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spin-on-dielectric materials, or by numerous deposition methods, including, for example,

chemical 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,‘éyn
that one or more of the etch chemistries utilized during the formation of the openings
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.
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some of the debris is cleaned from within the opening. One or more components of a

carboxylic acid having an acidic dissociation constant of at least 1 x 10° 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.



during such cleaning. After the cleaning, a first capacitor electrode is
formed wthin the opening. A capacitor dielectric is forned over the first
capaci t orwelzeatneme, and a second capacitor el ectrode i Ccrarsowd/ onsses t he
capacitor dielectric and capacitively coupled with the first capacitor
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[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 foliow, 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, including, 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.



construction conprising sem conductive material, including, but not limted
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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 detail 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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[0026] A patterned mask 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
5



gate material 20 by one of the sidewall spacers. [0025] An electrically
insulative material 44 is provided over substrate 12, over transistor
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one car bd y)l'i c acid having an acidic dissociation constant of at least 1 x
10 6. The[ooBKk urle sorme aspestspaeleaning solution can include a alcohol, fluoride ions and

water in addition to the one or more components of at least one carboxylic acid having
an acidic dissociation constant of at least 1 x 10°°. The alcohol can be an alkyl alcohol,
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 following:

(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) hydrofluoric acid provided to be present in the final mixture to
a concentration of from about 0.03% to about 0.3%, by weight;
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one or nBICRESHSS eﬁ%%Cho‘?t&ﬁ'?g pALRE © r%délc{gegr\@ﬁ'%y elﬂrétag‘ .@%ﬁacseuaﬁg‘ ETil l‘ug'g l'di ¢

di ssoci att ateromrstuensf fafm abolt@a€tio AboutBE, undEhe padssoteodt axgwhbe feom al kyl

al cohol , d.in_exe ar spect n_conpri . i i of , or
consi st 8;& [ t'&'ﬁ?% e§ n?ée?l q{%%tg ﬁap r?%sag%gs%seg%(ita@,g W(')tﬁ %gféaglﬁ]agﬁlﬁﬁgé% vr!e\ﬁt S can
be uti |l i secbriditoatdiit i0cmurs, A typici treainank ek ys tam abbet timgohe ko algwt RO ot her
or gani Ccz"ﬁ'l‘t\‘/tent s can include, for exanple, ketones, ethers and esters.

[ 0032] 1'Ong can be present in addition to the fluoride ions, and in
exenpl ar yjoas@ct Sg. 3 bieovesatdnstisctoan Ccajtes csanieg Senbeah bygndfcieddn consi st of
anmont umabgo'}aancletwi{hsastp%ctlgeof the present invention to remove debris from within opening
48. The Fig. 3 construction shows opening 48 having sidewalls 49 which remain
relatively smooth 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 impagct of the cleaning solution on such sidewall
surfaces during the cleaning of the debris from within the opening. [t 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
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understood that ammoniumions are exenplary cations, and that other
suitable cations can be utilized either alternatively or additionally to
anmoni umweatznen426f 0033] An exenpl ary mi xture for cl eaniPng/uszéodeient ai ni ng
debris can be formed by mxing the follow ng: (1) isopropyl alcohol

id b
Bor 1 o° Sob oG BEEAR of Sratf Bt M HRRrf RORE BOLABH0 Bafforbpom 200
hydr of | wiewvices altinthtgy dnmt&édvmm the ope@s@mcan werh’@ duitsick ofrdestrad tpleren@es

conoent LAkl al o AR Q B30 A AP B Bhb Y MRLO A o ampn’ um
uori dé provi 0 demt oncen fon 1 n i'nal’ m xture of
fr om abdugtpd®r M%‘a@sa@mﬂd Eh@94n Ibyeramitighetely pagvidesitvéthin am&iWir(Q')‘}S enédther nore
car oxy 4oL 4P RINB LRSI tbRgncs B honieRgpl Al ol ol least T x

10" 6 prov ure suc h4t a total
concent r f038H ofA mzsmbtmead;rsan@rn bhehichéhecarboxwic eaidivaryédusedbé ds is from

about 1 r | i f lic
acids in @i@e%gQ 'l\é ?@Béﬁ%%év?an é’gﬁ*enﬁgjer%‘@ 5!; IFB“%Vevggjar &2)‘? e'gsaé i bed
above vmdcbuﬂnytai&:aﬂwdl yg@reg&te slofing armatchaarhtbsudhha/rprodm rrtayp)e@oefanmtm ur es,
(wWith ot r J

m xt uresgﬁa\ﬁh%%au Ogg%) {/Cgcﬁg@ onen%l & eeﬁérll ﬁ?@%@%?@%é&r@@ém

m xture remoue dbbm&a@nﬂdw&amcﬂeaszd eleh domtlan miaydeatbloringredsashnougietiing @fhe openi ng

48. S“C'L- Sﬁdggﬁ‘qﬁ%&c?ﬁgi}?—bg%u‘é@ %zE?d%@t@'b@%&s@%&e‘?@ms{}ﬁcéﬁ f ution

at aterrp ure oO roma ou_ to a ressure o
anywher enateomvotmtr@tqiﬂmmeaoéslon@o gindar efssollva thelioy- samdn@pr(mr@gama}@d with a

treat o t ot

L oot R Sl 380800 b RS, PR Y BBl e e e
const r udtivisy apiiafiseeciatios sansignta s 1 e @ameatet e halp Bctisrotdnicibewyt h
aspects Qi e PRESEMiord SRR AR 4 FETNVEs SRR TreltyPYh:L T QRGN Ng

addition adversely impacts selectivity of the etch for oxides. In contrast, addition of
carboxylic acids having high acidic dissociation constants (i.e., acidic dissociation
constants of at least 1 x 10°°) does not have such adverse impact on the etch selectivity.

[0039] The mechanism is provided herein 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] 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 composition 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 62 can comprise any suitable composition or combination of
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48. The Fig. 3 construction shows openi ng 48 having sidewalls 49 which
remain relatively snooth after the cleaning step. In contrast, Fig. 4

il lustratwe wo@nbzeucti on 10 a t a processi ng stage i dentcrals2aoe/otdeat of

Fig. 3, but diagranmatically illustrating an effect which can occur if the

boxyl i i.d havi . idi ' i:ad . I t
1207 TS BParth et Somalt S SRS R b M evar s
49 have siinogenéde, slicoanigsld, alumitlinD pxitibearidipaetiowd highd didlecrnd mgissialsut i on on
such si

wal | syrfaces durjn e cleanin f IS, mw thin the
openi ng. ' 1% 559" 83%0'&053@0#?1% éﬁ%%?ong?r'sf%ﬂgﬁgﬁ%ﬁ%g@ﬁhbiﬁr{cgrduced by at
| east t wepmBisationasf cerpositionsg ahoirdpdrijcllarcdspeétagiilt trempraeboonsist essantidiyi t h t he

aqueous acidic dissocjatiqn constant of 5 d cl eani ng
sol uti ongf’ ?rh%onﬁﬁk)ﬁﬁme ’W%ﬁbﬁ?@?ﬁoﬁfadmgdlﬁgégﬁfﬁ“@&%%dé?%ucr#e(e:?mfg éh(%dé}%rﬁi croscopy
a s root mawaal. SthsasezohRbE)aditoughbetesis. 64 i6 037citlvelyl coghtedofithtthe figt amat i ¢

reduction in.rougheni ccurring,through.i i C ic acids
havi ng a®#P25He" lﬂ%tr(ﬂdgrségc??fsf)@wg oﬂket(%ﬁ)ﬁfg%?tfoﬁ%gé@gg@bieﬁ&ggé?seﬁl?ﬁ%&éol ution
duri ng regewat with disiddtrtomeatdiieddie acapbeitonicogstdietion. sSugduapacibaror por at i on can

be considered to .be a, nethod for reduci 0 I n

sili con-a‘?rﬁﬁF‘&é"é‘dﬁFEﬁcﬁlcﬁ %?Hpjeg'(’:vgéw T &(rg eg‘gfagnu%ﬁ%@%zmor‘#gb‘%ﬁ?@ﬂ%ean provi de a
si gni fi ceadesadlvant age, in that the roughness induced during the cleaning
can | ead ume puys abl i ntroll i [ A . i ng

di nensi or{é&%]f u‘%ﬁ‘ﬁ'&e Pnlrotlfl Sﬁ(g\',\s’%g@&ﬁ é‘el(@ucét){u E@g V%Hgn'{o(rag{gllae%l,nqg%l\%%gs ultimately
f or med wAtdurdinglpethe mensingsion ahFigp@ran ke ovnisidaded tf bele IRAM unibtelr ances, and
devi ces for.red wmithi. j , i short to one another. Al so,

t here caﬁo%‘gubeg\(l){nﬁ)%Fﬁﬁ%oﬁ!?ég%%?%tgﬁpn%weﬁgfﬁg@%y'I ayers ultimately provided
within ofem3lg 4hessidwinhespsiicd e ingendibn ihieuteperaf ngnly fapelicadiers fee r ougheni ng
of the sid I 0 r : i i |

car boxyl [n(?%\ég%f),(?gxgﬁﬁ]%éﬁﬁ%éenqﬁlghr'@uS%E?ssgérgggﬁ%?@ééﬁlﬁ@%g t ngbsri e(\?\/gf | s of

t he opentargokyic asids dlavingsn Bidipdissheistion vaystanicliaticaste! 11d° sgybegilizeddur i ng
an etch, ; ch: By: Rr : d kon in
rch rat 0GR Tl Bl I BRACEER ST P ER S e oL PO S b e
debris, amliashe dltacedesetb, etiiatioupbhi carberyliclasisiduringithe cleasied siepugheni ng  of
exposed Quldguihh A ShonH EpdNiPHRHE hiifV RSB SndiE oaise there i's

i nsufficient ) )
containing compositions to a conductive node, it is to be understood that the invention

encompasses aspects in which an opening is formed to extend only partially through

one or more oxide-containing compositions.



material within the cleaning solution to bind or dissolve the by-products,
(for exanple, due to the coefficient of solubility of the by-products). The
addi ti on wb 20@vtaeeyl i ¢ aci ds havi ng aci di ¢ di ssoci at i onpPconsta@anssesd 1 x 10
6 or great er can help in dissolving the by products. The addition of water
can al socp @ in dissolving the by-products, but such addition adversely

i npacts sLI(lJ ?lvity of the etch for oxides. In contrast, addition of

car boxyl i ¢ aciTie imewntiorgelhingdd iaci di ¢ di ssoci ation constants (i.e., acidic

di ssoci ati on constants of at Ieast 1 x 10 6) does not have such adverse

i npact on the,etch,s i r vi.ded .herein to
assi st the reéder |An'%%ﬁ§éro}s{l?{c}4{j n g(gdee-éh% Eq %@O%mg ﬁ\}%ﬁlml)éHr and is
not to | iwhidh indledes ai asotekdleiptide @nsmobzxteemmorefeqamynumh:atnpsuenhs pEghani sm
is expre ] pext to Rg. 5,
construct%lao&réxﬁgcécoel%\h@s%Qg?gg%'at%%%'?sg%rgOggﬁgggstt €p Subsequent to that of
Fig. 3. Specifically, masking nmaterial 46 (Fig. 3) has been renoved, and a
first capacitor electrode 60 has been forned w thin opening 48. Capacitor
el ectrode 60 can c r it r on of
conposi ti ons. %fn pgﬂ‘glrﬁ% %(fggcs'%@ct ﬁ%l%l' ?%(@e C@ﬁgsg qf%%@n ??é’g et al |

met al coppethsailiconathelida. conducti vel y- doped seni conduct or mat erial such as,
for exanple, conductively-doped silicon. The el ectrode is shown forned only
wi t hin opening 48. Such can be acconplished by providing the el ectrode
material to extend over an uppernost surface of material 44 as well as

wi thi n the opéni ng,Tharmepteemelctrient Wpersinng dalicageardiagon atthiemme 1o nove

pl anar i zghlimkhins BshRp&itontd erthééél@mé ﬁom%%mf: at Pmmﬁin&g s%‘ﬂ{ﬂllﬁbﬁrﬂgbf to
renove the conductive material from over i eaving the
conduct i W& eaMiIByiLEN cofpronpRtstihthegpihirag. [0041] Referring next to Fig. 6,
capacitor dielectric 62 is fornmed over first capacitor electrode 60, and a
second capacitor electrode 64 is formed over the capacitor dielectric 62.

Capacitor dielectric 62 can conprise any suitable conposition or
conbi nati on of'conpd§FiMehd ofaRiM hwperet Baredharnepe earponiciackdimingse,

consi st eragsdialbh YoRdtantt aERASH £% 10F | sgfbrleé&@'ih Heok@ee. Silicon nitride,
al um num oxi de, and/or various high-k dielectric naterials. The second

capacitor el ectrode 64 can conprise any suitable conmposition or

B. The method of claim 1 wherein the carboxylic acid is a monocarboxylic
acid.

6. The method of claim 1 wherein the carboxylic acid is a di-carboxylic acid.

7. The method of claim 1 wherein the carboxylic acid comprises at least

three carboxylic acid groups.

8. The method of claim 1 wherein the carboxylic acid is trichloroacetic acid.

9. The method of claim 1 wherein the carboxylic acid is maleic acid.

10.  The method of claim 1 wherein the carboxylic acid is citric acid.
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conbi nati on of conpositions, and in particul ar aspects wll conpri se,

consi st essentially of, or consist of netal, netal conpounds, and/or
conduct i webyeaopeisem conduct or material. The second capaaistaxw/oedeect r ode
64 is capacitively coupled with the first capaci tor el ectrode 60.

Accordi ngly, e cqopstruct i r.odes n 4 together with
dielectric maH;rl alﬁln%?e dlaqgg%ﬁgﬁwe%ﬁq &8’% i a'gﬁ'caﬁcog‘ggaci t or
construction is electrically coupled with source/drain region 28 through
conductive pedestal 40. [0042] A bitline 70 is shown electrically coupl ed
W th source/d in r ruct.i Fig. 6 can be
considered to % FFE%}&% fCéﬁﬁq Vg%%généﬂ? é@g?& vg%prﬁ%l ag%‘%ha[ ed within a
menory array. [0043] The shovvn aspect of the invention is but one of nany
applications for nethodol ogy of the present invention. For instance, the

i ncor poration,of o r

di ssoci ation cgnst gﬁ? ﬂge];tHH?i oqlcgamqqqﬁé}é%éh%nﬁ)&&gﬁs Q%%“uﬂ rigagxdﬁ/%re%lﬁ k!

initial @G@H'p? iisbprepyl @cobplén pragefsindihe agytidnao amcmnghteatlohméamlﬁm%ﬁ bEI g. 2),
as wel | pr alternatively to, utilization of the carboxylic acid during
t he cl eam ﬁg step. Also, although the shown opening extends entirely

t hrough one or nore oxidecontaining conpositions to a conductive node, it
is to be understood that the invention encorrpasses aspects in which an
opening is fogfped fge %ttkﬁﬂ%f‘alylrﬁ 1Wérbﬁltf’1é( eltchirng r%{&‘éte%r %REzr?\p ratuye

oxi de- cont ai ni ng composi ti ons. he 1 nvention cl al rreé TR e

of etchl?fdr%abwtdbgt@éhw’fl@l(ﬁg exp05| ng the oxide to a mxture whi ch

i ncl udes an al cohol, fluoride ions, and one or nore equilibrium conponents
of a carboxylic acid having a disassociation constant of at least 1 x 10 4.

2. The nethod of cI aim 1l wherein the oxide consists of silicon dioxide or
doped si | i con’ei oxi' 8@ Methodmi slafa i ngeprain toe aiching iswidsriedat edemperature

concent r gt aBbutldd€ 19 BBoRI75PO; gtk ltfhwlérdeﬁ‘@rﬂﬁ&e% abfgoacid is from
about 1rpr)1art per mllion to a solubility limt of

16. The method of claim 1 wherein the mixture is a solution comprising:
the alcohol as isopropyl alcohol present to a concentration of about 98%,
by weight;
water;
the fluoride ions;
cations; and

the equilibrium components of the acid.
17. The method of claim 16 wherein the cations consist essentially of NH,.

18. A method for reducing roughness induced on a silicon-dioxide-containing
surface during removal of silicon-dioxide-containing debris with a cleaning solution,
comprising incorporation within the cleaning solution of one or more equilibrium

components of a carboxylic acid having a disassociation constant of at least 1 x 10

11



the equilibriumconponents in the mxture. 4. The nethod of claim1 wherein
nore than one carboxylic acid having a disassociation constant of at | east
1 x 10" 4wo=o@wresemt in the m xture. 5. The nethod of clpairrosiooshesses n t he
carboxylic acid is a nonocarboxylic acid. 6. The nethod of claim1l mherein
t he carboxyli ¢,aci d id. .7 The method of cl

wherein the ci? box;i/ipciaEnegt%qddof@ga}%ﬂ?&%e?gﬁ?‘nog%@ar}?ﬂ, RS ?Wihév'a%iad
groups. @&sasEoeiatien houbtadft of bialbastl xwhest isiimcorireatedrimtoxyd tleasing goliiton.
trichloroacetic acid. 9. The nethod of claim1 wherein the carboxylic acid
is maleic acid. 10. The nmethod of claim 1 wherein the carboxylic acid is
citric acid.11. The nethod of claim1l wherein the al cohol is an alkyl

al cohol . 12. dhe néhbowtiodd oflckimmiB witeeeieitive ¢cdrboxallic abidlis & sndreogbopylic

al cohol . % The met hod of claim 1l wherein the m xture is a solution, and
wherei n The al cohol is i sopropyl alcohol is present in the solution to a
concentration of about 98% by weight. 14. The nethod of claim 1 wherein
the etching is conducted at a tenperature of from about 00C to about 75C.

of " 1rom about 2boc 180 ERue FebEranitRrdh Tl RieeSuF AHATh Balbodib i 1o ©

about 20agiflnutes. 16. The nmethod of claim 1l wherein the mixture is a
sol ution conprising: the alcohol as isopropyl alcohol present to a
concentration of about 98% by weight; water; the fluoride ions; cations;

and the equilibriumconponents of the acid.
22. The method of claim 18 wherein the carboxylic acid comprises at least

three carboxylic acid groups.

23.  The method of claim 18 wherein the carboxylic acid is trichloroacetic
acid.

24. The method of claim 18 wherein the carboxylic acid is maleic acid.
25. The method of claim 18 wherein the carboxylic acid is citric acid.

26. The method of claim 18 wherein a total concentration of the one or more
equilibrium components of the carboxylic acid within the cleaning solution is from about
1 part per miilion to a solubility limit of the equilibrium components in the cleaning
solution.

27. The method of claim 26 wherein the cleaning solution also includes:
isopropyl alcohol present to a concentration of about 98%, by weight;
fluoride ions; and

ammonium ions.
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17. The method of claim 16 wherein the cations consist essentially of NH4.
18. A nethod for reducing roughness induced on a silicon-dioxide-containing
surface dwoizngy/mnewpval of silicon-di oxi de-containing delpciraseosliase! eani ng
sol ution, conprising incorporation wthin the cleaning solution of one or

nmore equilibri,ymc f acid.having a di sassoci ation
const ant of a gl eagtn%%“g&@ %r p%%gﬁ”prémﬁﬁloﬁoﬁo%?”sa%l m 18 wherein nore than
one carboxylic aci @rdelmglg samitiopdsaacsuatirain having taardxidef suppoliedtherebnx 10 4

is i ted int 0, T th f 18

wher o he. car boxy e fedSR Bhg SpaihdbibBl eufeRas ABAEE FhaSoriiog o

cl ai m 18 owbeyibe etdhing Iea\nmg)ez{gtbnsamﬁm ’dhelczpeamg] arhr boxylic acid. 22. The

net hod of claim 18 Wﬂ.’ﬁf co ris st.three
carboxylic acid groups. ge% 8%8%%@ﬁ§y TCO%\%QP?H 18 %8&é}rﬂlct%@?é’moxyl iC
acid is trdisssboriamoetonstaatoicht 4t 1 X1 matihg dieahing loaanead soherddithe t he

car boxyl | C i d. 25. The nethod of claim 18 wherein the
car boxyl i %b%cﬂr(%n:\@hclm 80 eﬁﬁé'd. 26. The nmethod of claim 18 wherein a total

concentration of the one or nore equilibriumconponents of the carboxylic
acid within the cleaning solution is fromabout 1 part per mllion to a

solubi LTty 1185t Ofrnb hieaivhs dA A0 AA0RNERLSE EBLNE FLAAN AggoLML ] on

27. The et hod of c aim wher el n the Cleanin I°OR &l s0 ) el udes

i sopr opydopgctglnsin dipédsent to a concentration of about 98% by weight;
fluoride ions; and amoni umions. 28. A sem conductor processing nethod,
conprising: providing a sem conductor substrate having a n oxide supported
t hereon; etching at |east one opening which extends at |east partially

t hrough the o%Pde, Thﬁ@%'ﬂ%@fr@a'me%wmjemm%hw ome earbpylio peidinaging and

disassociation constant of at least 1 x 10 is utilized during the cleaning.

31. The method of claim 28 wherein the carboxylic acid is a monocarboxylic

acid.

32. The method of claim 28 wherein the carboxylic acid is a di-carboxylic

acid.

33. The method of claim 28 wherein the carboxylic acid comprises at least
three carboxylic acid groups.

34. The method of claim 28 wherein the carboxylic acid is trichloroacetic

acid.
35.  The method of claim 28 wherein the carboxylic acid is maleic acid.

36. The method of claim 28 wherein the carboxylic acid is citric acid.
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utilizing one or nore equilibriumconponents of a carboxylic acid having a
di sassoci ation constant of at least 1 x 10"4 during cleaning of at | east
sonme of twe d@bnixifromwi thin the opening. 29. The net ira/uskoocloadcsn 2 8
wherein the oxide consists of silicon dioxide o r doped silicon dioxide.

30. The net hod-of [ ' . |ic. aci.d having a
di sassoci at i o%%ong—bgrﬁg tﬁ?ﬁgﬁlmﬁéﬁ% %&ﬁfb@%&ﬁb@%ﬁ;{cﬁ%ﬁ;g@e i ]‘W' 'Y Re

cl eani ngmigure duFing tireclbatingifancl wiarein egotahesreientratins ofdhdomrgbimorcid is a
nmonocar bxyki & i qf.. clal: . reln t ar boxylic
acid is %ﬁﬁl:hb@'g? E%'ﬁf}?rl;}%ﬂsa%}iqﬁ.e @5@)@9{4}9&0@ 'ﬁ{c')rtqthc%;frﬁg( aﬂﬁeﬂﬁ a\%ﬁuetr e aﬁ-ﬂg e
car boxy! invllier il edviplity §es chthd eqdlibritir eenponaatsrib theoxikyyel i i cc aaccii dd
ggrroouuppss. 34. The nmethod of claim2 8 wherein the carboxylic acid is
trichloroacetic acid. 35. The nmethod of claim2 8 wherein the carboxylic
acid is maleic acid. 36. The nethod of claim2 8 wherein the carboxylic
acid is citri &8aci dhgmetprboimiainody whereinghenmgusshinelades amalkygaldoorlyii ¢ aci d
is present within a m xture during the cleaning; and wherein a total
concentration of the one or nore equilibrium conponents of the carboxyiic
acid within the mxture is fromabout 1 part per mllion to a solubility
limit of the &fuil iThRIMAMbAPIRENISWhereintibe aicgbelrieisop®pymiechekt hod of claim
37 wherein the mxture includes an al kyl al cohol. 39. The nethod of claim
38 wherein the al cohol is isopropyl alcohol. 40. The nmethod of claim 39
wherein the mxture is a solution, and wherein the isopropyl alcohol is

present in thd%sol APPSR of JRALIhVRaEINGRe BTXHISIs 8 SoBTiPNANddhesein. 4 1.

The met hek i@bprep@iaboBdl i¥BRIsBhINtRE sBIdtb & dohcentfelioH ldf @Ro GBI ibsi NY:
i sopr opylwe?éh(t:oho present to a concentration of about 98% by weight;

41. The method of claim 37 wherein the mixture is a solution comprising:
isopropy! alcohol present to a concentration of about 98%, by weight;
water;
fluoride ions; and

cations.

42.  The method of claim 41 wherein the cations consist essentially of NH,.
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water; fluoride ions; and cations. 42. The method of claim4 1 wherein the
cations consist essentially of NH4.43. A nethod of form ng a capacitor
const r uctworpogresidi ng a sem conduct or constructi on thaCTiuseéodoemsa
conductive node and an oxi de over the node, the oxide consisting

essentially of,siljconydi 8ﬂ0ﬂﬁln8r &gg& r%bnlyétﬁjgﬁorg' oxi de; etching an opening

through the oxi'de to expose Ive no 't he etching | eaving debris
wi t hin the openi ngprouldlriglaswgloon@mr copsteuciou iait mClquiﬁB@mwpdméwe $00¢ a

b I i i [Wele I 4
Gur i ng. cPALET pHegBYee Rods, 98 BREL BLAFEG RS Al O ifoncRta & dbodd 1o,
after thelhmnethcmdg; formng a first capacitor electrode wthin the openi ng;

form ng capaci tor gfcﬁllng ; O:dp;éln G“[Flroggﬁtl‘ré Jxaehtga&g&éﬂ c%hgﬁétl(/g que and

form ng a second capac tro over e capacitor dielectri'’c and
capaci t i eehipgdenvinigettbni withtrhibe fopesitg;capaci t or el ectrode 44. The nethod of

cl ai m 43 wher el n ¢ U RANARI kol BlLAGAIA CoRPEl SREBSARRARE LOM 1BLBG! T 00

extend within the opéenrn nor et han one
car boxyl ad!&a%@ra’mav|cngstantobfsaa§aet:1 atl Dodutgnaeaming of atdeadteame olthe 10 4 is

utilized 46. The nethod of claim43 wherein the
car boxyl Id%%{‘!:;g&gn %nﬁg%regﬁ@%ﬂ; oxyI ic acid. 47. The nethod of claim43

wher ei n the car boxghérdheciedning, faring edirorpadior alectiodatgithim e opsnivgd of
claim43 wherein t 1 i.Co acl car boxylic
. ?mﬁ@t«%g%&gr%ﬁ?%%t Q\%’Fw]er gfcr?%ta c?r%?écbrbﬁé & )

acid groups. 49. T Re Carboxylic acid is
trichloroacetic forming a second capacitor electrode over the capacitor dieleotnc and

capacitively coupled with the first capacitor electrode.

44, The method of claim 43 wherein the capacitor dielectric and second

capacitor electrode extend within the opening.

45, The method of claim 43 wherein more than one carboxylic acid having a

disassociation constant of at least 1 x 10 is utilized during the cleaning.

46.  The method of claim 43 wherein the carboxylic acid is a monocarboxylic

acid.

47. The method of claim 43 wherein the carboxylic acid is a di-carboxylic

acid.

48.  The method of claim 43 wherein the carboxylic acid comprises at least

three carboxylic acid groups.

49, The method of claim 43 wherein the carboxylic acid is trichloroacetic
acid.
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aci d. 50. The nethod of claim43 wherein the carboxylic acid is maleic acid.
5 1. The nethod of claim43 wherein the carboxylic acid is citric acid. 52.
The net howloahoeci2adem 43 wherein the carboxylic acid i s pPesamskoosiordssn a

m xture during the cleaning; and wherein a total concentration of the one

or mor e equi | Ebr | UTHIRRNPS o ad DBrSARORIbLS BSLA HiAD b, T Xt ure s

fromabout 1 part per e equrlibrium
conponents in the m xt ure. 53. The nethod of claim52 wherein the m xture
i ncl udes an al kyI al cohol . 54. The nethod of claim53 wherein the al cohol

S 1 SOPropyl 84 coNghe nihod BEATRE R AlinehaLMB4hEAL Buidigar Xt ure [s

sol ution, and wherein e 1 sopropy I's present in the solutionto a
concentration of about 98% by weight. 56. The nethod of claim52 wherein
the mxture is a solution conprising, in addition to the equilibrium

components of gphe %é%ethé@@fr é?é%'4&%&&9&%’5%6%“0%‘8@%‘ﬁ%%ﬁmnﬂﬁﬁ pon of

about 98% by weight; fluoride 1ons; and amni um i ons.
mixture during the cleaning; and wherein a total concentration of the one or more

equilibrium components of the carboxylic acid within the mixture is from about 1 part per

million to a solubility limit of the equilibrium components in the mixture.
53. The method of claim 52 wherein the mixture includes an alkyl alcohol.
54. The method of claim 53 wherein the alcohol is isopropy! alcohol.

B5. The method of claim 54 wherein the mixture is a solution, and wherein
the isopropyl alcohol is present in the solution to a concentration of about 98%, by

* weight.

56. The method of claim 52 wherein the mixture is a solution comprising, in
addition to the equilibrium components of the acid:
isopropyl alcohol present to a concentration of about 98%, by weight;
fluoride ions; and

ammonium ions.
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