; fge3eFUFFRD' 6 TF?D1 9 NOV 2004 SELECTI VE ETCHI NG OF UNREACTED NI CKEL AFTER
SALI Cl DATI ON BACKGROUND OF THE I NVENTION (1) Field of the Invention The

invention relates to the fabrication of integrated circuit devicesd Nay 2004
nore particularly, to a nethod of renoving unwanted nickel or cobalt in the
fabrication of integrated circuits. (2) Description of the Prior Art In the

fabricaﬁEﬂEQﬁIVﬂﬂBﬁﬂgnﬁgjgylvﬁﬂé t.al . silicides are often forned
through a rapid thermal anneal i néﬁ% ﬁiA)ﬂpQ%egT%t%%I@Wmti tani um

cobalt, and nickel are typically used in salicidation. After RTA the
unreacted netal is typically renoved by wet chem cals. For exanple, SC1
(Standard C ean-1 com@CGR&ROyNaMOENITHY N¥aiEgKige; hydrogen peroxide, and-
de-ionized water) may be used to renove titanium.SC 2 (Standard C ean-2
conpri sing hydrochloric acid, hydrogen peroxi de, and de-ionized water) and
a m xtynerQ ul furic acid, hydrogen peroxide, and water (SPM nmay be used
to regn&e c%%glea%hen&BWEPﬁlﬁptric acid and SPM are al so used for the
stripping (rework) of %obalt and nickel on bare silicon wafers. The

dr awbacks of using wetcchBVERALSD Reladest tre &xpefabraress of J3 gh purity 1
t s ~OutZe0steheRY ¢al, iL.sposal costs, and the corrosive nature of the
chemicals. U S Patgﬁtaﬁ§2555428n o™MPEP| eRr&ticallarégches wsi ng a car bonyl
sour ceefhodebehi-8go¢i ABt ah al sigi ide, or polysilicon. U S: Patent
5,358,601 to Cathey sﬁgws ?ﬁ{emégcﬂilﬁ egf ) E@P?Ei‘:dénushag Cz and a

haIog@ﬁbcbﬂabiumngfgaﬁte§&§%98a5§9&u§t§59,923 to Hori et al etches the
polysilicon | ayer of a polycide using Carbon nonoxide. U. S Patent

5,091,050 to Fujino et al etches alumi.numand a transition netal using

car bon, monoxi de. SUVMARY OF THE | NVENTI ON A princi pal object of the present
i nven{]?brp‘?%cﬁepfﬁ)*@w@lé tlme e b6+ i ¥erand very manuf act urabl e net hod of
renovi ng unreacted netal after salicidation using dry etching. A further

obj ect of the inventi®nthe f@mmﬁt&%ﬁi@%ﬂt%§@¥£ggi€nmnt ed netal
IS

usinghga{bo . nonoxi de dry stripping. Yet another objec %’provide a
met ho OIWAE%E% ?nﬁ%%uﬁ%%ﬁnﬂﬁﬂ@medwghxmﬁgﬂtaaﬁéﬁidsgﬂéfﬁgftion usi ng

annealing (RTA) process. Metals such as titanium, cobalt
r

a . .
nd nickel are typically used in salicidation. After RTA
t4

the unreacted metal is typically removed by wet chemicals

For example, sc-1 (Standard Clean-1 comprising ammonium

hydroxide, hydrogen peroxide, and de-ionized water) may be

us i i
ed to remove titanium, sc-2 (Standard Clean-2 comprising

h . .
vdrochloric acid, hydrogen beroxide, and de-ionized water)

and . X .
4 mixture of sulfuric acid, hydrogen peroxide, and water

(SPM) may be used to remove cobalt and nickel. Nitric acid

and SPM are also used for the stripping (rework) of cobalt

and nickel on bare silicon wafers. The drawbacks of using

| wet chemicals include the expensiveness of high purity



2 ~t 9 NOV 2004 carbon nonoxide dry stripping. Yet another object is to
provi de a nmethod of renoving unwanted nickel or cobalt using carbon

nonoxi de dry stripping. In accordance with the objects of the inverdt§dil¥ 2004
met hod for renoving unwanted ni ckel or cobalt using carbon nonoxide dry ,
stripping in the manufacture of an integrated circuit is achieved. A nickel
or cobalt layer on a substrate is exposed to a plasma containing carbon
nonoxi de gas wherein the carbon nonoxide gas reacts with the netal thereby
removing the metal fromthe substrate. Also in accordance with the objects
of thgaiaggggyﬁonﬁa met hod for renoving unreacted nickel or cobalt after
salic i si AgSpasbdncovne)i deadiheSkhL-RRLAYG I S _achi eved. Shal | ow
trenchyisolation regions are forned in abggg}g%g uc %l’lr§ul‘5’§tr*é’t@e N
surrotndi ng-and el ectrically isolating an active area, fromother active
areas. A gate electrode and associ ated source and drain regions are formned
in the active area Wierein dielectric spacers are fornmed on sidewal | s of
the gate electrode. A nickel or cobalt |layer is deposited over the gate

el ectrode and associ at ed’ sour Tt ahd®®P af A6 bgi BudleFhetrsam eanduglor
Substusimngg i s ennRes 9 04 whereby the nickel or cobalt |ayer
overlying the gate }g?e%{%%%% faé:lc.:lo‘/%é‘i%al%%u?c@egﬁhr deetalregilonsaes

t ransForomeldys Tt ioccen i qked &_ﬁﬁal ilicide |ayer and wherein the nickel
or cobalt |ayer overlying ?Lae wl%’cﬁét"cég%%r 2pheyt skowhathaew trench

i sol &iFHinegibns dal wi@RAGISt acted nickel or cobalt layer is
exposed to a plasma contai ni ng %E}Ezo;gﬁn%n%x?%}eo%‘W@?@inim@egaar bon

nonoXi-de FaFanda, 25,1923 he Y6 [ or,.cobalt thereby renoving

t he ynreacted ni ckel or cobalt fro%tfe%efs%(?sat?? op%%%%}%%@o@al i cidation
of tNEYSHt &gr & PPloioidel mederj earddR B RSGR! PTION OF, THE DRAWNGS In the
accogp%lr'é)ii L&godravm' ngs formng a material part of this Rt ption, there is
showd,” Firgs> Y1 ¥onF¥agros edc kdmattictald ¥a il Wil By 1) (&L Q8S; sectional

ns

reprglg,_%%ta ion a preferred embodi nent of the present HVEHt 1o DESCRI PTI ON
OF THE PREPERREDCENBEP PERPSide . '

SUMMARY OF THE INVENTION

A principal object of the Present invention ig
t i i .
o prov1de_an effective and very manufacturable method of

removing unreacted metal after salicidation using dry

etching.

A further object of the invention is to

brovide a method of removing unwanted metal using carbon

monoxide dry stripping.

Yet another object is to provide a method of

re . .
moving unreacted nickel or cobalt after salicidation using



The present invention provides a nethod for renoving unwanted netal, such
as nickel or cobalt, after salicidation or in the case of rework. Tgig v 2004
met hod avoids 4 1 9 NOV 2D04 t he expense of wet chemi cal - stripping. IND ‘
wi || be understood by those skilled in the art that the present invention
should not be limted to the enbodi mrent described herein, but can be
applied and extended in a variety of applications. Renoval of unreacted
netal after salicidation will be illustrated in Figs. 1 through.4.
Referring now nore particularly to Fig. 1, there is illustrated a portion
of a partially conpleted integrated circuit. The sem conductor substrate 10
is préﬁ@ﬁublwmm@mp@&e@r@:§ﬂﬂﬂﬁ§yﬁdhaving a (100) crystallographic
orientation. The substrate nmay be "an n- or p-type silicon. Sem conductor
device structures may be formed as is conventional in the art. For exanple,
shal l ow trench isolation (STlI) regions 12 separate active areas of the
substrate from one af&thénothepolopsiddtcarns g §@8dd ade, Syere gate oxide

or an .. high dielectric constant material 14, sidewall spacers 18,
and s%ﬁ%@gﬁéﬁéi %Fﬁgggi8ﬁ§k29 QKECﬁ@Eﬂndtﬁﬁiﬂgsdaﬂbaﬂﬂﬂdﬁgﬂidéﬁ |

'spaceg&rggpgﬁ ically are conprised of silicon nitride, silicon oXide, or
silicon oxynitride. ' Referring nowto Fig. 2, a netal layer 24 is

deposited over the surface of the substrate, such as by sputtering. The
nmetal |ayer 24 may conprise nickel or cobalt or titaniumdeposited to a

t hi ckness of betweentab and .
I8 QHEo§gance with the objects of the

invention a method for removing unwanted nickel or cobalt

using carbon monoxide dry stripping in the manufacture of an

integrated circuit ig achieved. A nickel or cobalt layer on

a s i '
ubstrate isg exposed to a plasma containing carbon monoxide
gas wherein the carbon monoxide gas reacts with the metal

thereby removing the metal from the substrate

Also in accordance with the objects of the
invention a method for removing unreacted nickel or cobalt

after salicidation using carbon monoxide dry stripping is

achieved. Shallow trench isolation regions are formed in a

semiconductor substrate surrounding and electrically

1solating an active area from other active areas: A gate

el i
ectrodg and associated source and drain regions are formed

in th i i i i
€ active area wherein dielectric spacers are formed on

sidewalls of the gate electrode. A nickel or cobalt layer is

deposited over the gate electrode and associated source ang

drai i i
I regions. The semlconductor substrate is annealed
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5 1 9 NOV 2004 2000 Angstroms. -1n the case of nickel and cobal t‘ fNUV 2004
refractory metal such as titanium nmay be deposited-over the cobalt o
ni ckel to a thickness of between about 50 and 100 Angstrons, not shown.
Silicidation results in the formation of the netal silicide on the gate
el ectrode and the associ ated source and drain regions. The unreacted
titani um and ni-ckel or titanium and cobalt can then be renoved using carbon
nonoxi de dry stripping. However, if a titaniumnitride |ayer or a
titaniumtitaniumnitride bilayer is deposited over the nickel or cobalt,
the unre;ct~d nickel or cobalt and titaniumnitride or the unreacted nickel
or cop%??r%ﬂﬁ th?amiuhelpaniu@p@itrigfefagpgglg§néegggegggsinglcarbon
nDnox!dfégrﬁoifrlqglng_3|nce titaniumnitride does not P 8; wi th carbon
monoxi TeS T Dt st # bhssowrod vandg @raeﬁrﬁgépéﬂsnggakrgbgrbde li ke
titaniig@éngréégﬂ a wet chemical treatnent utilizing a arPhEgol uti on (e.
g. SC1) tmy Be bt CoRMbY eSt hbchie al ayét ringe Whe Bl gl tﬂétﬁkggé t al
bef or e XRASL NY f%F%£M ckel or cobalt. The unreacted nickel or cobalt is
then renoved USi NG CarboTr HoRi the sdiekecti bedspaceéhe resent i nvention.
Al t er nattd Medw I ted titanfjumnitride or titaniumtitaniumnitride
can be rermvedtltégfcoryugg r‘%/tjeqrbl‘ﬁ‘?fblws is. umgreat2ed4: Wm@r@ﬂlﬂeégge?tchi ng
chem stirgkedody &S re gases fromthe group containing chlorine,
boron trichloride (Bl(édz%geﬂn iHERRAB 15 B axl dmmix ooat bohsindg | uori ne,
f | uor igeeduwins trdridh:ae i trogen, and argon. The unreacted nickel
or CObqltEht can then be)gr%sr.;o%\;{a u?f ntg'% hoGieleigderrearts cont i nui ng
et chi g1t drel mnirle@ s rgtcahin QQEQ r, Q. in_another etching chanber in
t he same eq%gggent, or in gﬁ%?hg?peqU|gﬁé%ﬁeEEQﬁHQﬁmQﬁﬂHQﬂtnﬁ26 is forned,
for eX&HSRE, nfiltdedae toband Gwehy t rce/drain regions 20 by a rapid
, thermal process (RTA). During RTA rrtgl;%t %o Sfchréldcr?ettéi qog%]re"%ﬁ/erlyi ng the
ponsFFi&Sﬁdﬁéﬁénlefaﬁ®6thetebkb&@ﬂ.%ﬁQ%h&%tgeyléélthe source/ drain
regions 20 reacts with the underlying silicon to forma nmetal silicide 26,
~shown in Fig. 3. The anount of netal that reacts with the underlying
silicon depends, annggit other factors, on the thickness of the deposited
metal and the durati8h~6F PRECRIRTION DF TyRi pRhwtraclkave unreacted met al
remai ning on top of the metal silicide at the gate el ectrode and. the
associ ated source and drain regions, as shown. The netal |ayer 24 overlying

the dielectric spacegg %ﬁeand the STl regions 12 is unreacted. 7
' dccompanying drawings forming a

material part of this description,

there is shown-

Figs. 1 through 4 schematically illustrate in

cross-sectional Tepresentation a preferred embodiment of the

Present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention provides a method for

removing unwanted metal, such as nickel or cobali, after

salicidation or in the case of rework. This method avoids



1 9 NOV 2004 Now the unreacted netal 24 is to be renoved ~' using~the dry
stripping process of the preserit i nvention. Carbon nonoxide gas is u?ed as
the etchant and either argon or heliumis used as the carrier gas intthdi0Y 2004
dry etching process of the invention. If the netal is nickel, the wafer
tenperature shoul d be maintained at between about 20 and 40 C during the
dry stripping process. This | ow wafer tenperature is highly conpatible with
shal l ow junctions. The selectivity of carbon nonoxi de toward nickel
silicide is very high, resulting in essentially no etching of the nickel
silicide regions 26. "Downstreant plasma is sufficient for the reaction so
t her &% HBAMRE qf asetn-¢inelubeall deteiep 10 1 her shad L ovbLr 6RgHLEQLAL I ON,
sour ge d drai.n regions, gate electrode, and dielectric spacers. Plasma is
an el@ct T1EH IS fT &7 ifhe et dibaosthe vereomst Degehtveni SASu1E! €ct rons,
ato I d radicals. As plasma-induced danage is caused by
posrﬁ"vﬁ%ﬁ%’fﬁ?ﬁ%&p °ev1§hefi“?f?f"63rl"|‘%‘b‘h&¢$ﬁr5€#ed heepesilt i beti oas beachi ng
t he. e dDCGRTES, ant,_ particularly in the present invention where

t he tér%{llgies%or gat eﬂéel:ﬁe)éc rode” artt 1He’ s%ﬁ:r%@ﬁ%?'ﬁfl&?@@ions are exposed to
the plasma. "Downstreani plasma is thus deprived of the danmagi ng positive
ions-by directing the initial plasma generated by RF or m crowave power
source through (i) i ght erein the 8 , 1.9 NOv 2004
directional ions ar renahcmﬁéelgt%,ur&géagﬁtnég@onﬁevﬁ hae&f%lai 22l §c1$2 PRI nue on,
or (mMillwibde igAmsMiestRid) i Negal i el ed batrrier is present. The
etching reaction is as follows: 'N;&( s%h+ %}gxf‘g) afg%te YEO P g% Re ni ckel
car be@adtimdaudty ito \Flat i1 e and-d %@@Sﬂﬂdsgﬁw&dat%é]pg hnex aust or under
vacuum This represents a cost savings relative to the we chenfcal net hod.
| f t ReYFardil v2£0mp ledieal tintedraghey wﬂf@fiﬁ,enpm@tégﬁ@gng 80 to 250 C
will be required for a pressure of 10 mlorr to 100 Torr. rbon nonoxi de
gas ecﬂ“g)r?é:r ten 19 d&r prefegadiof comparsent dield im e | hdeimyes t fepyr eact ed
cobalcg: %)%.a 'Ehe et chi n% reaction is: 2 Co (s) + g CO(g) --> Coz (COs (9)
or C5TESE ?géép%’dc Lrledytdone (e fsubtsmmtalndd be 4d tanigyn a waf er
terrp%r_acyl_l)re (_)Lf .%l%%ut 0 to 250 Cwil] be required for a pressure of 10
mTor £ 07100~ F&PP- FHoT IRGE e Gfvd ofl Gigrwetures ceay il gas of argon
or hely Wil sr.e unr.eact titanium 24. The etching reaction is:
Ti (g)dﬁh%? &8 (’Lgs) IE?%S’%—‘{%%-P@@]X in qc%e art. For example, sha%lllow

trench isolation (STI}) regions 12 separate active areas of

the substrate from one another. A polysilicon gate electrode

16 over gate oxide or any other high dielectric constant

material 14, sidewall spacers 18, and source/drain junctionsg -

20 are formed as is conventional. Sidewall spacers 18

typically are comprised of silicon nitride, silicon oxide, or

silicon oxynitride.

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

deposited over the surface of the substrate, such as by

sputter%ng. The metal layer 24 may comprise nickel or cobalt

or titanium deposited to a thickness of between about SO and



9 .1 9 NOV 2004 (no stable titanium carbonyl conmpounds have appeared in
chemcal literature). Conditions for the renoval of nickel, cobalt, ,or
titaniumin any conventional plasm etcher or "downstreant plasm ash8rNOY 2004
include CO : argon/heliumgas ratio of 1:100 to 100:1, pressure of 10 mrorr
to 400 Torr, and power of between 100 to 2000 watts if RF or m crowave is
capacitively coupled to the plasma. Fig. 4 illustrates the integrated
circuit after renoval of the unreacted nickel or cobalt 24 according to the
process of the present invention. Processing continues as is conventional
inthe art to conplete the integrated circuit device. The carbon nonoxi de
dry e%%%@nﬁn%ﬁE%%%%-nay al so be used in the case of stripping/rework of
deposited nickel or cobalt on a bare silicon wafer. In this case, the
carbon nonoxi de etchant will renove the nmetal fromthe wafer easily and at

| ow cost wi thout wet_chem cal disposal concerns. The invention can be
extended to the recoVRryPofCede Af cRérkel epfatbbrénpyved reffrawghihe

i nsergd ~ -+ 9. NOV_2004 heat trap between the etching chanmber
and fﬁ%ggkﬁ%ﬂg?léé TRERRPIR Y B depespbedi Brerhsbausebatl tactenper at ur e

r eatrey ctdma | oming, reaction will occur: NN(CO., --> N (s) +
?1 CO(g)cA sﬁﬁ%&?%%%%% (g%\nc LWEQR *BBukt 58t 2nd: ARPeragsiteocns,gr eat er

t han %50 €hown. Silicidation results in the formation of the
metal silicide on the gate electrode and the associated
Source and drain regions. The unreacted titanium and nickel

or titanium and cobalt can then be removed using carbon

monoxide dry stripping.

However, if a titanium nitride layer or a
titaniur-titanium nitride bilayer is deposited over the

nickel or cobalt, the unrezcted nickel or cobalt andg titanium

nitride or the unreacted nickel or cobalt and titanium-
titanium nitride cannot be removed using carbon monoxide dry
stripping since titanium nitride does not react with carbon
@onoxide. In applications involving a refractory metal
nitride (like titanium nitride), a wet chemical treatment
utilizing alkaline solution (e.g: SC-1) may be uéed to remove
the metal nitride or metal nitride/metal before exposing the
nickel or cobalt. The unreacted nickel or cobalt is then
removed using carbon monoxide as described in the present
invention. Alternatively, the unreacted titanium nitride or

titanium-titanium nitride can be removed through dry etching



T —

The process of the invention provides an effective nethod of renovi

unreacted nickel or cobalt after silicidation or renoving nickel or%gébﬁmﬂ 200%
an a bare silicon wafer by using a carbon nonoxide dry stripping protess.

The renoved ni ckel or cobalt can be recovered by adding a heat trap between

t he-etching chanber and the exhaust or vacuum Punp. While the invention has
been particularly shown and described with reference to the preferred

enbodi nents thereof, it will be understood by those skilled in the art that
various changes in formand details may be nade w thout departing fromthe
Sm'ﬂtW%Fgﬁﬁfqﬂﬁ of the invention. What is clained is: 11 1 9 NOV 2004 1.

A nmet hod of re ?M?ﬁfh&ﬂ%ﬂch¢m¥$ﬂryzﬁnﬂgmﬂéénl@ﬁea@riﬂéggr@éggscircuit

~devi cer HeS 1 N9, Providing a nmetal |ayer overlying a substrate; exposing
sai d net al ;g/ei}%ufoac%%fgl%ﬁlﬁ%my‘;adrm nondoth Ter 9@ yder ey n said
carbomumuyyﬂékgdyg%Jﬁﬂgt with said nmetal thereby renpving said netal from
sai d substrate wherein §§?JW' Afarhahsie f lmpinsest lugakesus car bony

pr oductubsaid utREO R/ ' tal, by channeling said gaseous carbonyl
product into a he\a?t%\yr tIrrag:p Ogirée’?r?lstdicéed’as@é'{% g Pony| Thpr oducda separ at es

into meickeland RN MRPX | ecul es.. 2. The net hod according to Caim
1 wherein said netal Iayer)%%%s;q%e?teélk?vﬁﬁoﬁ’lstw FFPearwistidyg of ni ckel

and cefidher 3n Theomiihed Rc ¥ aim_1 wherein said plasm al so
conpr%iggba carrier gas iéégelecfg%'kﬁﬁl t'fe o rRieing of argon and
hel i u beThernénhaticateer Gtk i Srail erein said metal |ayer

conpri ses nickel and wherein saigggubstrg%é%?%t%ﬁlﬁﬁﬁﬁuﬁﬁﬁﬁp%ﬁq%mperature
of befheéR apektez0eandpd@nE.during said step of exposing said netal |ayer
to said plasma. 5. The nethod according to Claim1l wherein said netal |ayer
conprises cobalt and wherein said substrate is maintained at a tenperature

of between about 80 %nd 250 12

metal silicide 26 is formed, for example, on

the gate 16 and over the source/drain regidns 20 by a rapid

thermal process (RTA). During RTA, most of the metal layer

overlying the polysilicon gate 16 and the silicon substrate

10 in the source/drain regions 20 reacts with the underlying

silicon to form a metal silicide 26, shown in Fig. 3. The

amount of metal that reacts with the underlying silicon

depends, amongst other factors, on the thickness of the

deposited metal and the duration of the RTA. It is
tgplcal to have unreacted metal remaining on top of the

metal silicide at the gate electrode and. the assbciated

source and drain regions, as shown. The metal layer 24

overlyigg the dielectric Sspacers 18 and the STI regions 12 is

unreacted.



~~ .~ ~0OV 2004 C during said step of exposing said netal |layer to said
plasma. 6. A method of siliciding an integrated circuit device copy 'g@ivngﬂuq
forming shallow trench isolation regions in a sem conductor substrat
surrounding and electrically isolating an active area fromother active
areas; formng a gate el ectrode and associ ated source and drain regions in
said active area wherein dielectric spacers are fornmed on sidewalls of said
gate el ectrode; depositing a nmetal |ayer over said gate el ectrode, said
source and drain regions, said shallow trench isolation regions, and said

di el ectric spacers; annealing said sem conductor substrate whereby said
metal |ayer overlyi n§fohitdegargedentd atetanb sai gl 43 pe .][.ergo‘[,\%{ 200a
sour‘c%SqL@% Elrrhai n re%i ons is transformed into a netal silicide Tayer and
wher ei N sai AN FAFePRIvE Brionessaiak dited qutedents pages:st: ah. sai d shal | ow
trenclg atJ .eqi ons i.s unreact ed; and exposing said unreacted netal

| ayer &Fg%g’hplwggl%ﬁ{rl?%ntgﬁsnilﬁg USEHEF idito e tadhayeas athirei thefi £ gaw bon
NONOX bge hgds umea Gt ist h.saikd unreacted netal thereby renoving said

unr eact ed rre%lgnl Eif%r ojg“lr%\é!lsﬂiaig s&ﬁstcraé'tréetro Benpirettd s dny stdkimg ng of said

i nt egpabedsei beUkhed8¥LE8+i6n TN hod according to Claim6 wherein said
metal |ayer is selected f}tc:)L%nt'he%gr (E‘t?rjfﬁ%stlisndn(ﬁkﬁ:ck@ie arafeobal t. 8.

The ntehpdrateeedshgule Ehaipdif+WHgLEl .Sl | asma al so conprises a
carrier gas sel ected fromthe gr\g&gleco%stﬁ g’teiq G <OF 2heHel4Um 9. The

‘et hodCadesidongheodelasmripphagebRosaisd metal: | gyer canprises nickel and
wherein said subst_ratg IS malwﬁt gi Reg atsg:f'i tgﬁﬁg’r gtol.‘i"réq het ween about 20
gpgéﬁeﬁfﬁgﬁaﬁwesasdhsghmyotoapaasbma w2kt YRRgatleq IRlAlJayver to said

The selectivity of carbon monoxide toward

nickel silicide is very high, resulting in essentially no

etching of the nickel silicide fégions 26. "Downstream”

plasma is sufficient for the reaction so there is minimal

plasma induced damage to the shallow trench isolation, source

and drain regions, gate electrode, and dielectric spacers
Plasma is an electrically neutral mixture of positive ions
r

ne i i
gative ions, electrons, atoms, molecules, and radicals. As

plasma-induced damage is caused by positive ions, the
prevention or reduction of the positive ions reaching the.
wafer becomes important, particularly in the preéent
invention where the transistor gate electrode and the
sourég/drain regions are exposed to the Plasma. "Downstream"
plasma is thus deprived of the damaging positive ions- by

directing the initial Plasma generated by RF or microwave

_power source through (1) non-straight paths wherein the



1 9 NOV 2004 10. The method according to G aim1 wherein said netal |ayer
conpri ses cobalt and wherein said substrate is maintained at a tebr@MN{GVur2804
. of between about 80 and 250 C during said step of exposing said unreacted
nmetal layer to said plasnma. 11. The nethod according to Caim1l wherein
said netal |ayer conprises titaniumand wherein said substrate is

mai ntai ned at a tenperature of between about 40 and 250 C during said step
of exposing said unreacted netal |layer to said plasma. |2. The nmet hod
according to Claim6 further conprising: depositing a titanium/|ayer

over |y id.metal |ayer before said annealing step wherein said step of
expogllr%&g?’&la&nrlé’éﬁ éad‘yerréjtedﬁlefcdiféjrf tieassing piroksnete soad ermlestainr eact ed
sai d dddahdamdaver. [1.3..The et hod according to Claim6 further conprising:
depositing a' Oltnl’t Zorﬁ drivnh o qaéi/é&‘%ﬁe"r’f}ﬁﬁtj‘l%éhﬁwm atharget before said
anneddrid et §R; pact;_g AoVi reacted said titaniumnitride | ayer before
said step of exposi r?grg sai unlréeq:acc B Mt S 1 SR resmm. 15 .1 9
NOV 2004 14.(shhe ne accar g 0 im13 wherein said step of renoving
unr eact ed sai -cliﬁ ti tamgﬁ)ﬂi tri guelrtlg:g)e‘lr CEIcqgrrpri ses a wet chenmical treatnent.
15. The met hod according to Caim 13 wherein said step of renoving
unreacted said titaniumnitride |ayer conprises dry etching. ' 16. The

met htheaodekdilngaaboal mrbaher aid vl SleRdrgactad fptal, remved

conpri ses a gaseous carbonyl product.

through exhaust or under vacuum. This represents a cost

savings relative to the wet chemical method.

If the metal 24 is cobalt, a higher wafer
temperature of about 80 to 250 °C will be required for a

pressure of 10 mTorr to 100 Torr. Carbon monoxide gas along

with a carrier gas of argon or helium will remove the

unreacted cobalt 24. The etching reaction is:

2 Co (s) + 8 CO (g) --> Co= (CO)s (g)

or Co (s) + x CO (g) --> Co (CoYx (g)

If the metal 24 is titanium, a wafer
temperature of about 40 to 250 =C will be required for a

pressure of 10 mTorr to 100 Torr. Carbon monoxide gas along

with a carrier gas of argon or helium will remove the

aneacted titanium 24. The etching reaction is:

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



17. The method according to Claim1 wherein said plasma conprises a
downstream plasma. 18. A nethod of siliciding an integrated circuit q@ﬁkﬁf
conprising: formng shallow trench isolation regions in a seniconddlt 2004
substrate surrounding and electrically isolating an active area from ot her
active areas; formng a gate el ectrode and associ ated source and drain
regions in said active area wherein dielectric spacers are fornmed on

si dewal k of said gate el ectrode; depositing a nickel |ayer over said gate
el ectrode, said source and drain regions, said shallow trench 16 s~ 9 NQU
2004 isola%ion regions, and said dielectric spacers: annealing said

seni coRGuEEBPleubitrntemirarbbyyiacempioakek hAYRr el g said gate
eIectEggﬁ.ang iaid source and drain regions is transforned ihto a ni ckel
silicrde rayer “AhBT®EBEEIm sai d nickel |ayer overlying sdid dielectric
spacers and said shallow trench isolation regions is unreacted; and
exposi ng said unreacted nickel layer to a plasma containing carbon nonoxi de
gas wherein said car Joly ngnoxide gas reacts with said unreacted nicke
thereby renoving sai d°URFCARREATRT ckbe rewavsai dfsubsikedt,e do®aaqnpl ete said
silicodi pgrohisal &, i grated circujit device. 19. The nethod according to
Claim 18 \Aheré‘?ﬁ g%i %‘L‘% é@%‘r‘é‘* fé%n%rﬁa%ﬁ%@ ateheri er gaswaekeeked fromthe
gr oupp tamsa SisHe 0f n d. heljium_ 20, The nethod according to Caim 18
mherzbatfaid substra?%ﬂgg ﬁgiht%f %%/%??éuTeﬁﬁérﬁﬁﬁﬁ@ of Befl@demoabout 20
and Hurprgssatd St epo in j.d_unreacted nickel |ayer to said:
pl asma, 21. The met hod accgégfﬁgogg %9%?%?ﬁ§’mﬂ% ePRv8Ei Bfuhrtnernd ni ckel

r emovEL clrp? $ Q@ swatt gmsed UBF e byt oddve is capacitively coupled
to the plasma.

Fig. 4 illustrates the integrated circuit

after removal of the mnreacted nickel or cobalt 24 according

to the process of the Present invention. Processing

continues as is conventional in the art to complete the

integrated circuit device.

The carbon monoxide dry etching process may

also be used in the case of stripping/rework of deposited

nickel or cobalt on a bare silicon wafer. In this case, the
'4

carbon monoxide etchant will remove the metal fr&m the wafer

easily and at low cost without wet chemical disposal

concerns.

The invention can be extended to the recovery

of the nickel or cobalt removed through the insertion .of a

10



dl-.9 NOV 2004 product. 22. The nethod according to Caim 18 further
conprising: depositing a titanium|layer overlying said nickel Iayﬁr Bﬁvoﬁﬁ
sai d anneal i ng step wherein said step of exposing said unreactedii&: I 04
| ayer to said plasma al so renoves unreacted said titaniumlayer. 23.The
met hod according to Claim 18 further conprising: depositing a titanium
nitride |ayer overlying said nickel |ayer before said annealing step; and
renoving unreacted said titaniumnitride |ayer before said step of exposing
sai d unreacted nickel layer to said plasma. 24. A nethod of siliciding an
integrated circuit device conprising: formng shallow trench isolation
r egi of€3t tF 3P Rietuednc ttdre sutivstimag e:r&inﬂjélurﬁiidlgtﬁé'deﬂ%%{ic%' l'y isolating
an actjve area fromother active areas; formng a gate el ectrode and
associ at eu s S e afdidr disn nassiidie ihesaigk act ivecarna-aherei n diel ectric
spacer, re formed on sidewalls of said gate el ectrode said source and
atester %fﬁié%%hﬁﬂ(ﬁn%r

dr ai n “regi ons, WEg\g readtioN@i D4 dsot ation regions,

and said dielectric spacers; annealing said sem conductor substrate whereby
said cobalt |ayer overlying said gate el ectrode and said source and drain

regions i sntrepsfornedy, OQ%Jt silicide |layer and wherein said cobalt
| ayer overlyingqsaid ngR%?t?ig S é@@rs and said shallow trench isolation

regions is unreacted; and

A similar reaction occurs for cobalt at a temperature of

greater than 250 =c,

The process of the invention provides an
effective method of removing unreacted nickel or cobalf after
" silicidation or removing nickel or cobalt on a bare silicon
wafer by using a carbon honoxide dry stripping process. The
removed nickel or cobalt can be recovered by adding a heat

trap betwsen the etching chamber and the exhaust or vacuum

pump.

While the invention has been particularly
shown and described with reference to the preferred
embodiments thereof, it willAbe understood by tﬂbse skilled
in the art that varibus changes in form and details may be

made without depért%ng from the spirit and scope cof the

invention.

What is claimed is:

11



e

exposing said-unreacted cobalt layer to a plasnma containing carbon nonoxi de
gas wherein said carbon nonoxi de gas reacts with said unreacted c Bahh

t hereby renoving said unreacted cobalt fromsaid substrate to coﬁg e Vs&ﬂﬂ
siliciding of said integrated circuit device. 25. The nmethod according to
Claim 2~1 wherein said plasnma al so conprises a carrier gas selected from
the group consisting of argon and helium 26. The nethod according to Claim
24 wherein said substrate is nmaintained at a tenperature of between about
80 to 250 C during said step of exposing said unreacted cobalt |ayer to
said plasma. 27. The nmethod according to C aim 24 wherein said unreacted
cobalt renov conpri.ses. a_gaseous carbonyl 1 9. .2004 product. 28.
The nethoggaggopggﬁadté) BPRY 249 Ul ehe éﬁhpgpgiﬁéﬁm&' R ﬁﬁpaapitanium
| ayer overintigdgasaidd dlirekdlt |lyacdefumia isding :anneal i ng step wherein said
step of exposing said unreacted nickel |layer to said plasm al so renoves
unreact ed sai d PHAVAMMS 12aysitalod.ayrte afistHod Nee Gorsdiaff #ad-eGl ai m 24 furt her

conprising: depQsidding ashkLanm nitr | ayer,ovgrlying _said.ni.ckel |ayer
before said anngg#ﬁﬁgggtgp; and renn&fhgﬁhn?éac%eéﬁgg%{ tF?gkgﬁﬁfﬁltride
| ayer bef orgboai dmehepidke egpesiwigesain uwabdctedmirckelonoxyere t gasai d

| . 20 . , ) ,
UKo, Ae. AFGPETR) VAT . ROLIARE AR RICTHRY | ARFORKRIAS S et 2BNEXREG | A3, A

A# FbO{D said substrate wherein said metal removed comprises a
gaseous carbonyl product; and

recovering said metal by channeling said gaseous

carbonyl product into a heat trap wherein said gaseous

carbonyl product separates into metal and carbon monoxide

molecules.

2. The method according to Claim 1 wherein said metal
layer is selected from the group consisting of nickel and

cobalt.

3. The method according to Claim 1 wherein said plasma
also comprised a carrier gas 1is selected from the group

consisting of argon and helium.

4. The method according to Claim 1 wherein said metal
layer comprises nickel and wherein said substrate is
maintained at a temperature of between about 20 and 40 °C
during said step of exposing said metal layer to said

plasnma.
5. The method according to Claim 1 wherein said metal

layer comprises cobalt and wherein said substrate is

maintained at a temperature of between about 80 and 250

12
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al)MAy0"""1$" "' (((~)**}xsnid_Z]]ca]ca]ca]ca]ca]c a]ca]ca]ca]ca]ca]ﬁabca]ca]c
aJca]ca]ca]calc W3 NOV 2004
aJca] ca] ca]ca] calca]ca] ca]ca]ca]ca]ca]ca! *+++, N,-0.////0001x233335Z266708u88
8:; @N,==}xsnid _Z]]cal]cal]c*a]ca]ca]calc a]ca]ca]ca]ca]ca]ca]c

aJca] ca] ca]cal calca]ca]c aJca]ca]ca]ca]ca]ca]ca]c a]ca]ca]cal =>?7??

@AACCCC) DDDBEFFFFM | JKKK#K$LAMNNNZQQ wr mhc”Y] ] ca] ca] ¢
aJcalcalcalcalcalc"a]calca]ca]calcalc aUca]ca]ca]ca]ca]ca]lca]calc

al calca]ca cal.c . : : .

2] ca] ca] carCPASCERs A RS BROBERRRRAP! SRKANSL AL AT W FhERVPRAS) cal o

a] ca] ca] cajieadmza) c" a] ca] ca] ca] ca] ca] ¢ aU] ca] ca] ca] ca] ca] ca] ca] ca]c
ajcalcalcalcalcalc aljcalcalca Fb}9zZf F'10%& ()- hF 10%<X& ()-F 10% & ()-c
0109X& ()- HLOMX&' ()-\&LOWX&' ()-Z{}~eCl)i"10%J& ()- H#10%W& ()-C 10%W& () -
10X10X10X8t 109X&' ()- h"109%XX& ()-D (*+,-z[PE: 10J 10J

10Ji <s10%J& ()-!4110%"J"& ()-}!V-10%J& ()-!#"10%J& ()-M 10%& ()-w; ZO
[ <1: 10<$1.0%' (ethee$ndd 0% 11 idChy0ou®) ( integrated circuit device

comprising:

forming shallow trench isolation regions in a
semiconductor substrate surrounding and electrically
isolating an active area from other active areas;

forming a gate electrode and associated source and
drain regions 1in said active area wherein dielectric
spacers are formed on sidewalls of said gate electrode;

depositing a metal layer over said gate electrode,
said source and drain regions, said shallow trench
isolation regions, and said dielectric spacers;

annealing said semiconductor substrate whereby said

metal layer overlying sald gate electrode and said

13
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source and drain regions is transformed into a metal
silicide 1layer and wherein said metal layer overlying
said dielectric spacers and said shallow trench isclation
regions is unreacted; and

exposing said unreacted metal layer to a plasma
containing carbon monoxide gas wherein said carbon
monoxide gas reacts with said unreacted metal thereby
removing 'said unreacted metal from said substrate to
complete said siliciding of said integrated circuit

device.

7. The method according to Claim 6 wherein said metal
layer is selected from the group consisting of nickel and

cobalt.

8. The method according to Claim 6 wherein said plasma
also comprises a carrier gas selected from the group

consisting of argon and helium.

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

to said plasma.

14
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10. The method according to Claim 1 wherein said metal
layer comprises cobalt and wherein said substrate 1is
maintained at a temperature of between about 80 and 250
°C during said step of exposing said unreacted metal

layer to said plasma.

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

layer to said plasma.

12.The method according to Claim 6 further comprising:
depositing a titanium layer overlying said metal

layer before sald annealing step wherein said step of

exposing said unreacted metal layer to said plasma also

removes unreacted said titanium layer.

13.The method according to Claim 6 further comprising:
depositing & titanium nitride layer overlying said
metal layer before said annealing step; and
removing unreacted saild titanium nitride layer
before said step of exposing said unreacted metal layer

to sald plasma.
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14. The method according to Claim 13 wherein said step of
removing unreacted said titanium nitride layer comprises

a wet chemical treatment.

15. The method according to Claim 13 wherein said step of
removing unreacted said titanium nitride layer comprises

dry etching.

16. The method according to Claim 6 wherein said step
unreacted metal removed. comprises a gaseous carbonyl

product.

17. The method according to Claim 1 wherein said plasma

comprises a downstream plasma.

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

forming shallow +trench isolation regions in a
semiconductor substrate surrounding and electrically
isolating an active area from other active areas;

forming a gate electrode and associated socurce and
drain regions in said active area wherein dielectric
spacers are formed on sidewalls of sald gate electrode;

depositing a nickel layer over said gate electrode,

said source and drain regions, said shallow trench
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isolation regions, and said dielectric spacers;

annealing said semiconductor substrate whereby said
nickel layer overlying said gate electrode and said
source and drain regions is transformed into a nickel
silicide layer and wherein said nickel layer overlying
-said dielectric spacers and said shallow trench isclation
regions is unreacted; and

exposing said unreacted nickel layer to a plasma
containing carbon monoxide gas wherein said carbon
moncxide gas reacts with said unreacted nickel thereby
removing said unreacted nickel from said substrate to
complete -said siliciding of said integrated circuit

device.

19. The method accecrding to Claim 18 wherein said plasma
also comprises a carrier gas selected from the group

consisting of argon and helium.

20. The method according to Claim 18 wherein said
substrate is maintained at a temperature of between about
20 and 40 °C during said step of exposing said unreacted

nickel layer to said plasma.

21. The method according to Claim 18 wherein said

unreacted nickel removed comprises a gaseous carbonyl
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22. The method according to Claim 18 further comprising:
depositing a titanium layer overlying said nickel
layer before said annealing step wherein said step of
exposing saild unreacted nickel layer to said plasma also

removes unreacted said titanium layer.

23.The method according to Claim 18 further comprising:
depositing a titanium nitride layer overlying said
nickel layer before said annealing step; and
removing unreacted said titanium nitride layer
before said step of'exposing said unreacted nickel layer

to said plasma.

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

forming shallow trench 1isolation regions in a
semiconductor substrate surrounding and electrically
isclating an active area from other active areas;

forming a gate electrode and associated source and
drain regions lin sald active area wherein dielectric
spacers are formed on sidewalls of said gate electrode

said source and drain regions, said shallow trench
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annealing said semiconductor substrate whereby said
cobalt layer overlying said gate electrode and said
source and drain regions is transformed into a cobalt
silicide layer and wherein said cobalt layer overlying
salid dielectric spacers and said shallow trench isclation
regions is unreacted; and

exposing said unreacted cobait layer to a plasma
containing carbon monoxide gas wherein said carbon
monoxide gas reacts with said unreacted cobalt thereby
removing said unreacted cobalt from sald substrate to
complete said siliciding ¢f said integrated circuit

device.

25. The method according to Claim 24 wherein said plasma
also comprises a carrier gas selected from the group
consisting of argon and helium.

26. The method according 'to Claim 24 wherein said
substrate is maintained at a temperature of between about
80 to 250 °C during said step of exposing said unreacted

cobalt layer to said plasma.

27. The method according to Claim 24 wherein said

unreacted cobalt removed comprises a gaseous carbonyl
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28. The method according to Claim 24 further comprising:

depositing a titanium lavyer overlying said nickel
layer before said annealing step wherein said step of
exposing said unreacted nickel layer to said plasma also

removes unreacted said titanium layer.

29. The method according to Claim 24 further comprising:
depositing a titanium nitride layer overlying said
nickel layer before said annealing step; and
removing unreacted said titanium nitride layer
before said step of exposing said unreacted nickel layer

to said plasma.
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