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resist changes in pH and exhibit low corrosive effects on metal films such as
aluminum, copper, titanium, tungsten and the like, and low oxide etch rates.
More particularly the invention relates to aqueous, buffered, fluoride containing
compositions useful as resist and etch or ash residue removers and cleaners

20 that use molecules not typically viewed as buffers. The buffers of the present
invention include the use of a variety of weak acids or protonated bases which
act as weak acids in solution that are effective over a pH range of greater than
7.0 to about 11.0. The invention also includes methods of preparing the
fluoride containing compositions and their use.

25  There are a number of fluoride containing compositions disclosed in the art.
Torii (US 5,972,862) discloses fluoride containing compositions used as
stripper-cleaners. Tanabe (US 5,792,274 and 5,905,063) disclose resist
remover compositions having a pH of from 5 to 8, containing metal-free salts of
HF, a water soluble organic solvent, and optionally a corrosion inhibitor.

30 Maruyama (US 5,692,385) discloses a composition containing from 0.1 wt% to
10 wt% ammonium and alkyl ammonium salts of HF, from 72 wt% to 80 wt% of
an organic solvent that is water soluble and the remainder water. According to
the teachings in Maruyama both the fluoride containing compound and the
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of oxide tb nearly zero. However, at high pH val ues (>10) netal corrosion

and el ect r ogaBREF SUMMAARY OPSTHE INVENEIONI n netal s such as tungsten or
titanium can occur. This problemhas typically been addressed by addi ng
mul tiple corrosion inhibitors. The addition of corrosion inhibitors has
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characteristi Eﬁ)ble?rﬁ h@erlypiuTuysbelwtaddmesmldlt;y addingymultiple eerresien mhlblﬂﬁ)rﬁ)ﬁf fer
benzal dehyde) Taeadddian of camoren JUaars nAR s TkaRckE 4 el S deyrdslB '
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20 7to9would balance the effects of oxide etching and etching and corrosion of
metals. To minimize or eliminate electrogalvanic corrosion of tungsten it is
necessary to narrow the pH range even further to from 7 to about 8.4. By
adding a buffer one can maintain the pH within predetermined ranges for the
fluoride containing compositions. Where metal corrosion or electrogalvanic
25 corrosion is not a concern, the buffered pH range is from greater than 7.0 to
about 11.0. Preferably, the range is from greater than 7.0 to about 9.0 In
cases where sensitive metals are present the pH range is from greater than 7.0
to about 8.4. The buffered fluoride containing compositions exhibit reduced pH
drift and more consistent etch performance characteristics.
30  Compounds not normally thought of as useful in buffer solutions such as
benzotriazole (BZT) and vanillin (4-hydroxy-3-methoxy benzaldehyde) are used
in the present invention. BZT is not typically thought of as a buffer. BZT is best

known for its ability to protect copper by forming an oxide-like passivation layer
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95% by wei ght orreth total™ 30 conposition as opposed to unbuffered P

conposi ti ons. ekhersidepf thegpkaifithp wpgk agid group is achieved by having equimolar

concentrations of the acid and the conjugate bass;
HB <> H* + B ko=[H"][BV/[HBI], when [B]=[HB], then pH=pka

20 The conjugate base pair is HB and B", where B'is the conjugate base. One can
also use a protonated base as the weak acid and achieve a buffered system;
BH* <> H' + B, ko= [H'][BV[BH"], when [B]=[BH"], then pH=pka
Here the conjugate acid base pair is BH* and B, where B is refered to as the
conjugate base. Setting the pH is most easily accomplished by having an

25 equimolar ratio of the acid and conjugate base for the acid (or protonated base)
with the appropriate pka.
The buffers of the present invention provide agueous, fluoride containing
compositions that exhibit little or no pH drift on standing overtime, when heated
or when diluted with water in amounts up to 95% by weight of the total

30 composition as opposed to unbuffered compositions. An example of pH drift in
an unbuffered product over time is shown in Figure 1. The pH of an unbuffered
product composed of dimethylacetamide (DMAC), deionized water, ammonium
fluoride and ammonium hydroxide having a pH of 8.3 is monitored over time.
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Figure 5- A bar graph showing the etch rates of various metals when exposed
to an acidic fluoride containing composition and a buffered near neutral fluoride
composition.
20

DETAILED DESCRIPTION OF THE INVENTION

The invention relates to aqueous, buffered fluoride containing compositions
having a pH greater than 7.0 to about 11.0. The compositions are used as
25 resist and etch or ash residue removers and cleaners in the production of
semiconductor devices. The aqueous, buffered, fluoride containing
compositions have a pH greater than 7.0 to about 11.0 and comprise;
A. a fluoride containing compound of the general formula RyNF where R
is independently hydrogen, an alcohol group, an alkoxy group, an alkyl group or
30 mixtures thereof, and
B. a buffer.
All weight percents are based on the total weight of the aqueous, buffered ,

fluoride containing composition.




+ 30 mixtures thereof, and B. a buffer. Al weight percents are based on the
total weight of the aqueous, buffered , fluoride containing conposition. 4
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the weak acid inis solution. vari ety of weak acids or protonated bases
are readily atheidomipasitioox buffers over a pH range of greater than 7.0 to
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not normally thought of as useful buffers such as benzotriazole, selected
biological compositions like glycine or vanillin and the like can be used.
Methods of preparing buffers are well known in the art. The composition of the
20 present invention can be buffered at a desired pH by adding the weak acid or
protonated base and the conjugate base in requisite amounts. One can also
prepare the buffer in situ by adding the weak acid or protonated base and a
base in calculated amounts to the fluoride containing composition.
Examples of bases include amines, ammonia, alkylammonium hydroxides,

25 ammonium hydroxide and the like.
Examples of weak acids and protonated bases that can be used in buffers

around a pH of 7 or more are listed in Table 1.
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acid)7.62 a-Al anine, nethyl ester7.74(+1) 2-Am noacetam de7.95(+l)

4- Am no- 3- brononeth | ridine7.47(+1) 2-Am nobutanoic acid, nethyl

est er 7. 64( WP 0249¥nol sogui nol i ne7. 62(+l) 4- Ami noi soxazol iWT{ES‘élla‘*?é?. 4(+l)

2-Amino-3-meth | ridine7.24(+) 2-Am nqaBLUE4 hyl pyridi ne7. 48(+1)

2-Am no-5-neth | ridine7.22(+l) 2-Am no-6-nmeth | ridine7.41(+l) 2-Am no

gi Eg: [ ng?. 3fH+H—As—ant i ;, drande7- 00 AS 1dos erm ne/. 69 N, N-Bi ?LK% h dro
- Z-am S i _ :
2 il or on o %ﬁﬁ& ,_L_gmtj onic acid !3ES7. 15 N-tert-Butyanpl i ne7.10 :|7) osvl)
2- C anoet h jetis acid (Syjvioaeid}| ohe 1. 2. rroline7 91( -+l piacetyt et one? 42
5, 5-Di al | ybaghAlannecrmthyl es®8 | , 3-Dichloro-2.5-dih dro henzede/4h) '
2, 3- Di chl or oplrahmlodcénide- D chl or ophenol 7. 85 7.95(+1)
E, N-D: et hyl {2 RInel3lbfohomelhyiyriding dr oer onovi ne7. 38(+1) 3, 47O #+H) o
enzal deh d&5 Aninobutanoic acid, methyl ester 7.64(+1)
1-Aminoisoquinoline 7.62(+1)
4-Aminoisoxazolidine-3-one 7.4(+1)
2-Amino-3-methylpyridine 7.24(+1)
2-Amino-4-methylpyridine 7.48(+1)
2-Amino-5-methylpyridine 7.22(+1)
2-Amino-6-methylpyridine 7.41(+1)
2-Aminoquinoline 7.34(+1)
Aspartic diamide 7.00
Aspidospermine 7.65
N,N-Bis(2-hydroxyethel)-2-aminoethane sulfonic acid (BES) 7.15
N-tert-Butyanaline ' 7.10(+1)
4-Chloro-2-(2'-thiazolylazo)phenol 7.09
Chrome Dark Blue 7.65
Codeine 7.95(+1)
2-Cyanoethylamine 7.7(+1)
2-Cyclohexyl-2-pyrroline 7.91(+1)
Diacetylacetone 7.42
5,5-Diallybarbituric acid 7.78
1,3-Dichloro-2,5-dihydroxybenzene 7.30
2,3-Dichlorophenol 7.44
2,3-Dichlorophenol 7.85
N, N-Diethyl-o-toluidine 7.18(+1)
Dihydroergonovine 7.38(+1)
3,4-Dihydroxybenzaldehyde 7.55
2,6-Dihydroxypurine 7.53
1,10-Dimethoxy-3,8-dimethyl-4,7-phenanthroline 7.21
N,N-Dimethylethylenediamine-N,N-diacetic acid 7.40
Dimethylhydroxytetracycline 7.5
2,6-Dimethyl-4-nitrophenol 7.19
N,N-Dimethyl-p-toluidine 7.24(+1)
Emetine 7.36(+1)
| Ergometrinine 7.32(+1)
Ethyl-2-mercaptoacetate 7.95
5-Ethyl-5-pentylbarbituric acid 7.96
5-Ethyl-5-phenylbarbituric acid 7.45
2-Ethyl-2-pyrroline 7.87(+1)
N-Ethylveratramine 7.40(+1)
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cline7.5 2,6-Dinmeth | -4-nitro henol7.19 N, NNDineth |- -tol uidine7.24(+l)

| urine7.53_l _,10-Di netho -3,8-dineth -4, 7- henanthroline7.21
N, NNDinmeth |l eth | enedi am ne-N, N-di acetic acid7.40 Dineth ih dro etrac

Enmet i ne7. 36Wwelop/1@95nnet ri ni ne7. 32(+l) Eth | -2-nmerca t oacet BEBYS@H7495

5- Et hyl - 5-

EBIVdhe, ek esteraCl d7. 96 5-Ethyl -5-hen Ibarbitluri c I@BE(¥I1A5

2- Et hyl - 2-
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G ycine, ne

cjrdéﬂﬁyd?éké“nﬂh él‘;ld:[ hveratram ne/. 40(+l) ©
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cﬂiméiﬁylﬁsiéfy' esterr. _bb( FI) @ yCcine hydrjpxam q.5gy.1j)7. 10
3 tblﬁﬂ\':) G: UAa:|||c7.GS(+i) HdrHiTIET (

oL 7:03(+1)

Her oi n7. 6( +! th1disilazaner-55—3123-89-F+6-Hexpretht
henant hrol(i ines- ] 7 B2 4 dro bonsohiirifOUFD
henol 7. 95 1pHeralno codei ne7. 12 Te(+Y
N- ( 2- Hydr oxY EleRgimpthividisitazane- N - et hansul fonic acid 7. 55 (HEPES)?-85H dro |
h drox net h[F,23B9,10ekanethyl-407-phehantirolide met ho benzai deh de 7.26
o-vani | I'i n7 g lgibkflehzaldeipdé0 benzai deh de vanillin7. 40 7.62
4-Hydroxybenzonitrile (4-Cyanophenol) 7.95
10-Hydroxycodeine 7.12
N-(2-Hydroxyethyl)piperazine-N"-ethansulfonic acid 7.55
(HEPES)
5-Hydroxy-2-(hydroxymethyl)-4H-pyran-4-one 7.90
2-Hydroxy-3-methoxybenzaldehyde (o-vanillin) 7.91
4-Hydroxy-3-methoxybenzaldehyde (vanillin) 7.40
3-Hydroxy-4-nitrotoluene 7.41
Isopilocarpine 7.18(+1)
Leucine amide 7.80(+1)
Leucine, ethyl seater 7.57(+1)
Methoxycarbonyimethylamine 7.66(+1)
4-Methoxy-2-(2'-thiazoylazo)phenol 7.83
2,2'-Methylenebis(4-chlorophenol) 7.6
1-Methylimidazole 7.06(+1)
4-Methylimidazole 7.55(+1)
N-Methylmorpholine 7.13(+1)
4-(Methylsulfonyl)phenol 7.83
Methylthioglycolic acid 7.68
1-Methylxanthine 7.70
Morphine 7.87(+1)
3-(N-Morpholino)propanesulfonic acid (MOPS) 7.20
2-Nitrohydroquinone 7.63
2-Nitrophenol 7.22
4-Nitrophenol 7.15
2-Nitropropane (CS) 7.68
N-Pentylveratramine 7.28(+1)
Phenosulsulfonephthalein 7.9
3-Pheny-a-analine, methyl ester 7.05
N-Propylveratramine 7.20(+1)
Pyrocatecholsulfonephthelein 7.82
Serine, methyl ester 7.03(+1)
Solanine 7.34(+1)
Sylvic acid (Abietic acid) 7.62
2,3,5,6-Tetramethylpyridine 7.90(+1)
Thebaine 7.95(+1)
3-Thio-S-methylcarbizide 7.56(+1)
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2-[Tris(hydroxymethyl)methylamino]- ~-1-ethansulfonic acid 7.50
(TES)
Tyrosine amide 7.48
Tyrosins, ethyl ester 7.33
Uridine-5'-diphosphoric acid 7.16
L-Valine, methyl ester 7.49(+1)
Vetramine 7.49(+1)
Vitamine B12 7.64(+1)
+1 after the pks denotes that the acid is the protonated base; BH" & B +
H’, = [BJ[H"}[BH']

The absence ofa +1 after the pK, denotes a normal acid dissociation; BH
o B + HY = [B[H'VIBH]



+1,3,5-Triazine-2,4,6-triol7.20 2,4,5-Trichl orophenol CS7.37

3,4,5-Trichl orophenol 7. 84 Triethanol am ne7.76(+1) 2,3,6-Trinmeth |
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2- hydr oxyet W@l02i19298%7. 76( +1) PCT/US02/17495

2-[ Tri s(hydroxymnet hyl ) met hyl am no] - 1- et hansul foni ¢ acid 7.50 (TES) Tyrosi ne

STVal | ne. ot Bypmplasc! Prefofrad wes 3idn hEdgs HERES, BRI SIeCAR] (atfling, ,
+1 after the E{fﬁteﬁﬁ@%ﬁ&t‘iﬁ‘ﬂk Buffered fidoride édmalﬁrnﬁtc&mjosﬂldnss%cﬁ-b@ B+ H

= [BI[HL/[ ence of a +1 after_ the adenot s.,a normal acid
d| ssoci ati on; p&SentaCanIdentally Ra a=cqnpaneni of elhe r@emsntﬁz edmyention such

PCT/ US02/ 17495 mgﬁr

benzotri azdl e, Hggg‘é Smﬁ‘%ﬁ‘%’%@b F"?gséﬁgéﬁ"egﬁﬁ'ﬁlaﬂiﬁ% :‘égﬁﬁ?n ?rulf)??rclie

g?ngﬁllhglr ngl gﬁeﬁﬁ?gdb? @téﬁaraltélycm{atbﬂs meﬁm amountsi af éronal % bysveightdo®2nent
0 nventi

S0l L1 on or - BYjeiShS Walerany NAteh 5 Gresaht 1 aMOURS B aoRn g ot ash T el y.

Vit er i s presgrigh bf HEPBE %oﬁi‘pofsm@m ThidpraseMe @i iwdter iRiprovestheweluplilty

preferably water I's present 1n amounts of from1l %tq 70% ht of the

total conposi of ammonium fuerde inctherfluggde contajning eampagitians o b‘%Pl'rt“{ﬁ"
amoni um | uopL deuidL thiffolihy He A58 réhBie MofiiO8tchiresiaues. the | nvent ion

In addition the aqueous, buffered, fluoride containing compositions can further
contain an organic, polar solvent miscible in water. The organic polar solvents
miscible in water are those solvents typically used in formulations for stripping
and cleaning applications. Examples of acceptable organic polar solvents

15 include a sulfoxide such as dimethylsulfoxide (DMSO), a sulfone such as
dimethyl sulfone, an amine such as monoethanolamine (MEA), triethanolamine
(TEA) or N-methyl ethanolamine (NMEA), an amide such as formamide or
dimethylacetamide (DMAC), a lactone such as gamma-butyrolactone, a
pyrrolidone such as N-methylpyrrolidone (NMP), an imidazolidinone such as

20 1,3-giethyl-2-imidazolidinone, a glycol such as polyethylene glycol (PEG) or
ethylene glycol monobutyl ether and the like. DMAC is a preferred organic
polar solvent. The organic polar solvent is preferably present in amounts up to
70% by weight based on the total weight of the composition.
Other components such as corrosion inhibitors can be added to the aqueous,

25  buffered fluoride containing compositions. If present the corrosion inhibitors
are added in an amount up to 20% by weight of the total weight of the
composition. Preferably the corrosion inhibitors are present in amounts of from
1% by weight to 5% by weight. Examples of sultable corrosion inhibitors
includes benzotriazole, gallic acid, catechol, pyrogallol and esters of gallic acid.

30 Benzotriazole functions both as an inhibitor and a weak acid in a buffer

solution.
The aqueous, buffered fluoride containing compositions are able to maintain
their pH even after contamination with acidic or caustic media. Unlike



1o as well as Inproving the ability to renmove inorganic etch residues. In
addition the aqueous, buffered, fluoride containing conpositions can
further contain an organic, polar solvent miscible in water. The organic
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and are not t fbé?%omﬁﬁtﬂr\&d fapthréarhiinutes with elomized water and completely
dried under nitrogen. If a negative stripper solution was used an intermediate

20  rinse of the test wafer in a solvent such as DMAC or IPA (isopropyl alcohol)
was performed for three minutes prior to the water wash. The thickness of
each wafer was measured and if necessary the procedure was repeated on the
test wafer.

Oxide etch rates were determined using a Nanospec AFT 181 (E-M-DGLAB-

25 0009). 200 mis of a test solution was placed in a 250 ml beaker with stirring
and heated, if required, to the specified temperature. Three circles were
scribed on each of the wafers to be tested. The marked areas on each wafer
were the areas in which measurements would be taken. Initial measurements
of each wafer were taken. After the initial measurements the wafers were '

30 immersed in the test solution for five minutes. If only one wafer was placed in a
beaker containing solution a dummy wafer was placed in the beaker. After five
minutes each test wafer was washed with deionized water for three minutes
and dried under nitrogen. If a negative stripper solution was used DMAC, IPA

10



- anmounts are given in weight percent unless otherw se noted. pH
measurenents are nmade on 5% aqueous sol utions at roomtenperature. Metal to
etch rates were determ ned using a CDE ResMap 273 Four Point Probe (E-M
DGLAB- 0007)WOSQ00295% of test solution was placed in a 600 RET/BEBUEMISW t h
stirring and gemidiBer sifitabkasoivert was used to piase thetést wafers fanthree minutese net al

to be tested titani initial dip in ph i c_aci i red.

The initial  BHATIR e Bar osaeMpasiEamaB of Thd SaERE arnss A cBelTRIGT, 27

Four Poi nt._15Brfaken 8hHSf ndteissarithié ideliard was reeatéd.ckness, test vafers
n e

were inmersed | test solution. If only one test wafer was being
exam ned a dubxgmpleftr was added to the solution. After five minutes the

test wafers e fr : #)ﬁhe di RS iiRrige m nut es
with dei on z\gé %g?itﬁcﬂlégaﬁﬁ@ﬁﬁpy&ﬁﬁqsg@hﬁé er R?t r ogerrilé. Qlé?'mg (ﬁegati ve
stripper sol upydrexyasmethosly benzaltietyde)and NHOH.i Vanillinthaste pkecfi7. 485 d0 in a
sol vent such as C or | PA (isopropyl,alcaohql rfor r three

mi nut es pri or eASYre e GRRGaNt gnonQ%ﬁ/@pﬂlgﬁgn&tﬂgiggﬁa@épﬁﬁ&,&ﬁ% measur ed
and if necessgiri6f RHQORCWAS hiftthe MBRAHSSE the atide All thetconsdanentsiverte et ch
rates were determned using a Nanospec AFT 181 (E-M DGLAB- 25 0009). 200
ms of a testmixgdiniaovyessebWih sieigi n a 250 M beaker with stirring and
heated, if_required, to the specified tenperature. Three circles were
scribed o’ each of the wafers to be tested. The marked areas on each waf er
were the areaGomponshth neasurenents Woguhtbe taken. Initial measurenments
of each wafer B’ﬁ‘g taken. After the |§|4':q5al measurenents the wafers were 30
imersed in tRA st solution for fiv nutes. If only one wafer was
placed in a pgpker contai ning sol uti 28.99 dummy wafer was placed In the
beaker. After five mnutes each test er was washed with deionized water
for three m nVae#in and dri ed under ni t%éen. If a negative stripper

sol ution S RANLO WO 02/ 52 PCT/ US02/ 17495 or anot her
sui t abl e s0l ven46 S tfye%’ﬁ%(l)lri nse thé@tagst wafers for three mnutes prior
to the water NHiBE@O0%&asurements of thb28cribed areas on each wafer were
taken and if pecessary the procedure was r ted. Exanple 1 s A buffered
fl uori de-cont QPHFﬁBa%%ﬁposi tion was prepar gﬁﬁﬁsi ng vanillin (4-

The calculated pH for the solution was 7.39, the measured pH was 7.34.

20 Example 2
A solution was prepared in the same manner as Example 1

Component Amount
DMAC 51.70
DIl Water 35.00

25 Vanillin 4.00
NH4,OH(28%NH; sol) 0.80
NH4F(40%sol) 7.50
Benzotriazole 1.00

The calculated pH for the solution was 7.28 and the measured pH was 7.19.

30 Example 3
The compositions of Examples 1 and 2 were heated in an open vessel for three

hours at 40°C. The pH of each of the solutions changed by about 0.6 pH units.
Example 4

11



- hydr oxy- 3- met hoxy benzal dehyde) and NH4OH. Vanillin has a pka of 7.40. To
ensure the concentration of the acid (vanillin) and the base are equal the
nolarity of NHAOH was half the nolarity of the acid. Al the conponents
were m xedwior240298%ssel with stirring. 10 15 Conponent AnouP€T/BRREBHS05 D
Wt er 28. 90 Vam §d|iifith Wes Fil-&barwmiu&amé nanAer ad-FExERElel1). 1. 25

Benzotriazol el. 00 The calculated pH for the solution was 7.39, the neasured
pH was 7.34. Componembl e 2 A sol uti on MBUHr epared in the same manner as
Exanple 1 25 B}@gnent Anmount DNMVACS51. 7(q4d¥s Wat er 35. 00 Vani | |in4. 00

NHA0H( 28%0NH3 SO .80 NH4AF(40%o0l ) 7.50 Benzotriazol el. 00 The cal cul ated pH
for the sol utiDiWates 7.28 and the neasi®@@ pH was 7.19. 30 Exanple 3 The
conposi tions nples | and 2 were P ted in an open vessel for three
hours at 46C. H of each of the solutions changed by about 0.6 pH
units. Exanplmq;@ﬂ@s%ﬂﬂpﬁéﬂOZ%ZPCT/'05852/ 17495 A solution was prepared in

the sane manner as I nh Exanple 1.
NH.F(40%sol) " 7.50
Benzotriazole 1.00

The calculated pH value was 7.43. The measured pH value was 7.34.

10 Example 5
A solution was prepared in the same manner as Example 1.

Component Amount
DMAC 62.00
Dl Water 28.90
15 HEPES 6.00
NH4OH(28%NHS3 sol) 0.85
NH;F(40%sol) 1.25
Benzotriazole 1.00

The calculated pH value was 7.48. The measured pH value was 7.51.
20 Example 6 Comparative(unbuffered)
A solution was prepared in the same manner as Example 1.

Component Amount
DMAC 67.50
DI Water 30.00
25 NH4OH(28%NHs3 sol) 0.30
NH4F(40%sol) 2.50

Additional ammonium hydroxide was added to raise the initial pH value to 8.3.

Example 7 ‘

The compositions of Examples 4 and 5 were allowed to set in open vessels at
30 25°C for seven days. During this time the pH values of the buffered

compositions of examples 4 and 5 were monitored. The results are shown in

Figure 2. The composition of Example 6 was treated in the same manner as

Examples 4 and 5. The pH for the buffered samples remained relatively

12



- Conponent Anount DMACA49. 65 DI Wat er 35. 00 5HEPES6. 00 NHA40H( 28%0N\NH3 '
NHAF(40%sol ) 7. 50 Benzotri azol el. 00 i oThe cal cul ated pH val( ue was $0I4é O;I'ﬁg
nmeasured pH value was 7.34. Exanple 5 A solution was prepared in the sane
manner as Bwerdpl1e29s2 15 Conponent Amount DMAC62. 00 DI Wat er PET/USRAEYESE. 00
NHAOH( 2890\H3 gdhaRg88 WA pHQHBAGS bf BSs Bearr026ipky ohiklows tideevar day at ed pH

val ue was
Exo gprrglr gt |l VZ(2 ;M%)gggﬁt%?gfbﬁﬁm\égkgﬂ%ﬂ%@%@%%@ aln(i-l E’ﬁ%ﬂr@a&@fﬁﬁ’i’%ﬁ&a%
NHAF(40%s0l ) f@@g@e& OW t Iayﬁl um ydPloxY\gfae\rNgg ggdsgmtog( Egi%s\lget ?\gl 030
:/vglr tel Z: I gwe\éaE)éwgte)lte 8I3 3. Exanpl eI 7 The conpositions of Exanples 4 and 5
e he po vXaBolesrd AR R NGETERedh 40K BF fieShpSRA PeH viGs 10, 1S
moni t or ed. Thﬁef@@étb?rﬁm@ﬂe Thaqesultsnare shown in Fig. 3. The unbuffered composition
had a decrease in pH value of more than 4 units, while buffered examples 4
and 5 had decreases in pH of no more than 1 unit.
Example 9
10 This example demonstrates how the oxide etch rate varies as a function of pH.
For this procedure a weak base was added to adjust the pH upward to about
9.3. The pH was altered by diluting samples of the composition of example 6
so that the composition was 95% by weight of DI water. Oxide etch rates were
determined optically on a Nanospec ATF using the standard procedure E-M-
15 DGLAB-0009. The etch rate study was run with test wafers consisting of TEOS
(tetraethyl ortho silicate) on silicon. Results are shown in Fig. 4.
Example 10
Differences in etch rates of various metals for Examples 5 and 6 were
determined. The metals included Al/Cu(4%), Cu, Ti, W, Ta, TaN, TiN, Tiw,
20 undensified TEOS, densified TEOS, and thermal dioxide. Metal etch rates
were determined using a CDE ResMap 273 and a standard procedure E-M-
DGLAB-0007, CDE ResMap 273 Four Point Probe Etch Rate. Test wafers
consisted of the appropriate metal on SiO on silicon. Results are shown in
Fig. 5.
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- Figure 2. The conposition of Exanple 6 was treated in the same nanner as
Exanples 4 and 5. The pH for the buffered sanples remained relatively 12 WO
02/ 102952 PCT/ US02/ 17495 unchanged with a pH change of less than 0.25 pH
units over WOM24e298n day period. By contrast, the unbuffePEHUMRAMe had a
pH change of gu&elfh: than 4 pH units over the seven day period. Exanple 8

5 Exanples 4,5 and 6 were heated at 4QC for three hours and the pH val ues
were deternindd. TAB W@QW@U&@@(&W’JW\‘% HOW@!"%@W@%&PF@@@&
composition had andect figgnodt A bR oRfe EBtRINNLCoripttind of theftieneral

a ec H of

buffered exanples 4° an reases in p no nore than 1 unit.
Exanple 9 io This exanpfoemalanBiNF,whare Radlrough Rwaradndanandentiy hydrages: as a

function of pH  For this _prec eﬂ@ﬁ j ust the pH
upward to dbout 9. 3. Tﬂ%aﬁ’ﬁgﬂgﬁggﬁ’t%}%@%ﬁiﬁﬁi ng agg?"gg %’?dthe
conposi tion of exappl e §puffer,t hat the conposition was 95% by wei ght of Di
water. Oxide etch rates were deternined optically on a.Nanospec ,ATF using
the standard phereladheaguagussb "RQYM@.G‘P '%‘PgﬁoFﬁoélt'Q{‘[hﬂ?%\ég run W th
test wafers cQpsisty T, t{4tgtraethyl ortho silicate) on silicon.
Results are sﬁc‘cfg\/\éntéritfrqggi@t% anple 10 Differences in etch rates of

various netals for Exanples 5 and 6 were determ ned. The netal s incl uded

Al/Cu(4%, Cu,-Ti, ' T hih TE Saimed i fi ed
TEOS, and Phefral J%%QBQBQJ%&U;?B%QH&’&? (e:és)rq%‘r .etﬁe?ﬁ%r?eggﬁsi ng a CDE
ResMap 273 angigins1 awidereth thedlueride ecitavindo@mpowabiz, angpeniuss flugride73 Four
Poi nt Probe Etch Rate. Test wafers, consisted of .opriate netal on
Si 02 on sili cdetrametoyl aramoniung fluorids or terpgt yg?mﬁ?% gg&i@g%Z Ve claim
PCT/ US02/ 17495 1. An aqueous, buffered, fluoride containing conposition,
conpri si ng; " . .
" ’ 3. The aqueous, buffered, fluoride containing composition as claimed in

15 Claim 1, wherein the fluoride containing compound is ammonium fluoride.

4. The aqueous, buffered, fluoride containing composition as claimed in
Claim 1, further comprising an organic, polar solvent miscible in water.

20 5. The aqueous, buffered, fluoride containing composition of Claim 4,
where the organic polar solvent miscible in water is an amine, a sulfoxide, a
sulfone, an amide, a lactone, a pyrrolidone, an imidazolidinone, a glycol, a
glycol ether and mixtures thereof.

25 6. The aqueous, buffered, fluoride containing composition of Claim 4,
wherein the organic polar solvent miscible in water is dimethylacetamide.

7. The aqueous, buffered, fluoride containing composition of Claim 4,
wherein the organic polar solvent is N-methylipyrrolidone.

30
8. The aqueous, buffered, fluoride containing composition of Claim 1,

wherein the buffer comprises a weak acid or protonated base and a base

14



- A, fluoroboric acid or a fluoride containing conpound of the general

formul a RANF, where Rl through R4 are independently, hydrogen, s an

al cohol group, an al koxy group or an al kyl group, and B. a buffer, wherein
t he aqueouswolafie29822d, fl uori de contai ni ng conposition hasPCI/B$2/1g498at er

than 7.0 to a?@!ébte_ajfr&n_tIHé’g?oup_chlﬂﬁs%ﬁ\ljl\g@ﬂép ahiifd, einemonfa, ammetdumont ai ni ng
conposition as clained in "Claim1, erein the fluoride containing

conmpound i s ahydioxide andan atiyl ammeniuRBYEPKIdgrmoni um f1 uori de or tetraet hyl
ammoni um fluoride. 3. The aqueous, buffered, fluoride containing
conposition as clained in 15 Caim1, wherein the fluoride containing
conpound i s a@®uwoni Thefaqueous|dufferedrifiuordricontaining carapesitiory of@lairad,

cont ai ni ng_conposi.tion as, claj. i i fur conpri sing an
organic, pol alVerfiGang Wﬁ?é@f’d %W%,tbgn%g]#gle #ﬁ}eamglénerus, buf f er ed,
fluoride containing conposition of Claim4, where the organic polar

solvent mscible in water is %% gqra’ ?le, ri@?nsul foxide, a .tsulf e 3n am de, a
| actone, a pyiPol i 1ba@quaaus.uffara. flierdsmeontainig cqsmpost 'orbﬁ’&glélm t her and
M xtur es 1t Ner gtner eBnfprisitit BOHESUT intibitoh Bfeddnt fl atAbirls \BABIZWIbP
conposition o aim 4, erein the orgahic polar solvent mscible in

wat er is di newsjdhicet ami de. 30 7. The aqueous, buffered, fluoride

cont ai ning conposition of Claim4, wherein the organic polar solvent is

N- net hyl p Prolidone. 8. The aqueous, buffered, fluoride containing

conposi ti on off1Q aiThe hquevbs;rrifferéd) dubridé eontaining corepositioncekClaimd, or

prot onated base and.a base_14 WD 02/102 PCT/ 2/ 17495 sel ected fromthe
group consi stl"‘&@rﬂf‘t%p % fom ¢ ité?n Zﬁﬂrﬂ%”yg ydr oxi de and an al kyl
ammoni um hydr oxi de. 9. The aqueous, buffered, fluoride containing

conposition of Caim1, s wherein the weak acid is HEPES, ﬁégzo riazol e or
vani | lin. 10. 12he Zheasuepuntiufieres fluprideeonfainingeempesiipnehneBimis on of

Clai m L 1" UlorGiRTRS b ko Gl tha 7 P, 4 esent i n amount's up Lo

13.  An aqueous, buffered fluoride containing composition, comprising;
A. from 0.1% by weight to 20% by weight of fluoroboric acid or a
fluoride containing compound of the general formula R4NF, where

20 R, through R4 are independently hydrogen, an alcohol group or
an alkyl group,
B. up to 70% by weight of an organic polar solvent, miscible in
water,
C. a buffer, and
25 D. from 1% by weight to 92% by weight water,

wherein the aqueous, buffered, fluoride containing composition has a pH
greater than 7.0 to about 11.0.

14, The aqueous, buffered, fluoride containing composition of Claim 13,
30 wherein the water is present in amounts from 1% by weight to 70% by weight.

15. A method of stabilizing oxide and metallic etch rates of aqueous,
fluoride containing composition, comprising; a fluoride containing compound of

15



10 11. The aqueous, buffered, fluoride containing conmposition of Caima1l,
wherein the pHis fromgreater than 7.0 to about 9.0. 12. The aqueous,
buffered, fluoride containing conposition of Cainl, is wherein the pHIs
from great ewotoramss2 O to about 8.4. 13. An aqueous, bufferReI/F$QE7498e

cont ai ni ng CogRQsEnekA TorniAETR,NF witsre Ry thfougim Ry are%d@pemgﬂy hydrogens a5y

wei ght of -fluorcoboric acid or a fluoride c?ntal ni ng co %&Qﬁ gener al
f or mul a 'RANF, alabkolgroum am alkexyargHP R a3 alkyl gEliPe RE %?nggﬂ%F'Sg P <8

al cohol group r otaifingor gani c

pol ar sol vent %@g%&ﬂverﬂ \ﬁﬁé’re tﬁ&p!lpofttﬁ?éaf{é&ysﬂﬂzrﬁfé% fromgl %bry

wei ght to 92%dnipustioils adjusted tvagtboigreater iancb0do abapt t1.0@ndi bifferde
contai ning co &Sj:ltlﬂn has a@ greater than 7.0 to about 11.0. 14. The
aqueous, buff e SOMROSHOR: ai ni ng conposition of O aim 13, 30 wherein
the water is present in amounts from1 % by weight to 70% by weight. 15. A
met hod of stabilizing oxide and netallic etch rates of aqueous, fluoride
cont ai ni ng conposition, conprising; a fluoride containing conpound of 15 WD
02/ 102952 PCT/ US02/ 17495 the general formul a RANF where R, through R4 are
i ndependent|y hydrogen, an al cohol group, an al koxy group or an al kyl
group, or fluoroboric acid; and an organic polar solvent, where the pH of
t he aqueous fluoride containing conposition Is adjusted to a pH of greater
than 7.0 to about 11.0 and a buffer is 5 added to the conposition. 16
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