; e3ePdAMk<=\ >( >V@ATdAS5; ¢ NOVEL COVPOS8I TI:ON FOR SELECTI VE ETCHI NG OF OXI DES
OVER METALS Field of the Invention 5 1 6 APR 2003 The present invent QPR 2003
‘relates to a conposition for use in nicroelectronics applications. Mre
particularly, the present invention relates to a conposition for

sel ectively etching oxides remaining after plasma etching and/ or chem cal
mechani cal polishing (CMP) of a netal substrate having |low dielectric
constant 10 (lowk) interlayers. Background of the Invention 15 As the

di rensi on of the phNQVEL IG@YIREISITI e FOR SEORCAIVREMCHINNG | nues to shrink
bel ow 0.18 m crons, greater r | i t hographi c equi pnent
and materials. To neet this gﬁiﬁ?ﬂﬁ&g&ﬁ%%@ﬁﬁ\ggnduct or industry is
turning to copper and low dielectric constant (lowk) naterials to

manuf act ure chi ps er. is knowmn to provide as nuch as a 40% decrease in
resi st ance. %bﬁl‘gﬁvgfc?g%ﬂgﬁn 20 using lowk materials there is a decrease in
capaci tange, which is critical to inproving integrated circuit performance,
especially for higher density nmenory chips. More and nore, the netal
substrate and i nt EF:RIFEMBYTHRR [SEr° ?rﬁ?rgﬁ‘qsﬁ‘log fog8e OHBIRFRE ¥ Sm al uni num

based al | oys agidatink.] BRI Hirt@Xiaee, thepeappRkeri®h allaténd alh@psewnl fow K
dielectrics. zs Lowk materials can he divided into two categories. The

first categof§eaikgy GlbEe PHEFYARFRINEGEKP aesiShineand/gesherdcahy dr ogen

si | sesqui oxapR KR polif MO B n¥dtd] s@RBad hassy bFIRlecu® coalthgr non- car bon
containing silicon based materials. The second category is conprised of

organi ¢ ®w Kovep 81sryers- such as 30 bi shenzocycl obut ene (BCB) avail abl e
from Dow Chem cal and pol y(aryl ene ether) sold under the tradenanmes FLARE
fromA lied Signal, and SILK from Dow Chem cal . 1 6 APR 2003 To utilize
copper and t Bachgsound efgbehivapdon new nanuf acturi ng met hods are enpl oyed. One
nmet hod i s the Damascene nethod, which follows several basic steps. First,
au insulator is deposited. Next, a photoresist pattern with the reverse

i mage of the netal is added. This is followed by etching a trough in the
oxi dehat 12 5 depths m$_ﬁmen§ien ?ht;ﬁf gmﬁdgrtﬁcggrapﬁthi_aaérlhioﬁKmﬁseﬁ_corﬁilnh&slner and copper
are then deposij : isis follo chem c rechani cal . pl anari zati on
to renove th%r”@iigg’gg’ Oc'c?ﬂb’é?".”s’/%ﬁeaéeémg%rﬁ? déﬂreélﬁ%b‘?‘?rhlﬁ?géa et i ng process
is the removald eiedBsiTuss: # fHalsct hee waf@hdsw:fakery ©haaRkRg conposi tions
for cleaning silicon or, al um num wafer surfaces are well known in the art,

However) confRPestans iy tiglepiris cansint @uy-riBaiEirls o marufag@rachérsc RoRRF  oxi de

resi dues fromaoREicroRbathahes b et eqbdsdimssibiae KMordoREd aU&l s, are not
readily avail able. The industry's nove to copper and | owk materials has

creat ed & neednglow-ismetprias Geiepdaiacrears ip Kaacitance pdishs eriicpltof or mul ated 15 to

renove resi dh'x?p?toJiﬁ@iﬂle@ra@%@rkuiﬁ%@ﬁﬁﬁ\ﬁc@,,esﬂwec@lly ERRRBEL denbit sk oflamagi ng the
lowk interlayers.” Summary of the Invention 20 The presént invention is
directed to @iRsodfssrtd Barer G M aweraetyd ivecdrlsg oy aendtediidiies r emai ni ng

after plasnecighgiih REmanGiifim chRAL LA aREaRaRni €lideROkpph M&al huew a et al
substrate such as copper that has lowk interlayers. The conposition

cont ai ns wat W lomglddisieetriesmoni um sal t, carboxylic acid, a fluorine
25

Low-k materials can be divided into two categories. The first category
includes inorganic low-k materials such as hydrogen silsesquioxane (HSQ),
fluorinated silicon glass (FSG). or other non-carbon containing silicon based
materials. The second category is comprised of organic low-k materials, such as

30 bisbenzocyclobutene (BCB) available from Dow Chemical and poly(arylene ether)
sold under the tradenames FLARE from Allied Signal, and SiLK from Dow

Chemical.
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25 cont aini ng- conpound, and optionally, a base. The pH of the conposition
is about 2 to 6. Detailed Description of the Invention 30 The present§ APR 2003
invention is a conposition that has utility for selectively etching the

oxi de residue that remains after plasma etching and/ or chem cal mechani cal
polishing of a netal substrate that contains |lowk interlayers. The netal
substrate nmay be, for exanple, copper, alum num tantalum or tungsten. 2

1 6 APR 2003 The present invention renoves the residue w thout damaging the
net al substrates'ﬁnmu&hemkmmmknhmbaﬂ{aw@nsamGMMahmédumhghmmmdﬁmzsubstrate

In the present ,invention, the c oSiti | 0 sed of wat.er,

hydr oxyl anmoRI IR gaﬁn)e “beﬁqogdiw CREE TN mgﬁ?ﬁ’é‘ﬁ"fcl?lﬁ%l:lqwge%%ﬂtbﬁ?‘ﬁl ng corrpound
| n addi ti on, stepsh@re:, mpiyisbigor ia dbpodied. NEheaph@sneﬂtt paisg Rl thale lezteudes a wat er
Zﬁ'st’b'e?cﬂy?é@?%ﬁ B o6 eLry e iag £R0EE Tk Ju Sk phtmont am
sul fat e {HASJepttadRaleh HiR kv mdﬂal(ﬂMLSI&@!:sVlAnm'leEE}ﬁld@9§e§r'aﬁtttﬁ$h de?&hséue fornmed on
a silicon digxide/titaniumnjtride/al um num copper substr due to its

acidity and PHySifelavedhesrenicalgpspared e@nﬂr%tﬁoné&aerﬁﬂ@themsms a maj or
conponent i nedyh&ROSTRI P 5002, a product commercially available from Arch
Chem cals, Inc, which is useful in renmoving post-etch residues remaining 15
after via and alum num|ine etching. The hydroxyl ammoni um salt may be, for
exanpl e, hydr oxyl amdidngith tiRtBanuBYAHOX Yot IR MBI 41 o teSidues
hydroxylannnnlun1phosphate hydr oxyl ammoni um chl ori de, hydroxyl ammoni um
oxal at e, !thy d¥ @R {llearatertutisec iGe2ate COWWF‘W?@&W?&%W%@ aluminust i xt ur es
thereof . The, ptefeniedrd WAl StWh AR UMSRY L, dof M@Jngwalt AIMBOL Y sul fate.
20 The conposition of the present invention includes about 0.01 wt. %t o
5.0 wt. % ofinagelpsivelyejdningrarideuspidigs fromprediad slisirgic dBbeantadnsgswit . % to 1.0
w. % and
hydr oxyl anngﬁg%hla Ese%r% ?Eﬂe?{%@bﬂgﬁ%@e l@%i@bﬁ%’%ﬁ% %"tco A é%j%r%}g}tv kbe i ncluded in
the conposi tihapriaf hasiseeasr @gerd for snebprcpopositiphehat Brsbexdjdally favibdtder ves as a
corrosi o i A I, ng hydroxyl
gr oups, l(r:Banrtg ?"‘“E:‘?.r%slﬁ%g HBﬁ. ab[ﬁia]%g%%ﬁmc%?r gfﬂglﬁvlto ok B%}ﬁ?o l?ﬁﬁtﬂ% ?O(‘:’J(;!( and
their aIonéanhennarboxyllc aci ds have a 30 chelating effect on those
metal s. Suitable carboxylic acids include nonocarboxylic and pol ycarboxylic
acids. For exanple, the carboxylic acid may be, but is not limted to,
formc acid, acetic acid, propionic acid, valeric acid, isovaleric acid,
oxal i ¢ aci d,, mal oni G (AC uccinic acid, glutaric acid. malefic aci d,
fumaric aC|&;"qu”% Akﬁ 5@%3 phthalic acid, 1,2, 3-benzenetricarboxylic
acid, glapcolic acid, lactic acid, citric aC|d salicylic acid, tartaric
acid, gluconic a tu r.e re [r.e boxyllc acid is
citric acid. S Tﬁlengwg%VF mné o nguﬁ%ﬂﬁnﬁﬁg% ﬁ“sg%ﬁveye 2R anmount about
0.01 w. to dSida rWidue%enEﬁr&iﬁ@If&bblyisraebﬂtlrting)alﬂﬁ)r‘vt\!liemx%l'mactihn&aMIt % and nost
preferably ab % of .carboxylic acid is added. The
present |nvéﬁfg ﬁ@ﬁUim%@P%ﬁ%MﬁF%W%ﬁbQP%?ﬂgﬁﬁﬁ$3¥k§3pﬁgF@‘?ﬁ%orinelO
fc:ant ai ni ng enpedifich ddnainsRyer 1§ dxgRMAIG RN daanaﬂnaﬁj/l(bhac-Eh@fﬂuorme |
uorine-containing conpound acts as a selectjve etchant for oxides agai nst
net al s. zéor‘@WﬁWﬁﬁéP”FPHH%FWH%@BW?QI%?%@'bﬁﬁ%kﬂﬁﬂ%“mHﬁF¥P%HFQWFy f1uori de
salts like lmdwogen fluoride (HF) are known to selectively attack silicon
di oxi de agai nst silicon due to cleavage of Si-OSi bonding. It is also
known that sone fluorine containing conpounds can 1 S cleave Cu-O Cu
bondi ng so qhg&hguﬁﬁcﬁ@mnpﬁwﬁghﬁ@ﬁﬁMﬁIy et ched agai nst copper. Exanples of
sui tabl e fluorine-containing conpounds are, hydrogen fluoride, anmmoni um
fluoride, hydrogen fluoride pyridine salt, hydrogen fluoride imdazol e
salt, teframet hyh@mwnvmvémgng H&m Jio%s@ﬁ\hmkaﬁmpmruare&lvegrl de, hydrogen
fluoride pol yvi nyl pyridine salt, rogen fluoride PonV|n | i m dazol e salt,
20 hydr ogen efdhigrtheiexigrolesidrd twnamlﬁés aftgr plasrap ctehing apd@s chagugadbof . Hydr ogen
fluoride is fhg,pr 8&8&%{?@ offwgfall ABsCRADMA ddhiafhs HUTR QMG My Lhepcomposi ti on
i ncl udes about 0. 0 . %of a ffuorlnecontalnlng conmpound.
Preferably abaituigtoesnaytbe, %G@H@@Ocmﬁer Shmimoh, pistunR Br pingsier abl y about
0.0 wt. %to 0.5 wt. %of the conposition is a fluorine containing
conmpound. Optionally, the conposition2may include a base. The base is used
to adjust the pH of the conposition, which nust be about 2 to 6.
Preferably, the pH of the 30 conposition is about 3.0 to 4.5. It is
critical that the pH of the cleaning conposition be acidic. This enables
the conposition to selectively etch nmetal oxides such as any oxi de of
copper or m xtures thereof (CuOx) against silicon dioxide as well as netals
I|ke copper. and aIun1nun1 S|I|con d|0X|de readlly 4 1 6 APR 2D03



30 % hydr oxyl anmoni um sul fate, about 0.1 wt. %to 1.0 wt. %citric acid,
about 0.01 wt. %to 0.5 w. % hydrogen fluoride, and has a pH of ab\OBJtAPRO’QIBB
" to 4.5. Morever the conposition has a nolar ratio of citric acid to
hydrogen fluoride of about 1 to 5. 5 1 6 A PR 2003 The present invention
al so includes a nethod for renmoving the residue on a netal substrate, such
as copper, alumnum tantalum or tungsten having lowk interl ayers
conprising the step of applying a conposition conprising (a) water, (b) 5
hydr oxyl amohieynessad ityenficr) recevixaky tesiduawitiohut damchg(ig)thaméthimbitraescont ai ni ng

conmpound to t metal. substrate. The comnposition may be applied, for
exanpl e, by q“ﬁﬁ%erlgi'vﬂbmgefla%eﬁ%%??%dt‘ﬂg’%@gﬁ@ﬁrﬁ‘on onto the metal substrate

with or w thout sonication. The conposition may al so include a base and/or
a water-mscible organic solvent. It is also preferred that the conposition
have a pH of abodf ¥ AGeR IRl s camppiitonds Pmrrised FfivadHoul d be about 3.0
to 4.5. Fo ifylikyTatin@ni}e sddf €880y lid RNERRd @ Auorid@oh@inlRWoRgoeampl e 1S
provided. It should be ungerst od that the present invention is not limted
to the exanpgiti@B<thaspmgy desely LE 1 A cEeaner solution of the present
invention was prepared as follows: (1) 70 g of deionized water (D H20) was
pl aced in a beaker; (2) 0.20 g .of hydroxylamoni um sul fate (HAS) was

conpl et el y di ssol \WBATSSF! DTYeRts Igdidshp Y@HT SRites hydsexvieaupaiempdi dt ur e usi ng
agi tation fr@mrgnBgnedrbdicdcld th@reméay pOst-3Rh Gesffie CHYdrbLyl@B6IGHA) Was

di ssolved in the above sol ution; (42 0.21 g of hydrofluoric acid (HF) was
added t 00t hesakihewd as bydrexdammprinmayifatation; arosifedtye nedissabyinerils anmoni um
hydroxi de ( TMADic2QUeUS SRl ditd Sitonas RAIRRIHOni R /ARANEL 044t 1 On to adj ust
the pHto 3.37; (6) Deionized water was added to bring the total weight of
t he sol uti orsubraodueyo itgecitipeandesitieal/aepntitad arveprtisol figr pxampdG Mt d Red 0.2 wt .
% of HAS, O. 0 % f b 16
APR 2003 An ajé?%r Ctoespt(:3 B(\3/\r/:aq;§1 %@?‘gﬂg{@g@g?‘n@gﬁ@é’%@?ﬁ aerrl al%ﬁ/g%a}b%o%?rae-deposi ted
waf ers, whi ghrchvehenishisdnnedhifl srasafalfio reveqving peet-ciciGasidups samair@ag i f orni a. The

waf er spaci bincalih OB el SrARe kRhlWEHSREELL 16 R sistivity <

0. 02< 0. 25'F I ckness g’o - 0- u gtrate aN2 A TaN

(t ant al um niekpinple) e rsiyagnn{agliem8) (28, B2 yPOMI@ivm Deaki ty esti mat ed based on
Lange' s Han ] St T, at ayas i eces

(appr oxi mat e gl%gylg%ﬂ%éﬁﬁ aﬁé‘%@t&te {%ﬁié&%ﬁaepnzorn\é\%ﬁ gh/a{?}é%e é’@? 'a@es \Argl#rg cl eaned by
soni cati ng iomalacehyoineylaomdiiwm pireeshydrdxgfarbBndmi edafoyorimiswiasg ni trogen gas,
oLl oued by Lot SRyl Qo BT AR Rt Ra R oL
measur e®0by using an anal ytical mcrobal ance, which has a 5-decimal scale

bel ow zero point . in gramscale. 20 Several .pieces 0 t.y ers cl eaned
by the procedureTh%5%?1?(13}5\1(5?,rl Ottglf:ﬁleé?n§werétf?8 l‘%&&?a “E%BE}%KEE?% a plastic
di ppi ng basket %hdvihngdrornylaemouismsail Prefeed biysabamd). @h wpe&doilrt wt. ¢ end

above- prepared sol utio ] Re. basket atf roomitenperature with mld
agitation f Skt %ret?ﬁaé’ er.{)lo\é\h}s[]i’vg /g}"_ &%Vgr/f/oéﬁ %‘@é‘”ﬂ}(&g’%&l&‘&h”gd? of the cleaner

sol ution eveidyudkd m nutes for a period up to 60 mnutes, followed by 25 a
dei oni z water rinse for 5 mnutes using a continuous flow of water. Then,
the waf érs were conpletely dried, by blowng dry nitrogen gas and putting
themin an oven atcat¥¥N@id @td hikst bt Bdtuasd infecddmpadiesn sfake presewei ghed after

treatnment, after cogling. 30 The etching rates, of nd CuOx filns were
cal cul ated PYeNdPhg herraropoylicofid e VAT 4t 8H§IOYEPE‘ﬁ‘t‘F§aOEééEb°(‘W-W1 AXDxT 7

especially those containing hydroxyl groups, can effectively inhibit metal
corrosion of aluminum, copper, and their alloys. The carboxylic acids have a

30  chelating effect on those metals. Suitable carboxylic acids include monocarboxylic
and polycarboxylic acids. For example, the carboxylic acid may be, but is not
limited to, formic acid, acetic acid, propionic acid, valeric acid, isovaleric acid,

oxalic acid, malonic acid. succinic acid, glutaric acid. maleic acid, fumaric acid,

-
J



1 6 APR 2003 Were W and Wa are the wafer weights in grans before and
after treatnent, respectively, and Ais the surface area iii cn2 DT@A@R‘ZU{]}
" estimted denS|ty of Cu or Culx in g/cnB, and T is the tinme of the

treatnment in the cleaner in mnutes. The obtained etching rates are in
cm mn, which can be changed to A/Amin by multiplying by 108 Additi onal
exanpl es are provided in Table I, Wnere etching rate results are shown for

different fornulations. Table 1 - anpl eFornu lationEtch (Almn) @RT
Rat epHHAS wirh4DAlispp IR 2nt- tmmnempab@sz@g@glwi@ agid, la@ic peig4ciB® atiRly33

40,50 5130 86 UE 4% 9B R ot A TP Ridgtgne” 0T 4 0T

41. 33. 4180. 4arbogylitBeiq iBdirickpid23 3790. 410 11014. 95

72.63. 31100. 20. 1050219. 7277. 3327110210. 11020. 1405. 03. 23120. 210. 5211. 55. 32. 2
3.17130.2 10.1D. 05217.61. 7110. 23.41140. 20 10. 033 39. 70. 8511

43. 36150520. 50. 25Rd dardxyBSEeid is conveniently added in an amount about 0. Ol wt, %

18 65 52100'5090" 45 LKHTATSAF EIS00 51 1458 " o5 HOSPABAHEDH (o ng

concl usi ons Oviewte%cko dvinwt. Posfichibexdataaidps akledit ed i n Tabl e 1: 1 6 APR 2003 (
1) The Cu etching rate increases as the concentration of HAS and HF

i ncreases. (2) The CuOx etching rate, on the other hand, tends to decrease
as the HF concen‘lrhea;bximnt 1hvmmem&esuesﬁhe(;&)sseﬁtba)frae@uﬁrtsélmlgeslebmti vity

ar anet of et.chin he ratio. of the et rat.e of CuOx over
IOCu, appiérsc?'ﬁalﬂlélglcg@g H‘é‘?ﬁ © B¥IRE" IEPI@QW%rTI?:ecfﬁBBE “EONHRBEr anet er s,

such as theceapanihi@bd OslofivdidhanGhr odadd abliinst (#)alsHPOEMQMpId, her e are

several exceptional data poin ow,a ver. ue for the
sel ecti vi tyﬁgeﬂr&nepefnmgecogwe&%fﬁpwaé%w ahlﬁg"“?erFaB%\‘i“Zethiygﬁop?féE”Of anpl es 1 and
2 have SOTTE(}LFF')'dﬂé‘%ﬁx@ft%&l&ftb{/elfy%ﬁﬁdbtl’sﬁﬁzon 818 1e agidt ARdoaldué &idl&w@% CA to HF
t hat equal s one Therefore, it can be Sal(gl that the best fornulation is

based on t h&f Bt bersing It ispise kepvichrisems dlupifg COBARBRCPRPPEIS 682 HE bel ow

0.5 wt. 1% Wasnr dihe-tiFodndRgGoRREOLORALINR stiRGVeFERhe FRRAVE cto&shé point) the Cu
etching rate tends to increase beyond an acceptable |evel is less than

1 A/ nin. ThEXHREeetsuitNefHIigpcpHanipe sAmpREET pdudinetlypadei cul ar ref erence

to the pref %ﬁq%glufrpﬂﬁlde eaeetn ﬂdotndw.lldlpeesanmydwg@n mre@enfaﬁzo@é dinary skill
in the art that 20 changes and nodifications may be made therein wthout

departi ng fFféfrﬁe@fh@e@phammonalﬁdﬂ%'@Qéet@ﬁtlwh@ﬂwle@eﬂ‘%or!dh\)eﬁmg@h as defined by
the follow gor?cie olﬁmygjfyndl%e 161?%3&9%\4%@4;?&% ﬁucﬂa‘za&le Ezﬁt ~1 Conposi tion

for sel ectlve et oxXl| es over a met rising; ]53 water; 5 (b)
| aydr ox¥ anhﬂbmeurﬂugalﬂft palyallglaminesalytor abwutes Gieteofat Hydvegen flgo

the preferred fluorine containing compound.

The composition includes about 0.001 wt. % to 3.0 wt. % of a fluorine-
containing compound. Preferably about 0.005 wt. % to 1.0 wt. %, and most
25  preferably about 0.01 wt. % to 0.5 wt. % of the composition is a fluorine

containing compound.

Optionally, the composition may include a base. The base is used to adjust
the pH of the composition, which must be about 2 to 6. Preferably. the pH of the
30  composition is about 3.0 to 4.5. Tt is critical that the pH of the cleaning
composition be acidic. This enables the composition to selectively etch metal
oxides such as any oxide of copper or mixtures thereof (CuOx) against silicon

dioxide as well as metals like copper and aluminum. Silicon dioxide readily

4
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20

25

30

dissolves in an alkaline pH region, but not where the pH is neutral or acidic. In
contrast, metal oxides such as CuOx dissolve in both acidic and alkaline pH
environments. As such, the pH of the composition of the present invention is set to
or adjusted to about 2 to 4. The pH is adjusted by adding a base. The base can be,
for example, a tetraalkylammonium hydroxide, such as tetramethylammonium
hydroxide (TMAH), tetraethy lammonium hydroxide, or mixtures thereof,
Tetramethylammonium hydroxide is the preferred base to be used in the present

invention.

The present invention may also include a water-miscible organic solvent.
The water-miscible organic solvent enhances the penetration of water into the
photoresist film with other components, particularly the fluorine-containing
compound. This accelerates the silicon dioxide etching to remove the photoresist
film from the low-k layer. In actuality, the low-k film is on the copper layer
directly or indirectly through another layer such as silicon nitride, which is not
etched by the present invention, so that the low-k film is not removed. The water-
miscible organic solvent may be, for example, ethylene glycol (EG). propylene
glycol (PG), dimethylsulfoxide (DMSO), dimethylacetamide (DMA). ethyl lactate
(EL), propylene glycol monoethylether acetate (PGMEA), or mixtures thereof.

The present invention may further include additives. Additives such as
chelating compounds or surface active agents can enhance the effectiveness of the
composition of the present invention in removing particulate and/or metallic
contaminants from the wafer surface. Suitable additives are, for example, nonionic
surfactants, especially chelating group attached polyoxyethylene type surfactant

known as CS-1, which is commercially available from BASF.

In a preferred embodiment of the present invention, the composition for

selective etching of oxides over metals comprises: water, about 0.1 wt. % to 0.5 wt.

% hydroxylammonium sulfate, about 0.1 wt. % to 1.0 wt. % citric acid, about 0.01
wt, % to 0.5 wt. % hydrogen fluoride, and has a pH of about 3.0 to 4.5. Moreover,
the composition has a molar ratio of citric acid to hydrogen fluoride of about 1 to

5.
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The present invention also includes a method for removing the residue on a
metal substrate, such as copper, aluminum, tantalum. or tungsten having low-k
interlayers comprising the step of applying a composition comprising (a) water, (b)
hydroxylammonium salt, (¢) carboxylic acid, and (d) a fluorine containing
compound to the metal substrate. The composition may be applied, for example,
by imumersing or spraying the composition onto the metal substrate with or without
sonication. The composition may also include a base and/or a water-miscible
organic solvent. It is also preferred that the composition have a pH of about 2 to 6.

More preferably, the pH should be about 3.0 to 4.5.

To illustrate the present invention, the following example is provided. It
should be understood that the present invention is not limited to the example

described.

EXAMPLE 1
A cleaner solution of the present invention was prepared as follows:

(1) 70 g of deionized water (DI H,O) was placed in a beaker;

(2) 0.20 g of hydroxylamnmonium sulfate (HAS) was completely dissolved in
the deionized water, at room temperature using agitation from a magnetic
stirrer;

(3) 0.10 g of citric acid (CA) was dissolved in the above solution;

(4) 0.21 g of hydrofluoric acid (HF) was added to the above solution with
agitation;

(5) Tetramethylammonium hydroxide (TMAH) aqueous solution was added to
the above solution to adjust the pH to 3.37,

(6) Deionized water was added to bring the total weight of the solution to 100

=8

The resulting cleaner solution contained 0.2 wt. % of HAS, 0.1 wt. % of
CA, and 0.1 wt. % of HF, at a pH of 3.37.

16 APR 2003



% of said conposition; (e} carboxylic acid selected fromthe group
consisting of formc acid, acetic acid, propionic acid, valeric aci d,6 APR 2003
" isovaleric acid) oxalic acid, malonic acid, succinic acid, glutaric acid,
mal efic acid) fumaric acid, 10 phthalic acid, 1,2,3~benzenetricarboxj~lic
acid, gl)lcolic acid, lactic acid, citric acid, salicylic acid, tartaric
acid, gluconic acid, and m xtures thereof; and (d) a fluorine containing
conmpound. 15 2. The conposition of claiml1, turt.her conpriing a

wat er ~mi sci bl e ordyagitictesioyasicendutted Bsindtvpperaurp osiipet @nidesdeposigiim 1, t ~~herein
sai d conposi {,i . - t The. Ltien of claim
3, wherein Sg%fgﬂb\gﬁg%&eﬁég%ﬁrﬁggﬁgl %/ e%)rgt’glbcc'i%ng@& @ag,f%ggpq@gw ihcel ed. 25

6. The conpowktifionions ferglaafatbots: wherei n sai d hydroxyl ammponium salt is
selected fromth r.eup. consi sting of hydroxyl ammoni um sul f at e,

hydr oxyl ammoni umesﬁlg%rﬂca@é’—?—hydr o%mmni g'lrjnB—)f)hosphat e, hydroxyl ammoni um

chl ori de)s hydr oxyeainiwity um oxal<a0.625 hydr exy&anmoni um ci trat e,

hydr oxyl ammoni um.30,1 actate, an, d .m xture ereof. 10 1 6 APR 2003 7.

The conposition ﬁ“%‘f’%ﬁs , \Ahesrogijgbsai d’ é%%oxyl ic acid is about 0.1 wt. %
to 1.0 wt % of sabdragonpositi @) ABTaNCanzH £daNStaBalukhérkienposi tion of
claim |, wherein said flyorine containi nﬁ%*coyrppund is about 0.01 wt. %to
0.5 wt. %of saic e&?ﬁ)‘f’?ﬁ@é’:ﬂ?on: B The cbHPosition of claim 1, wherein said
fluorine containing conpound is 10 selected fromthe group consisting of
hydr ogen fl uori dgk, anmoni um f | uori de) hydrogen Fl uoride pyridine salt,

hydr ogen'% | uor i dé Pemiéassgmated dpsed op éﬁ?gﬁﬁéiarﬁ‘gb%%ﬂ’ﬁfﬁis"ﬂ uori de)

t et raet hyl arnnmoni um fl uori de, hydrogen fluoride pol yvinyl pyridine salt,
hydrogen fluoride polyvinylimdazole salt, hydrogen fluoride polyallylam ne
salt, and m xtures thereof. 15 1 |, The conposition of claim1, wherein

sai d base is sel I : FSEA tr i ni um
ycrox; do. t et race by SEnonr i hadr A e Rbo Ry e E ARl ok BT
conposi t i on prarredetadgtsinfecce vetsiclegneadfbyonichding dv anetoae fretaninstah stenat e

i sirRg: A s (AT~ %0,4.0.0, 5 0 I i
cul Fat o 00y EBY oY Slng ikl Tod Rbbrelr eifher i Purtoubl e YRR SECOE T
0.01 wt. % tl§ nOinsestvAfteryauhlydhogehrsfterrolie. Thdtotal eigboefplosél¢aned of clai m
12, wherein ﬁa?érgwg%We%gﬁrE%ﬁ)gtﬁ%?gﬁan%nﬂ 1&‘ %@%‘iang’e th%% hﬂs ? 5-d§8m%14' . The

conposition of claim sal co%om tion has a nolar ratio of
citric aci d stale bgtowagrempoink inggrairdecatef about 1 to 5. 11

20 Several pieces of cut up wafers cleaned by the procedure described, both of
Cu and CuOx, were placed in a plastic dipping basket having numerous small
holes and dipped into the above-prepared solution with the basket at room
temperature with mild agitation from a magnetic stirrer. Every piece was taken out
of the cleaner solution every 10 minutes for a period up to 60 minutes, followed by

25  adeionized water rinse for 5 minutes using a continuous flow of water. Then, the
wafers were completely dried, by blowing dry nitrogen gas and putting them in an
oven at 100°C for 10 minutes. Each wafer was re-weighed after treatment. after

cooling.

30 The etching rates of Cu and CuOx films were calculated by using the
following equation:

Etch Rate= (Wy=W,)/AxD«T



1 6 APR.2D03 15. A nmethod for renoving the residue on a netal substrate
having lowk interlayers, conprising the step of; applying a conpogift ARM2003
conprising (a) water, (b) hydroxylamoniumsalt in an anmount about 0.1 wt,
%to 0.5 w. %of said conposition, (c) carboxylic 5 acid selected fromthe
group consisting of formc acid, acetic acid, propionic acid, valeric acid,
isovaleric acid, oxalic acid, malonic acid, succinic acid, glutaric acid,
mal efic acid, fumaric acid, phthalic acid, 1,2, 3benzenetricarboxylic acid)
glycolic acid, Im{ermggaadw sﬂettma»Gafacvuézlgmssxalgta%slueso@maobﬁele artaric acid,

gl uconi c aC|d) and m xtures thereof, and (d) a fluorine caontaining 10
conpound t o tEHECARIeAPCH IS ERALES the gurfaph arepist 4 gD d¥ akgsimded Sensiipier ei n sai d
conposi ti Onofémohgﬁog EhB 8% RishASEme difthe T&wmsmgcl%neﬁ@ m 15, wherein
said conmposition turt conprises a water 15 mscible organic solvent. |
$. The net hodnwés. cJIhalohﬂam@d etghieg eites asaln dméaplirh faorbeiehancad gH of about 2 to
6. 19. The i wherein the nmetal substrate is a copper
substratg gg&gggugﬁn&kgﬁ%gaéof claim15, wherein said applying step is

per fornmed by |nner5|ng the substrate or Spraying onto the substrate said

conposi tion. It , I : LS a base. 25
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X0, 2iInl {V#(()#*(*6*} xsnid_ Z]cg?ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca! 6***#+0+,,3----- . d.

G R/ //00f 0Q HANC™ Y] ca] cafra] ¢ahiep] cO®Tcd] calca ca]ca]ca]ca]c
a]ca]ca]ca] a Fi]ca]ca]ca]ca]ca]ca]Cd]ﬁgkca]ca]ca]ca]Cd]cal67 888;
T <Gr<<<<L=7F1831>: 2x? Q. @A

AGAVA_A }xsn|%ﬁ5®qééV]%%W@ﬂFEéFEa]@é¥ca]6&]cd?&ﬁf@a]ca]ca ca]ca]calcalc
a] ca] ca] ca] [ca] ca] wed gadwea) cal ca] ca] cq] ca] ca] ca! A
Dn Dy DDD&EG Bi—-HE0aH @S- i3 3-HvKRKIGA NN GL O ugikf ai W Tty ca] ca] ca] ca]
caJ ca]ca] calcallcalc ca CaLﬂcalral(aJral*alral a]ra]rn]nn ] ca] ca] ca] ca]
ca] ca] cal OJO-PPPPPRFRGEE @RS JbJ o] I Vikkkk7 I oL OB upkf 384N ¢a] ca] ca] ca] ca
] ca] ca] ca] caJga cg@]capeaJ]oa]caL&ca]camra cahca]c&%ca]caﬂ@h]ﬁa]ca]ca]ca]ca
]ca] ca]ca]c )?Vlc?ﬂgflﬁﬁ"(§;'fL % Y545 1098 T 0% ()= "()-,10% () -
Y109%&' () -sn & 0%®' () - 1 $TO%R, ZUl%&_9=;M¥M£49J44£@%§§-10%&f()-
6, 10% () - gPKeFT &04 05 | 05 T 306 5.8 5'3 .
10%&' () 010%R €)1/ Q% (9 - @ 26 (p- | 108& )-1)910%:1”\(.) @ 192’ () - aVK@ 10%
10 10 10#<s TOh S E e Oy M 107&— T35S Y09 ()~ g2 v yaBVK@. 10%
@alo% & () - 10]&"()-@;3/2,"()-1‘ 1096 & (-2l 100" & (}.1g" ﬂﬂOA&'() pe
dEVK@ 10% Jy 1004 &0¢) -|° 8¥1098&" () j51 ho2%® (1-1100% &%) - s@b¥k & () - s10% & () -
xsa? VK@ 9 0.4 1 01 14.9 57 2.6 3.31

10 0.2 0.1 05 02 19.7 27 7.3 327

11 02 1 0.1 10 20.1 40 5.0 3.23

12 0.2 1 0.5 2 11.5 5.3 2.2 317

13 0.2 0.1 | 0.05 2 17.6 1.71 10.2 3.41

14 0.2 01 | 003 33 9.7 0.85 114 3.36

15 0.2 0.5 | 0.25 2 17 4 285 6 1 3.37

16 0.2 0.5 | 0.15 33 11.8 13 9.1 3.10

17 0.2 07 0.7 1 16.1 1.8 8.9 315

18 0.2 0.7 | 0.23 3 9.5 1.1 8.6 232

19 0.2 07 | 0.14 5 158 15 105 2,67

20 0.2 1 1 1 25.4 1 254 321

10 The following conclusions were drawn from the data presented in Table 1:
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5 (b) hydroxylammonium salt in an amount about 0.1 wt. % 10 0.5 wt, % of
said composition;

(c) carboxylic acid selected from the group cousisting of formic acid,
acetic acid, propionic acid, valeric acid, isovaleric acid, oxalic acid,
malonic acid, succinic acid, glutaric acid, maleic acid, fumaric acid,

10 phthalic acid, 1,2,3-benzenetricarboxylic acid, glycolic acid, {actic acid,
citric acid, salicylic acid, tartaric acid, gluconic acid, and mixtures
thereof; and

(d)  a fluorine containing compound.

15

N

The composition of claim 1, further comprising a water-miscible organic

solvelt.

3. The composiLtion of claim 1, wherein said composition has a pH of about 2 to
6.
20
4. The compeosition of claim 3, wherein said composition has a pH of about 3.0 o

4.5.

5. Canceled.

6. The compaosition of claim 1, wherein said hydroxylammonium salt is selected
from the group consisting of hydroxylammonium sulfate, hydroxylammonium
nitrate, hydroxylammonium phosphate, hydroxylammonium chlaride,
hydroxylammonium oxalate, hydroxylammonium citrate, hydroxylammonium

30 lactate, and mixtres thereof.

10
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9. The composition of claim 1, wherein said fluorine containing compound is
about 0.01 wt. % to 0.5 wt. % of said composition.
10.  The composition of claim 1, wherein said fluorine containing compound is
10 selected from the group consisting of hydrogen fluoride, ammonium [luoride,
hydrogen fluoride pyridine salt, hydrogen fluoride imidazole salt,
tetramethylammonium {luoride, tetraethylammonium fluoride, hydrogen
{luoride polyvinylpyridine salt, hydrogen fluoride polyvinylimidazole salt,
hydrogen fluoride polyallylamine salt, and mixtures thereof.
15
11, The composition of claim 1, wherein said base is selected from the group
consisting of tetramethylammonium hydroxide, tetraethylammonium
hydroxide, and mixtures thereof.
20 12. A composition for selective etching of oxides over a metal substrate
COMPprising:
(a) water;
(b)  about 0.1 wt. % to 0.5 wt. % hydroxylammonium sulfaie;
(c) about 0.1 wi. % to 1,0 wt. % citric acid; and
25 (d) about 0.01 wt. % to 0.5 wt. % hydrogen flucride.
13.  The composition of claim 12, wherein said composition has a pH of about 3.0
o 4.5,
30 14,  The composition of claim 12, wherein said composition has 4 molar ratio of

citric acid to hydrogen fluoride of about 1 to 5.

11
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miscible organic solvent.

18. The method of claim 15, wherein said composition has a pH of about 2 to 6.

19.  The method of claim 15, wherein the metal substrate is 4 copper substrate.

20
20.  The method of claim 15, wherein said applying step is performed by
immersing the substrate or spraying onto the substrate said composition.
21.  The composition of claim 1, further comprising a base.
25

12



