WO 2006/ 124261 PCT/ US2006/ 016680 Met hods of Etchi ng Oxi de, Reducing
Roughness, and Form ng Capacitor Constructions TECHNI CAL FI ELD [0001] The
invention pertains to nethods of etching oxide, and to nmethods of cl eaning
debris (sucWQ#ogti42@-f orm et ch by-products) from wi t hi n PEFAIRENGE16680
particular aspects, the invention pertains to nethods for reducing

roughness | MQMBGQoP@toﬁHgb&f&%SRe&UéFn‘r%ﬂﬂﬁfghﬁé’é%' Pérnﬂf?béé&acnt@”@odsﬂu&BH?

aspects the invention pértains to S of orm ng capacitor
constructions. BACKGROUND OF THE | NVENTI ON [0002] It is comon to etch

t hrough various oxides during sem conductor processing. Exenplary oxides

i nclude silicon dioxide, and doped silicon dioxide (such as, for exanple,
bor ophosphosi¢HitligAe REHs (BPSG), and phosphosi (icate gl ass (PSG). Oxides

are conmon {gposfNi TRNAYELRH pBFtQiﬁ@ﬁﬁHthﬁo@'é‘@f ét&lﬁd‘@)hcfe 8h§ € mbkdks ¥; | nsul ative
properties, and due to their ease of formation (for instance, oxides can be

formed as <SANMOGIebHs &usk e selichigire pichIby-Presiuctsy rameihéLRPeAESSs I hasticUst hods,
i ncl udi ng, afs@éctgﬁaérmvsm.onmmn@% i fdﬂ%%inb'r%hﬁ@@hdtﬁﬁ%ﬁhﬁ%}facésoooﬂ It

is common for oxjdes tﬁ formed over electrically conductive nodes and
for openi nddipgcleanseq %?Rr‘lsya'b’e'” SPORAEPIFT BadenH Retiaisdo Mmethads of

el ectri cal I¥m&Agoasdciidteonsdesnd. 0 expose the nodes for subsequent
processing. The openings are formed with etch chemstry which renoves the

oxi de. In sone aspects, the openings can be fornmed wth nmultiple etch

chem stri esBA(ﬁqERbumu:aoquaNMElemtch chem stry can be utilized to create
i second et enjstry can be uytilized to clean debris

: E:t Opﬁg;nﬁiqpéﬁg eﬁ T SR W pq“g}'é’ MQHS AR SHITRG FSMICEHHER]  Pr obl ems can
occur duri ngodezsimg! EQemElkryop@iRs ngtudexsiieod tiogide Mral doybdeiticorf dloxidd@tictone or
T oot bR A Ralba S 6P 08 Al Sl Sl o s
subst anti al (Dyld@si ae&bmnmnl inleeraigohduces provpsdhey euepodiear ¢lecttidetly etsalatiehem st ry
utilized to 8t gg ntal dreb LS frlosawlet h)l(l ope ie Sy nsd such
surfaces ma@f P%gq §7 8%59%%#:%81 ?/n gﬁfcﬂ %R g%e sr}f Pfg cTor di ngly,
it is desirgih- bmd[émmloopatam roe b odisefoos depasition gnaiodsemcludingyGoPExa6inl 4261
PCT/ US2006/ %%@?a?vapor deposition (CVD) methods).

[0003] It is common for oxides to be formed over electrically conductive nodes, and

for openings to subsequently be etched through the oxides to the electrically conductive

nodes to expose the nodes for subsequent processing. The openings are formed with

etch chemistry which removes the oxide. In some aspects, the openings can be formed

with multiple etch chemistries. For instance, a first etch chemistry can be utilized to

create the openings, and a second etch chemistry can be utilized to clean debris that

may have been formed by the first etch chemistry. ,,

[0004] Problems can occur during formation of openings extending into oxides,'%n

that one or more of the etch chemistries utilized during the formation of the qpeningé

can undesirably roughen the exposed oxide surfaces. For instance, substantially planar

oxide surfaces may be exposed to the etch chemistry utilized to etch oxide-containing

debris from within openings, and such surfaces may be undesirably roughened by such

etch chemistry. Accordingly, it is desired to develop new methods for etching oxides.



SUMMARY CF THE | NVENTI ON [ 0005] In one aspect, the invention includes a

nmet hod for etching an oxide. The oxide is exposed to a m xture which

i ncl udes an al cohol, fluoride ions, and one or nore conponents of a

car boxylic 30 Woéigda1g an aci di ¢ di ssociati on constant oPCEUS208681680 x 10-

6. For purposes of interpreting this disclosure and the clains that follow,
the dissociation constants utilized herein are to be understood as being

t he di ssociation constants which would be neasured in water. [0006] In one
aspect, theSYMYARYi@nTHRINYERIIGN met hod for reduci ng roughness induced on a

silicon-di 02{}06@5@] COmtcﬁlJerHngctSM(efurﬁ/éﬁnd#w%dh%sra%@tﬁ@dj fd?feto‘ﬁlnb'a%CH}nd@' gxrbde-
containing debris with a cleaning solution. The npethod rncludes

i'ncor por at i ¥fevk exRosed fea ”li’ft%rﬁr‘ﬂfﬂ@ isgdesiagiplcoholoieoride ionsy et NSRS of a

car boxyl i ¢ @fAgdnbRY bhg caBoRfit dbia haﬂhé§ﬁ)§élélb'd%@o&&%to%ﬂétaﬁ’tfof@f lehgast1ot X
10-6. [0007] In one aspect, the invention includes a sem conductor

processi ng mEtRBYPOFeS @&W@fﬁikﬂ%ﬁ%?&@%’ﬁ angt f@elc?”'fﬁ Biat 9hey: thediseqeidion at e

Supports anco¥iafg. utiffded!HRPSiH aRIHB beQPAESIBBA bS bEhE iRtHisRcRYsREShsintd vaaa
partially th%@(ﬁgh t he oxide. The etching | eaves debris within the opening

(the debris? %E‘ea?%?d&‘%‘tﬁtﬁfe etch by-products). At |east sone of the
debris is cl[mmapd fnrdmla&ipé&tl metm@nmﬂﬁmuﬁt@s aCan@th@dfdmécmcmgrmmmaééss of a
carboxylic ag aV| i ¢, di.ssoci ati.on const L ast 1 x 10.6
cre vt 11 seRdlg AR A Bat RN S d0e A RoaRaoi phefeontiaidivent i on

i ncl udes a asm:tdmmb @dbrik avithi engeamirgpgpiutioh.oThe mmunmuuideemnco#bosaem muh»dlﬂlmet or
constructi oa ngp Oﬁj\{ll deg e'I'hre srenéloconrgugs ar, oor;(st(r uc i ncICucs:I

conducti ve fiode af KU BYE IR G2 2 e r}gsqnsﬁ %ssentl ally
of silicon dismxiatien constbmpethidédst t@ri0fi oxi de. An opening is etched through

the oxide tgo@ﬁ g\e(% easBB&dfh%tnMéﬁtnd?nc’iﬁcﬁ%de%h%se% EJH(QU&O @%X%% nﬁ%‘?&th&d W thin

the openin ah co t sone of
t he debri s is%’nicmdeane@bﬁtr@mlﬁ\pltomdﬁdtﬁ@%bemtﬁgupﬂbr@(ﬂnmxld@n At tpastzinei ng an

al cohol , 11 Yok g‘?s Et%ﬂ?d t%’b%béhg at %‘a@%éllggﬁ‘&l@ﬁ haukiag Ghi ? adlisssoci ation

const ant of at Feast ring such cleanfng. After the
cl eani ng, addqlrip gfthipdipeepandtg @h&a@ﬁhﬂ@d@ bes fcfrcﬂxmalw&chlbwptqwct%p@mmg A

capaci tor_ dusheatnd Gois i QR AP RSreldefingBRRT ik Bl firEAdey aand 2

second capacitor electrode is ove capacitor di'electric and
capaci ti vel gare@un @w baeving an pedie disseciatigh genstant Oéwée@a* dael0” are utilized

during such cleaning.

[0008] In one aspect, the invention includes a method of forming a capacitor
construction. A semiconductor construction is provided. The semiconductor
construction includes a conductive node and an oxide over the node. The oxide
consists essentially of silicon dioxide or doped silicon dioxide. An opening is etched
through the oxide to expose the conductive node. The etching leaves debris within the
opening (the debris can comprise etch by-products). At least some of the debris is
cleaned from within the opening. A solution containing an alcohol, fluoride ions and a
carboxylic acid having an acidic dissociation constant of at least 1 x 10 is utilized
during such cleaning. After the cleaning, a first capacitor electrode is formed within the
opening. A capacitor dielectric is formed over the first capacitor electrode, and a second
capacitor electrode is formed over the capacitor dielectric and capacitively coupled with
the first capacitor electrode.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] Preferred embodiments of the invention are described below with reference

to the following accompanying drawings.



BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0009] Preferred enbodi nents of the
invention are described belowwth reference to the follow ng acconpanying
drawi ngs. 2 WD 2006/ 124261 PCT/ US2006/ 016680 [0010] Fig. 1 is a

di agr ammat i WO2PYH342%kcti onal view of a semconductor cOMFUL6MI0MESEL a
prelimnary processing stage of an exenplary aspect of the present

invention. [01d] *ﬁiﬁ 1 i@a dfagParin@ny, efoss- B&tt&haﬂweﬂv &@%Hd;&kfh@c@r shown at a
processing sta ent to that of Fl %I Jﬁ? is a view of
Phe Fio. 1 CORCUPIRA BRTdROlan Bioasneeadtag spupy Sopbdiiaa ottt nat o
Fig. 2. [OO¥%kntong. 4 is a view of the Fig. 1 construction showm at a
processing s equent t illustrates problens
that can occ@ﬁgﬁf ﬁ%?é@@l"ﬁ&’ Ofgh‘? E'Pnh??’\?gu‘ﬁk?ntsh%\fm gk piogessg Szagé)i li zed.

[ 0014] Fi g. sbhdeguentvd bt affFig.He Fig. 1 construction shown at a processing
stage subse t hat of FEi 5 a viewof the Fig. 1
cont r uet t on S0 fun Tk 28 b Bued it bbb slanat SoBottetld Soskr g 5
DETAI LED DES@heRdenDid 1Bt dfHifg. PREFERRED EMBCDI MENTS [ 0016] Exenpl ary aspects

of | the I nverhds) 21, S5GLIdRSA M HY T BERIGHRE huFLOTookefing LT 1 10

initially to gonatructi on ted at a
prel i m nary sulpreques & thgt Sthigie, aﬁ@éuﬁtamtm@memsmawan orcuuiflp®cassy@ni conduct or

substrate 1%t?m§§}é%{h%{8flgr§ %@QJU&% rise, for exanple, nmonocrystalline

silicon |i ackground p-type dopant. To aid in
interpretati E9ﬁ1fﬂf chﬁa 5d$ aiview thm Figol Fowiruction shewmst a progessigraiegst i ve

substrate” apgkeq @rm&mgg& rT§)r3 substrate" are defined to nean any
construction co rising conductive material, including, but not linited

to, bulk sewpéﬂndd:cﬁ |6\}%arYwV\é‘Pfltb¢ Eigs {1 69nsHYotion SEAWE 8he DCPSENd magsr (either

al one or in AR tkPhat GHP'H.sing other materials thereon), and

sem conductive material | ayers (either alone or in assenblies conprising

other materials). The term "substrate" refers to any supporting structure,

i ncludi ng, WETANED DESTREMION, O MEE e REFEMEED EMBODIMENTSE es descri bed above.

[0016] Exemplary aspects of the invention are described with reference to Figs. 1-6.
Referring initially to Fig. 1, a semiconductor construction 10 is illustrated at a preliminary
processing stage. The construction 10 includes a semiconductor substrate 12.
Substrate 12 can comprise, for example, monocrystalline silicon lightly-doped with
background p-type dopant. To aid in interpretation of the claims that foflow, the terms
“semiconductive substrate” and “semiconductor substrate” are defined to mean any
construction comprising semiconductive material, including, but not limited to, bulk
semiconductive materials such as a semiconductive wafer (either alone or in assemblies
comprising other materials thereon), and semiconductive material layers (either alone or
in assemblies comprising other materials). The term “substrate” refers to any supporting
structure, inciuding, but not limited to, the semiconductive substrates described above,

[0017]  Anisolation region 14 is formed within substrate 12. Isolation region 14 can
comprise, for example, a shallow trench isolation region. Accordingly, the isolation
region 14 can comprise a trench formed within substrate 12 and then filled with suitable
dielectric material, such as, for example, silicon dioxide.

[0018] A transistor device 16 is supported by substrate 12. The transistor device
comprises a gate 18 containing conductive gate material 20 spaced from substrate 12
by gate dielectric 22. The gate dielectric 22 can comprise, consist essentially of, or

consist of, silicon dioxide.



[0017] An isolation region 14 is formed within substrate 12. Isol ation
region 14 can conprise, for exanple, a shallow trench isolation region.
Accordingly, the isolation region 14 can conprise a trench forned within
substrate 1Wozoeh/m4mn filled with suitable dielectric ne@EVS2806/0168¢Ch as,
for exanple, silicon dioxide. [0018] A transistor device 16 is supported by

substrate Ligydh® HADSRYAE odBiea SOBRE haR%cA A Sehth GHA)BA BD
malePRagEE o iy

conducti ve eria pace ron1su ate ectrlc 22.
The gate ducelrnémtamrcofzczrr@aﬂtm“@nmd e, focem@e, @gwm fretdl ymejal compoum!msu st of,

silicon di % ?cor?dumeg%?/e&%é%ﬁémﬁ%r RP5HEEE(, eiaqpﬂt@]co ggpducti ve

gate materla 20 can c ise any suitabl e conposition or I nati on of
conposi t i ofepedsitFodan, for exanpl e, conprise netal, netal corrpounds and/ or

conduct i vel yyod edﬁ%%Qt&@@QHSE%%WE%%%rdlé‘réctﬁéj @Sfornﬁé?f ovRX BRluBtive

conductlvely- ged silicon ate 18 also conprises a dielectric
cap 24 for meateiée- eapdhean mprw&t i8F examde) silicgipdiodde apd/eiowisen Siride: or

exanpl e, si jopeen dTr@%éi'ﬁlsﬁﬁ@é\ﬂée %&drﬁmegbwrw&-am .feeeaslha ah@28 bANSI st or
device 16 con&hl ses source/drain regions &B%@(fy si des of the

gate 18. TRBPSHEWHISLRUHRRIPAPn TR %Soéﬂfcé’/‘%f@ﬂd%‘?qsxﬁé?ﬁo -&eflusi on

r egl ons extdmudiongegywﬁsmwtbrﬂmgawamb@tzate $gc Bueh rfisff@@cerr@groﬂg b@:ﬂ&orﬁmeqbormr i se

- type dope I,oNns and/}) ﬂaé) rqﬂl OB shown re Elns cont ain
Doyt [y ABBATER (TG aos ARRSoPS A4 b SO OGRS SHURBIEdY- and 36
V\:hhl ch lextercldpedoﬁémmam dreand hgmlgl@a@@tj Pasisions 34and s6heiskdgesndof gate 18. A
channe re

t t 1 d, bet h /d
e R L PO L T e
t 0 one anotbeeeath lgateuigandietvedearthe souregdraim reg»bmwzmmmzmrln@peraom tent passes

through t h%og%te%ran[l pe%&%]g ﬁ% &g&gg@& :c?él%l?éageo%te ggr fh?ou Rﬁﬁ@&aﬂxa rggi%riw n

source/ drain regi on -cou {0 SHCh Saur ce/
regi on. Thm@orﬁ@gmprlate Cpedtdﬂaad;escihmugfmtlnprga& any suitable electrically

conductive A oGk RliveSRHaLA d@ rﬂxfeg%%rr%%%#ctei é?ﬁregllcﬂw Qe aspects, the

pedestal w rrprl se conductrve I con e conductive pedestal
has an upp@‘&ﬁﬁ@@llssmtm@déoﬁncmumﬁ/df@m r@morr efrerqopdudtive aedestal careomprisel | y

conducti ve podgitddle SEHRcAATREThRHRY cdnifostiBy 8MidnMhation of compositions. In

some aspects, the pedestal will comprise conductively-doped silicon. The conductive
pedestal has an uppermost surface 41 which can be referred to as an electrically
conductive node in some aspects of the invention.

[0023] The exemplary processing described herein ultimately forms a capacitor
construction coupled to diffusion region 28 through pedestal 41 to form a dynamic
random access memory (DRAM) device comprising transistor 16 and the capacitor.
The diffusion region 26 can be electrically coupled to a bitline so that the DRAM device
can be incorporated into a DRAM array. Various methodologies for coupling diffusion
region 26 to a bitline will be recognized by persons of ordinary skilled in the art, and
such methodologies are not discussed in détail in this disclosure. Accordingly, various
conductive materials that can be formed over diffusion region 26 for ultimately coupling
the diffusion region to the bitline are not described or shown. It is to be understood,
however, that a conductive pedestal similar to the pedestal 40 can be formed over
diffusion region 26 in some aspects of the invention. It is also to be understood that
numerous methods are known for coupling a capacitor to a diffusion region, and that
some of the methods eliminate the conductive pedestal 40 and instead couple a storage
node of the capacitor directly to the diffusion region. Thus, although the invention is

described utilizing the conductive pedestal 40 between a capacitor (described below)
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[ 0023] The exenplary processing described herein ultimately fornms a

capacitor construction coupled to diffusion region 28 through pedestal 41
to forma dynam c random access nmenmory (DRAM device copprising transistor
16 and the %ﬁb@@ﬂ?ﬁ%l The diffusion region 26 can be elggyp§@gﬁp?mﬁoupled
to a bitline so that the DRAM device can be incorporated into a DRAM array.

Various netdnaded Qgisish e?fon%uiﬂlsltﬂgedhrﬁérstébd)fhat ih@%\iéﬁtz&ﬁalé&erﬂ:ompbbééée will be
recogni zed bé ersons o I nary skill

met hodol 0giasBe@s Eohgovy) &t RISk tejcandhetys Peqeﬁtai RS Qﬂ"‘g‘?ﬂ ?J%q}P% Ca%&@r'ﬂl ngly,
various cometdireety@duplddab thd difisichasgibe forrred over diffusion region 26

for ultimt ouplin the diffusion re he bitline a not

descri bed ofdoéﬁﬁm&d?‘ﬁ’%l ¥acesyie & %%Mf&?ge‘joq alls Ph%ﬁte js'cﬁ;ﬁpduct i ve
pedest al sisidewal spa‘.ce'rm&rp@ﬂhﬁﬂitsabnﬂﬂmaala elmtrfcanyﬁamlﬂwerconﬂbinﬁmsdron regi on 26
In sone aspe so to be und éﬁ ?od thgt nuner ous

{
ot hos ar SORRBAICT 81 SolBRPi 4 el B Retss b Bl fed U an 1 hat
sone of theandstiboddiodte. mThabmmme@ethMVQeipetdemryaadoladéhmlsrdcomdﬂcm&d coupl e

a storage Hjé? r%at% tébeoy eaoggicw %ﬁ%’é% to the diffusion region. Thus,

al t hough t | NP enTi<on zing the conductive pedestal 40
bet ween a c§]fa6] t ohn (akte’sncallybmzuldueé ma/)enél AA0s PODBIeti 24@6LIPETE US2DE6/ 016680

and the di ahgeRPoIRIOAR o ol bR INBLE! APdaLibAl ey LOYGRE! on al so

encorrpasses aspec i € conduc
om tted andnylseitabigpeaiipasitionor comiinaimd ofi corarasitipns.o lneetitutan asmtsdmatamsi on

region. [00gA]y gt?rﬁﬁn’f&%' Eor%@ﬁ%@geﬁtleﬁ% oo cSHLABy $|Wog%% R‘{e%g/o?H (Ilcﬁn of gate

18. The sidewall spacers can co I'se any sult ectrica I nsul ati ve
conposi t i orfigxde. d:(%ﬁisfﬁélcﬁdﬁa'@f'a'ééﬁp@%mﬁ)f@ﬁﬁp%d’&@pﬁné/é?r BiicaR q'@“d?orrprl se one

or both of f§idddGRim wtrtarétﬁk# ortAddiisdd HER5) domsidiehord B&né‘&ﬂ%&bﬂ mstepad;@st al 40
Is electrically 1solated Trom conductive gate mat eri al ¥t4one of the

si dewal | sp@fdedomegdyshemirabyaner feroaitipy: an @uﬁaﬁﬁ"vé’“r%&'%qmoé} sitgke provi ded

over subst r@iderslodd tRMehe inklilaMal riAtral 40881, iMSdrhe Bspklts, adHprRdel nohadidliect | ve
pedestal 40. Material 44 can conprise an sui t abl e _conposi tion or

conbi nat i or"YHat¥e AHRPSHHE adgiHo "QrOPPG’[IF‘Q %i%‘i?e'&?‘é!at'vﬁé‘f’ PPEIONS4 Xo0 | |

conpri se, cipstahd inesiadvd mateliy 4afcan @6m§1®5@56l ia{eraft sfitdn @ite (H Qitda taosd or doped
silicon dioxide, For .inpsta 44 can conprise BPSG PSG and/or

g, | al
silicon di oXi"f¥e ]E\‘VS'ESngé"'F?'bHﬁol"g‘? F‘ﬁ"@f"ﬁ?l"o'BP?Sﬁt&P”& licate (TECS). One or nore
conposi t i ong0026] MBA@attédned Aask 46 is formed over insulative material 44. Mask 46 can

comprise, for example, photolithographically patterned photoresist. Mask 46 has an
opening 48 extending therethrough. The opening is directly over the conductive node
corresponding to surface 41 of pedestal 40.

[0027] Referring next to Fig. 2, opening 48 is extended through insulative material
44 with a suitable etch to expose the conductive node corresponding to uppermost
surface 41. The etch can be any suitable etch known in the art. For instance, if material
44 consists of one or more silicon-dioxide-containing compositions, the etch can utilize
CF4/H.. The etch forms debris 50 within the opening 48.

[0028] Referring next to Fig. 3, the debris 50 (Fig. 2) is removed with a suitable
subsequent etch in a cleaning step. The debris can comprise, consist essentially of, or
consist of oxide, and generally will comprise, consist essentially of, or consist of silicon
dioxide and/or doped silicon dioxide. In an aspect of the present invention, such oxide-
containing debris is removed with a mixture which includes at least one carboxylic acid
having an acidic dissociation constant of at least 1 x 10®, The mixture includes one or
more components of the carboxylic acid having an acidic dissociation constant of at
least 1 x 10, with such components being defined to be either the acid form of the
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can be fornmed by chem cal vapor deposition, and/or as spin-on-dielectrics.
It is to be wunderstood that the insulative material 44 can, in sone
aspects, conprise a non-oxide insulative conposition in addition to one or
nmore oxi de i n&\f} ¢4 26donposi tions. For instance, insul at PeeUSEDEoIsEHD 44
can conprise a layer of silicon nitride in addition to one or nore |ayers
of silicon- d'c%bﬂﬁicQBHB@é@bﬁ]ggé%@'EBQegfoFmGf‘rﬁe chiBeR b aé\dpa%.eéuy/emerifaélk 46 is

formed over insulative material ) 46 can "~ conpri Se, for exanple,

phot ol i t hogr &pnfeatrtiop ohal PféPﬂéamBW?ﬁ”bsrfé@ @ﬁlcumgwb%"%a@d Hithinsydeaning 48

extendi ng t hedi@t RN ALSR-in ADr@PRE WS me‘shdabrogybhm gk@%énttlh@nﬁ@mm%lfm node
correspondi ngbto surface 41 of 5%pedestal %002 Referri ng next to Fig. 2,

openi ng 48 i &P ARG MHIBUGR sHDIAILA tr|’ﬁ51 QPROFPNS AR PIKIUER- s uj t abl e et ch

to expose the[oo@g]duontng\carmﬂ@ e@;@rsrc@ﬁ@@ﬁmuz@a ptrwaumaém&barbaxw&ages Adve The
or instance, if materlal

etch can be 3?ey | e etch known in @
44 consi sts %ﬂf@c jPSOritian SPnStans At @l'%??bé1 onfgi 'ﬂ?tﬁ@ce BBV RS0t he et ch
can utilize c&irsédno Eﬁll(bogthelacfdér dzatbeRic $cias) ndhr*bbﬂyl‘bh@d@lﬂ@ﬂh@@lré’@or [ 0028]

Referring next to t he depris 2 nov SU|tabIe
Subeoquont "ottt farbadis S bitots Dlimald ob BlsFissh arbuo R am oy

essent i a: : y (mfmzedlto redUcISESnoSghNB‘ss@modHe camdmg@rwrfaédsy lt\MahlbeQIDélfprre@&) utmxmsi st
essentially o ilicon dioxjde an ed silicon.dioxide.
oo hapeot SPotlie SEREbAMRS el She b p Bl o SHE SRR LR ¢
removed wi t hirathed suchicarbakylic lacide chnide sorad aspeatst prodececagieatey Fdugheesisd  havi ng
an acidic di sgon cﬂmtéh%@t tﬁggﬁt;ﬁ%uo‘%& bgﬂnan%ﬁFboﬁkéRé abds8: The mxture includes
one or nore conp Cl haV|ng an acidic dissociation
const ant of aEOOS(D]easEcxempiarYL@arSme ahdsth\emwdnepmhmle abesirdancdefithmepeatotbe

ei ther the agj n%nt ?earétr‘éﬁ ?(%e fexcci @@ﬂwlcﬁ%é Q§§gg$/o%s@§?ﬁ)on c?o‘?‘lﬁtgﬂtxyl Ic

acid or a conj gate ase formo I c acl ypi ca e total
concent r at i o whtendfi 1.9 X1l AS); oxiRiva@h {viahfhag ap@qctdiqﬁnsaplaﬁ@? WV’IT\I@ wegerd

wi thin a cl eanh Bg 107 shHiRidadd [ ifch dbARRR danehudh Bhdimk hadabags ol the

present invention rom about 1 part per mllion to a solubility
limt of the @o)n'ponents |n the m xture. [0029] Any carboxylic acids can be

utilized, pr OEUOQﬂd tnh%mb %@p@@é t&OéféHnir@ BetisScdifM8udd A8Icakd Huerigh RROSAGL I on

constant of at | east X . For instance, the carboxylic acids can be
nono- car boxyl"Yaéeréit?‘H%“ondP t*l?a‘?’l’i’o@(’y‘l“?re C%P%&e”{scﬁf a&'ﬁ?‘ﬁ%ﬁ?@%ﬂi"@‘dﬁ‘é‘\‘l‘ﬁﬂg three
or an acidic dissociation constant of at least 1 x 10°°. The alcohol can be an alkyl alcohof,

and in exemplary aspects can comprise, consist essentially of, or consist of isopropyl
alcohol. In some aspects, other organic solvents can be utilized in addition to, or
alternatively to, the alcohol. Such other organic solvents can include, for example,
ketones, ethers and esters.

[0032] Cations can be present in addition to the fluoride ions, and in exemplary
aspects, the cations can consist essentially of, or consist of ammonium ions. It is to be
understood that ammonium ions are exemplary cations, and that other suitable cations
can be utilized either alternatively or additionally to ammonium cations.

[0033] An exemplary mixture for cleaning oxide-containing debris can be formed by
mixing the foliowing:

(1) isopropyl alcohol provided to be present in the final mixture to
concentration of from about 90% to about 99.9%, by weight(and typically
at least about 98%);

(2) hydrofiuoric acid provided to be present in the final mixture to
a concentration of from about 0.03% to about 0.3%, by weight;



nore carboxylic acid groups. Utimtely, as discussed bel ow, the carboxylic
acids are wutilized to reduce roughness on oxi de-containing surfaces. It can

be preferred to utilize carboxylic acids having nore than one carboxyl ate
group for sYth2¢igkHess-reduction, in that such car boxPCTUSHIREan, in
sone aspects, produce a greater roughness- reduction effect than is produced

by nono-carboxylic acids. (3)QaRdnikes @R proiRidRe %% ot fseftib@Scdnbéitraan be
utilized in accordance with aspects of h ent invention are

the pres

trichl oroacetic acid ! hRifeA Mxeresf fom ghaut B'PE%JEiaB‘t"i”(?@%ot?Vs‘V%lﬂ’?t; in water of
1.99 X 10-1); nuleic acid)wrt@hahs an acidi c dissociation constant in
water of 1.5 x 10.2); and_citric acid (%,V\,Fl ch,as an aci gd'.c di ssoci ation
constant in water of 6.6 %) o9 MofHERR xy'ﬁa%Qﬁ%vé{@r?é‘&C lic disgqcialiff ng

sol ution can incl ude cangthat@hal ipadtliuor0 dRoviguisio dBgressnt iaithe fnahdthitireon to the
one or nore conponents OIh Ft Iéast one, car bOXﬁl I c.,acid hav an acidic

Ata s

di ssoci ati on const ant®Uf prcpnyatign.of corpanenis i o%%{z{nrg%rean al kyl

al cohol, and in exenpHakyicasidedd Born aboutdnjar geemilkdneps) tes saadiitalihy of , or
consi st of isopropyl °6ﬁ'| C ects, other organic solvents can

ohol i I n.qsorrﬁ‘ as.gt
be utilized in additi®ON%BPFC AP HETOES to, the al cohol. Such ot her
or gani ¢ sol Jeo®43$ cahe claatinglmjxtdre prepreatidsalescibet! abews will ttypdrally e d selbtiar s.
[ 0032] Cati ~in.additi to the.fl i de. i 0 in
xerpl ary  S0es o8 oFf PSS Bl el (i oBR Rt B AR T RS B oo o o
ammoni um i ogrsulsipys, iagd trixtiyes haviousdissotyet kampenentsthenein).ons are exenpl ary

cations, an t ' : i - he i | i .
alternati vel(i?/[h}ds? azh(?ta :é%'ﬂgé fn;i}éﬂ%rg l%ﬂl%%ﬁt@%%ﬁ? Ndf%%%@%rﬁrffo&”@%q ary
m xture fortheogamingés. oRiaestelng eanhangpndedied whiksanaipiaining e dlaaping spiiiong t he

followi ng: £1)1ehBORLEW r&h ﬁ@&lﬁ@@ﬁ@é@cﬁfg?@u%rﬁgﬁés%me bl WBerbiBal M xture
ff bout 90 99. 9% by

to concentration o rom about % to about wei ght (and t%;pi cally
t he

at | east ab®fi aygmpheresio groatebihpndP REmesphereprandiviid® ¥enrtimentdinsseliom

final m Xt usoh@to dbobPNERAS. A hPitaPlredthemMtARAY trof 3% 1 MikOaBudde by
wei ght; 6 WD 20061124261 PCT/ 006/ 016680 (3) ammonium fluoride provided

to be preseMUi&s a concentration
Jo036] Fig. 3 shows construction 10 after cleaning has been conducted in

accordance with aspects of the present invention to remove debris from within opening
48. The Fig. 3 construction shows opening 48 having sidewalls 49 which remain
relatively smocth after the cleaning step. In contrast, Fig. 4 illustrates construction 10 at
a processing stage identical to that of Fig. 3, but diagrammatically illustrating an effect
which can occur if the carboxylic acid having an aqueous acidic dissociation constant of
at least 1 x 10°® is left out of the cleaning solution. Specifically, the sidewalls 49 have
roughened surfaces formed by the impact of the cleaning solution on such sidewall
sutfaces during the cleaning of the debris from within the opening. It is found that the
amount of roughening can be reduced by at least two, four or even five fold by including
the carboxylic acid with the aqueous acidic dissociation constant of at least 1 x 10 in
the cleaning solution. The amount of roughening was measured by atomic force
microscopy as root mean square (RMS) roughness.

[0037] In light of the dramatic reduction in roughening occurring through
incorporation of carboxylic acids having an acidic dissociation constant of 1 x 10%in a
cleaning solution during removal of silicon-dioxide-containing debris, such incorporation
can be considered to be a method for reducing roughness induced on silicon-dioxide-
containing surfaces during such cleaning. This can provide a significant advantage, in

that the roughness induced during the cleaning can lead to numerous problems in
7



in the final m xture of from about 0.02%to about 0.3% by weight; (4)

wat er; and (5) one or nore carboxylic acids having an acidic dissociation
constant of at least 1 x 10-6 provided to be present in the final mxture
such that a WVOuglé/1gg@ptentrati on of conponents of the one RSIT/GBAS/01G@EY boxyl i c
acids is fromabout 1 part per mllion (ppm) to a solubility limt of the

car boxyl i ¢ Rgirélfng %lfbhﬁltyfﬂ% w.@gbdlméﬂ&é&s TineniohRRis At AHeylistely BheAREEd as
descri bed apbove w || {;I ca e a solution rather than ofher types of

mi xtures, (dRCRS Hlf'ﬁ@?e‘% peed h‘Wﬁ“ﬁt"BP@EQSI TREY QRGTai] Cutside chdesisr éoleraBeas: si ons,

and ni xt ur esdhRVicegforngd w&mhmeﬁcm@m@ﬁ@n@hmw &he ar{oﬂ(é35)\ls$hﬁex‘é|c@ﬁm ng
mxture is utilized oxi de- conta | openi ng

Wt
Mo Guen cttoR FERCBs RuSR e e Gre SRately BoHERS wihe Soruaa R ard Beuson
at a tenpersidewatts of thé bpaniadp ukcebsivd Pugheaning dtaks sidawiar cacpsessure of anywhere

from 0.01 heres .to greater than 10 a her. and with a treatnent
time of froﬁfoggfge EREER'8 n%gﬁqnnsnwy Wgﬁpihe r%[)%%qlfﬁré@g%en ®time is from
about 1 m rrumghnbes aéanng%@ongﬁhélslﬁeﬁalls[oﬁ)f}&G:]peﬁhg is &b foltvves Byeprstiudicinapn 10
after cleanln a been congu ted in  acc nce {% \)o ts of .the present
i nventi on tSCFBHE e ge%ﬂgfe@a Get i 3 dg gY-PaRgluC H@aFreé CeANYWEt r uct i on
shows openirag. ZI’&ehleaak.iclngn B edlehwatd maﬂiﬁcmhsezﬂneremmdunatronemmzteld\zebcymplmmdyth after
the cleani r}gmg\gggeb h?rﬁ; Frrﬁ%a{s;%&: Ft%hflﬁlla_alnorll H-%E/rlegatdei§ &%Pe%%&é Po hgﬂng% Qf at a

processi ng stage I"agr anmee
illustrati rﬂgtpawdemcbcﬁurfam cwecbafpr@mmusrmasf agchmulady lmemyise ’d:\ee&:ismshﬁumemg an

aqueouis achfilgsl\RARCHALESNS SINIAL o or AesdifPRl ol fockBR, 15, SBlpeout of the

cl eani ng solution the "si roughene ®sur f aces
formed by tduetp H‘tﬁa@teff@rent W@O@béymf H@ Byobraduats). dhe gﬁ@hprswfd:@mvhc asigef aces

during the l@vﬁ@@ci&% &?ésotc,&ﬁoﬁj@t;?{siaﬁt qurp ‘gﬂetcf?'g%ath%}%aﬁﬂgl Welssél\tnné ﬁ’\efbgund t hat

the anmount of “rougheni ng can be reduce east four ven five

fold by i ndledchy Therdditignisbweter earerisaihelp t’?ﬂ‘%ﬁ@é"@db@éﬂﬁmﬁéﬁm Rutggdsoci ati on

const ant Ofaoﬁﬁtnoh%@%rsély%nﬁa@ts@e‘lé&twﬂ%hﬁﬂ%' AaHoPBxiS. Uk tOfrast REdiASMLNT  Of
rougheni ng was measur ed atom c force _mcroscopy as root mean square

(RVB) r oughffsyliq %ﬂ?fi‘?’?‘]avlnﬁ highidiggissasiatian serstants -Bdagitic SisspsiatiBugheni ng
occurring téyneida of Iaﬂ@aétmrm {@&ﬁot%ﬁﬁ@%'dd@er@@irﬁ#ﬁach@VtHé%t@H‘seiPébltldlyC

di ssoci at i OT const %ﬂé moechamsm L
03 provnded hereln to assist the reader in understanding
aspects of the present invention, and is not to limit the claims except to the extent, if
any, that such mechanism is expressly recited in the claims.

[0040]1 Referring next to Fig. 5, construction 10 is illustrated at a processing step
subsequent to that of Fig. 3. Specifically, masking material 46 (Fig. 3) has been
removed, and a first capacitor electrode 60 has been formed within opening 48.
Capacitor electrode 60 can comprise any suitable compaosition or combination of
compositions. In particular aspects, electrode 60 will comprise metal, metal
compounds, and/or conductively-doped semiconductor material such as, for example,
conductively-doped silicon. The electrode is shown formed only within opening 48.
Such can be accomplished by providing the electrode material to extend over an
uppermost surface of material 44 as well as within the opening, and subsequently
subjecting construction 10 to planarization {such as, for example, chemical-mechanical
polishing) to remove the conductive material from over material 44 while leaving the
conductive material within the opening.

[0041] Referring next to Fig. 6, capacitor dielectric 62 is formed over first capacitor
electrode 60, and a second capacitor electrode 64 is formed over the capacitor dielectric

62. Capacitor dielectric 82 can comprise any suitable composition or combination of
8



cl eaning solution during renoval of silicon-dioxide-containing debris, such
i ncorporation can be considered to be a nethod for reduci ng roughness

i nduced on silicon-dioxide- containing surfaces during such cleaning. This

can provi de avei¥fle/ie426bnt advantage, in that the roughneRETUIUSOEOHUr i ng

the cleaning can | ead to nunmerous problens in 7 WD 20061124261

PCT/ US20067 Odf3f8Qlriof0iahis i bdridhitabb Qi xo@&.@ps&«sw oSSHRAG 1Y cohdist of

unlforn1ty 1S not adequate Y control evi ces ultimatel é orned Wt hi
t he openi ngsSieaA d@w@a%@oau‘ﬂtgﬂ%l@‘%mm%§¥l%danfﬂ@ré@réwéé@hk@eﬁ clie (hatasiglst or msd

wi thin adj aCﬂﬁEse‘éQ@‘bé}ﬁ%ﬁ&r@boﬁ%@é b4 bh %r@@@h@@tﬁltabl@ o%%po%ﬂﬂ@rﬁ gr can be poor
interfaces forned between Iaéers ul ti mat rovided within o en%%g?|48 and

the sidewal $ENR5TaLPR QT eRsRRASH ”?’fanéﬂz%@fg?% ap wihiCREPE$e: ChRS! Vs
occurs. [003§] or%&oagsmﬂnbeeamm@taawrﬁwubas \dﬁd/@hcdﬂdactﬁférytdvp)éh isemrtehdlican reduce

t he roughness QCC r|n fhe side njng js.as follows.
By- product s Ralpraly %ﬁdlé toé@ﬁﬁé‘if& '?iﬁ?ﬂaﬁav‘g)ﬁc‘é p@# 'ﬁh@eé'[fzh

by- product s m&imf@@l&&od’éﬁ@tAdfbord‘@ﬁiherwsthﬁﬂmbd)rﬁm‘nsmg @btfodeab® anthys

i ncrease the et dyration uti ve debris, and the

i ncreased et PR Bﬁrr‘?ﬁ'th %ﬁ'e?‘}ﬂw %ﬁFgg's ar?@P%Cé %ﬁﬂ'ﬁ’@ngﬁﬁh §1PeCl A nosed oxi de
surfaces. Thenrbyuqmooahmearmmly campiedmutMcmrdmﬁiram segidrhes throwghi cosdddtivei ent
material w tPécIé E‘q(:l eani ng solution to bind or dissolve the by-products,
(for exanpl e, a o the coefficient of solubility of the by-products). The
addi tion of d&@%xymbﬁlimﬂ@ls shiaw ielegtriealiydoupldd gilosoate/drircregeh26t s of | X
10'6 or grea j r tion of
wat er can al égcfohé%rf?d{;ﬁ/,!?ﬁé kgﬁ)dssg &l?ﬁﬁ?k%h@g%@@eg?%'de dqgltt)&%;a%s%c'ﬂ%nﬁg%!t ion
adversel y i npadingedtd e incoippiatest wittirea geoteryf @ravoxi des. In contrast, addition

of carboxyl ijgosg| d?hQéNé aéBthofft‘l‘Fé ﬂb&wtngﬂé%%%ﬁbﬁé bHa in@d‘ixbﬁsﬁ# ., acidic

di ssoci ati on constants | east does no ve SucC adver se
i mpact on th@e@pdwogmféw PKﬁSPV invepime dior Ngtanaw dhraticeRPiadoppiveds Mdeplei n to

assi st the r@é%@&( lid é’cn&&‘ﬁ'ﬁhﬁ}&ﬂé’dnd?&dus%%&%ﬁ éor%fanﬁ BPatﬁ’éa%?‘?th'e'&M@Bé UfiBeq and is
not tolimt the clal ns excefgt to the extent, i t hat such nechani sm

i s express| ydyrigithewitiaheteh o formarspeimplaagh %f%rewﬁa%nf@metqh&f Fidg2), 88
constructi Onwélpaé %r hl'térh'&ttvé@rttédﬁ@iatlan Eﬁﬂ@@&%bﬂﬂ]o §&|§Iéluru%#ﬂ§%%ﬂiﬂ§ step. t hat of
Fig. 3. Specifi ca material 46 (Fi H% has been renoved, and a
first capaci £ eéﬁﬂengtaaéh@mf?ﬂa@'%tﬁnﬁa@mga’y%@ ThoRSHIHTYG OX8e-  Capaci t or
el ectrode 60csradini6® BBHpSHtichaYo 5 dbicuBlive rRaBpisitd b& OnddrsteedMPlatik iirvanth
encompasses aspects in which an opening is formed to extend only partially through

one or more oxide-containing compositions.



conpositions. In particular aspects, electrode 60 will conprise netal, netal
conpounds, and/or conductivel y-doped sem conductor material such as, for
exanpl e, conductively-doped silicon. The el ectrode is shown forned only

Wi thin opening 48. Such can be acconplished by providing the el ectrode
material to extend over an; uppernost surface of material 44 as well as
within the opening, and subsequently subjecting construction 10 to

pl anari zation (such as, for exanple, cheni cal-nmechanical polishing) to
remove thescgigctive material fromover material 44 while |eaving the
conducti ve nmat efy L& pening. [0041) Referring next to Fig. 6,
capaci tor dielgg?$#¥$%%a?§a orngh over first capacitor electrode 60, and a
second capacitor electrode 64 is forned over the capacitor dielectric 62.
Capacitor dielegtrig 62 .can conprise.any suitable conposition or conbination
of 8 WO 2006/122261§¥%ﬁ¥6@§éﬁ%ﬁ6ﬁ%§§0 conpositions, and in particular
aspects will conprjse, copnsist essentially of, or consist of si]icon

ot e, 51 11 CORDHITRE doCIar e ot Gt e BRi WiS VT RERR e i ok dp R B v
materials. The second capacitor el ectrode 64 can conprise, nx sui tabl e
conpositidﬁaéFOBSﬁﬁﬁHﬁﬁVBﬁf%¥dd6ﬁ$6%m?m6%§beéﬂﬂmpﬁ°%§$W?@Gl rNgsPdeast wil |
conprise, consist essentially of, or consist of nmetal, netal conpounds,

and/ or coril ERVRPYMIopRE BaWindond @atieUsniidic dissotipdicdeeonttanapacitt or

el ectrode 64 is capacitively coupled with the first capacitor el ectrode 60.
Accor di ngllgast hex ¢6nsanddnelonitompdirsamyxgliecciddes 60 and 64 together with
dielectric material 62 is a capacitor construction. Such capacitor
construction i prevetingiaallicpnedigydetcaintdingwgus edade diavinggilorore8icctdeugh
conductive pedestal 40. [0042] A bitline 70 is shown electrically coupled
W th sour cedrdaaiingrasgpromti2éreomccor di ngly, the construction of Fig. 6 can be
considered to be a DRAM unit cell configured to be incorporated within a
menory array. [reg43lingha Ishewsoaspetthotiliche-dioxerd-contaiaifautieprie fafmmany
applications for methodol ogy of the present invention. For instance, the

i ncor por atthensintoANBoRIdevebatathing st Fasylistn @eh & devingk@ntiasi dhe

di ssoci ation constant of at least 1 x 106 can be utilized during the

initial etch tqehOEMpPAnORABLAY of SHGHNASss frucRBRltfe dilitoritbxiab-Fig. 2),
as well as, or alternatively to, utilization of the carboxylic acid during
the cl eanidihialRg surface during the removal of the silicon-dioxide-containing

debris compared to another amount of roughness that would have been

induced using a same cleaning solution except lacking the trichloroacetic

acid and the at least one additional carboxylic acid.

2. A method comprising:

providing a cleaning solution incorporating trichforoacetic acid and at
least one carboxylic acid in addition to the trichloroacetic acid, the at least
one carboxylic acid having an aqueous acidic dissociation constant of at
least 1 x 10°® and including at least one carboxylic acid having at least three
carboxylic acid groups;

providing a silicon-dioxide-containing surface having silicon-dioxide-

containing debris thereon; and

10



Al so, although the shown openi ng extends entirely through one or nore oxide-
contai ning conpositions to a conductive node, it is to be understood that
the invention enconpasses aspects in which an opening is forned to extend
only partially through one or nore oxide-containing conpositions. 9 CLAI M
The invention claimed is: 1. A nethod conprising: providing a cleaning
solution incorporating trichloroacetic acid and at |east one carboxylic
acid in addition to the trichloroacetic acid, the at | east one carboxylic
acid having an iGhE: i L al 00 AC i ; dicxid-6
and i ncl udi ng égﬁﬁﬁgﬁfH@ﬁfﬂf%”ggﬁﬁggﬁﬁﬁtﬁﬁfﬁgf3%2?%1@%ﬁ?gF%iﬁggbc%ﬁfg%%ing
surface having. sjli - di oxi der,. .C L0 ris thereon; renoving at | east
sonme of tﬁ%”%gVﬁﬁ%ﬁﬁgﬁ%%ﬁgéﬁ‘ %E%@%%ﬁgﬂhggVﬁ% rom the
si |l i con-di oxi de-cont ai ni ng surface using the cleaning solution; and
reduci ng an amount of roughness induced on the silicon-di oxide containing
surface during the ! f S L ~di,0xl i ; ris
conpared to ano?herA§ﬁ§Xn d%?‘%@ﬁﬁﬁtéégﬁgﬁng§gﬁsi %g&gtggggnsﬂﬁguced usi ng
a sane cleanin ol utian . I [ gL i.C id.and the at
| east one addigVéH%#*%%ﬁ%%é@f?@dﬁgﬁgpgg?ﬁgsﬂé%ﬁgglgg%g@?éf%BQﬁ%¥%W?ging a
cl eani ng sol tiog i ncor oratinﬁ trichkoroac tic acHd and aH4lhfgft.one
car boxyl i 'S PP RAEIFS BYef STE A itiRICH TRERNP S ILG GBS TR SHEPN one
carboxylic ,acid having an aquequs acidic dissociation constant of at |east
1 x 10-6 éHBXF%%PUHPHgdé¥“F85 I0YRE" carboxylic acid having at |east three
carboxylic acid groups providing a silicon-dioxide-containing surface having
si |i con-di oxi d&tCRigSt af mpr?g“B@BBW&%H}eeeﬁ';deafr?dei@%%ﬁ%icﬁ@ [g&lve node,
si licon-di oxi de-containing debris fromthe silicon-dioxide- ‘

the etching leaving silicon-dioxide-containing debris within the opening;

utilizing trichloroacetic acid in combination with at least one additional
carboxylic acid having an aqueous acidic dissociation constant of at least 1
x 10°® during cleaning of at least some of the silicon-dioxide-céntaining
debris from within the opening, the at least one additional carboxylic acid
containing at teast two carboxylic acid groups;

after the cleaning, forming a first capacitor electrode within the
opening;

forming capacitor dielectric over the first capacitor electrode; and

forming a second capacitor electrode over the capacitor dielectric and

capacitively coupled with the first capacitor electrode.

4, The method of claim 1 wherein the reduced amount of

roughness is RMS roughness measured by atomic force microscopy.
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cont ai ning surface using the cleaning solution. 3. A nmethod of formng a
capacitor construction conprising: providing a sem conductor construction
that includes a conductive node and an oxi de over the node, the oxide
consisting essentially of silicon dioxide or doped silicon dioxide; etching
an opening through the oxide to expose the conductive node, the etching

| eavi ng silicon-dioxide-containing debris within the opening; utilizing
trichloroacetic acid in conbination with at | east one additional carboxylic

aci d having an gquepys R&IHHFofbRFACHALIRRefPASbANcHceftrdiRAPbf dhe X 10-6
during cleaning of at |east sone of the silicon-dioxide-containing debris

from W thifodiBF 0P B8iq AR @ 4iGask: BRE andblifeabiehr hoky! | fadeld

cont ai ni ng at Wwo car boxy I|c acl roups ter e cleanin form ng

i ol oot ri 1008 4 %gﬁd@gaa e S OE S d AL AR LT

capaci tor el ect rode over the capacitor dielectric and capacitively coupled
with the first capaci tor electrode. 4. The nmethod of claim 1l wherein the

reduced amount 5 {}ﬁg%@ﬁﬁ% o% RYR r10w%ﬁ§tm$%gé§rﬁﬂg%vo|aa8mf (thay ce

m croscopy. 1 vod of % ai'm erein concen ration of

h hl d . f 1
bart per SRS (M Aba BRI 0§ St Thp Luth BT RE Hididng

solution. 6. The nethod of claim1 wherein the cleaning solution further
conpri ses from about 90% t o about 99.9% by weight, isopropyl alcohol. 7.

The net hod of gﬁ&’}ﬂ% cf‘of‘é’latnt{‘moui v&r{lﬁe‘ii'\EHHBGPﬁFeeM&hIB%QC%?@Qchhe at

| east one addltlon car Ic acid | eani ng sol ution renovi ng

d H
e L L o hesbi el
xtarsla(rjegf Békﬁv?#éw%ﬁ Slegﬁ]] ey educiggnoanq%qtroojbhnggghne ﬁlC%Wder()J(liJ(ﬂahness

containing surface during removal of the sitlicon-dioxide-containing debris.

8. The method of claim 7 wherein the reduced amount of

roughness is RMS roughness measured by atomic force microscopy.

9. The method of ciaim 2 wherein a total concentration of the
trichloroacetic acid and the at least one carboxylic acid is from 1 part per

million to a solubility limit of such acids in the cleaning solution.

10.  The method of claim 9 wherein the cleaning solution further

comprises from about 90% to about 99.9%, by weight, isopropy! alcohol.

1. The method of claim 3 wherein, without the trichloroacetic acid
and the at least one additional carboxylic acid in the cieaning solution, the
cleaning induces an increased amount of roughness within the opening

during removal of the silicon-dioxide-containing debris.
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9. The nmethod of claim2 wherein a total concentration of the
trichloroacetic acid and the at | east one carboxylic acid is from1 part per
mllion to a solubility Iimt of such acids in the cleaning solution. 10.
The met hod of claim9 wherein the cleaning solution further conprises from
about 90% to about 99.9% by weight, isopropyl alcohol. 11. The method of
claim3 wherein, without the trichloroacetic acid and the at |east one

addi tional carboxylic acid in the cleaning solution, the cleaning induces

an increased anpunt TRE HAUIONST S i h'1er‘%éﬂr%nﬁ’%et'&'té‘gcoﬁié@hﬁgnbﬁrﬁ?‘fﬁé of the
silicon-di oxi de-containing debris. 12 12. The nethod of claim 11 wherein a

total CO”‘%?QHongE?B;Qfao'iqeanot HeCQf HRAGe (?]ar?)O(\o' gh rﬁ%%hﬁfﬁém 19%% ¥ eh

car boxylic aci m T

1 om about ™40 ?a”'”'?"‘“t'b&%ﬁ”d G B ﬁ"nﬁat%%w& L b bout

0.03% to about. 0. 3% b¥f ﬁ) hydr of |l uori ¢ aci d from about 0.02% t o about
0.3% by VRFHANY %WHHH HTRUor¢BRF1S8%d water. 13. The nethod of claim 12

wherein the cl eanl n oI ut| on conprises fromabout 98%to about 99, 9% by
wei ght, i sopropsAM & d10%1tp about 99.9%, by weight, isopropy! alcohol;

from about 0.03% to about 0.3%, by weight, hydrofiuoric acid;
from about 0.02% to about 0.3%, by weight, ammonium fluoride; and

water.

13. The method of claim 12 wherein the cleaning solution comprises

from about 98% to about 99.9%, by weight, isopropyl alcohol.
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