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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 also' employed in Advanced Patterning Technology with amorphous
carbon films to extend and enhance existing photolithography to pattern smaller geometry structures.
How;aver; .it is generally 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. After plasma etch to open the contact, a contact clean
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fluoride solution that has adjustable oxide etch rate selectivity, lower oxide etch rate than BOE or HF,

and good residue removal activity is needed.
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conpositions can be used to selectlvely etch the DARC

ﬁf) 08I0 1PReiBRESE ARRARSAQpEdtE 2By RSaBdrRary BRfnonium, phosphonium or

SUMM

sulfonium);
(2) 0-5% by 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);
(4) 0-99.8% by weight of an organic solvent (e.g., alcohols,. amides, ethers); and

(5) 0-99.8% by weight of water.
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this case, the cleaning formulation removes the post-etch residue while having little or no effect on the

surrounding dielectric and/or metal.

BRIEF DESCRIPTION OF THE DRAWINGS
| References are made to the following description taken in connection with the accompanying

drawings, in which:



FIG 5 is a graph of etch rate versus tenperature for

a sel ected conposition on a DARC substrate and a BPSG
weubstnse. FIG 6 is a graph of etch rate ver Ba$/US2004/035544

percentage water for a selected conposition on a DARC

FIGY tb%bfcﬁt LR R1iBRPEweR SF h ddyer of DERTin & séle@ivaRichitg application and
etch rate versus tenperature for a sel ected

.. COmPOSL L. n Qﬁﬁ(& fiRNgva BPSG substrate.
mmdeorﬁ?@)‘?eé‘“fhslggn&%%ﬁ 0 éf@?%lgét%g%ver s%}é time for a
sel ected conposition on a DARC substrate and a BPSG

FIGS YRS 8EAdtS o 1efSof Qoped BPYE:apidopéd BEOR in atrenwetestise etching contact clean -
tenperature for a selected conposition on a ThOx

. . Subst BPSG substrate. 5 WO 2005/ 045895
appl1cat1cpd$?%§%fgigp%§g%@4 FIG 10 is 'a graph of etch rate
versus tinme for a selected conposition on a ThOx L
FIG WPS 8épadte aangr af uRRpEd/duprst sititon. 0x6daiD @8 1ia §BbEE contact application
PCT/ US2004/ 035544 DETAI LED DESCRI PTI ON OF THE
(cross seSRBERBEDP EMBODI MENTS Various etching and cl eaning
conposi tions containing quaternary amoni um
phosphoni um or sul fonium fluoride formul ati ons have .
FiGesderficts thel deaming of mist aich résidnes fiom efchas gontasts, yjaspand metal lines on a
selectivity, etch uniformty and cleaning criteria on

substrateR ci63$ iRtiyndfviebst rates. The conpositions preferably
-include a fluorine-containing conmpound such as a

fluoride salt (e.g., a salt containing any type
* FIG| 4itvwd geaph lof Qiﬂggétﬁ versys timeeor @seleeted © Posé't\l[%f! %41‘33&9 C substrate and 2
active agent. The fluorine-containing containing
BPSG substimeund can be a quaternary ammonium salt, a
phosphonium salt, or a sulfoniumsalt, (i.e., nore

enerally an "onium salt), or it ca a salt. t
FIE g APk Rbeigh Mo s BRLP Pt T UF G SRSt iohR i DARC substrate
t oget her by one or nore carbon-contai ni ng groups
and a BRSG gpbstritdi - quat s", "tri-quats", "tetraquats", etc.).
The fl uori ne-contai ning conpound preferably makes up
‘bet ween ahou .1 %to about 9 [ 4
FIGofiod 3ah of FisRamisr s duroy st viater 15 Hetepfe difposition on 2 DARC
about 10%
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 substrate.

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

BPSG substrate.

.FIG. 9 is a graph of etch rate versus temperature for a selected composition on a ThOx substrate

and a BPSG substrate.



by wei ght, and nore preferably still between about 2%
and about 7% by wei ght. The conposition nmay further
wonaedswdssoa pH adj usting acid such as a m ner al PaTiUS2004/035544
carboxylic acid, dicarboxylic acid, sulfonic acid, or
' ife! x substrate and a
B o e B e A I e A g hO
onmposi tion, nore preferably between about 0.1 % and:
BPSGS@&@%%F 1 % by weight, and nore preferably stil
bet ween 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 is preferably acidic. In sone
enbodi nents, the pHis between about 2 and about 7,
and nore preferably between about 2 and about 4. The
conposition may further include an organic sol vent
such as an al cohol, ami de, ether, or conbination
thereof. The sol vent preferably nakes up between about
1% to about 99.8% by weight of the conposition, nore
preferably greater than about 80% by wei ght, and nore
preferably still greater than about 90% by weight. 7
WD 2005/ 045895 PCT/ US2004/ 035544 The conposition can
al so include water either as the primary solvent or in
conbi nation wth 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 conduct or etching and cl eani ng applications, and
the conposition used in these applications preferably
has a water content of |ess than about 5% by wei ght,
nore preferably between about 0.5% and about 4% and
nore preferably still |ess than about 1% The
conmposition can optionally include a quaternary
amonium salt, a sulfoniumsalt, or a phosphoni um
sal't in addition to the fluorine-containing conpound.
If present, this salt preferably nmakes us |ess than
about 5% of the conposition by weight, nore preferably
| ess than about 4% of the solution, and nore
preferably still between about 1 % and about 3 %
Exenpl ary fluorine-containing conpounds and salts
suitable for use in the conpositions of the present
i nvention include Tetranethyl ammoni um Fl uori de,
Tet r abut yl ammoni um Fl uori de, Methyl triphenyl ammoni um
Fl uori de, Phenyl tri nmet hyl ammoni um Fl uori de,
Benzyl t ri nmet hyl ammoni um Fl uori de,
Met htyl tri et hanol amoni um Fl uori de,
Tet r abut yl phosphoni um Fl uori de,




Met hyl t ri phenyl phosphoni um Fl uori de,
Tri hexyl t et radecyl phosphoni um Fl uori de,
wOrbswuydos et r adecyl phosphoni um Fl uori de, PCT/US2004/035544

Met hyl t ri et hanol ammoni um Hexaf | uor ophosphat e,

Met hyl t ri et hanol anmoni um Tet r af | uor obor at e,

Met hyl.t ri et hanol anmmoni um Di hydr ogen Fl uori de,

Tet r abut yl phosphoni um Hexaf | uor ophosphat e,
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etch uniforpiyiaged cleamng critetia on a variety of substrafes:
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in the present invention. In one enbodi ment, the

sulfonivii alt,i (e aoore gjenérally anrfooimd sait)aer ﬁlldaarb@I a saltathat m;;h;des two or more
ammoni um fluoride. As used herein, an "al kanol group"

quaternér? AurR kerbursikied GOFdtiRr rHyn@heOblemefe bén-totdinxyg groups (e.g., “di-quats”,
oups. ~ Each al kanol group may be a hydroxyl et hyl,

“tn—quapﬁ rtgtlr%ia {’ét’yétc )ahafﬂé ﬁﬁgﬂﬁé)f?éﬂtam%ggto g@ﬁlgde s &5199¥ﬁak%§ @p between about

noI ter nary anmoni um an contal ns

3 al
oo el sl B0g2 o o e PR o o 0
t he hydr oxy substltuent (s). on the alpha,  beta, gamTa
by weight, end moae peeferplyistill between abeiti2ls and abouk BAdY Wikl ky |
groups.may bridge between adjacent quaternary

%@%}T{@a&%f he1Q n%iu\(lg 3J (ghs;ndlgt{?at afx%s aineral acid, carboxylic acid,

P&S™ER koxy groups

coul d be accept bIe [ | ace.of th
dicarbo gilfcacith aPUgpEE ) RERYILBHE beet T ACL ey S e i between about
or phosphoni um fl uori des. Exenpl ar uat ernary,
0.1% tozabauts rhy xs@glﬁtmfutlnmqomﬁmo@pmﬁqu%b@tsve@rhéhowtrﬁyl % and about 1% by
optionally be included in the conpositions in
weight, addinhére Dréferablyestilll heow eaneaboan® AYinamigabooh .6 tnbly imetghtid€he resulting pH of
Tet r amet hyl anmoni um Acet at e, Tetrabutyl ammoni um

the soh@'nqg ;tﬁﬁ all éetnrdbﬁﬁ@ Dyh@EFRRIOUR] iVptdiaasisulcidnatiesome embodiments,

t hanol ammoni um Benzoat e,

the pH 1-2% agelﬁte% Bpf ax?ff] é%%h{“?“ ana ¥ Ip?etfgrably between about 2 and about 4.

'The'compdsition 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.



Tri hexyl t et radecyl phosphoni um Chl ori de,
Tri butyl tetradecyl phosphoni um Fl uori de,

WORLIFYUEI95 et hanol anmmoni um Di hydr ogen Phosphat e PCT/US2004/035544
Met hyl t ri et hanol anmoni um Nitrat e,

b.'%béo it IARARLAANRN WHePHH a8 the primary solvent or in combination with an
T et pﬁgultlyﬁphosphoni um Pht hal ate, Te ra%rgtyl phosphoni um

organic §Fr r%gﬁ%ﬁ! @%}?ﬁﬁ[@ﬁfggb QiiRk@8iy anhydrous. Tt has been found that

[.(CH3) 3NCH2CH( OH) N(CH3) 3] 2+ Di acetate, Betaine, and .
composﬁmsuhyvmg-anﬁ@ruyﬂm W45 | cphlght N@el%aa?%lﬁaf@}’ %tag £y (eerggs semiconductor
PCT/ US2004/ 035544 Exenpl ary-pH adj usting aci ds that
etching and cheningcippdieatians, aik theoequapasitiosrigserl ria|thess applications preferably has a
Hydrof l uoric acid, Hydrochloric Acid, Nitric Acid,
water cortdnt B Ie§s iiah dboR306 B tielght, Addre pretfyrdblyihetwien aboutd).5% and about 4%, and
Perchloric Acid, Methanesul fonic Acid, Acetic Acid,
' i he, Acid, Oxalic Acid, Salicylic
morepr%g{%,g}& ]Iegsntlhégf%@hg,l%ﬁl uor obori c Acid,
Hexaf | uor ophosphoric Acid, Phenyl phosphonic Acid, and
TiRhyérhposithe dan Bytomllyr ncledé wequaterndryt ammyniom salt |aisanium salt, or a
in the conpositions include water, Tetrahydrofurfuryl

phosphdiR N@lt: inBRIMdn @ gRNPhorineaARling compound. If present, this salt preferably
2- (2-nmet hoxyet hoxy) - et hanol , Di net hyl acet am de,

makes 3185 RGP B8 shm BT bR i G By s o about 4% of the
solutiorrshporepRBFaPLy S5l Briaes Stomi e gt Xy "B

pyrro![dinone, and 1-Hydroxyethyl - 2-pyrrolidinone. The
Eﬁ’érﬁg@gﬁl}pﬂ & YhtdiBing r(:_@lfllgéﬁ‘lﬁﬂs)énﬂ htkd Alita¥ledt @ke in the compositions of the
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free of nmetal .io I nel udi ng .sodi 1-QNS, ' : .
present; g %e,n%gﬂd IPfa;lélge me egﬁmegjﬁsﬁg#%&]ﬁ?@v eﬁ%}\ﬁggerT&&%memum Fluoride,
contamni nation._The solution ¢ onent s . 0., Salts,. .
Mttt A S P SBT3 emettytammoniom
exchange to.renove netal ions. The organic solvents )
Fluorideyay Metigylsethandldmmdnivima di Etuaridat i on Terahusy{phosphonium Fluoride,
: exchange. High purity acids can be purchased .
MethylgiphemshosphoniumAf t er Rworidej cat i dirjhekpléetradegydistiosplomium Fluoride;
preferably has a free netal ion content of |ess than

Tﬁbutyﬁ%cﬁgﬂodggf)ﬁjﬁm PeRRtiliL] 0NV ethaRsl8miloafudi ablWexafluorophosphate,

ess t out 20 PPB, nore preéeferably | ess than

bout 10 PPB, a f . SE] hBvd Fluorid
vty QoSBT B0, S Kbl "Bytrogen P
Tetrabu:’g}?lrg][aqeﬁ}pﬁ oiflmsel eﬁé}éa\f/l%o%%gos%ggt_e,s el efét}a\{)%ty%h%rs]ﬁl{]ogﬁu%]d Tetrafluoroborate,

Tetrabutylphosp.honium' Hydrogen Difluoride, Tetrabutylphosiohonium Dihydrogen Trifluoride,
[(CI-I3)3NCH2CH(OH)CH2N(CH3)3]2+ [F-]2, Betaine Hydrofluoride, 1-Butyl-3-methylimidazolium
Fluéride, Trimethylsulfonium Fluoride, Trimethylsulfoxonium Fluoride, trimethyl (2, 3 -
dihydroxyp.)fopyl) ammonium 7 fluoride,

[(C6H5)CH2N(CH3)2CH2CH(OH)CH2N(CH3)2CH2CH(OH)CH2N(CH3)2CH2CH(OH)CH2ZNCH2(

8



applications including those depicted in FIG 1 to
FIG 3 and further discussed below Application 1
WORBG/043895depi ct s the renoval of dielectric PCT/US2004/035544
. antireflect i ve coating (DARC, Si XOyNz) wi thout ‘
C6H5)]4? EF &4( Al Fﬁ@@ﬁm&m@z@&m [RndHekassReKius: difluoride. These

The formulation used in this

e BB BB Ao SR o o o

PCT/ U82004/ 035544 reater .t han 300 Al m.n t% ¢ invention
Specificefiopihuagditionaa orHP AN BIniRs P ORI S Ho4BEd isp g pigaent invention.
oxi de vvlth a seI ectivity of about 5:1 (DARC BPSG or

Ing{)&atge rbodlﬁ'%% | @t %1?&111% okt aﬁn@&mﬂ@ﬂi@ i aR alkano] quaternary ammonium

positi dn and contact cleaning, non sel ective

ﬂuonde?gp%%a@,erql ed( Bﬁg él gurgﬁgpg %p%ﬁy ‘i%i% 1 e 18 151“%30'n|e lof e hydroxy groups.
appl i cation referabl achjeves a 1 el ectivjt

Each alkianed granpdopy de ¢ hydsowylehylgbydpeyl Blﬁyreghé’ afq’%{?fé’% ﬂ%ﬁ@y@roxypropyl etc.
5-30 Am n. Application 3 (FIG 2B) depl cts a

The alkpfisl-ql@fesiry ammcanbuin dhotide carc bavainh §, 2,561 alkyl grogpe Rlogg with 3, 2, or 1
undoped/ doped silicon oxide. The forrulation for this

alkanol ??(Eﬂgc CakpRBvElye MHeallkahoR Sloup 1Wesy @ntain ddpeiiodonddtituent(s) on the alpha,

tivity equal to or greater than about 2:1 and an

beta, gwd%pe%gA8§B€%§§§dﬁo§ f aaka@f% SlRkhol ?lkg%) gﬁﬁgls At bitfke’between adjacent

epl c Jarer eani ng o

resi dues, from et ched contact.s
Quatern T NBPRETLOR 0BT g apphest RS molflsy Fif pisd biiSioned that alkoxy
achi eves a | ow etch rate on dielectric and contact
groups reoull baadcapiabhe dhace0! BEPALN BIOPPS P (8iVe ARYIagYs; dkoxy substituted
and associ ated barrier, cap, and etch stop materials.
quaterndfiearin ghivgedrephiospionjun ﬂumﬁ¢bsped oxi de etch
formul ati ons and. the non-sel ective doped to undoped :
etch formul ati ons can be edto | ean Iasma d
ESerBisng ABUCBRT, Ar R By BRSED A0 SR Ct T Joa may optionally be
FIG 2A and FIG 2B. The forrrul ations can al so. be used
includefiorinc |tbainicompagitidisc atni orkitionc| tadithe éb‘@ﬂn%@#famfﬂ@sl gpyapound  include
. renpval on netal exposed structures such as vias
Tetram&th§RBirAchioR CAaptre, Or Télrdbutydanimshitm netldbridd, nB8snzdtrimethylammonium
shown in FIG 3A and FIG 3B. EXAWMPLES The
Metharfe! Q{Trtﬁﬁtet' WcthAiciihnblaF s 7 Bazohe] Ml ciabetyhotdienium  Salicylate,

hg steps:

Tﬁhexyltetradecylphosphomum Chloride, Tributyltetradecylphosphonium Fluoride,
Methyltriethanolémmoniuin Dihydrogen  Phosphate, — Methyltriethanolammonium  Nitrate,
Methyltriethanolammonium ~ Sulfate, Tetrabutylphosphonium Phthalate, Tetrabutylphosphonium
Acetéte, Tetrabutylphosphonium Oxalate, Tetrabutylphosphonium Malonate,
[(CH3)3NCH2CH(OH)CH2N(CH3)3]2+ Diacetate, Betaine, ‘and 1-Butyl-3-methylimidazolium

Acetate.



11 WO 2005/ 045895 PCT/ US2004/ 035544 (1) 7.33 g of HF

(Air Products 48.9 % Lot 3067035P) was sl owy added
Woi2005/085896r i ng to 89.79 g of Tetrabutyl phosphearmiseoo4/035544

Hydr oxi de (Sachem 39.97 % Lot A30761012503). Heat was

EADRRAST S adflidfihg) dcitlh ittt R b krckiell GR tHS ©Hmp &ﬁﬁoﬁ%hi%clude Hydrofluoric
' resultl ng solution was diluted with diethyl eneg ycol

acid, Hﬁgaﬁbﬁ% éé:ﬁ%?ﬁ@fmqiﬁgc Al UFP&%{O%% (( F?(ﬁy(fr&rgmlc Acid, Perchloric
Acid, N%Elga;]g)“ mﬁdlgﬁ % : %gz Y 9 t e.t ' ab(l'Il ! ﬁﬂcahc Acid, Salicylic Acid,

di et hyl enegl ycol m)nobutyl et her (3) The resul ting
Malonies dycid, | lnomnkerie | Aid dH pxaflioraphpsnhotio A Gd Pb@m&pm@phmﬁ Acid, and Phytic
flask and rotovaped at 85 C @40 Torr (or better)
Acid. until the water content dropped to 3.1 % (total tine
33 minutes). (4) Thi s soI ution, having a mass of
277. 82 g was _di | ut foId (to 1000. 14
Exgraplagy hegis,ba) map smﬁlwe é%lﬁ]é? COTRRASHHAnS ﬁ@g}l‘?ﬁ Wﬁt@r Tetrahydrofurfuryl
for mul atlon used in Exanple 1. The other formulations
Alcohol, n BEatyle Alcdiol,oWlesanel, n2d2-niathaxyethoky)asethanmhn dpimetipdacetamide, Bis-(2-
following filns were tested using the conpositions

rnethox%tﬁ?l? Ethe, Dafahéic 1Adi€) Digthyldnbilyo@i08oso BuliVethef) GlmRofiiuding diglymes
and phosphor us ( BPSG) doped oxide; (2) 1050 A

and m%%%%ﬁ&%{:)’; ggggs@ﬁ{é%g%l v oﬁ@akqeﬁgd ( DABS: 2Shufedhanof, 3)-Cyclohexyl-2-

em cal vapor deposition

.PECVD T A % Phosph
pyrroh QOTEr, %%E@df%éﬁkyg%@a@g}%%%ﬁ A %r@%cdgof W ?re%iefﬁbgg partially water
DARC, BPSG PSG TECS etc. wafers were cl eaved into 1"

SOhﬂﬂex 1" square pieces. The pieces were subnmerged into
pl astic beakers containing the etchant sol utions at

ThOed R 'tio%ei’gﬁ:ﬁﬁ] 1sp§u§§t§ﬁt1alf§eﬁeee d&r Iﬁgtﬁlsﬁ)ﬁg 158{1d1?1g “s08um i ions, potassium

mn a ey were rrnse ISdeO

ohol, t.hen DI and , blo with nitro
fons, anffGeeraptyl O HIELDL S HBe PO EmuTRIoRT 107 5 Ee%gw%i%@ g, sals, organic
determ ned by 12 WD 2005/ 045895 PCT/ US2004/ 035544
solvent} afel peeferblst pyrifiest wngiondIPEze to TemovEet ions. wHieeorganic solvents may
al so exanmi ned by optical mcroscopy to assess
also be yirified did distflateincr. ion exchange. High purity acids can be purchased commerc1ally

After purification, the composition preferably has a free metal ion content of less than about 200 parts
per billion (PPB), more preferably less than about 20 PPB, more preferably less than about 10 PPB, and

more preferably still less than about 5 PPB.

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

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

‘ Appiiéation 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 etch rate of about 20-200 A/min (an etch rate of
10



The results for etch rate, selectivity and film

renmoval uniformty (DARC) are presented in Table 1.
wohersroess9bts in Table 1 represent sone of the pCcefuseead3sss4

formul ati ons based upon over 800 fornulations tested

greater t#g%?@d fmdrl ml cehﬁe Bifort/d an%s? et £260 R FUERK 080l BPSG oxide with a

are exanples of the present invention,
nmte o the specific conmponents
selectivify 0 %ﬁggﬁﬁébﬁ %%§k}:)§rgr§ te{éri ption.- One of ordinary
skill .will appreciate, with the benefit of this
A%ﬁ:%ﬁ{n?] GatpIEN 2.AY h{éﬁlofﬁiél)pr@ﬂ&ﬁfsmcfnoﬁﬂw bith@ngeddi dobaelective etch of
e

at fall within the scope of the invention

I t
oo BSOS MEPETLIR i o i
ol o) rs@p”ﬁass:ﬁzrﬁlroz@gwag@m@ {5 g on s e o

fromthe specific illustrative enbodinments set forth
about 5430 A/niis. descr | ption. The etching and selectivity

characteristics of the fornulation of Exanple 16 were

studi.ed ye S ce s te n
AGBGHOR oh T 2 SHEE o PRPHIARMIRR ! R6EAR, befin " Setective cteh of
and 6. The etch rate' and | ectivity characteris
undoped/tlopase siléigonulozideons The %@3 Felénl X @&ﬂ%ﬁ? nzz"reftefa%fy achieves an
versus process tenperature and process time
undopegdopédisdedtivitFleGml t7-08 greaterdharoaboug pleand g rlpdowétﬂt@ rgte of about 5-30
Al'l Processes at 30 C unl ess otherw se indicated
A/min. Process Time Etch Rate Sel., Sel., TEGS or Exanple
Film (mn) (A mn) DARC. BPSG Thox: BPSG For nul ati on
Chem stry Formul ation- (wejght percent ages% 1 DARC
Apphicatiog 4HF$43A§ &/3B) dmiatk @F@@maqf ppqtﬁtthwa uepram 8t ed contacts, vias,
mn 4.3 4.8 < 0.1 %HC to adjust pH=5 BPSG 30 mn
and mefl %in8%. FhédrRfladioR EGShBOapplinatR freferabl achieves a low etch rate on dielectric
[ CHBN(CH2CH2OH) 3]+ [F] BPSG 30 min 6.6 4.4 < 0.5 %
and corftS® h&Fal A Ghi P cBéntiedD cotipdtibiBity Weld d&fledtiantPasdociatdd bartiter, cap, and etch

stop materials.

. The high seiectivity 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 reriioval on metal exposed structures such as vias stopping on copper or AlCu and AlCu metal
lines .as shr>wn in FIG. 3A and FIG. 3B.

EXAMPLES

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

11



[ CHN(CH2CH2OH) 31+[F-] BPSG 30 min 6.2 3.6 < 0.5 %
Acetic Acid 95 % H20 H=3.6 13 WD 2005/ 045895

wWOCTsWE094/ 035544 4 DARC 10.9 5.5 4. 2% [ ( CH. PET/US2004/035544
, N(CH2C6H5] + [F'] TECS 6.6 3.3 < 0.1 % HO to adjust

O @ﬁ%r%}r/%% A9 901 Bt T6703 5O, WaSs161ybrddeBwith stiering to 89.79 g

PSR ADS L dazolitum fluoride BPSG 30 mn
" .96 2.6.9%,1-Butyd -.3- d 1 m_dazekii
o Ty RunenpronLrb et eplin RILG Tol bl ot was semersted

_ H2O H=3.9 6 TEGS 30 min 72.2 - 1.03 0.21%
dunngﬂ{ls(@@)abmm—b CH2N- (CH3) 312+[ R 2 BPSG 30 nmin 70.0

0.16 % HF 99.63 % H20 pH=2.54 7 TECS 30 mn 34.5 -
0 :
)t ThERBREE Sl hiffeeh A BN EEREE) madotufyilether (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 % (total time 33 minutes).

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

fonnulatioﬁ.s in Table 1 below were made in a similar manner.
The following films were tested using the compositions listeq 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) 2.3.00 A Plasma enhanced 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 1” square pieces. The pieces
were‘subniérged‘ into plastic beakers containing the etchant solutions at 2570 °C. The wafer pieces
were processed for 10-30 min after which they were rinsed with isopropyl alcohol then DI water and

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

12



PSG 30 mn 32 0.75 % H3P04 98.1 % H2O0 pH=2.3 8 TEGCS
30 mn 31.3 - 3.7 4.57%BPSG 30 min 8.5

WO ChBNGSIR CH20H) 3] +[ F-] < 0.2 % Met hane Sul f ORCT/US2004/035544
95.23 % H2O pH=4.0 9 TECS 30 min 45.7 - 2.7 4.57 %

' F he BRRSwRE: dlidexbfide
reﬂe"to’%g&g %ﬁ?@w&ﬁ%l& I:ﬂ|28 DhEd O TECS 30 drﬁ’}go}gmﬂ Tictoscopy to assess
umformgtg g

0/ 10 [ P(CH2CH2CH2CH3) 4]+ [F] BPSG 30 nin 1.2
b H20 <0.1 %iC1 pH=3.9 11 TECS 30 mn 14.1 -
12'8 12. 6% CH3( CH2) 13P( ( CH2) 5CH3) 31+[R] BPSG 30 nin
Tﬂe res@ifs Br ¥chizhle s%@eoﬁvﬂfggld fiirdn&val AniPARGLB® AR O) 2. pesented in Table
2.3 % [N(CH3) 41+ [F'] TECS.30 min 7.2 12 95.1 %
1. Thg erteg FIVEr ehse! Prr%rese?llt Cs%Hﬁl oPARCpRGerd f@nfuldions %Bas€Pupon over 800
formulations tested to date. It is to be understood 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 illustrative

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

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

Process Time Etch Rate Sel., Sel., TEOS or
Example Film (min) (A/min) DARC:BPSG Thox:BPSG Formulation Chemistry
Formulation- - (weight percentages)
1 ] DARC 30 min 79 8.8 4.5 %-
[CH;N(CH,CH,OH) ;] [F]
TEOS 30 min 43 4.3 <0.1 % HCl to adjust pH=5
BPSG 30 min 0.9 95.4 % H,0
2 TEOS 30 min 29.1 4.5 %-
[CH:N(CH,CH,0H)]'[F]
BPSG 30 min 6.6 44 <0.5 % Acetic Acid
95 % H,0
pH=4
3 TEOS 30 min 224 - 4.5 %-
’ [CH;N(CH,CH,0H) AP [F]
BPSG 30 min 6.2 36 <0.5 % Acetic Acid
95 % H,0
pH=3.6

13




< 0.1 %HC pH=4.0 (on 5:1 dilution wth

30 mn 34 8.3 2.3 %[N(CH3) 4]+ [F]

W(42®0591555%Tetrahydrofurfuryl
2.7 % H2O0 <0.2%:C

al cohol

H20) 13 DARC

TECS 30 mn 20.2

BPSG 30 PUM/U42004/035544
pH=3.1 (on 5:1 dilution with

4 H20) patd WO 2095/ 045895 PICT/ Us2004f 035544 1 442@ARC 30
mni 3.2 936,59 " [F)
U T % [ N( CH2GH2CH2CHB) 4] + 3 F] 1 B
. S s met hyl acet am de BPSG 7%
HZO <0. 29l p=31 04 (onf 5 1 dilufion W|th H20) 15
5 DARC @B0s ni n Baud 11 248 % [N(CH3) 4] +[F ] TBEB n_
15 5 94.8 % Benzyl | Al coho| BPSG 30 min 3.1 zgmi%mﬁ‘ﬁb“mﬂm
<0. P%rd | pHsoduio (PN B31 dilution W thsoeH20)| 2kt 1BARG
20 fin 17,9 15 2.3[% [N(CH3) 4]+ [F] TEOS 2oneflipsidatoligm
3.6/95 % - ( 2-met h DXy et ho (y) _ methansulfonate
< 1 % Methanesulfonic Acid
92.8 % H,0
pH=3.9
6 TEOS 30 min 722 - 1.03 0.21 %
[(CH;);NCH,CH(OH)CH;N-
(CHy)3* [F
BPSG 30 min 70.0 0.16 %-HF
99.63 % H,0
pH=2.54
7 TEOS 30 min 34.5 - 1.15%
BPSG 30 min 34.6 1 [CH;N(CH,CH,0H) 3] [F]
PSG 30 min 32 0.75 % H3PO;4
98.1 % H,0
pH=2.3
'8 TEOS 30 min 313 - 3.7 4.57%
BPSG 30 min 8.5 [CH;N(CH,CH,0H) ;]* [F]
<0.2 % Methane Sulfonic
95.23 % H,0
pH=4.0
9 TEOS 30 min 4517 27 4.57 %-
[CH:N(CH,CH;OH)]" [F]
BPSG 30 min 17.2 < 0.5 % Benzoic Acid
: 94.93 % H,0
pH=4.0
TEOS 30 min 9 - 7.5 6.95 %~
10 [P(CH,CH,CH,CH;) 4] [F]
' BPSG 30 min 12 92.95 % H,0
<0.1 % HCI
pH=3.9
11 TEOS 30 min 14.1 - 12:8 12.6 %-
CH;(CH)sP((CH,)sCHy) s [F]
BPSG 30 min 1.1 873 % H,0
<0.1 % HCI
pH=4.0
12 DARC 30 min 19.3 32 2.3 % [N(CH3) I [F]
TEOS 30 min 72 12 95.1 % Tetrahydrofurfuryl
alcohol
BPSG 30 min 0.6 2.5 % H,0
<{.1 % HCI
pH=4.0 (on 5:1 dilution with
H,0)
13 DARC 30 min 34 8.3 ' 2.3 % [N(CH3)4]' [F]
TEOS 30 min 20.2 49 95 % Tetrahydrofurfuryl
alcohol
BPSG 30 min 4.1 2.7 % H0
<0.2 % HCl
pH=3.1 (on 5:1 dilution with
H,0)

14




et hanol
(on 5:1 dilution wth

W 200539 CH2CH2CH3) 4] +[ F- ]
H20 BPSG 10 min 2.1 0.09 % HF 95.7 % di et hyl ene gl ycol

ITOTI

gejeima

orTeT P

F3.3 (4

ter

BPSG 20 mn 1.21 2.5 % H20 <0.2%iC1 pH=3.6
H20) DARC 10 nmm 22 10.5 3. 34%

(50 C Process) <POTAS%04/035544

50:1

dilution

dei oni zed

14 “Wal

E AR

P( CH2CHR

0.1b
Tho

M

K 15 n

P( CH2CH2QH

DAErinl
IH? CH3
8331
in 6.8
CH3) 4] +

oo

4]

di pt

m n329
- [ F:]
opyi en
5. 95% (
F'] T

15,
10 % H20
gl ycol
b0 C Pr ocq
FOS 15 mi 1

353 0.

RN

nT

ol

5% (50 C
BPSG, 10
DNO et hyj
S S)

| 24.2 7.3

R @@QﬁSﬁEHzCHZCHg) "
91.6 ﬁ%@'leﬂly]icg’(annde

17
<0.2%HC1

g?%% (on 5:1 dilution with
50)

[»]
U Tl

LUl U

\ | u DI oo

— .
EJ L

DOUJ.UJ

ya 1= | 1
YtoretiTyt

erreytycot

15 _
dei

ITOUTI

Y DAREL

briEeed
BPSG

VAR AL
waglesin P

30 min

PMse oS
5G 315{5 I

9
n

a1t er

(
4.3

50; L Ol 1
5

U2 300 N (CEs) ' (7]

94.8 % Benzyl Alcohol
2.7% H,0

<0.2 % HCl

pH=3.5 (on 5:1 dilution with
H,0)

16

DARC
TEOS

BPSG

20 min
20 min

20 min

17.9
4.3

1.21

15

3.6

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

95 % 2-(2-methoxyethoxy)-
ethanol

2.5 % H,0

<0.2 % HCl

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,CH,CH,CHs) (] [F]
<0.9 % H,0

0.09 % HF

95.7 % diethylene glycol
monobutyl ether

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

18 )
(50 °C Process) -

DARC

BPSG-

10 min

10 min

29

1.9

153

6.95 %-

P(CH,CH,CH,CHy) 4] [F]

10 % H,0

0.16 % HF

83 % dipropyleneglycol mono
methyl ether

19
(50 °C Process)

Thox

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 = 3.6 (after 50:1 dilution
deionized water)

20
(40 °C Process)

DARC

BPSG

30 min

- 30 min

17.9

1.1

16.2

6.95 %-

P(CH.CH,CH,CH;) ] [F]
<0.2 % HCl

82.3 % diethyleneglycol mono
methyl ether

10.5 % H,O

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

21

(50 °C Process)

DARC

BPSG

30 min

30 min

17.2
0.5

34.4

4.17 %-
P(CH,CH,CH;CH;) " [F]
<0.1 % HF

= 93.7 % Tetrahydrofurfuryl
alcohol

<2%H,0

pH = 3.5 (after 50:1 dilution

deionized water)
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w

22
(50°C Prochﬂ

20 DARC 30 mn 17.9 16.2 6.95 % (40 C Process)

P(CH2CH2CH2CH3) 4] +[ F-]
WGZO(B/O%&% et hyl enegl ycol
© pHr="3:5 (after 50:

nono
1 dilution

BPSG 30 min 1.1 -
et her
dei oni zed water) 21

net hyl

LO—|—44.

7% (50 C Process)

<0. 2%C1
10PETAHSEDD035544
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pH = 3.5 (after 50:1 dilution deionized water) 16 WO
2005/ 045895 PCT/ US2004/ 035544 What is clained is: 1.

wé 2empssdst i on useful for cleaning or etching BCT/US2004/035544

= = »gyubstrate, conprising: a salt containing fluoride and
a phosphoni um cation; an acid; an organic sol vent;
water in an anount |ess than about 5% of the
conmposition by weight; and a pH of between about 2
and about 9. 2. The conposition of claim1, wherein

Whatiigglaungdisi s t et rabutyl phosphoni um fluoride. 3. The
conposition of claim1, wherein the salt makes up

1.  bek wempositienusefidsfomadeaning ar eldung »§ubiatgrromtrisinge
conposition. 4. The conposition of claim1, wherein
t hesatircgAalmtng fihorédit anids phosatloaivnotations.  The conposi tion
of claiml1, wherein the organic solvent is a glyne. 6.
Thg Lppposition of claim1, wherein the water makes up
between about 0.5% and about 4% of the conposition by
vvesain%)ht. 7. 1T?I}§, conposition of claim1, wherein the pH
i BERREI 8 Bbut 2 and about 4. 8. The conposi tion of
claiml, further conprjsi second.salt selecte
f re#eR IRan gyt feé%ﬁ%éﬁ’ §"?91ﬁ S%c?f the RPN RY W Wﬁ%
salt, a sulfoniumsalt, and a phosphoniumsalt. 9. .
Theepld ofibetwicen alpoud 2 andlabent?, wherein the conposition
has a free netal ion content of less than about 10

2.  PPhhe dbthpoiition @@ enpaaill wheretf the kali itdrabwhy phosphodiem fluoride.
.conposition is capable of etching a DARC | ayer at a

3. frﬁfélfeccgﬁ%g)rsﬁfont(}? %Hafithtl . heRkashe saPRAReY BiwbayMout 1% and about 10%

sition of claim1, wherein the conposition is
by W(e:i%ﬁta obg the 8§m§5s‘ft§‘én'.‘9 an undoped 17

4. The composition of claim 1, wherein the organic solvent is an alcohol.
5. The cofnposition of claim 1, wherein the organic solvent is a glyme.
6.  The composition of claim 1, wherein the water makes up between about 0.5% and about

4% of the composition by weight.
7. The composition of claim 1, wherein the pH is between about 2 and about 4.
8.‘ .The composition of claim 1, further comprising a second salt selected from the group
consisting of a quaternary ammonium salt, a sulfonium salt, and a phosphonium salt
| 9. . The composition of claim 1, wherein the composition has a free metal ion content of less
than about 10 .PPB.
- 10.  The composition of claim 1, wherein the composition is capable of etching a DARC layer
at a rate greater than it etches a doped oxide layer.

11.  The éomposifion of claim 1, wherein the composition is capable of etching an undoped
17



WD 2005/ 045895 PCT/ US2004/035544 r._ .... --- oxide

| ayer at a rate greater than it etches a doped oxi de
woOaywsro4sgh2. The conposition of claiml, wherei RCTHS2004/035544
= == cconposition is capable of non-selectively etch a
doped oxi de. | ayer and an undoped oxi de |ayer. 13. The

e osi tion o | ai. reL,n the salt is tetrabutyl
oxid BT a8 P R ool B DaE 8L g1 Ve the.
. : o
12 AR B o oo heShals ofpen vty e
conposition of claim1, wherein the salt is tetrabutyl
dopeg losslehayrer and i1 wadopdé ozidd layeur t her conpri si ng
tetrabutyl phosphoni um benzoate. 15. A conposition for
13. clEencagpeyiti@i 6hiclgmal, sehéreiantie chloris setdtity@tphosphonium fluoride, the
conprising: a salt containing fluoride and a

solvé{gli]%I ﬁstaﬁ ll@ﬁfey fHRAREY i ?rrgs@ﬁﬂ lﬁrbn%%g\t RkOthaR bbb Gk, q%le pH is between

of al koxy oup; an acl an organi c solvent;
er .i amount that is |ess than about 5% of the
dxm@2$éﬂga@pﬁt e fornmulation; and a pH of between about
2 and about 9. %6 A conposjtion faor cleaning or )
14. ot The pemposifions of slaim bowhereisi the:salt 4s defr uﬁ’érﬁ%ﬁﬁph%@m fluoride and
fluoride and a sul foniumcation; an acid; an organic -
furthemdongmrising tessbutylgphospioniunbbenmaster ; and a pH of bet ween
about 2 and about 9. 17. A conposition for cleaning or
15. et ARbfgositisn Bitdahig o? @iMirgd Reliicohdaabt subeftita] donfiitising:
fluoride and a cation conprising two or nore

quq?'%%% gﬁot /ngf %’gﬁ%ﬁﬁ@ m@a%a&%%%n cation comprising at least one

J

—t

‘ alkap,ol or alkoxy group;
an acid;
an organic solvent;
.water in an amount that is less than about 5% of the Weight of the formulation; and
apH of between about 2 and about 9.
16. . A composition for cleaning or etching a substrate, comprising:
a salt containing fluoride and a sulfonium cation;
an acid;
‘an orgqnic solvent;
less than about 5% water; and
a pH of between about 2 and about 9.
17. A coﬁposition for cleaning or etching a substrate, comprising:

a salt containing fluoride and a cation comprising two or more quaternary ammonium
18



tf-~tt ali .t...E ~ .. ... ... .. oo gr oups
i nked together by one or nore carbon contalnlng
WQROLIE 5898 N acid; an organic solvent; |ess thaRCalws04/035544
e v wBOG WAL er "and a pH of between about 2 and about 9. 18.
A conposition for cI eani ng or etching a substrate,

group&,ﬁzﬁ‘% B LIS o6 Qborcrla HE BB 5 See ™ han

about 1 % by wei ght of an aci d, greater than about 90%
by™d&idght of a sol vent. conprising an al cohol; |ess

t han about 4% by wei ght of water; and a pH of between
albowrg@iasdveabout 4. 19. A net hod for patterning a
sem conduct or substrate, conprising: depositing an

angdsiiedn Mout 5% wenat i onto a substrate; and
sel ectively removing at |east a portion of the

n;ap 11 6F b&&eby SoouPabhdabdiy ocont acting it with a

h05|t|on conprising: a salt containing fluoride and
I
gsg&f; AR i el S RGZD 3011
9.. 20. I 19, .
o 557 OB 14 88 Sbathon BAGuS SEH B PSS onig Huoride:

wherein the conposition etches the antireflective
c dassithap altoun ] Yodtyevejgltanfan acidan that at which it
.renoves the anorphous carbon or the BPSG 19 WD

Z@Mt&ftﬁw%dﬂﬂm%wgﬁ&ﬁ&%lvent compnsﬁgl%ﬁ'aiéoho};, 1
o1~ 11,,,1 atttt ) "sae ... .. CLaral ., . ~. .

2 es A4 b GBI Al hPani ng @ ser conduct or

substrat e, conpri si ng.

Futd

a pH of between about 3 and about 4.
19. A method for patterning a semiconductor substrate, comprising:

depositing an antireflective coating onto a substrate; and

selectively removing at least a portion of the antireflective coating by contacting it with a
composition comprising:

a salt containing fluoride and a phosphonium cation;

an acid;

an organic solvent;

less than about 5% water; and

a pH of between about 2 and about 9.
26. ‘The method of claim 19, wherein the substrate comprises amorphous carbon and BPSG,
and wherein 'tﬂe composition etches the antireflective coating at a rate greater than that at which

| it removes the amorphous carbon or the BPSG.
19



(a) etching a dielectric to expose a contact materi al
on the substrate, thereby formng a residue; (b)
woanisaasdong t he contact material with a cl eani RQT/US2004/035544
FEpe L o ol at o rorr enove the residue, the ' cl eaning
formul ati on conprising: a salt containing fluoride and

' ~a phosphoni um cati,on; . an i d: Q .C sol vent.
1. 2 aGueB aheitBipgans SR Aot G PARLE BBHERE:
and about 9. 22. The nethod of claim.21, erein the .
(a) etching adieletricdpieaPoses ANBFEMAETa) Olbtgﬁ F%ﬁa@ﬁi@a%agoww residue;
the group consisting of doped silicon, polysilicon,

(b) carsbtiigl ihei ehmtack Inatdid with odleating | farmulation umermpye the residue, the
contact material is a netal. 24. 'A nethod of etching

cleaniilg%ﬁﬁlﬁﬁmrf&nﬂarﬁ ;conductor substrate, conprising:
) etching a netal to forman interconnect netal

line, t s ' [ X . contacting the
A C%Kkgﬁ?%ﬁoggﬁ aﬁg aﬁ) b pﬁ’lbgitﬁ?ﬂo%a&?}g’ remove the
residue, the cleaning fornulation conprising: a salt
c GRE5idA g fluoride and a phosphoni um cation; an
acid; an organic solvent; |ess than about 5% water; .
and osgani¢ wvesst ween about 2 and about 9. 20

1ess than about 5% water; and
a pH of between about 2 and about 9.
.22.  The method of claim 21, wherein the contact material is a pre-metal contact selected from
the group consisting of doped silicon, polysilicon, and silicide.
23.  The method of claim 21, wherein the contact material is a metal.
24. A method of etching énd cleaning a semiconductor substrate, comprising:
(a) etching a metal to.form an interconnect metal line, thereby forming a residue;
' (b) contacting the metal with a cleaning formulation to refnove the residue, the cleaning
formulation comprising:
a‘salt containing fluoride and a phosphonium cation;
.an acid;
an orgénic solvent;
less than about 5% water; and

apH of between about 2 and about 9.
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