Cl eani ng Sol utions and Etchants and Methods for Using Same RELATED

APPLI CATI ONS This application clains priority to U S. Provisional
Application No. 60/515,065, filed October 28, 2003. FIELD OF THE | NVENTI ON
The present invention generally relates to conpositions useful for etching

various types Kl ! hid Methodys ferosingd®amee al so
usef ul fo%@h§§0}§mg§1ﬂ?£g&%ﬁg§;ﬁgﬂ:t or substrates. BACKGROUND OF
THE | NVENTI ON Sel ective etching and cl eaning solutions for dielectric

ant i REFILATEDVWPPIGHIATIANSDARC), pre-netal contacts conprised of undoped

tetraethy] orthgsilicate (TE and: ther Ifiesion?Nd. 80/589,08506RAVctdBer
bor o- pho@ﬁc@l’ ?unﬁéfaém@I(PQQE sto(g&%%gg{&q?ﬁ ow-k dielectrics copper -
i nterconnect structures are inportant to device design and manufacturing

for 28,200Bst advanced sem conductor technol ogies. Such process chenicals
enabl e processi ng advances such as reduction of critical dinension and

| OWVeRTELPSOEITHE INVENTIONaci t ance contacts and interconnect. DARC fil ns,
and ore generally antireflective coatings (ARC s), are used to m n‘ipfm'z_e
undesira {i @Y Séner4Hly'relates @nconthositiogs psefitldbr etblhiggaprigusiyges of Yhcon
doi ng pr?l\}?aésg%%tﬁtﬁ?rl pa%nern definition. DARC filnms are al so enployed in
Advanced Patt erni, Techno <\t LREeL for d;@"nﬁfgﬁrgs{dm ffom emhivoddacidr
enhaf 6@?3&%%&‘%%@?? W{h]gg)(%’?p% a?%giggt tern smal |l er geometry structures.
However, it is generally necessary to selectively renove these filns after

phot sWbstaedr aphy or plasma etch by either a wet chemical or plasma met hod.
Bot h undoped and doped silicon oxides are used as dielectric materials in

pr e- BAGKGROUND OF silicon, polysilicon, and silicides.
After plasma etch to open the contact, a contact clean 1 cheni,stty IS
appl i ed -GelesBleathivgbyd tleaning solotionsuios dﬁlﬂﬁ“’i&rW@édé"echﬁﬁﬁ oRErial

contact surface while maintaining the contact. profile and critical
di mensiany: comprised of undoped tetracthylorthosilicate (TEOS) and thermal oxides, and doped phospho-

and boro-phospho- silicate glasses (PSG & BPSG) and low-k dielectric/copper interconnect structures
are impﬁrtant to device design and manufacturing for the most advanced semiconductor technologies.

Such process chemicals enable processing advances such as reduction of critical dimension and lower

resistivity and capacitance contacts and interconnect.

DARC films, and more generally antireflective coatings (ARC’s), are used to minimize

undesirable surface layer reflections during photolithography and in so doing provide better pattern

definition. DARC films are a]so‘ employed in Advanced Patterning Technology with amorphous
carbon films to extend and enhance existing photolithography to pattern smaller geometry structures.
How;sver; 'it is gepefally necessary to selectively remove these films after photolithography or plasma
etch by either a wet chemical or plasma method.

- Both undoped and doped silicon oxides are used as dielectric materials in pre-metal contacts

down to doped silicon, polysilicon, and silicides. Afier plasma etch to open the contact, a contact clean




Addi tionally, conpositions for renoving photoresist and etch residues
follow ng plasnma etch and ash processes are crucial for optinmumelectrical
performance, reliability, and yield in integrated circuit rmanufacturing.
Back end of line (BEQOL) cleaning chem cals need to be capabl e of cleaning
organic, organonetallic, and inorganic post etch and post ash residues

f r onyicpmigey ivdishlied tobdlestivielit removea nesidues\ahd beovitleta eleshanigeohtisctive contactrnefice
nmetal or altering silicon dioxide or lowk dielectrics and their

s gt G TG b SontBl FREAE A ARYARUReAR, non- aqueous {1 uori de

formil'at FORS are Used Tnisel ective etc Ing ann cl eaning applications.
These conpositions are generally conprised of a fluoride conponent,

addi ti veadditiondlly copipusitivns fon remoning photeresist anbdteh residues followingplasmactich and
applications, etch rates of many fluoride containing conpositions are

g€ ”eés%gﬁ%c@s@ﬁ{e AR ffb{%tﬁaﬁﬂ efé&ﬁirgsal ?Eﬂ‘&ﬁfaﬁcé, iréRibilityNar@déld i Mtedrited circuit

varyi n.f stoichioinetry of the fi 0 be etched mayfresult in a
ety efiine vk 2hg B fiop T EDLT iR ol G s 3 b ol R 1Bl Bl

etcha nt application. Wiat is needed |s_.an i nproved etchant., conposi.ti on
i SganerBPlali sad EMPrERNGPOS: SR ARG diosk STAACEYUES SIRES CoBAF dl ABRIATY HipicPBpet
on different types of substrates. Fluoride chem stries, particularly ]
HF/ Nithile it feicling dixé dmsersontect BeRyl emaltering silicos-dioxide er low-kfieleetiicy, aad) their
pre-nmetal contact cleaning. The high silicon oxide etch rates and narrow
sel egdsb¥iated m@de@dlerties, limt their use in applications where contact CD
is below 0.18 pm aspect ratio is greater than 10:1, and contact
architecture uses conplex material stacks_ as depicted in Fl A& 2B. A
f I uor i dePsesently, caqueons: anth goraaupaus sieorile fumplafipns alfee"%% 'Qcﬁ%l‘?f"ﬁf'? ,ﬁt“l%b%’e (Ane
oxi de etch rate than BCE or HF, and good residue renoval activity is_ .
needeldanigapphcstions. OThese compositions arergenerslly ounprissd afid fivpride campanenb pddigives,
addi tives have been used for BEQL cleans particularly when interconnect

f eat Hﬁd?? SYi¥ent CRPhSF theRhcSORBRE., TnOsdetide elchGipplicationg ctéls sates of Axiny fluoride
materials as depicted in FIG 3A and they are al $o useful for al um num

i nt er cqnnect . [ ' heng 1€ theXfa®yi
et | G eoeoltRaE Aoy B Reduiifi (hry Shorl piiics Winek RIARRIAL tiouyine
fro rgt%ir]c%io%ggyngf &te gtco Q gtcfn%t 1%2& Pest tcih arlr:l%%?uﬂtgllm Se%oﬁ(‘tﬁat n@ﬂﬁyf? he st ¥slands

of film remaining on the substrate surface as depicted in FIG. 1 for the DARC (SixOyNz) selective

etcha.nt api)ﬁcaﬁon. ‘What is needed is an improved etchant composition having improved etch rate,

etch selectivity, and etch uniformity ctiteria on different types of substrates.

Fhuoride chemistries, particularly HF/NH,F buffered oxide etch (BOE) and dilute HF, are also
widely used for l.are-metal contact cleaning. The high silicon oxide etch rates and narrow selectivity
properiies lmnt their use in applications where contact CD is below 0.18 pm, aspect ratio is greater
than 10:1, and contact architecture uses complex material stacks as depicted in FIG. 2A & 2B. A
fluoride solutioﬁ that has adjustable oxide etch rate selectivity, lov‘ver oxide etch rate than BOE or HF,

and godd residue removal activity is needed.



existing fluoride chemcals will also etch or chemcally nodify the silicon
oxide and lowk dielectrics. This results in undesirable critical

di nensi on enl argenent and an increase in dielectric constant. SUMVARY OF
THE | NVENTI ON |t *has been found that formul ati ons contai ni ng quaternary

ammoni um phosphonium and/qr sulfoniumfluorjide salt,.a relatively |

wat er coRommlaticnsdeomtaiEng fVagous JEQPes tf’é‘r‘l]nt&%?s ‘E‘Jogrb‘gldgﬁdéﬂ\kﬁe? E‘av%i F?%X’ﬁeg\%r
di oxi de, lowk and porous |owk dielectrics, associated cap, barrier and
et CNBEORD ke pinticalarlp when rintesdonneetcleatasss cop gemprsed of|carpsiu kv i igkeigiceand
used to construct interconnect features in integrated circuit

”?”“Ls%ﬁ&iu{eh%ateﬁws.t hensmasd ih FiRS Aean fieynde tbstussfut fof elmitvemi ptscoanest
hi gh“cléaning activity on post plasma etch and ash residues. A cleaning or

et chi | ut i . ¥l | Ml i AL i & hiatidé
Che Sesan pien R ahaap hFics Py R Ep R shimBRIE oy iyt B o O Dy "
0.1-20% b I ght of fl i d | t f er abl )
phospihien bt seil B e s sich O s Rroopnis HiTPl pack, AR Mhoany

phosphoniumsalt; (3)'0. 1-5% by wei ght of a pH adjusting, aci . Qs .
m neegisting fdoridachemivils wilhelsol ,etoﬁmrf@ﬁmtcaﬂz mﬁﬁy ﬂeﬁ‘z@)‘h@?é’ggdé‘%ﬂﬁ‘ﬂ"é@f 81&%60&?%
organi c solvent (e.g., alcohols,. amdes, ethers); and (5) 0-99.8% by

Vel Ohhisdbsitilif indekitaBle @fifitalidimensharentingermenttand af Ingreasedia decleatrie sonsfaident i n
an anmount of 1-10% water is present in an anount |ess than 5% and the

or gagi rxﬁlﬁwm @Nthan 80% of the total conposition. The pH of
t he mmiﬁm%bet ween about 2 and about 9. The conpositions
of the present inwentian e1Reel fatagnt Qubmd ﬁggﬂﬁnoh' fimY, aiodponium, and/or
seni condi’tﬁ?ﬁr %E%X%Wgﬁlﬁtng&é]%aﬁ ng %’r?loces%g]s. For' exanpl e, a]&e conposi ti ons
can be used for, patternpin semi conduct or .S b S ohitPde mOSt tiBle with
di el selfonivmfiqridersalts ﬁei}gvglﬁg?ﬁ’vrﬁamé“. aﬁlﬂ@%—iéﬁr%%giot | on%ﬁ]ggtn used to
sel ectively etch the DARC after it has been,at%gl ied to zEnBe usg?st r%&eg{als-r d
et chiiligon digpuids, lowk dnd posruslpwtlediclestricsRQCIFECPARFEICH RPHETE  "han
it etches other |ayers on ‘ . ..

metals such as copper and aluminum, which are used to construct interconnect features in integrated

circuit manufacturing. Furthermore, it has been found that such formulations have high cleaning

activity.on post plasma etch and ash residues.

A cleaning or etching solution can be formulated by combining the following components in the

amounts indicated below (by weight of the final composition): '
0 0.1-2'0;% by weight of a fluoride salt (preferably a quaternary ammonium, phosphonium or
sﬁlfonfum);
(2) 0-5% i)y weight of a quaternary ammonium or phosphonium salt;
' (3)'-(.). 1-5% by weight of a pH adjusting acid (e.g., mineral acid, carboxylic acid, sulfonic acid);
@) 0-99.8% by weight of an organic solvent (e.g., alcohols, amides, ethers); and

(5) 0-99.8% by weight of water.




the substrate (e.g., anorphous carbon, BPSG etc.). The conpositions of the
present invention has also been found to be useful in pre-deposition and
contact cleaning applications. For exanple, the conpositions can be used to
et ch doped -and undoped oxide layers with a 1:1 selectivity. Alternately,

t he conpositions can be used to selectively etch these oxide |ayers such

t hat t he Innsdpiacaboditecrits; thestiioridd salt iscpresenbint dneamaust b1 18%n W2t AtiprESent irean
as fast as the rate at which the doped oxide is renoved. The contact

mat eairfunt #6ds BRnS Y £rdndé ot gafieRbReht MiEles pahoreshah8(i% of dpetdtad cbmposition. The
polysilicon, or silicide, or it can be a netal contact such as Cu or Al Cu.

Theﬁgngm%%@g%@?ﬁ%ﬁrg%@%mn%ﬁﬁbﬁizwﬁ@e residue that is typically

for on con nes when a dielectric or stack of
di el ectri s etched to expose contact. material. | this.c .he .
cl eaning f W@Pﬁﬁ"%rﬂfvﬁ]g PR o’élE"?ﬂ&"thP%%ﬁ’c?ﬁ% {BHP‘? et%hEJSiﬁ% i?‘?ﬂe’al&?‘“
no effect on the surrounding dielectric and/or netal. BRL.EF DESCRI PTI OF
THE BeEmivandscime claaaingeand etshing droeassesh e Fpb erampley the semppsitions ean Of for
connection with the acconpanying drawings, in which: 4 FIG .1 depicts a

Cr 0S pattenting aademiendesion ubstrhteyihat intludsRe dielectric ahtireflestiveecasting fDARC).  The
application and nitride or carbide rich islands of DARC on'the surface of

t he E@@ositfoh@cat?ﬁe el tﬁfs&eé\ideﬁ?’&éh e DIBREhRPRGias beetomslied BOMe substrate. The

non-sel éctive etching contact clean application (cross sectional view).

Fl G deni ' hah : 2T .
et ohiearis Bpiibsidn, Gl R RREYE HREBART: of £ BRale kP el cBiesttherByers on
cl eanj ng.,of post etch residues fr et.ched contacts, vias, and netal |ines
on athe st (é-g(=@F[t9§%h‘§‘§8¥IB%§ 8%): FIG 4 is a graph of etch rate
versus tinme for a selected conposition on a DARC substrate and a, BPSG
subst r at &Ther¢oBipositions af the pp¢sentfineantinn hag dse been found bk wsefildn prsrdeposition sy
conposition on a DARC substrate '

contact cleaning applications. For example, the compositions can be used to etch doped and undoped

oxide layers with a 1:1 selectivity. Alternately, the compositions can be used to selectively etch these
oxide layers such that the undoped oxide is removed at a rate that is between 2 and 10 times as fast as
the rate at which the doped oxide is removed. The contact material can be a pre-metal contact material
such as doped siii;zon, polysilicon, or silicide, or it can be a metal contact such as Cu or AlCu.

These compositions can also be used to remove the residue that is typically formed on contacts,
vias, and metal lines when a dielectric or stack of dielectrics is etched to expose coatact material. In
this case, the cleaning formulation removes the post-etch residue while having little or no effect on the
surro;mdi'xllg dieiegtric and/or metal.

BRIEF DESCRIPTION OF THE DRAWINGS

References are made to the following description taken in connection with the accompanying

drawings, in which:




and a BPSG substrate. FIG 6 is a graph of etch rate versus percentage

wat er for a selected conposition on a DARC substrate and a BPSG substrate.
FIG 7 is a graph of etch rate versus tenperature for a sel ected
conposition on a DARC substrate and aBPSG substrate. FIG 8 is a graph of

etch rate versus tine for a sel ected conposition on RC substrate.
BPSG sub¥iGat depicts ores pestigng] reypew Bga iﬁ%ﬁ“@é&‘ﬁ@%ﬁf@e@gﬁﬁ@ﬁ&#@?’%ﬁ&ggﬂ
sel ected composition on a ThOx substrate and a BPSG substrate. 5 FIG 10

i S an@fdebr @kbidé ebh tskinds vEDARE an the surface af delleed conposition on a ThOx
substrate and a BPSG substrate. 6 DETAI LED DESCRI PTI ON CF THE PREFERRED

EMBODI MENTS Var i ous et chi a ani,n L1 ans A Al € y
o] UFIGHY SRBAS AT S0 I G PR | st AT SF s Hakine caHalbpLras
formul ated to obtain inproved etch rate, etch selectivity, etch uniformty

and apgladatioy (@osstsectiomaloriew). vari ety of substrates. The conpositions
preferably include a fluorine-containing conpound such as a fluoride salt

. g., | t )nt ai_ni t f. i i icati
G 1 Puor i 450 8 depicise laye Bt apdppel Bine siiont Ydein AKACERE Bching RS epplication

conpound can be a quaternary amoni umsalt, a phosphoniumsalt, or a
sul f gorosssestibnial view)e. , nore generally an "oniunt salt), or it can be a salt
that includes two or nore quaternary, oniumgroups |inked together by one

or nore carbon-containing grou i dues FhiCitated contacts! iafllidInetal lines on a
"tetraqu%ﬁg“?r&@%{;).eangqﬁgﬁqgﬁgtg%g%@aﬁlﬂgg compound preferably makes up
bet ween about 0.1% to_about 20% by wei ght of the conposition, nore

pr ef evhditaje (seaskseqtioat 7ii%)19% and about 10% by wei ght, and nore preferably .

still betveen about 2% and about 7% by wei ght. The conposition may further

I ncl ude. a3 'é?atph%? i rGte SefRs BfheTor™h BQ6cHd Bsihpbsitivay ei0x PARC aobsirate and a
| BPSG substrate. '

FIG., § is a graph of etch rate versus temperature for a selected composition on a DARC substrgte
and a BPSG sub.strate.

FiG. 6 is a graph of etch rate versus percentage water for a selected composition on a DARC
substrate and a BPSG substrate.

| FIG.. 7 is a graph of etch rate versus temperature for a selected composition on a DARC substrate
and a BPSG subs&ate.

FIG. 8 is a graph of etch rate versus time for a selected composition on a DARC substraie and 2
BPSG substrate. |

-FIG.-; is a graph of etch rate versus temperature for a selected composition o'n a ThOx substrate

and a BPSG subgfrate.




di carboxylic acid, sulfonic acid, or conbination thereof. The acid
preferably makes up between about 0.1 %to about 5% by wei ght of the
conposition, nore preferably between about 0.1 % and about 1 % by weight,
and nore - preferably still between about 0.1% and about 0.-5% by -wei ght. The
resulting pH of the solution is typically between about 2 and about 9 and
i s pref eFighl1y i8aigliph of diclsmevasisdiinenfort & seledidtbequirpdsitidnaine €nOn bahstrae amdia
about . 7, and nore preferably between about 2 and about 4. The conposition
my gpeEhehstapc! ude an organic solvent such as an al cohol, am de, ether, or
conbrnation thereof. The solvent preferably makes up between about 1% to
about 99.8% by wei ght of the conposition, nore preferably greater than
about 80% by weight, and nore preferably still greater than about 90% by '
wei ght. 7 The conposition can also include water either as the primary
solvent or in conmbination with an organic solvent. The conposition may
optionally be substantially anhydrous. It has been found that conpositions °*
having a very small water content are particularly suitable for certain

sem conductor etching and cl eani ng applications, and the conposition used
in these applications preferably has a water content of |ess than about 5%
by weight, nore preferably between about 0.5% and about 4% and nore
preferably still |ess than about 1% The conposition can optionally include
a quaternary ammoniumsalt, a sulfoniumsalt, or a phosphoniumsalt in
addition to the fluorine-containing conpound. If present, this salt
preferably makes us | ess than about 5% of the conposition by weight, nore
preferably I'ess than about 4% of th solution, and nore preferably stil

bet ween-about 1% and about 3% Exenplary fluorine-containing conpounds and
salts suitable for use in the conpositions of the present invention

i ncl ude Tet ranet hyl amoni um Fl uori de, Tetrabutyl anmoni um Fl uori de,

Met hyl tri phenyl-amoni'um Fl uori de, Phenyl tri methyl anmoni um Fl uori de,

Benzyl tri met hyl ammoni um Fl uori de, Methtyltriethanol ammoni um Fl uori de,

Tet r abut yl phosphoni um Fl uoride, Methyltriphenyl phosphoni um Fl uori de,

Tri hexyl t et radecyl phosphoni um Fl uoride; Tributyltetradecyl phosphoni um

Fl uoride, Methyltriethanol amoni um Hexaf | uor ophosphat e,




Met hyl tri et hanol ammoni um Tetr af | uor oborate, Methyl tri et hanol anmoni um

D hydrogen Fl uoride, Tetrabutyl phosphoni um Hexafl uorophosphate,

Tet rabut yl phosphoni um Tetr af | uoroborate, Tetrabutyl phosphoni.um Hydr ogen

Di fluoride, Tetrabutyl phosphoni um Di hydrogen Trifl uori de,

[ (CH3) 3NCH2CH( OH) CH2N( CH3) 3] 2+ [F-]12, Bet ai ne Hydrofl uori de

1-Butyl -3-nmet hyl i m dazolium Fluoride, Trinmethylsulfonium Fluoride,

Tri met hyl sul f oxoni um Fl uoride, trinmethyl (2, 3 - dihydroxypropyl) anmmoni um
fluorjde

C6 : u.é:_’.., s AL ) i) ST s P LT

ON O

T

[ 2 SEDE RS IEAC R A ) CHZN( CH3)JZCH2CH( OH) CH2NCH2( 8

C6H5) 14 + [F-14, and [ (CH3),3NCH2CH CH2 + [ F- Hexanet.hani .

di f | uor i d¥ariausesiehing aichelgrrting Q%P%%Wé@ﬂﬂﬁ @E@, ey SERROG D phgtehopium, or

wi Il understand (with the benefit of this_ Specification) {hat ad ition.al,

{1 uor gyfiemben thiotide goramibations Hsveckaen Hormlatad ite) obtain nprowed Sichvate etsh. sereetiyy:
enbodi nent, the fluorine-containing conpound is an al kanol quaternary

ammO N nithiaty S8 cledRinseeitbriadnel varieyrof sabstmtes! group” is an akyl chain
contal ning one “or nore Aydroxy groups. Each al kanol group rmay be a

hydroxyl et hyl , hydroxyl butyl, hydroxypropyl, .k 2,3 dihydroxypropyl etc. he
al kanol qfh¢ esmpositicaspraféerably finaste aBucring-copiaining, comp dsg%ﬁfgs %@&W&f‘g?%hg%gw
along with 3, 2, or 1 alkanol groups, respectively. The al kanol group nm
cont aj Rak henhwen ¥ty Syiessf fueride( hydrogert Huordepdifiuoride; efc.) figndin ackiYe agoitar

position. In addition, alkanol or alkyl groups may bridge between adjacent

quat eﬁﬂ&ﬁﬂe-é‘&ﬂ&ﬂ?ng %ﬁ@a%&ﬁ@uﬂd ¥ BH DeRitGnart ahtmien sslt] anphdsphpnits saltf of 5
al so envi st onead at al koxy “groups could be acceptable in place of the
hy.dr ox roups.,tq give anal ‘ QXY i g 2 S8l Bhvded TG MoRE
phospﬁﬁfﬂ%ﬁpfsﬁﬁoﬁiedégqmlﬁ?ﬁﬁgﬁgg@ ‘%ﬂg ersnag&taﬂrtntcrﬁ\?ur% sul foni um and
phosphoni um sal ts t hat y ,optionally be included in.t. O8] I 1 @RS
Did t sememarst R STV GG TORRLIT Ty s sereicrpthitid SRR e Ay
Acet at e, -Tetrabut yl anmoni um Chl ori de, Benzyltrinmefhyla ni ym

Met hattsisquatssy dtetraqueis’hety).t The flomes-eontaining @B@ﬁ%‘éﬁfé#ﬂfgpﬁ P%#&F p ebEssHAhoTh
Salicylate, Trihexyltetradecyl phosphoni um Chl ori de,

Tri bupybs & sinse oudathpapipano i bmpositen, mdre preforblydictwensl sherbAPunad about 10%
Di hydrogen Phosphate, Methyltriethanol anmonium Nitrate,

by weight, and more preferably still between about 2% and about 7% by weight.

The compo.sition may further include a pH adjusting acid such as a mineral acid, carboxylic acid,
dicarboxylié acid, sulfonic acid, or combination thereof. The acid preferably makes up between about
0.1% to about 5% by weight of the composition, more preferably between about 0.1% and about 1% by
weight, and mor.e preferably still between about 0.1% and about 0..5% by weight. The resulting pH of
the solution is typically between about 2 and about 9 and is preferably acidic. In some embodiments,

the pH is between about 2 and about 7, and more preferably between about 2 and about 4.
"The ‘composition may further include an organic solvent such as an alcohol, amide, ether, or

combination thereof. The solvent preferably makes up between about 1% to about 99.8% by weight of

the composition, more preferably greater than about 80% by weight, and more preferably still greater

than about 90% by weight.



Met hyl tri et hanol ammoni um Sul fate, Tetrabutyl phosphoni um Pht hal at e,

Tet rabut yl phosphoni um Acetate, Tetrabutyl phosphoni um Oxal at e,

Tet r abut yl phosphoni um Mal onate, [ ( CH3) 3NCH2CH( OH) CH2N( CH3) 3] 2+ Di acet at e,
Bet ai ne, and 1-Butyl-3-methylim dazolium Acetate: 9 Exenpl-ary.pH adjusting
acids that may be included in the conpositions include Hydrofluoric acid,
Hydr ochl drteccofigioditiohii daniagsoAacldde Satek wither écthd priffags phieni or mmbmgtdmamthrmc
Acid, Perchloric: AC| d, Methanesul fonic Acid, Acetic Acid, BenzoicAcid,

Qct ang 1 Sy Siidrlldtechubstilapi e bsh, FhEObEROMUAA that
Aci d, %@MA?II u%IIto osph |SI:IIOAHC| (IIs%I\eny phoélp?\onl C Am%I‘I;r and Phytic Acid. e

Ex I I t t hat I

b T P ok SAPE AT BATRRSAM ol o
h h h I h I

T Aot tey%@ﬁss;ﬁ@u B ¥ ek R g

di gl ynes and nonogl yrres) D| propyl enegl ycol nono neth et her, '
but oxveérvantent of leSyihan lahm;tls% by weight, diionsprefezshly between out 0.5% and about 4%, and
1- Hydr oxyet hyl - 2-pyrrol i di none. The organic solvent is preferably partially

vat efmorg pheftaBly stilElessiROsbdut 0%. preferably is substantially free of netal
I ons, 1 ncluding sodiumions, potassium ions, and free netal | ons to

prevent wafer contam nation. The sol ution conponents, (egg @f[‘ , or ani c
sol vent ) Theecqmpsisiicaabpan pptiorallgdnclodn g pescapamempenig: § iy era
The organic solvents may also be purified via distillation or |on

exchahggphorivgh salirihtaddititndto therfldaeinewonteising comprend:i 3 present, Ahisesalt preferably
purification, the conposition preferably has a free nmetal ion content of

| ess trﬁ;g%g' P@'?&Jétthépéboﬁas%sof e boﬁpbdm&m bé NfRht, MBferefeRbBf 188 thar sisct ¥Whaof th

abou PB, nore preferably less than about 10 PPB, at nore preferably.

ot PR, AR o IV EaEuRAICk Bl o1 02 Lot Tor @ ver el

t hose depicted in'FIG Ito FIG 3 and futher discussed below Application 1
(FIG 1) miepigis fdveineeRmating borilp@indetandcsalts kuitable for use/in ihe abnpgsifidnRaY the

? XO);):IeZs)ent invention include Tetramethylammonium Fluoride, Tet_rabutylammonium Fluoride,
Metl;ylhiphénylammonium Fluoﬁde, Phenyltl'imeﬂlylammonium quoride, Benzyltrimethylammonium
Flyoride, Methtyltriethanolannnonium Fluoride, Tétral:;‘l-.-ltylphosphonium Fluoride,
L/Ieﬂlyluiphenylphosphonium Fluoride, Trihexyltetradecylphosphonium Fluoride;
Tributyltetradecy.lphosphonium Fluoride,  Methyliriethanolammonium  Hexafluorophosphate,
Meth_yltﬁqI:lianolammonium Tetrafluoroborate, Methyltriethanolammonium Dihydrogen Fluoride,
Tetrabutylphosphonium Hexaﬂuorophosphate, Tetrabutylphosphonium Tetrafluoroborate,
“Tgtrabutylphosp-honium- Hydrogen Difluoride, Tetrabutylphosbhonium Dihydrogen Trifluoride,
(CH3)3NCHZCH(OH)CH2N(CH3)3]2+ [F-]2, Betaine Hydrofluoride, 1-Butyl-3-methylimidazolivm
Fluonde Tnmethylsulfommn Fluoride, Trimethylsulfoxonium Fluoride, trimethyl (2, 3 -
dlhydroxypropyl) ammonium A fluoride,

* [(C6H5)CH2N(CH3)2CH2CH(OH)CH2N(CH3)2CH2CH(OH)CH2N(CH3)2CH2CH(OH)CH2NCH2(
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wi thout significantly etching exposed boron and phosphorus doped (BPSG
oxide. The fornulation wused in this application preferably achieves a DARC
etch rate of about 20-200 A/min (an etch rate of 10 greater than 300 A/mn
may cause short dip tines), with a 100 A maxi mum | oss on BPSG oxide with a

sel ect.j Vi of out .5; ' i ef. ' j - . 5 2
dopi cCELIS B Halocnd: BAHIMINR BoHA AR R, 16, AR ERbHOR Gkt “Phese
doped( BPSG) : undoped tetraethylorthosjlicate (TE r like gxide, T .
f or nutempamds gire mrarely exspIniesaenG ﬁbﬁ’lé‘h@ﬁi;ém a"&‘ﬁ'sé‘?pg?ta&dlgw eree@?’iesfto; this
doped: undoped silicon oxide and an etch rate of about 5-30.A/mn.

App! i Spédifeution) fheGdditRinatifmiridescontainiog ceppainds ean bafsed briha oresentdaymAgD.

sel ective etch of undoped/ doped silicon oxide. The formulation for this
application preferably achieves an . undoped: doped sel ecti vyi I

gr eat er tkhﬁnamhoaﬁ@taﬂ}f ﬁﬁo‘ﬁﬁmn’@g c‘i‘?mrpé’f‘ggd? agb%%@og_%te%aﬁﬁﬂoﬁﬁm
Application 4 (FIG 3A & 3B) depicts a cleaning of post etch reﬁ)ié‘gues from
et cheflucride. aAs asedvieasin, amfalkangt gioup isean akyhehainpeRIIBINE G 0 FLOFHEIrOXY groups.
application preferably achieves a low etch rate on dielectric and contact

met al gadlflatkthad) @Jélﬁm'trﬁﬁ IbecohyibENethil, hiyddokyibuliyk | lydtoxiyproayl 255 dibydraxyeiopyl etc.
cap, an etcC

barrier, stop materials. The high selectivity to undoped
oxi d r %{.d}g’}&&&&ﬂmt Ras ehitsink 162 daredikiDerenposlon withc3) 2, or 1
for wﬁ%%ﬁé&cﬁék e used to c@gﬁﬁ% asma etched struc u%lgsﬂgf varyi ng
architectyre as depict i E . Mw‘l’éfﬁ ' GRE 0
be us®fap rgﬁ?@amsﬁﬁc%ggﬁr i'@}fﬁﬂéﬁéﬂ éﬁé&ﬁ% [}g‘?’%"%}%ét%‘ eelé[)tﬁo }?em ugﬂtgz%val rllli
nmet al exposed structures such as Nj.as st oppi hg..on copper ar. Al L
met al beth, ganmacetey 6HHOR POFiHen. IaﬁdémnFPﬁﬁaﬂ oF S e I &B“@S%‘S’E‘%ﬂ. @1’1&‘“
used in Exanple 17 was fornulated by the follow ng steps: 11 (1) 7 33@% of
HE ( AuatBneriatmoriBnOcations tt 2ige dieaisyiqwats and owitiquatsdids slre Aratipned; that alkoxy
89.79 ¢g .
groups could be ‘acceptable in place of the hydroxy groups to give analogous alkoxy substituted

quaternary ammonium or phosphonium fluorides.

. Exemplary quaternary ammonium, sulfonium, and phosphonium salts that may optionally be
inciuded -in the ;:ompositions in addition to the fluorine-containing compound include
Tetra.meth-ylammonium Acetate, Tetrabutylammonium Chloride, Benzyltrimethylammonium
Methanesulfonate, Methtyltriethanolammonium Benzoate, Tetrabutylphosphonium  Salicylate,
Tﬁhexyltetradecylphosphonium Chloride, Tributyltetradecylphosphonium Fluoride,
Methyltliethanolémmonium Dihydrogen Pliosphate, Methyltriethanolammonium ~ Nitrate,
Methyltriethanolammonium  Sulfate, Tetrabutylphosphonium Phthalate, Tetrabutylphosphonium
Acetr;tte; | Tetrabutylphosphonium Oxalate, Tetrabutylphosphonium Malonate,
[(CH3)3NCH2CH(OH)CH2N(CH3)3]2+ Diacetate, Betaine, and 1-Butyl-3-methylimidazolium

Acetate;




of Tetrabutyl phosphoni um Hydr oxi de (Sachem 39.97 % Lot A30761012503). Heat
was generated during this neutralization step. (2) The resulting solution
was diluted with diethyl eneglycol nonobutyl ether (ACRCS;, 99 + % < 0.1 %
H20) to a final nmass of 326.8 g. The resulting solution was approxi mately
18.3 % water, 10.97 %tetrabutyl phosphopium. fluoride, 0.305 % HE, an L
70. 42 % dEsemplashel) afiustingoads diay mayt pomeluded indke pempesitions iefvde E@ﬂmﬂym
placed in a teflon coated round bottom flask and rotovaped at 85 C @40
Tor r doid, Hpdtoehlpticntdid, Nilvée AeitleBulfmivt Acid, Bhesphenic Aoid3 Hydshromicapcidi Rercdddoric
m nutes). (4) This solution, having a mass of 277.82 g, was diluted 3.6

fold Atid, Métharkdui®nidvAlcld, Atefid Aride BefldicAdid NOGaRuIt WeidMdlic Acidubaliostici Acid,

the formulation used in Exanple 1. The other formulations in Table 1 bel ow

conpd LR i S Pl Bl A HopsioBhoibig Acit PRl RobARRLr ALl tad Bhytic
.phosR%ggirérus (BPSG) doped oxide; (2) 1050 A dielectric antireflective coating

( DA rOxNy); . (3) 2300 P, Plasna enhanced chem cal vapor deposition
(PECVD TECS) oxide; (4) 5000 A 5.0 % Phosphorus doped oxide (PSG; and (5)

5000 A Thpg 1@&#&,@{&%&%%@1&%@@ BRemposfEond Hefudd! WatedAleftSydrbfiarfuryl

cleaved into 'square pieces. The pieces were subnerged into plastic

D o Bl et o o RS Rl g oo™ e
21 T ormehoB ey D bE; BoHBRIE ARy lones sl e BHik For, ST HGE TRRNE- RS 7S
The filnms were al so exam ned by optical mcroscopy to assess uniformty of

et ch.anfihemossglfinss){ oDipgopyleneglyeol smonectmethyl, ether, f 2fwtoxyeibanol, uhiGyslohexyl-

(DARC)- are presented in Table 1. The results in Table 1 represent sone of
the Fif)ﬁcﬂ{di@&lei erd iR drenRtHyR2 9Frrolidinomy eThSBfanicapmentisi praferdbdy partiaily water

dat e. is to be understood that formulations in Table 1 are nerely
exanbfish18f
-The ;:Iomposition preferably is substantially free of metal ions, including sodium ions, potassium
ions, and free metal ions to prevent wafer contamination. The solution components (e.g., salts, organic
solvent) are preferably purified using ion exchange to remove me'tal ions. The organic solvents may
also be. purified via distillation or ion exchange. High purity acids can be purchased commercially.-
After purification, the composition preferably has a free metal fon content of less than about 200 parts
per billion (PPB), more preferably less than about 20 PPB, more preferably less than about 10 PPB, a1

more preferaﬁly_ still less than about 5 PPB.

These compositions can be used for a variety of selective and non-selective etching and cleaning

applications inchiding those depicted in FIG. 1 to FIG. 3 and further discussed below.

. Appl.i.cation 1 (FIG. 1) depicts the removal of dielectric antireflective coating (DARC; SiXOyNz) .

without significantly etching exposed boron and phosphorus ‘doped (BPSG) oxide. The formulation

used in this application preferably achieves a DARC eich rate of about 20-200 A/min (an etch rate of
10




the present invention, which is not to be limted to the specific
conponents or percentages in this description. One of ordinary skill wll
appreciate, with the benefit of this specification, that many ot her

formul ations could be nade that fall within the scope of the invention

1T sERaer danRo e Res cr gt A s Wal 2 K@l ib i BESC 8Rigq wita

invention are to be ascertained fromthe appended cl ai ns rather than from
t he sgdetivity of Bbeid St lARCBERGD AT BAKE set forth in this description. The
etching and selectivity characteristics of the fornmulation of Exanple 16

s 3252@5‘%@3&5&?(&1@{ ?%‘3%?6%5”3?{‘%?‘:%@@%%@‘%% herd al‘*ﬁﬁﬁﬂgﬁ“"’m et v oy
| St ' e w17 :
or ot cdepadaapamaoped arpstpbotostive (IS By kel Ry BV fSigndat Hp i

respectively. Table 1: Al Processes at 30 C unl ess ot herw se i.ndi ca{led £
Pr ocespplitatien reforablytazhiduts, a $d) selectivitys of dopsdawsioped-pifigon qxide and) qfyich Tate o
DARC. BPSG Thox: BPSG Fornul ati on Chem stry Fornul ation- (wei ght

per cepaA®sIo A/RWRC 30 min 7.9 8.8 4.5 % [CH3N(CHzCH2OH)3J [FJ TEAS 30
mn 43 4.8 <0.1%1C toadj ust pH=S BPSG 30 min 0.9 95.4% HO - fCl 2 TECS

30 MM 29.1 4.5% [cl |, N(CHzCH2oH) 3]"[F J . BPSG,30 nin §.6.4.4 £0.5 %

Acet 1 ¢ Acigpliosiai (04 28) Dt @ RicHiopesiion aud FARRSoAPBIN FITYe Hoboof

30 M 6.2 .3.6 <0.5 %Acetic Acid . o )
undoped/doped silicon oxide. The formulation for this application preferably achieves an

undoped:d_;)-ped selectivity equal to or greater than about 2:1 and an undoped etch rate of about 5-30
Application 4 (FIG. 3A & 3B) depicts a cleaning of post etch residues from etched contacts, vias,

and m'eil:al lines. The formulation for this application preferably achieves a low etch rate on dieleciric

and contact metal and high chemical compatibility with dielectric and associated barrier, cap, and etch
stop materials.

. The high seiectivit’y to undoped oxide etch formulations and the non-selective doped to undoped
etch formulations can be used to clean plasma etched structures of varying architecture as depicted in

FIG. 2A and FIG. 2B. The formulations can also be used for cleaning applications including post etch

residue rerioval on metal exposed structures such as vias stopping on copper or AlCu and AlCu metal
lines as shown in FIG. 3A and FIG. 3B.

EXAMPLES

The composition used in Example 17 was formulated by the following steps:

11



95 % H2O H=3.6 13 4 DARC 10.9 5.5 42% -1 [(CH3)3N(CH2Call3]' [TBGCS 6.6
3.3 <0.1 % to adjustpH=5 BPSG 2.0 95.71 H2O 5 TECS 30 nin ]54 ES _ 3.55%
1-Butyl -3-methyl i m dazoliium fluoride BPSG 30 min 13.8 3.96 2.6 %
1-Butyt-3- nethylimdazoliium nethansulfonate < | %ethanesul fonic Acid

92.8 % H20O H=3.9 6 TBOS 30 mn 72.2 - 1% CH

( CH3) 332(1) F1.33 BPSEEinProdpgs 684, %Gbetﬁrﬂmgg’i%:wxw ) ‘g’ e@%i@%@%@
30 min 34.6..1 [ CH3N(CH CH2COH) 33+[ F7 PSG 30 min 32075 % H3PO4 98.1 % H20
pH- - 8¢ Betrabutylphosphonium Hydroxide (Sachem 39.97 %; Lot A30761012503). Heat was generated

during this neutralization step.

(2) The resulting solution was diluted with diethyleneglycol monobutyl ether (ACROS; 99 + %,
<0.1 % H20) to a final mass of 326.8 g. The resulting solution was approximately 18.3 % water, 10.97

% tetrabutyl phosphonium fluoride, 0.305 % HF, and 70.42 % diethyleneglycol monobutyl ether.

(3) The resulting solution was placed in a teflon coated round bottom flask and rotovaped at 85

°C @ 40 Torr (or better) until the water content dropped to 3.1 % (fotal time 33 minutes).

(4) This solution, having a mass of 277.82 g, was diluted 3.6 fold (to 1000.14 g) with
diethyleneglycol monobutyl ether, resulting in the formulation used in Example 1. The other

formulaﬁOJ-J's in Table 1 below were made in a similar manner.
The following films were tested using the compositions hsted in Table 1 below:
(1) 6000 A 3.0% x 6.0% boron and phosphorus (BPSG) doped oxide;
(2) 1050 A dielectric antireflective coating (DARC; SiOxNy);
.(3) 2;.’»-00 A Plasma enhanceé chemical vapor deposition (PECVD TEOS) oxide;
(4) 5000 A 5.0 % Phosphorus doped oxide (PSG); and
(5) 5000 A Thermal oxide (THox);

" The DARC, BPSG, PSG, TEOS etc. wafers were cleaved into 17 x 17 square pieces. The pieces
were_subﬁérged. into plastic beakers containing the etchant solutions at 25-70 °C. The wafer pieces
were p_roce_ssed for 10-30 min after which they were rinsed with isopropyl alcohol then DI water and

blown dry w1th nitrogen. The film thicknesses before and after processing were determined by

12




.8 TEOS 30 min 31.3 - 3.7 4-570/a BPSG 30 min 8.5 . [ CH3N( CH2CH20H) 3V1F7
<02 % Met hane Sul fonic 9523 %R0 pH=4.0 9 TEOS 30 nin 45.7 - 2.7 4.57 [ 4-
[ CH3N( CHzCHzOH) 3T[F] BPSG 30 min 172 <0.5 9%Benzoi o Acid 94.93 % HzO
1.1=4.0 TEOS 30 min 9 - 75 6.95 % 10 [ P(CH2CH2CH2CH3) 43 [F3 BPSG 30 nin

G CRlsPERYs é%a%%@ﬁﬁf’fi@t 71 Zat s sl eed o B o g apope

12 DARCSO mn 19.3 32 23 9N(CH3)4]'[F] THOS 30 min 72 12 95.1

o et rignjfirmdtsiof migh. aI cohol BPSG 30 nmin 0.6 2.5%20 <0.1 %iCl pH=4.0 (on
5:1 dilution with

The results for etch rate, selectivity and film removal uniformity (DARC) are presented in Table
1. The results in Table 1 represent some of the' preferred formulations based upon over 800
formulations tested to 'date. It is to be undetstood that formulations in Table 1 are merely examples of
the present invention, which is not to be limited to the specific components or percentages in. this
description. One of ordinary skill will appreciate, with the benefit of this specification, that many other
formulations could be made that fall within the scope of the invention described herein that contain
only insubstantial variations to the illustrative embodiments found in Table 1. The metes and bounds
of the invention are to be ascertained from the appended claims rather than from the specific mustraﬁve

embodiments set forth in this description.

The etching and selectivity characteristics of the formulation of Example 16 were studied versus
process temperature, process time and water content. This data is presented in FIGs. 4, 5, and 6. The
etch rate and selectivity characteristics of the formulations of Example 17 and Example 22 versus

process temperaﬁsxe and process time are provided in FIGS. 7-8 and 9-10, respectively.

Table 1: All Processes at 30 °C unless othexrwise indicated

Process Time Etch Rate Sel,, Sel,, TEQS or
Example Film (min) (Almiu) DARC:BPSG Thox:BPSG Formulation Chemistry
Formulation- - (welght percentages)
1 . DARC 30 min 79 88 . 4.5 %-
[CHAN(CH.CHOH)] [F]
TEOS 30 min 43 . 48 <(,1 % HC!l to adjust pH=>
BPSG 30 min , 0.9 95.4 % H0
2 TEOS 30 min 291 - ' 4.5 %-
[CHN(CHCH-OH),[' [F]
BPSG 30 min 6.6 44 < 0.5 % Acetic Acid
95% H0
pH=4
3 TEOS 30 min 224 - 4.5 %-
) ' ' [CH;N(CH,CH,0H):T' [F]
BPSG | 30 min 6.2 .36 <{).5 % Acetic Acid
95 % H,0
H=3.6

13



H20 13 DARC 30 min 34 8.3 2. 3% N(C113)4l "[F1 TEGCS 30 min 202 4.9 95
%let t ahydr of ur f nyl

5:1

<0.2 % HCl
2304 N( 1
2. 79420 '<0. 2
2394 NCCER)Y An

CH3) 4ET I%T&

K
T

o THGE

—1BPSGE

al cohol

on5; 1 dil
Bos ‘é’% m
bH=36&6 (0
S 280 b 0

20
5

BPSG 30 min 4.1 2.7
dilution with H20 14 14 DARC 30 Win 3.2 5.3 6.5 % [ N(CH2CH, CH2C% 4] *
[F]-TBOS.30 min 7.3 12 91.6 % Di net hyl acet zm de
ution
n 15 5
n 5:1 d

RS W=V S

Wi th, . H20
b4, 8> Be
| uti on W

%1aO

nzyl Al coH
th 3H0 1]

maasaaaicro o

<02 %HCl pH=3.1

LN 33.9 11
Q Hs)sB@SGHW]m n

(on

BPSG 30 min 0.6 1.79%4120
15 DARC 3Q

3.1

& OmREC gsiplT 171 9 15
A ' SG

~SHi®

BPSG

30 min

30 min

54.6

13.8

3.9

3.55 %~
1-Butyl-3-methylimidazoliium
fiuoride

2.6 % 1-Butyi-3-
methylimidazoliwm
methansulfonate

< 1 % Methanesulfonic Acid
92.8 % H0

pii=3.9

TEOS

BESG

30 min

30 min

722

700

1.03

021%
[(CH:)sNCH.CH(CH)CH;N-
(CH):1" [F]

0.16 %-HF

99.63 % H:0

pH=2.54

TEOS
BPSG
PSG

30 min
30 min
30 min

34.5
34.6

1.15%
[CHN(CH:CH,0H) 5] [F]
0.75 % H;PO,

98.1 % H0

pH=2.3

TEOS
BPSG

30 min
30 min

313
85

317

4.57%

. [CHsN(CHCHOH) ;] [F]
< 0.2 % Methane Sulfonic
9523 % H:;0

pH=4.0

TEOS
BPSG

30 min

30 min

457
172

27

4.57 %-
[CH:N(CE:CH,0H) 1] [F]
<0.5 % Benzoic Acid
94,93 % H;0

_pH=4.0

10

TEOS
BPSG

30 min

30 min

12

7.5

6.95 %-
[P(CH.CH,CH.CH;).I' [F]
92.95 % H:0

<(0.1% HC1

pH=3.9

11

TEOS

BPSG

30 min

30 min

14.1
1.1

12:8

12.6 %-
CH3(CHy)1sP{((CH2)sCHa)a]" [F]
873%H0

<0,1% HCl

pH=4.0

12

DARC

30 min

19.3

32

TEOS
BPSG

30 min

30 min

0.6

12

2.3 % [N(CH) I'[F]

95.1 % Tetrahydrofurfaryl
alcohol

2.5 % H0

<0.1 % HCI

pH=4.0 (on 5:1 dilution with
H;0)

13

DARC
TEOS

BPSG

30 min
30 min

30 min

202
41

83

4.9

2.3 % [N(CHs)J[ [F]

95 % Tetrahydrofurfuryl
alcohol

2.7 % 10

<0.2 % HCL .
pH=3.1 (on 5:1 ditwtion with
H,0)
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<02

%-HCl

[ P(CH2CH2CH2CH3) 4r [ F3
95.7 %li et hyl enegl ycol

Proc
met h

15 nin 242 7.3
ent .
Co50 m n

nono
m n
P( CH

met hyl

4.3 20 DAH
2CH2CH, C11

20,

pH=3.6 (on 5:1 dilution with

H20 DARC 10 min 22 10.5 3.34% 17

(50 C Process) <0.9 %4120 BPSG IO min 2.1 0.09 %1F

nonobut yl

nDoec 1.0

4

U q

D.
2 Y4
St

3) 414

F]

P oo LU 111

L hzZo| c Aciid ', .
me3. 6 (g‘?’te
779 16.2° 6.

LILIE

.3 9
BPSG 15 |
h 50: 1 dil
H5% (40 C

nn 3.3 91
uti dA dei
Process)

_ ether pR=33 (after 501 dilution
dei oni zed water 18 DARC 10 min 29 15.3 P(CH2CH2CH2CHa) 414 FI

(50 C

9—0. 16%1~ 83 % di propyl enegl ycol nono
- \ H )
.85 % di et hyhegl

oyt 2 Bt iy

< (0.2 % HCl
pH=3.04 (on 5:1 dilution with
H0)

P

TECS.
/col
5G 15

15

DARC
TEOS
BPSG

30 min
30 min
30 min

330
15
31

n

2.3 % [N(CHs) 4] [F]

94.8 % Benzyl Alcohol
2.7%H0

<{.2 % HCI

PH=3.5 {on 5:1 dilution with
H:0)

i6

DARC
TEOS

BPSG

20 min
20 min

20 min

17.8
4.3

121 -

15

3.6

2.3 % N(CH;) T TF]

95 % 2-(2-methoxyethoxy)-
ethanol

2.5%H,C

<0,2 % HC1

pH=3.6 (on 5:1 dilution with
H:0)

17
(50 °C Process)

DARC

BPSG

10 min

10 min

22

21

10.5

3.34 %-
[P(CH,CHCH,CH;) ] {F]
<0.9 % H0

0.09 % HF

95.7 % diethylene glycol
monobutyl ether

pH=3.3 (after 50:1 dilution
deionized water)

18

(50 °C Process)

DARC

BPSG-

H min

10 min

9

1.9

15.3

6.95 %-
P{CH,.CHCH,CH;) 4] [F]

10 % H,0

0.16 % HF

83 9% dipropyleneglycol mono
methyl ether

19
(50 °C Process)

1.:110)(

15 min

6.8

TEOS
BPSG

PSG

15 min
15 min

15 min

242
33

4.3

73

6.95 %-

P(CH,CH;CH,CH,) ' [F]

2 % Benzoic Acid

91.05 % diethyleneglycol mono
methyl ether

pH=13.6 (afier 50:1 dilution
defonized water)

20
(40 °C Process)

DARC
BPSG

30 min

. 30min

17.9

L1

162

6.95 %-

P(CHCH,CH.CHs) 4] [F ]
<02 %HC]

82.3 % diethyleneglycol mono
nethyl ether

10.5 % H:0

pH = 3.5 (after 50:1 dilution
deion_ized water)

21

(50 °C Process) _

DARC
BPSG

30 min

30 min

172

0.5

344

417 %-

P(CH,CH,CHCH:) of [F]
<0.1 % HF

293.7 % Tetrahydrofurfaryl
aleohol

<2%H0

pH = 3.5 (after 50:1 dilution
deionized water)
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BPSG 30 Mn 1.1 -

<02%Cl

%P® pH = 3.5 (after 50:1 dilution

34.4 4.17 % (50 C Process) P(CH, CH, CH, CH3) 414[ F]

823 % di ettyl emegl ycol

nono

met hyl et her

10.5

dei oni zed water) 21 DARC 30 mn 17.2

293.7. %et mhydrofutfnyl al cohol <2%20 pH =
de| onized water) 15.22 Thx .30 nin 6.9 - 2.4
1.cHeCRIRN 41! l I:] BDRSC-L20 m = -

3 % I?&l:%%&gs) dcittf*oh %:fP‘@’thI enegl ygol
(af 11" di bessi O sdekonifzedswatier) 16

BPSG 30 min 0.5 -
3.5 (after 50:1 dilution

.46 1.38 % (50 C Process)
frononet hy%' et har rP(CHZﬁﬁg%RQ] FPH -

0.56 % P(CHCHCH,CH:).(]"
[Benzoate?]

3 % Benzoic acid

95 % dicthyleneplycol
monomethyl ether

<02 %H0

pH = 3.5 (after 50:1 dilution
deionized water)

<0. 1%F

oat el
3.5
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What is clainmed is: 1. A conposition useful for cleaning or etching a
substrate, conprising: tetrabutyl phosphoniumfluoride; an acid; an

organi ¢ solvent or water or a mxture thereof in an amount fromO to about
99. 8% of the composition by weight; and a pH of between about 2 and about
9. 2. The conposition of claim1, wherein the salt nakes up between about 1
% and akgmdt id @dikeguel ght of the conposition. 3. The conposition of claim
1, wherein the organic solvent is an alcohol. 4. The conposition of claim
1, wherein the organic solvent is a glyme. 5. The conposition of claima1,

wherein th . | ess_ than apout 5% . 0 he conposition by

wei ght . g:%@%ﬁ@iﬁg?@ﬁh&f&%ﬁrﬁ?%oi?M@isr‘fb?{ﬁ@ttepﬁom” E¥een about 2
and about 4. tetrabli@ siospBshiun®fusfidel aim 1, further conprising a second
salt conprising one or nore of a quaternary amonium salt, a sulfonium

salt, and a pBBSBni um salt. 8. The conposition of claim1l, wherein the

compost 11 on of A ot oAl L bRk In B AR BPB ot I n |

conposition o m erein the conpositio ing a
DARO | ayeaboat 9% 8Fabkthgr eatpositibvaby ieighifchrd a doped oxide |layer. 17 10. The

conposi tion of %gk%&v wher ei n thgé(’;:’o osition is capable of etching an

undoped oxi de?| eer abt 83¢ 8Pobhan it etches a doped oxide |ayer.

11. The conposition of claiml1l, wherein the conposition is capable of non-
sel ectively etching a doped oxide | ayer and an undoped oxi de | ayer.
2. The composition of claim 1, wherein the salt makes up between about 1% and

about 10% by weight of the composition.
3. The composition of claim 1, wherein the organic solvent is an alcohol.
4. The composition of claim 1, wherein the organic solvent is a glyme.

5. The composition of claim 1, wherein the water makes up less than about 5%

of the composition by weight.

6. The composition of claim 1, wherein the pH is between about 2 and about 4.
7. The composition of claim 1, further comprising a second salt comprising one
or more of a quaternary ammonium salt, a sulfonium salt, and a phosphonium

salt.

8. The composition of claim 1, wherein the composition has a free metal ion

content of less than about 10 PPB.

9. The composition of claim 1, wherein the composition is capable of etching a

DARO layer at a rate greater than it etches a doped oxide layer.
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12. The conposition of claim1l1l, wherein the solvent is a glyne, the water
Is present in an anmount |ess than about 3% and the pH is between about
2.5 and about 4. 13. The conposition of claim1l, wherein the conposition
further conprises tetrabutyl phosphoni um benzoate. 14. A conposition for
cl eaning or etching a sem conductor substrate, conprising: a salt
containing fluoride and a quaternary amoni um cation conprising at |east
one al koxy group or two or nore quaternary ammoni um groups |inked together
by one orlOndihe comprsitioroat elaim rig wineoeip she sompoisitionads sapaklet ofedaring sinng
water in an amunt, from0. to_about 99 8% of the weight. pf the fornulation
or an or GAPRER §irs BV 2t PaffTeter dash 6 Sefieior #8ER SXRIANER ghe. of { he
formul ation or a m xture thereof; and a pH of between about 2 and about 9.
15. A conposition for cleaning or etching a substrate, obtained by

conbi ni nd 1. Thgresmpaegion ehplainilnwhescipdhe compositionrig capablei efenaind a

Corvent =8stEhMennd A5k oA N i aTL IR eg BRETRll o 70" ¢

tetrahydrofurfuryl alcohol, benzyl al cohol, hexanol,

2- (2- et h%x;i_ t hoxy) - et hanol , di met hyl acet am de,  bi s- (2- net hoxyet hyl ) ether,
di et hyl erlgi ﬁecﬂomﬁ%ﬂ%mla@m Hewhegpip toe sokept s obmeyithe watemiso net hyl
ether, 1 =t - 2= i di

1- hydr ox%éﬁ%qgééﬁrﬁg@ﬂdﬁﬁ%%@%g%%t %r}d)gfser@he‘ggrewn%@ag%ﬁnvzégta;nd\Aher ein
t he compabiout én has a pH of between about 2 and about 9.

13. The composition of claim 1, wherein the composition further comprises

tetrabutyl phosphonium benzoate.

14. A composition for cleaning or-etching a semiconductor substrate, comprising:

a salt containing fluoride and a quaternary ammonium cation comprising
at least one alkoxy group or two or more quaternary ammonium groups linked
together by one or more carbon-containing groups; an acid;

a solvent comprising water in an amount from 0 to about 99.8% of the
weight of the formulation or an organic solvent in an amount from 0 to 99.8% of
the weight of the formulation or a mixture thereof; and

a pH of between about 2 and about 9.

15. A composition for cleaning or etching a substrate, obtained by combining
ingredients comprising:

a salt containing fluoride and a phosphonium cation;

an acid,

an organic solvent, wherein the organic solvent is one or more selected
from the group consisting of tetrahydrofurfuryl alcohol, benzyl alcohol, hexanol,
2-(2-methoxyethoxy)-ethanol, dimethylacetamide, bis-(2-methoxyethyl) ether,
diethyleneglycol mono butyl ether, glymes, dipropyleneglycol mono methyl ether,
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16. A conposition for cleaning or etching a substrate, obtained by
conbining ingredients conprising: a salt containing fluoride and a

guat ernary anmoni um cation conprising at |east one al koxy group or a
cation conprising two or nore quaternary anmmoni um groups |inked together
by one or nore carbon- containing groups; an acid; an organic solvent; and

o " R3Sl ORIy ork RFRRR Ao olhORS: ,

met hod f @ndcl eani ng and/ or etchl ng and/ or patterning a sem conductor
substrate, conprising: cantacti [\}% k_he sem conductor substrate with a
conposi tion c S¥RIRT §§%@e Pri@ry 88YPPL phosphoni um fl uori de; an acid; an

organi ¢ _sol Ve%hé}étr‘}’ﬂbeéor@eoé}tiéﬂ Eé&r a5l BFB@&@eérﬂ%@éht@Qh@%bBDPQ‘ 0 to about

99. 8% of the composition wel ght; and a pH of between about and about
9. 18. The method of cl ai m 17 wherein the substrate conprises an

ant i refI ti.ve coat.in hous arbon n rein the. process
Further don samBo8tiof for QPRRBE A Ruiihg SBals AEaed bV Sbetfingly “anc
wher ei n tifgeBRIABO 8binpPRinget ches the antireflective coating at a rate

greater than that at which it renmoves the anorphous carbon or the BPSG
19. A nethod of saff eamtaining fupide andm quptammany AnpaeridMEAiPTaceBRTIEiBaduUCt or

subst ratf‘a&llecagsg‘%rg éélg&g/y&l% P BN LELGPSRBrSRTRE M Wb qiatBRtd§t & Wi th 2

conposi t
ammonium groups linked together by one or more carbon-containing groups;

an acid;
an organic solvent; and
water in an amount less than about 5% of the composition by weight;

wherein the composition has a pH of between about 2 and about 9.

17. A method for cleaning and/or etching and/or patterning a semiconductor
substrate, comprising:

contacting the semiconductor substrate with a composition comprising:

tetrabutyl phosphonium fluoride; ' '

an acid,;

an organic solvent or water or a mixture thereof in an amount from 0 to
about 99.8% of the composition by weight; and

a pH of between about 2 and about 9.

18. The method of claim 17, wherein the substrate comprises an antireflective
coating, amorphous carbon and BPSG, wherein the process further comprises
etching a portion of the antireflective coating, and wherein the composition

etches the antireflective coating at a rate greater than that at which it removes

the amorphous carbon or the BPSG.

19. A method of cleaning and/or etching and/or patterning a semiconductor

substrate, comprising:
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conbi ning ingredients conprising: tetrabutyl phosphoniumfluoride; an
acid; an organic solvent or water or a m xture thereof in an anmbunt fromO
to about 99.8% of the composition by weight; and a pH of between about 2
and about 9. 20. The nethod of claim 17, wherein the process further
conprises: (a) etching a dielectric to expose a contact material on the

substrate, — thgp ¥mh%@s§9m@oﬁcﬁ.ﬁt%bs%f]e Whh accgﬂﬁgﬁiriéeigﬁg STQ%Q% gaCt

material wth a ¢leaHing tormnul 0 renove n the
cont act matrdsiniay mgreﬂrerﬂesommsm'g nore of a nmetal, doped silicon,

pol ysilicon, e{md Si | CI de l thod of claim 19, wherein t he process
further conpriteEabutybgh R?'rﬂ“l"r!j“ lugrideectric to expose a contact material on
t he substrategp échgareby form ng a residue; and (b) contacting the contact
material with a cleaning fornulation to renove the residue, wherein the
contact mmt er iaal organicesniventey veater or a moikture tharentinadn anummé&om Ditzon,

Compr | scabopLE880R ar S ESmpbegion 85 IFRRE Anta BB RebleotaBat #ahd” Phor ooy

form ng apouegl due; (b) contacting the netal with the conposition to renove
the residue. 23. The nethod of claim 19, wherein the process conprises:
(a) etching a netal to forman interconnect netal line, thereby formng a

resi due; s3nenéMhethBatdt cidite1F WindRitihe BBl furfAM sy, t o remove the

resi due.
(a) etching a dielectric to expose a contact material on the substrate,

thereby forming a residue; and
{b) contacting the contact material with a cleaning formulation fo remove
the residue, wherein the contact material comprises one or more of a metal,

doped silicon, polysilicon, and silicide.

21. The method of claim 19, wherein the process further comprises:

(a) etching a dielectric o expose a contact material on the substrate,
thereby forming a residue; and

(b) contacting the contact material with a cleaning formulation to remove
the residue, wherein the contact material is comprises one or more of a metai,

doped silicon, polysilicon, and silicide.

22. The method of claim 17, wherein the process comprises:

(a) etching a metal to form an interconnect metal line, thereby forming a
residue;

(b) contacting the metal with the composition to remove the residue.

23. The method of claim 19, wherein the process comprises:
(a) etching a metal to form an interconnect metal line, thereby forming a

residue; and

(b) contacting the metal with the composition to remove the residue.
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20 i1 24. The method of claim 19, wherein the substrate conprises an
antireflective coating, anorphous carbon and BPSG wherein the process
further conprises etching a portion of the antireflective coating, and
wherein the conposition etches the antireflective coating at a rate
greater than that at which it renoves the anorphous carbon or the BPSG

25. A metRodhafiméthearifidaif 99 Alh&iehi tHeds Al ats c&%ﬁcﬁigégiaﬂgarﬂiréﬁéﬂtﬁénd“m or

substrate, conprising contacting the sem conducto ubstrate wth the
conposi t icoatiag, anarmhous. cazon anddMSG, whewdinding prpcasd/forthet edimpgsend/ or

pat t er ni ) or __substrate. .conpri,sing contacting.the

sem cond%@f'ﬁ?agw&ggih\ﬁ ?lﬂtlrfeﬁgctlv&%glp?ggﬂ ug.}eggﬁngﬂﬁci)g)p O™ et hod of
cl eani ng et¢iHsotheintiéMaLtivn Goating at batid GekaterShilh CRACMGYINEN itSehfdveat e,
conprising contacting the sem conductor substrate with the conposition of

cl ai m 15 thegmorpousapdonardhe PeGai m 15 wherein the acid is present in an
anount from about 0.1%to about 5% by wei ght of the conposition. 29. The
conposition of claim15 wherein the salt is present in an amount from

about 0. 25%Atmettiodusf A€shihy anei@hdtchihgtame/ergmitesningenseditondoetozonposi ti on
of claim 15 wherein the acid is a mneral acid or, a sulfonic acid. 21
substrate, comprising contacting the semiconductor substrate with the

composition of claim 14.

26. A method of cleaning and/or etching and/or patterning a semiconductor
substrate, comprising contacting the semiconductor substrate with the

compaosition of claim 16.
27. A method of cleaning and/or etching and/or patterning a semiconductor
substrate, comprising contacting the semiconductor substrate with the

composition of claim 15.

28. The composition of claim 15 wherein the acid is present in an amount from

about 0.1% to about 5% by weight of the compeosition.

29. The composition of claim 15 wherein the salt is present in an amount from
about 0.1% to about 20% by weight of the composition.

30. The composition of claim 15 wherein the acid is a mineral acid or a sulfonic

acid.
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