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have a decreased dielectric constant as well as a decreased electrical resistance. Thus, a capacitor

structure formed of such a dielectric layer usually provides a decreased capacitance, thereby
25  reducing the charge deposited on the electrodes of the capacitor structure in response to a specific
| voltage differential applied across the electrodes.

Furthermore, the problems associated with oxygen vacancies within dielectric materials
are becoming more apparent as integrated circuits are formed with imcreasingly smaller circuit
elements. For example, high density Dynamic Random Access Memory (DRAM) devices

30  requiring a large number of capacitor structures demand the electrodes of each capacitor structure
to have a relatively small area. Thus, in order to provide a sufficient capacitance in response to the
reduced area, A, of the electrodes, dielectric materials having a relatively large dielectric constant,
k, otherwise known as high-k dielectric materials, are required. However, known high-k dielectric
materials, such as tantalum pentoxide (TaOs), barium strontium titanate (BST), barium titanate

'35 (BT) lead zirconium titanate (PZT), and strontium bismuth tantalate (SBT), require the presence of
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' mentioned pending U.S. Patent application, ruthenium silicide (RuSiy) is preferably deposited onto

the silicon substrate surface using a chemical vapor deposition (CVD) method that is well known

in the art. However, the CVD process is known to deposit RuSix on the edges and backside of the

wafer as well as any other unmasked surfaces such as clamping tools or other equipment used

30  during deposition. As a consequence, the excessive RuSiy deposits have to be removed from the
substrate surface prior to completion of wafer processing.

Although a number of etchants have been developed for removing rutheninm metal, there

is presenily no known chemistry that can effectively remove ruthenium silicide in bulk. Since the

use of ruthenium silicide as a barrier liner is a relatively novel idea that shows potential for a wide

35 range of applications in semiconductor fabrication, it can be appreciated that an appropriate etchant
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HF and V\&Uﬂlbblmg@mnﬂﬁﬁgnsnntbhﬁewol ume ratio of 3:1:50 respectively.

Fu_rt her nore,

anolﬁn aspgc?,%él_})ﬁesgli ?gveﬁh%n thx%psrises a hypochlorite salt based solution that

25  can selectively etch RuSiy from a substrate surface. In one embodiment, the solution may

comprise approximately 0.6 % potassium hypochlorite (KROCI), 0.7 % hydrofluoric acid (HF), and

98.7 % D.1. water by weight. In another embodiment, the solution comprises KOCI,‘ HF, and water

combined in the volume ratio of 3:1:50 respectively. Furthermore, the KOCI and HF used in this

embodiment are off-the-shelf aqueous solutions premixed at concentration levels of 11% and 49%

30  respectively. Advantageously, the ingredients of the solution are relatively inexpensive and

commonly available. Furthermore, the solution can be made using conventional laboratory
techniques that are simple and convenient to implement,

In yet another aspect, a method of removing ruthenium silicide (RuSiy) from a substrate

surface is provided wherein the method comprises exposing the RuSiy to a hypochlorite salt based

35  solution. In one embodiment, the RuSix is immersed in the hypochlorite salt based solution for
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25 cannot be fully realized without an effective method of removing excess RuSiy from the substrate

surface. Thus, the present invention fulfiils an important need by providing a relatively simple and
cost-effective method of removing ruthenium silicide from a substrate surface so that RuSix can be
widely used in integrated circuit fabrication. Furthermore, the method can be adapted to
selectively remove RuSiy from a substrate surface without masking the substrate which further
30  reduces the number of processing steps and the risk of incurring defects.

From the foregoing, it will be appreciated that the aspects of the present invention provide
a method of selectively removing ruthenium silicide (RuSix) from a substrate surface. In
particular, the invention provides a novel method of ciching RuSix by exposing the RuSix to a
hypochlorite salt based solution wherein the solution effectively dissolves the RuSiy without

35  noticeably affecting other material on the substrate surface. These and other advantages of the
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solutions to rermv eni um si 1 cl Six) froma substrate surface.
20 Fi gurefrdm%tltbeimmsucfadel y illustrates a process fl ow 100. of the preferred
enbodipent of .sele [ L gd)ggﬂgodﬁﬁbgl{ gce. As
Shown A o iR PSR ahé@ngﬁu&-are s U Sdebel i o S rs)setfergp ool B, 2
exposi ng sdnetivelst ﬂaﬂlamrmsﬁnmldc Ruslie) ﬁrcun astrfapo e owit @ Hgke 1, M@CSS begins

with a first step 102 comprising exposing the ruthenium silicide to a hypochlorite salt based

solution for a predetermined time. Preferably, the solution comprises potassium hypochlorite

~ (ROCI) combined with hydrofluoric acid (HF) and D.I. water in the volume ratio of 3:1:50 (KocC1/

25  HF / DI Hy0) using 11% KOCI and 49% HF agueous solutions. In another embodiment, the

solution comprises approximately 0.1 - 1.0% KOCI, 0.2 - 2.0% HF, and balance D.I. water by

weight. However, it can be appreciated that different volume ratios or weight percents can be used

in other embodiments without departing from the scope of the present invention. Moreover, the

oxidation potential of the solution formed is preferably at least 1150 mV and is approximately

30 1180 - 1230 mV to ensure optimum solubility of ruthenium silicide. Furthermore, although

potassium hypochlorite is used in the preferred embodiment, any other hypochlorite based salt

such as sodium hypochlorite, calcium hypochlorite, or the like can be used in place of potassium
hypochlorite without departing from the scope of the invention. -

In the preferred embodiment, the potassium hypochlorite and hydrofluoric acid used are

35 industrial grade off-the-shelf aqueous solutions with concentration levels of approximately 11%

5.



solution for a predetermined time. Preferably, the solution conprises
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25  solution such as D.I. water so as to remove any residue ctchant from the surface.
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Figure 2 illustrates a partially fabricated integrated circuit or substrate assembly 110
wherein the structure is formed above a substrate 112, which may comprise a single crystal wafer
or other semiconductive layer in which active or operable portions of the electrical devices are
formed. In particular, the substrate assembly 110 of the illustrated embodiment represents, for

30 example, a conventional capacitor structure 111 for a dynamic yandom access member (DRAM)
circuit. As Figure 2 shows, a layer of insulating oxide 113 is first formed on an upper surface 114

| of the substrate 112 using a known deposition method. Furthermore, an opening 115 is formed in

the insulating oxide layer 113 using a known efch process so as to expose a portion 117 of the

~upper surface 114 of the substrate 112 for the formation of the capacitor structure 111,



20 the RuSix is substantially dissolved, the substrate is renoved fromthe
solution using a method well known in the art. Preferably, 5lBeptdihbed!Z005
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25  of using RuSiy in semiconductor fabrication.

As described in greater detail above, the present invention provides a novel method of
selectively removing RuSiy from a substrate surface without affecting other layers of material
deposited on the substrate surface 114. In particular, the method comprises exposing the substrate
surface containing ruthenium silicide to 2 hypochlorite salt based solution. Preferably, the solution _

30 is applied to the substrate surface using a well known immersion or spray technique. After
exposing the substrate fo the hypochlorite solution for a predetermined amount of time, the
solution will dissolve the ruthenium silicide without attacking other material on the substrate
surface. In one embodiment, the hypochlorite salt based solution comprises a 11% potassium
hypochlorite solution combined with a 49% hydrofluoric acid and D.I. water in a 3:1:50 ratio

35 respectively. In particular, the substrate surface is preferably immersed to the solution for

-



silicide 124 on unmasked areas of the substrate assenbly 110. As Figure 2
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25 - illustrative examples of the efch rates attained at a few exemplary etchant concentrations. It can

also be appreciated that a variety of different solution parameters can be adopted to vary the etch

rate without departing from the scope of the invention.
Although the foregoing description of the preferred embodiment of the present invention
has shown, described and pointed out the fundamental novel features of the invention, it will be
30  understood that various omissions, substitutions, and changes in the form of the detail of the
apparatus as illustrated as well as the uses thereof, may be made by those skilled in the art, without
departing from the spirit of the invention. Consequently, the scope of the present invention should

not be limited to the foregoing discussions, but should be defined by the appended claims..



15 easily ‘adapted to. existing wet etch equi pment. Furthernore, the present
invention also provides a nethod of adjusting the etch rate §fSeptér®Er2005
silicide by varying the concentrations of the solution. Figure 4
illustrates a graph representing the etch rates attained using different
KOCl vol une portions in four different HF concentrations. As Figure 4
shows, WHAG I§tGIAIMEDeISOf rut heni um silicide experiences a steady 20 increase
as the KOCI volunme portion continues to increase in an approxi mately 0.66 -
0.73 9% HF AB1eHIbe remgving sutiisrism sicidg om 4 surfacgr thplmathedhborgprises: var i ous
etch rates eachi.evalpll e u%(ﬁggc g?i,f_f erent HF vol ume portions conbined with a
6% KOCI . ASFPYR N8 THBGE ConfRiYRe rutbsalimeHicide fonghipringand fdprine-pentainingn
be atta| : I, Qf rd r oxi ly. Q. % HE and 6%
KOst 5 SR B AR Bl BB Rt AR B i 8. P P e
and 5 sarichgrely 25 illustrative exanples of the etch rates attained at a
few exenpl ary etchant concentrations. It can also be appreciated that a
vari ety of edpésieg déint serfdasttoam maraneselutiot & diseolad epidadadtdnviabyudid &roft Gle
rate wi thout departing fromthe scope of the invention. Al though the

f or eg§HHB ®escription of the preferred embodi ment of the present invention

has s?own, escréhbgd a&dwp inted. out the fundapental novel features of the
invenfion, 't WriPeEd Tl | HRFreinotPasig: theaprtase eptalaing futheriypy silicideitans,
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depar tologort ESitainity Sdrinelam flddiReldavfiMihgBhetieBRequent Iy, the scope of the
present invention should not be Iimted to the foregoing di scussions, but

shoul 8 be Te¢ imedbdoyf Clagn apyeneie dxpbsingrehe SurBeptentzeiing AkerfundEAitideSo the
CLAIMED IS: I., A nethod of renoving rutheniumsuicide froma surface, the
et hoBIYEONP SPRien coatainag shiofine-agtnfiugdes-cemiatniinthegnicals kempusasséxposindehe o
chl orj nli- and f[J ua%ri ne-(iont ai ni n%, chemi cals wherein the net reaction is to
f or m MRYYB RIS AG R R B IngoYIRTBIOFiR agif s A hyRoSh BTSSRIt exposi ng
the syrfac i | I id reaction products from
e sy acd AgfyRSHERN AL B0 i BoclFAB 4R BRfef B B
cont ag.ni Ngak GtdMAY syBesth |cb§1'pﬂ@in%% firé N Hd GsoARhih g YOI NRHpPRing! AtH%ium and .

chem cal s conprises exposing the surface to an aqueous sol ufion contal ning
chl orsiinaad ajleous médarendf zhiviring-aal dlibfné-SontdinindenammEd® W hofeilCtidl mxdure is
wherei n exposing the surface containing rutheniumsilicide to the aqueous
sol utadertesoin drAcihyitbhiher filve-cantdifihgionthesiuvorandi siicqn dheprbdiaies wataTpolubis
exposi E% the .rutheniumsiljicide to a solution conprising hydrofluoric acid

and dERAGPEHPEYGE £0 25/t Permit fereovabehiba Tt feqamyiha fis #n the hypochlorite
o AT A B gt ot ™ SO
a first surface comprising ruthenium silicide; and
an etchant comprising an aqueoué mixture of chlorine-and fluorine-containing chemicals
"-\:vherein the mixture reacts with the ruthenium silicide on the first surface to produce water-
-soluble reaction products.
.7. The integrated circuit efching system of Clai-m 6, wherein the chlorine containing
chemical comprises potassium hypochiorite.
8. The integrated circuit etching system of Claim 7, wherein a potassium hypochlorite
_aqueous soiution is combined with a hydrofiuoric acid solution land water in the volume ratio of
abouf 3:1:50, wherein the hypochlorite solution is at a concentration level of about 49% by

volume.



silicon, an aqueous m xture of chlorine-and fluorine-containing chem cals
wherein the mxture is adapted to react with the film contasBastdrbes P00
and silicon to produce water-soluble reaction products so as to permt
renmoval of the filmfromthe first surface. 6. An integrated circuit
etching system conprising: a first stPface conprising rutheniumsilicide;
and am, et chawl infrRed Tirb@t 2ithMIUSRSTT B Cidifes, Afndrbth Qhd RRiaNGh potentlal of the

e

fluorine-containing chemcals wherein the mxture reacts with t

r ut heriquepss inbxdirdef dnoecadd cldbrirsucdraaiaingehpmilcie appiokimatsiyl UBbeny eaespon
products. 7. The integrated circuit etching systemof Caim6, wherein the
chl ori"™é containing chenical conprises potassiumhypochlorite. 8. The
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5 Sep{lrrhend 23(cd .1 Yatebhg warggrated circuit etching systemof Caim6,
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appr oxs mat gl F 9 t i iQrit 0% .
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t he rut henimmersingi thedeuthenjen siliciddreéayey piactheonypoehisatet shlatades dollttioanfof & a
predet ermi ned anmount of time; 13. The nethod of C aim 12 wherein exposing

t he rRieAeigruimediamasntief iragier to a hypochlorite salt based sol ution

conprj.ses exposing the rutheniumsuicide |ayer to a _solution of 11%
pot asst um 'ﬁhng’@mc‘%r‘?ft(ﬁ,a'"hég/o"‘ili‘%er“b@lx%?'{’%t'}f’c utheniipy siticide Igeardp acByhochietts n a

I 31 i.vely, ) f .C ai ‘Wh i
VoL US4 St AR REPRBFAAN L AbrlIF SOl 55 Bl

appr et RS YnyhOEHISYitb Nis6d Kyt oRRIEM, Ad B9, WaferSofivihed I & NRIMPRARI oFite
based salt solution.
-3:1:50 respectively.
14, The method of Claim 12 whereln immersing the ruthenium silicide layer comprises
- immersing a layer approximately 1000A thick ruthenium silicide for 3 min. in the hypochlorite
based salt solution. |
15. The method of Claim 12 wherein exposing the ruthenium silicide layer comprises
exposing the ruthenium silicide layer formed on a substrate surface.
16. The method of Claim 12 wherein exposing the ruthenium sllicide layer comprises
e_xposing the ruthenium silicide layer formed on a surface of a tool.
17. The method of Claim 12 wherein immersing the ruthenium silicide layer comprises
immersing the ruthenium silicide layer in an open tank.
. 18. The method of Claim 12 wherein exposing the ruthenium silicide iayer to a hypochlorite

~salt based solution comprises exposing the ruthenium silicide layer to a solution having

approximately 0.2-2.0% HF, 0.1-1.0% KOCI, and balance D.1. water by weight. '



15. The nethod of O aim 12 wherein exposing the rutheniumsilicide |ayer
conprises exposing the rutheniumsiiicide |ayer formed on 35 SEstember 2005
surface. 16. The nethod of C aim 12 wherein exposing the rutheniumsilicide
| ayer conprises exposing the rutheniumsiiicide |ayer formed on a surface
of a tool 17. The nethod of C aim 12 whérein i mrersing the ruthenium
silicitge | aHermemoprof D8sim 1 NWRESINExdodthgl e REMEMTISSilidigd el B 8 hybscidlir@Pen
tank. 18. The nethod of C aim 12 wherein exposing the rutheniumsSilicide

| ayer sath kaskhypaditionr ¢dareprissal éxpbsisgdhs glithehinm eilinidei [ags X poiutignt e@ing an
rutheniumsilicide | ayer to a solution having approximtely 0.2-2.0% HF,

0. 1- 1 ofpkepotentigl i At laseb TR MVwat er by weight. 5 Septenber 2005 11 109.

The hod .of Cl.aim wherei n exposi n he rutheniumsilicide layer to a
hypog%Pbr | 186 raeifipd 8%@&%%& i @8&5?(1%*8@ Patgglel ?fgtg]? [e1utige i APRIRXIE1AS I | de

| ayer pbRveanSOlgytd Poghavi ng an  oxidation potential of at |east 1150 nmVv. 20. .
The nmet hod of Claim 19 wherein the oxidation potential of the solution is
appr ozitmat dhy métRé69BEOIalmM S0wherdBiPe Bchadl solliiéh BIRRSHeATbyGhRINg chidHer &ish
the etchant solution is prepared by m xing chlorine gas, = HF solution and

wat er HF2splutipheandewdted of cl ai m 2 wherein the etchant solution is prepared

by m xing hypochiorous acid, hydrofluoric acid and water. 23. The net hod

of C &f'm 2Tamé1*reé‘ﬂ?# ehdalgt & ndefeis dhaelcbant selyioapameerasyd by yking dygpchierngs HE
renoving a rutheniumsilicide |ayer froma

gas int. . 24.E{A tq]od of
surfa@%g’o]\?,\{}adégﬁvﬁf'grac o"f’ﬁq’re‘f’%eﬁg: exposi ng the rutheniumsilicide layer to a
hypochd or! §fe Skod Edint 9\ wierlR th S RRIYHE il | tep
solution for a predeternn?ne armun? oth w‘%e&t @5@%@%}@@%}&@@% %’F%@gg-'s':
t 0ol . gadbintolhgtefet hod of Cl ai m 24 wherein the surface of the wafer may be
sel ectively processed. 26. The nethod of C aim25 wherein the wafer is
proce¥sed Amedhgpofaprpringessithendlm sEidide Ther feho dutdce@fai wyizbeomprignd t he
wafer is processed in a spin-etch tool. 28. The nethod of C aim 25 wherein
t he waf er PPOpNglas srbenivmsilisidednyerde @niraghledissalit@sediselutien;hod of C aim
24 wherein_the eﬂ%e of hpe, waf ?'L i s, selecti vel)é rocessed in a spin- etch
t 0ol . applying hypochiorite salt based solution for a predetermined amount of time by a
"~ chemical flow process tool.
25. The method of Claim 24 wherein the surface of the water may be selectively processed.
28. The method of Claim 25 wherein the wafer is processed in a spray-process tool.
- 27. The method of Claim 25 wherein the wafer is processed in a spin-etch tool.
28. The method of Claim 25 wherein the wafer is processed in a brush-scrubbing tool.
28. The method of Ciaim 24 wherein the edge of the wafer is selectively processed in a spin-

etch tool.



