WO02006/081406PCT/US2006/002902 COMPOSITIONS FOR PROCESSING OF SEMICONDUCTOR
SUBSTRATES FIELD OF THE INVENTION [0001]The present invention relates to compositions for
processingWoRAes88MBeronic device substrates, including compositions uS&iE Y82086{4838reparation,
pre-plating cleaning, post-etch cleaning, and post-chemical mechanical polishing cleaning of
microelectron@OMySSINANSFOE BRRIESSON OF SENERINDATROR\SUBHIGcroelectronic device
wafers are used to form integrated circuits. The microelectronic device wafer includes a substrate,
such as silicon, into which regions pigyRp§RFPaE IRvERgeiion of different materials having insulative,
conductive or semi-conductive properties. [0003]In order to obtain the correct patterning, excess
material ué88lin foriingtentayesgion sides ib strapesitiost Re peressiesl oF nithesetadabricate functional

and reliablevedeceiibaiidsSrorRmtaRiindays adel o llana pricharlscironialRLamdace. Thus, itis
necessarxg%gt_gﬁrpgfée and/o& ogspt certain urfagleslo a microelectronic E[%ewce wafer. [0004]Chemical

Mechanichl Polishing oF PIAHANZaton 1B 18 8%0F ’8§§LBW£W% PR PEYSved from a
surface of*&ifcroelectronic device wafer, and the surface is polished (planarized) by coupling a
physical process such as abrasion with a chemical process such as oxidation or chelation. In its most
rudimentary form, CMP invol\ﬁﬁﬁm&iw;ﬁﬂ#%gﬁf Iﬁglabrasive and an active chemistry, to a
polishing pad that buffs the strface 0T a miCro [Te Wafer to achieve the removal,
planarizaty nd pglishi rocess. It is not desirable for the removal or. polishing process to be
comprisez 0 glurel% t)?g?e_cggl% f)llrcps%'gr‘erzl|:e cﬁae?%‘eicgfea@ﬁ?)(ﬁ,[Buforrﬁ}hgﬂteﬁge%r? FyfEtic cofhbination of both
in order tdPiEATGROBIS 1dGHite Titke irelides 1 shstralsriserions oilirragintecwtitic pitionher€MP slurry should
also be alphst¢mepiréfedepniinity of diffsenfitmrribiahecngpniseoanpladaxassahinstaietgad other materials
so that highly.planar surfaces can be produced for subsequent photolithography, or patterning, etching
and thin-film processing. [0005]Recently, copper has been increasingly used for metal interconnects in
integrated circuits. In the copper damascene process commonly used for metallization of circuitry in
microelecl¥8f3t devieerfishidodiiim bt vetmytarattat grexst ennentd wod antimpimpaiiiegkinclude copper

layers hawmﬁasﬂmkdﬂieﬁﬁﬁba%édl-ﬁlm&ﬁ@%ﬁ%hﬁ@%@ﬁ %ﬁ&\f%%@}?fmgss of labout f
0.05-0.15; co ayers are separated from the dielecjric material surface by a layer o
bather mﬁﬁgﬁy?i%aaﬁegt%é%B-?@IOI}K%%%%WH?C 3&%3‘&{%}%‘*6%&%}{ 8F BFEHEPiMo the oxide
dielectric THRErEIPrRO ke PR b fRT 0§ BirtasIsekamts davirs dftie wafer surface after polishing is to
use a CMP slurry that has the correct removal selectivities for each material. [0006]The foregoing
processingoperatieiz Ryobiga e suRMIal SRHIAGERePRRYID « dSRasition, plating, etching and
chemical n;%%hfmicah{)olgg{?% variqusly require cleaning operations to ensure that the
microelectfonic devica brodld & WEEB L SntarmRsHTe Aafiei bt ardite quiggsrisusly affect the
function dolisbeplodnetzeh byepupdingle pitysicd posdorsith intebrdgchfwilt iahedBAG#d@e particular issue
in this respechistRiasis drgihat md%ﬁb@&ﬁaﬁeﬁa&eﬁq&ﬁgﬁmﬁdﬁv&%@mrﬁﬁ%%OWing CIWP
processi Sj include CMP.material and carrosion inhibitor compounds such as
benzotriar}%gé?ggg'}rf;\%_ I }rjﬁ%??ﬁdéa\?ea%{ﬁgs%mr% dllfe&épcoja‘irs\ o5 ped é‘g%l?'alé%t% E'tp 2 Plifies or severely
roughen THETRTRPORIN et B aehvin hieremened plavrriativasiod noligtes@msafiiied layers on the
device suiwtieiabBdvetie reughboipgisiitpmoesssietal kaabasdopRiEERkMBAr ebjareRtic, since overly

rough CORRREEANRNSSAARLAIRCHEALAEUAMBIARES o Ul RIGdUS) IiLoelEqonic dovice.

[OOOS!AnotheMes'igu@-p ducing process common to microelectronic device manlﬁ'f%lcturing involves
AR

gas-phase piasma'e P PR e Ra S h T oPa &0 et rhotidedie kodiade to the underlying
layers, whiefsraitsily sprspse dlhaiivtrasiprinstenaplel tiels atf D) danicbeicisinpdagars. Post-gas

phase plasghig skehrasistds saWaislddnay fM@qﬁ%Eﬂ%kﬂ%@ %P%Qﬁ&ﬂﬁg,%&!ﬁ%&“bsuate and in
the plasrggdqgﬁgﬁmarl%gggcally deposited on the back end of the line (BEOL) structures and if not

removed, may interfere wi subsequent silicidation Or contact formation. Conventional cleaning
chemistries often damage the ILD, absorb into the pores of the ILD thereby increasing the dielectric

constant,[éddfor cakecaethappe BlsIieacititRsingly used for metal interconnects in integrated
circuits. In the copper damascene process commonly used for metallization -of circuitry in

microelectronic device fabrication, the layers that must be removed and planarized include

copper layers having a thickness of about 1-1.5 um and copper seed Iayers having a thickness



100091 The following patents illustrate various formulations for cleaning of microelectronic device
substrates. One type of cleaning formulation that is employed with copper metalized substrates is
described iWYQ 280¢%fiés 6,194,366 and 6,492,308 and contains tetrametR{EFHAMTEMR AT droxide
(TMAH), monoethanolamine (MEA), copper corrosion inhibitor and water. The disadvantages of such

formulatiqpsing!bes sheirausareibilipupraredationciyhen expraediomuygesyutich in turn results

in darkening of the cqlor.of the formulation, with the result that sensors assggiated with microelectronic
device pr%é&%o‘ig%ﬁéﬁ wgﬁaé{bﬁgl%aufpﬁgu ﬁ?ﬁgé c%%%r@n%se%g function and reliability of the

tool. Additippaliintstichatisgréidisntia marrieks The ke ©ORRRTSBME RO 5 Rifficiently
extensiveydha¢asa e praiangactoxgamMeestlatatiih eoclearimgvid selrslatian feas no significant
efficacy. %gp&g%gr hese reasons, cleaning formulations of the type disclosed in U.S. Patents
6,194,366 an ,E ,308 must be maintained under nitrogen blanket, or otherwise secured against
oxygen exposure. 100111The microelectronics industry therefore continues to seek improvement in
cleaning fipnoaylatiofkeffurappingereceetalioma Sorsstrebin gaviefdrsdsmsositieis PTEi98essing of
min0|e|?C&EB!|SQ&S_§,\/{ﬁ§d§gU&EHI§gS ayalcmmc&gaggﬂgpp&mﬁ@uﬁﬁmﬂwqfﬂfesd@mg pre r;]ara_tioln,
pre-plating cleaning, post-etching cleaning,.pqst-ashi nin d Rast; mechanica
polishing ﬁéﬁﬁi’r‘?@% Eﬁ?é%gé te%'[er%'rlﬁao 8‘{?‘.@‘3%8 RS ﬁ%l\%%‘l%?% g@ THE .ﬁ&'%ﬁ@%h 100121The
present invsrién Asletsionelscaispiolin SRS P RS o PHEB &RBAF o IHEYid¥ dbstrates, including
compositignsdafaeabnuseful for surface preparation, pre-plating cleaning, post-etch cleaning, and
post-chemical mechanical polishing of microelectronic device wafers. [0013]Accordingly, in a preferred
embodiment, the formulations of the present inventign gﬁ)m rlaeesat %?St in%jfrgliln%ieat least one
complexid§®&Fent, 298 PREUSHRINES R/t Mth KiRtHeleMbodiment, Hhe formulations of the present
invention simoplisieoaicdastosebsimin &lavieatMAcwspsphexintpdyesidust [vs8de fdBuaternary base,

and the bglanss WalehIQMiRee AsResidhadnieniortrRiateJB04) camposiiandicluding (i)
allcanolamine, (i), quatemary ammonium hydroxide and (iii) & ing. Agsnkyperein the
complexi%‘eﬁfgréﬁ?fl?g%f&aé:%“%%%%}g Dhe ‘3’8F#ﬁ%%seﬁfé‘é‘ll}égé’t%g“??gﬁﬁ%%gygg consitgi%g of acetic acid,
acetone osirell atasise poos adbssieteizend- AR aenlichisen 294hs, W&ﬁi?‘f@?%%aﬁg‘éﬂ?e, aspartic acid,
benzoic agidghanzaifiapple BaAjzdietoinerdtichethptdliyoniimeaifentarity aoidh gluranti@lacid, glutamine,
glutaric aCé%%%%?&@MB@%MQ%@ grenudiscpeitbniiaticine, imidazole, iminodiacetic acid,
isophthalic acid, itaconic acid, lactic acid, leucine, lysine, maleic acid, malic acid, malonic acid,
2-mercaptobenzimidiazole, oxalic acid, 2,4-pentanedione, phenylacetic acid, phenylalanine, phthalic
acid, prolifesoplyromatiiticeacigsiduintodusitg serisesssoppmsionsiscinficErsiactierispiRdfe acid,
1,2,4-triazple, imelEiGrasidest ngstisa gy reaiieg Valinenskylitht aatdersfadvedpiithe foregoing
amino acids, with the provision that the .complexing . does. notd itg) igdh. [00151In
another ad %tgf?‘ciﬁte ﬁ%&\%élﬁﬁcﬁ)?m rF}éTa eief%ggn%% 6d 0 Qgg%%ss%%%% ﬁi%?gd%&%roﬂrﬁzﬁﬁ%ice substrate to
remove urdipdesiiicd BaRtetng s FOR dHF BT ?@%ﬁ&?@%@ﬁﬁ&é@c}bﬁ%ﬁﬁ?gﬁ?}b@ﬁ?ﬁ Fgedevice substrate
for subseqeniciieimant prseh et odimgt mih i donphstingtive, Actpaikibidspisiddite substrate with
an effectivg Ameunt o &, cAMRAETLIERBREsIRo Rplkanelalainpintiie Wi yusagaenium hydroxide

and (iii) a complexing agent, wherein the complexing agent includes.at least one ponent selected
from the gFBiGiSAiBALIE GRRIASE BERRoRCiG RER : e 8[%%5%% & gﬁ?ﬁ%{e%%tr%r%%ﬁ%glcﬁg?g]mmonium
benzoate, dwgihiing, the pareigifidiedEPahirstacincrtisingshe dislactie Aotz S W rPRydnBtaine, dimethyl
glyoxime, frumprigagieh. glutamic acid, glutamine, glutaric acid, glycerol, glycine, glycolic acid, glyoxylic
acid, histidine, imidazole, iminodiacetic acid, isophthalic acid, itaconic acid, lactic acid, leucine, lysine,
maleic acid, malic acid, malonic acid, 2-mercaptobenzimidiazole, oxalic acid, 2,4- pentanedione,
phenylacel9ttid, pRanyliavise, piateritic Hesiarovaiiovsy iormiations ciffr g SiFfRSEiP senile, sorbitol,
succinic agighréerepbilalisreishvbimellitionacige b2ckduiag dlemtinmesibabdicnylwsihwiiraline, xylitol, and
derivatives of the foreding AMING AgidR. il 8eeRrRWYq04564 the complengcaans does not include
citric acid.‘[%%%?}résn another aspect, the present invention relates. to a composition, comprising
monoethaffERs W%Hmﬁﬂﬂ%ﬁmﬁﬂwﬁfﬁ?ﬂﬂ%%@} ndWater" Wherein said
compositicnhibisuitat | e-4er. clfamniligdesiegre aihthdofmmiatintsifedide dhitanseteddiiiiécdevice having
said reSidLh%QQQtﬁﬂﬂxﬂ%i@ﬁms%&hﬁf&?gmwl@ﬁtﬁi%th@r%%mmksmmmaeamemise
post-chemical mechanical polishing (Cie residue and contaminants. [0017]! I aspect, the
present in\fgﬁl‘glﬁl?'éﬁfg%s &lbgée%%ﬂmﬁb%(gssl ?(S)(ﬁ? &M ilz)ar%il r‘ixa%gn%lr? Bﬁ?ﬁﬁi}%ﬁ%ﬁﬁg Fé%éa%ﬁ‘%lammonium
hydroxide, 2-mercaptobenzimidazole, and water, wherein said composition is suitable for cleaning
residue and contaminants from a microelectronig device having said residue and contaminants
thereon, wherein the residue and contaminants comprise post-gas phase plasma etch residue and
contaminants. [0018]In a further aspect, the present invention relates to a method of manufacturing a




microelectronic device, said method comprising contacting the microelectronic device with a
composition for sufficient time to at least partially clean residue and contaminants from the

microelectrBIGEIBEHfaving said residue and contaminants thereon, whdteUp¥dt93ition

includes (i) alkanolamine, (ii) quaternary ammonium hydroxide and (iii) a complexing agent, wherein
the compleséhilg agaeil Sutpes mdeaayomp@m@@nwtﬁw@ﬁe&trqenmﬁtgr@pralsqaaisting of acetic
acid, acetomlmqgﬁg &@ngg&agamlﬂ]%q{)ﬁg € oA ql?%lt%i enzoa argQQm ragine, aspartic

acid, benzoic acid enzotrlazole BTA), betaine, dimet 5(|me f aric acuﬁ ttamic acid,
glutamine, eﬁfﬂt‘:‘ﬂfb‘ﬁ Qi R L R e %6@&&&6% forsatien P?ﬁd%&’zole
irninodiacesignificiet ¢%{éh§thallc acid, itaconic acid, lactic acid, leucine, lysine, maleic acid, malic acid,
malonic acid, 2-mercaptobenzimidiazole, oxalic acid, 2,4-pentanedione, phenylacetic acid,
phenylala phth lic Cld rollne omellitic acid, quinic acid, serine, sorbitol, succinic acid,
terephthalr}c%gc d, tn?nef itic acfﬁOT’Z }F Qta“el& e jﬁﬁo@sﬁ% %qﬁ'f‘?o@fﬁ sehth - e i #%nd derivatives of
the foregoﬁab"‘&ﬁ?ﬁté“ﬁéd@zﬁﬁﬁtw @R)Wéﬁfﬂﬁ‘atltﬁ% émteklngiﬁgehpﬂe@ssnotqmmm citric acid.
[0019]Y et apdiheraspegioaithe invention relates to improved microelectronic devices, and products
incorporating same, made using the methods of the invention comprising cleaning of residue and
contaminapts from the mjcroelectronic device having said residue and contaminants thereon, using
the methodls Shd/or LSApBeRrsHeRs dsiEythaeing Caﬁ‘EP‘EﬁSﬁ%FFéﬁMFE&?WQHﬁ&%&nlcroelectron|c
device mtcfﬂt!tﬂpﬂemmt fO0o@@tirestailized ctobstaitaremdnd emboditiventsof phedsienton will be more

fully apparﬁittctme&&ﬁe %%m&ﬂi&ﬁ@%&ﬁﬂ&l@%%ﬂ&%@a%ﬁwlr:ertﬁEfép RIRELON OF THE

DRAWIN 1]F G 4 ds.a hotomicro raﬂg ofla cobalt (E)Iat clroejectronlc device structure
that has b ated sutgseq eht o Surfsee b Breparation wifhh an atgesis eentposiith AV including
TMAH, MEW’BHEF pechaniirtRolishinesiaptagivigicesit CT@GQQTPF@WZfPSSa photomicrograph of a

cobalt-plated microelectronic device structure that has been plated subsequent to surface preparation
with an aqueous composition AW including TMAH, MEA, TEA, and lactic acid. [0023]FIG. 3 is a
photomicrograph of a cobalt-plated mlcroelectronlc device structure that has been plated subséequent
to surface preparation with an aguesy AN ing TMAH, MBA, TEA, and oxalic acid.
[0024]FIG. 4 is a photomicrograph of a cobalt-plated microelectronic dewce structure that has been
plated sub&fdent tHhepRses Sreptirareiatwita eomaemiins Jearmsesiseeinvioreletionc TMAH, MBA,
TEA, and dévic avbek{06 2acidice Bdsmatetorikair agpibia mﬁattgﬁpmdm@f@gia@tgomc device

structure thathas heehplaladsUAREIVE 3 gq? eouys composition AZ
including TMAH, g%nmoethoxyethanol gdﬁ%é%@#ﬁ%%%ﬁhgxyet go‘ﬁ’ a%nl a%gtsliucwaEll id- f"[00261FIG 6isa

photomlcrogreertph of a cobalt-plated microelectronic device structure that has been plated subsequent
to surface preparation with an agueous composition BA including TMAH, amino ethoxyethanol,

dimethylaipinsethoxsetiangl; mmm@mnﬁe@oﬂmmmmwmm cobalt-plated
mlcroelectbr%gsg%}/ig% Jug%tﬁme tt} 95 been Iated supseg%e EcliLmsurf ce ation with an
ik A b e o shobes

agueous composmon BB inc MAE? A no il yé methylami 8xyethano| and
citric acid fESEelEhs @‘H‘GF&H‘F Bf@ﬁﬁﬁsﬁlﬂé‘ﬂl‘f‘?‘ﬁﬁﬁgﬁﬂ?ﬁﬁeﬁﬁeﬁ RUGEM P TNFATHAME A

complexing agent, at least one quaternary base, and the balance water.

[0014]} In one aspect, the invention relates to a composition including (i) alkanolamine, (ii)
quaternary ammonium hydroxide and (iii) a complexing agent, wherein the complexing agent
includes at least one component selected from the group consisting of acetic acid, acetone
oxime, alanine, 5-aminotetrazole, ammonium benzoate, arginine, asparagine, aspartic acid,
benzoic acid, benzotriazole BTA), betaine, dimethy! glyoxime, fumaric acid, glutamic acid,
glutamine, glutaric acid, glycerol, glycine, glycolic acid, glyoxylic acid, histidine, imidazole,
iminodiacetic acid, isophthalic acid, itaconic acid, lactic acid, leucine, lysine, maleic acid, malic
acid, malonic acid, 2-mercaptobenzimidiazole, oxalic acid, 2,4-pentanedione, phenylacetic

acid, phenylalanine, phthalic acid, proline, pyromellitic acid, quinic acid, serine, sorbitol,



compositions P, AA, U, AQ, BT, and BU containing different complexing agents (gallic acid, lactic acid,
glycine and succinic acid, respectively) on a copper substrate. 100291FIG. 9 is a graph of surface
roughness W@AMASIHious TMAH/MEA compositions, showing the relatRfelfHAHIRO92Ydf the
roughness associated with varying complexing agents, against an untreated copper surface having a
roughne_f{&wi&icﬂaaﬂg t&@&%@iﬁﬁ Cégeiéol,iﬁ,zﬂ@iﬁdna @f?&mtﬁ@iaougmes&im trosidey vetiigus TMAII/MEA
compositions, showing the relative. magnitudes of the.r SECI ifh.varying complexin
aents, A0 e s e e
photomic%@?&@%ﬁ%ﬁhi@&?ﬁ?‘@f 40,000X of a post-etch wafer showing residue in vias therein.
[0032]FIG. 12 is a photomicrograph of the post-etch wafer of FIG. 11, at a magnification of 80,000X,

Showing {fiqsicus, i i @ ARl A0SR of i asalpalamicsnaraith at magnification
of 40,000X o

f the post-etch wafer shown in FIG, 11, after cleaning by spin/spray.with a

TMAHIMA S RSP oS LB B EbI L T o o POER & PR g T oved
[0034]FIGnitthékerphiotomicrobsbph b thbspostictepwiaiesush method Ingluding septifétion of 80,000X,
SEO\tNing the ﬁ%ﬁY@&@ﬁiﬂlﬁ?ﬁ%&&fﬁHﬁ%&@éﬂf‘d‘dﬁﬁe\/iﬁ;oimigimtﬁmﬁﬁﬁﬂn [ORBEHRENS is a
photomicrqgraph at nification of 4 X e ~elc /n | 3.411, after cleanin
by spin/spa?%nﬁquag,&me /a%%%%qugﬁxégglﬁn%m ?%:gbrﬁ@c%{ﬁ%%g%ﬂ ,‘ll}'aﬁgrler%sﬂilglue has been ’
removed. {UOBETIRER 208 e dsh F&WWWH@%&&%?E%E@P&PWE@? &4 magnification of
80,000X, stiopingpiiacorimepetahint {iSeapistettoilee siomeninnthindoatén geimer Beeakije037]FIG. 17 is a
photomicigiaR 3t REAIUCRRALARIDAINN S AGRL CHGRIELSHA HiRGaol]. aler cleaning

y spin/spray with a TM H/MEAéfuccmlc. cg{ aqu %#S clear]mglcom OSI{I%niz_ﬁQé.cT e residue has
been remgl}'éd‘.“fOﬁ%%]FgI@”. 18% BERGISRerBgfapn GPifie posteten wardt of HiG. 17, ata
magnificatitstidifeg BrdBeks, Srinetirgaticc aciin oahibelinagib dizetsis reiddlfstin 3Fid JRCHEgreater detalil.
[0039]FIGyd8:isrRRoiamiareranh, adpagribeation-ahdioientxidiitle, paskesctivwader shown in FIG.

11, after cleaning by spin/spray with / [ | . ' omposition CO.
e petiedlont, ShelyBREGY _am&, | Rl WAL G ARC ORI G AR, AR IRANINELE
acid, serine, sorbitol, succinic acid, terephthalic acid, trimellitic acid, 1,2,4-triazole, frimesic

acid, tyrosine, valine, xylitol, and derivatives of the foregoing amino acids, with the provision

that the complexing agent does not include citric acid.

{0016] In still another aspect, the present invention relates fo a composition, comprising
monoethanolamine, tetramethylammonium hydroxide, 1,24-iriazole, and water, wherein said
composition is suitable for cleaning residue and contaminants from a microelectronic device
having said residue and contaminants thereon, wherein the residue and contaminants comprise

post-chemical mechanicat polishing (CMP) residue and contaminants.

{0017] In a further aspect, the present invention relates to a composition, comprising
monoethanolamine, tetramethylammoninm hydroxide, 2-mercaptobenzimidazole, and water,
wherein said composition is suitable for cleaning residue and contaminants from a
microelectronic device having said residue and contaminants thereon, wherein the residue and

contaminants comprise post-gas phase plasma etch residue and contaminants.

[0018]} In a further aspect, the present invention relates to a method of manufacturing a
raicroelectronic device, said method comprising contacting the microelectronic device with a
composition for sufficient time 1o at least partiaily clean residue and contaminants from the
microelectronic device having said residue and contaminants thereon, wherein the composition

includes (i) atkanolamine, (ii) quaternary ammonium hydroxide and (iii) a complexing agent,



[0040]FIG. 20 is a photomicrograph of the post-etch wafer of FIG. 19, at a magnification of 80,000X,
showing the post-etch residue remaining in the via, in greater detail. [0041]FIG. 21 is a
photomicro}@pfPel#dlenification of 40,000X of the post-etch wafer showrPfrRIEiE2044 0 AT immersion
cleaning with a TMAIUMEA/Iactic acid aqueous cleaning composition AA. The residue has been
removed. J8Q4id 1 oodR bxiRePieiR misidey apNaatitha-pasippichtwakrteaf dfe . 1Bl gadup magnification of
80,000%, ghowin tE‘Fa%%E?:C.’Xc"i‘% Of s, PORLEICh F[x‘?ﬁ'e‘,’%‘?a}%ﬁﬁ‘teu‘% 4N greatal delalo RO43]IFIG. 23 is a
photomicrograph ‘at magnification o .0,5 X of the’post-efch wafér shown in FIG. 11, after immersion
cleaning Wﬁﬁ“é“%w?ﬂﬂ%ﬁ%@%ﬁéﬂ?eaa’&uéﬁ%@%léﬁﬂm%emﬁi%T@’T'T?@‘F@siﬂ‘ﬁ%’thﬂs been removed.
WO 2006/g18d4m6 Attt 320 QM00R0GR | @ikl Rk SelDdris amith it amoic phgiep Blablvagitification of
40,000X ofjfag.aesizaichiwale! shewnd uilGaidatien miprrsinaale aniagvity adtiAH/MEA/succinic
acid aqueous cleanin con;gosjtion‘ﬁgﬁ.lfrhe,ée%i%ue has t;f_en rem%ve%g[g%l%ﬂg .025 is a
photomicr8gFafSHa e BEPUNG kR e TAos TR A H0 e gﬁowing the removal
of the poseaide B-fesinfersdivnberbtaylisaticeesiér plerailfobsspiliogrifuptelitesrantpiéihess of the
blanketed gepRemwaler, asi wmstin mekix eco) Rwpihimnmedsivndrdo souyatignsLdeCY . [00471FIG
27Ais an electron micrograph of a o] [ i jonn E ti V. [00481FIG. 278
is an elect%%?%ﬁcﬁ%%é’gﬁug??t gngén rgﬂ’/v%ugeﬁvlgggs_rrg %%,a Egégﬁ%gﬁg%%%@F%%n%ﬁaﬁon Cv.

[00491 FIProasiontn hescmslrintaeyr4pm srtdngyds viEassifier breakthrough wafer prior to immersion
in Formulation CV. [00501FIG. 28B is an electron micrograph of a cleaved post via-barrier

breakthroygy yyafer priofmtaminmers gl SARAHAULRCN improved microelectronic devices,

and products incorporating same, made using the methods of the invention comprising cleaning

of residue and contaminants from the microelectronic device having said residue and
contarninants thereon, using the methods and/or compositions described herein, and optionally,

incorporating the microelectronic device into a product.

[0020] Other aspects, features and embodiments of the invention will be more fully

apparent from the ensuing disclosure and appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

10023} FIG. 1 is a photomicrograph of a cobalt-plated microelectronic device structure that
has been plated subsequent to surface preparation with an aqueous composition AV including
TMAH, MEA and TEA, without a complexing agent,

[0022} FIG. 2 is a photomicrograph of a cobalt-plated microelecironic device structure that
has been plated subsequent to surface preparation with an aqueous composition AW including
TMAH, MEA, TEA, and lactic acid.

[0023] FIG. 3 is a photomicrograph of a cobalt-plated microelectronic device structure that

has been plated subsequent to surface preparation with an aqueous composition AX including
TMAH, MEA, TEA, and oxalic acid.



[0051]FIG. 29A is an electron micrograph of a post via-barrier breakthrough wafer subsequent to
immersion in Formulation CV. [00521FIG. 29B is an electron micrograph of a post via-barrier
breakthrouB\ieeP&#B&equent to immersion in Formulation AC. [00531FRS T56R486482%8Bctron
micrograph of a patterned post-etch, post-ash Al wafer via before immersion in Formulation CQ.

[00541FIG[0828 is aRicled @ phaliRgyah of Acoaitarned Resi-aithnRBVBsidivales via of FIG. 30A
after immeggigRdn FQRION.CR atégomtemperature. [0055]FIG. 30C is an.electron micrograph of
a patterned post-etch, ost-z;\as%:1 Al wafer \%}é)of Ff%-wé A e%?é%‘r;ﬁr?%n ?(Sair%ol%%rnrlﬁ%%’ﬁ%n CQ at 40C.
[0056]FIG.%(?1L‘%%SI‘Q?‘£% SRYAifERRSIph of a patterned post-etch, post-ash Al wafer bond pad edge
before immersion in Formulation CQ. [0057]FIG. 31B is an electron micrograph of a patterned
post-etch, mogsjash plavafes Rershpashepioss RLR.pRhéy Afigtdninaisian:i Earmiation CQ at room
temperature. [0058]EIG. 31C is an electron micrograph of a patterned post-etch, post-ash Al wafer
bond pad o H()ae%r* ?‘—]ﬁg&; §%&eg¥%€t{gm§r%%§%i8ﬁﬁr%8nﬁ%ﬁ% "t %‘8%365%%8 is an electron
micrograp pradreberritr e eoshylraiednarbewh aidsdieetider substrate before immersion in
Formulation CQ. [0060]FIG. 32B is an electron micrograph of a plasma-etched TEOS wafer of FIG.
32A atter igggagySIoNgsFRIRIANCR-h 4P IANSHIENG 3345, A8, Slssiron micragraph of a
plasma-et%gggTEgS évafer gtchedcdd%vag 10 thcéo,cop?i)ere Su strat‘éﬁgaélg%rg%%?n%?gﬁrgr%% Formulation CQ.
[0062]FIG. 331 T8 Bl & SUF BT TSP SBTapTPEP AL L SRchUEPHECRPOifies B ineludinga

TMAH, aminoethoxyethanol, dimethylaminoethoxyethanol, and oxalic acid.

[0027] FIG. 7 is a photomicrograph of a cobalt-plated microelectronic device structure that
has been plated subsequent to surface preparation with an aqueous composition BB including

TMAH, aminoethoxyethanol, dimethylaminoethoxyethanol, and citric acid.

[0028] FIG 8 is a graph of efch rate, in Angstroms per minute, for TMAH/MEA
compositions P, AA, U, AQ, BT, and BU containing different complexing agents (gallic acid,

lactic acid, glycine and succinic acid, respectively) on a copper substrate.

{00291 FIG. 9 is a graph of surface roughness, in nm, for various TMAH/MEA
compositions, showing the relative magnitudes of the roughness associated with varying

complexing agents, against an unireated copper surface having a roughness of 1.4 nm.

[0030] FIG. 10 is a graph of surface roughness, in nm, for various TMAH/MEA
compositions, showing the relative magnitudes of the roughness associated with varying

complexing agents, against an unireated copper surface having a roughness of 1.4 nm,

[0031] FIG. 11 is a photomicrograph at magnification of 40,000X of a post-etch wafer

showing residue in vias therein.

[06032] FIG. 12 is a photomicrograph of the post-etch wafer of FIG. 11, at a magnification
of 80,000X, showing the residue in the vias, in greater detail.

[0033] FIG. 13 is a photomicrograph at magnification of 40,000X of the post-stch wafer
shown in FIG. 11, after cleaning by spin/spray with a TMAH/MEA/lactic acid aqueous

cleaning composition AA. The residue has been removed,



after immersion in Formulation CQ at 40C. [0063]FIG. 34 is an electron micrograph of a
plasma-etched TEOS wafer of FIGS. 32A and 33A after immersion in Formulation CQ at 40C.
DETAILEDYSESHIHON OF THE INVENTION, AND PREFERRED EMBSHWHNMPEMAEREOF
[0064]The present invention relates to compositions that are variously useful in microelectronic device
manufacturing, e.g., for processing of wafer articles that have or are intended to be further processed

1o have copagimetatigalion  piSRARHABISHER AR SUILASH B BPRIGURN PLCRlAN Cleaning
post-etchlno(% & BQPQE(PQS'["%S ing Cc e% ing and post-chemical mechanical polishing cleaning of
microelectronic gevice warers gk]ﬁor{k’eé%ﬁgegﬁfgfé%ﬂg}a“ffﬁt’fb@ﬁé‘fﬁ’ré??&l'device" corresponds to

semiconductor substrates, flat panel displays, and inicroelectromechanical systems (MEMS),
manufactufemdspr usEl® 19igegiestiaRicgipiea atpeisiaul P LoNIRUE ehipsaafliGations. It is to be
understoo - erm 'micr ronic.device" is n to,he limiting in gny way and includes
any su bstr%l%ﬁﬁhtggﬁ/ﬁ' é\q/}e%%?a‘i%?‘@gé§%§§%ﬁ%&%é&%§%‘%§’§ ?l?ﬁi%?%ge ec?r%%'ﬁncgassembly.
Preferably “SHRYTiior 1406 Bititra 831 decadrBIRdes a semiconductor substrate. [0066]As used herein,
"post-CMP residue" corresponds to particles from the polishing slurry, carbon-rich particles, polishing
pad particlmaarushﬂ@.qaqmrmmmmwwagfﬁ@%@%@%g@ﬁé%%& copper, copper
oxides, angf%w‘]%ge%mate jals tha%]ar ththe t%y;ﬁ%roducts, of the CMP process. [0067]As used herein,
"contaminants® COTFESpOnt (6 Chamic S pPRES I FPHTEEMIS Y R FFRSESSH by-products of the

polishing slurry, and any other materials that are the by-products of the CMP process. [0068]As
defined hefeisn]posHeLcly resigheianicpaphatmigmaiaiial reopaining fllpwingwasrghase plasma
etehing Pragesses -1 BERL dUAkIAMASGANE. Dorrs SIS0 d8giduE pay be organic,

organomet%]licd organosilicic, or inorganic In_nature, for example, si |con-cont%ur?ﬁ1§°}lﬁaterial,
carbon-baS&aBEEARIRTHIRAS, Thedesids bpsbsaariyedich as oxygen and fluorine. [0069]As defined

herein, "complexing agent" includes those compounds that are understood by one skilled in the art to
be compleinRgentss chelpiipeaaents-BRP MR INI- A0ERkR R HE) SRAESIEHRg.AgRNts. Complexing

agents will ically camhine with or physically hold the metal atom and/or metal ion to be removed
using the gg%%@%o%%ﬁ%&%ﬁ%@éﬁ’ fr%/eg%%ﬁtdﬁt. J A%gggﬂ’ﬁ%‘?’éﬁ?{?’“ #8bt is intended to

correspond to 5 % of the stated value. [00711As used herein, "suitability" for cleaning residue and
contaminajéisgtom &iGiabaleqicnitideyen bavingisaitbiesidoeaRthEoRiaRiBRAtaereon

correspongdg,in, af IpRpt Radial ramauahof SAIRIeSIgug/E | . Jlom . the microelectronic device.

Preferably, at least 90 %, of the residuye/contaminants is removed from the mlcroﬁ%ogtsronic device
using the ESARBESABP PO TS ARRIT RS ReTEmesly, at least 99% of the residue/contaminants is

removed. [0072]Importantly, the aqueous compositions of the present invention must possess good
[0040] FIG. 20 is a photomicrograph of the post-etch wafer of FIG. 19, at a magnification
of 80,000X,, showing the post-etch residue remaining in the via, in greater detail.

(0041} FIG. 21 is a photomicrograph at magnification of 40,000X of the post-etch wafer
shown in FIG. 11, after immersion cleaning with a TMAH/MEA/lactic acid aqueous cleaning
composition AA. The residue has been removed.

10042] FIG. 22 is a photomicrograph of the post-etch wafer of FIG. 21, at a magnification
of 80,000, showing the removal of the post-eich residue in the via, in greater detail,

[0043] FIG. 23 is a photomicrograph at magnification of 40,000X of the post-etch wafer

shown in FIG. 11, after immersion cleaning with 2 TMAH/MEA/glycine aqueous cleaning
composition U. The residue has been removed.



metal compatibility, e.g., a low etch rate on the interconnect metal and/or interconnector metal suicide
material. Metals of interest include, but are not limited to, copper, tungsten, cobalt, aluminum,
tantalum, ti¥aRiAPEASEPEthenium. [00731Compositions of the invention mBCBAEMPIMEWIn a wide
variety of specific formulations, as hereinafter more fully described. [00741In all such compositions,
wherein sp@gtjc CORIGOBE RIS pdhbmicampisii amarificdibaussidon eftienestigdveight percentage
ranges inGluding, 2 gero/lpwerlimitutadll e MAgersiac kRN RIERRANEHIS Mivdee present or

absent in various specific embodiments of the composition, and that in instances where such
componerfteaaing FrBReTHOR) s Hidis s A LERS ¥ ntrations as low as 0.001 weight percent,

based on the total weight of the compaosition in which such components are employed. [00751The
compositiggf theriryention MRoatieatish ComppsitiansWasiusing:(i) 4 kanlginieaioti) quaternary
ammonium ide and (Jii) a co in nt, which are present. i composition in relative
amounts iﬁgg’ﬂ?ﬁg’%ﬁ? & %glr%rpelongi‘f%ﬁ an 8? ggf?\lferﬁ%ﬁsuse %ﬁ%égfnﬁle%a%(f g%l}?fléce preparation and/or
cleaning for which the composition is used. For example, the composition may include 0.001-90 wt.%
alkanolamjeteis . 00 F140 26 ki isienicnt e whiskaessrotthé iarhiytedexigher ©aB0 2s 20undiive obtimplexing agent, and
the balancgwater; Thecompesiiemi-preterred embodiment is formulated so that the alkalinity of
the solution is greater than .004 miliegivalents of base per gram of solution. 100761In accordance with
the invention, the complexing agent in such compositions includes at least one component selected
from the gie4@l condiltirity &f iacuiclention adeteserio)ife canialnealer hefirie EREESIRD #mmonium
benzoate, @diningn @sp aragine, aspartic acid, benzoic acid, benzotriazole (BTA), betaine, dimethyl
glyoxime, fiunaric acid, glutmnic acid, glutamine, glutaric acid, glycerol, glycine, glycolic acid, glyoxylic
acid, histidine, imidazole, iminodiacetic acid, isophthalic acid, itaconic acid, lactic acid, leucine, lysine,
maleic aci¥$hiic aBE; ATRJsiemeleromiaicaptebal Mniesaseledeant gieye 24-pianedione,
phenylacetitaaiidn phEsplstang@y phthalic acid, proline, pyromellitic acid, quinic acid, serine, sorbitol,
succinic acid, terephthalic acid, 1,2,4-triazole, trimellitic acid, trimesic acid, tyrosine, valine, xylitol, and
derivatives of the f(gﬁgeoin‘g amin? acids,ligrové%jﬁdf hova,e . thatghe mup exiar%% ago%nt does not
include citff?%did. PO R SR A IS B R RS T AR Rt id FoIathyiene ethers (PEGS),
glycol etheedmuetsiensigifietmplaiien §lyeol monomethyl ether (methyl carbitol), triethylene glycol
monomethyl ether, diethylene glycol mono ethyl ether, triethylene glycol monoethyl ether, ethylene
o DR el e SR AR maBembd R de i aediesbuagalil o her (O
carbitol), triethylene glycol monobutyl ether, ethylene glycol monohexyl ether, &ethylene glycol
monohexylVati@riosinyerrasigR EF PrEKkYPR(¥r, propylene glycol methyl ether, dipropylene glycol
methyl ether, tripropylene glycol methyl ether (TPGME), propylene glycol n-propyl ether, dipropylene

g!ycol nl-prm%i]etf;e?{é@%?f?,ﬂieé%exlgﬁﬁcalgﬁsﬁl%m@&eelﬁamb fﬁ%ﬁfﬂﬁ&@p?ﬁburw elthir, |
ipropylene glycol n-hutyl ether , fripropylene glycol n-butyl ether, propylene glycol pheny
ether (pheﬂg’?gﬂ?yﬁf’d %ogh“d%%‘%gth%tg{r?s thereof. [0077]In a specific aspect, the complexing
agent may be formulated so that it additionally does not contain gallic acid or ascorbic acid. [0078]In
various emggimentscthBsBoi po sikions ohiliogiapie vl anpaayhedein blesktsoghsHdealternatively
comprise, Sc‘%gesistn% qg]?n%irssgog s%rtile lhén% ﬁefacific components identified herein as ingredients of such
compositions. Tlmportanty, dielectric material, including low-k dielectric material such as
orthosilicate glass (OSG), and the exposed metal and metal alloy materials, e.g., copper, tungsten,
aluminum, [@53] on tRESMibkdelacikenin devicgphenNopatempl posist, ipystiehchimpbsition. Preferably, the
etch rate of gapRGLMAeHalRiRARBGe from about 0.5 A min’ to about 10 A min-I, more preferably
about 0.5 A min' to about 5 A min-t. [0080]The complexing agent serves to facilitate cleaning and
surface preparation of substrates, e.g., microelectronic device substrates requiring cleaning and/or
surface pré@fiddhtion FI008M5 T enclastpositiongrahthieipaiemed meretely Rusiorh ibl erdidter (i.e., oxidation-
resistant). fssresNHathRARMBRHtIRSAIHABCO veRibansaRrBarkitilized in the microelectronic device
fab without the necessity of nitrogen blanketing, or vacuum or other inert environments to maintain
their stability and color. [0082]Specific compositions within the broad scope of the invention variously
include: [0055] FIG. 30C is an electron micrograph of a patternied post-etch, post-ash Al wafer via

of FIG. 30A after immersion in Formulation CQ at 40°C.




compositions having utility for post-chemical mechanical planarization (PCMP) cleaning of
microelectronic device substrates; compositions having utility for surface preparation of
microelectr¥i@UENEE U bstrates for metals plating; and compositions haikd UHERP§EPEIRANINg of
microelectronic device substrates after etch and/or ash processing thereof. [0083]In various
applicationgpsbpe cormmgtians af ety antiopipiay e patitized pos-Qiah arreqtiaed form, which is
taken herqjga({sggrﬁg&g{g@%i&g&g&%ﬁ@&&%w 20 % by weight water, based on the total
weight of the composition, preferably an amount of'water in a range of from 2 to 20 wt. % water, more
preferably in a range of from 3 to 10 wt. % water, and most preferably in a range of from 3 to 8 wt. %
water. SuditS@hcentitedii Bomposititios arespaaticuibal parssid fostsiutiapesprdpAiaticer of
microelectieRiGateaisSovate s Anddomvens okl e e PRetosin-and photoresist residues. It
will be appreciated that in general cleaning applications, it is common practice to make highly
concentrated forms to be used at extreme dilutions. The formulations in the examples can be made
more conc@ftBited BFhidfeisdiutieriter misrpamphotinspationgumtetie ragmibatibwalethe compositions
of the invetridrpa aggber Bitizedh isfer ighdysicil i edantaimof dssmken here as referring to compositions
containing at least 95 % water, preferably an amount of water in a range of from 95 to 99.999 wt. %
water, more preferably in a range of from 97 to 99.99 wt. % water, and most preferably in a range of
from 98 to@ Swt. o \Fater %ﬁ%ﬁlﬁm@%@&tﬁﬁ?’&?@%ﬁfﬁﬂjmd@f&Fﬁp@m processing of
microelectioicedenacutstrafe fefors ifomrsimwin Figr@dEareSRiue from the surface of the structure, or for
preparing surfaces for subsequent plating operations as well as for cleaning of etch residues from the
surface of gygroelectranic.gdevice substrates after etch processi reof. [0 The compositions of
the inventi@rqgiérﬁ:lud%fa k%\ar% a?nniﬁlg%ﬁircuﬁ“é’éﬁa ﬁeogl"il ﬁn%“s‘%f?&ﬁﬁgﬁgeg% g%fcilslp%ﬂ]cg V present in an
amount of AEHMEMEH DD I e ebE by weight, based on the weight of the composition.
lllustrative alkanolamines that may be useful in specific compositions include, without limitation,

aminoeaignolaitse NSRRGSR, AUNGRILOEI AR AREL A RiRgethoethano.

diethanola{nl e, Nmethyldiethanolamine, monoethan ne, tri amine, -‘%g alkanolamines,
1-arnino-2° S8 FARE: SHEURIR ArfSTR mersirm i PEnEalioRh?, and combinations thereof. [0086]The

concentration of the alkanolamine in highly concentrated compositions of the invention may be in a
range of frpusRbouti2dosabaukOfeuidh hiRgthaNinENGialt At ihseampgsition e meke preferably in a
range of fr ) about 4 to @Qo% %%nvgg) %Q most preferably in a range of from about 6 to about 35
wt.%, on the same totafuwe@wt asis. [B ]The concentration of the alkanolamine in highly dilute
compositions of the invention may be in a range of from about 0.001 to about 6 wt%, based on the
weight of §6868bmpd3ifioH, imorelgieferailysinpd tdngtahfam:aTBOSO:ktoraigyt 228 Wt%, and most
preferably ity 372086 AHaARUEARRIPEPAUZNVL. %, on the same total weight basis.
100881Compositions in accordance with the invention also include quaternary ammonium hydroxide,
typically present in an amount of from about 0.005% to about 40% by weight based on the weight of
the composition. The quaternary ammonium hydroxide can be of any suitable type. illustrative
quatemary amm@EFAhEDpEEEIthabN armseiEEeeC i IRpRRRRED INClude, without
limitation, choline, tetrabutylammo%% varq '&Q’Fst' %%mide,
tetramethylatnmonium hydroxide, tEtrapropytariTmonT oxide, and combinations thereof.
[0089]The &?oﬁqtfentr%t%i)on of the, uaternaéi/ ammonium hydroxide in highly concentrated compositions
of the invdfioh may Be ?ﬁeglftaﬁ%'éﬂgf’ﬁcf PGB0t BOBPAUIGIY o ok o iguYE qustith éweight of the
compositidHsTRMseirgie fdsdtsyrimafactarire.of grofer abwexsBg dbvedfoutR0wiids, mavel onast preferably in a
range of figmn@a0y 3. Bl hrbRe I Yhpn B SamaIiRiabyciofi-hasis S99 Thg goncentration of

the quaterr}grxéa mmonejyg@gdrpxide in Qigf}l&ﬁdilutf compositions of the invention may be in a range
of from ablout 0.00007 T6 ab6ut 2 b wtoh Dasal B il i §AF6THIE SSRTESSIfEh Atire preferably in a
range of ffOfPisBlntb0bTpe-kipe Hemibapdmiaprentronic grake wbRrdn a range of from about 0.005 to
about 0.5 wt%, on the same total weight basis. [0091]The concentration of the complexing agent may
oe any suifael conpaniialion Ainidieh EFAMASKN AR L EISAVE o RiguAR enhancement of
the surface preparation and/or cleaning for which the composition containing same is intended to be
used. Typ?Bgflﬁfﬁ?eﬂéb??@@m}?{Féﬁ B mECEsiR TR witms SEMS: Brs #sbfer 0.001 wt.% to
about 20 wa%/4n bussedecrotine itdtarated iitib fahenmpukp obitieppcainglekikgagant]adianolamine,
guaternary ammonium hydroxide, and water).




[0092]The concentration of the complexing agent in highly concentrated compositions of the invention
may be in a range of from about 0.01 to about 20 wt%, based on the weight of the composition, more

preferably W@ 3&681dfdrom about 0.1 to about 12 wt%, and most preferaByifV22PAHBEYRfrom about
0.5 to about 5 wt.%, on the same total weight basis. [0093]The concentration of the complexing agent
in highly difestetecspdsitiondectdiie devesttionomemaadiac Bedifdigeiohdroryodad udu08Qa} to about 2.5

W%, baseg o HieelaiitQbHaE UTRER AR IGLEBREIARRY P A A3AGRh{ QR ABRHL 040005 to
about 1.5 \fg%o ntii]‘Wos_t referably in a range of from about 0.005 to about 0.5 wt.%, on the same

total weight B e T e S SRR LB SRRt A SRR eRTHEIR SRR an appropriate amount for the

intended end use of the composition, with surface preparation compositions generally containing
larger ?mqmms] of wmmﬂ%m@m&&ﬁme&m ' | a@t@rﬁaﬁz@rﬁ&m\@dﬁ%ﬂgi?ugsz o
particulate r detri om the substtate being,c . The water is preferaply deionize
water, z:mdar,'r?é?éi t%lggrnd ucéﬁcyesdi‘ i glﬂ%% ,pﬁﬁrg?fgﬁeashaﬁiﬁo?%%?%mﬁiﬁca %rsf (?%‘é‘ng%l 1S, to provide an
aqueous niEGTR ﬂfﬁﬂ?@‘&&?ﬁbé@ﬁ%ﬁ; FRRORSS SRT SisidateBA AR Olber fouTiaty Fat#ts BRthe compositions
may be vabiepkdduptodticeCdiEgmopssition optimized for the intended end use. In general, the pH will be
basic, e.g., greater than 9, with compositions preferably having pH greater than 9.5, more preferably
greater th , and, most preferagbly in_a rapge from about 10 to about 14 being usefully employed for
surface pri%)ar tion &h oérggfgﬁlhﬁ%aymnélﬁ?@ﬁ?i BRI 'ﬁéﬁﬁ?&éiﬁﬁ?ﬂ’éﬂ%ﬁ she compositions
of the invelsagivhiaypadistp affberprlidiise Yorvased 9pe oftier aikistinltyheharrdbednistiodvats 9f, a concentrated
chemical mayhvgaesalkalinity in a range of from about 0.9 to about 3.5 milliequivalents base per
gram of solution. [0096]Compositions of the invention are stable in character, and do not degrade in
the manner of the ithibitor/ TMAH/MEA-based formulations of the prior art. Thus, the compositions are
storage st with SMERTRELEe R rtirPeidrsl s aEteRoRgy v mrta i dresigeg fAlewiBE, so that they
may be usgd-phaanient airldry roresesnts sWREO dlatkkningean griossing.cffbetpverags. For these
reasons, theigampgsitionsAithereseahi) RGP Ss e Aalliingdmpigyemapkover the

inhibitor/TlgﬁéHl{MO%%ﬁgs%gtggr ulgtilg_gs e%f th%Prlorta[t and retain a clear and transp’arent character
even after Prolonged expostre 16 oxygan o' S Rt 1 A BN WALV E R thermore,
because tA&t&u@mo oxidizable components, the compositions of the invention may be recirculated in
batch or single wafer processing tools. [0097]In addition to not changing color over time or upon

exposure iuay9enahaaAmPRRRN = ShgN SlioR SiBl I aEopRSIIRHaNERing, dood PCMP
cleaning, o[%d BTA removal, and %P?R?gﬁﬁpo e p

|, an( st-etch and post-ash residue Pemova Characteristics.
[0098] The BEEHTAY SoRtorrlrdie fid R ki shalafag aamth MeHeHRIation, however

this does rgmeeidde thpastony sgarfactusnlileaningsswilitidesiciithedmbsmrtieith iorspecific
applicationsysibarereurhaaenlsittmie:eaalicinl botarAmRgdtesbsnsanasylfonic acid
(TSA-99) may Q?n%dged to the aqueous post-etch removal compositions of the invention. [0099]In one
specific er‘%boglmen%, e invention discloses relates to compositions having utility for post etch
removal of residue from microelectronic device substrates; these compositions include alkanolamine,
quaternaryoeramoniiruieidiaxigeascamplpxngeeestrapmdheoniancasvated vilthe following
composition: alkanolamine, e.g. monoethanolarnine9 wt.%; quaternary ammonium hydroxide, e.g.
tetramethyl ammonium hydroxide 5 wt.%; complexing agent, e.g. lactic acid1.9 wt.%; and the balance

water, whiIEH the Weigrrd Brtihtagiebdiyl E8nTirspeatsaiim caad mpssiipmiotien 400 wt. %.

microelectronic device having said residue and contaminants thereon corresponds to at least

partial removal of said residue/contaminants from the microelectronic device. Preferably, at
least 90 % of the residue/contaminants is removed from the microelectronic device using the
compositions of the invention, more preferably, at least 99% of the residue/contaminants is
removed.

[0072] Importantly, the aqueous compositions of the present invention must possess good

metal compatibility, e.g., a low etch rate on the interconnect metal and/or interconnector meta}

10



[001001In another specific embodiment, the invention relates to compositions having utility for post
CMP removal of residue from surface preparation of microelectronic device substrates; these
compositioNAALRHE Aanolamine, quaternary ammonium hydroxide, confiERYLERP3Nnd the
balance water, in the following composition: alkanolatnine, e.g. monoethanolatnine0.3 wt.%;
quaternarysitiritknoniensl.h pdeekicé isegrstdtciudn thylaanmotdiniited Iy dopyidenthddbn, Wb, complexing
agent, e.gqteraRhalicasi 0004 whXmanskihe balance water, wherein the weight percentages of all
components of the composition total to 100 wt. %. [00101]In yet another specific embodiment, useful
for cleaning of microelectronic device substrates to remove residues therefrom, said composition
including 9436 allumesitinme o G invmbetHariokmsedBdvimg gudasmvaty efsnscifium hydroxide,
e.g., tetrarfuesidaonsnahictrnhyeaxic & ligdeskaibainplexing agent such as lactic acid, in an amount of
1.85 wt.%, or glycine in an amount of 2.4 wt.%, or succinic acid in an amount of 2.4 wt%, with the
balance af the composition being water. [00102]In another specific embodiment, useful for the
cleaning of MibroeldBtAShfidtesARBOLn Sy 2isEtD TR0 STeERtaeRs of dherampoRtior SfRposition may
contain 14duseed | kareficaminés veight Bewtdsznongeatmhoiagnaneanikvid ti®oitriethamolamine, 5 wt.%
quaternaryIREen M SIvr E¥isRe AinaAlEaRaiR Rl RURLbYSLRKIEE «ARchR,GarYRlexing agent

such as lagtic acid,.in an amount.of 1.85 wt.%, ar glycine in an amounf of 2.4 wt.%, or succinic acid in
an amount&1 Sfcﬁrgf(\)/%/lth%’ aﬁ%@ﬁ%nnﬁ% ance 0 efﬁéug}é%}pgos?ﬁ%tﬁ BRREE W f8F [BEteRirEhother specific
embodimeh ORIt 8t festes alweishirrpaicieeicn Baletdavsighisuibstenmpsitvnbsequent cobalt
plating, thénehinpesii cnmprayneontainpioyei % tetramethylammonium hydroxide, 18.5 wt.%
dimethylaminoethoxyethanol, 1.9 wt% oxalic acid dihydrate, and the balance water. WO
20061081%$2§>CT/ 2006/002902 [00104]In another specific embodiment, useful for surface
treatment BF £ microdT8cEBREHEN 'S M FAERM b 2aReNs oSNt IRS bR Snposition may
contain 22kkamolpkedleanatessary ammoninmolydonive trainGit tmicvenplegi] agetd whddharolamine, 5 wt.%

quatemaryRETianiy By aysHeXide raaGve 1l LeBpyeliRKIge. Ml sneQmplexing agent
such as lagfic acid. jn.an amount gf 1

Ci an amount of 1 a8n ‘\)/vt.ogén(])!{ g%xrcingicig rg%moun%iof 2.4 wt.%, or succinic acid in
an amount of 2.4 wt%, with Tha balance of the o pos‘ﬁlon belnd) Wé’tgérf”foﬁllﬁ In 5%’% another specific

embodimentmiHe e etmraritrecisede il SipptdamokeripsisiadPh4msoaiitorthe removal of
post etch amalmiypodiydshidesioloet f20 mviYicogigiettanisseleyianiStlastaies haxiag sead residue thereon,
said compegifiaminciipRehorLACIRRAN kNP AR AR TIARSS F ng\QARg gnolarnine, about

0.1 to about StGW&i% ternary. ammgaonium hydroxjde, e.g., tetramethylammonium hydroxide, and a
complexingagen t?é]ﬁa BRTEE S ab it about 0.1 to about 5 wt.%, with the balance of
the composition being water. The order of addition of the components is preferably water,
a|kano|arrmneanuat_emwl¢mafearc:mmrmbudfl@a&g,mdﬁ@mggmﬁq&%ﬁqﬁ%@wsly, thle
compositi Vj il] the remay osi-etch and/or post-ash residuye from microelectronic
Covice s R R e AR STk rr S s
compositiSHE AHRF U SR BAtTTERYe | aBmeRiT kenedt n e RS A ase R Esidal thereon,
including bthzailieade tgtessid@BGIR T dheipiro tmatijly syt aliartnai, winagiarenr copper patterns

present oRigaighAevicsse Fan, le a@,cgg@@gs;g n jreferably h cop tch rate less than 5
na eg@f‘m gl% 0 z,atk{Jac’)g?)l,r 40%11;. [O%%’Oﬁ%%{%&g’not c[S%Oe%r’nbodiment of the

A min' at temperatyre ina.r .from abouf 20! . 2 : anot

present inl\r/%urlw%%ar?f" I{{ﬁé‘%d#ﬁﬁgé&aﬁﬁ Ilﬁ%f@’%‘caﬁcfg BPRE G e Bl itnBRliging agent, at least
one quateifidrynplagie, Wiske?; mrcepricbiuanidisadriabsdie aed, f2ohpaitengtioun pbasististy of post-CMP
residue, pesi; glidhyRBidhG, MHastiashilepidlin, FRENFOUIRZRIMOLD7 LHhe campesitions of the

invention may he prep as a concentrate of the lFanQI ine,.quaternary ammonium hydroxide,
and compﬁgxing a g?]?%%gﬁgﬁ%,%v%&a‘g}%’s ’(1)?5% & ah tranessbcoi’félagIgfri?is'gﬁc‘}ffl fm, for subsequent

addition o¥Xiigletidi ity s Sithasbreerie aainy aridemniey depiieutiyas Hieishesmmbsripgactice to make

highly corgenitdatachborimsutts birsasiat eubictoryékitioagenth cofasnprationsda tha.gsamples can be

made mo igher dilytl t I For such purpose he concentrate may
et AR MR P PR T

be dissolveq jn Watel[)ﬁt up to 1 dilutions, e S0 of the diluent

water to tRESSHCER %“‘(\ﬁ}’(ﬁﬂ%&ﬂ@ﬁﬁﬁﬂbﬁhﬁag@y%gémkmm@%ww@mmmo2902 [00108]In
some insteliedsnonertyl sthete sthalste gyusartemondettvatetiyiangatol. Somdbityl ether,

diethylene glycol monobutyl ether (butyl carbitol), triethylene glycol monobutyl ether, ethylene
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diluted form, to provide enhanced cleaning or surface preparation action. The nature and extent of the
dilution can be widely varied to good effect, within the broad scope of the invention.é@OlO%The
compositioWO3M@§¥ention are easily formulated by simple addition of th& FESFMIE% G redients
and mixing to homogeneous condition. Furthermore, the compositions may be readily formulated as
single-pagkagadaisnessitians, ofiniyltnp attyfor mutetions ¢hat, ateylwireglyaeloplisetbréhere point of use,

e.g., the individual'par Ity |RLCRIMBAY R Haedtal aichyd storage tank
upstreamp of Yri%" $501. é%%%g%%grg}g%&i%{%her as e?c)t/ of trrr:g%%ﬁ gﬁgl?@éﬁg)a kit including, in

one or meer T RENER S ML FHEPL BRI bR SR 38%%r‘rlf?fﬂ@/comp sitions of the invention.
Preferablyiptopylatdiyorespivprmthen prondeoontanerdut rhes: diponinielaelds®¥ne complexing
agent, anghaf |9REEN QARG BIBASELIG! ehmRiNgeud iy geajithbdaplentke Point of use.
[00111]In residéie r mO\{)aI %ggsli %;L%Q’ the composition is applied in any suitable manner to the device
to be cledh&d" )ﬁn cffnsl,pl?ﬁylng € composition on the surface of the device to be cleaned, by dipping
(in a volume of the composition) the device to be cleaned, by contacting the device to be cleaned with
another megerjal, eiga 9o, eycib theiesptbing applivatbe Semevd shiwidtedditertlly with the
COfnpOSitnggsggtlggnglﬂyggfﬁhegcﬁg}aapégrme@@, 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. In post-CMP residue and contaminant cleaning application, the composition
may be ugeiiajith dda@bw@md@ﬁmﬂ@mﬁmaﬁ%ﬂfﬁbet%@?m?ﬁﬁ emlaediifyle wafer
megasonig, GAlffipgeki kiRl YeiemoDRS  ewbitatjdet] pecifbbexsyphmts dlusifiel spray tools, SEZ

single wag&er S ra%{l rin Sﬁtﬁ%%ﬂ&dc'é"a%% g%g,s.Mirra-Mesam /Refiexion Tm/Reflexion LKTM, and
Megasoni “I5ardh Wet benc systems. f 112]In use of the compositions of the invention for cleaning
post-etch residue and contaminants from microelectronic devices having same thereon, the
compositigigpicaliyniseamnigotaduih. theedayiteliging tovekoiietirishawategel schorabout 20 minutes,
preferably ghout 2 min. AtdRE@PaIAE BRANGeRHoRAN L2 G EAYE SeEp@uch contacting
times and temperatures are iIIustrat%lg, and any otréer esvtilggaglg time and tempergfugg conditions may
be employe¥fia AR ciSush BF 1RSSRy FEAR the post-etch residue/contaminants from the
device, withinpokitidor oRrefyyrlibsti S ofctathafcaniens ragridds iparnenfonaiet dres fBhds to at removal
of at least;9Q%pfdhentasidur:pienentbdhe ddvie iabdn sesiding.removal as described herein.
[001131In use of the compositions of the invention for cleaning post-C/v2 residue and contaminants
from microelectronic devices having same thereon, the com osit(i%on ug%callé/ isaggnntoa}.cted with the
device for B%fhe of Thsnsoabrs cgentosBEuICL BTG HE ,‘“B%fé’? By aPoBtTE €EC (0 5 min, at
temperatugghiatsangenffetiraiio it 2@ Gutetale HIBOE: GusheeattinBwREBE e e mperatures are
illustrative, and any other suitable time and temperature conditions may be employed that are
efficacious fo at least partially clean the ppst-C1VIP residue/contami rog: levice, within the
broad prad¥t&@of th@ﬁ\?@ﬁﬁgﬁt}‘f%fi oltoiing fihe %%%’er%q%%ﬁﬁ%i&%ggﬁgamng action, the
compositioesiseas) basesdilll therrempdsitions ehBaysatiomepphefilrrdL R AEIRRIBIMF applied, as may
be desiredjand efficasiousihegignentogactipplitalionveddine aathposiibayioitheisresent invention.
Preferably, the.rinse_solution.incl deionized water. [00115]Yet another aspect of the invention
relates to tfﬂén %{6%%%155 %%%e?gﬁc%(ﬁb devices made according to the methods of the invention and to
products containing such microelectronic devices. [001161A still further aspect of the invention relates
to methodsgoeananusaetifkingmapvstitictesthin trismgdsisrob the irsptdeviteusinigcitéthod comprising

contacting (e migroeleelionigieHessithacamponition ikauicanttoneelslaimg post-etch residue

and contaminants from the microelectronic device havin id rgsi 1! ggiqj@nts thereon, and
incorporat T SERY AR SEEet STERERA TS AT a?ﬁ‘&%%“v%v?% I’gl)?] (tg#re?a(?gn foggﬁ)n includes at least

one aminemitdelastaive devivehihatsghntmatils plttoae d ferRasivEsk iy Wik °f001171The
following Exampies aigomairivdlissicatusatd arinventianand preadtinkerded to be limiting.
[00118]Compositions For Examples The compositions used in the ensuing examples are identified
below (all percentages by weight, based on the total weight of the compasition including water).

Compositid®P#31 9% ncrtehanrisHine, toreanastiens i A ISR M 8% L%, eetic acid,

balance Wakghily concentrated form, which is taken here to refer to compositions containing less than 20

% by weight water, based on the total weight of the composition, preferably an amount of water
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Composition B: 9% monoethanolatnine, 5% tetramethyl ammonium hydroxide, 1.5% acetone oxime,
balance water Composition C: 9% monoethanolamine, 5% tetramethyl anunonium hydroxide, 1.8%
alanine, ba¥Rc®AHEomposition D: 9% monoethanolatnine, 5% tetramByLatAtEA2PE hydroxide,
1.8% 5- aminotetrazole, balance water Composition E: 9% mono ethanolamine, 5% tetramethyl
ammoniunnhyekigxideon Z % Zeparagines, halknegurisienGampesition kifwoeneathanolamine, 5%
tetrameth I ' % argigine ,balance water C sition 3; 9%

monoeth a)%ﬁgﬁgig@%%?l ?e%a%ﬁ%%ﬁ §r§8r1r?o%i§r%? hé)%%%d%% %%c%%%}agr iCaeid, balance water

CompositiBH15e 8% Hfﬁﬁbé?ﬁm&?rﬁ@?@%ﬁe?faﬁ%‘ﬂﬂﬂcgﬁiﬁ(ﬁﬁm Wtre ek fr #85betaine, balance
water Condif6enlicn 1189 plovtoeitihand [phoiiesid Yosidteanic syl tenapoainisted Higd iogietera!. 0% citric acid,

balance wagkit:ompRaiAR 19%cheh QRIMRBUAMIRGiRY) LBHRmMElY kAR PRI ydroxide, 2.7%
cyantuic a%gr' balﬂf‘wl%e W %rf%%mﬁlosnto K: 9% énono%thandolamlne, 5% tetramtlel.thyl ammonium
hydroxide, B cys SR e R SIREABHEN e tetramethy

0113, onsg X
2.5 elne, balance water OMpo:
ammoniurﬁ‘ﬁ%ﬁ‘&k@%ﬁ’%ﬁ%"ﬁmethyl glyoxime, balance water Composition M: 9%
monoethanolamine, 5% tetramethyl ammonium hydroxide, 1.2% ethylene diamine, balance water

Compositiﬁmﬂ)ﬁ 9%@9@8%%%9@%@&%&}5@{&@&@& 0 &”&i}“b@%%%&dﬁzﬁﬁ”/ furnaric acid,

balance w s;r ompasition 0: 9% monoethanolamine, 5% tetramethyl ammonium gl’droxide, 4.3%
glucarate, BRRATEAWHISR & SpREbLSR EIouRe o SoumRsiitn mrRnbgtdrateth Famonium

hydroxide p3&oblyatieneidt obatderde avater & G 8Siticl?.039 9% Yhwater than plefaibd; £ tetramethyl
am monil}J1 I 1ayEH OXiElR %Q%ﬂb%t@m;%@%ﬁ; Qﬂ'%%ﬂﬁtl%%@&Bﬁ@c@hﬁiﬁ%@m@s@%ﬁham'ami”e’ 5%
tetramethy) ammoni ydroxide, 3.0% glut-amine, balance er Composition, S: 9%
monoethar}f;g?ﬁ?ﬁe, ‘B%h tef%r{tg%é%ﬁwoglré%gonafﬁn? wg?@?délfﬁ%’blg It RERIBR e water
CompositiBifrPeletofofRyimuTeuRsife, surte SNEryidiniaorhesurfyerokibestu@e.glycerol, balance
water Compbsipkapéﬁh;;%ﬁnm&eﬂmmlmi@ﬁtiﬁ&pﬁeﬁﬂm@ﬂa)«h&mwiumy@m, 1.6% glycine,
palance valg CamRaRianX o HAMORARIERAIAC WIS AL JEL aRisiiyL Apmeliy, hydroxide, 1.6%

glycolic acid, balance water Composition W: 9% monoethanolami tétrgmethyl ammonium

hydroxide, 3.2% histidine, balance water
[0085] The compositions of the invention include alkanolamine, which can be of any

suitable type, and is typically present in an amount of from about 0.001% to about 90% by
weight, based on the weight of the composition. Illusirative alkanolamines that may be usefi}
in specific compositions include, without Ulmitation, aminoethylethanolamine, N-
methylaminoethanol, aminoethoxyethanol, dimethylaminoethoxyethanol, diethanolamine, N-
methyldiethanolamine, monoethanolamine, triethanolamine, C, - Cs alkanolamines, 1-amino-2-

propanol, isobutanolamine, triethylenediamine, and combinations thereof,

[0086] The concentration of the alkanolamine in highly concentrated compositions of the
invention may be in a range of from about 2 to about 90 wi%, based on the weight of the

7 composition, more preferably in a range of from about 4 to about 45 wt%, and most preferably
in a range of from about 6 to about 35 wi.%, on the same total weight basis.

[0087] The concentration of the alkanolamine in highly dilute compositions of the
invention may be in a range of from about 0.001 to about 6 wt%, based on the weight of the
composition, more preferably in a range of from about 0.01 to about 2.5 wi%, and most
preferably in a range of from about 0.06 to about 2 wt.%, on the same total weight basis.

[0088] Compositions in accordance with the invention also include quaternary ammonium
hydroxide, typically present in an amount of from about 0.005% to about 40% by weight, based
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Composition X: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 1.4% irnidazole,
balance water Composition Y: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 2.7%
iminodiaceMtOat1t6/fHi#dce water Composition Z: 9% monoethanolamine, B9 fe84ME&RIPZmmonium
hydroxide, 2.7% itaconic acid, balance water Composition AA: 9% monoethanolamine, 5% tetramethyl
ammoniunehtperexighe of iBdodmptidtanid hbgiateaery adendaim hodidiad: Am 1% meadatmnolamine, 5%
ietramethyl,amiamiki: Q@%%&Z%&Hﬁ%&é@lﬁ&?%}%ﬁ&%?ﬂﬂE’p%%fJHQ@o%%is%‘){ﬂs

monoethanolla ine,. 5% tetrarnethyl ammonium hydroxide, 3.0% lysine, balance water Composition
AD: 9% monioethani ﬁﬁ’iiH@?@%?et?%‘f&?hﬁ%ﬁ?ﬁiﬁﬁﬁ“ﬁ%@ﬁ&é%.E?%ﬂth%lf’é?é“%}a‘? balance water
CompositidhieEides, rearpetilmsantive, Sodmwsidemetisykempmiomomumparoxide, 2.8% italic acid,
balance watahiaamopobiiest, AF: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 2.2%
malonic acid, balance water Composition AG: 9% monoethanolamine, 5% tetramethyl ammonium.
hydroxide, 3.1% 2- mercaptobenzimidazole, balance water Composition All: 9% monoethanolatnine,
5% tetramEWN amidkicRRCARpERioR g6 the Puiemeryiammpradesidri bichnhsamaiedl: 9%
monoethanotamestienstdfitie irspndthyharherio aitangdyitrond degut (0% to xbie aTickod dlsatenwater
Compositigf Ak JPEEEHIREARNRE ReRIBIANE XL ARUARR IRV ARG, 20 10:24-

pentanedigne, balan ter Composition AK: 9% mopoethanolamine, 5% tetramethyl ammonium
hydroxide, Ezfal/g% g%%ﬁi%n’?n%f%‘ﬁ?a#c%%é?@?@oﬁ&? SR K>S, BoAReMEh3kiEine, 5%
tetrameth)haaﬁsﬂmonium hydroxide, 3.7% proline, balance water Composition AN: 9%
monoethanolamine, 5% tetramethyl ammonium hydroxide, 4.0% quinic acid, balance water
compositigd: 9noseiianglanig, JbleiaMsiamMAnIIVI S, S serine, balance

water Composition AP: 9% monoethanolamine, 5% tetramethyl'ammonium roxfclitg, 3.8% sorbitol,
balance wﬂﬁ'P?%’r?ﬁ_?é’ﬁi'ﬁ'ﬁWﬁ@f@%%é%&%ﬁ%@?%@@gm%fﬁw%ﬁr\‘f‘é’ﬁiB%FP‘F]ydroxide, 2.4%
succinic aeithb atsigbeofiibtem@meipmsition péferly menagthdiolantine 0506 iesrssmethyl ammonium
hydroxide vy %ntaraficragithp alanaawalah WBRSHRN AR ¥ Menosihanglaming, 5% tetramethyl

ammonium hgﬁrgxide, 3.7% tyrosine, balance water
Wet asl1s.

X3

]0091] The concentration of the complexing agent may be any suitable concentration at
which the complexing agent is effective to provide enhancement of the surface preparation
and/or cleaning for which the composition containing same is intended to be used. Typically
the concentration of the complexing agent is in a range of from about 0001 wt.% to about 20
wi%, based on the total weight of ‘the composition (complexing agent, alkanolamine,

quaternary ammonium hydioxide, and water).

[0692] The concentration of the complexing agent in highly concentrated compositions of
the invention may be in a range of from about 0.01 to about 20 wt%, based on the weight of the
composition, more preferably in a range of from about 0.1 to about 12 wi%, and most

preferably in a range of from about 0.5 to about 5 wt.%, on the same total weight basis.

[0093] The concentration of the complexing agent in highly dilute compositions of the
invention may be in a range of from about 0.00001 to about 2.5 wt%, based on the weight of
the composition, more preferably in a range of from about 0.0005 to about 1.5 wi%, and most
preferably in a range of from about 0.005 to about 0.5 wt.%, on the same total weight basis.
The compositions of the invention include water in an appropriate amount for the intended end
use of the composition, with surface preparation compositions generally containing larger

amounfs of water than is employed in compositions intended for removal of residues,
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Composition AT: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 2.4% valine, balance
water Composition AU: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 3.1% xylitol,
balance walé&? &8fii¥dditon AV: 21% triethanolamine, 1% monoethanolamfi{el/B556#6/002902
tetramethylammonium hydroxide, balance water. Composition AW: 21% triethanolamine, 1%
monoethaneitimines nb%thetrdenitth yian nhe sy dringoeedhddo iRetivadids balrnes water.

Composilaid W ihrRalp B iod e RN GEHIRAISRIAG,D S0 LA Sibyampontum

hydroxide, 1.9% oxalic acid, balance water. Composition AY: 21% triethanolamine, 1%
monoethartSAMTE, DESTE & AR DTS e romesRiten 53591 crprontiaf Shtsite water.

Composition AZ: 18.7% dimethylaminoethoxyethanol, 0.9% arninoethoxyethanol, 0.5%
tetramethy{agaponiumd kP ohiR8itashe el d.RalasR M 8l drRBRRRS KR B&Y 8. 7%
dirnethylargipngethoxyethanol, 0.9% aminosthoxyethanol, 0.5% tetramethylammonium hydroxide, 1.9%
oxalic acid, balance Waters. Cglﬁg%%r%’%eog:%oﬁc’)a?fm%ﬁiﬁraeﬁ%?ﬁglﬁh‘bg@e ﬁ{é%%??lﬁf)g%
aminoethoRFREHJI Gre P Straim e Prhvimmsninseirablireenrs, e df, Gud ensitiprefmblide water.
CompositienBe: 2i8hadrathEnelatrirel 4184ny asdath anplayai e S¥etteirpepaiiidaamaniurn hydroxide,

1.9% lacticcRaich 1A RRGR LaISIEHARBPRI ARy 21% triethanolamine, 1% monoethanolatnine, 5%
tetramethylammonium hydroxide, 0.9% lactic acid, balance water. Composition BE: 10%

triethanolamine, 1% monoethanolamine, 5% tetramethylammonium hydroxide, 1.9% lactic acid,
balance wal895] ConBssesmaitionssfrfbelimmentionimesy ssaien Sethulrtolatmiheesgecific
tetramethyhatmion iaebyrsRsides, 1 S0niaatin-aUibri ARG Wintel GRMARSHONRE ¢1%
trlethanola%&%al%{)@%gggi@q}lﬁmgwﬁ, a?ﬁgg/g a%%tr%lr%%%%lpsmﬁgglum hydroxide, 1.9% lactic acid,

balance water. Composition BH: 21% triethanola © monoethanolamine, 5%
tetramethylammonium hydroxide, 2.4% succinic acid, balance water. Composition Bl: 21%
triethanolai®fife, 1% Cooperitbenol diminestidh tedranhietiy mmenium iy doodiged? R%dnalonic acid,

balance Wal@fner of the inhibitor/TMAH/MEA-based formmlations of the prior art. Thus, the
compositions are storage stable, without loss of efficacy, and resistant to oxygen-mediated
degradation, so that they may be used in ambient air environments, without darkening and loss
of effectiveness. For these reasons, the compositions of the present invention represent a
striking improvement over the inhibitor/TMAH/MEA-based formulations of the prior art, and
retain a clear and transparent character even after prolonged exposure to oxygen or oxygen-
containing gases such as air. Furthermore, because there are no oxidizable components, the

compositions of the invention may be recirculated in batch or single wafer processing tools.

[0097] In addition to not changing color over time or upon exposure to oxygen, the
compositions of the invention exhibit low copper roughening, good PCMP cleaning, good BTA

removal, and good post-eich and post-ash residue removal characteristics.

[0098] The cleaning solution of the invention docs not require a surfactant in the
formulation, however this does not preclude the use of surfactanfs in cleaning solutions of the
invention, in specific applications where such agents may be beneficial For example,
tridecylbenzenesulfonic acid (TSA-99) may be added to the aqueous post-stch removal

compositions of the invention.

{0099] - In one specific embodiment, the invention discloses relates to compositions having

utility for post etch removal of residue from microelectronic device substrates; these
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Composition BJ: 21% triethanolamine, 0.9% 1-amino-2-propanol, 5% tetramethylammonium
hydroxide, 1.9% lactic acid, balance water. Composition BK: 21% triethanolatnine, 0.9%
2-amino-1-WRAAK8¥etramethylammonium hydroxide, 1.9% lactic acid, HARCEM/AEEE omposition
BL: 21% triethanolatnine, 0.9% 2-amino-2-methyl-1-propanol, 5% tetramethylammonium hydroxide,
1.9% lacticercidsibeis msdigsalbmConmpogitismBandetitndthrhodizminepldtingmenseihnolamine, 5%
tetramethyteiaapapiwmda e ixidie itk doRBialig: acid, balance water. Composition BN: 21%
triethanolamine, g]%)anraonogthanolam%ge, iS%. tetramethylammonium hydroxide, 3.4% terephthalic acid,
balance water. Compoaslfﬂ%r’l HOrTE alar‘rr'?eu}ﬁylaminoethoxyethanol, 1%'31‘6'?'1éethanolamine, 5%
tetramethylammHRiFRaRY arpqaambpbgidsie t dtamrithuanoaien odmpb<teBP: . 10.6%
2-methylaminoethandxihgagaanagthamalaimine, 5% tetramethylammoniumiiwgiexide, 1.9% lactic acid,
balance wajgr it . A8.7% di ' ethano % aminaethoxyethanol, 5%
tetramethy%ar tjhrg]: (? F{%H rﬁﬁ%&%ﬁ?’?é@%@i%%{%%ﬁﬁ@%ﬁgﬁ%ﬁ%&ﬁ%“ﬁpgsﬂ%’&g_7%
dimethylaﬁﬂﬁi)tgthogx‘i’/tetﬂ'anol, 0.9% aminoethoxyethanol, 5%  tetramethylammonium hydroxide,
3.4% terephthalic acid, balance water. Composition BS: 18.7% dimethylaminoethoxyethanol, 0.9%
aininoethopetoRNOlmSHoiher t6aIME U admMBRN MenHdreX dr1R4 1 (RieRRInGIicaGl, balance water.

Compositigp, BT. 9% ethanalatnine, 5% tetrampethyl ammoniym_h 1roxide, 1.9% lactic acid, 0.5%
2-mercaptoﬁl(1§*’| A i O@resmu& from stsface ‘é@?@%”n?gﬁlgg%e ORI tetramethy!

Zimidazole, tl)-%. an_ce W_ater omposil IQI’]
atnmoniuniURSfEEskideese. sompusiiic dpthde aliwielariie, Bestsmes wemaoGse duditedeCB: 0.3 wi%
monoethanaipiative, Aeh6 tndihi istinmeity) et plbwhdyshoxition0.003 wt% phenylacetic acid,

balance Waligh EAMRASTIMRSelafdiaaiiee monoethanolamine, 0.166 wt% ‘;tha,/(pethylammoniurh
hydroxide, 0.003 wt% acetic agid, balance water Composition CD: 0.3 wt% mohoethanolamine, 0.166

Wt% tetramSHRIIATHIRORTIHT By draiias: o Hrsahoh e beiotdian & WE E omposition CE: 0.3
Wt% moncreplpshaegend, Qg1e@dicermethylammonium hydroxide, 80640565 vuthio
1,3,5-benzraririsar ey licacid {Xinanisacidh LA e WAIRL I OMROSINsEE B Wi%
monoethapglamipe, 0.166 wt% tetramethylatnmonium hydroxide, ~ and 0.006 wt%
1,2,4,5-benzenetetracarboxylic acid (pyromellitic acid), balance water Composition CG: 0.3 wt%
monoethanolamine, 0.166 wt% tetramethylanunonium hydroxide, 0.005 wt%
1,2,4-bend@#idi]carboyei| meibie {ieuifiel| b nchht hal@igerwRbaing of microslectronic device

substrates to remove residues therefrom, said composition including 9 wit.% alkanolamine, e.g.,

monoethanolamine, 5 wt.% quaternary ammonium hydroxide, e.g., tetramethylammonium
hydroxide, and a complexing agent such as lactic acid, in an amount of 1.85 wt.%, or glycine in
an amount of 2.4 wt.%, or succinic acid in an amount of 2.4 wt.%, with the balance of the

coraposition being water.

[00102]  In another specific embodiment, useful for the cleaning of microelectronic device
substrates to remove residues therefrom, the composition may contain 14 wt.% alkanolamines,
€.g., 3 wt.% monoethanolamine and 11 wt.% triethanolamine, 5 wt.% quaternary ammonium
hydroxide, .g., tetramethylammonium hydroxide, and a complexing agent such as lactic acid,
in an amount of 1.85 wt.%, or glycine in an amount of 2.4 wt.%, or succinic acid in an amount

of 2.4 wt.%, with the balance of the composition being water.

{00103]  In another specific embodiment, useful for surface treatment of a microelectronic
device substrate for subsequent cobalt plating, the composition may contain 5§ wt%
tetramethylammonium hydroxide, 18.5 wt.% dimefhylaminoethoxyethanol, 1.9 wt% oxalic acid
dihydrate, and the balance water.
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Composition CH: 0.3 wt% monoethanolamine, 0.166 wt% tetramethylammonium hydroxide,  0.004
wt% 1,2-benzenedicarboxylic acid (phthalic acid), balance water Composition Cl: 0.3 wt%
monoetharSRAMISINE6 wido tetramethylanunonium hydroxide, 0.004 wsH EHEHER icarboxylic
acid (isophthalic acid), balance water Composition Cl: 0.3 wt% monoethanolamine, 0.166 wt%

tetramethymrea|oni sirryRbiopisteneRBddiidn, idiienz enedicasametiofcitidialeattidalic acid), balance
water Compaasltion, i, GAOSMAAMIMABII BRAZER. QukARYS AmeUNlaTBoYup hydroxide,

balance water Composition CL: 3% ammonium benzo 0.3% maonoethanolamine, balance

water CorfifF8RNfBRIIeM <& 0da R prmapehansienoreged dtratheniishmdaniie i d¥bAde, balance
water Conpasition S@hodie84enpkidvakeadetad:3%ammnoeth Andizidaendalamoelewaer Composition
CO: 9% mpppeibaneRMNG:id ¥ e tammet by 3 MR ey MEt X iR 30RIG, akid, balance water
Composition Cn)ll.': 11% triethan(%lafl%w&y/%%% eiihanolta ine, S%ﬁtetgameth lammonium hydroxide,
1.85% lacfic acid- HafaAte Walte? Composition T8 78eh monoathanolanme. o5 -
tetramethylammonium hydroxide, 2% benzoic acid, balance water. Composition CR: 77%

monoeth_a_molmmine,ﬂ%ﬁeﬁaﬂaet&mh@ﬁmmﬂhmmwmiﬂeeﬁ% kwamw a;eidmba!aﬁ@eowater. _ _
Compositigh, {iibds WO NREIN A0 NG SEYRINSRY Mo piuN AYVALgde, 4y benzoic acid,

balance water. Comaoostion CT:"9% monoethanolamine, 5% tetramethyl anunonium hydroxide, 0.10%

ammoniurfPISEEGERRIC feyiss s4hsttes RIS S28Hos G0S 1Frerh AT emBrr ey eguding ABthanolamine, 5%
tetramethyiOatmreimmiutd Wy clidenloniBss benrorativieldnBEstadtit. hdd 2B8819DMtkater. Composition

CV: éa% mb@;m,@,;_ B R I'a.% 8§§/$$|§ﬂ@m%¥hééfﬁﬂﬂ9ﬂ19ﬁﬁhmo b e aydeiss -&,&%Qconggjmg S
mer apto enzimidaiaZole,.l. o lactic acl . atler. 0 osJragn . onoethanolarnine,
e T S AL SRR S s
Compositiefestitionbeimpetiandisntide;, sbeddiiamelifyl earmesertiishrafaside "0i%09% 1,2,4- triazole,
0.10% amm@nbumibe lqaﬂaiexﬁaﬁﬁ%im@ﬂqa@iddasarﬁa%nwmﬁg @mnpﬁaﬁiﬁﬁg(%o\ﬁs@?/ﬁw .
monoethanglaine, el ARIRIAATIN AN 'YO0NdR,CAB Bodrgicatahieninidiazole, 0.10%

ammonium pbenzoate, 1.85% lactic acid; 83,80% water. Composition CZ: 20% monoethanolamine, 5%
tetramethyTSIRASE G W&Foﬁf&gfa&%%eﬁ‘ﬂ?mlioﬁl&mﬁ% BT EAHES, 289 8880 Hater. Composition
DA: 10% rAvlorrouthnid|camiprsitisos tatr derestd dmmipneniicimoln drosie baGusdow-R disleeiieole, 20% methyl

carbitol, 6&8%1 \Wates, GRINELS Ban B YR qosethand it a.Rif telrameihithiammonium
hydroxidew%r% am é)niclgm tlge%gate r%é%%o/&lagaﬁ c‘ggcb S8\’:’,0%c,water. eorpa[gé)sitionoslll)tl(‘jn:1 20%
monoethanol'g%me, 5 tRiral etﬁfll %mmonlum ydroxide, sl s mercaﬁ?g}genzwnidiazole, 1.85%
lactic acidPtrubly \kasiapopper etch rate less than 5 A min™ at temperature in a range from about 20°C

to about 40°C.

[00106]1  In another embodiment of the present invention, the composition includes at least
one amine, at least onc complexing agent, at least one quatemnary base, water, and residue
material selected from the group consisﬁng of post-CMP residue, post-etch residue, post-ash

residue, and benzotriazole.

[00107]  The compositions of the invention may be prepared as a concentrate of the
alkanolamine, quaternary ammonium hydroxide, and complexing agent components, which are
storable and transportable in such form, for subsequent addition of water at the point of use. In
general cleaning applications, it is common practice to make highly concentrated forms to be
used at extreme dilutions. The formmlations in the examples can be made more concentrated for
higher dilution at the point of use. For such purpose, the concentrate may be dissolved in water
at up to 500:1 dilutions, e.g., at dilutions of 20:1, 40:1, or 100:1 of the diluent water to the

concenirate (volumetric dilution basis).
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Composition DD: 20% monoethanolamine, 5% tetramethyl ammonium hydroxide, 0.10% 2-
mercaptobenzimidiazole, 1.85% lactic acid, 20% dimethylsulfoxide, 52.9% water. Composition DE:
20% monod¥RLBFARIHE 5% tetramethyl ammonium hydroxide, 0.10% 2- Rfeteap98@AFRidiazole,
1.85% lactic acid, 0.5% TSA-99, 72.4% water. Composition DE: 20% monoethanolamine, 5%
tetramethyjoanos)oniisdaye iasdaes Gt o t2- datrdapio hbenzinridicaele: & 35%atdetiaasid, 0.5%
d'ethy'enecﬁfxﬁelfaﬁf% g}m& Z&a%(@dvx%ﬁmg%&’@&&%é‘{, JPQ&&%@A“@H&ERE&%W&% 2% tetrarnethyl

ammoniu droxide, - mercaptobenzimidiazole, 1.85% lactic acid, 20% dimethylsulfoxide,
0.5% TSA(%{EG:EI SRR “@8}% gng‘ﬁ?ﬁ%% Yﬂ%ﬁ&g‘fl’?é%l%fﬁﬂﬁ%f%@/b“{’(ﬁ%ethyl ammonium

hydroxide, 0.10% 2- mercaptobenzimidiazole, 1.85% lactic acid, 0.5% diethylene glycol hexyl ether,
20% dimemmyfoxidﬁe M%&ﬁ@@der heQRRRRAIOR B % manee thanakamingioa’%rigtramethyl
ammonium h omdgﬁ% % merc 8%%“2'5%'1%'%%% 1. 8P6°/ Iactlc ag |d 084 OALA) water. [00119]
EXAMPLE f 63 eanln OMPOSIioNs were emp oy q16r pos ‘i (@44 é’lnsanlng of PCMP
854 waferdignafcreddy fumuatsion tinslsesraes darmslativas er E’&ﬁ@ﬁ} fppailggions §¥agedried slurry and
other PCIvifkedsicudeionr thepomtisiase. eTglehwafmmuﬁ@ehslBst'ﬁtrm&wwtdmmetﬂoﬁm@spln/spray tool
with solutigpsgillitagh3®:4 g}l{ggg@oq;gg@,mggggﬂimq&r?o parts deionized water as diluent) for 1

minute at 22C, 100 rpm with a 30 second DI water rinse and spin dry. Pre- and post-cleaning analysis
was carried out using a Nanoscope ma atomic force microscope. [00121]The cleaning efficacy was

rated by thi@GH® ctiokcetdibibs enothettrspseindt theanTintiop ariatte doon ki dndadimids ohs iates were
registered @sré JaiiieR] RIS isalbRoaPbndRD AMsRgiy f&zﬁ%@ﬁ@ﬁﬁoﬁi@ﬁﬂﬁtﬁﬁ@%ﬂ}/% applied to

filter these ig%%] nﬁ]c N number of partlcles The par reduction was calculated as:
Cleaning E +cacy§ uq'r[lin{be? o‘% Breclean Ob Dé%ts Wﬁéra}nﬂ%%stn&ean %Dbﬁaftl:fls FSI X100 (Number of
PreClean &8 %@mﬁa”él@aﬁﬂ%ﬂ%ﬁ%ﬁf&ﬁ’ﬁﬂf pemabiteETEarble A e eegoing tests, as

performedpaithofasious complexing agents of the invention, in various compositions as identified
hereinabove. Table 1 - Cleaning Data Formulation (30:1) Cleaning Efficacy 0 A

[06111]  In residue removal application, the composition is 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 (in a volume of the composition) the device to be cleaned, by contacting
the device fo be cleaned with another material, e.g., a pad, or fibrous sorbent applicator
elernent, that is saturated with the composition, or by any other suitable means, manner or
technique by which the composition is brought into removal contact with the device fo be
cleaned. Further, batch or single wafer processing is contemplated herein. In post-CMP
residue and contaminant cleaning application, the composition may be used with a large variety
of conventional cleaning tools, including Verteq single wafer megasonic Goldfinger, OnTrak
systems DDS (double-sided scrubbers), Laurell spin-spray tools, SEZ single wafer spray rinse,
Applied Materials Mirra-Mesa™ /Reflexion ™/Reflexion 1K™, and Megasonic batch wet

bench systems.

[80112]  In use of the compositions of the invention for cleaning post-etch residue and
contaminants from microelectronic devices having same thereon, the composition typically is
contacted with the device for a time of from about 30 sec to about 20 minutes, preferably about
2 min, at temperature in a range of from about 20°C to about 50°C. Such contacting times and
temperatures-are illusirative, and any other suitable time and temperature conditions may be
employed that are efficacious to at least partially clean the post-etch residue/contaminants from
the device, within the broad practice of the invention. “At least partially clean” corresponds to
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at removal of at least 90% of the residue present on the device prior to residue removal as

described herein.

{001i3] In use of the compositions of the invention for cleaning post-CMP residue and
contaminants from microelectronic devices having same thereon, the composition typically is
contacted with the device for a time of from about 5 sec to about 10 minutes, preferably about
15 sec to 5 min, at temperature in a range of from about 20°C to 2bout 50°C. 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 clean the post-CMP

residue/contaminants from the device, within the broad practice of the invention.

[00114]  Following the achievement of the desired cleaning action, the composition may be
readily removed from the device to which it has previously been applied, as may be desired and
efficacious in a given end use application of the compositions of the present invention.

Preferably, the rinse solution includes deionized water,

[00115]  Yet 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.

f00116] 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-etch residue and contarminants from
the microelectronic device having said residue and contaminanis thereon, and incorporating
said microelectronic device into said article, wherein the composition includes at least one

amine, at least one complexing agent, at least one quaternary base, and water.

[00117] The following Examples are metely illusirative of the invention and are not
intended to be limiting,

[00118] Compositions For Examples

The compositions used in the ensuing examples are identified below (afl percentages by weight,

based on the total weight of the composition including water).

Composition A: 9% monoethanolamine, 5% tetramethy] ammonium hydroxide, 1.2% acetic
acid, balance water

Composition B: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 1.5% acetone

oxime, balance water
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Composition C: 9% monoethanolamine, 5% tetramethy! ammonium hydroxide, 1.8% alanine,
balance water

Composition D: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 1.8% 5-
aminoietrazole, balance water

Composition E: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 2.7%
asparagine, balance water

Composition F: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 3.6% arginine,
balance water

Composition G: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 2.7% aspartic
acid, balance water

Composition H: 9% monoethanolamine, §% tetramethyl ammonium hydroxide, 2.4% betaine,
balance water '

Composition I: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 4.0% citric acid,
balance water

Composition J: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 2.7% cyanuric
acid; balance water

Cornposition K: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 2.5% cysteine,
balance water

Conposition I: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 2.4% dimethyl

- glyoxime, balance water

Composition M: 9% monoethanolamine, 5% tetramethy! ammonium hydroxide, 1.2% ethylene
diamine, balance water

Composition N: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 2.4% fumaric
acid, balance water

Composition O: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 4.3% glucarate,
balance water

Composition P: 9% monoethanolamine, 5% tetramethyl ammoniom hydroxide, 3.5% gallic
acid , balance water

Composition Q: 9% monoethanolamine, 5% tetramethy! aromonium hydroxide, 3.0% glutamic
acid, balance water

Composition R: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 3.0%
glutarnine, balance water

Composition 3: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 2.7% glutaric
acid, balance water

Composition T: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 1.9% glycerol,

balance water
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Composition U: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 1.6% glyciue,
balance water _

Composition V: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 1.6% glycolic
acid, balauce water

Composition W: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 3.2% histidine,
balance water

Composition X: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 1.4%
imidazole, balance water ‘

Composition Y: 9% monoethanclamine, 5% tetramethyl ammonium hydroxide, 2.7%
iminodiacetic acid, balance water

Composition Z: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 2.7% itaconic
acid, balance water

Composition AA: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 1.9% lactic
acid, balance water '

Composition AB: 9% monoethanolamine, 5% tetramethyl amymonium hydroxide, 2.7% leucine,
balance water

Composition AC: 9% manocthanolamine, 5% tetramethyl ammonium hydroxide, 3.0% lysine,
balance water

Composition AD: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 2.4% maleic
acid, balance water

Composition AE: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 2.8% malic
acid, balance water

Composition AF: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 2.2% malonic
acid, balance water

Composition AG: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 3.1% 2-
mercaptobenzimidazole, balance water

Composition AH: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 4.2% mucic
acid; balance water

Composition Al: 9% monoethanolamine, 5% tetramethyl ammoﬁm hydroxide, 1.9% oxalic
acid, balance water

Composition AJ: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 2.1% 24-
pentanedione, balance water

Composition AK: 9% monoethanolamine, 5% tetramethyl ammoniom hydroxide, 3.4%
phenyialanine, balance water

Composition AM: 9% menoethanolamine, 5% tetramethyl ammonium hydroxide, 3.7%

proline, balance water
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AMOANOAOOAPOAQOAROASOATOAUO =Good Cleaning, cleaning efficacy is greater
than 75. X = Poor Cleaning, cleaning efficacy is less than 75. [00123]The data show that not all

complexing®4deMi&®Hlrovide effective cleaning of the CMP residue fromBR&/EFHM AR the

amine/quatemary ammonium hydroxide formulation. Compositions containing cysteine (K), ethylene

diamine (MhrggugasateNOvanshanusicrasict, ((Bihad-ne0muieaing Bificark, 462 gatgshows that

formulations utiIi%L@(g tt}iahean%eoQ‘r)?%exing agents of the invention cleaned the CMP residues. Examples 2,

13, and 14 will show that \évhi e some compleg(ing agents such as citric acid (I), cyanuric acid (J), and
tartaric acitRROFEeRIYAVEc FuBactmaiamine e tkrrnby arapeirmiarkatde DA MGG agents. [00124]
EXAMPLE 2 [00h25)S1wta@e Preparation for Cobalt PlatingCompositions in accordance with the

Composition AP: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 3.8% sorbitol,
balance water

Conposition AQ: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 2.4%
succinic acid, balance water

Composition AR: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 3.1% tartaric
acid, balanice water

Composition AS: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 3.7%
tyrosine, balance water

Composition AT: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 2.4% valine,
balance water

Composition AU: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 3.1% xylitol,
balance water

Composition AV: 21% triethanolamine, 1% monoethanolamine, 0.5% tetramethylammonium
hydroxide, balance water,

Composition AW: 21% triethanolamine, 1% monoethanolamine, 0.5% tetramethylamymonium
hydroxide, 1.9% lactic acid, balance water.

Composition AX: 21% triethanolamine, 1% monoethanolamine, 0.5% tetramethylammonium
hydroxide, 1.9% oxalic acid, balance water.

Cornposition AY: 21% triethanolamine, 1% monoethanolamine, 0.5% tetramethylammonium
hydroxide, 2.0% ciiric acid, balance water.

Composition AZ: 18.7% dimethylaminoethoxyethanol, 0.9% aminoethoxyethanol, 0.5%
tetramethylammonium hydroxide, 1.9% lactic acid, balance water. '

Composition BA: 18.7% dimethylaminoethoxyethanol, 0.9% aminoethoxyethanol, 0.5%
tetramethylammonium hydroxide, 1.9% oxalic acid, balance water.

Conmposition BB: 18.7% dimethylaminoethoxyethanol, 0.9% aminoethoxyethanol, 0.5%
tetramethylammonium hydroxide, 2.0% citric acid, balance water.

Composition BC: 21% triethanolamine, 1% monoethanolamine, 5% tetramethylammonium
hydroxide, 1.9% lactic acid, balance water.

Composition BD: 21% triethanolamine, 1% monoethanolamine, 5% tetramethylammoninm
hydroxide, 0.9% lactic acid, balance water.

Composition BE: 10% triethanolamine, 1% monosthanolamine, 5% tetramethylammonium
hydroxide, 1.9% lactic acid, balance water.
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invention were employed for surface preparation of microelectronic device wafers, viz., Cu/TEOS 854
wafers (TEOS = tetraethylorthosilicate), for subsequent cobalt plating. The compositions were diluted
40:1 (1 par? 2ec&8kPosition and 40 parts deionized water as diluent) arff-AFHr8(BO82wafers by
static immersion for 30 seconds at 22C with a DI water rinse prior to cobalt plating. Analysis was
carried ouigesingifiod BRL KeABRINGIAIREIOR MissanennentSEv debkafladiistisal of compositions was
evaluated, each Eo&}tatgglg%ﬁ \gﬁ%@tﬁtﬁj&ft{pethﬂ@e@gmomum hydroxide, 1 wt% monoethanolamine, 21

R CC . .
WrA, triethanolam nec,)xi. wit% conip eaflng agent and balance DI water, against a corresponding

control corfpERmEATCRHt A gl dtdanrsrrelmpsttoh oy P EERBI®ing agents
evaluated in this hieisézidere. 9actictrcidd talwposiian AW), oxalic acid (composition AX), and citric acid
(compositipg. A% Tharcontoleampasiien 4anialResmiYsirirmeiampaniuim hydroxide, 1 wi%

monoethanolamine, 21 wt%iytnethanola@me and balance DI water. [00127]A second set of
compositions wabVAERids AftrA RIS RIS AR SARTENE"S:5 wt%e 'MAH, 0.9 wt% aminoethoxyethanol, 18.7

wt%, dimetiopinnsitodBiietrethulolanges, Yavmeedhrnsiestivg Aydritaasthiammedm| water. The
complexing agentgdenaldatosndbisdest, wastctagdieracid (composition AZ), oxalic acid (composition

BA), and ciie agie(comAGz(ien 00338 Selesiy dain 6o Aokl and 3, and cobal

deposition qlﬂﬁy IS'S .c:)wn in the photomicrogra -plated microelectronic device
structure in FIGSPrexidadh Prlactfsid SAaRA B Between the compositions containing the various
complexingageiaitoa il i D&Y phisthatnograp b 2faRiGE -infidob ¥ setaihylaiabieen? and 3. Table 2 -

Plating Data for TMARMEARRAMBIAIERRSAerMulation (40:1) Selectivity of Plating Figure Number

AV Poor 1 &\}/I\IIIJOGS%%Q I%L: 21% triethanolamine, 0.9% 2-amino-2-methyl-1-propanol, 5%

tetramethylammonium hydroxide, 1.9% lactic acid, balance water,

Compositioﬂ BM: 21% triethanolamine, 1% monoethanolamine, 5% tetramethylammonium
hydroxide, 3.4% phthalic acid, balance water.

Composition BN: 21% tristhanclamine, 1% monoethanolamine, 5% tetramethylammonium
hydroxide, 3.4% terephthalic acid, balance water. ' '

Composition BO: 18.7% dimethylaminoethoxyethanol, 1% monoethanolamine, 5%
tetramethylammoninm hydroxide, 1.9% lactic acid, balance water.

Composition BP: 10.6% 2-methylaminoethanol, 1% monoethanolamine, 5%
tetramethylammonium hydroxide, 1.9% lactic acid, balance water.

Composition BQ: 18.7% dimethylaminoethoxyethanol, 0.9% aminoethoxyethanol, 5%
tetramethylammonium hydroxide, 1.9% lactic acid, balance water.

Composition BR: 18.7% dimethylaminoethoxyethanol, 0.9% aminoethoxyethanel, 5%
tetramethylammonium hydroxide, 3.4% terephthalic acid, balance water.

Composition BS: 18.7% dimethylaminoethoxyethanol, 0.9% aminoethoxyethanol, 5%
tetramethylammonium hydroxide, 3.4% terephthalic acid, balance water.

Composition BT: 9% monoethanclamine, 5% tetramethyl ammonium hydroxide, 1.9% lactic
acid, 0.5% 2-mercaptobenzimidazole, balance water _

Composition BU: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 0.5% 2-
metcaptobenzimidazole, balance water

Composition CB: 0.3 wi% monoethanolamine, 0.166 wi% tetramethylammonium hydroxide,
0.003 wi% phenylacetic acid, balance water

Composition. CC: 0.3 wt% monoethanolamine, 0.166 wt% tetramethylammenium hydroxide,
0.003 wt% acetic acid, balance water
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AX Good 3 AY Poor 4 Table 3 - P ating Data for _ N
TMAHJaminoethoxyethanol/dimethylaminoethoxyethanol compositions Complexing Agent Selectivity

of Plating PR IR 1% AZ Good 5 BA Good 6 BB Poor 7 PCT/US2006/002%02

Composition CD: 0.3 wt% monosthanolamine, 0.166 wi% tetramethylammoninm hydroxide,
0.003 wi% benzoic acid, balance water

Composition CE: 0.3 wi% monoethanolamine, 0.166 wi% tetramethylammonium hydroxide, .
and 0.005 wt% 1,3,5-benzenetricarboxylic acid (irimesic acid), balance water

Composition CF: 0.3 wt% monoethanolamine, 0.166 wi% tetramethylammonium hydroxide,
and 0.006 wi% 1,2,4,5-benzenetetracarboxylic acid (pyromellitic acid), balance water

Composition CG: 0.3 wi% monoethanolamine, 0.166 wt% tetramethylammonium hydroxide,
0.005 wt% 1,2,4-benzenefricarboxylic acid (trimellitic acid), balance water

Composition CH: 0.3 wt% monoethanolamine, 0.166 wt% tetraméthylammonium hydroxide,
0.004 wi% 1,2-benzenedicarboxylic acid (phthalic acid), balance water

Composition CI: 0.3 wt% monoethanolamine, 0.166 wt% tetramethylammonium hydroxide,
0.004 wt% 1,3-benzenedicarboxylic acid (isophthalic acid), balance water

Composition CJ: 0.3 wit% monoethanolamine, 0.166 wt% tetramethylammonium hydroxide,
0.004 wt% 1,4-benzenedicarboxylic acid (terephthalic acid), balance water

Composition CK: 0.003% ammonium benzoate, 0.166% tetramethylammonium hydroxide,
balance water

Composition CL: 0.003% ammonium benzoate, 0.3% monoethanolamine, balance water

Composition CM: 0.004% phithalic acid, 0.166% tetramethylammonium hydroxide, balance
water '

Composition CN: 0.004% phthalic acid, 0.3% monoethanolamine, balance water

Composition CO: 9% monoethanolamine, 5% tetramethy! anwmonium hydroxide, 3.5%
ascorbic acid, balance water

Composition CP: 11% triethanolamine, 3% monoethanolamine, 5% tetramethylammonium
hydroxide, 1.85% lactic acid, balance water.

Composition CQ; 76% monoethanolamine, 2% tetramethylammonium hydroxide, 2% benzoic
acid, balance water,

Composition CR: 77% monoethanolamine, 1% tetramethylammonium hydroxide, 2% benzoic
acid, balance water.

Composition CS: 77.5% monoethanolamine, 2% tetramethylammonium hydroxide, 2% benzoic
acid, balance water.,

Compostion CT: 9% monoethanolamine, 5% tetramethy! ammonium hydroxide, 0.10%
ammonium benzoate, 1.85% lactic acid, 83.90% water.

Composition CU: 9% monoethanolamine, 5% tetramethy! ammonium hydroxide, 0.10%
benzotriazole, 1.85% lactic acid, 83.90% water.

Composition CV: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 0.10% 2-

meréaptobenzimidiaz‘ole, 1.85% lactic acid, 83.90% water.
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1001291The data showed that the plating selectivity for cobalt plating in the respective compositions
was good for the compositions containing lactic acid as the complexing agent (compositions AW and
AZ) and foRe¥PIEitions containing oxalic acid as the complexing agetfe {EOHBBAIRMS AX and
BA). The micrographs showed significantly improved plating with the compositions utilizing the
complexing AgEtROENRS RYEAIORG6IGe2s 3 « AR AT GRMPREGE:ha R pgSItion containing
no complexing agent (composition £ VS' FIG, 1) and as "compared t0 the compositions containing citric
acid (compositioRERY: A BEERSS, 2-8%4 F2Fespectively). 1001301 EXAMPLE 3 1001311Copper
Attack of G:eBposiiti{Ss B mdessackatne dttderaTidnd ermpositiosimside dciiietizbove were tested

for copper attack:@Rof> 4. petiammedith CEERR Waket3.chd KRS & tetkaptay lorthosilicate). Wafer sections

were dipped into.solytions, dilute < (1 pagt of the osition and 4Q par ionized water as
diluent), a%g%%io%%r%e%? _P%%él%éﬁ%gﬁn}%%ﬁvmg%% g#éﬁ?/’%ﬁ%‘?%’éoﬁc éaé:? % tc&?#r?g by AFM to
determine chandB¥sfPinbenrigidiedrd dith ammmenia breadird85Thintg asdAi89& minute. The data are

set out in Table 4delow. Table 4 Copper Attack on 0.18 pm Lines, as Determined by Change in Line

Height, in AASKABICA boaNMRASHBSEICH Rl ER) iR ARSSIIOMS.BErRig AImin) Formulation

(40:1) Delta Llneml_-gze(i)%tn“%)bgﬁ gaAIé% )ﬁfs %%vgt.; BC409BD91.8

Composition DA: 16% monoethanolamine, 5% tetramethyl ammonium hydroxide, 0.5% 1,2,4-
triazole, 20% methyl carbitol, 64.50% water,

Composition DB: 9% monoethanolamine, 5% tetramethy! ammonium hydroxide, 1%
ammonium benzoate, 1.85% lactic acid, 83% water.

Composition DC: 20% monocethanolamine, 5% tetramethyl ammonium hydroxide, 0.10% 2-
mercaptobenzimidiazole, 1.85% lactic acid, 72.9% water.

Composition DD: 20% menoethanolamine, 5% tetramethyl ammonium hydroxide, 0.10% 2-
mercaptobenzimidiazole, 1.85% lactic acid, 20% dimethylsulfoxide, 52.9% water.

Composition DE: 20% monoethanolamine, 5% tetramethyl ammonium hydroxide, 0.10% 2-
mercaptobenzimidiazole, 1.85% lactic acid, 0.5% TSA-99, 72.4% water.

Composition DF: 20% mionoethanolamine, 5% tetramethyl ammoninm hydroxide, 0.10% 2-

' mercaptobenzimidiazole, 1.85% lactic acid, 0.5% diethylene glycol hexyl ether, 72.4%
water.

Composition DG: 20% monoethanolamine, 5% tetramethyl ammonium hydroxide, 0.10% 2-
mercaptobenzimidiazole, 1.85% lactic acid, 20% dimethylsuifoxide, 0.5% TSA-99,
52.4% water.

Composition DH: 20% monoethanolamine, 5% tetramethy! ammonium hydroxide, 0.10% 2-
mercaptobenzimidiazole, 1.85% lactic acid, 0.5% diethylene glycol hexyl ether, 20%
dimethylsulfoxide, 52.4% water.

Composition DI: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 0.10% 2-

mercaptobenzimidiazole, 1.86% lactic acid, 84.04% water,

[00119] EXAMPLE 1

[060120] PCMP Cleaning Compositions were employed for post CMP cleaning of PCMP
854 wafers (wafers fabricated with the Sematech 854 wafer patiern). The wafers had dried
shury and other PCMP residues on their surface. The wafer in each instance was cleaned on a

spin/spray tool with solutions diluted 30:1 (1 part of the composition and 30 parts deionized

25



BE3.90.8BF2906BG7916BH8116EI6.21.2BJ11.824BK9419BL 12525

WO 2006/081406 PCT/US2006/002902

water as diluent) for 1 minute at 22°C, 100 rpm with a 30 second DI water rinse and spin dry.
Pre- and post-cleaning analysis was carried out using a Nanoscope Ila atomic force

microscape.

[00121]  The cleaning efficacy was rated by the reduction of objects on the substrate. The
particles on the sample substrates were registered as a range of pixels from 231-235 intensity.
A Sigma Scan Pro histogram was applied to filter these pixels and count the pumber of
particles, The particle reduction was calculated as:

Cleaning Efﬁcacy (Number of PreClean Objects — Number of Post Clean Objects) x 100

{(Number of PreClean Objects)

[60122] Table 1 below contains the PCMP cleaning data for the foregoing tests, as
performed with various complexing agents of the invention, in various compositions as

identified hereinabove.

Table 1 — Cleaning Data

Formulation Cleaning
(30:1) Efficacy

sl (e lo]la]la]ls] (o] o} {e] o} e} ol lalFl (ol (o] [o] (o] (sl o] (o] [s](a]{a]]s]

Bl [N 2| <8l 00| ZIR R = = (i @ | Do w1
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AU
0O = Good Cleaning, cleaning efficacy is greater than 75.
X =Poor Cleaning, cleaning efficacy is less than 75.

[00123]  The daia show that not all complexing agents will provide effective cleaning of the
CMP residuc from the substrate in the amine/quaternary anunonium hydroxide formulation.
Compositions containing cysteine (K), ethylene diamine (M), glucarate (Q), and mucic acid
(AH) had poor cleaing efficacy. The data shows that formulations utilizing the complexing
agents of the invention cleaned the CMP residues. Examples 2, 13, and 14 will show that while
some complexing agents such as citric acid (I}, cyanuric acid (J), and tartaric acid(AR)} acid

have good cleaning efficacy, they are not preferred complexing agents.
[00124] EXAMPLE 2

[00125]  Surface Preparation for Cobalt Plating =~ Compositions in accordance with the

invention were employed for surface preparation of microelectronic device wafers, viz,,
Cw/TEQS 854 wafers (TEOS = tetracthylorthosilicate), for subsequent cobait plating. The
compositions were diluted 40:1 (1 part of the composition and 40 parts deionized water as
diluent) and applied to the wafers by static immersion for 30 seconds at 22°C with a DI water
rinse prior to cobalt plating. Analysis was carried out using a JEOL scanning electron
microscope (SEM).

[00126] A first set of compositions was evaluated, each containing 0.5 wi%
tetramethylamnmonium hydroxide, 1 wt% monoethanolamine, 21 wi%, triethanolamine, 1.5-2.0
wi% complexing agent and balance DI water, against a corresponding confrol composition

confaining no complexing ageni (composition AV). The complexing agents evaluated in this
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AW 3.30.7BS00AX1.20.2 1001321The data in Table 4 show low levels of attack on the 0.18inn
copper lines, with etch rates being less than 3 Angstroms/minute. [00133] EXAMPLE 4 [00134]PCMP
Cleaning TREOZIIS30ENs identified in Table 5 below were diluted 40:1 (FPFAL 34 E W osition and
40 parts deionized water as diluent) and employed for post CMP cleaning.of PCIvil3 854 wafers. The
wafers hadeglriaers|tiec ansiothaigB&di Aew)duggiondae(tehibaasn TAR)Walerdaieash instance was
cleaned onaaRIRIAATAICOMRL LaIYE,AL8G, 190.RM Wb 80 seeand Blaict rinse and spin

dry. Pre- and post-cleaning analysis was carried out using a Nanoscope d atomic Torce microscope.
[00135] Th&YErRE Y Bfanpeihiagiaite treeriftheneliproné balnss Plealibstrate. The particles on

the sample substrates were registered as a range of pixels from 231-235 intensity. A Sigma Sean

Pro's histogawassaRgirrldect ek ihgasPhe!aand.aanat s Eum&ﬁ{g%fm{%mg he cleaning

f PreClean Objects - Number of Post Clean

efficacy wag,calculated as: Cleaning Efficacy = (Number o
Objects) x%fgoo }gumagjéﬂrog B‘r’é%laélgﬁ Jgﬁz#ﬁo%%?ﬁ@%%&ﬁ%%ﬂe cleshth gt are set out in

Table 5 betepleTasrpsiCRsLPlIgD RiaverP EMmosidernsgEumpabitendn this test were

lactic acid (composition AZ), oxalic acid {composition BA), and citric acid (composition BB).

[00128]
shown in the photomicrographs of the cobalt-plated microelectronic device structure in FIGS.

Selectivity data are shown in Tables 2 and 3, and cobalt deposition quality is

1.7, with the correspondence between the compositions containing the various complexing

agents and the photomicrographs of FIGS. 1-7 being set out in Tables 2 and 3.

Table 2 - Plating Data for TMAH/MEA/TEA compositions

Formulation Selectivity of Figure
(40:1) Plating Number
AV Poor i
AW Good 2
AX Good 3
AY Poor 4

Table 3 - Plating Data for TMAH/aminoethoxyethanol/dimethylaminoethoxyethanol

compositions
Complexing Selectivity of Figure
Agent Plating Number
AZ Good 5
BA Good 6
BB Poor 7

{00129]  The data showed that the plating selectivity for cobalt plating in the respective
compositions was good for the compositions containing lactic acid as the coinplexing agent
(compositions AW and AZ) and for the compositions containing oxalic acid as the complexing
agent (compositions AX and BA). The micrographs showed significantly improved plating
with the compositions utilizing the complexing agents of the invention (FIGS. 2, 3, 5 and 6), as
compared to the composition containing no complexing agent (composition AV; FIG. 1) and as
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compared to the compositions containing citric acid (compositions AY and BB; FIGS. 4 and 7,

respectively).

[00130] EXAMPLE3

[00131] bopner Attack of 0.18 um Lines on a Device Test Pattern ~ The compositions as

described above were tested for copper attack on 854 patterned Cw/TEOS wafers (TEOS =
tetraethylorthosilicate). Wafer sections were dipped info solutions diluted 40:1 (1 part of the

composition and 40 parts deionized water as diluent), at 22°C for 5 minutes. The 0.18um lines

were analyzed for copper etching by AFM to determine changes in line height and etch rate

was measured, in Angstroms per minute. The data are set out in Table 4 below. 7

Table4 Copper Attack on 0.18 pm Lines, as Determined by Change in Line Height, in
Angstroms (A), and Measured Etch Rate (ER), in Angstroms Per Minute (A/min)

Formulation Deléa Line ER
{40:1) Height (A) | (A/min)
AA 13 2.7
BC 0.9
BD 1.8
BE 39 0.8
BF 29 0.6
BG 7.9 1.6
BH 8.1 1.6
BI 6.2 1.2
BJ 11.8 24
BK 9.4 1.9
BL 12.5 25
BM 6.4 1.3
BN 3.0 0.6
BO 2.1 0.4
BP 7.7 1.5
BQ 30 0.6
AZ 39 0.8
BR 3.5 0.7
BA 25 0.5
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0 = Good Cleaning, cleaning efficacy is greater than 75 X = Poor Cleaning, cleaning efficacy is less
than 75. [00137]The data show that these compositions provided effective cleaning of the CMP
residue froM RALI5E%e. (00138] EXAMPLE 5 [00139j PCMP Cleaning %W%ﬁ?ﬂ%?f?accordance
with the invention were employed for post CMP cleaning of PCMP 854 wafers. The wafers had dried
slurry and other PCMP residlues oawnhelr sufface. 3ihe wafer meach instance was cleaned on a
spin/spray tool with solutions-for-t ﬂg'nutc ap-22¢€; &CO fpfp-with-a-30 second DI water rinse and spin
dry. Pre- and post-cleaning ried out using a JOEL{SEM. [00140]The cleaning efficacy
was rated by the reduction ¢f objeé¥ on thed substréte. The p%?ticlels on the sample substrates were
registered as a range of pixels from 231-235 intensity. A Sigma Scan Pro's histogram was applied to

filter these%@iﬁ ANGHEOHR ﬁ'ﬂ%ﬁ%@@ﬁ&&i&@i@@éﬁsﬁﬂi’&cﬁ'Sf?ﬁl@Sg‘%ﬂ&ac?&ég"(é’ri‘%%‘%é'%@ted as: Cleaning

Efficacy = (Number of PreClean Objects - Number of Post Clean Objects (Number of PreClean
Objects) [(HT4FFRETE ST LR TIBMIY et are set out in Table 6 below. 31 Table 6.

Comparative C eaning Performance Formulation Cleaning Efficacy 030 CCo CD 0
f00133] EXAMPLE4

[00134] PCMP Cleaning The compositions identified in Table 5 below were diluted 40:1
(1 part of the composition and 40 parts deionized water as diluent) and employed for post CMP
cleaning of PCMP 854 wafers. The wafers had dried slurry and other PCMP residues on their
surface. The wafer in each instance was cleaned on a spin/spray tool for 1 minute at 22°C, 100
rpm with a 30 second DI water rinsé and spin dry. Pre- and post-cleaning analysis was carried

out using a Nanoscope Illa atomic force microscope.

[00135]  The cleaning efficacy was rated by the reduction of objects on the substrate, The
particles on the sample substrates were registered as a range of pixels from 231-235 intensity.
A Sigma Scan Pro’s histogram was applied to filter these pixels and count the number of

particles. The cleaning efficacy was calculated as:

Cleaning Efficacy = (Number of PreClean Objects — Number of Post Clean Obijects) x 100
(Number of PreClean Objects)

[00136]  The resulis of such cleaning test are set out in Table 5 below.
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CEOCFOCBOCHO0a0CJO0 o=Good Cleaning, cleaning efficacy is greater than 75. X = Poor
Cleaning, cleaning efficacy is less than 75. [00142]The foregoing data show that the compositions
yielded exCEMANP8BIANy efficiency. [00143] EXAMPLE 6 [00144]Copper FoUgR#iHY ¥ 2aning
solutions CA-CS were evaluated for their effect on copper corrosion. [00145]Copper wafer sections
were obtained from a polfabid eajipaingBier faRdMRCettigSoupsstiseated according to the cleaning

test procedure of Example 5. After.treatment, the copper wafer sections were subjected to AFM

examination to determine the nature and extent of surf%[ﬁ”é‘i’%ﬁjg nening. The results are set out in Table
7 below. Table 7 Cu Roughening Batanfaion @atidn| R Efflavess|(nm)

BC
BE
BF
BN
BO
BD
BG
BH
BI
BK
BM

QO QO Ol O] O] O] O] O ©

O =Good Cleaning, cleaning efficacy is greater than 75.
X = Poor Cleaning, cleaning efficacy is less than 75.

[00137]  The data show that these compositions provided effective cleaning of the CMP
residue from the sybstrate.

[00138] EXAMPLES

{00139] PCMP Cleaning Compositions in accordance with the invention were employed
for post CMP cleaning of PCMP 854 wafers. The wafers had dried slumry and other PCMP
resi_dues on their surface. The wafer in each instance was cleaned on a spin/spray tool with
solutions for 1 minute at 22°C, 100 rpm with a 30 second DI water rinse and spin dry. Pre- and

posi-cleaning analysis was carried out using a JOEL SEM.

[00140]  The cleaning efficacy was rated by the reduction of objects on the substrate. The
particles on the sample substrates were registered as a range of pixels from 231-235 intensity.
A Sigma Scan Pro’s histogram was applied to filter these pixels and count the number of
particles. The cleaning efficacy was calculated as:

Cleaning Efficacy = (Number of PreClean Objects — Number of Post Clean Objects) x 100
(Number of PreClean Objects)

[00141] The results of such cleaning test are set ont in Table 6 below.
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Untreated 0.7 CB 0.7 CC0.7CD 0.7 CE0.7CF 0.7 CO0.7CHO0.7 Cl1 0.7 CJ 0.7 The foregoing data
show that the compositions have low roughening. They did not change the roughness of the copper

samples. [DOLHEPERANEPLE 7 PCT/US2006/002902

Table 6. Com.parative. Cleaning Performance
Cleaning
Efficacy

Formulation

CB
CC
CD
CE
CF
CB
CH
Cl
CJ

sllellu]le]{e] (o] (e} [a][e]

0O = Good Cleaning, cleaning efficacy is greater than 75.
X =Poor Cleaning, cleaning efficacy is less than 75.

[00142]  The foregoing data show that the compositions yielded excellent cleaning

efficiency.
[00143] EXAMPLE 6

[00144]  Copper Roughening Cleaning solutions CA-CJ were evaluated for their effect on

copper ¢corrosion.

[00145]  Copper wafer sections were obtained from a polished copper wafer, and the
sections were treated according to the cleaning test procedure of Example 5. After treatment,
the copper wafer sections were subjected to AFM examination to determine the nature and

extent of surface roughening. The results are set out in Table 7 below.

Table 7 Cu Roughening Data

¥ormulation | Roughness (nm)
Untreated 6.7
' CB 0.7
CcC 0.7
CD 0.7
CE 0.7
CF 0.7
CG 0.7
CH 0.7
Cl 0.7
CJ 0.7

The foregoing data show that the compositions have low roughening. They did not change the
roughness of the copper samples.
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[00147] Composition Component Synergy Cleaning compositions CK-CN were evaluated to determine
the effect of quaternary ammonium hydroxide and amine on cleaning in the compositions of the
invention. [82 286988 aning compositions were employed for post CMPCRERMAPOPPEVP 854
wafers (wafers fabricated with the Sematech 854 wafer pattern). The wafers had dried slurry and other
PCMP residues on their surface The wafer in each instance was cleaned on a spin/spray tool with
dilute soluérﬁr{‘udsvior JE 220 100 rpm with a 30 second DI water rinse and spin dry. Pre- and
post- anal as per ormed using a Nanoscope llla atomic force microscope.. [00149]The cleaning
efficacy was rated by the reductron of objects on the substrate. The particles on the sample substrates
were regiqumad]as goapsgitiaf Qe ty2 Semimneitynotit®igriX-Sehverreydistedram was applied
to filter these,pxalG.oMd g@é&ﬂ%ﬁ‘@&l&ﬂ&@@&@fxﬁﬁ(ﬂﬁ'ﬁﬁr&'ﬁ& Gepaingeeiicaswpmonlculated as:
Cleaning Efficacy = (Number o Clean Objects- Number of Post Clean Objects) x 100 (Number of
PreClean @B}%"é‘éﬁ’rﬁbﬁf@o‘]“f'ﬁ%%sults of such cleaning test are set out in Table 8. Table 8 -
Comparative Cleaning Performance Formulation Cleaning Efficacy CK X CL X CM X CN X O = Good

Cleaning, pigpsing afficasnissareaiesitbawite spidiebiCipaniigp cleanipgfdtida$34 less than 75.
The foregorn dal @Q?Wﬁc%@%%ﬁﬁ?@%&%%&&h@a@m NigWHER Balaied gamponent such as

amine or qu er ary ammonium xide is not present in the formulation theeézleanrng fails.
100151] Esod oty F@VIP residues on thexr surface. The wafer in ecach instance was dlean

spin/spray tool with dilute solutions for 1 minute at 22°C, 100 rpm with a 30 second DI water

rinse and spin dry. Pre- and post- analysis was performed using a Nanoscope Illa atomic force

microscope..

[00149]  The cleaning efficacy was rated by the reduction of objects on the substrate. The
particles on the sample substrates were registered as a ratige of pixels from 231-235 intensity.
A Sigma Scan Pro histogram was applied to filter these pixels and count the number of

particles. The cleaning efficacy was calculated as:

Cleaning Efficacy = (Number of PreClean Objects - Number of Post Clean Objects) x 100
(Number of PreClean Objects)

[00150]  The results of such cleaning test are set out in Table 8.

Table 8 Comparative Cleaning Performance

Tormulation %l:tf::al:;
CK X
CL X
CM X
CN X

O = Good Cleaning, cleaning efficacy is greater than 75.
X = Poor Cleaning, cleaning efficacy is less than 75.

The foregoing data shows the synergy between the components. When a major component such
as amine or quaternary ammonium hydroxide is not present in the formulation, the cleaning

fails.

[60151]] EXAMPLE 8

33



WO 2006/081406PCT/US2006/002902 [00152]Copper Etch Rate by Electrochemistry Cleaning
solutions were prepared, and evaluated for copper etch rate performance. [00153]Corrosion (etch)
rates were Wehi8HPom Tafel plots generated by potentiodynamic scah$ FoR?2EH8% 150mv
versus open circuit potential at a scan rate of 0.25mV/sec. The working electrode was a 5mm diameter
copper rodo(8$2999%oppeFillf Rdrosg diicisddhetiathin epaxininsitkecal avdre foaimed, and
polytetraflgmg@M&r}gFBépgcggg wking glectrode was cleaned prior to each use. The counter
electrode was a Imm platinum wire (Alfa Inorganics) and the reference electrode was a silver-silver
chloride (saturated KC!) electrode (Princeton Applied Research Corp.). The potentiostat was a
Princeton EpHdd Rewesioh Ketstb| 2263 WFiee deipirdned|efmoddairs et opdatizated aby-0,700V for 5
mhinutes :l@dtéﬁlﬁﬂﬁﬁﬁﬂ&@daﬂl@ glenmﬂm@perz@ﬂww' E@ﬁﬁ%ﬁ%ﬁbﬁ@ﬁnﬂlﬂa&ﬂﬁaﬂ' kY B@H&mﬂ@dynamilc Sacan was
then perfo, the calculati re dong using software pro Princeton Applie
Research {icr:?)%ggfatlon?ﬁ% deC}[(er%n%g%t § (‘:v(g?rgsfo rgfgem D0TE? &/ esu sy P s sh%tj\?vn in Table 9

below. TaF"erEss)patted fihepastoirtide A FiAY d{ﬂ%ﬁe@%blﬁ@e ?Pésﬂt‘?ﬁ RERe VA7) B 3.1 M 11.5 U
33 V 3.3 elRcGolAvBucladned prior to each use. The counter electrode was a 1mm platinum wire (Alfa

Inorganics) and the reference electrode was a silver-silver chloride (saturated KCl) electrode

(Princeton Applied Research Corp.), The potentiostat was a Princeton Applied Research Model
2263. The copper electrode was first oxidized at +0.700V for 5 minutes and theﬁ allowed to go
to the open circuit potential for 1 hour. The potentiodynamic scan was then performed, and the
calculations were done using software provided by Princeton Applied Research Corporation, to

determine the cotrosion rate.
[00154]  The results are shown in Table 9 below.

Table 9 Copper Etch Rate Resulis

Formulation Copper E&?;:i(;f;on Rate
B 3.1
M 11.5
U 3.3
Vv 3.3
Y 2.6

AA 3.9
AE 3.5
AG 0.01
Al 34
AN 28
BC 0.6
CB 3.2
CC 3.3
CD 1.8
CE 6.1
CF 2.2
CG 29
CH 22
CI 5.8
CJ 2.3
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The data in Table 9 shows that the compositions in accordance with the invention have low
corrosion rates, less than 7 A/min. Composition M centaining ethylene diamine as a

complexing agent has a very high corrosion rate, greater than 7 A/min.
[00155] EXAMPLEY

[00156]  Benzofriazole (BTA) Removal Cleaning compositions were nsed to clean a
copper seed wafer coniaminated using a 10 ppm BTA solution during 1 hour with static
immersion, followed by deionized (DI) water rinsing then blown dry with ﬁitrogen . The
samples were cleaned on a spin/spray tool for 1 minute at 22°C, 100 rpm with a 30 second DI
water rinse and spin dry. Analysis was done using XPS at an angle of 15°. The compositions
were used at a dilution of 30:1 (1 part of the composition and 30 parts deionized water as
diluent). Data are shown in Table 10 below.

Table 10 — BTA Removal by TMAH/MEA Compositions

Preireatment | Cleaning XPS j Copper | Nitrogen | Nitrogen/Copper | % BTA
Formulation | Angle Removed by
Cleaning

None None 15 94.1 5.9 0.06 Not applicable
BTA None 15 28.0 72.0 257 Not applicable
BTA U 15 95.2 4.8 0.05 100

BTA AA 15 95.7 4.3 0.05 100

BTA AQ 15 94.0 6.0 0.06 100

The data in Table 10 shows that the formulations remove the BTA contamination. The
nitrogen/copper ratio is equal to the uncontaminated copper sample after ireatment with the
formulations. There is effectively 0% BTA. left on the samples after cleaning,

[00157] EXAMPLE 10

[00158]  Post Etch Residue Removal Compositions were used to clean post etch wafers

contaminated with residue in the vias. The wafers were cleaned on a spin/spray tool for 45
seconds at 22°C, 100 pm with a 15 second DI water rinse and spin dry. Analysis was
conducted using a JEOL SEM,

[00159]  The results are set out in Table 11 below.

Table 11 — Post Etch Residue Removal by Compositions in a Spin/Spray Application
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CJ 2.3 The data in Table 9 shows that the compositions in accordance with the invention have low
corrosion rates, less than 7 A/min. Composition M containing ethylene diamine as a complexing agent
has a very Wi W88 rate, greater than 7 A/min. [00155] EXAMPLE 9 Y63{58P8¥280azole (ETA)
Removal Cleaning compositions were used to clean a copper seed wafer contaminated using a 10

ppm ETA solution during 1 h
blown dry with nitrogen . The
with a 30 second DI water rin

D MesiiingSFaditulnasact sion H@Tﬁw_ed

valta
e and spin dry. An

. FH
lysis was done

deionized (DI) water rinsing then
ay tool for 1 minute at 22C, 100 rpm
using XPS at an angle of 15. The

compositions were used at a

dilution o¥30:1 Qp

rt oRERO¥SEmpo

sition and 30 parts deionized water

as diluent). Data are shown i
Pretreatment Cleaning Form|
Cleaning None None 15 94.

n Table 1Mbelow. T

ble Rénd¥ddA R

moval by TMAH/MEA Compositions

\litrogen/Copper % BTA Removed by

:n‘atro7r>6§§#rrgl€€_ U‘pp%,é 6@5’&? en
5.9 0.06.Naot.apnlicable. BTA None
CO L)

Present

[00160)  The ascorbic acid-containing composition CO was not as efficient at removing the

post etch residue as the glycine-comtaining composition U, the lactic acid-containing

composition AA or the succinic acid-containing composition AQ.

{00161] EXAMPLE i1

[00162]  Post Etch Residue Removal Compositions were used to clean post etch wafers

contaminated with residue in the vias. The wafers were cleaned by static immersion for 2

minutes at 22°C, with a 15 second DI water rinse and N dry. Analysis was done using a JEOL

SEM.

{00163]  The results are set out in Table 12 below.

Table 12— Post Etch Residue Removal by Compositions in an Immersion Application

Cleaning Formulation Residue
Untreated Present
U Removed
AA Removed
AQ Removed

Similar to Example 10, the glycine-containing ~composition U, the lactic acid-containing

composition AA and the succinic acid-containing composition AQ were efficient at removing

the post etch residue in an immersion treatment.

[00164] EXAMPLE 12
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15 28.0 72.0 2.57 Not applicable BTA U 15 95.2 4.8 0.05 100 BTA AA 15 95.7 4.3 0.05 100 ETA AQ

1594.0 6.OW0 2006/681406 PCT/1i82006/002902

[00165]  Copper Etching The same compositions as fested in Example 11, as well as a
corresponding TMAH/MEA. composition containing gallic acid as the complexing agent in
accordance with the disclosure of U.S. Patent 6,194,366, were used to clean unpolished PVD
copper wafers. About 1000 Angstroms of copper had been deposited on these wafers by
physical vapor deposition.

[00166]  The wafers were cleaned by static immersion at increments of 1, 2, 3 and 4 minutes
at 22°C, followed by a 15 second DI water rinse and N, dry, Thickuness measurements were
made with a CD ResMap 4 point probe.

[00167]  The eich rates of copper measured for the compositions of Example 11 were less
than the etch rate measured for the gallic acid-containing composition of U.S. Patent 6,194,366.
FIG. 8 is a graph of eich rates, in Angstroms per inimute, for the respective TMAH/MEA
compositions containing the different complexing agents (gallic acid (P), lactic acid (AA),
glycine (U), succinic acid (AQ), 2-mercaptobenzimidazole (BU), and lactic acid with 2-
mercaptobenzimidazole (BT)), on the copper substrate.

[00168] EXAMPLE 13

[00169]  Copper Roughening  Compositions in accordance with the invention were
employed to clean polished copper wafers. The wafer in each instance was cleaned on a
spin/spray tool for 1 minute at 22°C, 100 rpm with a 30 second DI water rinse and spin dry.

Analysis was carried out using a Nanoscope IIa atomic force microscope.

{0017} EIG. % is a graph of surface roughness, in nm, for various TMAH/MEA
compositions described previously, showing the relative magnitudes of the roughness .
associated with varying complexing agents, compared to an untreated copper surface having a
roughness of 1.4 nm. Low roughness is less than 1.8nm of roughness, High roughness is greater
than 1.8nm or roughness.

{00171}  The data in FIG. 9 show that formulations in accordance to the invention have low
roughness. Complexing agents such as citric acid (I) and cyanuric acid (J) previously showed
good cleaning efficacy in Example 1, but these formulations have unacceptable amounts of
roughness. Complexing agents such as cysteine (K) and ethylene diamine (M) previously
showed poor cleaning efficacy in Example 1 and have high roughness, This shows that etching

the surface is not a sufficient method for removing CMP residue.
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0.06 100 The data in Table 10 shows that the formulations remove the ETA contamination. The
nitrogen/copper ratio is equal to the uncontaminated copper sample after treatment with the
formulation® O HY Y Whectively 0% ETA left on the samples after cleanin§ CTAGEEAERRvPLE 10
[00158]Post Etch Residue Removal Compositions were used to clean post etch wafers contaminated
with residuedit7the vielsaANMREEVEfers were cleaned on a spin/spray tool for 45 seconds at 22C, 100 rpm
with a 15 second DI water rinse and spin dry. Analysis was conducted using a JEOL SEM.
[001591The results are set out in Table 11 below. Table 11 - Post Etch Residue Removal by
CompositidT Tila sEaRRsLARusening - SHOMBRSEAN g% GPREHASE YRR S VSN (B Present U
Removed futpiReah by elien @oRbed ovpebC@ Rresdhe wafer in each instance was cleaned on a

spin/spray tool for 1 minute at 22°C, 100 rpm with a 30 second DI water rinse and spin dry.

Analysis was carried out using a Nanoscope Ila atomic force microscope.

{00174] FIG. 10 is a graph of surface roughness, in nm, for various TMAH/MEA
corppositions described previously, showing the relative magnitudes of the roughness
associated with varying complexing agents, compared to an untreated copper surface having a
roughness of 1.4 nm.

[00175]  The daia in FIG. 10 show that formulations in accordance to the invention have
low roughness, Complexing agent tartaric acid (AR) previously showed good cleaning efficacy

in Example 1, but this formulation produces unacceptable amounts of roughness.
[00176] EXAMPLE 15

[00177} FIGS. 1120 are photomicrographs of postetch wafers, at respective
magnifications of 40,000X and 80,000X. FIGS. 11 and 12 show the wafer as untreated. In all
other cases, the wafers were cleaned on a spin/spray tool for 45 seconds at 22°C, 100 rpm with
a 15 second DI water rinse and spin dry. FIGS. 13 and 14 show the wafer afier spin/spray
cleaning with the lactic acid-containing TMAH/MEA composition AA. FIGS. 15 and 16 show
the wafer after spin/spray cleaning with the glycine-containing TMAH/MEA composition U.
FIGS. 17 and 18 show the wafer after spin/spray cleaning with the succinic acid-containing
TMAH/MEA composition AQ. FIGS. 19 and 20 show the wafer after spin;’spray cleaning with
the ascorbic acid-containing TMAH/MEA composition CO.

[00178]  More specifically, FIG. 11 is a photomicrograph at magnification of 40,000X of a

post-etch wafer showing residve in vias therein.

[00179]  FIG. 12 is a photomicrograph of the post-etch wafer of FIG. 11, at a magnification
of 80,000, showing the residue in the vias, in greater detail.

[60180]  FIG. 13 is a photomicrograph at magnification of 40,000X of the post-etch wafer
shown in FIG. 11, after cleaning by spin/spray with the TMAH/MEA/lactic acid aqueous
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[00160]The ascorbic acid-containing composition CO was not as efficient at removing the post etch
residue as the glycine-containing composition U, the lactic acid-containing composition AA or the
succinic actIAMEMHYComposition AQ. [00161] EXAMPLE 11 [00162]Pd% BRI 183 Removal
Compositions were used to clean post etch wafers contaminated with residue in the vias. The wafers
were cleanéehiiyestatipositioe iSiorTier e bt essEi@ 2C theith avdd waoord Uy | theatknginge and N, dry.
Analysis w&,cmggﬂgoﬁlsing a JEOL SEM. [00163]The results are set out in Table 12 below. Table 12-
Post Etch Residue Removal by Compositions in an Immersion Application Cleaning Formulation
Residue Untreated Present U Removed AA Removed AQ Removed Similar to Example 10, the
glycine-cot8iftlg coMshdsiiarmiotomistheit ot e vosttaistingfoovh Psifidretaanagnifitatiosuccinic
acid-contabfisgoooMpheiinnQ@umere st thcipet atn cmow o einaskLeieh dgsidue in an immersion
treatment [00164] EXAMPLE 12 WO 2006/081406PCT/US2006/002902

{00182}  FIG. 15 is a photomicrograph at magnification of 40,000X of the post-etch wafer

shown in FIG. 11, after cleaning by spin/spray with the TMAH/MEA/glycine aqueous cleaning

composition U. The post efch residue in the via was removed by the cleaning composition.

[00183]  FIG. 16 is a photomicrograph of the post-etch wafer of FIG. 15, at a magnification
of 80,000X,, showing the removal of the post-etch residue in the via, in greater detail.

{00184]  FIG. 17 is a photomicrograph at magnification of 40,000X of the post-etch wafer
shown in FIG. 11, after cleaning by spin/spray with the TMAH/MEA/succinic acid aqueous
cleaning composition AQ. The post etch residue in the via was remox{ed by the cleaning

composition.

[00185]  FIG. 18 is a photomicrograph of the post-etch wafer of FIG. 17, at a magnification
of 80,000X, showing the removal of the post-etct_m residue in the via, in greater detail.

[00186]  FIG. 19 is a photomicrograph at magnification of 40,000X of the post-etch wafer
shown in FIG. 11, after cleaning by spin/spray with the TMAH/MEA/ascorbic acid aqueous
cleaning composition CQ. The post etch residue still remained in the via after treatment by the

cleaning composition,

[00187]  FIG. 20 is a photomicrograph of the post-etch wafer of FIG, 19, at 2 magnification
of 80,000X, showing the post-etch residue remaining in the via, in greater detail.

[00188] EXAMPLE 16

[00189]  FIGS. 21-25 are photomicrographs of post-.etch wafers, at respective
magnifications of 40,000X and S0,000X, after cleaning of the wafer by static immersion for 2
minutes at 22°C, with a 15 second DI water rinse and N, dry. FIGS. 21 and 22 show the wafer
after immersion cleaning with the lactic acid-containing TMAH/MEA composition AA. FIG.
23 shows the wafer after immersion cleaning with the glycine-containing TMAF/MEA
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[00165]Copper Etching The same compositions as tested in Example 11, as well as a corresponding
TMAH/MEA composition containing gallic acid as the complexing agent in accordance with the
disclosure fQLYWELAM 6,194,366, were used to clean unpolished PVD Wﬁ%@%%g%out 1000
Angstroms of copper had been deposited on these wafers by physical vapor deposition. [001661 The
wafers wererchesition] By BiGficitrrmbisichvuattlinorefnalis olimerdod deadide wifiuessatca@C, followed by a
15 second gl \saamhiiasavengMiaddmdticdd£es measurements were made with a CD ResMap 4 point
probe. [00167]The etch rates of copper measured for the compositions of Example 11 were less than
the etch rate measured for the gallic acid-containing composition of U.S. Patent 6,194,366. FIG. 8 is a
graph of et®fPles, MosntpseibrmbypEiGuai it ripiaTaiciestsak sy aTavificetion A BER0fions containing
the differeritecontplekinaraghnim (gaiic. ACjAfE inartidoaci i) waly sin eAsmesnisacid (AQ),
2-mercapt jdagole: Llaci i with. 2- me tabenzimidazole (13 (% on the copper
substrate.gagf& EXA?\]I%%.EE%S?%%%%%C%%%%\eg&é%hgﬁgﬁ%%%%ﬁ%g?ﬁoﬁg (lgﬁ% zf\(éﬁgo-@ ance with the
invention wéfe ﬁ?&?@ﬁ‘%’clean polished copper wafers. The wafer in each instance was cleaned on
a spin/spray tool for.1 minute at 22C, 100 rpm with a 30 second DI water rinse and spin dry. Analysis

was carriegh@agipsingie. Mz pasgermivesinraiato pes: tusreserpertd Ot / Al FiEmSilsRgraph of surface
roughness, g of various TMAH/MEA co sitions .described previqusly, showing the relative
magnitude% o?%%%’os&a N sseéggg‘gll{al\%%eveﬁ %%gfﬁgi%eo%%i?e‘g?hﬁl gf%tﬁ%sg,e tgb};npared to an untreated
copper surface having a roughness of 1.4 nm. Low roughness is less than 1.8nm of rougluiess. High
roughness{#9192 ate Fiiaps lisBnphotimtiorghipk as Rk iiibh efdateoix biGheD shewtthatformulations in
accordancadgng iRseiOMRAaNaM QUERNESE SRMBIRKAGAIANASHELAS Gliig acid () and
cyanuric acid Jg. re O,H%!y shm#sd %oo_d cleaning efflcac%lzl;l Example 1, but these tormulations have
ootnts oF TGRS e SR A g ERre e A ayaasieradiiohd ethylene diamine

unaccepta%ﬂré] amounts
(M) previously showed poor cleaning efficacy in Example 1 and have high roughness. This shows that
etching theoswsigce BGOLRiSHFiGiRRFSINGiMERMMAIEMBoesius. JOOLURIEXAMPLE 14
[00173]Copper I%p%eg{n%gg_m ogfigglps in acc%ﬁ%a&%e%m/gecgtion were emlg)loyed to clean
polished copper wafers. The wafer in eaccfl1 instance was cléaned on & é‘b‘?n?gbrﬂut%’of for 1 minute at
22C, 100 FYiRRIFAmBestionohl- e aeeh Hiels ettt dpifheia ARalrmerhscdivicldingusing a
Nanoscopedauaigtioic force microscope. [00174] FIG. 10 is a graph of surface roughness, in nm, for
various TMAH/MEA compositions described previously, showing the relative magnitudes of the
roughnes iat '?.var ing complexing agents, compared to an untreated copper surface
having a f&@g%%zssigﬁl& Fu%%@'g%qgﬁ@ﬂﬁgei R R ShFfatdottAdmagafEiithccordance to the
invention I¥AY&0RRK rehayringhs ransmabté lipprslcrttht msidariin HsivigARIrprendetallly showed good cleaning
efficacy in Example 1, but this formulation produces unacceptable amounts of roughness. [00176]
EXAMPL 0174 Flipy g 720 are photomicrographs of post-etch wafers, at respective
magnificaig]??sg%f 40,000X anéd}%zo,ooox. FIGS. 11 and 12 show the wafer as untreated. In all other
cases, the wafers were cleaned on a spin/spray tool for 45 seconds at 22C, 100 rpm with a 15 second
DI water rit#8896hd sBin dfficde}CE. I8nartalidd D@ Yhéowafkibatier epirispoagsieadiag with the lactic

acid-contaigifdil ABPMERACAMPRSIORAL FIfRSelR.AN 16ihaw ?B?Jfé.fﬁ?épinfspfay
cleaning Wv{rta? }_hlg géxglne-contamln TMAII/MEA composition U, FIGS. 17 and 18 show the wafer after

spin/spray cleaning with the-succl LS SR ATFRRHMMARPASESR (8l urttTs ASYSGS. 19 and 20
show the JPHrsted iar 3 Siraisrdyvlenrig withsniredascdiive tcidupensiainthe sibidsi MEEA composition
CO. [00178}bdarka spigiticalpoltGrobd iSeanrbalamicragranh akBnagpificationelAg @ROX of a post-etch
water showj esicl i iap direld: WASIEIS,A2 i5.8 BIOIRITISIARIann of e post-etch water o
FIG. 11, ata magnl ication

copper detegmined as a function of resistivity to derive the etch rate of copper in each

composition. The results are illustrated in Figure 26.

[00197] EXAMPLE i8
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of 80,000X, showing the residue in the vias, in greater detail. [00180]FIG. 13 is a photomicrograph at
magnification of 40,000X of the post-etch wafer shown in FIG. 11, after cleaning by spin/spray with the
TMAH/MEM%@HQ‘SQ&?&%queOUS cleaning composition AA. The post etch %%Mﬁézﬁ?@ﬁ%?g was
removed by the cleaning composition. [00181]FIG. 14 is a photomicrograph of the post-etch wafer of
FIG. 13, altaiaghgniftcpaiomal 80080 zsboduntyetisenrens dvalkostdhie past efclgitesid2® in the via, in
greater dejal) QBARAIGICxis uiialamiacontanlua BeQRlaRUAN. o1 ASARX AR e post-etch wafer
shown in .11, afterc in spin/spray Wi e cine aqueous, cleaning
compositi&rt P ITESS: ARSI B et 6 et vk S WA B 2oty s 88 iom,
[00183]FIybmitps fpsratoimsclensiapiasureSsNbichba eirkrds Pieorns, ws deaagrifidation of 80,000,
showing tbe rehaeval' of the post-etch residue in the via, in greater detail. [00184]FIG. 17 is a
photomicrograph at magnification of 40,000X of the post-etch wafer shown in FIG. 11, after cleaning
by spin/spray with the TMAH/MEA/succinic acid agueous cleaning composition AQ. The post etch

residue inti&%a whestrRaveaaRrin et the sonigl sairpbdme Ard b demrEion 8589 BhBtomicrograph of
the post-eltdvnai@icil 3Bl #spctivehaghifaaboreaf 88¢AR0Xsidivowin giftvtivedyremalaf the post-etch
residue infliRwis My aalekAsialali0186]FIG. 19 is a photomicrograph at magnification of 40,000X of
the post-etch wafer shown in FIG. 11, after cleaning by spin/spray with the TMAII/MEA/ascorbic acid
aqueous cleaning composition CO. The post etch residue still remained in the via after treatment by
the cleaniff2¥npoEXeMEBE187]FIG. 20 is a photomicrograph of the post-etch wafer of FIG. 19, at a
magnification of 80,000X, showing the post-etch residue remaining.in the via, in greater detail. [00188]

EXAMPL GG 01591EGS, 25t lalamisiedranhs anaseich valersabiasective

magnificatjons of 40, 00X and 80,000X, after cleaning of the wafer by static iImmersion for 2 minutes

at 22C, withr A RBISEBREST (okfor 7impintes i} ROHRPRerRiEe JugRg B Vgt BRFHaflt after immersion
cleaning witfethwda ctibjetid - ¢o ritatfivh oo Tl AEMIE ApeuRip dsitig nsiligwaH | @ol28s hewidnthe wafer after

immersiorsaleaRIRg vt dash IMGIRRGRRIEIBIAGEMARME friaqmnositien b sHRS. 24 and 25 show the

wafer after immersion cleaning with the succinic acid-containing TMAH/MEA composition AQ.
[00202]  Electron micrographs of the control via wafer and a cleaved conirol via wafer
before immersion are shown in Figures 28A and 28B, respectively. Electron micrographs of
the via wafer and the cleaved via wafer after immersion are shown in Figures 29A and 29B,

respectively. It can clearly be seen that the residue remaining following the via eich and over-

etch processes was substantially removed from the sidewalls of the vias (see, e.g., Figure 29B).
{00203] EXAMPLE 20

[00204]  Proprietary patterned post-etch, post-ash Al wafers were immersed in Formulation
CQ for 5 minutes at room temperature, 40°C and 60°C. Following immersion for the specified
time, the wafer was rinsed with DI water and dried using N,. Electron micrographs were taken
using a Hitachi or JEOL scanning electron microscope. The micrographs were analyzed for
residue removal and substrate damage.

{00205] At room femperature, the aluminum etch rate was determined to be 8 A min™, the
residue removal was determined to be complete and the corrosion of the metal was low. At
40°C, the aluminum etch rate was determined to be 9 A min’, the residue removal was
determined to be complete and the corrosion of the metal was slight. At 60°C, the aluminum
eich rate was determined to be 43 A min™, the residue removal was determined to be complete

and the corrosion of the mstal was severe.
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[00190]More specifically, FIG. 21 is a photomicrograph at magnification of 40,000X of the post-etch
wafer shown in FIG. 11, after immersion cleaning with the TMAIUMEA/Iactic acid agueous cleaning

compositioWﬂ,&qoﬁ?é]ﬁggt etch residue in the via was removed by the cleaﬂﬁ;rd%ﬂ%@gﬁ%ﬁ
[00191]FIG. 22 is a photomicrograph of the post-etch wafer of FIG. 21, at a magnification of 80,000X,
showing the removal of the post-etch residue in the via, in greater detail. [00192]FIG. 23 is a
photomicroggagy) at masnifigatienNi4e:0a0x pitheopasistotdvaéreshopestastiG watr after immersion
cleaning with E«E‘lg TMAHIMEA/glvCing aguegys gleaning GopiRasitien YoTheawmsbatehiresidue in the
via was remove ]E)y e clegn’ing compo’sition.%‘(i)oz:g}ﬁ‘i}FlG E4 is a. hotomilcj:lrQ ra aQic‘%;[ magnification of
40,000X offiibaroRtcerRi:98 RERGTE ff EieS: 794 2adp ImRLeyaR 'clﬁé“aeﬁﬁ‘ﬁ’é i Rl

TMAHAVIEA) atreinicapitag foofisisigeniligaodmisoaiishtha erstrieh sesidue s romaigEh the via was
removed by [he oeaniRg, cuaRQsitianm. [00194]FIG. 25 is a photomicrograph of the post-etch wafer of
FIG. 24, at a magnification of 80,000X, showing the removal of the post-etch residue in the via, in
greater detail. [00195] EXAMPLE 17 [00196]The efficacy of formulations CT-C fora}nhibiting copper
corrosion ({e9207lininfkiy 3P pet BErratEyaEby of atrreAd EGick Hoss Y MRad copper wafer.
The wafer ipgashdnstansanyasdmmer setimtbnapectiVe torhpositon fomp@ingifiéis at 50C,

followed bysﬁ‘c‘.’%&’?i%ﬁ% WElSHINSAGEcSRINEY APHGLAVEYTRESION {he Saraplgssuaie measured

using the 4-point probe measurement tech,nlq(ue tq determine the thickness of the substrate as a
e

function of FWW&.“%?F&'S%H@%W@%& ke Fares%h

rated and the thickness of the copper determined
as a function of resistivity to derive the etch rate of copper in each composition. The results are
illustrated ingfigsire 28xI0ApPEIEXAMPLE 18 WO 2006/081406PCT/US2006/002902 [00198]A
patterned wafer having residue thereon was immersed in beaker of agitated (250 rpm) Formulation CV
for 2 minutes at 40C. The patterned wafer included a FSG bond pad on a copper, surface. Subsequent

to the cleari0938vafdiGid HiartParey stpBHeErlasma S P AP S ST & ron microscopy
(S EM). Thenetahpateniean porsiasidatgimeinetobh o, heaviindin{@nd 9osReatrericadrdrographs of the
control wafeg before and, afte ITRSHs i Ak SRR A G5t PEORGuAiti3. mepegtvely. It can be

seen that tt‘Fearesidue was effectively removed following just J of. cleaning. ]00200] EXAMPLE
19 [00201]A'FoetielE fErPEsEA P E?Eﬂ%ﬁﬁ%ﬁéﬂ%ﬁ%ﬁ%&g ?Fr%r‘éupca&r?suéggﬁfr’nwﬂ)“ega‘%“r’eé%él‘ }'Ltaagted (250 rpm)

Formulatiort€ \ikmifRdrimeethatvdorrmeniperatith Dlvethadidustnyldess HiseShfer was

subjected Q. 30 RuRE-elaR ARy DD eaviisidasahpatyssepeesidue. Subsequent to the clean, the
wafer was rinsed with DI water, dried and submitted for SEM. [00202]Electron micrographs of the

control via wafer and a cleaved contral via wafer )
{00210]  FIGS. 32B, 33B and 34 are micrographs of the proprietary plasma-etched TEOS

wafer following immersion in formulation CQ at 40°C for 2 minutes. Comparing FIGS. 32B
and 33B to the control, FIGS. 32A and 33A, respectively, it can be seen that the post-efch

residue was completely removed from the TEOS features.

[00211]  While the invention has been has been described herein in reference to specific
aspects, features and illustrative embodiments of the invention, it will be appreciated that the
utility of the invention is not thus limited, but rather extends to and encompasses NIMErous
other variations, modifications and alternative embodiments, as will suggest themselves to
those of ordinary skill in the field of the present invention, based on the disclosure herein.
Correspondingly, the invention as hereinafter claimed is intended to be broadly construed and

interpreted, as including all such variations, modifications and alternative embodiments, within

its spirit and scope.
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before immersion are shown in Figures 28A and 28B, respectively. Electron micrographs of the via
wafer and the cleaved via wafer after immersion are shown in Figures 29A and 298, respectively. It
can clearly be seen that the residue remaining following the via etch and over-etch processes was
substantially removed from the sidewalls of the vias (see, e.g., Figure 298). [00203] EXAMPLE 20
[00204]Proprietary patterned post-etch, post-agEAIVMaNKS were immersed in Formulation CQ for 5
minutes at room temperature, 40C and 60C. Following immersion for the specified time, the wafer was
rinsed with R’lh\évtaitsecrl{?}q%éjﬁ?d using N2. Electron micrographs were taken using a Hitachi or JEOL
scanning efectrom microscope. The micrographs were analyzed for residue removal and substrate
damage. [00205]At room temperature, the aluminum etch rate was determined to be 8 A mill, the
residue removalwasdeiepricadie bataopaienddhe-caraaineftae matriwasallaw:Ait0C, the
aluminum elﬁ:h rfate was determined to.be 91Asm 4, the residueJemovaI was dFtermgned to be

fllgCgT or_su

complete ant e GoodioR I tiie metiWal Sighi ALSEE HE SRt Eich 13 Wakltidlermined to

be 43 A /th¢ictitmadsichie raptisyvhlopasrgeteravinfeditg bbecompietecainethéeeorrosibirgf théanetal was
severe. [0Q20RIEICReIAMAND AL SVICRATLARRSOf ARatierred RESIRIGH %ﬁ{pﬁ%%“lwvafer via

and bond pad edge, respectively, before immersion in Formulation C(%. FIGS. 30B and 31B are
micrograph® GPiamiRsrerd GrErEaYIBATRAN B TR FOrNGiAR M &r SRl BRefat o eer df Foom
temperaturedopbxininutest itdadeba sasnothratoinpopastselchereiouchwasgoroptetdly rémotied with low
metal corrogion. [OQ207IEIGS. 306,and G ALRDIRTOHARNS.A! RAHRINEHLRARE-Sloh, RRRI-ash Al
wafer, respectively, following immersion in formulation CQ at 40C for 5 minutes. Comparing FIGS. 30C
and 31C to #tRaEsmesl, bresgicati ahenaiazais sBdive e ttitarf e dabsliesitse fisaé*f-létéﬁgesidue was
completely semavedowithistighinatadeoeasignc{R0208i X ANIRE k10620 KESiskand 33A
show a proE)ri%tagfeplasm -etched gElg) yﬁg{er e.té:h d down. thgccgcgj(pqr subsiirateé Wh?ri(gin the

7 1minodigcetic aci i¢ acid, 1taconic acid, lac € ne, 1ysine, male
copper substrate Wasnﬁeavﬁy amagded due to an éxtended plasma Sver-etch and S|gnrl?|cant post-etch

residue renféidednalictiisit EOBofoatariss. FRs@mtebsnagstiadelsyorniaersid mhRRioR-CQ for 2
minutes at 4Q&yfeliawing, ipHigisiandorhe.apecitiegrtime, thomaleicwaR rnsed wilh Rinater and
dried using N2. Electron. micrographs were tak sing a JEOL scanning electron. microscope.
[00210]FICE U5, AR S PN A o TR BrogHBEY s S R et TS Hfer
following imvaersiotylitoformdi|derovaiG S aif 40€ fore@ominateso Comparinly AGSo82Bratddt38B8 to the
control, FIGc'g%@%@%Qﬁ%o@ﬁgﬁﬁymg/cii&ige&gi@_e seen that the post-etch residue was completely
removed from the TEQOS features. [00211]While the invention has been has been described herein in
reference to specific aspects, features and illustrative embodiments of the invention, it will be
appreciatetiak thethdtity ofathel invisttiontis naktihvas himited, ibwtlcathiefrexterdsdgpandseiaggmpasses
numerous otpqrﬁ/ ri tign%h gqifica iglgs qr&g gﬁ erna '\&a maéjpgiglgntf?d S ill suggest themselves to
those of orcfin%l?y %(Sﬁllln’t%er%édug’f% e EJCraése%t |£n\1/ean |or118;E[l)n sed on the (?isévbsure herein.
Correspondingly, the invention as hereinafter claimed is intended to be broadly construed and
interpreted,cagHChiding all SMGH YauaRNS (BQAHiFalians oM @KeRAH\E0eMROBBIEINS WHAIN its spirit
and scope. THE CLAIM Wl-g%nqﬁ(ﬁlalm dis: .W,eo/gnethod of processing .a micr eIecH%Flctdewce

alkanolamine out t0, about uaternary. ammoniunt hydroxide, an 0 .
substrate to remove uriaaeswe a el’laﬁ ere?rom ort prepare a squace 8/ said rhicroe e(lzltronlc

device subsi¥0iop shbseueriteenmrivants sgdidtrhattbehdotr priséhyof dmtaetimgsthenmicroelectronic
device substrate after chemical mechanical polishing with an effective amount of a composition
comprising (i) alkanolamine, (ii) quaternary ammonium_hydroxide and (iii) a complexing agent, wherein

the complexing aFSHehel el dc LB Y comoshiont SRt tbm the group consisting of acetic

acid, acetone oxime, alanine, 5-aminotetrazole, ammonium benzoate, arginine, asparagine, aspartic
acid, benzoic pgid, bgnzafriazale (FHALPaIng, Smeihb ARma. fimafie acisaytanigacid
glutamine, glutaric acid, gl)!;%erol, gtlycme, glycolic acid, glyoxylic acid, histidine, imidazole,
iminodiacetfacitPeephtisiecdcidotacotfic SEUPIacaBsEERE IeticirelRrsiheletanelenitrd, Malic acid,
malonic acithe@ryneicapinhenzimidiazaleytxalt, atide:BylapanianediansmopherylacaticiacidN-
phenylalanine lic gcid. proline, pyromellitic acid, quinic acid, serine, sorbitol, succinic acid,
Ferenminalic S B e b B D e SR M i Cervatves o
the foregoingaligihBaefiparitieniveprowsiovattrattharcommpexingrageataseshpinchsdadipic acid. 2.
The methodgfgidimn lorwharsin thecuaslesirathmaigishis selecieddomatnnaraqp agasksing of etch
residue, ash residue, chemical mechanical polishing residue, and BTA. 3. The method of claim 1,
whorein the B HBRTIGHES A0l 6 BB1°RS ABBUDHE I GE Al AHIHE 4B B B001 o about
40 wt.% quaternary ammonium hydroxide, and about 0.00001 to about 20 wt.% complexing agent,
based on total weight of the composition.
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4. The method of claim 1, wherein the composition includes water. 5. The method of claim 1, wherein
the composition comprises alkanolamine including at least one species selected from the group
consisting of aminoethylethanolamine, Nmethylaminoethanol, aminoethoxyethanol,
dimethylaminoethoxyethanol, diethanolamine, Nmethyldiethanolamine, monoethanolamine,
triethanolarsinenametifod ofCRialKanBlaBMnEs caRFLYHIET BiR tfIGeRASHIRENCOmPIESES quaternary
ammonium hydroxide selected from the group consisting of choline, tetrabutylammoniumhydroxide,
tetraethylammonium hydroxide, tetramethylammonium hydroxide, tetrapropylammoniumhydroxide,
and combinatiBresnthiérslof! cBintHe whettiodhefaiaipnstiowlkenainstie@opeposition hasreddgHiinm range
from 9 to 14afivd BR,pRaIbRAQkEIIF L WRBERIRINFSARROSIICA cMRIISES&9BRONeNts (i), (ii) and
(iif) in relative proportions rendering the composition non-darkening in exposure to oxygen. 8. The
method of claim 1, wherein the composition further comprises a residue material selected from the
group consistinthef pabbdC MR kesidueypositefch cesieisgiopdstthsh vesjdises andsibbrzotiazdle. 9. The
method of claimch pheiein e camRasitigndsdarpit ahaalicacid PLRREORRIE Afitkidq. The method
of claim 1, wherein the composition is further characterized by (1), (il), or (I11); (I) comprising lactic acid
and MBI; (IB€6H#8IAg monoethanolamine and triethanolamine; or (11l) comprising benzoic acid.

9. The method of claim 1, wherein the composition is devoid of gallic acid or ascorbic acid.

10. The method of claim 1, wherein the composition is further characterized by (1), (II), or (III);
(D) comprising lactic acid and MBI;
(IT) comprising monoethanolamine and triethanolamine; or

(IIT) comprising benzoic acid.

44



