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of SiO, equivalent thickness. Chemical vapor deposited (CVD) high k dielectric materials, -

for example tantalum pentoxide, barium strontium titanate, barium titanate, lead zirconium

20 titanate, strontium bismuth tantalate and others, are considered to be very promising cell
dielectric layers for this purpose. The dielectric constants of these materials are typically
three times or more greater than that of conventional Si;N, based capacitor dielectric
layers. However, one drawback associated with dielectric layers such as these is undesired
leakage current characteristics. Accordingly, although these materials inherently have

25 higher dielectric properties, as-deposited they typically produce unacceptable results due
to excessive leakage current.

This is typically overcome by exposing such layers to extreme oxidizing conditions
to result in significant densification. Undesirably, however, such has a tendency to form
a SiO, layer intermediate or between the lower electrode (typically a metal in a metal-

30 insulator-metal capacitor) and an underlying lower electrode connection (typical
polysilicon).

One prior art technique of addressing this problem is to form a conductive barrier
layer, for example ruthenium silicide, intermediate the lower silicon material and the metal
electrode. A preferred technique for forming a ruthenium silicide barrier layer is by CVD.

35 However, the CVD process typically also deposits ruthenium silicide on the edges and

backside of the wafer. This excess ruthenium silicide might be dislodged in later
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1, Section 8). ‘

Brief Description of the Drawings

Preferred embodiments of the invention are described below with reference to the
20 following accompanying drawings.
Fig. 1 is a diagrammatic sectional view of an exemplary semiconductor wafer
fragment in process in accordance with an aspect of the invention.
Fig. 2 is a view of the Fig. 1 wafer fragment at a processing step subsequent to
that depicted by Fig. 1.
25 Fig. 3 is a view of the Fig. 1 wafer fragment at a processing step subsequent to

that depicted by Fig. 2.

Best Modes for Carrying Out the Invention and Disclosure of Invention

This disclosure of the invention is submitted in furtherance of the constitutional
30 purposes of the U.S. Patent Laws "to promote the progress of science and useful arts”
(Article 1, Section 8).

Referring to Fig. 1, a semiconductor wafer fragment in process is indicated
generally with the reference numeral 10. Such comprises a bulk monocrystalline silicon
substrate 12 having a front surface 14 and a back surface 16. In the context of this

35 document, the term "semiconductor substrate” or "semiconductive substrate" is defined to

mean any construction comprising semiconductive material, including, but not limited to,
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sem conductor substrate as herein I ne Referring ca

r ut heni um sdubsegiiei prepgesin®ip josofdanqyeditlo eepects € the bryentiinde Yot thet inmention- is :
substrate, ; I ST N : .Sy . i.de of
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silicide | asgevicondudbyr subkteate emherempdafindéposi ti on, for exanple utilizing:

tricarbonyl (1, 3; J digene) .rut heni.um .as precursor within a
chem calvapor” RUREEI o Eranapiel bl Bk 183 24 S5HEd Bogth ol fog o
exanpl e onlthe substsaterpbst iaatutheniyn efilécidbdllyy ek st isaforRe@ @r tiel baglkt dige wdrther in .

a bubbl er, d 50 sccmof an.inert gas (such as helju i s,.passed thyrough
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above example in a'0.1 n8 reactor giying approxi mately "50% tufheni um and
shower head within the reactor. Five (5) sccm of silane is also passed to/through the
shower head. An exemplary pressure for the deposition is about 3 Torr, with an
exemplary wafer temperature being about 200°C. The amount of silane can be varied to
25 incorporate different amounts of silicon into the ruthenium silicide film, with the above
example in a 0.1 m® reactor giving approximately 50% ruthenium and 50% silicon in the
ruthenium silicide film. The tricarbonyl (1,3-cyclohexadiene) ruthenium precursor is
described in U.S. Patent No. 5,962,716, resulting from an application filed on August 27,
1998, entitled "Methods For Preparing Ruthenium And Osmium Compounds" and listing
30 Stefan Uhlenbrock and Brian Vaartstra as inventors. U.S. Patent Application Serial No.
09/141,240, entitled "Ruthenium Silicide Diffusion Barrier Layers And Methods Of
Forming Same", listing Eugene Marsh and Brian Vaartstra as inventors, filed on October
27, 1998, describes an exemplary CVD method for ruthenium silicide using this precursor.
Referring to Fig. 3, front side ruthenium silicide layer 24 is planarized back, for

35 example by chemical-mechanical polishing or resist etch back, leaving conductive



rutheniumsilicide film The tricarbonyl (1, 3-cyclohexadiene) ruthenium
precursor is described in U S Patent No. 5,962,716, resulting froman
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Rut heni um And Gsm um Conpounds” and listing 30 Stefan Uhl enbrock and Brian
Vaartstra as inventors. U S. Patent Applidcation Serial No. 09/141, 240,
entitled "Ruthenium Silicide D ffusion Barrier Layers And Methods O
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acid and 98 5% .del oni fg\@,; . i L ght r
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gas. One exgaspl@nenedalmplt wethdéd pfrfangirguakh a sebitioh icompierprjesas Hhjgec tndngl, HF
~gas and Cl12_15 gas.into:water.  Further by way of exanpl.e onl ot her '
ofof orréd SBFT PR Thdlties Hurt XAl Y-cheiPer BERR Sathon et Wier aci o
(HQCI) . Pr olelssiungc iasidparelf ppatilyroconddcHeOdDat f rom anbi ent tenperature to

-~ 30C, and at anbjent pressure., The front side of .the subsirate.,i
oreteranl y nott PERTSTE T AR AR (B S bR, Pt PR b dud
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preferred. fpididethe subfieatphaiierspReingr e easisiig rughiunogayidé aviths RicANongioand
spray appl y’}o?%réfgr%bliuf%rgcltd 6rlnqllrju(?tce)slfSwith from 2-3 minutes being more preferred. Further,
the preferred processing tool today for spinning and spray applying the subject aqueous
solution is a SEZ 303 processing tool available from SEZ America of Phoenix, Arizona.
A preferred result is to achieve an approximate 1000 Angstrom removal of the ruthenium
25 silicide layer 26. Further, such processing is preferably conducted to be effective to etch
ruthenium from the backside of substrate 10 to leave backside surface residual ruthenium
at from 5 x 10" atoms/cm® to 1 x 10' atoms/cm?, for example, as measurable by
droplet-scanning surface analyte concentration and inductively coupled plasma mass
spectrometry. Processing can otherwise be conducted as described in co-pending U.S.
30 Patent Application Serial No. , filed on March 5, 2001, entitled "Ruthenium
Silicide Wet Etch" and listing Brenda Kraus and Michael Andreas as inventors.
At the conclusion of this processing, at least the substrate backside is preferably
rinsed with water, preferably deionized water.
Then, the substrate backside is exposed to an aqueous ruthenium oxide etchant
35 solution. By way of example only, an example includes a solution comprising acetic acid

and ceric ammonium nitrate. Preferably, the aqueous solution consists essentially of water,
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Then, the substrate backside is exposed to an aqueous hydrofluoric acid containing
solution. Such solution is preferably dilute hydrofluoric acid having 0.5% HF and 99.5%
25  water, by weight. Such processing is also preferably conducted by spinning the substrate

while spraying the backside with such solution, as described above. Preferred conditions
- are ambient temperature to 30°C and at ambient pressure. Preferred processing time is
from 5-100 seconds with about 15 seconds being preferred. Preferably, such processing
is effective to further etch ruthenium from the wafer backside to leave backside surface
30  residual ruthenium at no greater than 9 x 10'° atoms/cm? Preferably, this exposing of the
substrate comprises exposing to an aqueous solution consisting essentially of water and
hydrofluoric acid, for example, and preferably the dilute hydrofluoric acid solution referred

to above.
Preferably at the conclusion of the aqueous hydrofluoric acid treatment, at least the

35 backside of the wafer is rinsed with water, preferably deionized water.
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preferred second spin etch treatnment for about thirty seconds 10 utili zing
the CR 14 ffUIUNY08n fol | owed by a 15 second treatment with the preferred

0. 5% 99. 5% di | ut epdbatsRb Yhd ?ﬂentTd@bﬁcaitianJ hedrda0stheRiiehRr @fliosed @ LoMGRLRY a
seven mnute treatnent in the above preferred 2: 18‘5“ ranha sol uti on by

di ppi ng t heth§ it phthe arRioh giskiled getésghr &Y FratiRGoRAsRiad 8Y S8leiene® the above
steps ang at t heIIPEH?EAIHﬁéeintﬁ)fthet H@tuﬁ! FRNA®ention has been described in language more

or less specific as to structural and methodical features. It is to be understood, however,
that the invention is not limited to the specific features shown and described, since the
means herein disclosed comprise preferred forms of putting the inventfon into effect. The
invention is, therefore, claimed in any of its forms or modifications within the proper
25 scope of the appended claims appropriately interpreted in accordance with the doctrine of

equivalents.



treatment. Such was determ ned to produce substantially rutheniumfree
waf er backsides 15 (i.e., less than 9 x 109 atons/cn2) within
i nst rumrervatornsneasur enent capabilities wi thout damagi n@Crrusn2/osiugle
rutheniumsilicide structures or |eaving collateral potassiumor cerium
contam nation. The patents and patent apflications referred to herein are
di scl osed to denonstrate the state of the art of a skilled artisan, and
are incorporated by reference. 20 In ocobaniMsnce with the statute, the
i nvention has been described in.I.gn%uage.rmre ol | ess specific as to

@ee Pree g

structural and net hodfc4mepumy $if jsing; pethed seyeH Iy SEMPHEREVer . t hat

the invention i sfoRfiinglrifiehias dikcidd1eves RME bAd bidRalidit ©F aSapdnauttbrdabaratded,
since the nmeans_herein disclosed conprise preferred forns of putting the

invention into effketposipgdhe baghads rehenium siigide de grdlorpe goddbyorine oRIBng; t s

fornms or smogjubdsabling eMetiiveNtol REI0DE AP RlastZnmCRRRNRM liNGidarRessas cl ai s
appropriately interpreted in accordance with the doctrine of equivalents.

WO 02/ 075803  PCTIeesph £xppsing the supgtrets backside rtgt 3o aquemiis irptherige qxidsc elsBanig
net hod sequgfiiiod! hyq conprising: forming rutheniumsilicide over front and
back sides of a sem conductor substrate; first exposing the backside

rut heni um si | i ci disdtexpesinghthsr jubsiraie dackisidorty rea apeeusi nidrgluosc agideoansaining:.
sol ution effective to renove at | east sonme rutheniumsilicide therefrom
second exposing the substrate backsi de to an aqueous rut heni um oxi de
etchant 'solution; and third exposing the substrate backside to an agueous

hydrofluori c aci g confal gy oLt e NEaetngd of, clalam L phgrgi n
each of the first, second and thifd exposi ngs conprises Spi nni ngl% e
substrat e wxpbsingprompiring dpienilnittk sibberais wiilet dpeayirgsthe dhdkeide vathl the respectide The
met hod of cl ?i m 1 conprising water rinsing the substrate backside’

i nternmedi at ®' 18 first and second exposings, and internmediate the second
and third exposings. 4. The nmethod of claim 1l wherein the chlorine and
fluorine containjng agueous sol ution conpr.i.ses hydroflugric acid and. B

di ssol ved chl oritie gashe ??ethl%leoé’ré[al‘ﬂ}dl ﬁ%f‘%‘f‘%ﬁat‘%&h‘é‘?%‘?% thep, bstrate PaGk&idEng
fluorine containRinag ARUERHSand second exposings, and intermediate the second and third

exposings.

4, The method of claim 1 wherein the chlorine and fluorine containing aqueous

solution comprises hydrofluoric acid and dissolved chlorine gas.

5. The method of claim 1 wherein the chlorine and fluorine containing aqueous

solution comprises hydrofluoric acid and hypochlorous acid.

6. The method of claim 1 wherein the chlorine and fluorine containing aqueous

solution comprises hydrofluoric acid and a hypochlorite salt.

7. The method of claim 1 wherein the chlorine and fluorine containing aqueous

solution comprises hydrofluoric acid and a potassium hypochlorite salt.

8. The method of claim 1 wherein the aqueous ruthenium oxide etchant

solution comprises acetic acid and ceric ammonium nitrate.

9. The method of claim 1 wherein the aqueous ruthenium oxide etchant

solution comprises chromium trioxide and sulfuric acid.



sol ution conprises hydrofluoric acid and hypochl orous acid. 6. The nethod
of claim1 wherein the chlorine and fluorine containing agqueous sol ution
conpri seswhydwaishzuiori ¢ acid and a hypochlorite salt. 7. TheTnsSvheow4of clai m
1 wherein the chlorine and fluorine containing aqueous solution conprises
hydrof l uori c acid and a potassi um hypochBorite salt. 8 The nethod of claim
1 wherein the aqueous rutheni um oxi de etchant solution conprises acetic

acid and ceric arononi THe fkthbatof.cléim ThatHeethaprioig etpabinl thovies@ats bidkeide
aqueous rut heni um oxi de etchant, . sol yti on 8onBr es chrom umtrioxi de and

sul furic adPd 3BPYY/ RS FoPETFOBrseadd 8¢ af geasraRe ORI BF BidMesm 1
further coqnﬁb§&ng exposi ng the substrate back5|de to an aqueous sol ution
conprising sulfuric acid and at | east one of ozone and hydrogen peroxide.
11. The method of claim 1l further conprising exposing the substrate

backsi de to an gqueops &@!h'd&'o‘?rblé?iﬂnpﬁrﬁiepgoxﬁwxéiﬁ’g’ E)oné’&g%@%s@&te b&aside ONE
of ozone and hydrogen peroxide after the thi exposi ng . r ut heni um

silicide pr@(?@s%]uﬁ@]lsn@ﬂtﬁ@éi wEpreing j salfhge e@ﬁmnrisa“t Aepst peg of ﬁgonemnldelmdmaen
silicide Oﬁﬁg% &QB%HQHQt ﬁp5‘§hg s of a sem conductor substrate; first
e

exposi ng t acksl de ruthenirumsilicide to an aqueous acid sol ution
conprising a hypochlorite salt; second exposing the substrate backside to

an aqueous rut h.e .. R%ﬁ’l%nl%cﬁﬁél{l] 8?0%%; léltnlgt‘)l{l]éth&pge&hg‘h{ ﬂ(yilc)éﬁ)'lﬁtsl 1H§Ot he.

substrate backside to an aqueous I'C aci d con | ution
13. The nmet hod oﬁ)rmnlnglrmh&tﬁum/mdmdmo@adﬂmnoﬁnd beek fsides tof assemmaddxatm‘ stubdtrack;

exposi ngs conpri i nni subst rat.e whil ra t he ba ksjde with
The recnect v 5t aebuie 1 WA zhbEEn tise B Rinaub i R S8 1050e
ruthenlun10xmdwmmgehmnbcMSﬁkuhkpn conpri ses acetic acid and ceric amoni um
nitrate. 15. The nmethod of c 12 f r conprisin 0sin
CUbsir ot e backe: HEnd: grhging ThE SHRstEIR HGHe d8rBY PETRG §‘ﬂfﬁ$‘1‘1‘r‘q’cq‘é‘5ﬁ Gt at
| east one ofol@wangdand hydrogen peroxide.

third exposing the substrate backside to an aqueous hydrofluoric acid containing-

solution.

i3. The method of claim 12 wherein each of the first, second and third
exposings comprises spinning the substrate while spraying the backside with the respective

solution.

14. The method of claim 12 wherein the aqueous ruthenium oxide etchant

solution comprises acetic acid and ceric ammonium nitrate.

15. The method of claim 12 further comprising exposing the substrate backside
to an aqueous solution comprising sulfuric acid and at least one of ozone and hydrogen

peroxide.

16. The method of claim 12 further comprising exposing the substrate backside
to an aqueous solution comprising sulfuric acid and at least one of ozone and hydrogen

peroxide after the third exposing.

17. The method of claim 12 wherein the aqueous acid solution comprising a

hypochlorite salt comprises hydrofluoric acid and a potassium hypochlorite salt.



16. The method of claim 12 further conprising exposing the substrate
backside to an aqueous solution conprising sulfuric acid and at | east one
of ozone wod2lysdprdOgen peroxide after the third exposi ng. PCT/USIIe76net hod of
claim 12 wherein the aqueous acid solution conprising a hypochlorite salt
conprises hydrofluoric acid and a potassi9um hypochlorite salt. W 02/ 075803
PCT/ US02/ 07648 9 18. A rutheniumsilicide processing nethod sequentially
conprising: fornmigg rAtifeRhium ﬁhh’deipcteesait@rméth@mtseqa&dlahgcd@n@h@lﬁg of a

sem conduct or supstrate; flrst posing th b ruthenlunllelciQe to
an aqueous sol ut OHHmédHQ‘F%‘PF‘nﬁ“C‘ & S oy e/f Btc eéro SHPAHORNFEN| WO and

at | east one hypgghleepdstg el Backfideefilthenfint QiliciRMRVeh abudoBASbluBOHRoRsKERENT UM
silicide therefron1 second exposi ng the substrate backsi de to an_aqueous

sol ution cofesiailnPlewatent lilséﬁrw}uorkff acidhtaaf  at deast joge Jypecherite celi efestive i um

nitrate; angdgohi gglegg@pgggiqutﬂehﬁmsgp%g g{egef%pkm de to an aqueous sol ution
consisting essentially of water and h drofl uoric acid. 19. The nethod of

cl ai m 18 wher ei nseeenshexppsing dhefsupsirate kaskudritoancrarenus qolutipedisisyas esepiellyes
spi nni ng th@;@H EE&k:m%@ #@c?ﬂf gg“%hgﬁggc ide with the respective
of claim1l

sol ution. é net ho erein the chlorine and fluorine

cont ai ni ng aquefdiusl expbsing the sebyiratd basksifhy thr af haueoibt selutieh eandistiis ssbvady

chl ori ne gaérw%%raiﬁﬁy @QQQ:Q claim 18 wherein the chlorine and fluorine
cont ai ni ng agueous SO ion conprises hydrofluoric acid and hypochl or ous
acid. 22. The nethod of claim 18 wherein the at | east one hypochlorite salt

conprises a pota po r|t sal 3.. The od of c ai m urt her
conpri si ng expos ntgng%@Ff ggh&é ki me?oe%ﬁ'gégg Jg sgfﬁ?loW““Lud '
conpri sing mpbilugsl abnqmisds Gotchiag tHee;aBsftraﬁ:n\ethaf spe@ydietha ibdckiddrigethe r@peae de
after the thlrd exposing. 24. A rutheniumsilicide processing nethod
sequentlallﬁ”gﬁﬂpr|3|ng formi ng rutheniumsilicide over front and back

sides of a sem conductor substrate; first exposing the backside ruthenium

silicide to a chlorine and fluorine contajning. aqueous solution effective
Lo etch ruthent ufht horbs Misied o clom BhcReTea e r s, axf dliarine FaRHEHEum

at from 5 Xagh@ousaoQiTh W¥kptifes hylrckddAc abianmmid Cdi&olved chlorine gas.

. 21. The method of claim 18 wherein the chlorine and fluorine containing

aqueous solution comprises hydrofluoric acid and hypochlorous acid.

22, The method of claim 18 wherein the at least one hypochlorite salt

comprises a potassium hypochlorite salt.

23. The method of claim 18 further comprising exposing the substrate backside
to an aqueous solution comprising sulfuric acid and at least one of ozone and hydrogen

peroxide after the third exposing.

24, A ruthenium silicide processing method sequentially comprising:

forming ruthenium silicide over front and back sides of a semiconductor substrate;

first exposing the backside ruthenium silicide to a chlorine and fluorine containing
aqueous solution effective to etch ruthenium therefrom to leave backside surface residual
ruthenium at from 5 x 10" atoms/cm? to 1 x 10 atoms/cm?;

second exposing the substrate backside to an aqueous ruthenium oxide etchant
solution effective to etch ruthenium therefrom to leave backside surface residual ruthenium

at from 1 x 10" atoms/cm? to 1 x 10" atoms/cm?; and



second exposing the substrate backside to an aqueous rutheni um oxi de
etchant solution effective to etch rutheniumtherefromto | eave backsi de
surface rweiodozdsos ut henium at from1l x 10" atons/cn2 to PCI/UBS0A®7648
atons/ cn?; and WO 02/ 075803 PCT/ US02/ 07648 10 third exposing the substrate
backsi de to an aqueous hydrofluoric acidi@ontaining solution effective to
etch rutheniumtherefromto | eave backsi de surface residual ruthenium at

no greater than @ird ekpdéhgtienibarle b2dksiddhe aneidneshsofydedfiont 24idwbkshing t he
third exposi r ut heni um

ng. is effective to | eav acksi de surface residuyal
at no gr oAt BATOR £Ho8I Y 19 5190 raﬁ*awgwctﬁ@eg@? Lo eV ArBRH S SPrreaearI sk rABRSHER
t he chloringI@ngea&ugkhQexqgn¢ﬁ5ﬂyag{ aqueous sol ution conpri ses ,
hydrof l uori c acid and a potassi um hypochlorite salt. 27. The method of

cl aim 24 wherein the aqueous rutheni um oxi de etchant solution conprises

acetic acid and geri CTRITHRMHMMUILifA3L whélin MR NPHsiRE i€ lefbdve4o fdakt her
conpri sing exposing the substrate backside to an aqueous sol ution

conpri si ng bpakside susfage jrepidnatirehenjusn gt nosecatst tharohex AN atpyedfcojen  per oxi de
after the third exposing. 29. A rutheniumsilicide processing nethod
sequentially conprising: formng rutheniumsilicide over front and back

si des of a sem cinducTlor nsalysht phtedgim Polwishdingthe hahldring nands iflderinadnémiiogn :
sl icide; flrsh, CXRR%h e bie:DRaKHLAS: LUbNER LILELL Syl Gyl or i ne_and
fluorine containi'ng aqueous solution efrectiv o et chP Tut hent um t her ef r om
to | eave backside surface residual rutheniumat from5 x 1011 atons/cnR to

1 x 1014 atons/ cyp; d ing t bstrate backside .t
rut heni um oxi de Bt chalte TSI b RRT SeeTaE T SR CRHOR T HORT U ONEF BEF B (o

| eave backsdotigios Wofmpeigesr £siiddal andtdagaiatimonaim hitm.1 x 1011 atons/cnR to 1
x 1013 atons/cn?; and third exposing the substrate backside to an aqueous
hydrof l uoric acid containing solution effective to etch ruthenium

therefromto | eay®e batksnd@os of tiame 24 Eeiidl AbmpriMifke BigoRingahe Bbs@ateBAREIdE han
9 x 1010 atonms/cnR. 30. A ruthenjumsjlicide processing nethod sequentially

conpri si ng: 1 PFouePiniahyion CrEBRUENGT adfref rahderst AnG of Raspecaad Wdpeen T
deposi ti on ghaghehiiande REQY ki@t i carbonyl (1, 3-cycl ohexadi ene) rutheni um
therein effective to deposit rutﬁeniun1 silicide over front and back sides
of the sem conductor substrate;

29. A ruthenium silicide processing method sequentially comprising:

forming ruthenium silicide over front and back sides of a semiconductor substrate;

polishing the front side ruthenium silicide;

first exposing the backside ruthenium silicide to a chlorine and fluorine containing
aqueous solution effective to etch ruthenium therefrom to leave backside surface residual
ruthenium at from 5 x 10" atoms/cm? to 1 x 10™ atoms/cm?;

second exposing the substrate backside to an aqueous ruthenium oxide etchant
solution effective to etch ruthenium therefrom to leave backside surface residual ruthenium
at from 1 x 10" atoms/cm® to 1 x 10" atoms/cm? and

third exposing the substrate backside to an aqueous hydrofluoric acid containing
solution effective to etch ruthenium therefrom to leave backside surface residual ruthenium

at no greater than 9 x 10" atoms/cm>.

30. A ruthenium silicide processing method sequentially comprising:

positioning a semiconductor substrate in a chemical vapor deposition chamber and
providing tricarbonyl (1,3-cyclohexadiene) ruthenium therein effective to deposit ruthenium
silicide over front and back sides of the semiconductor substrate;

first exposing the backside ruthenium silicide to a chlorine and fluorine containing

aqueous solution effective to remove at least some ruthenium silicide therefrom;



first exposing the backside rutheniumsilicide to a chlorine and fluorine
contai ning aqueous solution effective to renove at | east sone rutheni um
silicide wbherefysasn WO 02/ 075803 11 PCT/ US02/ 07648 secondPexfset/ong4s he
substrate backside to an aqueous rutheni um oxi de etchant solution; and
third exposing the substrate backsi de tdlan aqueous hydrofluoric acid
containing solution. 31. The nethod of claim30 further conprising
providing a sil gaend Rxpbieng eeasddetiativi Habksideetd b cané@syuthenium oxide etchant

(1, 3-cycl ohexadi ene) ruthenium 32. The nmethod of claim 30 wherein the

chl orine affUfi?idffine containing aqueous sol ution conprises hydrofluoric
acid and di ssol viggli efoSing NBe G@straid bacldi® tRiMaguedhs Gy @bofludik wherehinidye
chlorine and fluorine containing aqueous solution conprises hydrofluoric
aci d and hyPBéeil-orous acid. 34. The nethod of claim30 wherein the chlorine
and fluorine containing aqueous solution conprises hydrofluoric acid and a
pot assi um hypochlorite salt. 35. The nethod of claim 30 wherein the aqueous
rut heni um oxi de 3t chdhe me@pdit 9foplaine iy ifudher oaprisingcP@vidhis & evlage ditini um
nitrate. 3 t . iy S byt eous rut heni um oxi de

et chant sg?%@?%ﬁ“@bﬂ%3?%%2&§ﬁ§g%?8ﬁ§@§%§?$@éhgﬁgqgu|furic acid. 37. The
nmet hod of claim 30 further conprising exposing the substrate backside to
an aqueous sol ut,,on NPLLSI |furj j - Of 2e and
hydr ogen per ox%cbi'e afcI?l 8r1§1{3 %8@?%}3?'13&%;%%@ %eﬂ] g%@ cﬁtorr %ﬁltg ﬂ%ﬁi (Slpn&ér%l Clogiiég{é}?g
processi ng agedohodolsteiu eshprises Yydrofiporicsaaid) and disselmgd chlotengasm si | i ci de over -
front and back sides of a sem conductor substrate; spinning the substrate
whi |l e spraying the backside rutheniumsilicide with an aqueous sol ution
conpri sing hydra8] uoriihe methdd asfdclainhypowhtrein tie shlotinefdndcfliaremetcon@ingig

rut heniumtherefromto | eave g?%ﬁﬁide su fqg% rei'dual rutheniumat fromb5
x 10"  at oREYIOHD SRR QOTTRyisS PEHR2E PRSI LREC S 55t r at e backside with
wat er; spinning.the substrate while spraying the backside with an aqueous

solution conprising acetic acid and ceri.c ammpnium.nitrate effectjve to
et ch rut heni lrJrPn ther gf’l;h(gn{nethod of cl%im 30 where?n the chlorine an% uorEne con{a}/mng

aqueous solution comprises hydrofluoric acid and a potassium hypochlorite salt.

35. The method of claim 30 wherein the aqueous ruthenium oxide etchant

solution comprises acetic acid and ceric ammonium nitrate.

36. The method of claim 30 wherein the aqueous ruthenium oxide etchant

solution comprises chromium trioxide and sulfuric acid.

37. The method of claim 30 further comprising exposing the substrate backside
to an aqueous solution comprising sulfuric acid and at least one of ozone and hydrogen

peroxide after the third exposing.

38. A ruthenium silicide processing method sequentially comprising:

forming ruthenjum silicide over front and back sides of a semiconductor substrate;

spinning the substrate while spraying the backside ruthenium silicide with an
aqueous solution comprising hydrofluoric acid and a hypochlorite salt effective to etch
ruthenium therefrom to leave backside surface residual ruthenium at from 5 x 10"
atoms/cm? to 1 x 10" atoms/cm?;

rinsing the substrate backside with water;

spinning the substrate while spraying the backside with an aqueous solution

comprising acetic acid and ceric ammonium nitrate effective to etch ruthenium therefrom



12 to | eave backside surface residual rutheniumat from1l x 10" atons/cn®
to 1 x 1013 atons/cnR; rinsing the substrate backside with water; spinning
t he substwetoe/owsdd e sprayi ng the backsi de with an agueous Paydrsoi/h1ses i c

acid containing solution effective to etch rutheniumtherefromto | eave
backsi de surface residual rutheniumat np greater than 9 x 1010 atons/cn®;
and exposi ng the substrate backside to an aqueous sol ution conprising

sul furic aghdeaRdbadkbidk 8asthcOR&idfal QZ@BRuANS RYEr PEeTyPRIRIAE- 103D x The
met hod of claim 38 wherein the at | east one hypochlorite salt conprises a

pot assi um W@%‘W%ri te salt. 40. The nethod of claim 38 wherein the

exposi ng conpri s&%ir%i fpi HgstnéaﬁebacFHpeS%tﬁt\?atieP t he aqueous sol ution
conprising sul furic aci dg and at [east one of ozone and hydrogen peroxi de.
41. The net hod obirsing the38bstrate aihile tsheayingi thaibagksideewl st aqueas vikyidtadluoric
spraylng tafa?df P&E ﬁi'ngesoi’&ti%ﬁ JeflE RORCQUE ﬁlﬁ%ﬁ&'tﬂ%h&@%‘1?av%0rp}ﬁf?§i£9 N face
solution is effective to |eave ackside surface residual rutheniumat no
great er t hansifuak ritbdfumt e/ ga@edthan A x UOHesbwstesi;landi de processi ng net hod
sequentially conprising: form ut heni um sili ci de over.front. and .hac

i des of a sem coRbd g BBl Sekie GRS RLAG BT TR SRS ng
the backsi de ledst badiofldraiel dndi ll@rodet lpemirideaqueous sol ution consi sting
essentially of water, hydrofluoric acid and a potassium hypochlorite salt
effective to etch rutheniumtherefromto | eave backsi de surface residual

rutheniumat from 5 XrHd bdetidddoms/ €18in t38 Iyhereld) lhe adiONeRbiCBe KyipdsilbGtelshie
substrate backside with water; spinning the substrate while spraying the

backsi de wi ©HPERCSayBeBEin dyprshishite 6dhsi sting essentially of water, acetic
acid and ceric ammoniumnitrate effective to etch rutheniumtherefromto
| eave backsi de surface residual rutheniumat from1l x 1011 atons/cnR2 to 1
x 1013 at ons/ cn@?0-ri nEiendpethpd elistaimad® WieeBi he @irepingegostprisespidipingghe he

substrate wabifisR ayl dl;ge&ﬁesoﬁﬁi%%ﬁllﬁri% RuBHAKYE AHS 2D YRS Ob U bfone BGHT
containing solution effective to etch rutheniumtherefromto | eave backsi de

surface rdsidmegan pergriseni um at no greater than 9 x 1010 atons/cn2; and

41. The method of claim 38 wherein the spinning the substrate while spraying
the backside with the aqueous hydrofluoric acid containing solution is effective to leave

backside surface residual ruthenium at no greater than 5 x 10'° atoms/cm?

42. A ruthenium silicide processing method sequentially comprising:

forming ruthenium silicide over front and back sides of a semiconductor substrate;

spinning the substrate while spraying the backside ruthenium silicide with an
aqueous solution consisting essentially of water, hydrofluoric acid and a potassium
hypochlorite salt effective to etch ruthenium therefrom to leave backside surface residual
ruthenium at from 5 x 10" atoms/cm? to 1 x 10" atoms/cm?;

rinsing the substrate backside with water;

spinning the substrate while spraying the backside with an aqueous solution
consisting essentially of water, acetic acid and ceric ammonium nitrate effective to etch
ruthenium therefrom to leave backside surface residual ruthenium at from 1 x 10'!
atoms/cm? to 1 x 10" atoms/cm?

rinsing the substrate backside with water;

spinning the substrate while spraying the backside with an aqueous hydrofluoric
acid containing solution effective to etch ruthenium therefrom to leave backside surface

residual ruthenium at no greater than 9 x 10'° atoms/cm?; and



WO 02/ 075803 PCT/ US02/ 07648 13 exposing the substrate backside to an
aqueous solution conprising sulfuric acid and at |east one of ozone and
hydr ogen woeroxniises 43. The net hod of cl aim42 wherein thePCorusongegoNPri ses
positioning a sem conductor substrate in a chem cal vapor deposition
chanber and providing tricarbonyl (1, 3-k3clohexadi ene) rutheniumtherein
effective to deposit rutheniumsilicide over front and back sides of the
sem condulclt Or SURPbIIRY the stbiratd Fadkdidntolsm a@hédu@isglatim o@ﬁ;&gsﬁmuﬂeﬁi@@dd and
sequenti a conprising: paQsitioning a sem conductor substrate in a

cheni cal va’%d?asﬂ‘%‘%gf OTUN CALNIEERREOBIEvi di ng tri car bonyl

(1, 3-cycl ohexadi ene) rutheniumtherein effective to deposit ruthenium
silicide over front and back sides of a sem conductaor substrate; spinning
the substrate wd e shicayicHipdt ple clsiie k& ddiereiit 1 ifomiiag | GompgeeswPeHtiHng a
aqueous  sol ddb QRSB HtaR0ineS Sifitit AR lvhYor HepYBEST ciAnbBOAMH prdGdRgWatAhEnyPET
cent, hydrofluoric acid at about 1.0 wei gﬁt percent and a potassium
hypochl or i t@.3se@rlohetadigbourutienmmaélicrpin effeqtive clerdepedit aghqmpan sgicadecever ftdéni um

t herefrom tﬁd'ﬁ%%bd?%%g?ﬂed?e@%ﬁﬁ‘&& Lfsidual rutheniumat from5 x 10"

atons/cn2 to 1 X ons - rinsing the substrate backside with water;
spi nning the substrate while spraying the backside with an aqueous sol ution

consi sting essent,all erl.,. .aceti Ci ceri.c ni.umnitrate
effective to et c‘ﬁ" ru‘%(ﬁggrlhf%}?}l&t 1%?@? r(Sjrcng Slogllg%t@g&j %q?élg}agg CsuP?‘%c ' resi dual
rut heni um at fr gositioxing GlémiamdnsdrcaBsttade in x ch@iiidalatapoms depofition cinsitreg ahde

GBI, = MERTHENTE RIS TR
to etch rutdiiesideusvdr feosne fah® aélosid@aviea Baaicshdletos ynbsaas; resi dual ruthenium .
oL no greaterhan © XUl RESLAre, and Sxnosag LIt subshiate ek de
and hydr Ogedyupsis @%luflén consisting essentially of water at about 98.5 weight per cent, hydrofluoric »
acid at about 1.0 weight percent and a potassium hypochlorite salt at about 0.5 weight per
cent effective to etch ruthenium therefrom to leave backside surface residual ruthenium at
from 5 x 10" atoms/cm® to 1 x 10 atoms/cm?;
rinsing the substrate backside with water;
spinning the substrate while spraying the backside with an aqueous solution
consisting essentially of water, acetic acid and ceric ammonium nitrate effective to etch
ruthenium therefrom to leave backside surface residual ruthenium at from 1 x 10"
atoms/cm® to 1 x 10" atoms/cm?;
rinsing the substrate backside with water;
spinning the substrate while spraying the backside with an aqueous hydrofluoric
acid containing solution effective to etch ruthenium therefrom to leave backside surface
residual ruthenium at no greater than 9 x 10'° atoms/cm? and
exposing the substrate backside to an aqueous solution comprising sulfuric acid and

at least one of ozone and hydrogen peroxide.



