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LI QUI D CLEANER FOR THE REMOVAL OF POST- ETCH RESI DUES FI ELD OF THE | NVENTI ON
[ 0001] ThwopnesaBmio7i nvention rel ates to conpositions forcrhms2eoeoessad of
post-etch residue, including titani umcontainin er - cont ai ni ng_and/ or

t ungst en- cont ai ni ng post-etch residue, fron1nP@%8€Pe 18 830 & s HR/Y

nmet hods of maki ng and using the sane. DESCRI PTI ON OF THE RELATED ART

[ 0002] I nt er t ci i 0 r f
conduct i ve. R SEEANEREQRSTERIHC Sl O BN ERINBES et eri o
In the past, silicate glass vapor-deposited fromtetraethylorthosilicate
(TECS) was wi dely used as the dielectric material, while alloys of alum num
were used for netallic interconnects. Demand for higher processing speeds
has led to smaller sizing o% liﬁgﬁélﬁgiﬂfiiiggﬁﬁong with the repl acenent

of TEGS and aIun1nun1aIons—£§L-' materials. Al um num

al |l oys have been repl aced by copper or copper alloys due to the higher

conductivity of copper. TECS and fluorinated silicate %Iass (FSG have been
r epl ad8@PIByT henpresant dayansan | islatds e@repwtilw for ribe uamayall efwpputesahi rgpidue,
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further lowers the dielectric constant of the material. [0003]During
dual - damascene processing of integrated circuits, photolithography is used

to image a pattern ontqD ERYPFFONCH R THERGCA TERCLRGPhY techni ques
conprise the steps of cd%%Tng——EXpUSUTe——anJQ%EVErUpnent. A wafer is coated
with a positive or negative photoresist substance and subsequently covered
W th i‘gg k that defines patterns to (ﬁﬁretalned or rendyed i n.subse uent
proced Fol IYFHCRYChEBIE el FORFORUIR LU (fansis ol (adurtiek ™

di r ectgeyit %h%ﬂﬁd?:'d% ﬁ?isﬁ%@ &Elem%%ﬁ‘téﬁﬂmm Qhé ﬁéj.s't asfﬂ!ic‘a{b gl§éé% alsdeposued
ultraviolet (UV) light or deep WV (DW) light (= nm or § , to make

t he efpmls eajraplhdtomthesilsate r\iﬁE@Si) alas rmdelycusedl es shesdiblsrbﬂne mateaals eihdc taédysr phsi ng

sol uti The solu ist materyal i renoved, or eve ed,
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[ 0004] Thereafter, gas-phase plasna etching is used to transfer the atterns

of t hdighey aprbprarngharisriali shlugvmim afoysohavedeemeplacyd hy copResIos coppsr @Hoyay
| |
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Post asna e resi ues are
back- egglaceli- bhyhehe bdrealleBECK) Kk slidlewticy; aacladidg i16wn@lartte momedls rayh nmtoegafnef e
W th subsequent silicidation or contact formtion, PostGSIasna

r esi dPOYMEhi k¥iridy oigapic(iBrreae magliale| eigantsilioiceglst (GRGHhands ﬁb@?lﬂ épeedand
int h%xRie @ﬁ))g@%%S ThEQﬁc Eﬁ)dneo p;_} Ti é\l eﬂiarﬁﬂg@ 5re's Sm‘?ﬁ%%l: %ﬁ’a‘%&mlsefugther as a
cappi ng layer o post etch resi ues I nc
t|tanﬂdwmsdmmﬂBMMngcemﬂmﬁeﬁﬂwwhﬂe@dare difficult to renove u3|ng

conve t cle chem stries. reover, .conventi cl.eani n
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For exanple buffered fluoride and sol vent - based chem stries fail
conpl epaiing, ﬁemee, Tihd dovrleméntg A exifadie soatedhiwid mp@ﬁl@wmamgraeve plmtaxemmg

and a nla de chem stries corr 0 d|t|on tp the
Goei ¢ AMR e REE SRR HF ik SR Aty af SRR paucr e et R8s
addi t iipRabsedBdne pttesset N&F118% B 2ABO PBdPee BodltbhiRG of fiee RASK, R ARSRhed EediddCeSS
such as polyneric residues on the sidewalls of the patterned devi ce,

copperthaahrasighi mbeane of dueochionabie radieoni wck wp whrarest 65 Vi iahdey deep, Uind

t ungs nhai Al S
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dielectric materials, and metal jnterconnect materials. [0006] The

i nt egr deYebePeds” lrrvingreahdnd 4 paitern jdenticad 9 Bgmaski el ectrics, into

m cr oel ectroni c devi ces places new demands on cl eani ng perfornance. At the
same tinme, shrinking device dinensions reduce the tolerance for changes in
critical dinmensions and damage to device elenments. Etching conditions can
be nodified in order to neet the demands of the new materials. Likew se,
post - pl asma etch cl eani ng conpositions nust be nodified Inportantly, the
cl eaner shoul d not danmage the underlying dielectric material or corrode
metallic interconnect materials, e.g., copper, tungsten, cobalt, alum num
ruthenlun1 tltanlun1and nltrldes and S|I|C|des thereof _on t he deV|ce

NN = N - Y b1 oy . o L



WD 2008/ 080097PCT/ US2007/ 088644 Docket No. 020732-471.835 OP PCT (7493)
contai ning resi due, and/or cobalt-containing residue frommcroelectronic
devi ces, Ww@i2dosasnosi ti ons being conmpatible with |LD, rm’CailUSizowmsmmnect
mat er i aI s, and/or capping layers. SUVWARY OF THE | NVENTI ON [ 0008] T

present invention generally relates to cleani RgEopGET Pi*ohE> & %ﬁ?&ﬂs of

maki ng and u5| ng same. One aspect of the invention relates to a conposition
and pr S cIe nin st-p]asma _et.ch res ue from mcroelectro
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[0009] I n one aspect, the present invention relates to an aqueous cl eaning
conpogiigl¢asnc (Ib@dparndé}rng:haﬁop leaers. Bog-plasotratth residueseas typagrdly clepositedl g thgent |

cor rodrnerR IR, fafor bikiy P daici R EE s A R vy SharR o

opti omﬂichdauah olr @@&hetQBﬁ‘nﬁid)hf %tstapltasmaaeﬁh oRliduRp & didaliF 1ﬁ@Ud§&1dﬁilcéileJldrﬂ@1,ts
wherei n sai d agqueous cl eaning conposition is suitable for cleaning materi al

f r om @refrel Qethe stipsistcandeini the PHaWR ggsesailior grareplealf atﬁéfr@éwna%lé el efedal
Conbi At g RARRPE SRR G P AR BiEpia il S T AR Redn B R A

rel at apedies, mlcmqare@luﬁlcﬁlte@mm@vmmg)soﬂvemmnatwn’pcllesmng chémtrizsi INMeieovaci d,
at | east one chel ating agent, and water, wherein the anpunt of water is

| ess tCRAYFIABBRt Cloaing C%mﬁageéopft?ﬁ dampageothy| [Libi abrerbointe fae paispsdi the J&D and
wher ei 0 Sul t e

post - (i heRARg o chABEDoRAURORHORork et AIMC Rl P F0 Mample, e
t her ecbxuffe{eGOﬂlidﬁ sind| Isolaemm{blamd abpestriest fadl |tcmvr@m1:|1c1nlyr edrades Th{ooatamatgjeous

cl eani ng, com i 5| n east one et t one netal
o F o P SRR b B b Ty e s SRR cSupont

opt i ongdgsy at kr?%Hltféﬂetdﬂ%ﬁ@|de§:1fh%|1@trbrﬂgva39§ﬂ"tthtarf?lﬂhlc@ﬁ@iﬂuy &Host-piastha U

| ow- k passivating agent, optionally at |east one surfact ant and optionally
a soureedust adilitional, mateeinksi thats aﬂeddfa?q&lé@u’éUM&ﬁm n‘(}ﬁt@lﬂﬁp@sﬂm orodess sudht abl e
for cle nlnr% mat.eri al I}‘ro(rina1 rgeletro c .devi ce {nlg sai d materlllal

t her eSRY AT 1RFEES A Ml TV {nu ¢ L RS cRP‘“rreCsﬂ“ N2 Fe5YeRa e
post - Gykh rvﬁssudlualresad*fdh@aaﬁwahd @ﬂﬁgstehs:;roﬁ@im{@&lﬁi]ubna@rwidwpefea@mﬁedmoaehe

pr esent invention relates to an agueous cl eani ng conposi t1on, conpri sl ng

f 1 uor d%i date ro sigglg Weit clasing copRosAERNascIcEessiudy RV e akbrof rasiduamatsrial

per (Ul Tl e SO L S R Ao N RSt Tl

wei ghhntefcohﬂmt aarpiabi tion, and wherein said aqueous cleaning conposition is

suita or cleani ng post - pI asma etch resid m a .m croel ect ron| C
devi cgb‘fﬂﬁ{h ng JAF dniFgaranof ngdy %F?ﬂa][soé‘ic %F%YL ‘ﬁelﬁﬁBF%éPtoa%%E? ectiqRie

I nventyeofed ladlERew UeindIVEYSinEl £ El'f&l%aﬁ@érp%t' fh QAmeCRMP! i {RkehAliei&AST
one etchant, at [east one organic solvent, and water, optionally “at |east

one melimbnsomisr edicn thenhilbnbor forophangesalin y:natall diasnsione amét ddmaghefoatienge

agent, tion st one | ow ssivating agent, ti naII at | east
one. s FITReEan e Hnd <spTRoha ey b ol "B S&et M aPThr ol & s s

cl eanipge$IPOREY 158 pdsB pRtthh 8kh @1daRingCbBPBLABN MY & be@hodifi@M Baportantly, the

m cr oel ectroni ¢ device Raw ng said material thereon. The material may

i ncl u@éeap@sihopl%smdaémgn theymd@réymg‘ldmkrcaye maferpbst covpde ewiallie intermennect
conbi naz}tc%r?aﬁ]ss etggeroggér t lg 14] I Bal%tahumm%r%o}’u fgnu?nslpt?t%}uum ana Ak esegrtld s1ﬂ¥i?lgst hon
rel ates 'quéous ¢ ean

thereof, on the device.

[0007] Towards that end, it is an object of the present invention to provide improved
compositions for the effective removal of post-plasma etch residue including, but not limited to,

titanium-containing residue, polymeric sidewall residue, copper-containing via residue, tungsten-



conposition, conprising at |east one etchant source, at |east one organic
sol vent, at |east one chelating agent, at |east one netal corrosion

i nhi bi t orivoanes/oseiser , wherei n sai d aqueous cl eani ng conwdihmhmnmksusuitable
for cleaning post- plasna etch residue froma mcroel ectroni c device havi

said residue thereon. [0015]1n yet another asB%“éE’tN"t(P?Qﬁﬁr“é%fgﬁtapWe(ﬁf%bn
rel ates to an aqueous cleaning conposition, conpr|5|ng fluorosilicic acid,

at | east one org nlc s Iven at | east on | atin ent |.east ope
ot COURBES RO BROGT it RBRETE WRBRuS o Pe TSR TOTC apHEe Sbes
than aBRkbsifienVBeids cPRRE gleosﬂltﬁ f1ep tak @l inWe BRkctRhatd s, GRIBPEI Pl lay@id
wherein said aqueous cl eaning conposition is suitable for cleaning
post-plasna etch residue froma mcroel ectroni c device having said residue
t hereon. [0016] Anot her asEﬁ@&¥gh%iiﬁg;gﬂigﬁggﬁpgghgtes to an aqueous

cl eani ng conposition conp c solvent, at |east one
etchant, at |east one chelating agent, a source of silica, at |east one

corrosion inhibitor and water, wherein the weight percent ratios of the
or ganil800g| venthg)pr%ématmvvl@lqnog@@talﬂamet s foscleghdng compesitgis andgnethpds aat er

rel ati i 0

rel at %%1‘%%&@% gﬁ@%%% s%‘ iI's e:% u:t g%lé ﬁio%g}gou{e?%?%%ohfﬁ%g@%sgfa £nd'3b IIOEéésgtf g

rel at ickaning @iscphRing stcH sesadveufirort. hickeelatnonic @evices dnditgheid @ésndlﬁﬂ thereon,
|nh|b|tor(s relative to etchant(s) is about Ito about 4. [0017]Still

anot heYhilgsapltanspusly @ot fompomyfing dheamstllianth L) maberals po Ahe M edfiEsic i on
conprigi Ry s@kacl.east one organic solvent, at |east one etchant, a source of
silica, at |east one corrosion |nh|b|tor and water, wherein t he wei ght

per cerﬁ0009dt i osIrofont hepeot, ghaipcessot ineert{cs) refasdsatol e ajf\@ous cleaning composition,
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et chafPey'*"§ "‘éh}J tonf ¢6 aé]tBro*’thPO toP?mlé\R?)s&tP‘e%r a5 ALV Eo OB, Pita(ti "‘Sg 8"%Gbout
88 t 0 2R sRent hﬁ)tl%f?élf;ﬁ%t QfasBidnk CadrfRlAl intbitd?, BpahaMy ($) ldast 8ROUSWA 1 tO
about 0.5, and the corrosion inhibitor(s) relative to efchant(s) is about |
to ab(PmSlYBtlnE@@ila] Apiderady aaévétpnfofsmfat@@amt randnaptionaltye b gperse toh ssln‘aawhemus

c| eanisni 2(1: %e 1(1)sS ic{eiarcﬁrr} CO osition talglasftor c eeamo ! gag{erlals? o\r/nen tnicr ele&rom

et chanty A"P&ast™dn coﬁ}05|on i Ft'of Ad2wat &t et &i N'the %t
per cenfevicathh¥is g Ghidt Metefihlghbicon S Ofheamhte il ﬂh@& addlwR IS(Qt Mem@te@dmaml(daé T1$I
about 60 to about 90, the water relative to etchant(s) is about 2 to about
30, an®yernheowdrYIBIradie, Ard earplipations thdreafi ve to et chant ( s) is about 0.01 to
about [ 00 Y, v ni ng
commod Uit Col il SRS, FROAR i Bl LGN leOf! By Qe iR

et al cotmelisiti iy cagindic am[dt okl yneathdlaagt ag&ne adrkaet, ariereiophe canmluhtyoﬁt

| east one-cgﬁr03|on inhi bitor, optionally at ast one lom#k(P“ﬁS|vatl

afhy ‘%IP‘“I a%t %oH%SCQtOBH%fOtalé’}‘ng}H&% RSB S{ENe p1

agent WA TP 1% ai d
cl ean'aageo(ﬁgnagﬂlﬁ sRidht A0LEifrR 161 %Hnﬂ%@%gt?lbﬂa fk@Mr&idue from a
m croel'ectronic device having said materi al re The material may

|ncIudmcmmktqngdnacehmmngssddﬂemcﬁugumCNP resi due, and conbi nati ons

t here [ 002 L.n still anot t he present |n ention rel ates
2! edhoa! ContbatliaBiter aBr SR ORI it shes Bigkons ClEBIseRIPos st
one n'%bﬁtﬂpnﬁlﬂg'a@tléaﬁgoﬁkg@tﬂlﬁant alt bRAShe Al CRFOASH AhibildH Bhd QatcRNShtWALRY at
wherein said cl eaning conposition is suitable for cleanlng post-pl asma etch
resi ddu@asr pmrp@am%&owmmﬁpﬁl@nfﬂty @telvﬁ%e)nhamtﬁgchs:bnﬂug rageitd gptiehly @oheas 0621] | n
yet arf er S%ISV 11 énqeo iSHafy atllfI:’WFmI QQhfh Efa E%t d tootlgnacfll eam nge o?rrﬁoc%i tion
conpr|5|ng Ut d%?gone rgan ¢ sol’velit “ahd At rEast oKe Y ne A Te Relat i'hg
agent ,whekefi ekdid Saquoad edednigy CammRSitionoRs | titablet &6 @ldafingCln@agiagfrom a
post-plasna etch residue froma mcroel ectroni c device having said residue
t her eGHCTOPFOYRYIF do¥ic havig srid sraterinh hercont Heppaigatmaypelds spstiéasaredch o a
C1San AR ROTROR L0 eNP ING. By AmiliFARY, GRFP! 0ani ¢ sol vent and at

| east one neta ating agent ere|n sal ean|ng conposition is

sui t alpo@ 2 or clreaniting apEst, -thé perent édvehtioe sil deretof ancatuaousi di¢ané] geaintpoition,

devi ce having said residue thereon.
comprisin f? uorosilicic acid, at hleast one metal corrosion inhibitor, and water, wherein the



[ 0023] Anot her aspect of the invention relates to a kit conprising, in one
or nore containers, one or nore of the follow ng reagents for formng an
aqueous cweanisgo@onposi ti on, said one or nore reagentsP@@l&S@oﬂeﬂis%nomthe
group consisting of at |east one etchant, water, ti east one
low k passivating agent, optionally at |east BFf eté\{‘)f 928@3§5¥835§Fd1)(3p)(17‘f93}1al ly
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source of silica, . sition ig further characterized b

Dol GaRYE O OB By T bt TORE o ysiron DedplabE bhal At SeggRnp: dnd
opt i ORAekdin Ahidl ﬁfbﬁ)uso BRatihg %Bhﬁ)oﬁ%l‘{ 88wt f&pélbﬁﬂﬁ‘é Ip¥st&ladn@Asich 38&due
corrosi on inhi bi (I') at l'east one nmetal corrosion inhibitor,

opt i orfmnllyrracrObl@athnw)d@n@ﬁrlgaamgcsascbtev@n@ theagoa. optl onally at |east one netal

one. cRPEITNC Yol bl BorroR 1P B0 (8 Kions RBhb RiatheShohng.

wher eicBmiphiginkiat 1dast @daat:mhtt@ 13t Bh@brafieRUEnt | @A N, 6pIRQASta Mhssbihd abl e
for cl eani ng post- g}hasma etch residue froma mcroel ectronic device havi ng

sai d mesidlgigerosieariapinitor, opHianathyi 3t leash onp anetspetating fagee opHRMSHY iabieasePRat es
to a kil kcfr?éEE{v'aﬁ,'tlgg edt" @ﬁ‘o%aﬁ a‘i"%é est %Ré‘tsﬁff&c%ﬁ aﬁ’{% 86na”i§r§s&ircé e silica,
foll ow ng teagen 1g eanln 8

r eagentleradel edd eﬁlqlfebﬁsm dlbmnigy owmpo@nmnsﬁs r@ntalﬁleatforl mmn(gnenammmmm a

sol vent, at | east one_ netal -chel ati ng agent, optignally at |east one
surf aé‘t“&]F?F lecprir 9Rurs Pavipe pud statging tf@é%ﬂos%@ﬁn%tﬁﬁalﬁal%m uge, PPYTPASMP e4gh
| east | d Wk l%s]a(g Y-RINIP %o AR N nd QRLHIRRR hgﬁleﬂggfl east one etchant, and
optional y wat er, dgvvherelnthe kit 1s adapted to form an aqueous

cl eani[6@l4d ompos tsiitln asath¢rabdpect, athe cpresemi ngvewisn - plasimio enc hquess dueanitmom a
m croel ectr.oni c devi ce havi ng sai gl resi due ereon. [0025 Etl | 1 not her
aspect OBPOYHYY SREKET N 6141088 9 ?Pé’f‘?‘?o& St AoliEAYC tenblaé At 8i%h
resi dugerhfi QM gnlli o€ 196 Gl haRl CrfRMWNGRNBAY!, RAd SAtd, WRSEAURId RRESA vleam

met hod conprising contacting the mcroel ectronic device with an aqueous

cl eamcnglp@@ﬁp@ss thigdld dor eladrfingipesitplasnmecteh 1gsidhiedom pamidrediégprongndedcsai d

reS|d$F from ﬁroelectronlc devi ce, wherein the aqueous cl eaning
ing 2 reﬁldué: t ergon
conp03|¥ n-1nc es at 'l east one etchant, at |east one chel ati ng agent,

and wao@rs] opt ipnak | ahoeder | Bpadt, ane Iﬁé@ﬁﬂllﬁveﬁﬁbﬂeﬂéla,tesom i@nadhesudtclémast one
corrosion inhibitor, optionally at |east one | owk passivating agent,
opt i oaMPYsiEen.| comrisyrgeluqrpsikieic Aietd, ahiRRsopRG BFEaNicysohvesh i deashPng ichelatng

[ 0026], ggﬁt thg%spﬁﬁe &%Pa‘?%rrfsfloﬁ ﬁﬁlﬂlﬂa}’%h'v%equ %@feﬁ?thfe%n?ouﬁgfamgtepfs 1%&@&’11 ng

post - pFasha e residue froma mcroelectfonic device ving sai d residue
t her eaboutsai wit. e bived onahgtatd iwrggla @i tlacddnngsitioa, mcbwbﬁhmcgarcbaqueowbeclemgm th
an aq lil:gr?llf)gsrglor? ?‘sn Is1r1] gab(fé) ?(‘)progllezgr{lr?g pt)gtrplgsﬁg Ie&:ilerrf]:gid{aflz ?E)m a microelectronic device
having said residue thereon.
[0016] Another aspect of the invention relates to an aqueous cleaning composition
comprising at least one organic solvent, at least one etchant, at least one chelating agent, a source
of silica, at least one corrosion inhibitor and water, wherein the weight percent ratios of the
organic solvent(s) relative to etchant(s) is about 5 to about 8, the water relative to etchant(s) is
about 85 to about 91, the source of silica relative to etchant(s) is about 0.1 to about 0.5, the
chelating agent(s) relative to etchant(s) is about 0.5 to about 2.5, and the corrosion inhibitor(s)
relative to etchant(s) is about 1 to about 4.
[0017] Still another aspect of the invention relates to an aqueous cleaning composition

comprising at least one organic solvent, at least one etchant, a source of silica, at least one

corrosion inhibitor, and water, wherein the weight percent ratios of the organic solvent(s) relative
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at least partially renove said residue fromthe m croel ectronic device,
wher ei n twe 28ep080093 cl eani ng conposi tion includes at | eastr/use@7ossshant, at
| east one netal corrosion inhibitor, and water, optiognal

organic sol vent, optionally at |east one netaP°&HECa20 R %bfégﬁtapl%ﬁ;t%?ﬁal ly

at | east one Iovv-k passi vat| ng agent, optionally at |east one surfact ant

and opti onal | ource SLI| Anot her ect of the inv

ol at 04 Rttt AR o O B e St TR AN ERER RIS ot e giagont 5. the

M cr ogbget I@Nhifcad@Mkice t@%thB&(sS)Q's dpb@sh.dus dbBer 68N and alcdcdRsAdinh MR SI NY
contacting the mcroel ectronic device with an aqueous cleaning conposition

for suélpiivd leretchanite is abcart lltealsqutéaru ally rem)ve sal d reS| due fromthe
mcro roni in.the.aque gsition inglud

R MY it SN S T e SR R SR A e
at I easdin ﬁaegcahmaatdne@rg@wtotv@@tatm@t bne at;halnea@tea@trtﬁle%hroa@h@ﬂubﬂfttﬂ Md or
opt i onal Ipy at | east one | owk passivating agent optionally at | east one
sur f actagrt Wharen dist wewgh! pyrcentsigiipc el Bfe eRpiie #0VPOGOSFIHYE e thegishat(sbfis t he
| venthon AELISS. b, B TERGHIAL. LETRKAAR) PORGRLAS ! S haShAus.faam &
m croel ectroni ¢ device having sal reS| ereon, said ref rising
cont acﬁhlbgor(d)eelammtoetcetahﬂ(s)m gboe0j0e eo wbduh 0N aqueous cl eani ng conposi tion
for sufficient tine to at |least partially renove said residue fromthe
mi cr odPH r oni Yeharatess aspgcéPeihs 1?1‘@“8&6@6@% (&P EEANRG CEBRBYSPE FORPTIHEE Ades
at le t
chel g R B A e e a8 01
f urt heptiaisglycat Ghstt biee iconrenon mmhlbmbratoesomailyaamtﬂaktodna)ﬂowétrrpaﬂsr@tlmg)sagerpl asma

etch resid froma mcr elect oni.c ce hayi ng sai.d.residue thereon,
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cl eanispgatio MRt dni:RNmhRFaS bl acm@d}t)etta%mt Bevdbe hRAS sdi@idi@al Yndr @O VERSal d
residue fromthe mcroel ectronic device, wherein the cleaning conposition

i ncl udessergal maeasctludmeosep@ama@t@crw@m poettCMBas&Idlmwendreqrabm@tMS dhdrenf. agent ,
option 66 ea?{t A0 e§‘é{fa @t optionall) %?tesetasé cPA8ing AP by
i nhi bi optl onal'l'y a epFovv-k passi va I'ng agen{El gp‘t gmaliy y’ at

| east c@ﬂt@n@ffng handast @&ﬁ’ot@ﬁlﬁt @(Blaéﬂtyat\ll@dsEBne neRBoldIfingetzeat) ot Iogt oas peedsiodt he
present invention relates to a nethod of renoving post- plasma etch residue
f r om anbiercederaterp miherede 4id gleRRipR kgMPasigon eﬂssuaagletfﬁrétléeﬂng Bestdplasearieh
conpr i s g f?cﬁ%%%# ;éi%c{rbﬁc V&E%Qﬁ%xﬁﬁ% a‘?@ké‘m&%\{ﬁ&g W th a cleaning
conposition tor sufficient tine east parti "l | y renove sai d residue
from {{6@21% cr o@l set nasther depect ethe wireveat rinvtedoe | rearsng & aigpodig bomposmcbmdes
at | east ane or(ﬂ%;i c sol vent %gd at Ieast one chel| ati ng agent.

2008/ G8BOYTBET UEPHORF CEEEIY SDIEKANINY. ee%cﬁl@zmat? MEpIgsaty "(’hie&%)sald
[003 1]cﬁé&9fn ecrongy%@&%h i9fnidife t&vﬁ&tn'u%” s@IakRR didh ARiRkiGhe RichBBUfARL ure
conpri sing-an ueous cleanlng conposttion of the i1nvention, a

m croeileemehwsnngsajéwstrme t]amdorpost pl asma etch resi due [0032] In a furt her

aspec e prese i n ent| on.r at es manyf act uri n

o1 odP0Y ot B Gl Bl g Beti o st Tl G et F e composion

M cr o@bRGStANbCatdeM: e Wr%dﬁlca%l%ﬂﬂ%ﬁafat G RAB e IRASIRd OFLn®f whd€in said

invention for sufficient time to at least partially renove post-plasm etch

resi dt@éeaflmammtt@smonrleéwéahkr bo1i deateng pestipisimaceteaiatiduesirene mispaexironic

[0033]dAnotﬁ r..ashect (p }tlhe invention relates to an article of manufacture
VICC avin esidue thereon. . .

conprising a cteani ng conposi'tion of the invention, a mcroelectronic

devi c¢0023¢! udi Agoter Wspécd dfomekindesti@C idlates [tayerkit aaﬂpﬁﬁﬁg,- Bl ageroretoke
resi due.
containers, one or more of the following reagents for forming an aqueous cleaning composition,
said one or more reagents selected from the group consisting of at least one etchant, water,

optionally at least one low-k passivating agent, optionally at least one surfactant, and optionally a



[0034] In a further aspect, the present invention relates to a nethod of
manuf acturing a m croel ectroni c device, said nethod conprising contacting
t he m cr o’Deodsrdm9¢ devi ce with a cl eani ng cl eani ng conwo*smsiz@mmsﬁm he
invention for sufficient tine to at |east partially renopve os -plasnma etc
resi due fromthe nicroel ectroni ¢ device havi nfo&&iNy P85 ek 3??%‘?‘%(%7493)

[ 0035] Anot her aspect of the invention relates to a method of renoving Ti OF
crystals frama mcroel ectronic .devi ce havi ng sane thereqn, said nethod
compr PTG oL HERCYHET 6 SHIBPOEPES: FOMFE G bt S COUOTER BAR ng
conmposgity beaf.or sufficient tinme to at least partially renove said Ti OF
crystals fromthe mcroel ectronic device, wherein the aqgqueous cl eani ng
conposi ti orﬂ)c@tnlpaﬂt%S cmlatlum@enbr@@tlomaglamtcl;eagbrmﬁe(rrganlatsollvems@nd)metmélaﬂhaht , a
source of égt L AL 10 518 one tungsten corrosion inhibitor, and water.

[ 0036] Yet Ot AET NS f) g P 'he invention relates to |rrproved

m croel ectroni ¢ devices, and products incorporati ng sane, made using the

nmet hods of e invention ri sing, cleanin -pl asna_etch resi

rom t he (0 ol B AR B GoTios onAdh RS 6 e ol Seas: Raf sbrer,SngTe wed

et hods andpabnARMW ekt detetlehehtiRedsdierai n, and optionally, incorporating
the mcroelectronic device into a product [0037] O her aspects, features

and advantages of the invention will be nore fully apparent fromthe
ensui ng di 3ahoSUELt @Mo%ﬁﬁ@@gﬁf@ntcbﬁﬁdﬂﬁll BReES oREShdfhdRl tagnc-ir NGS
WO 2008/ 080097PCT/ US2007/ 088644 Docket Klo 020732-471."8 7493)

[ 0038] Fi gudenstionescoanpsiemikhibiperct rum of a bl anket ed ULK waf er bef ore and
after cleaning the wafer with formulation A of the present invention.

[0039] Figure 2 is an FTIR spectrum of a bl anketed ULK wafer before and
af t er aodl edwiraig thdkituahdapted tchfdror aruhq@teoon cBamhg tchmppsiese mtitabhes €nt dlemming

[ 0040] Fi g res 3A and 3B are mcro bl anket e WP waf er before

(38 R HIFEok e B URSLf BIFPHCT U HLISOT i A P 5P QERSOC, - DETAI LED

DESCRI[ 64PN O:SEfﬂEaanEWﬂe@t\lof ﬁNDanBﬁEcERREQeJE%@Q%NE&EE&sTﬁERE%e or more
containers, one or more of the following reagents for forming a cleaning composition, said one
or more reagents selected from the group consisting of at least one organic solvent, at least one
metal-chelating agent, optionally at least one surfactant, optionally at least one corrosion
inhibitor, optionally at least one low-k passivating agent, optionally at least one etchant, and
optionally water, and wherein the kit is adapted to form an aqueous cleaning composition
suitable for cleaning post-plasma etch residue from a microelectronic device having said residue
thereon.
[0025] Still another aspect of the invention relates to a method of removing post-plasma
etch residue from a microelectronic device having said residue thereon, said method comprising
contacting the microelectronic device with an aqueous cleaning composition for sufficient time
to at least partially remove said residue from the microelectronic device, wherein the aqueous
cleaning composition includes at least one etchant, at least one chelating agent, and water,
optionally at least one organic solvent, optionally at least one corrosion inhibitor, optionally at
least one low-k passivating agent, optionally at least one surfactant, and optionally a source of
silica.
[0026] Yet another aspect of the invention relates to a method of removing post-plasma
etch residue from a microelectronic device having said residue thereon, said method comprising

contacting the microelectronic device with an aqueous cleaning composition for sufficient time



[ 0041] The present invention relates to conmpositions for renoving residue,
preferably post- etch residue, nore preferably titani um contai ning

post - et chwoesésdseq97pol yneri c si dewal | resi due, copper-ceoTAiSRNIHSssia and
| i ne resi due and/ or tungsten-containing post-etch resi

due from
i croel ectroni c devi ces having sai d residue tReFEMN; 0285”47 tHMHTsTt GRS
preferably being conpatible with ultra lowk (ULK) ILD naterials, such as

OSG and rous- , the metalljc interconnect materials, e.g., copper and
CUngateA KD HERHESIOE AP Fg1oh s (g el o Biefei AfFphgou:

| ayer gjecafing: conff@Won ARcILBG 411 164:P@hEGIdhaR, Gt BV &R Skl @6Rosibiv idHMGilor, ARtE
present invention relates to nethods of renoving residue, preferably

post - etagdr, opgomhlly, atntoass queedrgap|splvent, aptignalbyoat knsti ong potd cbeleting egédue,
pol yneri.c sjd || residue, .copper-containing, via and l.ine. residue

b unge CBHOMBE I ey TRt i i g IR el Op or B e P Swig i R PHERYY ci
r esi dyeurct bpsipd.cr oel ectroni ¢ devi ces having said residue thereon, using
conposi tions, said conmpositions preferably being conpatible with ultra

| ow k [0@37K) | LAnetherpsngrisof thrdnyastign relate e areesherbef ramavang a9sé-plasng atele
cappi ng.: , - 1 C1.0 t £ Qni Vi.C: e. Fo f
;of or O b o et Do OURE AL 10 BB e e Lo
subst rcahtasting thatmipasetictrdhis pleaiys ,widngh aaqeooetieating wempasiticaforsysicen tindEMS) ,
manuf actured for use in mcroel ectronic, integrated circuit, or conputer
chip &ppt isast pahally 1emqve spigl Ksaidye drors thsortiarpriectionts deich “yhetsid icetduesti ¢
devi CQjeahheWmpRAML HLBEs b Hald B ERNANY aVhsBRE IRALhHASSVARY afd Ristdat €
t hat mf?k gvenﬁﬁgﬁﬁy becone "a ﬁ%croelectrbﬁlc éevﬂ%gﬁgf n§§¥0e1gctronf6
assentoptiondlgt @léast ohdehatatorgogdeet toponnalydeease osel bsiroadre intyitdpeopsantidy aed,
bl anketed and/or a test substrate.  [0043] "Post-etch resi.due’' and

P bost Jaeh etk s a E T SRSy HOMS hone, B FEGE Add BHCTbEF Fce of
remai Rjjpg. fol | ow ng gas- phase plasma etching processes, e.g.. BEOL

dual - damascene WD 2008/ 080097PCT/ US2007/ 088644 Docket No. 020732-471. 835
C1P P@0281493) Apetheessiengof tMhdnyrasin etletes teginktbodral repeovirgpefitplasma etch

or g?‘n(%gsiia uaél i‘rlor%’ aonrl ?‘o% esc rlo}l%l & Vi %r h;lwri]r% g%gl I%Sildlr}e t f;[rg rne’sa}cd") Bleﬁl)%%npoln(laprising
silicon-containing material, titaniumcontainihg material,

ni t r ogentaC@iM di MhidehelRtrbhic AevicoXyigeih tQrbas Blemgingeb@pbdtion P& syffdiét tn@si due
mat eri al, copper-containing residue material (including copper oxide

resi di@pt leaginppstidhy. tesmvai saidnigsidas ifipne theamisreddectronndd vicee yritekdihithfgadussidue

mat er i . et S i i i i nations
her esTen R RETgRTRIGHS 2 ¥ER: B Fhaf s Pl Lo She BRean BB AT Y BN

cor r espoenhdating @eyt, deleedtioat mesd doassien thhdiectahdevasat erial in a | ayered

m cro ctronic deyice, wherein the material has a dielectric constant |ess
t han i@@é\ﬁ 3.54 g?‘i‘%’i“&ﬁ?tﬂf theh IVERRRNICAES) tcd P 0%9? EFPQY18e paRtipinsena etch

| owe pol@diel HoffBh Shicflefecibfifl &Sic hd ViR <&ANERRE M6erL8HARIL rRHM & Rprising
silicon-contalning hybrid organic/inorganic materials, organosilicate gl ass
( OSG) cofitz@Byg the woicioekrerdnis idevicatwathgd elssniiES@nposiidn twrsufficoedit diee tarnd least

car bon- doped oxi de. | ass. Most . preferably, the |lowk dielectric

ot or PATAS RS I B G s O PSP St B HE B st whEacty FshECFRbbgLr o
It isihQudke RMIKEs bRt RBlvehNt lAW &e%@daﬁ@ﬁdldtﬁgf’%%ﬁt_[ optiSnal®Yat hé€one
varying densities and varying porosities. [0045] As defined hefrein, the term
" pol yrserfacgani oetigailly e ddagiuene earasespiohiditor, ptinealhyeai ldase onhdewkepasbingtiegn t he
sidevally gl bhf, RALISEREA MlEYi g8 SUBSEAUSAL, Lo post-pl asma et chi ng
processes’ 84T es| e TS Stbstant aP?y 6%Tyﬁeric in nature however, it
shoul qo0Bd]appr &t yét gdtichatpdct) Ahg prisent SPRGItIOH rel@ted to atrhétAdd UfMrensdvinE pokt-
tungsten, cobalt and/ or copper-containing species, may be present i1n the

si dewdl#SMacaiFly ieside fiam| a nuometsFmaNic siewichdiaaing, saidpesidue iherephy endideethest
corre ; 9 : ar el 'S L] ility"”
For croaRtibe somadlili it AbBEFutY Brilfe i HEhh o RBDITET K il il
resi due at heastegntidbr reespondsl tecidat floaagie parddlaitronendsvide, ohesdi ther @sdndnge
fromthe m.croel ctroqic devi ce. . Preferabl¥ at Ieggt_about 90% of one or
more GPMPRENAATTSHYISE &t leaph pre rieanigsalypyt ap0 of leaghongsBFIAENGHEbr more of the
materials, and nost preferably at |east 99% of one or nore of the nmaterials
to be renoved are renoved fromthe m croel ectronic device. [0048]" Cappi ng

| ayer” as used herein corresponds to qpterials deposited over dielectric
material and/or netal material, e.g., ‘cobalt, to protect same during the

pl asma etch step. Hardnmask capping |layers are traditionally silicon

silicon nitrides, silicon oxynitrides, titaniumnitride, titanium
oxynitride, titanium tantalum tantalumnitride, nolybdenum tungsten
conbi nati ons thereof, and other simlar conpounds. Cobalt capping |ayers

o ~ VAN 0 1. 1 T ] e e .



[ 0049] - Substantially devoid" is defined herein as less than 2 wt. %
preferably less than 1 wt. % nore preferably less than 0.5 w. % and nost
pr ef er ablwol2ees®sbisan 0.1 w. % [0050] As used herein, tIRETIUS2ONT/088644
"sem -aqueous” refers to a m xture of water and ogganic conyo

nents.
"Non- aqueous” refers to a conposition that isPS¥HSPAROTAH S aE G120
wat er. [0051] Conpositions of the invention may be enbodied in a w de

varie f specific fornmul ations, .as hereinafter nmore fully described.
{0521 TP it set ¢ R <htigh aTHs foat Acle Shigeis dregorgne in
CoNPOSighdRR Bafindi REYRIRGnI T hEIIRELMNGE aliRicYRIRbn RIS RRBL AALpEAPURMA etch
including a zero lower limt, it will be understood that such conponents
may beeswesent or absent in various specific enbodi ments of the
conposjti,en, and t i n._instances where.such conponents,are present, they
may” ba cent T UBhereherd PEnESRat Ead 51a8S ThATGb S I BulfprRfRbsd on
t he t ghigtocwRir@hit delick haid aimaasi ¢dmitisiny ¥dhtadiing U niQOPIRBEMIS daviee &l ayed.
[ 0053] Ti tani um cont ai ni ng post-etch residue materials are notoriously

di f f i @greous sleapigyveonaisipnt Hethg ivemitian dehtEfipicnytieg iposileasb Rartistly oy i or
art. e [V IS r . . I it hat is
ubst ST e R T ERLRE RGN JBEERMIR: SRR R o) etc.)
and pifed3xabl y Ansthestagietci af the idestniod refatedxtb dinzirtigle aganimsifacnint conplikmgtd vel y
and sel ectively renmoves titaniumcontaining residues fromthe surface of a

i cr oSIBBNEOFRTBPIEANC 8T HEG i IRYF™SIQRe 2t MéTeBRCIaniE dawice i BRI disdIPYikon

W T substantidval Lyd F&mmYeRekdBEilig. Si dewal | resi due, copper-contai ning
resi due, 8%g§?tfcon %#E?ng ré%idde,eand/or t ungst en-cont ai ni ng resi due

wi t holi003lbst abt mdbitherdapeg thg prienundentign ngatéd B amet¢thdd iofinemoteneing a
materials,. e .g.., Cu A, Co an and/or the capping layers. Further, the
compostEvEley Biiconid fayhrirueatire whubnie TRomEreHHE U i he
first ciéanﬁlgycl@anﬁﬂgﬁ%ﬁpgsﬁﬁo’i{[ otheVih@erftioh Sbr SENERRY timenBOtt iaRt bXitiaB P Femove
conposi tions of the invention effectively etch TiN |layers, when desired.

[ 0054 ]post-pladnia efch eesishue from the neiceogleichignic dapos haviansaidfesidve thatgant i on are
aqueo sem,- ueous i ncl ude | east .pn t chant rce, .at. | east
one i crel ano g SRR A bafndte Rler P AP f oS e SRSt
opt i onalnhiyrodlectr&@st d&AG AKIMGS s@fie | hBicbh! Ghid @pithaalokpridingl eashctine theow k
passi vating agent, optionally at |east one surfactant, and optionally a
sour camigroelelpRig, devise Wishni giepes elepniag rampoeiion dor duisiant Sime e a5 lephce
of a aﬁfa@ | RETNONaf 46ECE A Q&nsﬁgem%h]fglgc(?ﬁp'cwﬁgsﬁgé, ”wﬁé}ginpﬁlt%.t écgJeg?smi
etch residue conprises a sp§C|es el ected from the group consisting o

t i t aniclaamit@ndoaipokitign reesiplivesat jeadt ynerdrganie Solaer®s at agpere- adnihgi ansdagee of
resi dues, tungsten-contai ni ng nes%dues, cobal t-cont ai ni ng resi dues, and
conbi AR oH e hiledB RS LOrAEIon dRfEP EBo Bt wetey- US2007/ 088644 Docket No.

02073 %06]3%:} . 8 3.5 Ygaal%%r (aZﬁL:%g%f Tl %J%ﬁﬁor?f@?é%é’%t@%%ﬁ;rov%ﬁ SniCloERBMC gopPQs Md ons

of the 1nvention i1nclude fluorosilicic acid, | east one netal -chelating
agent prahdtswat@porating yane.anaedchesing theodetineds of theeing¢rsimni cognprismgodednignst of

t he i nvention includ | east . on t chant .source, at | east, one netal

cor 1 odPErPIFT BEE e st i oo e S T b g T cheCuiy Bripe the
opt i _0@ﬁ’éthdﬁs%hd)o@@@&p@ﬁ&orﬂéhﬁk@lﬂeﬂ%eﬁﬁl&Qﬁhd 099615991 ?irﬂc&frp@%ati'ngaﬁé m@d}@elé&i/&nh%
passivating agent, optionally at |east one surfactant, and optionally a

sour calepice gitp ppgeduch still anot her enbodi nent, the cleaning conpositions of
the i ion ipclude FI orosilici cid, |l east on t al rosion
i bR ana O dFects, "GhRR e dfnBib ordhe HERRIOTHE BF b A/ wBheR

conposSidnh eenfing BBclohuenhd appended eldiensat | east one etchant source, at | east
one organi c solvent, at |east one netal -chelating agent, and water. In
anot her enbodi nent, the cl eaning conpositions of the invention include

fluorosilicic acid, akﬂlﬁgﬁwgampi%&iﬁgslqjm%gm§§ast one
net al - chel ati ng agent; : di ment, the cleaning

conpositions of the invention include at |east one etchant source, at |east
one organi c solvent, at |least one netal corrosion inhibitor, and water. In
yet anot her enbodi nent, the cleaning conpositions of the invention include
fluorosilicic acid, at |east one organic solvent, at |east one netal
corrosion inhibitor, and water. In another enbodi nent, the cl eaning
conpositions of the invention include at |east one etchant source, at |east
one organi c solvent, at |east one net&ichelating agent, at |east one netal
corrosion inhibitor, and water. In still another enbodi nent, the cleaning
conpositions of the invention include fluorosilicic acid, at |east one
organi c solvent, at |east one netal -chel ating agent, at |east one netal
corrosion inhibitor, and water. In each enbodi nent, at |east one surfactant

I Y L o o Y a1



[ 0055] I n one enbodi ment of the first aspect, the present invention relates
to an aqueous conposition for cleaning post-plasm etch residues sel ected
from t he Woaogs/swysi sting of titanium containing resi du@sT/Usodoyesecic
resi dues, copper-containing residues, tungsten-containin%aresidu

[

es
cobal t- cont ai ni ng resi dues, and conbi nations PA&FEGF20637! E3ifodt 74
i ncluding at | east one etchant source, at |east one chel ating agent, water,

optio at | east one ni c sol ven ti | y_at | east_ ope t al

cor r o308l i Bfiier 1 Togk FARE Ppsrudh vehblanbRe PAR il e vadi giagdrnne
opt i ongd Wifed weBYb@EulorSA lof &R préfad: @REARal |y at | east one surfactant,

present in the follow ng ranges, based on the total weight of the

compodf@3Nn. coiguonenst 98 b IRwepggitium ef ¢ hknketed Uilde pojealbotsre andsften deandtmout

20 % chel atin ent,(s Q 0.5 %<to about 30 % waterabout 50 %to about
97 %c% er\é’gftr?lrW%gg%\%u&%tbg%a}?f)g%hgl%%en% V‘\:’/ﬁ%.on% met al corrosion0 % to about 10 %
i nhi bifp@]s) Fibukacl fahd SPVartkanrBuipht Of% blhAwtdd CaBT Water DefrgePA | snd to
about 10 % silica source0 to about %[)0056] I n anot her enbodi nent of the
first aHspESS impgesign aderpulpieABifenZitatabds to an aqueous conposition for
cl eani ng post-plasma etch residues selected fromthe group consisting of
titani um containing residues, polyneric residues, copper-containing

resi dues, tUDETAGLEDODESCRIRTIOASONUESE IDMENTIONDAANDPREFERREDes, and
conbi nati ons thereof, said conﬁosi tion including at |east one etchant
source, at |east one corros'WHEMT —~—optionally at |east one
organi c solvent, optionally at |east one chelating agent, optionally at

| east one | ow k passivating agent, optionally a source of silica, and

opti o641} at [Mbagptesemenwniibactlant to gngseitions fortdreoviog reowiuagpretengds podtased
on the total weight of e.conpositi.on. co nent % by -wei ght. . et chan

Sour Sl BT B e S b G R g S OOk ASS U TeTkict R DS argas 1 KR, ¢ o
about 3P J0RbBIAPAME 3@ Und OedBOUtaNE/br YuhSsten-containing post-etch residue from

microelectronic devices having said residue thereon, said compositions preferably being

compatible with ultra low-k (ULK) ILD materials, such as OSG and porous-CDO, the metallic
interconnect materials, e.g., copper and tungsten, the hardmask capping layers, e.g., TiN, and
cobalt capping layers, e.g., CoOWP, on the microelectronic device surface. Further, the present
invention relates to methods of removing residue, preferably post-etch residue, more preferably
titanium-containing post-etch residue, polymeric sidewall residue, copper-containing via and line
residue, tungsten-containing post-etch residue, and/or cobalt-containing post-etch residue, from
microelectronic devices having said residue thereon, using compositions, said compositions
preferably being compatible with ultra low-k (ULK) ILD materials, the metallic interconnect
materials, and the capping layers, on the microelectronic device surface.

[0042] For ease of reference, “microelectronic device” corresponds to semiconductor
substrates, flat panel displays, and microelectromechanical systems (MEMS), manufactured for
use in microelectronic, integrated circuit, or computer chip applications. It is to be understood
that the term “microelectronic device” is not meant to be limiting in any way and includes any
substrate that will eventually become a microelectronic device or microelectronic assembly.
Notably, the microelectronic device substrate may be patterned, blanketed and/or a test substrate.
[0043] “Post-etch residue” and “post-plasma etch residue,” as used herein, corresponds to

material remaining following gas-phase plasma etching processes, e.g., BEOL dual-damascene



WD 2008/ 080097PCT/ US2007/ 088644 Docket No. 020732-471.835 OP PCT (7493)
organic solvent0 %to about 50 wt. % netal chelating agent(s)0 %to about
30 % surweaavesms(®yO to about 10 % |ow k passivating agemﬂ(ss()(ﬂlossmabout 10
% silica source0 to about 5 % [0057]1n yet another enbodi nen irst

of
aspect, the present invention relates to an aHo&gdy C8MBE! %%SW?(&(M%)

cl eani ng post - pl asma etch residues selected fromthe group consi sting of
titani um cont at}? resi du&s, goégm&rl c residues g}lp cont ai. ni ng..
resi ddES SN SEEHIAFHTHGMPRLF grsaic. erparmealiy P‘?F&“‘rl%ﬁr drEsMaHy
conbi Ratdr&ngorlt N&heBle, SiBLch-AHMARIS! infleridIC! HEH DG -Rntdi GRS nRARSIEL %'Pcﬁfg%
source, at |east one organic sol vent water, optionally at |east one

cor r ospoinirghimsteriak, ,OX(y - malnmgematmeas polymeric hiediditei mgteagle n@ppewpnt@mang y at
| east on p atin a source of sil

ooes o' e alRL ehithR 2R M e MO0 Mot BpRAEteSlan R Wb iR BB o
on t heoh@inddg y&sicﬂletmaén&lhetcﬁcgmqsslaueomch%rmmt Saddoiudveieghd ceb®hAfbns
source(s)about 0.05 %to about 20 %organl c solventabout 2 %to about 45 %

vvaterélbféﬁﬂ 50 % to about 97 % corrosion inhibitor(s)0 %to about 30 wt. %

metal gat' ”%s%%ﬁﬂ&{ 9151%15& @ggﬁEtn%}ﬁrlau E@EJ‘L%‘J&&PQS@ r[d"s’ t@g%{mé%;%

| ow k paswatlngaen S)0 to |ca sour ce
Not abluged tha dieleghit mpeedsnin oflayehel ﬁmcrbeacsttonm"lee\e‘te; halndreiinnibk udssridlneat '
etchant or alternatively, the amount of the propyl ene gl ycol/etchant

mi xt urdéel e%@a%ﬂt@é éCSéfth%%b%ﬁgﬁn Presgrablyothepedply disieeti Yrtriatsoinglude Ao 1t
isto AJB eghclﬂy a® nsth%ﬁ' éo’nﬁﬁlmlhg {b Gnig’ hol%ﬁféh tﬁﬁc é(ﬂl@&lmﬂgr f " d of

et cha eam ng conposition Ss t e weig t perc t he
PG’ et @hmhc/morgaowanateadd,ecdgarmsﬂiq:ete(gl&aNDSQ‘J);:T)EQSSﬂu@rmtedF@hcm glapd @SG)he

O RSPt By U SLSA NEEPTRES! e, LOELYL g 0,2 s A0 1

I nventyh Atial @ poliRANIsiE GeARRBAd 20/0brdan6sifdxhid prR&REGSE. Tt is to be appreciated
that the low-k dielectric materials may have varying densities and varying porosities.
[0045] As defined herein, the term “polymeric sidewall residue” corresponds to the residue
that remains on the sidewalls of the patterned device subsequent to post-plasma etching
processes. The residue is substantially polymeric in nature however, it should be appreciated
that inorganic species, e.g., titanium, silicon, tungsten, cobalt and/or copper-containing species,
may be present in the sidewall residue as well.
[0046] As used herein, “about” is intended to correspond to £ 5 % of the stated value.
[0047] As used herein, “suitability” for cleaning post-etch residue from a microelectronic
device having said residue thereon corresponds to at least partial removal of said residue from
the microelectronic device. Preferably, at least about 90% of one or more of the materials, more
preferably at least 95% of one or more of the materials, and most preferably at least 99% of one
or more of the materials to be removed are removed from the microelectronic device.
[0048] “Capping layer” as used herein corresponds to materials deposited over dielectric
material and/or metal material, e.g., cobalt, to protect same during the plasma etch step.
Hardmask capping layers are traditionally silicon, silicon nitrides, silicon oxynitrides, titanium
nitride, titanium oxynitride, titanium, tantalum, tantalum nitride, molybdenum, tungsten,
combinations thereof, and other similar compounds. Cobalt capping layers include CoWP and

other cobalt-containing materials or tungsten-containing materials.
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may conprise, consist of, or consist essentially of: (i) at |east one

et chant source, at |east one netal -chelating agent, and water; (i)

f1 uor osi Iwoi2eosz080@7 at | east one metal -chel ating agent, Pemmsmmm%m(i ii) at
| east one etchant source, at |east one nmetal corrosion inhibitor

wat er ; (| v) fluorosilicic acid, at |east one P‘%‘ﬂ(%NOC(gPPaS‘W]()%?SICW%(F%?IS) and
water; (v) at |east one etchant WO 2008/ 080097PCT/ US2007/ 088644 Docket No.

020732-47 835 sour ea on ol.ve | east
one rri?% chel a ban%‘ihﬁ %%dls\ﬁﬁflg‘?d ﬁlﬁ(r?'rlln)aSﬁ 61?36’3) W??ﬁcprﬁ%rﬂ”\iyiqssllé’é‘s]t one
or ganiyg, %Mb@@bref&&bl&%ﬂhaﬁ@% G}?t@an‘arﬁﬁés@bf&&a@@@&% thand water; (vii) at

| east one etchant source, at |east one organic Solvent, at |east one netal

cor r od00]i nhi b\smﬁﬁd halmil ikt erm (svml Rquephgioretess ka @mxau:ﬁ: af waterlaeé;ﬂrgmﬁe
or gamcc 58| Vg u st’ ro ere tm3 % Colruro gls su@q nta de 1&% t[ (ix) at
| east “GRE°RY ¢ha %FS% at ] edsthRE 8?3‘% ofVE ]ty YL ¥ Tone

net al sl at | n@oﬁ@ﬁmlon@bf liRasiveaion Madyabe GAboaROM anﬁublaaﬁény andpdaicer ;
(x) fluorosilicic acid, at |east one organic solvent, at |east one

met al fermlatans asdgesinatteamore fidly dss@itiedt al  corrosi on i nhibitor, and water:
(xi) ast e v . t
one rrg{m%ﬁchel ?Hggugﬂgérﬁmﬁo ‘3#{0 easfl breh® &%ﬁ’({’% P glgesrﬁ?sor(%??llﬁ ?E{np %%OA e

di ssoldiedssed lihcaferaied toabeight ()Q(tlcm)tagd ll:tﬁfg6§ iihdledisg ackdto latvet ¢iasit, iorvellobgani c

sol vent, at | east one netal-chel atl ng agent, at |east one _netal corrosjon

i nhi biungsrstogg dha|syelycampeneats may bgareagnt q,absent in vayinssspeeifis cathodipatSBlr ce,
at | eqnt ARG HHBHE 120} vgl@sanc&t *&ggﬁchomm{%ﬁg AFOPLOT Mcy B HetBbsent
di ssol ved s Ica, and water; (xivVv uorosilicic ac 5 Peas e organic
sol vent commentraanss aphev aed. @01 worgjho;aa:rocnu rdsed b dre, toghl s;/slght/eﬂthswbnmasmamm

wat er ; (l%jnv%ﬁgg | east one et gt at | east one organic solvent, at |east
one | G SPURPIHG HGERP, Oyﬁ | east one corrosion inhibitor and water: or
(xvi) [@ds3)east TapguBlEhdhing Post @@BtesRINE nANEAMN SreSRkMRNLLy Aftttuab @Emove
[0059] The water is incl uded to serve as a solvent and aSSI st in the

di ssolustnigdhe amoaii-ehuaning cgmposiaersrofghé phvieart oplrepreest deventoss diseayeretive

wat er r ef er abl i.Qni referr of
venciSnRecRBRg R Ry RO RAT of aREp R HEFG T TRPEARD 6. S,
subst aqdHalktcy) @W@teﬂe@ﬁly@&hﬂdtﬁtﬁﬂy&@ﬂkﬁ of WhliAifg PREMX| d@ichosffédtivtlygand
conpounds and nitric acid. In another preferred enbodi nent, the aqueous

cl eanﬁﬁlgct@@ﬂﬂp&nweé AitgRUMEENfAiNBE repidyes fang the, pytagatal 21 mjcrerleeramisevice

abr asi i riQr o]

0061 TR tted RiadhRighPAEEhoMiith WIE STUBRL R B Qe RGeSt
i s aboedid, t@pp@booﬁtalﬁmgpeeﬁeaf abbylt-edmmaihing reddweeh and/oAtubgstamdonmmiaingneader abl y

about Q to about 2. 5. [0062]The etchant sources assi st in hreaking, up and
sol ubifheih gubskatiplhs dampspg rﬂafsweﬂe?ély D dmetah MiEPINRCapGHRY: SBdéwalt

resi dyg, g@d*gv alnd@fdms! da ﬁggﬂagé&h'ﬁgth&f tﬁ@%o&?&glh@ﬁsdﬁagl%e g dRQUEEES

cont enpl herein |nc , t are not limted to: drofluorTc acid
( HF) ; WHetler dlsd hriendhcoragiads kbS8l EBYt; (1.£l, woroisbrfirst acwd ﬁra:nmhnuna)n Importantly,

R e b R R R
tetra bmgobor &t 8 f(rIBAP&ITAihe dERMY eNtp@losmelof e invertiehi@Hquedlsi @ @i-

2008/ 7PCT/ US2007/ 088644 Docket No 020732-471.835 OP PCT (7493) of
about ag@eong atnd ablyde PJeast crmr:effteha@blsyur&bo@utt 1698 gne meaad@hcla%g zagerpr G@Wrene

gl yCO|O/ 151%1 r lié{%s WIPQII‘ lérl’HCf S|O OI’ . V\,qu a% aflb K r OUrﬁISbIJ[TByO 10na alsarre
as or BI romao ano are se e8 rom COI’]%I sting
of st n@aSghﬁe IHWik r}ﬁ@lslaartm@ l’a@&@theﬁtl(fﬁhﬂy@@ 1@ktkyﬂe gfrfaumat (a@d@ptloMIyiwlsoureé byl ,

propyl, butyl, pentyl, hexyl), in a wei rati o of about 75:25 to about
95: 5, SH}CQ; &ra@WVﬁkgoH‘?Stﬂ?@SQ@ ¢teh Aeddnes ggormd erﬂa ASA gh@ microelectronic device

9% ¥COlsf b AR ATTRALI bl YA ke WEIARLR AL (SO IE e

about pre erably a X out

gl ycolgkdnfpnzmhtlsmn@tdfyItmnmmcumafﬂmg)rnedﬂuem polyaiegbt rersalues) obp@Ebeuintaif®?b to
about 95:5, prefer abI%/ about, 80: 2@) ho about 90; 10; and combi.nati ons

t her edfIduSs PREYET GoNtipme dptifiugst cblircortappng Fsikhues.pnd GpEdatigngtharepfy In

propyl ene gl ycoUHF m xture. TBA-BF4, and conbi nations thereof. Wen
conpatibility with copper-containing layers is inportant, ammoni um
fluorosilicate may be used so that the pH of the aqueous cl eaning
conposition is higher (e.g., in a rangé fromabout 2 to about 4, nore
preferably about 3) and hence nore conpatible with the copper-contai ni ng
| ayers. [0063] The organic solvents assist in the penetration/swelling
and/ or dissolution of organic residues, wet the surface of the
nlcroelectronlc deV|ce structure to faC|I|tate re5|due reanaI prevent

) o . " e o o I L7



Docket No. 020732-471.835 OP PCT (7493) ether (i.e., butyl carbitol),
triethylene glycol nonobutyl ether, ethylene glycol nonohexyl ether,
di et hyl er®0ogbesasbodronohexyl et her, ethyl ene gl ycol phenpCTAiSk@r7/08gn0pyl ene

gl ycol methyl ether, dipropyl ene egcoI nmet hyl et he | ene
gl ycol methyl ether (TPGVE), dipropyl ene gIycBW*ﬁPﬁ%@%§V4%{%§fIP%$ %%&Iene

gl ycol ethyl et her, propyl ene egcoI n propyl et her, dipropyl ene gl ycol

th DPGP th |
P oRHbmE foho fi}f%% iR RoNTio B bF o, T BRORY tnefiol Thios Rty aflat ycol
n- but ylasetdper mePJlQBé’llaﬁﬁg @eﬁtcoindph@dﬂéfl efnh% aﬁaﬁilef:cﬁﬂ%d@l%érﬁnsthé r@ézﬁﬁﬁ I'n

addi tion, the organic sol vent may conprise other anphiphilic species, |.e ,
speci eomphsitiowoeit Gierintrution hydwndsphii leiss can @tqlnynltr @plmmat legsti @tei mstak corirdsagn t o
surfact,a ertles T incl ysi on

of & JONERTH iy AR ol LR R P S e By R PR b A g

the h)@@ﬁ@@myl at @eaptr&iamueﬁasmymcgedg%ﬁﬁbbe{orﬁﬁyIaméaittoﬂe si¥adtdie| dngioplioRdllyed t her

ionic or uncharged polar functional groups. Preferably, the organi ¢ sol vent

i ncl udesrce pf ﬁ&l@@aylrbﬁlél glofhes empadimpnt, dhdelpanimpepypositiing ob e iarentignyegpde

met hyl r

comby muBrRLid ik dleas (R AMMCANS Rt RBE RS ST B 36 SfSheAMhodimenty o
W % origanieaniag! coaiplositioas eﬁ tha inveatido tialudee higleastodnet Brehanngoarie! hofeast one

[0064]The netal corrosion |nh|b|tors serve to elimpate over-etching

met al SrEAIG SOVEYpBleast Ay SICE ChelAinH ALt AN Wit er BoARRERE ?@"t’%ﬂl@entsﬁlilﬁt abl e
corr 0%!&91 g%h?)ogl bis bf‘ﬂil: %ntl@l&liqcﬁk% fﬂﬂtroslﬂ'ldﬂ 5@19 a{t%aslagﬂe% gl% IZI#_%‘)BIV@I?}, at

benzotri az , 2, 4-tr1 az . 5-am notetraz
- hydr dwbemzometadrz;bélet,mg -agamtnoend watet- tHn stdl apdler - @nbduiment, th8-dednme 1H-

| ,2,4 triazole |triazol e, 5:phenyl-benzotriaz

5-ni t F8MBHYBYY ?faé% f'éen%o%mci‘fge a5l é’éﬁfcgla‘it DUEE ?tqsaz% pRe organic solvent, at

1- am N@sil ofe 4nbtal @3RbGon JnkiBit@M MHA- REREY Lir ReNZRSthé@ERbEdimknANMhBE Qleaning
1,2,3-triazole, 1-amno-5-nethyl-1,2, 3-triazole, 3-nmercapto-1,2,4-triazole,

3-i so;@pmpymtlorls of the Htwen@czroméludgfbhmﬁ;hcnm@ql b &astoane sz@lne solvent, at least one
hal o- beQ%Qtrlazo triazol

orrosion 1 1b1(tor afd wag‘r gjn aanEI emﬂ)g 11r1|1€r?tp te 8%%11%ﬁ3mpos1tlons of the

1Ht et 7420 ace rc acid mer capt o beN2ot Airazo

1- pheﬁwenaoﬁ efidl@e0hti 1885t nk AR solmdeR 12€ BRLOHRNBicihidaobleat, (a218d8t pne metal-
4- et hyl - 2- phenyl i m dazol e, 2-nercapt ot hi azoline, 2, 4-

di ani sBelgtingegapt-at lessong Mgl sarrosion Apehitor. and waghl & stbanqtheraphndiment,
triazi I I Y, d e,
B
di am nomethyhd meadicheatingragaz,odti lagst toke anal dorrmidmyinhibitod, aa‘l,d4wht|er atolegehs-

t hi ol nlno 1,3, 4-thiadiazol e-2-thiol, ben ot hi azol e, trltolyl
phospﬁg’c% ISR JPRSt Owuﬂg%ﬁs;@g Y fe ad%@enlnn%t I anathes; srebodimeti HE, Cleats ne)

phos anﬁlﬁoélﬂmsbéfttﬁé SveREb N ERINP Y RAQ! &% etdhTh QU FRCHLIbL: Bfd Qrg(ahl'é)%))lvent at

pr opanet | anes, secondary am nes, benzohydroxanlc ac

2008/ mommm&&w& least one metal corrosion inhibitor, dissolved s1hca and water.
In still another embodiment, the cleaning compositions of the invention include fluorosilicic
acid, at least one organic solvent, at least one metal-chelating agent, at least one metal corrosion
inhibitor, dissolved silica, and water. In still another embodiment, the cleaning compositions of
the invention include at least one etchant source, at least one organic solvent, at least one metal
corrosion inhibitor, dissolved silica, and water. In still another embodiment, the cleaning
compositions of the invention include fluorosilicic acid, at least one organic solvent, at least one
metal corrosion inhibitor, dissolved silica, and water. In another embodiment, the cleaning

compositions of the invention include at least one etchant, at least one organic solvent, at least

one low-k passivating agent, at least one corrosion inhibitor and water. In yet another
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Docket No. 020732-471.835 OP PCT (7493) heterocyclic nitrogen inhibitors,
citric acid, ascorbic acid, thiourea, 1,1,3,3-tetranethylurea, urea, urea
deri vat i W&®,20a87G8609aci d, pot assi um et hyl xant hat e, egC|necTamumnm&%u4es

t hereof . Di carboxylic aC|ds such as oxalic acid, malo succ

acid, nitrilotriacetic acid, and conblnat|onsDFW@P@&VOEPé7b%§é?REﬁﬁ 499
copper passivator species. It is generally accepted that azol es chem sorb
onto th opper . surface and form i.nsol.ubl e cuprous SUIfa e canpl ex.

Pr of ePIRRYIMGNL NS 6IeRHSE SRMPRIIEN Poe i HEn oL HEER PRt 887 BChT HIthLaM: | o
aci d (kEMo sacht bR tptia#al udes
at Ieas%%% Olaﬂigfcorﬁ%5|onyﬁﬁﬂgﬁﬁ%g?ymgggggﬁ%ﬁn?ﬁggggvgﬁqﬁgf8%&@%¥&?ﬁg
conpogiltibiger, opGEBHY Phéeashenculoivok pafsivaiog clgehtapptignaly ahieasteoncegirfigtagheidat e

t he OXIg gf‘ﬁﬁf% . ﬂqgor];gngsten metals in the post-etch residue species
and/ or’P Y FN"EAdPETti t ani um cont ai ni ng resi dues. Suitable

chel affoees]agentss ohd16be@meRUbS BleeriOispbdtTiHegsieleat inveniad REdt@doldr siucetone
chel ating agents such as 1,1,1,5,5, 5- ﬁexafluoro 2, 4- pent anedi one (hfacH),

1, 1, 1-<cprmppsifiep dgop cmanwenpe%ﬁ@éﬁseﬁeeteh fra&lyiu%amiec‘é%tfsﬂnaéb@ @idre copgding; of

i mno m oi
TSRS SRS RYSRS STem ALBBLS oA e HELS! SRS

cycl ohemanﬁo:g asgidies Np(NbalN coifdieihg aadetidsc aadi n{bThAtAps théreoli, oaidc canpdokition

met hanesul foni ¢ aci d; hydrochloric acid; acetic acid; acety Iacetone

al kyl apglvdiag ableﬁtamer?é@anbwm ahieAdone ghelating agrnhewates, rinae&ﬂ llysat least @l es:
tetrazol it «didfiagRleRsiy f’eaQed?é%&'aPQ&?os nhgﬁitr ARl biRast SALIGHL dene
aniline; tetra ro-1, % enzqu|none - h r oxyphenyl| enzoxazo

2- (2- mydmwumghgﬂylemhemﬁphhpmmekésﬂhydndxxmmnthmdemS@héemﬁmxanJme@$KIN0,

sulfosalicylic acid SA) ; .sal | t et ramet hyl ammoni um
ol 1 g felbyine e, bt b Aaplellel st BhnGeSTPRIGE: | ana an nes and
am ne- N—OXIdeSCBE@bMﬂﬁng,_DUI NOT 1T UefLT Qe YT 1 01 NE, 2- et hyl pyri di ne,

2- met hoxypyrl (6 o uc vatrves tlict jvag) el hoxypyrl di ne,
2 p| COl | ne, \IP Cﬁﬁltéoﬂrgﬁd \l)l::f | Ves ﬂ M:O ﬁ%%‘?amlﬁgﬁ | per| d| ne, p| per azi ne,

] IIIII
triethyl am ne, S0¢ P30 1 arfi ne, isobutyl am ne,

tert- butylanln@wﬁﬂrlbutvlanlne dlDﬂﬁﬁVﬁ%ﬁiﬁeﬂmuﬁ%@%hvlanlne di gl ycol
am ne, nonoet hangihandolvent net hyl di et harfoltanabave S0 pwtr %ol e, | soxazol e,
1,2,4-triazol emdulpyri di negorpyidnm di N, %Ry bBAItNE.% PYr 1 dazi ne, qui noli ne,
i soqui nol i ne, ijfiek&(s)i m dazol e, N-nethyl nmor phol i ne- N-oxi de (NWD),
trimethyl am neg I Tfees) U t 1 di ne- N- oxi de,

ﬂ O Nl
N- et hy| nor ph0| tre=TN-ox{ \.{c, Ne yl pyT \dl —a 3-1'0'-
|\I_et hyl pyn Ol | éi 'ag &i é*i H_lg agqnt Bt h\ll | sl égg Qu rl/ }
di i sobutyl am nSUCASRPYIEG e niline dorihigapeuts %

pent anet hyl di et hyl enetri am ne (PMDETA), and conbinations of any of the
above 6gf er a}Pﬂ tIhQIe eﬁfﬁ@hfﬁ{én’ﬂ Srage rﬁrsﬂ As é%@{ htﬁ@ ‘;ﬁégeflp %\%nﬁ‘&ﬂ Qelatey\Qo an
2008/ 800 7PCT/USZOO7/088644 Docket 32-471.835 OP PCT (

hydr oahharmis cospo dtlolPtE@E:Tﬁﬁa,mregnpbS¢1plalsm|aaitqlnlr¢s1dutse$eeﬂicd fWherthe geme rrto,nsusthl@

conp05|t|on i ncl udes a 01 mﬂ@bchelatlng %fnt, based on the total
talflﬁlé

ast
wei ght° Foftapd- CYHHB LR, Ff‘éhde uey, 06%]@{?‘?% ESiHEs t9R fISHEES a S tnof
t he i R¥RALHIRN &IPS IR IndhikiHE tBQAudsNGhd AR nfbisdioch@ GhaBbt, tsQid@esthpbsifidh
resi due removal, wet the surface, and/or prevent residue redeposi ti on.
| 1| ustincleding at lpastaanezaietan mrerdet ldagt orer eorppston] inhibiter] waser, appdrsllerat deashl t s,

cationjic surf.act , ni ac quoroaIk ur f ctants
SoRF oD SIS R R RhR 5 LT R6) Sefing S8 PP bkatB B SRS oy

FSN- 100ssiviMnElageitadptidndny @Ssldﬁlfca(b'ff 3Mics, z(rid @twnﬁ@r §t413£lst @Ré surfactant, present in
FC-4432) dloctylsulfosu00|natesalt 2, 3-di mer capt o- 1- propanesulfonlca0|dsalt

. doddksdobensngvangast bispd ondieotabyright pfihe semgpsiae- pol ypropyl ene gl ycol s,
pol yet hyl ene c acid salts, Rl
benzene sul f on@IBARL o salts thereot ‘xgeg he—Rl—i s a stralght chai ned
or branched CRe@hWﬁ§PWWP@%rnun\ aﬁlwﬁﬁ)fi%ﬁoﬁbﬂﬁﬁﬁﬁ%lyners pol yet hyl ene
gl ycol s, pol yprongdienahilipe6) s, pok @HW%HeﬁéoebmﬁdD¢bropylene gl yco

et hers, carboxwata aci d salts, dodeshoubdhZewedohfdhfc aci d, pol yaayl ate

pol ymers, di nonyl phenyl polyoxyethylene, silicone or nDdified silicone

pol ymers, acetylenic diols or nodified acetylenic diols, alkylammonium or
nodi fied al kyl ammoni um salts, as well _as conbi nati ons conprising at |east
one of the foregoing surfactants, sodﬂ€n1dodecyl sul fate, zvvitterionic
surfactants, aerosol-OTl (AOT) and fluorinated anal ogues thereof, alkyl
anmoni um perfl uoropol yet her surfactants, 2-sulfosuccinate salts,
phosphat e- based surfactants, sulfur-based surfactants, and
acetoacetatebased polyners V%en present the conp05|t|on |ncludes at | east
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[0069] I n various preferred enbodi nents, the aqueous cl eaning conposition of
the first aspect of the invention is fornmulated in the follow ng

For nul at iwosow/@posmher ei n al | percentages are by wei ght Pcmmeﬁj)mss@he t ot al
wei ght of the fornulation: Formulation A: Fluorosilicic acid

Butyl carbitol: 15.0 wt9% Water: 72.8 wt % AsBBFHie: (8873&47%@36%%“7493)

Met hanesul fonic acid: 10.0 w% Fornul ation B: Fluorosilicic acid: 1.2 w%
But yl car bi t ol-—35-0—w3%—Mdter—F2 8 wl4—~Ascorbie—aci d: 1.0 wt% Acetic
aci d: 10.0 w %rEiaoleNbn ¢ Fl uorofi%itepkouicp gt b 2 wi oy Water: 87.8 wt %
ZONYL FSO- 100:_n@:td chelgsing\agenr(bi ¢ aci d:.0 9.t15amw0Acet i c acid: 10.0 wt %
Forrmul ati on D: stlfacmard@ | i ci c aci d: 0. 7 0wb %poBUOYh carbitol: 8.0 wt% Water:
86.1 W% Ascon(l;wq(@ggldam@ a%emts% Met hanesbddtqoice acid: 5.0 wt % Fornul ati on
E: Fluorosili Cigf@Chflce U- 9 W7 BUTYT CRIOILLRI 3 932- & Wt % Water: 59.9 w %
Ascor bi c aci d—e—S—wt-%—fv‘b'l-h-a-n'esm-Pm—c—arcrd—e—hvt-%-For mul ati on F:
Fluorosilicic acid: 0.6 wt% Butyl carbitol: 19.7 wt% Water: 67.7 Wt %
Ascor 10@574ci d: 0 y& atother I‘m’l‘d@dmmdf ahé dirsicispect,1the Eprwb% ﬁ@ﬁmnalteilabﬂ @G an

Fluorosilicic ac Bt carbhito 85.9 wt %

s cor BALCCHS GRS 500 f4c A B Hlos B s C s P DOy i SERP e

0.2 WoY6 fr@hithl- @(gﬂteﬁﬁmlg' 1S idﬂl% Oﬁbllyhféhg ﬁe‘éid‘ﬂes chpﬁ\é@ c/éntﬁﬁfn)g' r&afueh ! @lng st%n-o
W% Water: 88.3 wt% Ascorbic acid: 0.5 %Forrmlatlonl

Wat er coa@m& vigsiduepi ¢qhradipspineatieing | 19iduos, rfwed kgplml:emaﬁl@ns tbewsf waidh cepEaBdgon 1. 01

W % uéc ﬁ%n%\fﬁ:awﬁnqe e Ffl %ta er)%tr rc‘:ylatd fe%‘stth le%?%t{ﬁc! %‘%Venef‘ wz:1l’[er op%nz?llyA%(feasp one

Aci d: ensi

2008/ Qaﬁeaammaﬁagoag@a&wm D@QdﬁedineN@hel&ﬂ%73gen47 bpﬁéﬁﬁll@atP(éHst( 6A93pw-k
Formul ation J: Water: 91.64 w% D (propyl ene %eycol net hyl ether: 5,00
W%  HRSIYRENg RO, mt%naftE@sou@e@éSW% and prtignalheat Ipash@ngeugfagiut pregpt in

densi opanedi ol : 40.00 wt %
V\/aterwe@uég%l%g%oﬁ%&rg%l t8%1§81%§ fgr?%l o%y ene gl ycol nethyl ether:
25.00 wmt % ascephbénen¢i d: O. 50 WM % TBAqBEﬁweQéhlo wt % Formul ati on L:
3-chloro- 1, 2- pRRREREELREs) #U. UU W‘K%oﬁ’i’%)&(ﬁ“%téﬁb&lﬂ%‘%" boric acid: 1.00

TB'OA/\(? B}:Zfl pgog%l_\:mn%%" H et tyt A AT q?bbuivlbl \(j\a?glrd 8§ 8(7) x?;;
Di ( propyl ene . algu ab . 1.01 wt% TECS: 0. 30

Wt % Ascor bi c _Aefresionpinbdigi®3 | ni nodP dhoundd wt. 9. 62 wt % For nul ati on N:
Wat er 89. 45 wt WetDichplnopybendsygl ycol ) OfetthgbowBA&h: 6. 83 w % (NH4) 2Si F6:
0.99 wt % TEOSsufac2htish % Ascorbic Aci d:todbdd 104%%0 pH = 2.9; density =1.01
g/ L For mul at i gy paVal &g a6 @)W %8 30GBhLB&R-18.2- Pr opanedi ol : 20.0 wt % Bz
TMAF: 0. 15 MW&W Moot s o 2- 7

Notably, the weight percent of the at least one etchant includes “neat” etchant or alternatively,
the amount of the propylene glycol/etchant mixture, regardless of the weight ratio of propylene
glycol to etchant. It is to be appreciated by one skilled in the art that the weight percent of
etchant in the cleaning composition is less than the weight percent of the PG/etchant component
added to the cleaning composition. For example, the weight percent of HF in the cleaning
composition including 0.5 wt.% PG/HF (96:4) mixture is actually 0.02 wt.%.

[0058] In the broad practice of the invention, the cleaning composition of the first aspect
may comprise, consist of, or consist essentially of: (i) at least one etchant source, at least one
metal-chelating agent, and water; (ii) fluorosilicic acid, at least one metal-chelating agent, and
water; (iii) at least one etchant source, at least one metal corrosion inhibitor, and water; (iv)

fluorosilicic acid, at least one metal corrosion inhibitor, and water; (v) at least one etchant
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Formul ation P: Water: 78.7 wt% 3-chloro-1,2-propanediol: 20.0 wt% Bz
TMAF:. 0.15 wt% propylene glycol: 0.8 wt% BTA: 0.3 ww% pH = 3.5

For mul at iwo 2Q8/08a192r : 90.6 W % 3-chl oro-1, 2- propanedi olPCTRISG00MI8§64Bz TMAF:
0.2 % propylene glycol: 1.1 wt% BTA 0.1 ww% pH = 3.6 Fornulation R
Water: 90.45 wt% 3-chloro- 1, 2- propanedi ol : 8PerkN CBZ2HAE> U 19 (it
propyl ene glycol: 1.06 % BTA: 0.3 ww% pH 3.5 Fornulation S: Water:
79.50-79. 99 th% DMSQO. 20. 0 % tetramet h%lpagngqi um hexaf | uor ophosphat e
0. 01- GO% Gt 9 BT OF nO'ZAVE e V&b 8 FAEhONG TERECRT FERE A8PBc Y t WalChgtidbus
conPOFivobNic adid et Wa@tsﬁﬁtor%z{h\{@ VAR, 4tNedsHORSmElaHORDstinel b ft, A6 HateBl(vIipast
one chel ati ng agent, and water, wherein the weight percent ratios of the
chel atal hagstagrenettlant sedrae.i ay deasd ondergahigorobising.i at ilenshenametal gbaotion inthabitdsout

20, and,wherein... anpunt of er. is less. than 75 %, base n the total
et g VRS B IoRfRAG ofl. AP0 bk, AR DRL oy ot D8oRHab forketf
chel atihiigit@gand wa@d¥plik 5 SleARtdhan@siahf Qilir€e, atildhst {ROSLhhia BRehi)ek 1@RDesH ment
of this aspect, the aqueous conposition of the first aspect of the present
i nvent&H-shalating asenty fdeass iong gletal geresion inhikitess anshwatgs (x) fleeypsibsic ggid, at

i nhi bi , r er.ei.n.t I rafi t .

cor r ods S on@ ettt Souefel el I MRl b REICR M 3 1% She ReplBORiap,
about ighiBBoroandbatdr; kiBtk leastadne uttcHinB5qured)dt WMaetr enenoitehgicaswbient, aofleasadesr i S
WD 2008/ 080097PCT/ US2007/ 088644 Docket No. 020732-471.835 OP PCT (7493}

| ess tAM-cPslafingqaeenisaleast nsemeBt aProsey Mihikifors fissA¥sthoilrd i ar. Witk 4Xxii
parti gl : ersr L e j I iC
e B SGCH RN B ARIRS boly bt A A ke BMa RS 3 1 SC O
conposndtalomriofionighipiters dmssolived eitich,candi watby deisi) fab lrastosiel ¢tchant agirdg, aafledseast

one organic solvent, at |east one chelati.ng agent, at |east onpe netal.
Cor r Qo AT BPYGH 25k aRe P ErEr An d P ghvoRed ol P Moo NIt he
or ganiffofIeNhdi8) a8 lohY Srdafid fvdnk URNESE bh& hfetd@ Coflolidn @RAbkorl QistQvabout
15, the weight percent ratios of the chelating agent(s) relative to the
f 1 uor o8ichi ek vagird (19 ableut @etachabouat 1east ankeorgeiighlvgetk cereast ang dewdf t he
e A RN T R R A BN O
based o0aB of da@ictsotvaht, wed ghaterof the conposition. In a particularly preferred
enbodi nent, the aqueous conposition conprises fluorosilicic acid,
di et P93 gl ydbe vatarys instuded to sgive ase oplpt aadiagsist/ipdiyeaqipseluingt fapsidues,
enbodi o, i X h eyl f the present
vention o Sids Sk o BEP Flanc 2t ARUEPH ERIBRMBLARAT * 10 Dot e
| east [006]chel &i hipgefagedtmbadinieaast tten@vemioal tteodquesiusotieartiig bompaositian df
wat er, erein the weight percent ratios _of the organic solvent(s) relative
to _théhﬁ\t%étr G819t dF cSRERRITY &BBUE 30 PHEBBLILeRE, ¥ %P‘fdﬁflgﬁ'é?fm_&téﬂ‘ﬁng
rati ogoRfhohiR HASiREIPQ. qﬂ%ﬂ&t@l&) Ijéﬁh%ﬁ'eﬂﬁ)ohﬂnénlﬂeché laﬁgsrog§ bllehrﬁh% c@rﬁggsit'iél
about 5 to about 20, the wel ght I|%)ercent ratios of the netal corrosion
i nhi biof dre(fspt aspbatis substaotidllyedevbudorfadidsiveingatartil grrios toadvatact @itB Ghe mbstioerto
0. 35, an? vvh(Frei n the anount of water is less than 75 w% based on the
total SWETGREY of the conposition. In a particularly preferred enbodinent,
the aqo@ays cCoMpEHH faffe 6OMRIAqEESsIdId4AIRSd ot foksRiof Gif he ﬂfs@hﬁiéh@ﬂ%%ty@f&
butyl ether, ascorbic acid, and net hanesul fonic acid. [0074] 1 n anot her
embodiahewitS, ofefenllyfabpeitO eapeet4.S tand et psicsadyrpodidttoehontdcd. udes at | east
one or hC solven t least_one.etchant, at le .one gchel ating agent, a
cour cA0BR S, 7 I Manaft soufBS a6 G IR bud SERPURTE: BEPPALHAR BTN
Sui t aBperidsyaEisiein FYmers sioewalhstiut Gembdl amdelightly e@hgnsttthé TN thaeinhBk.
sul f ol ane, 2-nercaptothi azoline, 2,3,5-trimnet h}(l pér azine, 2-ethyl-3,5-

'BY

di met AEEDE a9urRRs cERRIREH hveein Apdige. by raromet Tigyed daz hwdroflaerig aeif H&ED):;

: : R ‘ . i nadi ti d
(1 oy Tearosfloip ot PESELE AfGeLas: JRRE hhhRaRy oLl O AR
t hi oph&repetingimaphmnphekdivoeogloopiace, anto@rmn 8ubi@e, silat nashdnihmt bifluodda

disulfide, 1,2 4-triazole, 2,5-diner to-1, 3-thi adi azol corbi ¢ acid,
ascor B derutyiHamekal Wgﬁﬁbﬁgg?rﬁ@r @%rof*,-%&ﬁlEfPéQPaYﬂw dirbitfes W5yEhAZ R,
gl ycine, histidine, ascorbic acid, and conbinations thereof. In a
particularly preferred enbodi nent, the aqueous conposition includes at

| east one organi c sol vent, etchant, ag | east one chel ating agent, a source
of silica, at WD 2008/ 080097PCT/ US20 71 088644



Docket No. 020732-471.835 OP PCT (7493) |east one Wcorrosion inhibitor and
wat er wherein the wei ght percent ratios of the organic solvent(s) relative
to the etwbands/isgo9about 5 to about 8, preferably about @CH/useocalosssts 7, t he
water relative to the etchant is about 85 to about 91, preferabl about 86
to about 89, the source of silica relative toDﬁﬁgbﬁi%ﬂgﬁﬁ7 |80t 6P t o
about 0.5, preferably about 0.25 to about 0.35, the chelating agent(s)

relati e th chant ut out , era about 1 to
Cboat of CabSun % B O B DT mRigrbS, Clpt ofud; vB BhSH R by
about %&Qteﬁlaﬁlk&laﬂlmd?ﬁ@rﬁeﬂ@lﬁdﬁ aneutne A8, 3%@&1% Ray be THE s&RRMRYIrtdigBRnef
this enbodlnent may be used to etch Ti N without substantially renoving ULK,

Cu or fwhppnd erotiGy a@d aw CilRtedPremdhabtopp cohdstatecatinigho aprinaslesy Hrainebed € i ci ¢
acid

consi St aﬁl@i‘ qllpi)sg ﬁ@?em%balgut&#pmﬁyﬂg gf(l g‘%ﬁ :E%Itl%n?fca@gﬁ;ﬂ%hyl

et her o meaﬁta%ts hpieqier@mpydb@ﬁesmzenﬂonﬁ)out 1999100 pkdpyldne gywimtm@@lﬁﬂﬁomﬁpr bi ¢
acid. [0075]1n anot her enbodi nent of the first aspect, the aqueous

conpodiuerige i Actaightsate of abait T9ve Orapant 85 §0Pf\¢83rlﬂbly abouteiis30 @n@)oet ehdht, a
o par Gro i 5GPl b RRE HERCT £ 5ichihe U B bl 7308, 3B 1
| east 96re p@erfgab]yCabmt @00 to abah &t 10; ansoumbmaﬁénssuheteoﬁ Padferhelgs the Giichant

W corrosion inhibitor and water, wherein the wei ght gercent rati os of the
or ganiseuse co@ptites)flyqspsikigic acide Prapyleas @hvcrl/Hf smiyeg: T8 A BFa 3¢ combinations

pr ef er, ab & ch bout
88 tot%%%¥} 9§V&%ré$g&QEﬁm’abgﬁ? B%iﬁW%B %ﬁ%ﬁ%a&&Mﬁeksog?gg%%f Si P@gnﬁ

r el at iflverdsdichteemayt dhvaset! sp shadbeutH Of the taqueive gtea®ing compesheorabllyglwbwg L5 to
about 0.35, and th orrosion i t relative to the n

Sbout g graBghpit? abR borg e astuth fEhare Beceie coltplbi T EhehS:
this egpadicaRAtnif@Mylg used to etch TiN without substantially removing ULK,

Cu or Wor for Cu of WCMP. Preferably, the etchant conprises fluorosilicic
aci d. [ea3] ex amT he organlccﬁ@efeemmtmerthe petrt@era@quemlbng errdé@sdlsaomloemmg@ecs

conS|sts consji sts.essent | wat er r coI t hyl
ot ner v oy o8] RCEsS 3o TREbe rerbofl ok BRIRHLARE i Rehe V5 o

aqUEOIfﬁe\G:ﬁﬂE&ﬁiublﬁﬂepb@iﬁI@hl SﬂdS’or ﬁ@s@ﬁxaﬂ theOfindefl§ingOMSHeE LIS, €83 emiLKaI Oyediic
wat er, dl(prop | ene gl ycol) et her, ammonium fluorosilicate, TECS and
ascor tspkyeeféw@n e@f ﬂlﬁreethmcms#e Hoogi HRsrimigtd theilqahplst etheise @yrrolidiBonggueous
Cconposy n ugdes, a t, at
oant oo ablfeh 8% Glol (BRR, 1L BPRLe ithod REH-R0E, SUARCY BopRPUET
wat er butamola apdhighendleshoys (pmeh‘ a&r(Eze@ dmhoﬁdrmr(m tribhh@ Iaqjgenmed glooipds (suclo s

incIu TB. F4, at le one organi ¢ s n st Qne OMFk
passi a%h W@Aiagempan%qw# $aebiore, Aepree%r}e&?loi Sl g Rreleanaﬁd? wéerer “PLRaRedi & t he

wei ght.y, i S I
500/ Sansgd itk 563%038%0%%081623) %g%g? pﬁo&b@%@)‘) gas %bé’g&ﬁo%lﬁﬁc)’orpan%g’sl)o to the

| ow k lﬂaspzinoat Hreplagdriutaloli 8-chbwotth8®I1) odiclidowimerityne preblosvfabyhy aafttm‘utamao t 0

bout 65;. t.h t | at to | j t I b
About PEOIONF clebPai o Sett ool Pl N AR b el gudr hafye o
low Kk ¢ g@@ %ymamat NSdcty1py@beihorte, N-pReBi®FolidinoRE ehRiBMiYhaRM4thing; 5 tO

about he etchant(s) relative to I ow Kk ‘passivating agent(s) is about

0.01 _tméﬂeﬁomrrr@te pdigfednadbfoymaedst (DMID, t @mabylrulfexidp 00TVPIH, getidrnethyloncher
.errbOdl one (? Llfélgr? )fc:het% eatlslgr en(())];<¥I he nv Kﬁﬂhc} a;%roi[n'rl]ofj)s% (l)JneeOgt%gf;l%QP DS tthylon

i ncl udés oneP of gani one“Cor rosi-on
i nhi biat@tte, at}@l Aenk&AST adbhiteiles hzajetonel leﬂ@ldaarguywl @Eép&lﬂfeeglgfbble@G) 1,3-
enbodi ment, the aqueous_conposition i ncl udes wat er, | east one aqrganic

\?\Iﬁl verpropaa%%r ghprognredinly diotnsn 2yl lreors Ibahriens @ﬁbematf@ ethytengcarbenate. )
50 bertbyp e Shi DR MicBR Rniibse A58t GARH IR b RE KB LP (e

pr ef errmbioynedm uetthe?fO diohgboutel R0] rhérerisl ethereluadthylend @lycol monoethyl ether,

P& ben trinpet hyl anmoni um fl upri de etchant is_about

pref eﬁﬁﬁﬂ%ﬁe@%%&%&rppﬁsﬁt@nﬁhﬂﬁ@ ¢ SRIIRUIVhABH fizﬂﬂpéﬁnergzmﬁ Weowyl

P& benzyl tri nmet hyl ammoni um fl uori de etchant is about 0.01 to about 0.5,
preferably about 0.1 to about 0.3. For exanple, in one enbodi ment, the
aqueous conposition conpri ses, consisgg or consists essentially of

wat er, 3-chloro-1, 2-propanedi ol, benz tr|nethylannnnlun1fluor|de propyl ene
glycol, and benzotriazole. [0078]1n another enbodi nent of the first aspect,
t he agueous conpositions described herein further include post-plasna etch
resi due, wherein the post-plasm etch residue conprises residue materi al
selected fron1the group con5|st|ng of tltanlun}contalnlng re5|due

T ] e . Y



WD 2008/ 080097PCT/ US2007/ 088644 Docket No. 020732-471.835 OP PCT (7493)
formul ated as foans, fogs, subcritical or supercritical fluids (i.e.,
wherei n twe 28@l0seryy i s CO2, etc., instead of water). [O0@8TJusaota/08saond
aspect, the cleaning conpositions of the invention are sem %yeous 0

I

em-a r
non- aqueous and include at |east one organic 581t 0205Rd7 5> (8t e
net al -chel ati ng agent, optionally at |east one surfactant, optionally at

| east gne corrosion .inhibitor, optionall t least one | owk ssivati ng
agent SS{horiTheaapitqlbagehghie EPERaHEnoBG o5t SRMFTS EWE dRoTBEYrdifbui ng
post - RlarBnelIGE ol ESHMEeR eftHe‘?,r@tﬁﬁ@neS%l%@}%e@ﬁ e@ndl] HOPALRCENON fetHPVIES,
havi ng sane théreon, wherein the post-plasna etch residue Conprises a

speci elépropylens edlydot omethiie egfresuPROME) sttiiprypplene i glxed] umetyht etheri (EPEME)dues,
pol ymeric residues, .cO r-containing residu t.ungst enscant.ai i n

est S oPYER, FERL AP st o g Pitivdehe piecl B abiets ROHAG el HPieRst ner
enbodiefRAtdiplofflefid €BAOING pLPYPEEET (DFTGPHE)NE1psey 181 d1gas -8yt rop et ent
at | east one netal chel ati ng agent, and at | east one corrosion inhigltor. In

stil| ghyel Hebutshisdirmamropyiere @lcahimbutybrghssi tilpyaByYlewe | dhde! at-brighstthesne

or gani e o) - l.at 1 ng . afy | - si on
i b kel Bhet T ater MG, AAENS Wdtd, 1R38ion Tl PR 0GR IEP

t he | reaptisoothenehphiphdic spedsd, i.enepaigathitccomadiv ®oth, hyalrop hélas ainddhwgdrophobic
netal-chelatlng agent, at |east one corrosion inhibitaor, at |east one

sur f adRQufies sipbanfgrsarfactpns.y Bydeapbobie Prefghisdimanecnerally ke Epated DX SifhE¥en i ons

of theriNMRMLAR i) EoiRiRhe! FARMdrQARA 82ALGoSALY tarddeis th RS hili
netal-cﬁ%#%ting é%@ﬁ{, a#ﬁﬁéasﬁﬁgﬁe corrosPonOinhiﬁg%%l, %t ?EaggﬂghéKiOMFk
passi \p@dtzgemgesagantgf;neaa_ﬂy lvmif@artec_li hy?nghiio?nfbbi}ﬂw iembod hn@m_rgedtpwléardhea'rdnalg
conposi tions_ o e invention jinclude at |east one organjc solv

enet B noREIer e UF) eSSt o PR AR ESr £ SSTIeRh Bt SFOMP) east
one S_lariﬁraﬁla{g o1l | gadl1 QaRr| APEMPAS PryRldied cREENt sardE bWBLSlhetohd) AQP her
enbodi ment’, the cl eaning conpositions of the invention include at |east one
or ganicembolatiemt theatof] edéhenopessenst die- edrepesitiony insdusies | atdaebt 0.0 ety oogamic

et chant. 1 n anot her enbodi pen t he cl.eaning conpositions of the invention
inc|ud8h%?nP%§§Pn§E€°%? gﬁgﬁoé%?§8%??m§?nleast one netal -chel ati ng agent,

at | e3g064pne COhE aHEEN chMbNibi tighibital ele teaBiRe ovtichalithg ofh@ellgand.ng
conposition of this aspect of the invention renoves post-plasma etch
resi d§eBPaRhuneste]. gid/pherdalidnpreaptect B ontuiahly qoFesing i1ibitess nglusiesbut are

i ncl udiong; cebald aadc - GaNbLE 9&1@%}?121& Oylsz"l'%%%%g%%)’ gia%irﬁﬂggaéo@

. I
naterlanlon t hé n1crd§$@€%ronlc evic f face. one e I'ment of
t he sépadrd, dsipeltdxybehstpazese nf-amiee hBidethiadélzal-2shibh ZanmagpdLIS2,4 otjaasiet i on

for cleaning post-plasma etch resjdues selected fromthe group cqnsisting
of ti Banf R RbheA iAgcr eLIHHaYS. BENGHEPPR GOl ST Te GBREI LRI AT H g

resi d%elﬁerc‘é%t@gls,i @fﬂﬁaééﬁ,2P-Qﬁ{n%i@,@947-5&1619,32208_?&9%%& ¥ %I)trilé@ol@, Il-amino-
020732-471.835 0P PCT (7493) containing residues, cobalt-containing

r esi dues3-tardlec oimag-Sensthylhb? Sdfipzdai B-morppst It.2.d+iriazodd, udiingprapylileadt one

organi c_sol yent t. | east on ag-chelat'n e | east e corrosion
i bitt e vetshy g FlRarRgS s T EheE e kh e e B e RGOk,
| east 1pnihavek-Ressavial DhgedgRMenzMhRS 6B 2LNMBLHE 1 HAkA AL RE i AMSSSthidias ed
on the total weight of the conposition. conponent % by weight preferably %
by wei’ghtrcaptgbeiizonisloralent2-¥idut 45nethylol-aboutinBdesdeabomeraptogiozabsut2.45 %
chel atdliarfl%ng%?nqg ?/?—1,3,5—triazine, thiazole, imidazole, benzimidazole, triazine, methyltetrazole,
Bismuthiol I, 1,3-dimethyl-2-imidazolidinone, 1,5-pentamethylenetetrazole, 1-phenyl-5-
mercaptotetrazole, diaminomethyltriazine, imidazoline thione, 4-methyl-4H-1,2,4-triazole-3-
thiol, S-amino-1,3,4-thiadiazole-2-thiol, benzothiazole, tritolyl phosphate, indazole, DNA bases

(e.g., adenine, cytosine, guanine, thymine), phosphate inhibitors, amines, pyrazoles,

iminodiacetic acid (IDA), propanethiol, silanes, secondary amines, benzohydroxamic acids,
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about 0.5 %to about 30 about 2 %to about 20 % netal inhibitor(s)
corrosion about 0.01 %to about 10 about 0.1 %to about 2% water about 50
% to abouwoO2dosaisonsy 40 % to about 75 % surfactant(s) OPCo/tsh@ansshds % 0. 01
to about 2.5% (when present) |owk agent(s) passivati n% 0 to about 10 %
0.01 to about 2.5 % (when present) Docket No. 020732-471.835 CIP PCT (7493)

heterocyclic nitrogen inhibitors, citric acid, ascorbic acid, thiourea, 1,1,3,3-tetramethylurea, urea,
urea derivatives, uric acid, potassium ethylxanthate, glycine, and mixtures thereof. Dicarboxylic
acids such as oxalic acid, malonic acid, succinic acid, nitrilotriacetic acid, and combinations
thereof are also useful copper passivator species. It is generally accepted that azoles chemisorb
onto the copper surface and form an insoluble cuprous surface complex. Preferably, the
corrosion inhibitor includes ascorbic acid, iminodiacetic acid (IDA), and benzotriazole (BTA).
When present, the composition includes at least 0.01 wt% corrosion inhibitor, based on the total
weight of the composition.

[0065] The inclusion of the chelating agent serves to chelate the oxidized copper and/or
tungsten metals in the post-etch residue species and/or react with TiN and/or titanium-containing
residues.  Suitable chelating agents include, but are not limited to: fluorinated B-diketone
chelating agents such as 1,1,1,5,5,5-hexafluoro-2,4-pentanedione (hfacH), 1,1,1-trifluoro-2,4-
pentanedione (tfac), and acetylacetonate (acac); iminodiacetic acid; pyrazolates; amidinates;
guanidinates; ketoimines; dienes; polyamines; ethylenediaminetetraacetic acid (EDTA); 1,2-
cyclohexanediamine-N,N,N "N -tetraacetic acid (CDTA); etidronic acid; methanesulfonic acid;
hydrochloric acid; acetic acid; acetylacetone; alkylamines; arylamines; glycolamines;
alkanolamines;  triazoles; thiazoles; tetrazoles; imidazoles; 1,4-benzoquinone; 8-
hydroxyquinoline; salicylidene aniline; tetrachloro-1,4-benzoquinone; 2-(2-hydroxyphenyl)-
benzoxazol; 2-(2-hydroxyphenyl)-benzothiazole; hydroxyquinoline sulfonic acid (HQSA);
sulfosalicylic acid (SSA); salicylic acid (SA); tetramethylammonium halides, e.g., fluoride,
chloride, bromide, iodide; and amines and amine-N-oxides including, but not limited to,
pyridine, 2-ethylpyridine, 2-methoxypyridine and derivatives thereof such as 3-methoxypyridine,
2-picoline, pyridine derivatives, dimethylpyridine, piperidine, piperazine, triethylamine,
triethanolamine, ethylamine, methylamine, isobutylamine, tert-butylamine, tributylamine,
dipropylamine, dimethylamine, diglycol amine, monoethanolamine, methyldiethanolamine,
pyrrole, isoxazole, 1,2,4-triazole, bipyridine, pyrimidine, pyrazine, pyridazine, quinoline,
isoquinoline, indole, imidazole, N-methylmorpholine-N-oxide (NMMO), trimethylamine-N-
oxide, triethylamine-N-oxide, pyridine-N-oxide, N-ethylmorpholine-N-oxide, N-
methylpyrrolidine-N-oxide, N-ethylpyrrolidine-N-oxide, 1-methylimidazole, diisopropylamine,
diisobutylamine, aniline, aniline derivatives, pentamethyldiethylenetriamine (PMDETA), and

combinations of any of the above. Preferably, the chelating agent is methanesulfonic acid,

18



[ 0083] I n anot her enbodi nent of the second aspect, the present invention
relates to a non- aqueous conposition for cleaning post-plasnma etch
resi dues wel2eest80097r om t he group consisting of titani unwcmmsa(imjossgu
resi dues, polyneric residues, copper-containing resi

t ungst en- cont ai ni ng resi dues, cobalt- conta|n|9&3?@?N886?47E%HCFH%HYﬁ§??ons

t hereof, said conposition including at Ieast one organic solvent and at
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about [806lt 0 afberomgonbenstof Haekirso assoe! the invgamen BRBOPLPGHZ A itheryeclude

another t he, second ,as ent i ention relates to a

conpod PFRRarGI b h B ETR U RRF B PEs PHRRE el B RRA I HRALS: oup

consi gNudHEiof stitth@mty Thaedy, ajufiaRg nbe Sifiteasto, raﬁlwa@ﬁt CsaItQSdaﬁUﬁa% surfactants,

copper-cont ai ni ng r esi dues tungst en- cont ai ni nglOr esl ues cobal t - cont al ni ng
|

resi daBNicasTasHRs naersfe! sherdwrs, SAREONYHD S0t SRITANECLEFY AONEEE one
or ga”'LfR SAHNG e ﬁéo' @Zkgfﬁﬁ@%ﬁ\& 16@%ﬁtﬁllg&a@gl%8}ds¥%q%ﬁs{ g'ee% 4&’{@0@ he

et cha present oW ng ranges ase

conpodHG-i#432), compaﬂanﬁﬁhhymME|ghhp;efaBahmyn%@myMpﬁ@amﬁeﬁ@ﬁabImm%)bwaﬁﬁ WO
2008/ 080097 ) ) PCT/ US2007/ 088644 Docket No. 020732-471.835 OP
PCT (-ﬂggg)ylbeng@qeélﬂfomc acid, polyethylene glycols, polypropylene glycols, polyethylene or

polypropylene glycol ethers, carboxylic acid salts, R; benzene sulfonic acids or salts thereof
(where the R; is a straight-chained or branched Cg-C;g alkyl group), amphiphilic fluoropolymers,
polyethylene glycols, polypropylene glycols, polyethylene or polypropylene glycol ethers,
carboxylic acid salts, dodecylbenzenesulfonic acid, polyacrylate polymers, dinonylphenyl
polyoxyethylene, silicone or modified silicone polymers, acetylenic diols or modified acetylenic
diols, alkylammonium or modified alkylammonium salts, as well as combinations comprising at
least one of the foregoing surfactants, sodium dodecyl sulfate, zwitterionic surfactants, aerosol-
OT (AOT) and fluorinated analogues thereof, alkyl ammonium, perfluoropolyether surfactants,
2-sulfosuccinate salts, phosphate-based surfactants, sulfur-based surfactants, and acetoacetate-
based polymers. When present, the composition includes at least 0.01 wt% surfactant, based on
the total weight of the composition.

[0067] The compositions of the first aspect of the invention may further include a source of
silica. It was surprisingly discovered that a high TiN:ULK selectivity could be obtained using an
aqueous composition including an etchant plus dissolved silica. The silica may be added to the
composition as a fine silica powder, or as a tetraalkoxysilane such as TEOS, preferably at a ratio
of etchant to silica source of about 4:1 to about 5:1. In a particularly preferred embodiment, the
etchant source is fluorosilicic acid and the silica source is TEOS. The preferred embodiment
further includes a glycol based solvent to facilitate the dissolution of the silica source in the
composition. When present, the composition includes at least 0.01 wt% silica, based on the total
weight of the composition.

[0068] The low-k passivating agents may be included to reduce the chemical attack of the

low-k layers and to protect the wafer from additional oxidation. Boric acid is a presently
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preferred low-k passivating agent, although other hydroxyl additives may also be advantageously
employed for such purpose, e.g., 3-hydroxy-2-naphthoic acid, malonic acid, iminodiacetic acid,
and mixtures thereof. Preferably, the low-k passivating agent comprises iminodiacetic acid.
When present, the composition includes at least 0.01 wt% low-k passivating agent, based on the
total weight of the composition. Preferably, less than 2 wt. % of the underlying low-k material is
etched/removed using the removal compositions of the present invention, more preferably less
than 1 wt. %, most preferably less than 0.5 wt.%, based on the total weight of the underlying
low-k material.

[0069] In various preferred embodiments, the aqueous cleaning composition of the first
aspect of the invention is formulated in the following Formulations A-S, wherein all percentages

are by weight, based on the total weight of the formulation:

Formulation A: Fluorosilicic acid: 1.2 wt%; Butyl carbitol: 15.0 wt%; Water: 72.8 wt%;
Ascorbic acid: 1.0 wt%; Methanesulfonic acid: 10.0 wt%

Formulation B: Fluorosilicic acid: 1.2 wt%; Butyl carbitol: 15.0 wt%; Water: 72.8 wt%;
Ascorbic acid: 1.0 wt%; Acetic acid: 10.0 wt%

Formulation C: Fluorosilicic acid: 1.2 wt%; Water: 87.8 wt%; ZONYL FSO-100: 0.5 wt%;
Ascorbic acid: 0.5 wt%; Acetic acid: 10.0 wt%

Formulation D: Fluorosilicic acid: 0.7 wt%; Butyl carbitol: 8.0 wt%; Water: 86.1 wt%; Ascorbic
acid: 0.2 wt%; Methanesulfonic acid: 5.0 wt%

Formulation E: Fluorosilicic acid: 0.9 wt%; Butyl carbitol: 32.4 wt%; Water: 59.9 wt%;
Ascorbic acid: 0.3 wt%; Methanesulfonic acid: 6.5 wt%

Formulation F: Fluorosilicic acid: 0.6 wt%; Butyl carbitol: 19.7 wt%; Water: 67.7 wt%; Ascorbic
acid: 0.2 wt%; Methanesulfonic acid: 11.8 wt%

Formulation G: Fluorosilicic acid: 0.7 wt%; Butyl carbitol: 8.0 wt%; Water: 85.9 wt%; Ascorbic
acid: 0.2 wt%; Methanesulfonic acid: 5.0 wt%; Hydrochloric acid: 0.2 wt%

Formulation H: Fluorosilicic acid: 0.7 wt%; Butyl carbitol: 8.0 wt%; Water: 88.3 wt%; Ascorbic
acid: 0.5 wt%; NMMO: 2.5 wt%

Formulation I: Water: 88.63 wt%; Di(propylene glycol) methyl ether: 6.75 wt%; H,SiFs: 1.01
wt%; TEOS: 0.29 wt%; Pentamethyldiethylenetriamine: 1.20 wt%; Ascorbic Acid: 2.41 wt%;
pH = 3; density = 1.01 g/mL
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Not ably, the weight percent of the at |east one etchant includes "neat"
etchant or alternatively, the anount of the propylene glycol/etchant

m xt ure, woegassdise®ws of the weight ratio of propyl ene gl ycolusc@m7ossshant . |t
is to be appreciated by one skilled in the art that the weight Ppercent of
etchant in the cleaning conposition is |ess tﬁﬁﬁlfettl\f‘feoz\ﬂﬁzém'%ég cErt78P) t he
PG et chant conponent added to the cleaning conposition. For exanple, the

wei ght_ percent of HF i he cl gani ng. conposition includi 5. w.. % PG HF
(o6 A Bnublive 17 Ve réﬁo@%@%&en abee)imeded Aol B e Fer Ut
t he setidnd F3H&et, WitkieSyhrodanent-0p wpdnPHon | £8) dansky £d-H ¥BWposi tion for

cl eani ng post-plasma etch residues selected fromthe group consisting of
ti t anifignmelenemKni hrghloesil dumepangdiol ik Glcwi%eswaltge < 3. Kopyer bartsnacad: nli.ywt%;

r esi duepropylangslyeol-roghylaithmirn2f . 0@ wit @uas orboodrad:t0- Yowt%i FBAgBF8ildues; and
conbi nations thereof, said conposition including at |east one organic

sol verForatlatie@st Paidoret alpréfiakaivl: Y. (A0RITE; watkr: 13889t wOREbERN dcQB | 100D wt%:;

i nhi bigiSopylRRE eBicol BRIy QAREIEHAR T ; RIsESBRE adidh 1.0€ W10l | PV ITEF,F @nes % based
on th%_l&ﬁ@heiﬂ@l.@@%t%‘c the conposition. conponent % by wei ght preferably

% by weight nost preferably % by weight organic solvent about 2 %to about
99% ahaul BRoaHR FPAU! 8897 3O i (Do BinARMY) BRaSPENRL M REENH(SE: 1.01
wt%:; TEOS: 0.30 wt%; Ascorbic Acid: 2.39 wt%; Iminodiacetic Acid: 0.62 wt%

Formulation N: Water 89.45 wt%; Di(propylene glycol) methyl ether: 6.83 wt%; (NH4)>SiFe:
0.99 wt%; TEOS: 0.29 wt%; Ascorbic Acid: 2.44 wt%; pH = 2.9; density =1.01 g/mL

Formulation O: Water: 79.0 wt%; 3-chloro-1,2-propanediol: 20.0 wt%; Bz TMAF: 0.15 wt%;
propylene glycol: 0.85 wt%; pH = 2.7

Formulation P: Water: 78.7 wt%; 3-chloro-1,2-propanediol: 20.0 wt%; Bz TMAF: 0.15 wt%;
propylene glycol: 0.85 wt%; BTA: 0.3 wt%; pH = 3.5

Formulation Q: Water: 90.6 wt%; 3-chloro-1,2-propanediol: 8.0 wt%; Bz TMAF: 0.2 wt%;
propylene glycol: 1.1 wt%; BTA: 0.1 wt%; pH = 3.6

Formulation R: Water: 90.45 wt%; 3-chloro-1,2-propanediol: 8.0 wt%; Bz TMAF: 0.19 wt%;
propylene glycol: 1.06 wt%; BTA: 0.3 wt%; pH 3.5

Formulation S: Water: 79.50-79.99 wt%; DMSO: 20.0 wt %; tetramethylammonium
hexafluorophosphate 0.01-0.5 wt%

[0070] In another embodiment of the first aspect, the aqueous composition of the present
invention includes fluorosilicic acid, at least one chelating agent, and water, wherein the weight
percent ratios of the chelating agent(s) relative to the fluorosilicic acid is about 5 to about 20, and
wherein the amount of water is less than 75 wt%, based on the total weight of the composition.
In a particularly preferred embodiment, the chelating agent comprises methanesulfonic acid.

[0071] In another embodiment of this aspect, the aqueous composition of the first aspect of
the present invention includes fluorosilicic acid, at least one metal corrosion inhibitor, and water,
wherein the weight percent ratios of the metal corrosion inhibitor(s) relative to the fluorosilicic

acid is about 0.30 to about 0.35 or about 0.80 to about 0.85, and wherein the amount of water is
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less than 75 wt%, based on the total weight of the composition. In a particularly preferred
embodiment, the chelating agent comprises ascorbic acid.

[0072] In another embodiment of the first aspect, the aqueous composition of the present
invention includes fluorosilicic acid, at least one organic solvent, at least one chelating agent, at
least one metal corrosion inhibitor, and water, wherein the weight percent ratios of the organic
solvent(s) relative to the fluorosilicic acid is about 10 to about 15, the weight percent ratios of the
chelating agent(s) relative to the fluorosilicic acid is about 5 to about 12, the weight percent
ratios of the metal corrosion inhibitor(s) relative to the fluorosilicic acid is about 0.80 to about
0.85, and wherein the amount of water is less than 75 wt%, based on the total weight of the
composition. In a particularly preferred embodiment, the aqueous composition comprises
fluorosilicic acid, diethylene glycol butyl ether, and ascorbic acid.

[0073] In another embodiment of the first aspect, the aqueous composition of the present
invention includes fluorosilicic acid, at least one organic solvent, at least one chelating agent, at
least one metal corrosion inhibitor, and water, wherein the weight percent ratios of the organic
solvent(s) relative to the fluorosilicic acid is about 30 to about 38, the weight percent ratios of the
chelating agent(s) relative to the fluorosilicic acid is about 5 to about 20, the weight percent
ratios of the metal corrosion inhibitor(s) relative to the fluorosilicic acid is about 0.30 to about
0.35, and wherein the amount of water is less than 75 wt%, based on the total weight of the
composition. In a particularly preferred embodiment, the aqueous composition comprises
fluorosilicic acid, diethylene glycol butyl ether, ascorbic acid, and methanesulfonic acid.

[0074] In another embodiment of the first aspect, the aqueous composition includes at least
one organic solvent, at least one etchant, at least one chelating agent, a source of silica, at least
one tungsten corrosion inhibitor, and water. Suitable tungsten corrosion inhibitor include, but
are not limited to, sulfolane, 2-mercaptothiazoline, 2,3,5-trimethylpyrazine, 2-ethyl-3,5-
dimethylpyrazine, quinoxaline, acetyl pyrrole, pyridazine, histadine, pyrazine, glycine,
benzimidazole, benzotriazole (BTA), iminodiacetic acid (IDA), glutathione (reduced), cysteine,
2-mercaptobenzimidazole, cystine, thiophene, mercapto pyridine N-oxide, thiamine HCI,
tetraethyl thiuram disulfide, 1,2,4-triazole, 2,5-dimercapto-1,3-thiadiazoleascorbic acid, ascorbic
acid, and combinations thereof, preferably sulfolane, pyrazine, glycine, histidine, ascorbic acid,
and combinations thereof. In a particularly preferred embodiment, the aqueous composition

includes at least one organic solvent, etchant, at least one chelating agent, a source of silica, at
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corrosion inhibitor and water. In a particularly preferred embodiment, the aqueous composition
includes TBA-BF,, at least one organic solvent, at least one low-k passivating agent, at least one

corrosion inhibitor and water, wherein the weight percent ratios of the organic solvent(s) relative
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combinations thereof. The residue material may be dissolved and/or suspended in the aqueous
compositions of the invention.

[0079] In still another embodiment of the first aspect, the aqueous compositions described
herein further include titanium nitride residue material. The residue material may be dissolved
and/or suspended in the aqueous compositions of the invention.

[0080] The compositions of the first aspect of the invention are useful for the selective
removal of TiN, sidewall residue, and/or post-etch residue without substantially etching
patterned or blanket tungsten layers, copper layers and/or ULK layers. In addition to an aqueous

solution, it is also contemplated herein that the aqueous cleaning compositions may be

24

1495 on

50:1 dilution

viscosity= 14.55 cSt @

%



Formul ati on AR Pent anet hyl di et hyl enetriamne: 9.756 wt% Tii (propyl ene
glycol) nethyl ether: 48.780 wt% Propyl ene glycol: 39.024 wt% PG Benzyl
met hyl arworzbesmsddoaor i de (85:15): 2.440 wt % For rmul at i on PAB/US2007/088644

Pent anmet hyl di et hyl enetriam ne: 20.00 wt% Tri (pr oe\f\gl ene %I {Yﬁ?{iglrﬂﬁ)l nmet thl
ether: 44.20 wt% Propylene glycol: 35.30 w %°tetfPaBityyi*a T 7493)
tetrafl uoroborate (TBABF4): 0.50 wt % Formul ati on AT:

Pent anet hyl di et hyl enetriam ne; 20.00 wt % Tri (propyl ene.glycol) net

Gt her Toa 144 it dhar dpet HRIGicgE8 ursetrsal,TopR YOy byl Woroiaat CO-

t et r aflUQhQBRr SHtveatérTBABF4) 1 0. 50 wt % Fornul ati on AU

Pent anet hyl di et hyl enetriam ne: 20.00 wt% Tri (propyl ene glycol) nethyl

et her (0081130 wing seoogdybease the gleating 5qmpositwgof The mabutign amyemi-agqueous or
tetraflyor Ofl?or at il iéc-:rlBAGI:BE‘fl%ﬁ:a to()nSO o %CF%E L aa:[ni on @é\{ tal-chelating ,agent
Pent afSPRVPEUE I BHEHT PhIAE o0 20 O e 6 d YT SRS Y BFIRIAR A’SAY
et her opdBndIY MM184st Bro pyifefdt Sbptioahlly 42189 ok %ori@sibhantBbiy opasiatpeart (&bl ) :
15.00 % PG HF (96:4): 3.00 wt % Formul ati on AW ' '
Pent arBe AY di RAsHyitERcagent openalbyt dersivpiog etphanbyand rptignalbpwates foprmgvigg

gama- But . : % H AR 0% L = 0 1

di | ut ip??# %5%3 %ﬁggil?&geﬁg?%@“% 3gfg§‘ %L%C@%Bc%%g/‘%%ﬁ%g@g@ﬁ %ggeog‘%?eg’gsam
Dock etwHdgein @R0p@B2pthétha @8h ©@RIRCIoigdRs8)a dpecisibaédt@nfrdid: the group consisting of
Pent anet hyl di et hyl enetrjam ne; 20,00 wt % Propyl ene glycol: 52.00 wt%

Tri ( prispyiamengiies| yesikehy POSIREIC 8BS, weoBPepepLpinitss: gyidues, ofngpiss-

For mul g i, Qi AVeesi BRI %ﬂ%oﬁ!aﬁﬁﬁ%' ReAhEd AP ondiinABn¥ HerddF OPYIeRGo@Ey cOl :
51.31 wt % gamma-Butyrol actone: 24.97 W% PG HF ?96: 4): 2.99 wmt %
Benzotenibadimhant, the FEamin@ocopidositidiis. d8ludB @t Ieasti dngtargamicsdlhentaitdedst odensidly =
1.03 .[0091] I n .anot her enbodi nent . of the second aspec t he cl eani ng
ool TRGHE b AR RGP Rt T I TRt iE et aStter SRR ei T e
wher eicBnpb&tifRsihcRb@aMRag a8 of SRS GO MP lcaf@he MESAIAURIMRE @béMR! ar3&lsehed
fromthe group consisting of titanium containing residue,

pol ymepiresipeshkibior, cmdpenteconirapmithey eebpdioent, t thagdeanme somadniieony pedhcdue,
cobal tiﬁ Cecr)l 1t r?‘ iirrllciln zlitel%i sctI L(I)eg’orar}lcllc C&ngril ngtt iegsrlsor}eheétef?ghel ltqlpoz{ teral‘tntalt ¥éas‘} Qr(lae

resi dud’ Materia nay B G Lt a3rdy 8y suspenraea Pt he Bgledus
CONMPOgbirbaos iHibitdreati 1B Bhé OMFack 0. %AMI Watar. PRI Ydt aHbtRE! dmbsEment, @@ @edaci ment
of the second aspect, the cleaning conposition includes at |east one glycol
et her COMRPEHONNR haARIiIPD mmq%u%@tg?aslt A1h SEgaaKetal enhct deashare Bstabehelatingi d,
wher ei h I > i C i et Y byt

ot her ety 5 BB Ebrpae: BikeRy SLRRR BIHECRERINA AT Slopal, Chi sl
enbodianmethtr embbdimeae abddleasipgaiompokigionas @& mhanthvemtigrofictudentilest vwde »rganic

pent anmet hyl di et hyl enetri ami ne, propyl ene glycol, gapmabutryol act one and
PG HF SOIVRMYy 3 eash 8%@?%?@@?@#}&%&6_@%@&?%@&? S PUSTLIBINDR Gt LBrsBE St eRtant
i ncl udesReniRMES Nyl gigsngaﬁhg;b%gﬁﬂ AR Gard?! ony! ghed! é’rﬁQ(Ldiment, the cleaning

gamma- but r yol act one, HF, benzotriazole. [0093] The conpositions of
t he ficosiposispeces e ibveatiomvertdeort laxse ons ef gahicf @lvenhent deiseond wetal-ehdvaig of

sidewal | resid nd/ or post-etch _resi due.w thqut substantial.ly etching
oat t eFRGY G4 B BN (HLon 1hayRrer SHRGIEBp A FRYEr ARIPSHOL R [ or .
I n addh{dn@bn tikclede Atehd oheldibddd solvénti §t Rh§eOnEBMRBY ARhEiah 1dababnd he
conpositions of both aspects of the invention may be fornulated as foans,

f ogs, ceubsen tinlghitoroand @p égast Pug etghart] ullscleanieg compesivom of fels swpagent thes
cO), en;[l Ce'ntioril nr%t %ag Ofost— gserz) et Oo%fduégvaﬂiﬁea%?ﬁﬁfl %o stl he o?lc%%]irggisin the
conmpositions 'oFopot KOAspetts Of {HE hvents o erfectively Temvene

post - phasiia leyakh Meiidiie cbbDMahd ecobelp-cohtain@ke allbNe ¢ deVdWPs TiMndnd MBDvi as
and lines of the mcroelectronic device w thout conprom sing the ILD,

cappi mepteriAlers thepigrastecirpiic dayise syificer connect | ayers present on the devi ce.

In adgb(?ls;zi”’ tREoO, (?%rllrél%l%rb% PYechf MPED, e PR T FerRion MAGEDES arf RfucbhiEnch

or th is etche
composition for cleaning post-plasma etch residues selected from the group consisting of

titanium-containing residues, polymeric residues, copper-containing residues, tungsten-
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[0095]1t wll be appreciated that in general cleaning applications, it is
comon praotnesast@7make hi ghly concentrated forns to bePaTam$2@t/osscts ene

di lutions. For exanple, the cleaning conpositions nuf actured in a
nore concentrated form including at |east abBoet2w- @/%Pﬁfozf“dlr83§(§tpulfﬁT(7t99)
pur poses, and thereafter diluted with additional solvent (e.g., water

and/ or _organi c solvent) at the manufacturer, hefore u nd/or during use
at t hEORBRINGFYLYCHn SO G IAYYE JESIHYESa ann“g)én 1‘?"6%‘?1‘*58%?{?‘)% Sy SPPPRient : 1
part hRTRNUAL af RANQSeIIrPihi€ NGaN! Akt bRe %Jgi‘i’aﬂIch’é"‘laﬁfgtk?E tagetﬁi' Atqgam ond cH@bsion
renmoval conposition concentrate, preferably about It is understood
t hat apobitel Materoeptionhldy weltegqttonpeutfemntr ad @mlqufallyrangﬁ:asifon@ Hewdopgseinetns of
t he renpva h The conpositions of
both 2epbers T T RE TR0l et SR Do O g Rikias AN ofPE st ¢1 on o
t he respect byﬁjbﬂ&{ edrents and mxt%lgytxgléj@nogene fe%ypp%tlg}p@el ht

Furt her mor & gg T GRERPST troms 'd%efut%e% "EHHL 50 THbSN T oA phIl S package

f or mul atlons patr+—F e b he Rotat of use,
preferably foa! t?n%f’étetlt(gor mul at 16R4E 05176t 3hant iy aP %“atpt@t?ﬂa WOl ¢ - part
formul ati onmy bhe m xed at thp tool o in g storage tank upstream of the
tool . The cewt®ntrati opgresion hebméé)riblc%ﬂvebwwﬂeda@uté) Infyto bbowii2d&l y vari ed
in specificinubitarp) es of the conpositi®n, i.e., nore dilute or nore

concent r at egatdrn t he broad praciboaes®% ﬁotaeoiltrﬂﬂent htsvnt 4@0td dbowd 794 %be
appreci ated that the conpositions of tfe invention can variously and

al ternati veLy rrRpLI S, CONSi ST 0h (cqPSI(Sh BSSENt hB Itdf]?dut%% E‘%%ll nation

of ingredients consistent with the disclosure here| n Zl]t)Ac ordi ngly,
e

th
cont ai ner s oS S Ebnent 3 AAGRLA] To forgml Hottey of the

cont ai ners, \DHE or ?r%giszf’t(wg‘ﬁ]s of the

i nventi on. BEGIR(S) A y the kit includes in one or nor ePEsEai ner s_the

preferred conbi nation of at |east one etchant source, at |east one

net al 76683jat i ng, %ﬂﬁﬂépen%ﬁirﬂélﬁ"oﬂhe%&@t{d as Qét' @t@?rés\énﬁhvétﬁﬁaﬁtrel‘af&‘é‘ t@ﬁ%ﬁ" c
sol vent opt| onal |y at | east one corrosi o inhibitor, optionally at |east
one | @w@up&smpvatlom@oragmmmg mﬁtmtmmlaleyclatestdeastelm sonfthe ganp, coandting

| ]. f i h th ddi |
o oy ke ot gt BT g DTt SR s LieSE el v,

t he klcbnﬂaﬁﬁﬁgJQ&@dueh Nc OB - &Jhtaniﬁﬁg €90t | Soorﬁd"@atﬁhﬁftﬁéré@ﬂ sﬁf@ln’@btﬂﬁédu%h of
at | east one etchant sour ce, | east one netal corrosion inhibitor,

opt i onestltl@mmt deast ope jongraid yolatntl agsat lopss Qneglelntabds@ttum@genbmrﬁmallm yheat

| east ati ast one | ow k passivating agent,
opt i on@?‘?m% ?aqgg%Ig’t%Sone tilﬁrt?qacvt]ealg@ Of){hedéom Osts)[lr?gl |y a source of silica, for
comnbi ni ng:o‘ﬂlﬁoﬁerﬁr w t houtgagdidipianal watgefedibly @ byl JanhfosSpeiedbly &l by he
fab or the poi nt of use. Alternatlvely, theW Q)

eib weigh ht
2008/ 080697PE] 200 886 Pocket —No-—0207 32 y: P -., 3 9
i ncl udes, ORI HAIVER  rrprako Or?é)d onbarﬁg 7 %?O east
one et chan C & i-onsa v
opt i onal |§fekfing east on@%?dl%é‘bﬂ? & o%boph%%iotaé’lom ot 136 (S/%étD ab@ﬁgp one
chel at i ncpganént . optional | y38fk | east one | ow’k passivating agéht,
optionally at |east one surfact ant, and optionally a source of silica, for
conbi b vvlth or W t hout it t vat er, and/oth rgani ¢ sol vent .at. the
ab o 00" 1P e 0 erPdeleh Byl B B, AR e EGRL Bt Blag el
cont aicBipssitibM o cdfa@ince fok PR mAaE R rreatiuéseeesttctan €rodi GR o0 |cM1@5ﬂ§tmgaﬂid at
| east one netal -chelating agent, optionally at |east one surfactant,
opt i orMINIYNLONEHRS  EisluEDr MOBIRAIC NISPIBRESor CORNSECOMAININE atesiduesst tWgstenow: k
passi 0 ti.on r,
For - coapanE 9ees MRk ARk, 2T Ehfitiiions ARECOE LN Euplodfhel
t he f aficleding hetemlone ofg‘anmlve]iha lenbad netaecbeflattttgeagent, andist lelxe oneletchlite f or

storing and shi |ng said c] eaning co conponents for exanple
Ndmawseetﬁflét%@fewmd%%e‘aﬁ%eﬁﬁtﬂte@/) Fgomp%ﬂon Danbury, Conn.
USA) . Tfm '_l , :
renoval —f 5 6 ot
said one or nore contalners in f|UId connunlcatlon for bIendlng and

di spense. For exanple, referring to tﬁg NOWPakO cont ai ners, gas pressure
may be applied to the outside of a lifier in said one or nore containers to
cause at least a portion of the contents of the liner to be discharged and
hence enabl e fluid comunication for blending and di spense. Alternatively,

gas pressure may be applied to the head space of a conventi onal
pressurl zabl e cont a| ner or a punp may be used to enabl e fI UI d

o ey - =




of both aspects of the invention are usefully enployed to clean post-plasna
etch residue fromthe surface of the m croel ectronic device, and may be
appl i ed two=ashsswrf ace before or after the applicati onPdfT/IIStZ(merO88644
conpositions fornulated to renove alternative materials omthe surface of
the device. Inportantly, the conpositions of Pﬂfée@hv@ﬂt%ﬁl s CHotCdateye
1LD materials on the device sutface and preferably renove at |east 90 % of
t he resi DA-3H—pF-06-855+Rg—FBFe—
preferably at least 95 % and nnst preferreWeight | east 99 0 oPeidhb resi due
to be reprgaeid sobente rmveidtout[l)%ab]abnutposatoom st dtouh97 esibdue’¥ értoetzdut 90
application, the conpositiof9say be applied i% any suitable mefaner to the
devi ce tehdmﬁnfg@am@g St 0. 1% t& BbAY | NgbouiNS € @des 13 onbeit the tsdbsiaee of
the device to be cl eaned, bygdj ppi ng the devrqge to be cl eaned %n a static
or dynamggy Tt '

cl eaned }%}h 1@ t hef rrat(]é)rtl)a' O , apa ) |rotus sor ben applctator
el enent a‘f Ras t he conposltl h absorbed t h€r eon, or by any gt her
sui t abl e— deby whic C
into rermval cont act vvrth t he devr ce to be cl eaned Further bat ch or

si ngl eyMad18r thPWREES TeRGni Sf &R 8R! 8heech@lt §hdludes[-BdA2 ]etcbﬁntU&ealféfna‘hb@ty,
conposi tions of both aspects of the invention for removing post-plasnma etch
resi dttlee amolmtmf dhoplopyleno glysoleivhane snikiavd, egasdpss aflibe asight réte oforrppyend on
typlca at.i cal. r.d | | cony Wi t devi efor a-tinme
of fr(%n)( teﬁ:%lanr%t n@te %ea refln%gab Xn Ce)ls pre%ler%rbmatgg Wtel%l Kbl Oto 10
m nut e&haattmttﬂéraetiraﬁgl b@fnpdsmaorr ’NGS tb)atn ﬂhé @ragtbcpetcem th® P@t&Q@HanQQ@n onent

pref er ablcg about 40C to about 70C, and nost preferably about 50C to about
60C. PddeckicaBieycleamae compartiphg Fos expmplee thespeight prIcaRY Pkt innihs cepping

t enper.g iyre and tenperature
condi i %ﬁéﬁﬁ%@ %lddlnlr%(? (5)%'?' ?ﬁ’élil?g%ﬂe% XIQ%IEE%” %&uﬁﬂlwéf‘”f east partially
renov¢0885¢ posin gétcinortes edibedimanent dle derard ddpectdenei gresenwirtvhntiont feéatdyr wad

practice of the inyention. -At |east artlal val - of the residue
et er CAMPPHERR TAE ClABNZ0BEI BH5S 7S BaguR etk 4B R, consisting of

02073%i'té}1mm%%§ta93n%3 C:Fesfdzté?3 omn?érﬁe|1%§thﬁ9sn' Eo;g)%Y'cE}l‘Pcaﬁlﬂ{ eRpaRds Lih

renmoval of at 90% of he materi al, preferably at east 95%r rmval
Mbst pbeﬂaenlm)lrcys;ldlas tdadttcopiniof residabsy esil choenhimttions aheresf, rseribvedposiiony t he
On‘pOSI present invention. [0103] Fal ].ow n achi evenent of
he” aauitBRE aEleavameluEREh solv Rl S dirBbard FEHLCBI G AL A dpa Gre Fagbeion

I Nventihipitéfnd gt &AMk y:tdhenmysedeﬁtn@ e RBloURYd FRgsO bWdCdh the thraswRieBYbpus! y
been applled e.g., by rinse, wash, or other rermval step(s), as may be
desi réhﬁ%ﬂ@@oéftfqncam ous in a given end use appl i cat| on of the corrpOS| t| ons
Of i“‘ =1 o1~ v Exarp v v v ey viw - UV

rinse sofUPPAKM ncl udi ng BTG wat erprgﬁqaa/
I\12, vapar-dry etc ) [0104]\Wien necessaryWeihogr.cl ean haW&ledf ap and/ or
an |sopr01tgamcls01ﬂapfor drapost 2{p teapolte riboeisEaTio thwut Bhovabonbrd %dd alquit 85
materials that nay absorb i A998 the pores of thhe ILD materials %0 as not to
change t biglappagkih@)Ceattut Dher ieubdat di #oacs v @ dLerI alsdou] WP Abaitirer
aspect of the |nvent| on reI a@e@ to the |rrprov;ed m croeI ECtI’OI’lI% devr ces

made acCorfiifd HIRAF0 P B 0. 198 out gud). P49 A&t

such mCP@?tﬁ} ronl c dewg St 10 ¢ %é,lrther aspect o) he |nvent| on
Cl 0

relates 10 mee ods of nmanu acturlng an artlc € corrprrsr ng a mcroel ectronlc

devi ce, L

m cr oel ectroni c device | nto sai d art i cI e wher ein the corrposr tion includes

Op ti Oﬁzdtt:«llbqgfletthgtx&ehgﬂtp&c%ﬂ{ §€teak 1éa‘§f8ﬁe ?t@fr‘an@ﬁ&tlld gh‘ﬁbﬁt" Pﬁaﬁg&rﬁlterﬁ%ka

one organic ast one corrosion
i nhi blth@amomptdfombtopyahe Iggastleto}nett Intixeuke, p@sdlmtofnge agght ratiopéfl gropyleye at
| east one_ surfactant, and optionally a source of silica. [0107]A stil
f ur t hétygs feetchat thhds .t%%ﬁppraﬁlatea%}t are ¢lgl ﬁ%ﬂrhtttrsaréfth%ﬁhwab&hmﬂerfgmaﬁf
article conprising a mcroel ectronic device, said nethod conpri sing
contacting the mcroelectronic device with a conposition for sufficient
time to clean post-plasma etch residug fromthe mcroel ectronic device
havi ng sai d residue thereon, and inco borating said mcroel ectronic device
into said article, wherein the conposition includes at | east one etchant
source, at |least one netal corrosion inhibitor, water, optionally at |east
one organi c solvent, optionally at |east one chelating agent, optionally at
Ieast one Iomrk passrvatlng agent optionally at |east one sutfactant and

o, o o VAABN AN NN NN ™" VT ] 1 1NN NS I NONCNrs A A o



[0108] A still further aspect of the invention relates to nethods of

manuf acturing an article conprising a mcroelectronic device, said nethod
conpri si Nyocorrmei7ng t he m croel ectroni c device w th aPComseai7iosssas f or
sufficient tinme to clean post-plasna etch residue fromthe mcroelectronic
devi ce having said residue thereon, and i ncor POF&EtonGEai*d! & (o dét bni ¢
device into said article, wherein the conposition includes at |east one
etchant source, at .| east one organic solvent, water, ional ly at | east
one UGB SIS ARTBIGR 10 GHRTE J At PERER! $51B¢ ERATnh e eirat

opt i onghdd tRthel 8BSLin®REMbOWiKN. PADS ickahbRY 1RIGRIsht ?Efcieﬁ’t”@i* HY &t theea&dnihe
surfactant, and optionally a source of silica. g[0 09] A still further

aspectcomposifien inglusliitg ©h wtéb B (20 demixdars indctwadlydfG&wufd.ng an article

o b RGUST (- onhaus iotctralbul Gorafi cle
o o1 0O ant 08 RS RRRS HE G PR 1R T Pk B Al "

post - RbAG §fEbE Borls@$ et fINyO8M: t B afMleattasicesibinis6lve@vindeathaist Rge $Algting

resi due thereon, and incorporating said mcroelectronic device into said
arti clagentinifidy af fpasthenc: grganisi 1qlvmti ficleatieqneamefatghelatyige agangaic ak aglepite  and
at le et.al - J : ' I c

opt i onarPyeS bR AFaPkhd BBRehhic BffcRaR s Bhe LEPFHARME WGP Bt
passi \vat icagodge irthibiaps ardnahtey (Bh at Basttonenegetic hamnt, &riehsopihé oralllchelwaier .
[0110] In yet another aspect, the conpositions of both aspects of the

i nventEH- Aelfafengioorpsien inkibiseand yaffact'e abfeashans Preapis benb it deagedice
manuf %ét&l[dh@ﬁtiﬁé‘ag@rﬁ,sat 1bas® one SHPSEAHERIbIL?, &tﬁ@asPB.gé slgifﬁ%ﬁa!ﬁ? L N
cl eaning step. Fo exanp?e, t he conpositions may be dilut éd and used’ as a
post - démstrbxabrgaeic vahico@lat pabti et metal-GR)ting| a@ant, atlengranatdoviekipn iblibitor, at

conposi tjions of the. present inyention.. be used to renove contam nati ng
ot o1 TS O g8 Rt BRUCH St aPY afhders G11) Ablegid an ReeearoRERY SES oft e

al ter f&ﬁ&lhﬂ&% ab&IR, GOMROSbhd @BFoNbn tiMEbfibl St 183P0AE Affalih®, laNVERE AL 18Rk be
used to etch Ti N hardmasks, as readily determ ned by one skilled in the
art. [pessivitin@ragedi sadwarieradeiliass dedshoed onganic BEGENtapc asteenaumetalgheladigg
Ti N hardmasks .i.s the fo t] .af Ti crystal s., Accor,di nagl I t..
anot har ey Eishafs HORMT dld u desl v Bk Rt lioROFLL g ek Shvine
Ti OF ckyst @llgast sacrodicarigabest iehitdedeyhcacthayi ng same thereon, said

met hod conprising contacting the mcroel ectronic device wth an agueous

cl eanil®@P7d orpodhe iryigerdd rweighitfResgeahtatiop b theocrpqneastof ghe taneval cprapeNiEonsai d
Ti OF ¢y, I 1.CFogl i G ' - ' ni ng
comodi 1R ik Al 26 PAAHRELCPRIELER LS INEERLD. bR PAYSRUR £ AT "
sour ceboit IS, bvaamortpréfeadly avait Bngsbem £abowd). Do abdlt 5O txater (aheh patarn)

Sl o D Bl eeh AR C RS LnS DSLUSS bR Sl Sange, Lo,
PCT (%681%)12%1*39%& 07&%80%Sﬁted.@%e)(al%ggéiﬁ%iﬁiﬁar%@%ﬁ P&Q&n) AndivenS chdiFnd S 1N

a range from about mn to about mn, preferably about 20 m n to about
35 m ngémporprafetdbyy abaut 0D 1gesibotti Gl ; dbleat 0.00k tcaghemo (0L loiveapasstyatogrpgsit®i on

not sybstantially. damage the ULK, and/ or i al.s that be

or esenten Reatb i tRaa g hecTiH S pEREOBpALRL 00 he SRhie s BB HBBL A on
i ncl udggbak 1l R@aht ANEGRIHAN RixsiRk VERn prelcahatlativatcsél £ g Qberfils), fréeradly

| east one Wcorrosion inhibitor and water, wherein the weight percent
rat i ogbett G:0%S toragewti (35 everemplesprefeedbly about 0§29 teakoug AdAt is about 3 to
about he er relative t.he et chant | s about . to abqg th
cour A5 07 (TR oab it bR BT ) S6BE0OD RS Do ey 4RE (e
W cor rsagh@intish fdrithisQispe} of tledhian@ioh Qvelrd fre@ictibigiesdrtbedettinabot© BRGihbI4,
[0112] In yet another aspect, the invention relates to an article of

nmanuf k& splEetbHistIdsi tHEroRylene rebxsiob stetivhicthegeriopEers By plaamntaghytyijlactone

mat er i r Gleani C L | g i [:L 1 may
be. any s Sadto T ERMPRRAATRASELL A o HRIEhD ool FARR RAGRIRATIL 00,
sel ectdéidofropyiamhe, gentamedgidiethylengriamirte] taadi eomidoatioms nhaigof. e STleku@referred

pol ymeri c-resi due, copper-containing residue, tungsten-containing residue,
cobal t -cont ai ni ng resi dues, and conbi nations thereof. [0113] The features
and advantages of the invention are nore fully illustrated by the follow ng
non-limting exanples, wherein all parts and percentages are by weight,

unl ess ot herw se expressly stated. Engple 1 [0114] The etch rates of

bl anketed ULK, titaniumnitride, Cu afnd Win Formul ati ons A-H was

determ ned. The thicknesses of the bl anketed materials were neasured before
and after inmmersion in Formul ations A-H at 50C. Thi cknesses were determ ned
usi ng a 4-point probe neasurenent whereby the resistivity of the
conposition is correlated to the thickness of the filmremaining and the

. . Y N e . oy T

of
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etchants include PG/HF (96:4), PG/tetrabutylammonium fluoride (85/15), TBA-BF,, or
combinations thereof.

[0089] The water is preferably deionized.

[0090] In various preferred embodiments, the aqueous cleaning composition of this aspect
of the invention is formulated in the following Formulations AA - AY, wherein all percentages

are by weight, based on the total weight of the formulation:

Formulation AA: 30.0 wt.% diethylene glycol butyl ether; 62.87 wt.% water; 5.63 wt.% HCI,
1.00 wt.% triethanolamine; 0.50 wt.% ascorbic acid

Formulation AB: 30.0 wt.% diethylene glycol butyl ether; 54.00 wt.% water; 10.00 wt.%
methanesulfonic acid; 5.00 wt.% acetylacetone; 0.50 wt.% iminodiacetic acid; 0.50 wt.%
ascorbic acid

Formulation AC: 30.0 wt.% diethylene glycol butyl ether; 15.0 wt.% diethylene glycol methyl
ether; 44.00 wt.% water; 10.00 wt.% methanesulfonic acid; 0.50 wt.% iminodiacetic acid; 0.50
wt.% ascorbic acid

Formulation AD: 30.0 wt.% diethylene glycol butyl ether; 15.0 wt.% tripropylene glycol methyl
ether; 44.00 wt.% water; 10.00 wt.% methanesulfonic acid; 0.50 wt.% iminodiacetic acid; 0.50

wt.% ascorbic acid

Formulation AE: 90.0 wt.% 3-chloro-1,2-propanediol; 10.0 wt.% methanesulfonic acid

Formulation AF: 90.0 wt.% 3-chloro-1,2-propanediol; 9.0 wt.% methanesulfonic acid; 1.0 wt.%
tetramethylammonium chloride

Formulation AG: 80.0 wt.% 3-chloro-1,2-propanediol; 20.0 wt.% diisopropylamine

Formulation AH: 80.0 wt.% tripropylene glycol methyl ether; 20.0 wt.% diisopropylamine

Formulation Al 80.0 wt.% tripropylene glycol methyl ether; 20.0 wt%
pentamethyldiethylenetriamine

Formulation AJ: 40.0 wt.% 3-chloro-1,2-propanediol; 40.0 wt.% tripropylene glycol methyl
ether; 20.0 wt.% pentamethyldiethylenetriamine

Formulation AK: 30.0 wt.% 3-chloro-1,2-propanediol; 30.0 wt.% tripropylene glycol methyl
ether; 30.0 wt.% propylene carbonate; 10.0 wt.% methanesulfonic acid

Formulation AL: Methanesulfonic acid: 10.00 wt%; Tri(propylene glycol) methyl ether: 50.00
wt%; 3-Chloro-1,2-propanediol: 40.00 wt%; pH = 1.70 (50:1 dilution with water); density = 1.14
g mL™; viscosity = 31.35 ¢St at 25°C
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Formulation AM: Pentamethyldiethylenetriamine: 10.00 wt%; Tri(propylene glycol) methyl
ether: 50.00 wt%; Propylene glycol: 40.00 wt%; pH = 10.56 (50:1 dilution with water); density =
098 ¢ mL™; viscosity= 14.55 ¢St @ 25°C

Formulation AN: Pentamethyldiethylenetriamine: 10.00 wt%; Tri(propylene glycol) methyl
ether: 50.00 wt%; Propylene glycol: 39.25 wt%; PG/HF (96:4): 0.75 wt%; pH = 10.40 (50:1
dilution with water); density = 0.98 g/mL

Formulation AO: Pentamethyldiethylenetriamine: 10.00 wt%; Tri(propylene glycol) methyl
ether: 50.00 wt%; Propylene glycol: 39.50 wt%; PG/HF (96:4): 0.50 wt%; pH = 10.40 (50:1
dilution with water); density = 0.98 g/mL

Formulation AP: Pentamethyldiethylenetriamine: 20.00 wt%; tri(propylene glycol) methyl ether:
44.444 wt%:; Propylene glycol: 35.556 wt%; pH = 10.56 (50:1 dilution with water); density =
0.98 g/mL

Formulation AQ: Pentamethyldiethylenetriamine: 9.756 wt%; Tri(propylene glycol) methyl
ether: 48.780 wt%; Propylene glycol: 39.024 wt%; PG/Tetrabutyl ammonium fluoride (85:15):
2.440 wt%

Formulation AR: Pentamethyldiethylenetriamine: 9.756 wt%; Tri(propylene glycol) methyl
ether: 48.780 wt%; Propylene glycol: 39.024 wt%; PG/Benzyl methyl ammonium fluoride
(85:15): 2.440 wt%

Formulation AS: Pentamethyldiethylenetriamine: 20.00 wt%; Tri(propylene glycol) methyl
ether: 44.20 wt%; Propylene glycol: 35.30 wt%; Tetrabutylammonium tetrafluoroborate (TBA-
BF4): 0.50 wt%

Formulation AT: Pentamethyldiethylenetriamine: 20.00 wt%; Tri(propylene glycol) methyl
ether: 39.75 wt%; Propylene glycol: 39.75 wt%; Tetrabutylammonium tetrafluoroborate (TBA-
BF4): 0.50 wt%

Formulation AU: Pentamethyldiethylenetriamine: 20.00 wt%; Tri(propylene glycol) methyl
ether: 22.30 wt%; Propylene glycol: 57.20 wt%; Tetrabutylammonium tetrafluoroborate (TBA-
BF4): 0.50 wt%

Formulation AV: Pentamethyldiethylenetriamine: 20.00 wt%; Tri(propylene glycol) methyl
ether: 20.00 wt%; Propylene glycol: 42.00 wt%; gamma-Butyrolactone (GBL): 15.00 wt%;
PG/HF (96:4): 3.00 wt%

Formulation AW: Pentamethyldiethylenetriamine: 20.00 wt%; Propylene glycol: 52.00 wt%;

gamma-Butyrolactone: 25.00 wt%; PG/HF (96:4): 3.00 wt%; pH = 9.90 (50:1 dilution with
water); density = 1.03 g/mL
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2 gamma-Butyrolactone: 24.97 wt%; PG/HF (96:4): 2.99 wt%; Benzotriazole: 0.75 wt%; pH =
10.03 (50:1 dilution with water); density = 1.03 g/mL

[0091] In another embodiment of the second aspect, the cleaning compositions described
herein further include post-plasma etch residue, wherein the post-plasma etch residue comprises
residue material selected from the group consisting of titanium-containing residue, polymeric-
residue, copper-containing residue, tungsten-containing residue, cobalt-containing residues, and
combinations thereof. Importantly, the residue material may be dissolved and/or suspended in
the aqueous compositions of the invention.

[0092] In a particularly preferred embodiment of the second aspect, the cleaning
composition includes at least one glycol ether, water, methanesulfonic acid, iminodiacetic acid,
and ascorbic acid, wherein the at least one glycol ether includes diethylene glycol butyl ether
and/or tripropylene glycol methyl ether. In another preferred embodiment of the second aspect,
the cleaning composition includes pentamethyldiethylenetriamine, propylene glycol, gamma-
butryolactone and PG/HF. In yet another preferred embodiment, the cleaning composition
includes pentamethyldiethylenetriamine, propylene glycol, gamma-butryolactone, PG/HF, and
benzotriazole.

[0093] The compositions of the first aspect of the invention are useful for the selective
removal of sidewall residue, and/or post-etch residue without substantially etching patterned or
blanket tungsten layers, TiN, copper layers and/or ULK layers. In addition to a liquid solution, it
is also contemplated herein that the compositions of both aspects of the invention may be
formulated as foams, fogs, subcritical or supercritical fluids (i.e., wherein the solvent is CO»,
etc., instead of water).

[0094] Advantageously, the cleaning compositions of both aspects of the invention
effectively remove post-plasma etch residue from the top surface, the sidewalls, and the vias and
lines of the microelectronic device without compromising the ILD, capping layers, and/or the
metal interconnect layers present on the device. In addition, the compositions may be used

regardless of whether the trench or the via is etched first.

31



[0116] The etch rates of blanketed ULK, titaniumnitride, Cu and Win
Formul ati ons AA and AB was determ ned. The thicknesses of the bl anketed
mat er i al swoenes/ose@3ur ed before and after i nmersi on i n Fecwmuisawn7osss4AA and

AB at 50C. Thi cknesses were determ ned using a 4-pointgprobe neasur enent
whereby the resistivity of the conposition isPedrime KPEdH bSPAE tHi éikss

of the filmremaining and the etch rate calculated therefrom The

TN PG w il G sepiciate LR e DA PSP R ola” SR PRSCEE o
For mulgdkeORghly dehebhtfatddefotmBit8Tbe el af lehire WitMos. O Far @xABp10, theOcléhning

compositions may be manufactured in a more concentrated form, including at least about 20 wt%
for solubility purposes, and thereafter diluted with additional solvent (e.g., water and/or organic
solvent) at the manufacturer, before use, and/or during use at the fab. Dilution ratios may be in a
range from about 0.1 part diluent:1 part removal composition concentrate to about 3 parts
diluent:1 part removal composition concentrate, preferably about 1:1. It is understood that upon
dilution, the weight percent ratios of many of the components of the removal composition will
remain unchanged.

[0096] The compositions of both aspects of the invention are easily formulated by simple
addition of the respective ingredients and mixing to homogeneous condition. Furthermore, the
compositions may be readily formulated as single-package formulations or multi-part
formulations that are mixed at the point of use, preferably multi-part formulations. The
individual parts of the multi-part formulation may be mixed at the tool or in a storage tank
upstream of the tool. The concentrations of the respective ingredients may be widely varied in
specific multiples of the composition, i.e., more dilute or more concentrated, in the broad
practice of the invention, and it will be appreciated that the compositions of the invention can
variously and alternatively comprise, consist or consist essentially of any combination of
ingredients consistent with the disclosure herein.

[0097] Accordingly, another aspect of the invention relates to a kit including, in one or
more containers, one or more components adapted to form the compositions of the invention.
Preferably, the kit includes, in one or more containers, the preferred combination of at least one
etchant source, at least one metal-chelating agent, optionally water, optionally at least one
organic solvent, optionally at least one corrosion inhibitor, optionally at least one low-k
passivating agent, optionally at least one surfactant, and optionally a source of silica, for
combining with or without additional water and/or organic solvent at the fab or the point of use.
Alternatively, the kit includes, in one or more containers, the preferred combination of at least
one etchant source, at least one metal corrosion inhibitor, optionally water, optionally at least one
organic solvent, optionally at least one chelating agent, optionally at least one low-k passivating
agent, optionally at least one surfactant, and optionally a source of silica, for combining with or

without additional water and/or organic solvent at the fab or the point of use. Alternatively, the
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components of the removal composition preferably include means for bringing the components
in said one or more containers in fluid communication for blending and dispense. For example,
referring to the NOWPak® containers, gas pressure may be applied to the outside of a liner in
said one or more containers to cause at least a portion of the contents of the liner to be
discharged and hence enable fluid communication for blending and dispense. Alternatively, gas
pressure may be applied to the head space of a conventional pressurizable container or a pump
may be used to enable fluid communication. In addition, the system preferably includes a
dispensing port for dispensing the blended removal composition to a process tool.
[0098] Substantially chemically inert, impurity-free, flexible and resilient polymeric film
materials, such as high density polyethylene, are preferably used to fabricate the liners for said
one or more containers. Desirable liner materials are processed without requiring co-extrusion or
barrier layers, and without any pigments, UV inhibitors, or processing agents that may adversely
affect the purity requirements for components to be disposed in the liner. A listing of desirable
liner materials include films comprising virgin (additive-free) polyethylene, virgin
polytetrafluoroethylene (PTFE), polypropylene, polyurethane, polyvinylidene chloride,
polyvinylchloride, polyacetal, polystyrene, polyacrylonitrile, polybutylene, and so on. Preferred
thicknesses of such liner materials are in a range from about 5 mils (0.005 inch) to about 30 mils
(0.030 inch), as for example a thickness of 20 mils (0.020 inch).

[0099] Regarding the containers for the kits of the invention, the disclosures of the
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following patents and patent applications are hereby incorporated herein by reference in their
respective entireties: U.S. Patent No. 7,188,644 entitled "APPARATUS AND METHOD FOR
MINIMIZING THE GENERATION OF PARTICLES IN ULTRAPURE LIQUIDS;" U.S.
Patent No. 6,698,619 entitled “RETURNABLE AND REUSABLE, BAG-IN-DRUM FLUID
STORAGE AND DISPENSING CONTAINER SYSTEM;” and U.S. Patent Application No.
60/916,966 entitled “SYSTEMS AND METHODS FOR MATERIAL BLENDING AND
DISTRIBUTION? filed on May 9, 2007 in the name of John E.Q. Hughes.

[0100] As applied to microelectronic manufacturing operations, the cleaning compositions
of both aspects of the invention are usefully employed to clean post-plasma etch residue from the
surface of the microelectronic device, and may be applied to said surface before or after the
application of other compositions formulated to remove alternative materials from the surface of
the device. Importantly, the compositions of the invention do not damage ILD materials on the
device surface and preferably remove at least 90 % of the residue present on the device prior to
removal processing, more preferably at least 95 %, and most preferred at least 99 % of the
residue to be removed is removed.

[0101] In post-plasma etch residue removal application, the composition may be applied in
any suitable manner to the device to be cleaned, e.g., by spraying the composition on the surface
of the device to be cleaned, by dipping the device to be cleaned in a static or dynamic volume of
the composition, by contacting the device to be cleaned with another material, e.g., a pad, or
fibrous sorbent applicator element, that has the composition absorbed thereon, or by any other
suitable means, manner or technique by which the composition is brought into removal contact
with the device to be cleaned. Further, batch or single wafer processing is contemplated herein.
[0102] In use of the compositions of both aspects of the invention for removing post-
plasma etch residue from microelectronic devices having same thereon, the composition
typically is statically or dynamically contacted with the device for a time of from about 1 minute
to about 30 minutes, preferably about 1 minute to 10 minutes, at temperature in a range of from
about 20°C to about 90°C, preferably about 40°C to about 70°C, and most preferably about 50°C
to about 60°C. Preferably, the contacting is static. Such contacting times and temperatures are
illustrative, and any other suitable time and temperature conditions may be employed that are
efficacious to at least partially remove the post-etch residue material from the device, within the

broad practice of the invention. “At least partial removal” of the residue material from the

34



0 0 0 0 W 2008/080097PCT/ US2007/ 088644 Docket No. 020732-471.835 OP PCT
(7493) AGo o 1.2 o AHo oo o A
WO 2008/080097 PCT/US2007/088644

Docket No. 020732-471.835 CIP PCT (7493)

microelectronic device corresponds to at removal of at least 90% of the material, preferably at
least 95% removal. Most preferably, at least 99% of said residue material is removed using the
compositions of the present invention.

[0103] Following the achievement of the desired removal action, the compositions of both
aspects of the invention may be readily removed from the device to which it has previously been
applied, e.g., by rinse, wash, or other removal step(s), as may be desired and efficacious in a
given end use application of the compositions of the present invention. For example, the device
may be rinsed with a rinse solution including deionized water and/or dried (e.g., spin-dry, Na,
vapor-dry etc.).

[0104] When necessary, a post-clean bake step and/or an isopropanol vapor-dry step may
be necessary to remove non-volatile materials that may absorb into the pores of the ILD
materials so as not to change the capacitance of the low-k dielectric materials.

[0105] Another aspect of the invention relates to the improved microelectronic devices
made according to the methods of the invention and to products containing such microelectronic
devices.

[0106] A still further aspect of the invention relates to methods of manufacturing an article
comprising a microelectronic device, said method comprising contacting the microelectronic
device with a composition for sufficient time to clean post-plasma etch residue from the
microelectronic device having said residue thereon, and incorporating said microelectronic
device into said article, wherein the composition includes at least one etchant source, at least one
metal-chelating agent, water, optionally at least one organic solvent, optionally at least one
corrosion inhibitor, optionally at least one low-k passivating agent, optionally at least one
surfactant, and optionally a source of silica.

[0107] A still further aspect of the invention relates to methods of manufacturing an article
comprising a microelectronic device, said method comprising contacting the microelectronic
device with a composition for sufficient time to clean post-plasma etch residue from the
microelectronic device having said residue thereon, and incorporating said microelectronic
device into said article, wherein the composition includes at least one etchant source, at least one
metal corrosion inhibitor, water, optionally at least one organic solvent, optionally at least one
chelating agent, optionally at least one low-k passivating agent, optionally at least one surfactant,

and optionally a source of silica.
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For mjl[&idS n ADA still further aspect of the invention relates to methods of manufacturing an article
comprising a microelectronic device, said method comprising contacting the microelectronic
device with a composition for sufficient time to clean post-plasma etch residue from the
microelectronic device having said residue thereon, and incorporating said microelectronic
device into said article, wherein the composition includes at least one etchant source, at least one
organic solvent, water, optionally at least one metal corrosion inhibitor, optionally at least one
chelating agent, optionally at least one low-k passivating agent, optionally at least one surfactant,
and optionally a source of silica.

[0109] A still further aspect of the invention relates to methods of manufacturing an article
comprising a microelectronic device, said method comprising contacting the microelectronic
device with a composition for sufficient time to clean post-plasma etch residue from the
microelectronic device having said residue thereon, and incorporating said microelectronic
device into said article, wherein the composition includes at least one organic solvent, and at
least one metal-chelating agent, optionally at least one surfactant, optionally at least one
corrosion inhibitor, optionally at least one low-k passivating agent, optionally at least one
etchant, and optionally water.

[0110] In yet another aspect, the compositions of both aspects of the invention may be utilized in
other aspects of the microelectronic device manufacturing process, i.e., subsequent to the post-
plasma etch residue cleaning step. For example, the compositions may be diluted and used as a
post-chemical mechanical polishing (CMP) clean. Alternatively, the compositions of the present
invention may be used to remove contaminating materials from photomask materials for re-use
thereof. In yet another alternative, the compositions of the first aspect of the invention may be
used to etch TiN hardmasks, as readily determined by one skilled in the art.

[0111] One disadvantage associated with BEOL architecture including TiN hardmasks is the
formation of TiOF crystals. Accordingly, in yet another aspect, the invention relates to a method
comprising the removal of TiOF crystals from a microelectronic device having same thereon,
said method comprising contacting the microelectronic device with an aqueous cleaning
composition for sufficient time to at least partially remove said TiOF crystals from the
microelectronic device, wherein the aqueous cleaning composition comprises at least one organic
solvent, at least one etchant, a source of silica, at least one tungsten corrosion inhibitor, and

water. Preferably, the contacting conditions include temperature in a range from about 35°C to
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the etchant is about 0.1 to about 0.5, and the W-corrosion inhibitor(s) relative to the etchant is
about 1 to about 4.

[0112] In yet another aspect, the invention relates to an article of manufacture comprising a
microelectronic device substrate, residue material, and a cleaning composition, wherein the
cleaning composition may be any composition described herein, and wherein the residue
material is selected from the group consisting of titanium-containing residue, polymeric-residue,
copper-containing residue, tungsten-containing residue, cobalt-containing residues, and
combinations thereof.

[0113] The features and advantages of the invention are more fully illustrated by the following
non-limiting examples, wherein all parts and percentages are by weight, unless otherwise

expressly stated.

Example 1
[0114] The etch rates of blanketed ULK, titanium nitride, Cu and W in Formulations A-H was

determined. The thicknesses of the blanketed materials were measured before and after
immersion in Formulations A-H at 50°C. Thicknesses were determined using a 4-point probe
measurement whereby the resistivity of the composition is correlated to the thickness of the film

remaining and the etch rate calculated therefrom. The experimental etch rates are reported in

Table 1.

Table 1: Etch rate of ULK, TiN, Cu and W in A min™ after immersion in Formulations A-H.

Etch rate/A min™
Formulation ULK TiN Cu W
A 0 0 0 0
B 0 0 0 0
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C 0 0 0 0
D 0 0 0 0
E 0 0 0 0
F 0 0 0 0
G 0 0 0 0
H 0 0 0 2.2

[0115] ULK compatability studies were also performed using Fourier Transform Infrared
Spectroscopy (FTIR) and capacitance data. It can be seen in Figures 1 and 2 that no observable
changes were observed in the ULK contacted with formulations A and B, respectively, relative to
the ULK control, especially in the 2800 to 3000 cm’ hydrocarbon absorption region, which
suggests that organic impurities did not absorb to the ULK. The capacitance data, as determined
using an Hg probe, also suggests that the ULK was not detrimentally impacted by the
formulations of the invention (see Table 2).

Table 2: Capacitance of ULK control relative to ULK immersed in Formulations A, B, and H

Sample Capacitance (pF)

control 35.5+04
formulation A 35.7+£0.3
formulation B 35.7+£0.3
formulation H 35.6+0.3

Example 2
[0116] The etch rates of blanketed ULK, titanium nitride, Cu and W in Formulations AA and

AB was determined. The thicknesses of the blanketed materials were measured before and after
immersion in Formulations AA and AB at 50°C. Thicknesses were determined using a 4-point
probe measurement whereby the resistivity of the composition is correlated to the thickness of
the film remaining and the etch rate calculated therefrom. The experimental etch rates are

reported in Table 3.

Table 3: Etch rate of ULK, TiN, Cu and W in A min! after immersion in Formulations AA and

AB.
Etch rate/A min™
Formulation ULK TiN Cu w
AA 0 0 0 0
AB 0 0 0 0
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[0117] ULK compatability studies were also performed using FTIR and capacitance data. No
observable changes were observed in the ULK contacted with formulation AB, relative to the
ULK control, especially in the 2800 to 3000 cm’ hydrocarbon absorption region, which suggests
that organic impurities did not absorb to the ULK. The capacitance data, as determined using an
Hg probe, also suggests that the ULK was not detrimentally impacted by the formulations of the
invention (see Table 4).

Table 4: Capacitance of ULK control relative to ULK immersed in Formulation AB

Sample Capacitance (pF)
post-etch ULK control 44.0+0.6
formulation AB (50°C for 5 44.2+0.6
minutes) + post-bake

[0118] Cobalt compatibility was also determined. Blanketed CoWP wafers having a thickness
of 1300A were immersed in Formulation AB for 2 hr at 50°C. Based on gravimetric analysis,
the weight of the coupon before and after immersion was unchanged, suggesting that formulation
AB did not etch CoWP. This is further evidenced in Figures 3A and 3B, which are micrographs
of the blanketed CoWP wafer before (Figure 3A) and after (Figure 3B) processing in formulation
AB.

Example 3
[0119] The etch rates of blanketed ULK, titanium nitride, Cu and W in Formulations AC-AK

was determined. The thicknesses of the blanketed materials were measured before and after
immersion in Formulations AC-AK at 50°C for 65 min. Thicknesses were determined using a 4-
point probe measurement whereby the resistivity of the composition is correlated to the thickness
of the film remaining and the etch rate calculated therefrom. The experimental etch rates are

reported in Table 5.

Table 5: Etch rate of ULK, TiN, Cu and W in A min™ after immersion in Formulations AC-AK.

Etch rate/A min™
Formulation ULK TiN Cu W
AC 0 0 1.5 0
AD 0 0 0.2 0
AE 0 0 0 0
AF 0 0 0 0
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AG 0 0 1.2 0
AH 0 0 0 0
Al - - 6.3 0
Al - - 2.6 0
AK - - 24 0

[0120] ULK compatability studies were also performed at 50°C for 65 min using FTIR and
capacitance data. The capacitance data, as determined using an Hg probe, is reported in Table 6.
The post-bake step, when applicable, was performed at 200-210°C for 10 minutes.

Table 6: Capacitance of ULK control relative to ULK immersed in Formulations AD-AF

Sample Capacitance (pF)
post-etch ULK control 43.4£1.5
formulation AD 48.0+0.9
formulation AD + post-bake 42.5+0.7
formulation AE 48.0£1.7
formulation AE + post-bake 42.3+£0.5
formulation AF 45.0£1.8
formulation AF + post-bake 41.7+0.4
formulation AF + IPA dry 41.7+0.6

[0121] It can be seen that the formulations do not cause a significant capacitance increase for the
post-etch ULK when a post-bake or an IPA dry is employed. Further, no observable changes
were observed in the post-etch ULK contacted with formulations AE or AF (both no post-bake
and IPA dry), relative to the post-etch ULK control, especially in the 2800 to 3000 cm’
hydrocarbon absorption region, which suggests that organic impurities did not absorb to the

ULK.

Example 4
[0122] The etch rates of blanketed ULK, titanium nitride, Cu and W in Formulations AL-AY

was determined. The thicknesses of the blanketed materials were measured before and after
immersion in Formulations AL-AY at 50°C for 65 min, unless noted otherwise. Thicknesses
were determined using a 4-point probe measurement whereby the resistivity of the composition
is correlated to the thickness of the film remaining and the etch rate calculated therefrom. The
experimental etch rates are reported in Table 7.

Table 7: Etch rate of ULK, TiN, Cu and W in A min™ after immersion in Formulations AL-AY.
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Etch rate/A min™

Formulation ULK TiN Cu W
AL 0 0 0.7 0
AM 0 0 0 0
AN 0 0 0.8 0
AO 0 0 0.5 0
AP 0 0 0 0
AQ 0 0 0 0
AR 0 0 0 0
AS 0 0 0 0
AT 0 0 0 0
AU 0 0 0 0
AV 0 0 (35 min) 4.8 0
AW 0 - (35 min) - 0
AX 0 - (35 min) - 0
AY 0 0 (35 min) 0.2 0

[0123] ULK compatability studies were also performed at 50°C for 65 min using FTIR and

capacitance data for formulations AM, AN, AO and/or AU. The capacitance data, as determined

using an Hg probe, is reported in Table 8.

Table 8: Capacitance of ULK control relative to ULK immersed in Formulations AN and AO.

Sample Capacitance (pF)
post-etch ULK control 30.8+2.1
formulation AN 29.3+0.4
formulation AO 30.3+£0.5

[0124] It can be seen that the formulations do not cause a significant capacitance increase for the

post-etch ULK when a post-bake or an IPA dry is employed. Further, no observable changes

were observed in the post-etch ULK contacted with formulations AM, AN, AO, or AU, relative

to the post-etch ULK control, which suggests that organic impurities did not absorb to the ULK.

Example 5

[0125] The etch rates of blanketed ULK, titanium nitride, Cu and W in Formulations I-L. was

determined. The thicknesses of the blanketed materials were measured before and after

immersion in Formulations I-L. at 50°C for 65 min, unless noted otherwise. Thicknesses were

determined using a 4-point probe measurement whereby the resistivity of the composition is
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[0126] Importantly, it can be seen that formulations I, J and M are useful for the removal of TiN

hardmask, when required.

Example 6
[0127] The etch rates of blanketed ULK, titanium nitride, Cu and W in Formulations N-R was

determined. The thicknesses of the blanketed materials were measured before and after

immersion in Formulations N-R at 50°C for 30 min. Thicknesses were determined using a 4-

point probe measurement whereby the resistivity of the composition is correlated to the thickness

of the film remaining and the etch rate calculated therefrom. The experimental etch rates are

reported in Table 10.
Table 10: Etch rate of ULK, TiN, Cu and W in A min™ after immersion in Formulations N-R.

Etch rate/A min™

Formulation ULK TiN (ARs) Cu W
N 0 3.0 0 0
0] 0 2.6 9.0 0
P 0 2.8 0.13 0
Q 0 2.4 0 0
R 0 2.2 0 0

[0128] Although the invention has been variously disclosed herein with reference to illustrative

embodiments and features, it will be appreciated that the embodiments and features described

hereinabove are not intended to limit the invention, and that other variations, modifications and

other embodiments will suggest themselves to those of ordinary skill in the art, based on the

disclosure herein. The invention therefore is to be broadly construed, as encompassing all such
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variations, modifications and alternative embodiments within the spirit and scope of the claims

hereafter set forth.
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0.3 0L 0.1 0 MO 13 (35 mn) 0.5 0 [0126] Inportantly, it can be seen
that forrmulations I, J and M are useful for the renpval of Ti N hardnask
when requwoedos/@Bs@npl e 6 [0127] The etch rates of bIanPeﬁaﬂthkm&m4taniun1
nitride, Cu and Win Fornul ations NNR was determ ned, The thickness

of
the bl anketed materials were neasured before QW&“&?&%@T?ﬁﬁ%%§f%ﬁqu{%”$
Formul ations NNR at 50C for 30 mn. Thicknesses were determ ned using a 4-

poi nt probe nmeasurement whereby tﬂﬁﬁﬁﬁiéﬁﬁiéity of the conposition is

correlated to the thickness of th ining and the etch rate

calcul ated therefrom The experinental etch rates are reported in Table 10.
Tabl e 10: Etch rate of ULK, TiN, Cu and Win A mn-1 after immersion in
Formul ati ons N-R. Fornulation -- Etch rate/A m nl

What is claimed is:

1. An aqueous cleaning composition, comprising at least one etchant, water, optionally at
least one low-k passivating agent, optionally at least one surfactant, and optionally a
source of silica, wherein the composition is further characterized by including

components (1), (II) or (III):

(I) at least one chelating agent, optionally at least one organic solvent, and optionally at

least one corrosion inhibitor;

(II) at least one metal corrosion inhibitor, optionally at least one organic solvent, and

optionally at least one metal chelating agent; or

(IIT) at least one organic solvent, optionally at least one chelating agent, and optionally at

least one corrosion inhibitor,

wherein said aqueous cleaning composition is suitable for cleaning post-plasma etch residue

from a microelectronic device having said residue thereon.

2. A cleaning composition comprising at least one organic solvent, at least one metal-
chelating agent, optionally at least one surfactant, optionally at least one corrosion inhibitor,
optionally at least one low-k passivating agent, optionally at least one etchant, and optionally
water, wherein said cleaning composition is suitable for cleaning post-plasma etch residue from a

microelectronic device having said residue thereon.

3. The cleaning composition as in any of claims 1-2, wherein the post-plasma etch residue
comprises residue selected from the group consisting of titanium-containing compounds,
polymeric compounds, copper-containing compounds, tungsten-containing compounds,

cobalt-containing compounds, and combinations thereof.
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4. The cleaning composition as in any of claims 1-2, wherein the at least one etchant
comprises a fluoride species selected from the group consisting of hydrofluoric acid,
fluorosilicic acid, fluoroboric acid, tetramethylammonium hexafluorophosphate,
ammonium fluoride salts, ammonium bifluoride salts, ammonium fluorosilicate,
tetrabutylammonium tetrafluoroborate, propylene glycol/HF, propylene
glycol/tetraalkylammonium  fluoride, propylene glycol/benzyltrimethylammonium

fluoride, and combinations thereof.

5. The cleaning composition as in any of claims 1-2, wherein the at least one organic
solvent comprises a species selected from the group consisting of alcohols, ethers,

pyrrolidinones, amines, glycols, glycol ethers, and combinations thereof.

6. The cleaning composition as in any of claims 1-2, wherein the at least one organic
solvent comprises a sub-species selected from the group consisting of methanol, ethanol,
isopropanol, diols, 3-chloro-1,2-propanediol, triols, 3-chloro-1-propanethiol, 1-chloro-2-
propanol, 2-chloro-1-propanol, 3-chloro-1-propanol, 3-bromo-1,2-propanediol, 1-bromo-
2-propanol,  3-bromo-1-propanol,  3-iodo-1-propanol,  4-chloro-1-butanol,  2-
chloroethanol, dichloromethane, chloroform, acetic acid, propionic acid, trifluoroacetic
acid, tetrahydrofuran (THF), N-methylpyrrolidinone (NMP), cyclohexylpyrrolidinone, N-
octylpyrrolidinone, N-phenylpyrrolidinone, methyldiethanolamine, methyl formate,
dimethyl formamide (DMF), dimethylsulfoxide (DMSO), tetramethylene sulfone
(sulfolane), diethyl ether, phenoxy-2-propanol (PPh), propriophenone, ethyl lactate, ethyl
acetate, ethyl benzoate, acetonitrile, acetone, ethylene glycol, propylene glycol, 1,3-
propanediol, 1,4-propanediol, dioxane, butyryl lactone, butylene carbonate, ethylene
carbonate, propylene carbonate, dipropylene glycol, diethylene glycol monomethyl ether,
triethylene glycol monomethyl ether, diethylene glycol monoethyl ether, triethylene
glycol monoethyl ether, ethylene glycol monopropyl ether, ethylene glycol monobutyl
ether, diethylene glycol monobutyl ether, triethylene glycol monobutyl ether, ethylene
glycol monohexyl ether, diethylene glycol monohexyl ether, ethylene glycol phenyl
ether, propylene glycol methyl ether, dipropylene glycol methyl ether, tripropylene glycol
methyl ether, dipropylene glycol dimethyl ether, dipropylene glycol ethyl ether,
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7. The cleaning composition of claims 1-2, wherein the at least one chelating agent
comprises a species selected from the group consisting of 1,1,1,5,5,5-hexafluoro-2.4-
pentanedione (hfacH), 1,1,1-trifluoro-2,4-pentanedione (tfac), and acetylacetonate (acac),
iminodiacetic acid, pyrazolates, amidinates, guanidinates, ketoimines, dienes,
polyamines, ethylenediaminetetraacetic acid (EDTA), 1,2-cyclohexanediamine-
N,N,N",N’-tetraacetic acid (CDTA), etidronic acid, methanesulfonic acid, hydrochloric
acid, acetic acid, alkylamines, arylamines, glycolamines, alkanolamines, triazoles,
thiazoles, tetrazoles, imidazoles, 1,4-benzoquinone; 8-hydroxyquinoline; salicylidene
aniline; tetrachloro-1,4-benzoquinone; 2-(2-hydroxyphenyl)-benzoxazol; 2-(2-
hydroxyphenyl)-benzothiazole; hydroxyquinoline sulfonic acid (HQSA); sulfosalicylic
acid (SSA); salicylic acid (SA), tetramethylammonium fluoride, tetramethylammonium
chloride, tetramethylammonium bromide, tetramethylammonium iodide, pyridine, 2-
ethylpyridine, 2-methoxypyridine, 3-methoxypyridine, 2-picoline, pyridine derivatives,
dimethylpyridine, piperidine, piperazine, triethylamine, triethanolamine, ethylamine,
methylamine,  isobutylamine, tert-butylamine,  tributylamine,  dipropylamine,
dimethylamine, diglycol amine, monoethanolamine, methyldiethanolamine, pyrrole,
isoxazole, 1,2,4-triazole, bipyridine, pyrimidine, pyrazine, pyridazine, quinoline,
isoquinoline, indole, imidazole, N-methylmorpholine-N-oxide (NMMO),
trimethylamine-N-oxide, triethylamine-N-oxide, pyridine-N-oxide, N-ethylmorpholine-
N-oxide, N-methylpyrrolidine-N-oxide, N-ethylpyrrolidine-N-oxide, 1-methylimidazole,
diisopropylamine, diisobutylamine, aniline, aniline derivatives,

pentamethyldiethylenetriamine, and combinations thereof.

8. The cleaning composition of claim 1, wherein the at least one metal corrosion inhibitor
comprises a species selected from the group consisting of benzotriazole (BTA), 1,2,4-

triazole (TAZ), S5-aminotetrazole (ATA), I1-hydroxybenzotriazole, S5-amino-1,3.4-
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t hi adi azol -2-thiol, 3-amno-1H1,2,4 triazole, 3,5-diamno-1,2,4-triazol e,
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conbi nati ons thereof. 9. The cl eaning conposition of claim1, conprising a
source of silica, wherein the source of silica conprises TECS. 10. The

cl eaning conposition as in any of clainms 1-2, wherein said conposition
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Docket No. 020732-471.835 OP PCT (7493) water, wherein the weight percent
rati os of the organic solvent(s) relative to etchant(s) is about 5 to about
8, the wawvenoesgisatorve to etchant(s) is about 85 to abouu’c@/llszﬂdwssmurce of
silicarelative to etchant(s) is about 0.1 to_about chel at | g
agent (s) relative to etchant(s) is about 0.5 PBCkQ%UQZO?Z‘S‘”&aSﬁ@%W(Mg)
corrosion inhi bitor(s) relative to etchant(s) is about 1 to about 4. 12.
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to etchant(s) is about 88 to about 93, the source of silica relative to
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14. The cl e@ampﬁgtl@mm};gmnCdinraétferléetctﬂpmclydlnglqorrmnmts i3, MeeflE)n the pHis
in a range fromabout 0 to about 5. 15. The cl eaning conmposition of claim
2, further conprising at | east one corrosion inhibitor, at |east one | owk
passi vat i ngDagelnast oaﬂ dhqvlatﬁr@ agen6 optipieallyl &t denshonecogpus iselivort, aid eptaingllP at
further COH%) LSI n a}H one etchant. 17. The cl eani ng composition of
claim 2, Fhet rr?ﬁlroflélil é‘%{t | east one corrosion inhibitor and at |east
one etchant. 18. The cl eani ng conposition of claim2, conprising

pent anet hyl I enetriani ne, pro ene ama- but yr ol act one, and
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conpri si ng pent arret hyl di et hyl enetri am ne, propyl ene glycol,

game- but yrol act one, propylene glycol/HF, and benzotriazole. A kit
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reagents for form ng an aqueous cleani ng conposition, said one or nore
reagent s seét¢astoredofosiontifebigeroup consi sting of at | east one et chant, water,
optionally at |east one | ow k passivating agent, optionally at |east one
surfactant, and optionally a source of silica, wherein the conposition is

f ur t hend oVleras ttee kit esl abzyptéd’ltﬂ fcdinngl a@repomelemsing Icpmpo#fiomsuiable for cl¢aningat

| east one chelatin nal ast one organic solvent, and
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aqueous cl eani ng conpos suitable for cleani ng post-plasnma etch residue
from a m croedigotgrank tﬁaeiemecoegdlm/mgem,aat deasesieduetak-¢tetaiog . agit, dptianally at
conpri si ng,

re con one or .. t he
reagents f é as{‘| one Surfactan , optlona Tat ot Cortosion 1nFI‘11b1]t(or optlonahy awleagt one

low-k passivating agent, optionally at least one etchant, and optionally water, and
wherein the kit is adapted to form a cleaning composition suitable for cleaning post-

plasma etch residue from a microelectronic device having said residue thereon.

22. A method of removing material from a microelectronic device having said material
thereon, said method comprising contacting the microelectronic device with an aqueous

cleaning composition for sufficient time to at least partially remove said material from
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form ng a cleaning conposition, said one or nore reagents selected fromthe
group consisting of at |east one organic solvent, at |east one

nmet al - chevatznesgpseayent , optionally at | east one surfact amC:r/uSpﬂoimmM y at

| east one corrosion inhibitor, optionally at |east one passi vat i ng
agent, optionally at |east one etchant, and oPfi¥ g4l (?2973\%&319%35%%%%%913& n
the kit is adapted to forma cleaning conposition suitable for cleaning
post - pl as etch residue froma m.crpel ect roni c device havin Clﬁ@éd resi due
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m croel ectronic device with an aqueous cleaning conposition for sufficient
time to at shdagantpandi eptignalenoveusssi df melicy i wher¢inothe Dowketiti. is further
020732-471. ractar? ed%, §7¢8§‘) Ctohe m ragl(ﬁﬁtrg ',c devi ce, wherein the
aqueous cl &af 5 ¢ i CHECPHT t ‘one etchant, water,
optionally at |east one | ow k passivati ng agent opti onal ly at | east one
sur f act ant a source of t he copposi t
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| east one gkl edd dBrod@BRhhib@Rt i onal |y at | east one organic solvent, and
optionally at |east one corrosion inhibitor; (H at |east one netal
corrosion inhibitor, optionally at |east one organic solvent, and

optional ly (@} Aepsk oﬂe%é’fﬁt éﬂrro%f@)%l i@hibRer Qﬂ)ﬁ@ﬁalbpﬁt 1edstlohe ergzin@@-%lvélﬁeand
organic sol vent, optionally at |east one chel ati ng agent, and opti onal |y at
| east one optipwsiyow ldasthinsimasal chalating hgrhtafr 1 enpvi ng post-plasma etch
residue froma mcroel ectroni c device having said residue thereon, said
met hod conprising contacting the microel ectronic device with a cl eaning
conposi t i orfliHoat Isast b deavictsplvent; optainallg asleapane ichdlhtyngr aventy end aptibnaBg hdue
fromthe mcroel ectronic vi ce, wherein the cleaning conposition includes
at | east on%asb?lt’fa‘?‘?lr@s@l}l”i’l}@ﬁ at |east one netal -chel ating agent,

opti onal I y at | east one surfact ant, opti onally at |east one corrosi on

i nhi bi ptional | east one |0 ssivatin ent, optionally at
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thereof. The nethod as in any of clains 23 or , Wherein said post-plasm
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Comounds. e aSaRe R TR R, Bt hac SRR P EeT A E S oalsinathe o
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consi sting e %fst%ne%g%aﬁogﬁ%%%{nn?g (I) about 30 m nutes; tenperature

in a range FO?"‘lJmé ou Walthd combi nati ons t hereof. 27.
The net hod as |n any of clainms 22-23, V\herel n the mcroel ectronic device is

of an . grti t.he S|stin em conduct.or
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The net hod caﬁlb[ﬂ’atlaﬁyth@ﬂceoﬂ ai ns 22-23, wherein the mcroel ectronic device
conprises an ultra lowk dielectric layer. 29. The nmethod as in any of
clains 22-23, wherein the contacting conprises a process selected fromthe
group 260NnsiTHei MEthl: asSRI auy g ¢8RN COBPASDA T QReRih BaidUpdseptisph &0 residue

m croel ectronic device; dipping the mecr oel ectronic device in a sufficient
vol ume of @ompesﬁtStfﬁeﬁue edertecirPghe eeupfeanesteate Qfﬁéamumr@etae@ng @nlineowmm ce
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cobalt-containing compounds, and combinations thereof.
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30. The nethod as in any of clains 22-23, further conprising rinsing the
m croel ectronic device wth deionized water followi ng contact wth the
conposi t iw0.208810800phe net hod as in any of clains 22-23, ROEMUS20079886d4

conposi tion further conprises post-plasma etch residue sel ect ed fromthe
group consisting of titani um containing resi digkepsr PHER LT égpd]iféT(M%)
copper-cont ai ni ng resi due, tungsten- contalnlng resi due, cobalt-containing

resid |nat|ons t er eof nethod as in any of clains 22-23,
Fur t e conbel SPAGH 4° ety i QtBent b FEHBUe HoRoVEPAS FAnREES PRIEORY om
the m croelsgrtk®Piom HRYIE® cABistinD@r:hEI8H 8BS AvdudN¥niffitedb absk #2nidites;
further conprising an isopropanol vapor-dry step to rempve non-vol atile

mat eri al s fteroparatuee iviaopngd @dtenoabeutde¥ tneabout 70°C; and combinations thereof.

27. The method as in any of claims 22-23, wherein the microelectronic device is of an article
selected from the group consisting of semiconductor substrates, flat panel displays, and

microelectromechanical systems (MEMS).

28. The method as in any of claims 22-23, wherein the microelectronic device comprises an

ultra low-k dielectric layer.

29. The method as in any of claims 22-23, wherein the contacting comprises a process
selected from the group consisting of: spraying the composition on a surface of the
microelectronic device; dipping the microelectronic device in a sufficient volume of
composition; contacting a surface of the microelectronic device with another material that
is saturated with the composition; and contacting the microelectronic device with a

circulating composition.

30. The method as in any of claims 22-23, further comprising rinsing the microelectronic

device with deionized water following contact with the composition.

31. The method as in any of claims 22-23, wherein said composition further comprises post-
plasma etch residue selected from the group consisting of titanium-containing residue,
polymeric-residue, copper-containing residue, tungsten-containing residue, cobalt-

containing residue, and combinations thereof.

32. The method as in any of claims 22-23, further comprising a post-bake step to remove

non-volatile materials from the microelectronic device.

33. The method as in any of claims 22-23, further comprising an isopropanol vapor-dry step

to remove non-volatile materials from the microelectronic device.
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