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GLYCOL SOLVENT

(57) Abstract

The formulations of the present invention etch doped silicon oxide compounds, such as BPSG and PSG layers, at rates greater than
or equal to the etch rate of undoped silicon oxide such as thermal oxide. The formulations have the general composition of a chelating
agent, preferably weakly to moderately acidic (0.1-10 %; preferably 0.2-2.8 %); a fluoride salt, which may be ammonium fluoride or an
organic derivative of either ammonium fluoride or a polyammonium fluoride (1.65~7 %; preferably 2.25-7 %), a glycol solvent (71-98 %;
preferably 90-98 %); and optionally, an amine.




Various "'pfribr art fornul ations, as discussed herebel ow, for etching various
types of silicon oxide conpounds typically etch BPSG | ayers and PSG | ayers
. nmore- rapi dl yywdeunsbdyer mal 5 oxi de | ayers, which can soneti mEEC17o593/26989
limting factor in the fabrication of sem conductor devices. Aqueous

sol utions of hydrofluoric acid rangi ng Specificationy di | ute sol utions (< 1% by
wei ght) to concentrated solutions (up to 49% by wei ght). The di sadvant age
~of these solutions, in addition to |ack of selectivity, is extrenely high
~etch rates and netal corrosivity, making them 10 suitable only for bul k
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~ di oxide without etching silicon. Watanabe et al., U S. 5,112,437 disclose

~ sol uti ods of hydrogen fluoride gas in methanol for renoving silicon 1 5
oxide films from sem conductor substrates. Buffered oxide etchants ("BOEs")-
- consi sting of soThdpreseat inveritionrelatesigeherally thestdhant foerhylatibns fortheretching of various
. fluorides) and hydrofluoric acid. Cm et al., US. 5, 277,835, disclose -
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. AqueouslGsol eqitiopalty, ah amaenni um f | uori de. Scardera and Roche, U. S. 4,871, 422.

di scl ose sol utions conprised of ammnium fluoride and wetting agents in
. water for etching silicon

Background and Prior Art
Several different types of silicon oxide are utilized in the fabrication of semiconductor
devices. Two of the most common types are referred to as "thermal oxide" and "BPSG."

15  Thermal oxide is typically composed of pure silicon dioxide and is utilized when an insulating
layer is required. For example, thin "gate" layers of thermal silicon oxide are often utilized to
separate conducting layers from each other. Thermal oxide layers on semiconductor wafers are
usually prepared by high temperature oxidation of surface silicon on a polysilicon wafer. BPSG
layers are comprised of silicon oxide which has been doped with boron and phosphorus. These

20  layers serve the purpose of "gettering” alkali metal ion contaminants which could otherwise
migrate into underlying layers and adversely affect electrical properties of the layer materials,
causing device reliability degradation. BPSG layers are typically created by deposition of a

suitable precursor material via atmospheric chemical vapor deposition ("CVD") followed by
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di scl ogthermal frppment toslenstyi and plenariza the dayen PG [RyeRS serve the sgme gsftering -
pol yhydri c al cohols other than ethylene glycol, and fluorine-containing
conpounfdsactioh® as BPSG layesfs butddcktbosme prior art sol utions have the linmtation
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4.1 for all of the prior art solutions. In other words, BPSG | ayers are .
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THE | NVENTI ON The fornul ati ons of the present invention etch doped silicon
oxi de, demiks.as BPSG and PSG | ayers, at rates greater than or equal to the
etch rates of undoped silicon oxides such as 20 thermal oxide. The

f or mul at i onsAdiRues sohtions 6Ehyirofhwinieerid rangingfrom vehediatte sujutigsifx 1%bef er abl y
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havi ng doped silicon oxjde 1ayers can, be etched at ra estagreat er than or

equf twitabie oakydpr bulk etchigg of siligoruexide in the absence of exposed me
Nonaqueous solutions of hydrogen fluoride, Gajda, U.S. 4,230,523, discloses an etchant

solution of hydrogen fluoride in an organic solvent such as glycerin or another polyhydric
alcohol. The solution is utilized to etch silicon dioxide without etching silicon. Watanabe et al.,
U.S. 5,112,437 disclose solutions of hydrogen fluoride gas in methanol for removing silicon

15  oxide films from semiconductor substrates.

Buffered oxide etchants ("BOESs") consisting of solutions of ammonium fluoride (or
polyalkylan;monium fluorides) and hydrofluoric acid. Ohmi et al., U.S. 5,277,835, disclose
aqueous solutions of hydrogen fluoride and ammonium fluoride for surface cleaning of
semiconductor wafers. Kinsbron et al., U.S. 4,343,677, utilize ammonium fluoride/hydrofluoric

20 acid in a molar ratio of about 10:1 in water/ethylene glycol solvent for patterning silicon dioxide
films. Roche, U.S. 4,921,572, discloses aqueous etchant solutions made from water, hydrogen
fluoride, and ethylenediammonium difluoride or diethylenetriammonium trifluoride for etching

of silicon dioxide.
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10 All of these prior art solutions have the limitation that they etch BPSG layers and PSG
layers more rapidly than thermal oxide layers. The ratio of etch rates of BPSG to thermal oxide
is approximately 4:1 for all of the prior art solutions. In other words, BPSG layers are etched
about four times more rapidly than thermal oxide layers. Another way of stating this is that the
etch rate ;'selectivity" of BPSG to thermal oxide is 4:1. To the inventors' knowledge there is no

15  prior art or commercial etching solution that circumvents this limitation.

SUMMARY OF THE INVENTION
The formulations of the present invention etch doped silicon oxide, such as BPSG and
| PSG layers, at rates greater than or equal to the etch rates of undoped silicon oxides such as
20  thermal oxide. The formulations have the general composition of a chelating agent, preferably
weakly to moderately acidic (0.1-10%; preferably 0.2-2.8%); a fluoride salt, which may be
ammonium fluoride or an organic derivative of either ammonium fluoride or a polyammonium
fluoride (1.65-7%; preferably 2.25-7%); a glycol solvent (71-98%; preferably 90-98%); and

optionally, an amine.



Oxalic acid 5 Succinic acid Qther chel ati ng agents that - produce
accept abl e are: Boric acid Catechol 10 Mal i '

2, 4- Pent ane‘&?%wgs@ﬂe chel ating agents generally contain ei tﬁpe(?ﬁ‘f’%bmsgw
carboxylic acid groups or two hydroxyl groups or two carbonyl groups such
that the twoltiyangsyantage ofshepresent inventingahat agticlesi of manyfaetutshaving dopedi ty t o
each other. Qther chelating agents which are also weakly to noderately

aci di ¢ siliébnasxidesayers tatr bl étohed atiates greater tHa@ e eqial tonhd ektheatsd sfurdspart ed to
be suitable. The preferred fluoride salts are: Amoni um fl uori de

Pent anedihadntixiddyéiet ri ammoni um tri fl uoride 20 Tet ramet hyl ammoni um
fluoride Triethanol amoni um fluoride O her organic derivatives of amoni um
fluoride are,expegted.to function simlarl The.preferred. solvent .S

ethyl ene gl o BORst e apagy REthe Bibosis iveffion ety gty et hovies slion
suitable. The optional amnes that are preferred are: D cyclohexylam ne
Pentaned¥ids layers fiat inghade siligpm dioxide BRNG andips PRO gan hgetehedat d substantially | i zed,
the amounts are sufficiently small so that the pH of the formul ated :
sol ut i cmifosmretchgateat er than 7.0. 5

These and other objects and advantages of the present invention will become understood

upon review of the following detailed description.

10

The present invention comprises etchant formulations which have the ability to etch
certain types of silicon oxide at rates which allow semiconductor applications that would be
difficult, if not impossible, to achieve with prior art wet chemical methods. The goal of the
present invention is to provide etchant formulations that exhibit equal or greater etch rates for

15  doped silicon oxide, such as BPSG and PSG layers, than for undoped silicon oxide such as
thermal oxide. The detailed formulations of the present invention are next described.
Generally, the formulation ingredients comprise:

1. A chelating agent, preferably weakly to moderately acidic (0.1-10%; preferably

\ 0.2-2.8%).

20 2. A fluoride salt, which may be ammonium fluoride or an organic derivative of
either ammonium fluoride or a polyammonium fluoride (1.65-7%; preferably 2.25-7%).

3. A glycol solvent (71-98%,; preferably 90-98%), and

4, Optionally, an amine.



It woul d al'so be expected that inclusion of optional components such as
. surfactants. @Rbegszers, corrosion inhibitors, buffering agemwcyusasmeosy
- organi c cosolvents would constitute obvious additions to those practiced in

~the art. anpl es, of, Preferred Fornul ations 5 Oxalic acid
~ 2.5% Tet Fgﬁﬁﬁ %rf:g‘ﬁlﬁ BPEEAFde g 4.5% Et hyl ene. gl ycol

93% Oxalic acid . . . 1.3% 10
Pent anet hy! di Enpediaseticracihmoni um trifl ouri de 4.6% Et hyl ene gl ycol

- 94. 1% Oxal i ¢ Mulahic acid 1. 25% Tri et hanol amrmoni um

- fluoride Oxalic acid 5% 15 Et hyl ene gl ycol

. 93. 7586 Mal oni Suéinié acid 2. 8% Tet r anet hyl anmoni um
fluoride 5.1% Et hyl ene gl ycol 92. 1%
20 I m nodi acetic acid 2% Ammoni um f | uori de
7% Et hyl % 25 Succinic acid

- 1
2. 8% Amoni ﬁmh%igtﬁjﬂcgrﬁ%gts that produce acceptable results ard? 5% Et hyl ene d ycol

92. 2% None of _t he agi ne-contai ning formul ati ons was preferred as conpared

to the non- anBREC acl
Catechol

10 Malic acid
2,4-Pentanedione
The chelating agents generally contain either two carboxylic acid groups or two hydroxyl
groups or two carbonyl groups such that the two groups in the chelating agent are in close
15  proximity to each other. Other chelating agents which are also weakly to moderately acidic and
are structurally similar to those claimed are also expected to be suitable.
The preferred fluoride salts are:
Ammonium fluoride
Pentamethyldiethylenetriammonium trifluoride
20 Tetramethylammonium fluoride
Triethanolammonium fluoride
Other organic derivatives of ammonium fluoride are expected to function similarly.
The preferred solvent is ethylene glycol, however other glycol solvents are expected to be
25  suitable.
The optional amines that are preferred are:
Dicyclohexylamine _
Pentamethyldiethylenetriamine
Triethanolamine
30

When amines are utilized, the amounts are sufficiently small. so that the pH of the formulated

solution is no greater than 7.0.



30 containing formnul ati ons, however an am ne containing fornmul ation with

significant results is: 2,4-Pentanedi one PCT/US98/2698070
Ammoni um f NIYRP4 5% Pent anet hyl di et hyl enetri am ne
10% Et hyl ene gl ycol 75% 35 6 Types of Silicon

Oxi de Uti | i Revouddalso/becknected that iclusioniof patiensl cempenepts such s urfagaisir ed on
two types of silicon oxide |layers by determning the thicknesses of the
| ayer s stabiligérs, c@iobion dnlsitbrsyy buffering agentsgarfdwrganic casalyentsmonldscopstitiiene. The

two types of silicon oxide |ayers were: 5 A thermally grown silicon
oxi de |,g¥ishs £k Rastickd ifthe aN @ silicon wafer. A CVD-deposited BPSG
oxi de layer (4800 Angstrons thick) containing approximately 5% B and 8% P

on a sg' icoi z&ﬁrf P@ﬁ ﬁﬁgﬂ EE ocessing Conditions The wafer |ayer
proces n of the wafers in fornulation baths at 10
20-60 C for 30 mnutes foll owed by washi ng w t*#ei oni zed water and drying
with a stre trogen gas. It is expected oét the formul ati ons can
al so be apprl‘m@mgbylgpmwmgﬂmds the wafers i3 aut omat ed spray tool
fol | owed byEthylamealycol nse. The preferred form®%ions identified above
exhibited etch rates of 4-67 Angstrons per mnute at tenperatures of 20-60
C for both types of oxide. The etch rate ratios of thernmal 15 oxi de: BPSG
for the prefguiestidor nul ations was in the rangegf 1. 1.3 to-1:0.27. The
i nygntors exyp eth DRtk ﬂ%jléﬂe{r%lﬁ?{iﬁﬁt&iﬂ&ﬁﬁﬁeﬁay $enexhi bited by other types

|

of "Silicon e el‘u are simlar to thermal g@Xode and BPSG For exanple,
PSG oxi de i%%‘? cb ype of doped silicon oxi é1

Oxalic acid 1.25%
Triethanolammonium fluoride 5%

15 - Ethylene glycol 93.75%
Malonic acid 2.8%
Tetramethylammonium fluoride . - 51%
Ethylene glycol 92.1%

20
Iminodiacetic acid 2%
Ammonium fluoride 7%
Ethylene glycol 91%

25 Succinic acid ' - 2.8%
Ammonium fluoride _ 5%
Ethylene Glycol 92.2%

None of the amine-containing formulations was preferred as compared to the non-amine

30 containing formulations, however an amine containing formulation with significant results is:

2,4-Pentanedione 10%
Ammonium fluoride 5%

Pentamethyldiethylenetriamine 10%
Ethylene glycol : 75%

35



which is simlar to BPSG and APCVD oxide is an undoped silicon oxide which

typically ex@id¥oisS0sx M | ar etch rates to thermal oxide. 20 PCT/US98/26989

. prior art exanples, there are nunerous cases in which others have utilized
t he sanme . or sipilar Iill’{}”n but none in which
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in claiml wherein said _chelating agent is weakly to noderately acidic, and

consi st s 586 Bapd 8%« P watasilicop wafaroo, by wei ght of the fornul ation; and

Preferred P ine Conditi
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ation of ingredients in

The wafer layer processing included the immersion of the wafers in formulation baths at
10  20-60° C for 30 minutes followed by washing with deionized water and drying with a stream of
nitrogen gas. It is expected that the formulations can also be applied by spraying onto the wafers
in an automated spray tool followed by a water rinse.
The preferred formulations identified above exhibited etch rates of 4-67 Angstroms per
minute at temperatures of 20-60° C for both types of oxide. The etch rate ratios of thermal
15  oxide: BPSG for the preferred formulations was in the range of 1:1.3 to 1:0.27. The inventors
expect that similar selectivity may be exhibited by other types of silicon oxide which are similar
to thermal oxide and BPSG. For example, PSG oxide is another type of doped silicon oxide
whicﬁ is similar to BPSG, and APCVD oxide is an undoped silicon oxide which typically
exhibits similar etch rates to thermal oxide.
20 From prior art examples, there are numerous cases in which others have utilized the same
or similar fluoride components and glycols but none in which chelating agents are also utilized.
It is the combination of ingredients in the formulations which confers the unique etch selectivity

properties; this combination is not present in any prior art formulations.



wherein said fluoride salt consists of a conpound fromthe group consisting
of anmoni u%éb M:Ie, an organi c derivative of amoni um f | ugcirafses/H¢ese A
organi c derivative of a 5 pol yanmoni um fl uori de, and wherein said
fluoride salj, consists of approximately . .1.65-.7% by, wei ght of. t he

formul ati on; é"fs%‘?tﬁn‘éeﬁg% cot 8?%7‘%‘?"%5‘?@%??‘8‘?"3&5 i mately
83-98. 25% by wei ght _of said formulatiqn. 3. A chem cal formul ation as
descr i sarbodiments; itwill bgvaderstaod by thoseehilled ingheyt that cestajalierafiopgandyder at el y
acidic, and consists of approximately 0.1-10% by wei ght of the fornulation;
and whanadificatiohsimbhy be nmadetherein withowgidsparting framaberpoeispirif andrscofresofgheoup

consi sting of amonium fluoride, an organic derivative of ammoni um

f1uori dgvenfibsl R iPtheRire iléided 8y thednwintcts tat the FNGWARR Blaitichverall isech and
wherein said fluoride salt consists of approximately 1.65-7% by wei ght of

et G By R pUAERE ot ARk hak b T X s i Shope O gl pthion, |

am ne consists of approximately 0-10% by wei ght of said forrmulation. 9

4. A chenWhatil clapdsi ati on as described in claim2 wherein said chel ating
agent is selected fromthe group consisting of: Imnodiacetic acid Ml onic
acid 5 Oxalic acid Succinic acid 5. A chem cal fornulation as

described in claim3 wherein said chelating agent is selected fromthe
group consisting of: Imnodiacetic acid Malonic acid :



-5 - .Oxalig¢c acid Succinic acid 6. A chem cal fornmul ati on as

descri bed i ny6) dis9ne4 Wherein said chel ating agent is sel ect ed POTOUS98R6989

"~ group consisting of: Imnodiacetic acid 5 Mal onic acid Oxalic acid
Succinic acid Boric acid Catechol 10 Malic acid 2, 4-Pent anedi one 7.
A chem cal formulation as descri bed i%l%%n 3 wher ei n sai d chel ating agent

- 1s selected fromthe, grou Si stin 15 nodlacetlc aci d
Mal oni ¢ Acid é&bﬂn@aég} %L[}GEE Lhé‘lgg Wp@eglg{sah%om BRNIPE Mali c
aci d 2, 4- Pent anedi one 8. A for mul ati on as described in claim- 1 wher ei n

sai d fl uori deashdlatingsagent; ect ed from t he
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a glycol solvent.

2. A chemical formulation as described in claim 1 wherein said chelating agent is weakI}-' to
moderately acidic, and consists of approximately 0.1-10% by weight of the formulation; and
wherein said fluoride salt consists of a compound from the group consisting of ammonium
fluoride, an organic derivative of ammonium fluoride, and a organic derivative of a

5 polyammonium fluoride, and wherein said fluoride salt consists of approximately 1.65-7% by
weight of the formulation; and wherein said glycol solvent consists of approximately 83-98.25%

by weight of said formulation.

3. A chemical formulation as described in claim 1 wherein said chelating agent is weakly to -
moderately acidic, and consists of approximately 0.1-10% by weight of the formulation; and
wherein said fluoride salt consists of a compound from the group consisting of ammonium
fluoride, an organic derivative of ammonium fluoride, and a organic derivative of a

5 polyammonium fluoride and wherein said fluoride salt consists of approximately 1.65-7% by
weight of the formulation; and wherein said glycol solvent consists of 73-98.25% by weight of
said formulation; and further including an amine, wherein said amine consists of approximately

0-10% by weight of said formulation.



group consi sting of: Ammoni um fl uori de Pentanet hyl di et hyl enet ri ammoni,um

trifluorid Tet ranet hyl ammoni um fl uori de Tri et hanql&s;@g?
fluoride 9?‘”599/5\301‘9& nmul ati on as described in claim2 wherein sal uori de

salt is,selected fr t he._group cqnsi,sting_of: Ammmonium fl uori de
Pent amethyl d'lxé‘gw}"@ﬁgfffl\géﬂ%’cﬁﬁ %ﬁ‘frﬁ}eﬁf? 6‘8%“?31 &hgrein said chelatigg agent issglegtedoni um
fluoride Triethanol ammoni um fl uori de 10. A formul ati on as described in

cl ai m 3fromdhegnoup gensistingofi de salt is selected fromthe group consisting
of : Ammoni um fl uori de Pent anet hyl di et hyl enetriamoniumtrifluoride 5

Tet ranet hy| aiminediasetit beidr i de Tri et hanol arrrmni—um-t_l_uwrhA
formul ation as described in claim4 whereinisaid fluoride sa is selected .
from the grougieaReisti ng of : Ammoni um f uorag'
Pent anet hyl di et hyl enetri ammoni umtrifluoride I"ﬁ””'”"'”ﬂ'”!#t hyl anmoni um
fl u%ri de Tri@*%%%gidammni um fluoride 12. A fornrul ati’hn sas *descri bed in
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claim5 wher d fluoride salt is selected fromthe group consisting

of : Ammoni um fl uori de Pent amet hyl di et hyl enetri anmoni umtrifl uoride
Succinic act

- 5. A chemical formulation as described in claim 3 wherein said chelating agent is selected
from the group consisting of:

Iminodiacetic acid
Malonic acid

5 Oxalic acid
Succinic acid

6. A chemical formulation as described in claim 2 wherein said chelating agent is selected
from the group consisting of:

" Iminodiacetic acid
5 Malonic acid

Oxalic acid
Succinic acid
Boric acid
Catechol

10 Malic acid
2,4-Pentanedione

7. A chemical formulation as described in claim 3 wherein said chelating agent is selected
from the group consisting of:

15 Iminodiacetic acid
Malonic acid
Oxalic acid
Succinic acid
Boric acid

10



.5 © -Tetramet hyl ammoni um fl uoride Triethanol ammoni um fl uori de 13.
. A fornul ati ogyegeossdescri bed in cl ai rd—ftuori de SapCT/USHE/26989

" selected fromthe group consi sting r|de
- Pent amet hyl di E%Qxﬁqnet ri amoni um t “ ﬂ" m l! Tet ramet hyl anmoni um

fluoride Trie nol.anmoni um f | uori formul ati on as

- described in erein said am ne i s sel ected fromthe group

. consi sting of4 B§<yl ani ne Pentamet hyl di et hyl enetriamne 5

~ Tri et hanol am ne 15 A chem cal formulation as described in claim5
wherein said amne is selected fromthe group consisting of:

~ Di cycl oh8xyl| aki formmietioreasateboribed én tlgine b otherainsaié fltioride salt is sefedtat fiomaheani ne

16. A chem cal forrrul ation as described in claim 10 wherein said amne is
sel ect edﬁlﬁ)(, fBbhditinglofup consi sting of: D cycl ohexyl am ne
-~ Pent anet hyl di et hyl enetriam ne 5 Tri et hanol am ne 17. A chem cal

formul ati on aﬁnﬂﬁ&ﬁﬁﬂx?ﬁﬂnh@ claim 12 V\/nerel n said amne is selected from

the Pentamethyldiethylenetriammonium trifluoride

5 Tetramethylammonium fluoride
Triethanolammonium fluoride

0. A formulation as described in claim 2 wherein said fluoride salt is selected from the
group consisting of:
Ammonium fluoride
Pentamethyldiethylenetriammonium trifluoride
5 Tetramethylammonium fluoride

Triethanolammonium fluoride
10. A formulation as described in claim 3 wherein said fluoride salt is selected from the
group consisting of:

Ammonium fluoride

Pentamethyldiethylenetriammonium trifluoride
5 Tetramethylammonium fluoride

Triethanolammonium fluoride

11. A formulation as described in claim 4 wherein said fluoride salt is selected from the
group consisting of:

Ammonium fluoride

Pentamethyldiethylenetriammonium trifluoride
5 Tetramethylammonium fluoride

Triethanolammonium fluoride

12. A formulation as described in claim 5 wherein said fluoride salt is selected from the
group consisting of:

Ammonium fluoride

Pentamethyldiethylenetriammonium trifluoride
5 Tetramethylammonium fluoride

Triethanolammonium fluoride

11



group consisting of: Dicycloh hyl di et hyl enetriram ne* 5
Tri et hanol am : A chem QM‘MIMImﬁuuﬂ descri bed i ;
conpri si ngwcé}%aﬁ% aci d = ¢ Lomos T 2.5% RCTABISRESS -
Tet r amet hyl amoni

9305 12 13. 7 1 4\ form a%é%;“@é;;r?ﬁegmpg{: 63vhersdn %&?P‘F’tﬁ@gaﬁﬁg %?g‘la‘ﬁy‘%"‘%hﬁpri si ng:

Oxalic acid 1.3%

Pent amerdup apinsisting efhet ri ammoni um triflouri de 4.6% Et hyl ene gl ycol
94.1%20. A chemical formulation as described in claim1 conprising:

Oxal i C aci d Ammonium fluoride 1.25% Tri et hanol anmnoni um
fluoride  PpentamethyldiethyfefRithath@bgiugl tyiflabride 93. 75% -
21. A cheRiggahetfhylafithcHihR Fluddidslescri bed in claim 1 conprising: Malonic
aci Trietl1anol monium fluoride 2. 8% Tetramet hyl anmoni um f 1 uori de

5.1% Et hyl ene g ycgfn _ 92.1% 22. A chem cal

; [ at | : : : o : , ! :
o Ul A 0N 2 a2 Rmlation aS débcHbéd ¥R W hiein'sid MHHAER Shebiof frbfh the
group consisting of:
Dicyclohexylamine
Pentamethyldiethylenetriamine
5 Triethanolamine

15. A chemical formulation as described in claim 5 wherein said amine is selected from the
group consisting of:
Dicyclohexylamine

Pentamethyldiethylenetriamine
5 Triethanolamine

16. A chemical formulation as described in claim 10 wherein said amine is selected from the
group consisting of:
Dicyclohexylamine
Pentamethyldiethylenetriamine
5 Triethanolamine

17. A chemical formulation as described in claim 12 wherein said amine is selected from the

group consisting of:
Dicyclohexylamine
Pentamethyldiethylenetriamine

5 Triethanolamine

18. A chemical formulation as described in claim 1 comprising:
Oxalic acid 2.5%
Tetramethylammonium fluoride 4.5%
Ethylene glycol 93%

12



Et hyl ene glycol- 91% zs A chem cal fornmulation

as descri bedydogisassm 1 corrprl Si ngj
- 2. 8% Ammoni um f | uori de “I Illl
e

© 92.2%24. A chenical fornulation as
2, 4- Pent anedi one
0 0
' ?;%Pigt arpé'f hy IAd El%mqgal%nett{léuao@ 2 described in claim 1 %gn{%r?sing:
Oxalic acid 1.3%
Pentamethyldiethylenetriammonium triflouride 4.6%
Ethylene glycol 94.1%
20. A chemical formulation as described in claim 1 comprising:
Oxalic acid : 1.25%
Triethanolammonium fluoride 5%
Ethylene glycol : 93.75%
21. A chemical formulation as described in claim 1 comprising:
Malonic acid . 2.8%
Tetramethylammonium fluoride 5.1%
Ethylene glycol 92.1%
22. A chemical formulation as described in claim 1 comprising:
Iminodiacetic acid 2%
Ammonium fluoride 7%
Ethylene glycol 91%
23. A chemical formulation as described in claim 1 comprising:
Succinic acid 2.8%
Ammonium fluoride 5%
Ethylene Glycol 92.2%
24. A chemical formulation as described in claim 3 comprising:
2,4-Pentanedione 10%
Ammonium fluoride 5%
Pentamethyldiethylenetriamine 10%
5 Ethylene glycol - 75%
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thyI ene d ycoI
SCIrI |n*c aim 3 conpri sing:
10% Amoni um fl uori de

Et hyl ene gl ycol



