]
[t}
'
w
p s
Q
(s3]
181
e}

the STI regions
12 1s unreacrted. Cther sil:icide prccesses can be used, such as
processes that siliciace cnly the gate cor the 3/7 regions, or

swlizide the S/T and cate in separate steps cr that cocmprise

Step 1 - The Removal Of Unreacted Metal
Referrirg to FIG. 5, the metal can then be removed
using the embodinent's two step crocess descriked above. A
preferred grocess is alsc descr:iked.
First, a reactant gas containing sulfur and cxygen
1s reacted with the metal, Prelferablv hthe ractant gas

<> preferaply comprises: 1) sulfur tricx:de or 2V salfur dioxide or



carrier gas is preferably between _ : 1000 and 1 . :.. The netal can be
r.eatea to a tenperature between 15 and 400C at a pressure preferably
between 1 mfcrr and 760 Torr and nore preferably cetween 5 m-,-r,- and
763 miDrr. Another option is to generate a plasm by neans of RF or

m crowave frequency to the gas or the mxture of gases. Plasma is an
electrically neutral m xture of posit-ve ions, negative ions, electrons,
atons, nol esul exyiafife vadiddls. cThexider 6§Sur endeginfdirf grosudh (SPasma i s
typically !':~e=ween 5 morr and 760 nTorr anct preferably between 5 mflorr
and 500 nTopesand rbees praf eraliby detwsenand s 230 rnfoydxid2FggieMiagronwave
is preferably capacitively coupled to the plasma. A Plasma tools by
Mat t son (USAF2C Gagenires ¢ Sar B6se RSN SaAd = Appii‘ed 2 Mat BHisaFsC PUSK) can be
used. Mreover, both nmeal neatinc and gas plasma can used. The SO' gas
can sl oWy réaee=wiarhlRelfRtal2™®i £hotRC: heating or plasma. The process
:nc_uding bcth heat and plasma :.s cre-ferred. The rear--ices for_the gas

treatment are thought t'¢" 258-25°F0l9 GRET1FA)IR 21 L& $€29( qjuH=idd/ &F S02
(q) 4 N (SO .

S . - . , .
or Heg gne ratic or flcw ratio 2Zetween the reactant gas and the

-

carrier gas is preferazly cetween 1 : 1020 and 1 : 1.

and 409°C at & pressure preferably tetween 1 mTcrr and 760 Torr

and more preferably petwesn S m

Ercther cption i1s Yo generaze z plasma by mezns of
RF or microwave frequency <o the gas or the mixture of gases.
Plasma .3 an electrrcally neutral mixture of pcsitive ions,
negacive ions, electrons, atcms, molecules, arna radicals. The
pressures regime for such plasma 1s typically cetween 3 mTorr and
760 mTorr ard preferably between 5 mTorr and 500 mTorr and more
preferably between 3 ana 220 mTorr. PF cr micrcwave 1S
preferably capacitively ccupled tc the plasma. A plasma tcois
by Mattscn (USR), Gascnics (San Jose, USA' and Applied Materials
(USA) can ke used.

Morecver, both metal neating and gas plasmé can

sed.



If the neta' 24 is cobalt, + ne reactionis: (2) CC(S) SC,(g) and/or SC
(g 4 CC(SC,,) . (s) If the netal 24 is titanium the react-on is (3) Ti
(s) + or SC. (g) or a mxtsre 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 nmetal s__icice (e.g. between nickel and nickel silicJ.de).
Therefore al nost no reacting with the si_icide regions 26 27 occur. Step 2
- Removal O Metal Produat 4.t bBzkicuH ¢1Step ddndcha, secondxstep w:r@Pue Wt
step), a liquid, preferably water (wet treatnent) to used renove the netal
17 product 1Beqfw.rg. srneladnssalffates)cesPr efernahlng theh weezer ah8 mersmiaons zed
water. The liquid _..r the wet treatnent is not 1l:mted to deionizea

wat er, but .mrederady iicu:d _nat dlssoijes the nmetal product 13 (e. g.,
(' XkSCx,) . For example, other 1lig~ids such as organic solvents can be
used. Furthernore, the MThquiekTarerki & hedtcedat ot errtance ¢he thdiugst!td : on of
the netal product. The 1 ou:d is preferably heated to a zenteratusre
cetween 25 ap® B0:fol\Pe¢kel sulfate, copal: sulfate and titaniumsulfate

(1) Ni(s: + SC, (g) and/cr S0: ig) = N=(82). (s)

If the metal 24 1s cobalt, tne react:ion 15:

(2) CC(S) + SCalg) and/or SC:i{g) = CT(S0) . (s)

[ ED]

)
a2
=2

T

If the me 4 1s titanium, the reactzen is

(3} Ti{(s) + 50-{ cr 3C:{g) or a mixture Cf 50-(g} and

2

SCalg) = T1(S0O). (3)

The reacZant gas conta:ining suifur and cxygen has a
high selectivity between metal and metal silicice (e.g. between
nickel and nrckel silicide). Therefore almost o reacting with

the silicide regions 26 27 occcur.

Step 2 - Removal Of Metal Product With Liquid Step

In the second step {e.g., Wet step), a liquid,

prefarably water (we: treatment) to used remove the netal

17



art soluble asion_ :e(: water. The invention's rencval of the netal and
netal products is very cost effective relative to the pr-or arts wet
c~eP..:. al net .cds that uses c orros_ve acids or alkalis. FIG r

illustrates the integrated circuit after
or Cobalt) 24 according to the process of the present

(e. g, nickel
i nver _tion. Processing
t he

The enpodi nent's first

renoval of the unreactea netal

continues as is conventional in the art to conplete

integrapedssdd Qa: -t devikealDsy: & A&t | Tread smab) i Noigepar at e. £qui-pnent

step ;S and 3 gas step) can be perfor-ea in ccm

ercially avaiwkabl&i t.eaks. sunte as qashers frmemie Caseakfsst M heeny ofi sekchers

fromApplied Materi al s,

Tokyo 23 Electron Limted (TEL) 18 The wet second

step can be pe=<céuostedapretd rably tm = rglhelwafer cckeaniszg . systans from

SEZ (Austria) or Sem tooo:

(Montana, USA). Sepa_ate equi pnent can be used

to performthe-dlyraandtt he tea.  t réaddrent.sFof nbegratedo ey &1y\eids

treatnents in Same equi
preferably

dissclution

heated tc a

arz sclub
metal and m
pr.or arcts

alkalis.

acceording t
ccntinuves a

integratesd

such as orga

pnment/tool ?cth dry gasecus) anc wet treatnents are
nic sclvants can ke used.

1

turthermcre, =the gquid can be nheated Lo ennance the

cf the metal procuct. The l_oguid 1s preferably
Temperature petween 25 and 20°7.
Nickel culface, cozalz suliate anc titan:iun sulfate
in asionized water. The inverntion's ramcval of the

eta. precducts 1s very cost effect.ve relative to the

wet chem>.:2: metacds tnat uses corrosive acids cr
FIG. £ 1llusrtratss the integrated circuit alter

che unrsactea metal (e.g., nicxei cor ccbalt) 24

2 the processz of the prasent wnvention. Prccessing

s is conventicnal in the art te complete the

cirrculit device.

Dry & Wet Treatment in separate equipment

The emcodiment's Zfirst ster ‘S and O gas step) can
be periormea in compercrally avallabkle tools such as ashers from
Gasonics, Mattscn cr etchers frem Applied Mazerials, Tokyo

~)

Electrzn L1

mited (TEL).

13



performed in the same chanber or within the sane ecu: pnent using different
chanbers (integrated concept) for cost savings. For exanple an asher tool,
from Gascnics can ce useAto : erformthe step first gas (optior. ai

pl asma) 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 wth the i nventicr.. Option For Ti N Over Metal

Layer | n anot her enbccitheriet ,sea-net atemidahi e dyerres pfaguragdlovar t he
netal layer. For this e:rLodinment, the nmetal nitride layer is renoved to
expose the setale Wayer @rekatthenstydreensi fventdzm' (subwoiot ep peocess i s used
to renove the netal layer. An exanple is giver as follows. 19 A titanium
n:trice | ayécwya g -t Pgani umtitanium nitride bilayer is aeposized over the
metal |ayer (e.g., nickel or cobalt). The unreacted nmetal cannot ce
renmoved usinc the af oFERBALTDFSHIERB SIGEY Byt “Cr affem tSendevt: tani um
nitride does not react with the reactant gas containing sul fur and

oxygen. :r.25ppHicderonsead R a-refractor-! netal nitride (like titanium

n --ride), the re ractcry petal ..-__:de ;s renbve-- to

Integrated Dry & Wet treatments in Same equipment/too/

3eth dry Jgasecus) anc wet traztments are preferably

rerformed in the same chamber or within the sare @

ie}

uiom

[V

nt sing
different chamkers (integrated concept) for cos:t saviags. For

examgle an asher tool, from Gascnics can

v}

us

44}

34 Tc rperform the

O

step first gas (optional plasma) step and step sezcnd the
liquid rinse step.

Note that the salicide preccess described above is

with the invernticn.

Option For TiN Over Metal Layer

In another embcciment, a metal nitr-de lavyer is
fermed cover the metal layer. For chis embodiment, zhe metal

nitride layer is removed to expose the metal lave

At

and then the

inventicn's twe step process is used tc ramove th

11

mectal laver.

An example 1s given as follows.



expose the netal laver. Then the inven:1cr.'s - step process Is wused to
rencve the netal laver. The netal nitride layer is preferably rencvea using
a wet chem cal etch such as uttlizirg alkal:.ne sclut-on (e.g. SC1).
Alternatively, the unreacted titaniumnitride or titan'umt-tani::~m
nitride can be renoved t:.rouge dry etching wherear, the etoh_ng chem stry
conpri ses one or nore gases from the group containing chlorine, boron tric
h-oride (3Cl:), «chl!crir.e-subst=tutea hydrocarbons, fluorine, flucrine-
substituted hydrocarborfs tifBREGYEN,-rand argoncr Thet @bednnertaivgas (S and
C containing; treatnent step can be performed either as a continuing step
in the sanetetein@idhdnbeY> £SCPREPRIAIRE Al ¢ rise Ir édpval (e0F - andtHer
etching chanber in the sane equipnent, or in another equipment. 2J Rework
-.-e cry-wePrteRtlfent rra‘}e]L%"‘s'(?aﬁE%’G B5F a2 n @ cUs €3¢ FRERVIDYERGE FENor: _ cf
deccsltea cr _aoca : over a wafer. In h 3 case, the cry-wet tr?a rect wl.
remove the BEFTERLIPRed BT EF BRETISF Fn82EEeT oW E0St  WAHLR| T+ Wece

chem cal G, Sposal concerns. Recover Metals . . ;
con reac% w1§% The reacggég:gas centaining suifur and

noT
oxygen. In applicaticns witn a refractory metal nitride (like
titanium nicride!, the refractcry metal nictride -z removea ¢

exzose the metal laver. Then the lnveniicn's Z step prccess is
used to remcvs the metal lavyer.

The metal nitcride layer 1ls przfaerszbly remcvea using
a wet chemical etch such as utilizing alkaline scluticn f{e.g.
SC=-1). Alternatively, the unreacted titanium nitride or

titanium~-itanium nitride carn ke removed through dry etching

whersin the e-ching chemistry

O

)

oJmprLSes cne cr more ¢ases from

“he grcup con

t
[49)

ining chlorine, koron trichlcride (2Cl:),
chlorine-substitutea hydrccarcons, f.uorine, flucrine-
substizuted hydrocartons, nitrogen, and argon. The embecdiments
gas (S and C corntaining,) treatment step can be performed either
as a continuing step in the same etching chamber as the metal
nitrice removal or .n &ancther e:iching chamber 1n the same

equipment, ¢©r in another egquiprent.

22



After t -e :ne :ai is renoved using the i nv zion's two wet; process, - :e

nme-:al can be rec verad fromthe :::e:3_ procuct and L _gaia. ,he in,/en
- cncan ti = xtenreat , tne recovery of the netals such as r._ckel or
cchba_: =eoc-:ec by perfornFrig e_ec~r~r__c_r_g or eiectrow nning of the
col _ectad N ,(SC) or Co (SC scl, ':lons. Advantages Over Prior Art Tne

inven::cn ~r v: ces nany aa: ntages of the pr--or art. The invention dces
not use expensive we= cnemcais. The prior art's wet orccesses (e.g.,
SC-1) drawbar s includ&wmeek expensiveness cc hian purity chef”icals,

d: spcsa_ costs, and the corrosive nature cf the c:heirlcals. 'n contrast,
the invention only uses 7&eiclrgrwer tmsetnedtl mEhel iswént Loet sy emevaisof t he
netal a na netal products is very cost effective relative to the prior
arts wet chentcatrymstthodsetdrat cdsee-Tortrasi vakedcicas ora-al kakrse “Rizso, the
i nvention provides a nethod to recover the netals in the liquid or solid
product. In thAe aboveEagéscripti-gn abnervudespedf- =tetaiihe =are- serxforth

such as flow rates, press,.zre settings,
zhe wafer easl.y anc at low cost without we:I chemica. crspcsa

concerns.
Recovery Of Metals
Af<er the melal i3 renoved using the invention's two
{axry & wet, prccess, <ne natal can e reccverad frcm the metal

Advantages Cver Prior Art

L2 1lnenlilln
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The anvenIicn <dces not use expensive wet cnemicals.

The prior art's wet prccesses (e.g., SC-1) drawbacxs wnclude ztne
expersiveness cf hign purity chericals, disposal cests, and the
corrosive nature ¢ zthe chericals. In contrast, the i1nvention

only uses & 1lgusd rins

[



t hi cknesses, etc., in order to provide a nore thorough. understandi ng of
the. present invention. It will be obvious, however, to one skillets
art that the present invention nay be practiced w thout these derai

ot ner

i nstances, well known process have not been described in detai

in the
s. In
| in

order to not unnecessarily ooscurF the present invention. Al so, the flow

rates in the specification can be scaled up or down keeping the

sane nol ar

or ratios to accommodate different sized reactors as is known to those
skilled in the art. Udles$VeRprrei ¢l yerewaled fotther nese! @achmenateri ca

val ue and range shoulr. be interpreted as being approximate as if the word
"about" GPrTEST0STHEEY yEC P e e rRARGEVOr T riairger 1l Pettheet
invention has been particularly shown and described with reference to the

preferred

cover

various nodifications and simlar arrangenents and procedures,

REHGH BRSO Rk odF | USDD qarngisivebecimelers 2ddd By -t hose skil | ed
inthe art that various changes jr. formand details nmay be nmade w_-hcu
departing from the it dfd -8g6peion oimvidesent mehhod toisecavdrended to

and

t he scoper®falshdrappendeédied apreshel efrodecshoul d be accorded the broadest
in:erpretati”™.n so as to enconpass all such

In the above description numerous specif-c details
are set forth such as flow rates, pressure settings,

thicknesses, etc., in order to prcvide a more thorcugh

. understanding of the present invention. It will be ckvious,

however, to one skillea in the art that the crresent invention

may be practiced withcut these derails. In ctner i1nstances
Id !

well known process nave not been described in detail in order to

ol

not unnecessarily opscure the present invention. Also, the flow

rates in the specxficaticn can be scaled up or down keeping the
same molar 5 or ratics to accommcdate diiferent sized reactors
as is kncwn to those skilled in the art.

Unless explicitly stated otherwise, each numerical

value and range shoula be interpreted as being approximate as if

rhe werd '"about" or T"apvroximately" preceded the value cr

range.

While the inventicn has been particularly shown and

described with reference to tne preferred empbodiments thereof,

22



nodi fications ana sim |l ar arrangenents and procedures. 23 ; 10 What is
clainmed is: 1. A nmethod of renoving nmetal in the fabrication of an
integrated circuit device conprising: a) providing a netal |ayer over a
substrate; b) reacting said netal |layer with a reactant gas to form at
| east a solic product; said reactant as contains sulfur and oxygen
el enments; and c) renoving said solid product using a |iquid, thereby
renmoving at | east portion of said netal |ayer from over said substrate. 2.
The net hdd &Flél5?n¥ﬂ@%&ﬁﬁ%ﬁq1?%ﬂtﬂcﬁétéFlFé?%r“?§j5bﬁﬁFi§€8t bR Haterial
selected fromthe group consisting of Ni, Ti, and Co. 3. The nethod of
clalr,: FhAREEEI AtsaPH rattdfit® ‘dds "PY EBnPRIR etF B2 sHePaE TE RE okF el and
sul fur dioxide. 4. The nethod of claim1l wherein the step of reacting said
netal | ayér WPEKE>SafdcreaRamt gis ir8VBBFtoR ned: atl s - t‘ERFEFat Br eOBRE ween
13 and 200 C.

various modifications and similar arrangements and prccedures,

and the scope of the appended claims therefore should ke
accorded the broadest interpretation sc as to encomgpass all such

modifications and similar arrangements and gprocedures.

23



24 S. The nethod of claim 1l wherein the step of reacting said netal |ayer
W th said reactant gas is perfornmed at a tenperature between 15 and 2C0O0 C
and a plasma power is applied tc said reactant gas and the pressure is
bet ween about 5 nTorr and 200 ~nTorr. 6. The nethod of claim1 wherein
said 1=quid conprises water. 7. The -ethcd of claim wherein said |iquid
ys conprised of water at a tenperature between 15 and 80"C. 8. A nethod of
renoving netal in the fabrication of an integrated circuit device
conprising: a providing a :petal |ayer over a substrate; said netal |ayer
s conpﬂw%%&_qg ggter%glhselected fromthe group consisting of Ni, Ti, and
t

Co; b) reacting safg® ?'Iayer wth a reactant gas to format |east a

solid product; where said reactant gas is conprised of sulfur trioxide,
and sul fur .diaxide; the reaction is performed at a tenperature between
about 15L!La'néi:t 'ﬁi%hg%;ogndenﬁvﬁ‘*plm?ggdr e’ bRt W MEATR6FT ©4ndn760 Torr; 2 5

integrated circuit device comprising:

a) providing a metal layer over a sukstrarte;

b) reacting said metal layer with a reactant gas to
form at least a solia product; said reactant gas
contains suifur and oxygen elements; and

c) removing said sclid preduct using a liguid, thereby
removing at least porticn of said meral layer frcm

cver said substrate.

2. The method ¢f claim 1 wherein said metal layer is comprised
cf materia. selacted from the group consisting ¢f NI, Ti, and

Co.

3. The methcd cf claim ! wherein said reactant gas is comprised

cf sulfur trioxide and sulfur dioxide.

4. Tre method of claim 1 wherein the step of reacting said
netal layer with said reactant gas is perfcrmed at a

temperature between 13 and 200° C.



c) renoving said solid product with a liquid, thereby renoving at |east
portion of said netal |ayer from over said substrate; said |iuuid
conprises water. 9. The nethod of claim8 wherein the step of reacting
said netal laver with said reactant gas is perfornmed at a tenperature
between 1 and 200 C and a plasma power is applied to said reactant gas and
the pressare is cetween about 5 niforr and 200 niforr. 10. The net hod of

claim & whenei ReBRbd ¢ liLin 9 GoRpe:sednefstymtey ratcaihgnperature
bet ween 25 and 80C. 11. A nethod cf renoving netal froman integrated

circuit dewitee lkDed ith Cddey Pr-RCRSSCQHBI L § Higk zepr Q¥i ding a gate
el ectrode over a substrate; said gate el ectrode having sidewal|ls;

provi di ng SQULCe AR, AERL & regions -adk acent, said .gakepslect 1 odedin e gsai d
substrate; b) formng a netal |ayer over said substrate, said gate

el ectr Ode’tcs.qi&quog%&.ear@?dr Lalp; fegl ﬁ%@%ﬁgg% fgitgat‘@e%l %E\EEECE-SJ{E nt; C)

anneal i ng Sai'd substrate td Torm néta regi ons over gast one
of the foloping: 53l

6. The method c¢f claim 1 wherein saild l.quid comprises water.

7. The nmethed of claim . wherein said iigquid .s comprised of

water at a temperature between 15 and 80°C.

8. A method ¢f removing metal in the fabrication cf zan
integrated circuilt device comprising:

al providing a netal layer over a substrate; said metal
layer -s comprised of material selected from the
group consisting ¢f Ni, Ti, and Co;

b) reacting sard metal layer with a reactant gas to
form at least a solid product:; where said reactant
gas 1s ccmprised of sulfur tricxide, and sulfur
dioxide; the reacticn 1s perfcrmec at a temperature
between about 15 and 20C* C; and at a pressure

hetween 1 mTorr and 760 Torr:



26 ga~e el ectrode, said source and urain regions; and |eaving portions of
said netal |ayer; d exoostna said netal layer to a reactant gas; said
reactant gas reacts with saia nmetal to format |east a solid product; said
reactant gas contains the elenents S and 0; and ei renoving saici solid
~product using a liqu_d. '12. The nethod of claim 11 wherein said netal

| ayer is conprised of a netal that reacts with a gas containing the

elenents S and €y YRaclheqneLhadsef &l @idn Lk wagrehny saids) mact»?éren yer is
conpri sed- of naterlal sel ected fron1the group cona_sting of Ni, Ti, and

Co. 14. The net hod Ofeﬁlédﬁal%:WﬂﬁkﬁlBcséhgnreﬁﬂééﬁin&ﬁ%llsa gonmprised of
sul fur trioxide, or sulfur dioxide. 15. The methoa of claln1fl wherein said

reactant gas is conpgiseshof sdus i gxide: and $Wddd-1digxj,dee-the ratio
bet ween sul fur trioxide and sul fur dioxide is between 10,000:1 and 1: 1000.

27 16. The method of claim11l: wherein the step of reacting said
9. The merthod of ciaim 8 wherein the step 0f reacting sa:d metal
laver with said reactart gas is performed at a temperature
between 1% and 209° C and a glasma pcwar 1s applied t5 saicd

reactant gas and the pressurs is petween abcut 5 mTorr and 200

nTorr.

10. The method of claim 8 wherein saild liguid is comprised of

water at a temperature between 25 and §50°C.

1. A method cf remcving metal frcm an i1ntegrated circult device
1n a si1licide process ccmprising:

a) providing a gate electrode over a substrate; said
gate electrode having sidewalls; providing source
and drain regicns adjacent said gate electrocde in
said substrate;

b} fcrming a metal layer over said substrate, said gate
electreode, said source and drain regions, and seid
dielectric element;

c) annealing said substrate to form retal silicide

regions over at least one of the follcwing: said

26



nmetal layer with said reactant gas is perforned at a tenperature between
15 and 200 C. 17. The nethod of claim 1l wherein the step of react-lna said
meétal layer with said reactant gas is perforned at a tenperature between
15 and 200 C and a plasnma power applied to scia reactant gas and the
pressure is between about 5 nfforr ana 2UC r-Torr. 18. The nmethod of claim
11 wnere_n said. Ligu d conprises water. 19. The nethod of claimli

wherein said |iquir pg-goppidsasidf <wat 6k, ate aut-enpearat Weg, Batvwesns 5 and
80C. 2C. The nethod of claimli wherein said netal is recovered from the

solid product and saigal i guigh by, £ Leeraphat hogs pria@dectrow nning process.
21. The method of claim 11 wherein said reactant gas conprises a carrier

gas selected fromthe. groue cansi gtihg of & gon andachehi Lim,; 2%, 4The
met hod of claim I1 further conprises: depositing a titanium Layer

overlying said :petal Layer: beze (32l 4:28 annealdng sieroshenein said
step of exposing saic netal [a'/er to said aas or a miXxture of gases:. 23.
The method of claim 1l turiher, compri$es; dePOSLIifGA gas contains

the elements S and C; and

e) remcving said solid product using a liqu-d.

*12. The method of claim 11 wherein said metal layer 1s comprised
of a metal that reaczs with a gas containing the e.ements S

and 0.

13. The method of claim 11 wnerein said metal layer is comprised:
of material selected frcm the group cons.sting of Ni, Ti, and

Co.

14. The method c¢f ciaim 11 wheresin said reactant gas is

cemprisec of sulfur tricxide, or sulfur dioxide.

15. The methoa ¢f claim 11 wherein said reactant gas 1s
comprised of sulfur zrioxide and sulfur dioxide; the ratic
betwsen sulfur trioxide and sulfur dioxide is between 10,000:1

and 2:.000.
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titaniumnitride | ayer overlying said netal |ayer before said
step; and renoving any unreacted sa.:d titanium nizride |ayer

anneal i ng
before said

step of exposing said netal layer to said reactant gas. 24. The net hod of
claim1l f.:rther conprises: depositing a titaniumnitride |ayer overlying
said netal |ayer before said annealing step; and renoving unreacted said
titaniumnitride |layer using a wet or dry chem cal treatnent before said
step (d)p.ofThe- eeposd ngt saixdmdt.alwhleayén time satiab rcfackantigassaid 25. The
nmet ed of claim1l wnere'.n saia lrqu_d is deionized water. 26. A nethod
of renovi ng-aet akyéroman iaitcegreaicednci gesli ts dead e meidnaa sui ci de _ process
conprising: a) providing a gate el ectrode over a substrate; said gate

el ectrode rhayerdrsrdexat lssn Provirdi ngosayr ce  and grain regions adj acent
said gate electrode in said substrate; providing a dielectric el enment on
at least a portion of said sndewal|l of said gate electrode; said

di el ectnic, er@MRBthbs &r SPBLes ;1 b)He@eAhngha fBiAlod avalk-euer ssakd

substrate, said hate electrode, said source and drain regi ons,
dielectri ge8la@M@Aler with said reactant gas is performed at a

and sa-d

temperature betwsen 13 and 220° C and a plasma power aprlied to

saia reactant gas and the pressure 1s between about 3 mTorr

ana 290 rTorr.

18, The merhod of claim 11 wnere:n saild liquid comprises water,

13, The method cf claim 11 wherein saird Liquia 1s comprised of

water at a temperature between .5 and B80° .

2C. The method cf c_a:m 11 wherein sz1d metal is recovered from

the sclid product and said liquid by electrnplating or

electrowinning process.,

~

2.. The methecd of <lzim 11 wherein said reactant gas comprises a

carrier gas selected from the group consisting of argon and

helium.

22. The method of claim 11 further comgrises: depositing a

titanium layer overlying said metal layer before said
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(1) said netal
consi sting of
ilicide

N, Ti,

| ayer is conprised of materi al

regi ons over at

and Co;
| east one of the foll ow ng:
and

sel ected fromthe group
c) annealing said substrate to formnetal s

said gate el ectrode,

sai d source and arain regions;

| eaving portions of said netal |ayer;

d; * exposi ng said netal

| ayer to a reactant gas format |east a solid

pr oduct ;

the step of reacting said netal

| ayer with said reactant gas is

per f or med agfnead ihgNMBEEAt W S At WeER breand 2000 & anNtalr dethlessyse

between 1 nmfcrr and 76C Tcrr ;

sai d

reactant gas is conprised of sulfur

trioxide alc ssUlf ybasChexi' flexti®)e BssRlswikng said solid product in a |liquid;

sai d

of exposing said netal

| iquid conprises water

| ayer to a reactant gas form at

27. The nmethod of claim26 wherein the step

| east a solid

product ;23 cama reedndr eaActlngn sal durethalr kayerisnes h swxbsieacygant gas at
tenperature between 15 and 2000 C and a pl asnma power applied 30 to said
react ant gasaaidnt hecplessusgert odetinwaeny ahadt mduallc=ryer before said

annez.ing step; and

removing any unreacted sa-.d titanium

nicride layer before sa:d step cf exposing sard metal layer
tc said reactant gas.
.24, The retnhcd ¢f claim 21 f:rzher comprises: depositing a

titaniuam nitride

(d)

25,

water.

26. A methcd of

in a silizide prccess

comprising:

a) providing a gate electrade over a substrate;

gate electrode having sidewal.ls;

layer overlying said metal

iayer befcre saic

said titanium nitride

of --expcsing sard metal layer to sald reactant gas--.

The meticd of claim 11 wherein saia liquid 1s deionized

removing meta. from an integratecd circuit device

said

vroviding source

and arain regicns adjacent said gate electrode in

said substrate; providing

at least a

electrode;

29

dielectric element on

portion of said s:dewall of said gate

sald dielectric element is a spacer;

a



and 230 nmfcrr. 28. The nmethod of claim 26 which further includes said netal
is recovered fromsaid solid product and said liquid by a electroplating
or electrcwi nning process. 29. The nmethod of claim 26 wherein sac liquid is
conprised of water at a tenperature ::,etween 15 and Uc. 30. The nethod of
. claim2h wnere:n saic reactant gas conprises a carrier gas selected from
the group consisting of argon and helium 31. The nethod of claim 26

further conprises; ¢8RAsSkLi Agn&:d1 tANAIM)RYCE 2 0¥ L byd (1 tSAi GaFBL Ak-el ayer
before said anneaflng step wherein said step of exposing said netal |ayer

to said reactant gas.)d2. e nethod,pt £l 328 furbREELEONPEAL S5y
depositing a ti tar. :r. nitride |aver over said netal |aver before the

anneal i ng step; and Lemying saihd-thzanlumnitride layer before the step
of exposing said unreacted metal [ayer to said reactant. 33. The nethod of
claim26 further conprises: depositing a titaniumnitride |aver over said

metal |ayer before the 31 @ngeaking: St epiyeands’ 8RRy Nedal O daideanbm

nitride |ayer
selected from the group consisting cf

N1, Ti, and Co;

c) annealing said subsiraze to form metal silicide
regicns over at least one of the following: said
gate elacrtrode, said scurce and arain regions; and
leaving pertions of said metal layer;

d: exposing said metai laver T2 a reactant gas form at
least a s0lid product; the stepr c¢f reacting said
metal layer with said reactant gas 1s performed at
a temperatire between 13 and 2C00° C and at a
pressure beItween L mTcrr and 76C Tcrr ; sawd
reactant gas 1s comprised of sulfur tricxide or
sulfur cioxide;

e) disselving saild solid preduct in a liguid; said

ligquid comprises water.

27. The merhod of claim 26 wherein the step of exposing said
metal layer tc a reactant gas form at least a solid producr;
cemprises: reacting said metal layer wi-h said reactant gas at
a temperature between 15 and 2C0° C and & plasma power applied

30



before the step of exposing said unreacted netal |ayer to said reactant
gas; said stag of renoving unreacted said titanium nitride |ayer conprises
a wet chemcal trea-_:ner.t. 34. The nmethod of claim 26 further conprises:
depositing a titaniumnitride |ayer over said netal |ayer before the
ahneal ing step; and renoving said titaniumnitride |ayer before the step
of exposing said netal |ayer to said reactant gas; said step of renoving
unreact ed tsaist ity raBEUIh DI 44 deha | @WLCeRRELSES KUYl LhirtRdts 8Smrdhe

met hod cf claim 26 wherein a plasna can be appliea to said reactant gas.
36. A iretdhoed ol regpying netal in the fabrication of an integrated
circuit device conprising: Wpraviding a netal |ayer over a substrate; IN
exposing said netal |layer to a reactant gas wherein said reactann reacts
Wi th saixh.matal ~kentarpratlaleasd v g0 irdrpreduchcl fiedisasal wengisasd solid
product in a liquia, thereby renoving at |east portion of said netal |ayer
from sai dehallat erof2:37¢ Jheidpihed-aceandsnget o @lal msx36awherein said
nmetal |ayer

electreplating or elecIrCwlnnling PrOCESS.

1l

22. The method of claim Z6 where.in saic ligu.d is comprised of

water atl a —emperature Zetween 15 and 89°C.

30. The method of claim 2% wnerein saia reactant gas comgprises

a czrrier gas selected from the group consisting of argon and

1

31. The method of c¢laim 26 further comprises:
depositing a titanium layer overlying sa.d metal
iayer kefoeore sa.d annealing step wherein said step cf exposing

sal1d metal layer tc said reactant gas.

32. The methced of c¢laim 26 further comprises: depositing a
tizanium nitride layer over sald metal laver before the
annealing step; and remcving saild tirtanium nitride layer

beforas the step of exvosing said unreacted metal layer to said

reactant.

33. The method of claim 26 further comprises: depcsizing a

titanium nitride layer over said metal layer before the

(%]

-
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conprised of a material selected fromthe group consisting of nickel and
cobalt. 38. The nethod according to claim36 wherein said reactant gas
cont ai ns oxygen and sulfur in their conposition. 39. The method accordi ng
to claim36 wherein said reactant gas is conprised of a gas selected from
the group consisting of sulfur trioxide and sul fur dioxide. 40. The met hod
according to claim36 wherein saia reactant gas further conprises a

carrier gasine3didgCatebera® I SkQMR 889y O« 2 083 d.5 Seleqhed-from the
group consi sting of argon and helium 41. The nmethod according to claim 36

wherei n sajat Rt ahel a¥8F o cUMIdSies @Iacaehn@@sicwfr%% SglJeSUbStLale is
mai ntai ned at a tenperature of between 15 and 200 C during said step of

exposi ng saldekag.Lkayes;t o sal Q:*QQ%FQKILHBXﬁIH'rga@feCQ%Sae% 42anIhg method
according to claim36 wherein said netal |ayer conprises nickel or a

ni ckel al lpy . and wh gglnﬁ§qugéyb§gkgt%hph§cgal9}@4ngg%@t a tenperature of

bet ween 15 and 200 during said step of exposing sald netal |ayer to said
reactant gas. 33 43. The nmethod according to claim 36 wherein said netal

layer  conprirgesethbank o and: wherininaal dogybsieal e dsgJmi-nhai ged at
ticanium nitride layer cver sard meta. layer pefore the
annealing step; ancd removing said titanium nitride Layez
before the step of expcsing sald metal layer to said reactsnt
gas; said step of removing unreacted said tifanium nitr:ide

layer comprises dry etching.

35. The mezhod ¢f claim 26 whersin a plasma can te appiied te

sald reactant gas.

356. A mezhcd of remcving metal in <he Zabrication of an
integrated circuit device ccomprising:

a) providing a metal layer over & substrate;

b} exposing said metal layer to a reactant gas wherein
said reactan~ reacts with said metal to form at
least a sclid groduct;

¢, dissolving said sclid preduct in a liquia, thereby
remcving at least portion of said mecal layer from

sald substrace.



a tenperature of between _5 and 200 C auring said step of exposing said
.hmeta- layer to said reactant gas. 44. The nethod according to claim 36
wherein a plasma is applied to said reactant gas. 45. The iet cd according
tc claim36 wherein said netal |ayer conprises nickel and wherein said

- substrate is maintained at a tenperature of between 15 and 200 C during
said step of exposing said netal |aver to said reactant gas. 46. The

net hod arTortHangette.odl akovdé wpeteidlsa demehakel ayesid GetHisesyeobal t and
wherein said substrate is naintained at a tenperature of between !3 and
2t' C  C dufdnigr :Saddd oFt @proter eXposd NG wsad d rABt ahe| @y&ry trsaisd 1 hgaskant
gas. 47. The nmethod according to claim36 wherein said neta- |ayer

ccrmri ses didadl Whcardbwherei n said substrate is naintained at a
tenperature of between 15 and 200 C during said step of exposing said
netal layer to said reactant gas. 48. The nethod according to claim 36
wher ei n 38 dr'd queizthoids acderghhgz etk vEtam 334wA9reThesard hathaeeer ghBg to
claim 36 where_n the dissolving of product is perfornmer at a tenperature
bgt ween 15canth:80Cox§GenThad net hogd accanrdi.ngcbapstat mB6 wherein said netal
I

[$)

39. The method acccrding tc claim 3% wherein

0]

ard reactant gas
is cermprised of a ¢gas selected from “he group consisting cf

sulfir tricxide and sulfur dioxide.

40. The mezhod accecrding 2o claim 36 wherseln saird reactant gas

further comprises a carrier gas; said carrler gas is comprised

[&]]

ci a gas 1s selected from the group consisting of argon and

[te]

helium.

41. The method acccrding to claim 36 wherein said metal layer
cocaprises nickel and wherein sald substrate is maintained at a
temperacure cf ketween 1% and 200° C during salid step of

exposing said metal layer to said gas or mixture cf gases.

42. Tre methed according o claim 36 wherein said metal layer

comprises nickel or a nickel alloy and wherein sald substrate
1s maintained at a temperature ¢f ketween 13 and 20C° C during

said step of exposing said metal layer to said reactant gas.
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recovered fromsaid liquid by electroplating or electrcw nning. 51. A
.method of renoving netal froman integrated circuit device in a silicide
process conprising: a) providing a substrate surrounding and electrically
isolating an active area fromother active areas; providing a gate

- el ectrode and spacer on the sidewalls of said gate; provzding source and
drain regions adjacent said rate in said substrate; b) formng a netal

layer ovsr $pkdnstbsd ral@rasabdtgatea :ﬁl%tw»%if‘emS%laqu%EQP apgl drai n
regions, and said spacers; said metal |aver is formned a materi al

sel ected £ropribes oF OUR GANSIRSt LWRG-0f Rt L1 ARI UM, Aiekek ﬂggn cobald ;5 C%
anneal i ng said substrate to formnetal silicide regi ons over at |east one

of the foE'Q@hQQra {lﬁ§@£g~e saLd s9 r85<ﬁpd drain re cns;, aqd leav_:ig
portions of sard ayer 35 expo =ing ~sdrd” n%taﬁ ayer £0 a

r eact ant gas fo ast . sol g duct at a tenperature is
X - "‘ gl

mai nt ai ned”Bf*< b%‘fvx%%hd T84 - prasditte ?

44. The method according to claim 35 wherein a plasma 1s applied

to said reactant gas.

45, The methed acccraing e cialm 26 wnereln said mezal layer
- comprises nickel and wherein said substrate 15 maintained at a
temperature of petween 15 and 200° C during sard step of

exposing said metal laver %o s3aid reactant gas.

46. The method according to claim 36 wherewn saird metal layer
cemprises cobalt and wherein said substrate 1s nmaintained at a
temperature of be-ween 12 and 27C° C during sa:d step of

expcesing said metal laysr o sala reactant gas.

-

47. The methcd accerding to claim 26 wherein said metal layer
cemprises titanium and whereir said substrate is maintained at
a temperature cf between 15 and 20C° C during said ster of

expos.ng sai1d metal laver to said reactant gas.

48. The method according to claim 36 wherein said ligquid is

deicnired water.



between 5 and 200 niforr, and in an applied plasma; said reactant gas is
selected froma group that consists of sulfur trioxide and sul fur cioxide;
and e', aissolving said sclic product in a liquid; said :iqud conprises
water. JL . The nethod according to claimb51 wherein said reactant gas
ffurther conprises a carrier gas selected fromthe group ccnslstir;c of
argon and helium 53. The nethod according to claim51 wherein further
conprisgs; THEPASindd Mot dihbarbum 0ih riglelaven QMsr&yswwﬁ%ﬂo@et al

| ayer before said anneaiLng step; and renoving unreacted said tj.tariium

nytride | gyer..before. said 8t of .expoSIng S MBheRS! ok AL ayer to

said reattant gas.

50. The method according to claim 36 where:in said metal :is
recovered from sa:d liguid by eiectroplating or

electrowinning.

51. A method of remcving metal from an integrated circuit

~

rising:

i

device 1n a silicide prccess com

"3

aj roviding & substrate surrcounding and electrically
1sclating an active area from other active areas;
providing a gate electrcde and spacer on the
sicewalls of sald gate; providing scurce and drzin
regions adjacent said gate 1n said substrate;

k) forming & metal lavyer over said sukstrate, sai1d gate
electrode, sald source and drain regicns, and said
spacers; said metal layer 1is formed of a material
seleczed from the group consisting cf titanium,
nickel and cokalt;

¢} annealing sald suks:trate to form metal silicide
regions over at least one of the following: said
gate or said source and drain regwcns; and leav.ng

portions of said metal laver;
3%



(t
Vil
3
ct

dl exposing saild metal layer “o a reac gas form at
~east a soiid product at a temperature 1s

-~

maintained of betwesen 13 and 2C0° C, a% a pressure

{

between 5 and 200 mTorr, and in an applied plasma;

%
[a]
1]
)
(o

sail ctant gas 1s selected from a grour that

o

consists cf sulfur trioxide and sulfur cicoxide; and
e'" alssolving sa:d solic product 1n a Ziguid; said

Liguid compr.ses water.

5Z2. The method according to claim 51 wherein sa.d reactant gas

further ccnprises a carrier gas selected from the group
ccnsisting ¢f argon and helium.

£3. The method according to claim 31 wherein further comprises:
depositing a titanium nitride layer coverlying said metal layer

before saic annealing step; and

2

remcving unreacted said timanium nitride layer
before said step of exposing said unreacted meral layer to said

reactant gas.

[#9]
N



