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EP 0186 481 B1
Description

Background of the invention
1. Field of the invention

This invention relates to tin oxide coatings, and more particularly, to an improved method of producing
fluorine-doped tin oxide coatings by chemical vapor deposition.

2. Description of the prior art

Fluorine-doped tin oxide coatings are known to impart useful properties to many different substrate
surfaces, including gless, ceramics, metals and elemental filaments. Such coated substrates find uase as
heat reflective elements, in energy efficient windows and in opto-slectronic and samiconductor devices.

Chemica! vapor deposition of tin oxide coatings has been described in the literature, see, for sxample,
United States Patents 3,677.814; 3,849,146; 4,130,673; 4,148,657; 4,213,594; 4,265,974; Thin Solid Films 77,
51—63 (1981); 65—86; and J. Electrochem. Soc. 122, 1144 (1875).

The chemical vapor deposition method described in the prior art suffers fram one or more
disadvantages in that the process conditions, or compositions used, or the properties of the rasulting tin
oxide coatings, are not entirely satisfactory for certain commercial applications. For example, whera the
product is an energy efficient window, success has been limited by the relatively high and variable sheet
rasistance of the cosatings obtained in the process, and the low depaosition rates.

Kane in U.S. Patant No. 3,949,146 describes chemical vapor deposition of tin oxide coatings from
dibutyltin diacetate, bis{tri-n-propyi)tin oxide or bisitri-n-butyl}tin oxide doped with antimony. However,
there is no disclosure of a method of producing a low sheet resistance fluorine-doped coating whose
resistance is independent of process variables.

A chemical deposition method aiso is disciosed by Kato in U.S. Patent 4,600,667, This process uses a
gaseous mixture of monobutyltin trichloride and a halodifluoromethane which is formed from separate
gaseous streams of each reactant. The gaseous mixture then is deposited onto a glass surface. Howsver, in
this method the electrical properties of the coating are not adequate, and the deposition times are long.

As will be apparent from the above-described review of the prior art, there is a need for an improved
chemical vapor deposition process of making fluorine doped tin oxide costings, particularly a process
which will provide such coatings having a constant and minimum sheet resistance under a range of
process conditions.

Summary of the invention

In accordance with the invention, there is provided herein an improved chemical vapor deposition
method for forming fluorine-dopaed tin oxide coatings using a liquid costing composition which iricludes a
reactive organic fluorine dopant and an organotin compound. The method is carried out under a defined
set of process conditions such thet the coating produced has 8 minimum and constant shest resistance
which is substantially independent of temperature. The variabies in this process sre the concentrations, in
the vapor phase, of carrier gas, water, organic fiuorine dopant and organotin compound. These
concentrations are related by a parameter M, which is defined by the equation:

{AIR}  (H,0)
M— ’
{OFD) (0}

where

{AIR), (H,O), {OFD} and (O} are the molar proportions of carrier gas, water, organic fluorine dopant and
organotin compound in the vapor mixture.

Suitably, M has a value of 50,000 or less, preferably 20,000 or less. At these M values, the deposited tin
oxide coating has a minimum and constant sheet resistance which is substantially independent of
deposition temperature. At M values higher than those proscribed hersin, the sheet resistance increases
substantially with increasing M and increases with deposition temperature.

The chemical vapor deposition process is carried out using @ liquid coating composition which
comprises 1—30 wt.% of the organic fluorine dopant, and 70—99% of the organotin compound. A
preferred composition is 2—10% of the organic fiuorine dopant and 90—398 wt.% of the organotin
compound. The composition may contain up to 10 wt.% of a polar organic soivent.

Deposition may be cerrisd out on giass to produce a fluorine-doped tin oxide costing of a thickness of
180—210 nm which has a minimum and constant sheet resistance of about 25 ohms/sq. for M vaiues which
are §0,000 or below, preferably 20,000 or below.

Brief description of the drawings
Fig. 1 is a schematic iliustration of an apparatus for carrying out a suitsble chemical vapor deposition

process.
Fig. 2 is a graph of sheet resistance vs. M values for tin oxide coatings produced in accordance with the

process of this invention.
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Detailed description of the invention

Referring now to Fig. 1, there is shown a diagrammatic representation of an apparatus suitable for
carrying out the chemical vapor deposition process of the present invention. A carrier gas 10 which
includes oxygen, with air being preferred, is metered through a feed line 11 and through an air dryer tower
12 to provide a stream 13 of dry air. A separate air stream is directed through a humidifier 14 containing a
suitable quantity of water 15 to provide & wet air stream 16 at a desired relative humidity. Thereby a wet air
stream 17, is passed through an evaporator 18 containing vessei 19 which holds a liquid coating
composition suppiied to evaporator 18 by syringe pump 20 and syringe 21. The air stream is heated from
an oil bath (not shown} to a desired vaporization temperature.

The vaporized liguid coating composition in the air stream 22 than travels to a deposition chamber 23
having a coating nozzle 24 in which a substrate 25 is mounted on a heated piate 26. After deposition of the
desired coating the gaseous by-products of the deposition are exhausted.

The liquid coating composition in the process of the invention comprises:

a) 1—30 wt.% of a reactive organic fiuorine dopant compound where at lsast one fluorine atom is
located alpha or beta to a functional group wherein carbon is bonded to oxygen selected from carboxylic
acid, anhydride, ester, alcoho!, ketone, acid halide or ether; and

- b) 70—99 wt.% of an organotin compound which Is an alkyltin trichloride, a dislkyttin dichioride, an
alkyidichlorotin acetate, an alky! chlorotindiacetate, or an ester tin trichloride, or tin tetrachloride.

Accordingly, suitabie functional groups and reactive organic fiuorine dopants include the following:

Carboxylic acids
trifluoroacstic acid
chiorodifluoroacstic acid
diftuoroacetic acid
heptafluorobutyric acld
pentafluoropropionic acid
3-trifluoromethylicrotonic acid

Anhydrides
trifluoroacetic anhydride
heptafluorobutyric anhydride
pentafluoropropionic anhydride
chiorodifluoroacstic anhydride
perfluorogiutaric anhydride
perfluorosuccinic anhydride

Esters
ethyl trifluoroacetate
butyl trifluoroacetate
ethyl bromodifluoroacetate
ethyl chlorofiuoroacetate
methyl pentafluoropropionste
methy! heptofluorobutyrate
methyl trifiuoroacetate
methyl! perfiuorobuten-3-oate
2,2,2-trifluoroethyltriflucroacetate
1,1,1-trifluoroisopropylacetate

Alcohols
2,2,2-trifluoroethanol
1H,1H-heptafluorobutanol-1
3,3,4,4,5,5,5-heptafluoropentanol-2
heptsfiuoroisopropanol
hexaflucro-2-methylisopropanol
1H,1H,5H-octafluoro-1-pantanol
perfluoro-t-butanol
2-trifluoromethylpropanoi-2
1,1,\-trifluoropropanol-2

Ketones
sthyl 4,4,4-trifluoroacetoacstate
1,1,1-trifiuoroacetylacetons
bis(perfluoroisopropyllketone
3-bromo-1,1,1-trifluoropropanone
ethyt 4.4,4-tritluoroacetoecetate
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hexafluoroacstylacetone
pentafiuoroethyl ethyl ketone
1,1,1-trifiuoroacetone

methyl heptafluoropropyl ketone

Acid halides ,
heptafluorobutyryl chloride
perfluorcgiutary! fluoride
perfluoroctanoy! chioride
perfluorosuccinyl chioride

Ethers
2-chloro-1,1,2-trifluoroethyl methyl ether
2-chloro-1,1,2-trifluorosthy! ethyl sther

Representative reactive crganic fluorine dopants inciude trifluoroacetic acid, trifluoroacstic anhydride,
ethy! trifluoroacetoacetste, trifiuorosthanol, ethyl trifluoroacetate, pantafiuoropropionic acid, 2-chloro-
1,1.2-triflucroethyi methyi ether, 1,1,1-trifluoroscetylacetone and heptafiuorobutyryl chloride.

Typicat organotin compounds include menobutyitin trichlaride, mathyitin trichloride, isobutyitin
trichloride, dibutyltin dichloride, butyldichlorotin acetate, butyichiorotin diacetate, carbethoxysthyitin
trichloride. Tin tetrachloride also may be used as the tin compound.

in a preferred form of the invention, the liquid coating composition includes 2—10 wt.% of the organic
fluorine compound, and 90—98 wt.% of the organotin compound. ’

The liquid costing composition of the invention may inciude aiso a polar organic compound, in an
amount of about 1—10 wt.% of the composition, which wili insure stability of the liquid composition at low
temperatures. When the polar organic liquid is present, the liquid coating composition may include
210 wt.% of the orgenic fluorine dopant, 80—87 wt.% of the organotin compound and 1—i10 wt.% of the
polar organic liquid.

in a preferred form of the invention the organic fluorine dopant is trifluoroacetic acid, triflucroacetic
anhydride, or ethyl trifluoroacetoacstate, and the organotin compound is monobutylitin trichioride.

The vaporization temperature in the process suitably ranges from about 100° to about 400°C, and
preferably about 150° to 250°C. The substrate temperature ranges from about 400° to about 700°C, and
preferably about 550° to about 650°C.

The carrier gas is an oxygen-containing gas which may be air, or a mixture of oxygen and an inert gas,
and is proferably air.

The carrier gas contains water vapor in the process of the invention.

The substrate to be coated may be giass, ceramics, solid state materials, metals, elemental filaments
and the like.

The sheet resistance (ohms/sq) of the tin oxide fitm is measured with a conventional four point probe
according to ASTM standard method F374-81.

“The film thickness is measured by the beta-back-scatter method according to British Standards
Institution mathod BS5411; Part 12, 1881, ISO 3543-1981,

Referring now to Fig. 2, it is seen that the parameter M, which defines the process conditions of this
invention, can be varied to provide fiuorine-doped tin oxide coatings having a minimum and constant sheet
resistance. For M valuss below 50,000, the sheet resistance of the coating, at a thickness of about 180 to
210 nm is 26 shm/sq. For M values above 50,000, the shest resistance incresses rapidly with incressing M.

Example ¥
Tin oxide coatings made under conditions in which the “M" value is below 50,000

A liquid coating composition of 100 parts monobutyltin trichloride {(MBTC), 4.04 parts trifluoroacstic
acid (TFA} and 1.45 parts acetic anhydride {AA) (specific gravity 1.62) was pumpaed st a rate of 10.6 g/hr, into
an evaporator heated to 120°C, corresponding to 0.035 mol/hr of MBTC and 0.0035 mol/hr of TFA. Then wet
air containing 28.8 mol/hr (835 g/hr} of air and 0.067 mol/hr {1.2 g/hr} of H,O was passed through the
evaporator, and the vapor was deposited in 20 seconds anto a glass slide heated to 500°C. The coating thus
produced had a thickness of 210 nm, The calculated M vaiue was 18,000. The measured sheet resistance of

the coating was 256 ochms/sg.

Exarnple 2
Tin oxide coatings made under conditions in which the “M" value is above 50,000

A liquid coating composition of 100 parts MBTC, 2 parts TFA and 0.72 parts AA was pumpad into the
evaporator at a rate of 10.5 g/hr, corresponding to 0.036 mol/hr of MBTC and 0.0018 mol/ht of TFA. Then
wet air containing 27.6 mol/hr (800 g/hr) of air and 1.02 molfhr (18.4 g/hr) of HyO was passed through the
evaporstor and the vapor mixture thus-formed was deposited onto & glass slide hested to 500°C. In 12
seconds a flucrine-doped tin oxide costing having a thickness of 180°'nm was produced. The calculated M
value was 4.3x10% The measured sheest resistance of the coating was 238 ohms/sq.

‘4
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Example 3
Following the procedure of Examples 1and 2, small varistions in the concentrations of MBTC, TFA, air

and water corresponding to M values below and above 50,000 were tested and recorded in the graph of Fig.
2. Below 50,000 the sheet resistance was measured as substantially a minimum and constant vatue of
sbout 30 ohms/sq, while for M values greater than 20,000, the sheet resistance was substantially higher,
and increased rapidly with increasing M values.

The doped tin oxide coatings of the invention which are made within prescribed M values aiso are
observed to have a minimum and constant shest resistance over a wide range of deposition temperatures,
whereas similar coatings made 2t higher M values (above 50,000) exhibit an increasing shest resistance at
different deposition temperatures.

While the invention has been described with reference to certain embodiments thersof, it will be
understood that changes and modifications may be made which are within the skili of the art.

Claims

1. An improved chemical vapor deposition method of producing a fluorine-doped tin oxide coating
which has a minimum and constant shest resistance under different process conditions, compriging:

{a) forming a liquid coating composition which includes an organic fluorine dopant and an organotin
compound, said composition comprising:

(1} 1—30 wt.% of an organic fluorine dopant wherein at least one fluorine atom is located alpha or beta
to a functional group wherein carbon is bonded to oxygen selected from carboxylic acid, anhydride, ester,
aicohol, ketone, acid halide, or ether; and )

{2) 70—99 wt.% of an organotin compound, which is an alkyitin trichloride, a dislkyitin dichlaride, an
alkyldichiorotin acetate, a dialkylchiorotin diacetate, or an sster tin trichloride; or tin tetrachloride;

{b) vaporizing said liquid coating composition into a wet carrier gas to form & vapor mixture of carrier
gas, water, organic fluorine dopant and organotin compound; and

(c) decomposing said vapor mixture on a substrate to form said coating, characterized in that:

the vapor concentrations of said components are such that a paramaeter M, defined as:

(AR} {H,0)
(OFD} (0}

where {(AIR), (H,0), {OFD) and {O} are the molar proportions of carrier gas, water, organic fluorine dopant
and organotin compound in the vapor mixture, has a value of 50,000 or less, thereby to produce 8 fiuorine-
doped tin oxide coating having » minimum and constant sheet resistance for said values of M. |

2, A process according 1o ciaim 1, wherein M has a value of 20,000 or less.

3. A process according to claim 1 or cleim 2, in which the shaet resistance of the coating produced
thereby is about 256 ohms/sq at a thickness of about 180--210 nm.

4. A process according to any preceding claim in which the liquid coating composition comprises
210 wt.% of said organic fluorine dopant, and 90—988% of said organotin compound.

5, A process according to any of claims 1 to 3, wherein said Hquid coating composition inciudes up to
10 wt.% of a polar organic compound.

6. A process according to claim 5, wherain ssid composition includes 2—10 wt.% of said organic
fluorine dopant, 80—97 wt.% of said organotin compound, and 1—10wt.% of said poler organic
compound.

7. A process according to claim 8 or ciaim 6, whersin seid polar organic compound is acetic anhydride,
ethyl acetate or methylisobutylketone.

8. A process according to any preceding claim, wherain said vaporization temperature s 100—400"C.

9. A process according to any preceding claim, wherein said daposition temperature is above 400° and
below 700°C.

10. A process according to claim 1, wherein said substrate is glass.

11. A process according to any of claims 1 to 10, whersin said organotin compound is monobutyitin
trichioride, methyitin trichloride, isobutyltin trichloride, dibutyitin dichloride, di-t-butyitin dichloride,
butyldichiorotin acatate, butylchlorotin diacetats, or carbethoxyethyitin trichloride.

Patentanspriche

1. Verbessertas Verfahren zur chemischen Abscheidung sus der Dampfphase zur Herstellung einer mit
Fluor dotierten Zinnoxidbeschichtung, die einen minimalen und konstanten Schichtwiderstand unter
varschiedensn ProreBbedingungen aufweist, umfassend: ‘

{a) Bilden einer fiissigen Beschichtungszusammensetzung, die einen organischen Fluor-Dotierstoff
und eine Organozinnverbindung enthiit, wobei die genannte Zussmmensetzung besteft aus:

(1) 1—30 Gew.-% eines organischen Fluor-Dotierstoffs, worin wenigstens ein Fluoratom in Alpha- oder
Bets-Stellung zu siner funktionallen Grupps sngeordnet ist, worln Kohisnstoff an Sauerstoff gebunden ist

5
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und die aus Carbonsiure, Anhydrid, Ester, Alkohol, Keton, Siéuerhalogenid oder Ather gewidhlt ist; und
(2) 7099 Gew.-% einer Organczinnverbindung, die ein Alkylzinntrichlorid, ein Dialkylzinndichiorid,
gin Alkyldichlorzinnacatat, ein Diatkyichlorzinndiacetat, oder ein Esterzinntrichlorid ist; odar Zinntetrachlo-
rid;
{b} Verdampfen der genannten fliissigen Beschichtungszusammensetzung in ein feuchtes Trigergas,

~ um eine Dampfmischung aus Tragergas, Wasser, organischem Fluor-Dotierstoff und Organozinnverbin-

dung herzustelien; und

(c) Zersetzen des genannten Dampfgemisches auf sinem Substrat, urn die genannte Beschichtung zu
bilden, dadurch gekennzeichnet, da’

die Dampfkonzentrationsn der genannten Bestandtsile so gewlihlt sind, daB ein Paramaeter M, der als

{AIR) {H,0)
M=

(OFD) (0}

definiert ist, worin {AIR), (H,0), {OFD) und {O) die molarer Mengenverhiéitnisse von Triigergas, Wasser,
organischem Fluor-Dotierstoff und Organozinnverbindung im Dampfgemisch bedauten, einen Wert von

“weniger als 50.000 hat, um dadurch eihe mit Fluor dotierte Zinnoxidbeschichtung herzustellen, die sinen

minimalen und konstanten Schichtwiderstand firr den genannten Wert von M aufweist.

2. Verfahren nach Anspruch 1, worin M einen Wert von 20.000 oder weniger aufwaeist.

3. Verfahren nach Anspruch 1 oder 2, in dem der Schichtwiderstand der danach hergesteilten
Beschichtung etwa 250 Ohm/Quadrat bel einer Dicke von etwa 180—210 nm baetrigt.

4, Verfahren nach einem der vorhergehenden Anspriche, in dem dié fiissige Beschichtungszusam-
mensetzung 2—10 Gew.-% des genannten organischen Fluor-Dotierstoffs und 90—88 Gew.-% der
genannten Organozinnverbindung enthiit.

6. Verfahren nach einem der Anspriiche 1 big 3, worin die genannte flissige Beschichtungszusammen-
setzung bis zu 10 Gew.-% einer polaren organischen Verbindung enthilt.

6. Verfahren nach Anspruch 5, worin die genannte Zusammensatzung 2—10 Gew.-% des genannten
orgaenischen Fluor-Dotierstoffs, 80—87 Gew.-% der gsnannten Organozinnverbindung und 1—10 Gew.-%
der genannten polaren organischen Verbindung enthalt.

7. Verfahren nach Anspruch 5 oder €, worin die genannte polare organische Verbindung Essigséurean-
hydrid, Athylacetat oder Methylisobutylketon ist.

8. Verfahren nach einem der vorhergehenden Anspriiche, worin die genennte Verdampfungstempera-
tur 100—400°C betrégt.

9. Verfahren nach einem der vorhergehanden Anspriiche, worin die gsnannte Abscheidungstempera-
tur mehr als 400°C und weniger als 700°C betriigt.

10. Verfahren nach Anspruch 1, worin das genannte Substrat Glas Ist.

11. Verfahren nach einam der Anspriche 1 bis 10, worin die genannte Organozinnverbindung
Meoenobutyizinntrichtorid, Mathyizinntrichlorid, isobutylzinntrichlorid, Dibutylzinndichlorid, Di-tert.-butyl-

“zinndichlorid, Butyldichlorzinnacetat, Butyichlorzinndiacetat oder Carbithoxykthylzinntrichlorid ist.

Revendications

1. Méthode perfectionnée de dépdt chimique en phase vapeur pour produire un revitement d'oxyde
d'étain dopé au fluor qui & une résistance en feuille minimale et constante dans différentes conditions de
procédé, consistant :

(a) former une composition liquide de revétement qui contient un fluor oganique dopant et un
composé d'organoétain, iadite compaosition comprenant:

(1) 1—30% en poids d'un fluor dopant organique ol au moins un atome de fluor est en position sipha
ou béta par rapport & un groupe fonetionnel ol le carbone est lié & 'oxygéne choisi parmi V'acide

" carboxylique, I'anhydride, 'ester, I'sicool, la cétone, I'halogénure d’acide ou I'éther; st

{2) 70—88% en poids d'un composé d'organoétain qui est un trichlorure d'aikylétain, un dichlorure de
diatkyiétain, un acétate d’alkyldichloroétain, un diacétate de dialkylchioroétain ou un trichlorure d'étain
ester; ou bien du tétrachiorure d'étain;

(b) vaporiser ladite composition liquide de revétement dans un gaz porteur humide pour former un
rmélange en vapeur du gaz porteur, de i'eau, du fluor organique dopant et du composé d’'organétain; et

{c) décomposer iedit mélangs en vapeur su un substrat pour former ledit revétement, caractérisée en

ce que:
ias concentrations dans la vapsur desdits composants sont telles qu'on paramétre M, défini par
{AIR) (H,0}
M=
{OFD) (0}

ol {AIR}, (H,0), (OFD) et (O} sont les proportions moleires du gaz porteur, de I'sau, du fiuor organique
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dopant et du composé d’organoétain dans la mélange en vapeur,
a une valeur de moins de 50.000, pour sins! produire un revétement d’oxyde d'étain dopé au fluor

ayant une résistance en feuills minimale et constante pour esdites valeurs de M.

2. Procéds selon la revendication 1 ol M a une valeur de 20.000 au moins.

3. Procédé selon la revendication 1 ou la revendication 2 ol la résistance en fauille du revétement ainsi
produit est d’environ 25 ohms/carré & une épaisseur d‘environ 180—210 nm.

4. Procédé selon toute revendication précédente oll la composition liquide de revtement comprend
2—10% en poids dudit fluor organique dopant et 90—88% dudit composé d’organodtain.

5. Pracédé selon I'une des revendications 1 & 3 olt ladite composition fiquide de revétement contient
jusqu'a 10% en poids d'un composé organique polaire.

6. Procédé selon la revendication 5 ol ladite composition contient 2—10% en poids dudit fiuor
orgenique dopant, 80—97% en poids dudit composé d'organoétain et 1—10% en poids dudit composé
organique pofaire.

7. Procédé selon la revendication 5 ou la revendication 6 ou ledit composé organique polaire ast
I'anhydride acétique, I'acétate d'dthyle ou fa méthyl isobutyl cétone.

8. Procédé selon toute revendication précédente ol .ledite température de vaporisstion est de
100—400°C.

9. Procédé selon toute revendication précédente ol ladite température de dépdt est au deld de 400°C et
inférieure & 700°C.

10. Procédé sslon la revendication 1 ou ledit substrat est du verre.

11. Procédé selon I'une des revendications 1 & 10 ol ledit composé d'organoétain est le trichlorure de
monobutylétain, le trichlorure de méthylétain, le trichlorure d'isobutylétain, le dichiorure de dibutylétain, le
dichlorure de di-t-butylétain, I'acétate de butyldichloroétain, ie diacétate de butylchloroétain ou le
trichlorure de carboéthoxyéthylétain,
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