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relates to aque confal ning conmpositions having a pH
of fromgreater than 7.0 to aREMOVERS ANDESEEANERSI tion are used as
resist and etch or ash residue renovers and cleaners in the production 15
of semi conductor devices. The buffered, fluoride containing conpositions
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of weak aC| s or protonate ases which act as weak acids in solution that
are ef fecti DEVEEOPMENTINOGARRLIGABAEr than 7.0 to about 11.0. The
invention also includes nmethods of preparing the fluoride containing
conposi tions and their use. 25 There are a nunber of fluoride containing

conmposi t;onyALRCRENSND OFtTHME RIVENTIONI | (US 5, 972, 862) di scl oses fluoride
cont ai ning conpositions used as stripper-cleaners. Tanabe (US 5, 792, 274

and 5, 905, 063) disclose resist renover conpositions having a pH of from5
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performance acl)lj:r(rzlwum l\clz%r[])%e(r)ftltanium, 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 Therearea nurﬁber 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



the above cited references recognize the effective use of buffers to
I nprove the pH stability of fluoride containing conpositions. 5 BRIEF
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inhibitors may interfere with the removal of etch residues. It has been found
that adjusting the pH of a fluoride containing composition within a range of from
20 7 to9would 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



on exposed copper netal. BZT is also known for its ability to chelate wth
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20 The conjugate base pair is HB and B, where B’is the conjugate base. One can
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also use a protonated base as the weak acid and achieve a buffered system;
BH* <> H" + B, ko= [H*][B)/[BH"], when [B]=[BH], then pH=pk
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 aqueous, 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.



fluori de and amoni um hydr oxi de having a pH of 8.3 is nonitored over tine.
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15 Figure 4- A graph showing the change in TEOS etch rate of an unbuffered
fluoride stripping/cleaning composition with changes in pH.
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 R4NF 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.



B. a buffer. Al weight percents are based on the total weight of the
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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.



5 WO 02/102952 PCT/ US02/ 17495 TABLE | pKa Substance Abietic acid (Sylvic
acid) 7.62 a-Alanine, nethyl ester 7.74(+1) 2-Am noacetam de 7.95(+l)

4- Am no- 3wbroofreass: hyl pyri dine 7.47(+l) 2- Anmi nobut anoi ¢ a®Cw/USiB1ys ester
7.64(+) 1-Am noi sogui noline 7.62(+ yagfgyi noi soxazol i dine-3-one 7.4(+l)
2-Amino-3-nmeth Ip ridine 7.24 +1 2- Amno 4-meth | ridine 7.48 +1

2- Am no- S5pneth | —ridine 7+ 22(+H—2-Amhe—6—feth——rt+dife—74H )
2- Ami noqu g bl ne 7. 34(+I) Aspartlc diam de 7.00 As idopsperm ;Pé(a?, 65 N
N-Bi s 2-hygH8R - 2-ani noet hane sulfonic acid (BES) |7 15
N-tert-Bu Ablmblam&i (F‘Sylﬁ(fdc)d) 4- Chl or0-2- (2' -t hi azol yl azo) phendt627. 09
Chr one Dal &k AhHRe! nih |@ﬁé¥ ne 7.95(+l) 2-Cyanoethyl amlne 7.7.74{($1) 2-C
cl Qgex | - 22-Arbfﬁ LY tafnlc S,+!—) - H acetylracetone 7. 475, 5{DralTybg[pfturic
RSP i T WG o il 1 ) B
2-Aminobutanoic acid, methyl ester K 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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ester 7. 6BHatmined yci ne hydroxam ¢ acid 7. 10 d ycine. et hyl7-83¢)
7.59(+) | Beysial ine 7.03(+1) Harmine 7.61(+1) Heroin|7. 6( +7)B(+1)
Hexamet hy[Ags sifaZaime 1, 2,3,8,9,1 0-Hexanethl -4, 7- phenant 8§ i ne 7. p6
g; gxdrcgée rr?ét VT PR FRORaEY 111 € 4-Cyanophenol 5 95 10p H
( HEPES) 5Lfir Wqﬁoxﬁlbﬁ“zhr 'zgﬁ A Pc: jﬁ' 'A:eo:'e Slgg Sgl-f'ogti%?cga..; (5)x
benzal deh| Adlydsoxyhanaoniisile 4ezyanophenol)” 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)
Methoxycarbonylmethylamine 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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+1 after the pka denotes that the acid is the protonated base; BH" < B +

H”, = [BIH"V[BH]

The absence of a +1 after the pK, denotes a normal acid dissociation; BH

o B + H', ks = [B]HIBH]
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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-diethyl-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 suitable 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
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test solution, rinsed for three minutes with deionized 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. [f a negative stripper solution was used DMAC, IPA
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DGLAB- 000wD.028@0521 s of test solution was placed in a 600Pgi/usezkaps wi t h
stirring ang hsdh&dsuitdblé 8ONERPHat sbdto ARSS td Rt WerBeral thige nifuteBe et al
to be tested was titaniuman initial dip in phosphoric acid was_required.
The i ni ti al priarib dhesstentnge. Wwitesuremenie obthe satbedsarags onecaghevaiesvap 273

wer e | mor SHara fRgranc b Bpodiel MisbBeddh Yo sty Lafer s being

exam ned a Eigmplempfer was added to the solution. After five mnutes the

test wafers were renoved fromthe test solution, rinsed for three mnutes
with deisniAduffasadflucride-eomntgining Fompasitien Wasdeeparad vgag vanilim(4egat i ve

stripper solution i i ry ; t f in a

sol vent sugwckg%ﬁ@aﬁam%ﬁ%ﬁ%? 9@%&?@%@%@@6%')Vg\ﬁ/\/@gﬂﬁ)%érgg)rkﬁég?féc? ﬁw ee

m nutes pri@msure thé eoneéritrativhsdt.thd beid (vankim) emdahe beselareaioeal thes neasur ed

and if necessary thehProcedure was repeated on the est wafer. Oxide etch
4

rates were metasityphil«04 wasdalidhe splerityref the acide- A he MnPoReHB ¥®e 200
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heated, if @ixfziﬂb;%j?%kg\‘\?ﬁg@stpe ‘fied tenperature. Three circles were

scri bedjpon each of the wafers to be tested. The marked areas on each wafer
were the aregas in which neasurenments, wul d be taken. Initial neasurenents
of each waf @PMRAOPENt aken. After the PROHNLI neasurements the wafers were 30
i mer sed inD;vK:test solution for figgoginutes. If only one wafer was

pl aced in a Dbeaker containing solution a dummy wafer was placed in the
beaker. AftBtWatee ninutes each tes28.88fer was washed with deionized water
for three nm,nutes and dried under nittogen. If a negative stripper

sol uti on wa¥@3¥8®d DVAC, I PA 10 WO 02/41 952 PCT/ US02/ 17495 or anot her

sui t abl g5 SONHEOH(P@HNIS£LsbIJ 0 rinse tipesg est wafers for three minutes prior
to the water rinse. Measurenments of the scribed areas on each wafer were
taken and i NHaB@®9%30ly t he procedure Tws repeated. Exanple 1 5 A buffered
fluori de-cogt aiorthggolgorrposi tion was preparﬁﬁ) using vanillin (4-

enz

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
DI Water 35.00

25 Vanillin 4.00
NH4OH(28%NHS; 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

1



hydr oxy- 3- met hoxy benzal dehyde) and NHAOH. Vanillin has a pka of 7.40. To
ensure the concentration of the acid (vanillin) and the base are equal the
nol arity wgomms Ihalf the nolarity of the acid. Al Pog/usonpapent s
were m xed p i ' Ithé L FONRS t DMAC 64.05 D
Vet or 26, o0 N IBINFARE prithad hﬁﬂ%ﬁ?g}se%rﬁgﬁ so|)”’8“.3*é%"“f’"ﬁﬂp( 40%o0l) 1.25
Benzot ri azolCompd@®EntThe cal cul at ed pAmauntt he sol ution was 7.39, the
measur ed pgp\gﬁ% 7.34. 20 Exanmple 2 ?9 ution was prepared in the sane
manner as Pe 1 Conmponent Amount™ C51.70 D Water 35.00 25

Vani | I'in 4. ¢f)y whd#OH( 2890\NH3 sol ) 0. 8@5,0¢#4F(40%o0l) 7.50 Benzotriazole
1.00 The calculated pH for the solution was 7.28 and the neasured pH was
7.19. 36 :E;H;Eﬁﬂfé 3 Thehconpositions ®PO0Exanpl es 1 and 2 were heated in an
open vesse r 8 s at 40C. . pH of each of the solutions
changed by &&%‘Qﬁ@fseﬁ'ﬁﬂﬁﬁpts. Exanp 88,200 03 100055 POY) LS0S) 17495 A
sol uti on wapIHyFEP@Yeedl)i n the sane mann&0 as in Exanple 1. Conponent Anmount

DMAC 49. 65
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
DI Water 28.90
15 HEPES 6.00
NH4OH(28%NH3 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 NH;OH(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 freated in the same manner as

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

12



DI Water 35.00 5 HEPES 6.00 NHAOH(28%NH3 sol) '0.85 NHAF(40%ol) 7.50
Benzotriazole 1.00 The cal cul ated pH val ue was 7.43. The neasured pH val ue
was 7. 34.woteei@eanple 5 A solution was prepared in the sameETRABONENIRS

Exanpl e 1. @H%h 8"Wit 16ds tHan &5 hit& & RERy6. 00
NH4C]-|(28%\IH% SO 60%15 I—M%Q% /s ol )5§S:L 25n @I%e\r?g*marli ag\éi&ghl?sggET%y

cal cul at ed petiodal By contast, & untdfared exerpieohad a pkd chharge obgreateriheR4npl e 6
Conmpar ati ve(,ynbuyf f ere A sol utior S prepared in the same nanner as
Exanpl e 1. 5 Rt e sdied adl A8 S P BP et er 30 60" 28 NH4 OH( 2898\H3
sol) 0.30 mNehpre0§®ol) 2.50 Additional ammoni um hydroxide was added to

raise the initial pHvalue to 8.3. Exanple 7 The conpositions of Exanpl es
4 and 5 swerkExampleseti5endsewerahegled at q&f@rtitree@@uz%@ti the R Qfays.rm

00110, L Sy Pl o SnBYR o. PERAbLORE iymiad oo
of Exanpl e Kad'aslelciemieeifl pHvale of ansrenthandr uriits, wiiilaripiffesed! eramdples 4'he pH
for the buffered sanples remained relatively 12 WO 02/ 102952 PCT/ US02/ 17495
and 5 had decreases in pH of no more than™ 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-OOO?, CDE ResMap 273 Four Point Probe Etch Rate. Test wafers
consisted of the appropriate metal on SiO; on silicon. Resulis are shown in

Fig. 5.
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unchanged wth a pH change of less than 0.25 pH units over the seven day
period. By contrast, the unbuffered exanple had a pH change of greater than
4 pH uniwe toue95t he seven day period. Exanple 8 5 Exanpl @STAISB2/ames 6 wer e
heated at 4Q¢ fRfmi hree hours and the pH values were determ ned. The
results are shown in Fig. 3. The unbuffered conposition had a decrease in
pH val ue of 1nor eAntequetusnbufferedhfllierideuddrdainingescemposition, camprisngiad

decreases in pH qf no nore than. 1 unpt. . Le. i

denonstrates how'the GYP/@ OQFa’?'q'l%%hU%(%ggE@ﬁ‘ﬁq %ﬁ@ﬁ%ﬁd?ﬁ%&ﬁg} this
procedure a weak basefyaful@RIRE, WhersIRY HirollR Ruthrenvasseridenahobydroged, The
pH was altered by diluting sarrpfes of the conposition of exanple 6 so that

the conpd®sition was 9BMaSOhG O, &N abkoxygreup ananaikgidrAUPaPBe wer e
determ ned optically gg&ugfel\lanospec ATF using the standard procedure E-M 15
DGLAB- 0009. The etch S udy was run with test wafers consisting of TECS

(tetraet hyl whekdin thé bgnsbes, tuffesed, i fluonde Reatditingaoenisition has &ipdd 4.

Exanple 10 Differences in etch rates of various netals for Exanples 5 and 6
were det er greaier thene’ .Gde gbeuf ht-Quded Al /Cu(4%, Cu, Ti, W Ta, TaN, TiN,
TiW 20 undensified TECS, densified TECS, and thermal dioxide. Metal etch
rates were determ ned using a CDE ResMap 273 and a standard procedure E-M
DGLAB- 0g97, 2CDE ReeMuuedds, huftare&ofiludrider admgaibinghcdRapesitidress clenedsn

consi sted of_the apgropri at rrgf?al n Si Q2 on silicon. Resullts .gre shown in
Fig. 5 13 Wwioplwhersin Herlugssis qonigipingeerepaying s emmenifiyadde, u t er ed,
fluoride co Wl RS : i-ShiAd; TaY kC acid or a
fluoride co%tgérﬂlé{rﬁ' l%@npouwg' f@&"fjﬁcemgéeﬂrﬁ%tg?l arﬁgnrdcr%ﬁf%?ﬂg{a. where R, through

R4 are independently, hydrogen, 5 an al cohol group, an al koxy group or an
alkyl gr OUDB. andeﬁ.e a%ube%L];,etr)l’Jffered, 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-methylpyrrolidone.

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



wherein the aqueous, buffered, fluoride containing conposition has a pH
greater than 7.0 to about 11.0. 10 2. The aqueous, buffered, fluoride

cont ai ni oSt tion as claimed in Caim1, wherein thecfluserides

cont ai ni ng e rsHRIohE. /e fluoride or
tetraet hyl ge’m%m un?fpstng;qmﬂb B&élk@ gﬂﬁlgﬂgﬁé buffered, fl uglru:hgne cont ai ni ng
conposi t i onhydraxids amd anralkyl an@haniomihydbxidei n t he f | uori de cont ai ni ng
conmpound is amonium fluoride. 4. The aqueous, buffered, fluoride

contai ning conposition as claimed in Caim1, further conprising an

organi c, polar sqhéeéuue%§0b@flf@eunﬂmtd%rcorﬁé)mﬁxg ddrapasiten s Cldinf 1 er ed,
fluori de cont ai ni ng conposition of Claim4 where the organic poI ar

sol vent fi swihereinithe weakradid isHERRES dengotiarele@a@nilin. sul'fone, an ani de, a
| act one, a pyrrolidone, an imdazolidinone, a glycol, a glycol ether and

m xtures thereof. 25 6. The aqueous, buffered, fl uori de containing

conposi ti on1of CiTﬁeraqbeouthumradmﬁ:rWeg@mtamn@ eompositiemiof Qilsimi bl e in
wat er is dinet hyI acetam de. 7. The aqueous, buffered, fluori e cont ai ni ng

conposi t i onfwiheticemarsing aiserresion RBIbEPERRASENhH amoupismio 20% b

N- net hyl pyr wéfé%one 30 8. The aqueous, buffered, fluoride contai ni ng
conposition aiml, wherein the buffer corrpri ses a weak acid or
protonatigd base and a base 14 WO 02/102952 PCT/ US02/ 17495 sel ected from

th f hyd d | kyl
ammont um hy dRoxi (185 suerks, BaRBHs LA GrianT Gnpesles sl ey o

conposi ti on A %e‘qhénpi_, is f%,ﬁ@?‘?&bpg{m vaskpaet 9.0.s HEPES, benzot ri azol e or

vani |l lin. aqueous, ered, uoride containing conposition of
Caimil further conprising a corrosion |nh|b|tor present in amounts up to

comodi ti onai ot BerAceols, 8RR, ot fienind §RabbErSERERAID’: o aboun

9.0. 15  wherein the pH is from greater than 7.0 to about 8.4.

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 R4 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 agqueous, 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



12. The aqueous, buffered, fluoride containing conposition of Cainl, 15
wherein the pHis fromgreater than 7.0 to about 8.4. 13. An aqueous,
buf f er ed Wbwenox¥&2 cont ai ni ng conposition, conprising; A PCTarsoD1749% by
wei ght to ztﬂ(@rgéhe\“&'fghhuﬂfRMF’W‘?@R&hmgd Ry ar@ infiépendetelydyitager, m
conpound of thHe general fornula RANF, where 20 R1 through R4 are

i ndependentalgohgldyrogeran alkoxy gevwn ofab afkybgrousn o flkgrobgris @sid; Bndian t o 70%

by wei ght of an. organi ol ar, vent,, «m SGi i i buffer, and
25 D. from %rg%‘ﬁyp‘ﬂaf ﬁﬁf’gw@“@?ﬁ/‘gb}e %ioégﬂt’é\%g{]%@é ﬂ%%r\r@% ﬁé?tﬁg{"}ﬂ%ueous,

buf fered, fuapbglfork AMaGuBicAtoCOPHasigreatar tram ROfb abguedt & andharbuifedist o
about 11.0. 14. The aqueous, buffered, fluoride containing conposition of
Claim13 3adddteicethe aamepQ@liet is present in anmounts from1 % by weight to
70% by weight. 15. A nethod of stabilizing oxide and netallic etch rates
of aqueous, fluoride containing conposition, conprising; a fluoride
cont ai ni ng conpound of 15 WD 02/102952 PCT/ US02/ 17495 the general formula
RANF where R, through R4 are independently 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 the 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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