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- FIELD OF THE INVENTION ‘

The invention relates to a pellicle which is used as a dust
defocusing cover for a photomask or reticle. More specifically, the
invention relates to a pellicle which transmits a high percentage of
incident light, especially in the deep ultraviolet wavelength range.

BACKGROUND

Projection printing systems for forming an image on a light
sensitive substrate .or wafer are particularly suitable for effecting
the exposure of photoresist-coated semiconductor wafers in the
manufacture of integrated circuits. These systems normally
include a photomask or reticle (hereinafter "mask") having a
transparent substrate with a pattern of opaque and transparent
areas formed on one surface thereof, an illumination system for
directing a2 beam of radiant energy such as light or ultraviolet rays
through the mask to the wafer, optical means for forming a
focused image of the mask pattern on the wafer and a pellicle for
maintaining the images of any dust particles out of focus on the
surface of the mask.

The pellicle is a free-standing thin optical film mounted on a
frame. Normally, the frame is attached to the mask and the
optical film stands away from the mask surface by a given
distance. Dust particles which might otherwise settle on the mask
and be projected onto ‘the wafer, will settle on the pellicle instead
and be defocused. Consequently, when pellicles are used in a
conventional projection printing system, one or more dust

~ particles will not affect the yield of a given wafer and yields can

be significantly improved.

Ideally, pellicles should be invisible to the radiant energy of
the projection printing system. That is, in order to produce clear,
well-defined patterns, the optical film of the pellicle should
transmit 100% (i.e. reflect 0%) of the radiant energy used during
the projection printing process. '
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Accordingly, different materials have been proposed for pellicle
films.
In U.S. Patent 4,131,363, Shea et al. discloses
polyoxyethylene terephthalate and parylene as suitable materials

10 for pellicle films. In U.S. Patents 4,378,953 and 4,536,240, Winn
teaches acrylics as pellicle films. And Japanese patent publication
Kokai Patent No. 58-219023 discloses pellicle films made of
cellulose esters.

Ward uses the reaction product of a polyvinyl butyral resin

15 and a silane as a pellicle film in U.S. Patent 4,476,172. And in U.S.
Patent 4,482,591 to Ward and U.S. Patent 4,499,231 to Ward et al,,
a composition comprising a mixture of a polyvinyl butyral resin
and a dispersion of colloidal silica and a silicone resin is disclosed
as a suitable material for a pellicle film.

20 Japanese patent publication Kokai Patent No. 60-083032
discloses a fluorine polymer of refractive index below 1.42 in a
pellicle film.

U.S. Patent 4,131,363 to Duly et al. discloses a
polymethylmethacrylate pellicle film. And U.S. Patent 4,796,973
25 to Gordon discloses cellulose acetate butyrate pellicle films.
Although these various materials form pellicle films which
transmit a substantial portion of incident radiant energy, there is
still room for improvement. For example, many of the materials
deteriorate rapidly upon exposure to deep ultraviolet radiant

30 energy and some transmit a high percentage of incident energy
only within a narrow range of energy wavelengths. Thus, there is
still a need in the art for a pellicle film which transmits a high
percentage of incident light and is useful and durable over a
broader wavelength of incident radiant energy.
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to 300 nanometers after 500 Joules/cm2 of total exposure using
248 nanometer wavelength light, tautly adhered to one edge of an
enclosed support frame, said thin film comprising amorphous
fluoropolymers having a refractive index between 1.24 and 1.41.
10 - More particularly, the invention is directed to a pellicle
comprising a thin, durable film of substantially uniform thickness
which absorbs less than 10% light at wavelengths between 190
and 820 nanometers, tautly adhered to one edge of an enclosed
support frame, said thin film comprising amorphous
15 fluoropolymers consisting of copolymers of 30-99 mole % of
perfluoro-2,2-dimethyl-1,3-dioxole (PDD) with complementary
amounts of at least one comonomer selected from the class
consisting of the following compounds:
a) tetrafluoroethylene,
20 b) chlorotrifluoroethylene,
c) vinylidene fluoride,
d) hexafluoropropylene,
e) trifluoroethylene,
f) perfluoro(alkyl vinyl ethers) of the formula
25 CF2=CFORE, where Rg is a normal perfluoroalkyl radical having 1-3
carbon atoms, .
g) fluorovinyl ethers of the formula CF2=CFOQZ, where
Q is a perfluorinated alkylene radical containing 0-5 ether oxygen
atoms, wherein the sum of the C and O atoms in Q is 2 to 10; and Z
30 is a group selected from the class consisting of -COOR, -SOsF, -CN, -
COF, and -OCH3, where Risa C;-C4 alkyl,
h) vinyl fluoride, and
i) (perfluoroalkyl)ethylene, RfCH=CH2, where R¢is a C;-
Cg normal perfluoroalkyl radical;
35 the glass transition temperature of the copolymer
being at least 80°C, '
the maximum mole percentage, Mj...M;j, of the
comonomer in the copolymers being as follows:
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e) for trifluoroethylene, M.=30,

f) for CF=CFORF, Mf=30,

g) for CF2=CFOQZ, Mg=20,

h) for vinyl fluoride, Mp=70, and

i) for RfCH=CHj, M;=10;

and, in the case of copolymers with more than one
comonomer, the amount of each comonomer being such that the
sum, S, of the ratios of the mole percentages; m, . . .mj, to the
corresponding maximum mole percentages, M, . . .M;j is no larger
than 1, as shown below:

S= ma/My + my/Mp +...+m/M; S 1.

As used herein, the term "complementary” means that
the mole percentage of PDD plus the mole percentages of all the
above comonomers (a) through (i) present in the copolymer add
together to 100%.

Brief Description of the Drawings

Figure 1 is a cross-sectional view of a photomask which has
a pattern coated thereon and a pellicle secured thereto.

Figure 2 is a graph of the percentage of light transmitted
versus the wavelength of light, measured in nanometers, for the
1.78 micron thick, fluoropolymer film of Example 1.

Figure 3 is a graph of the percentage of light transmitted
versus the wavelength of light, measured in nanometers, for the
1.0 micron thick, fluoropolymer film of Example 2.

Figure 4 is a graph of the percentage of light transmitted
versus the wavelength of light, measured in nanometers, for. the
3.6 micron thick, fluoropolymer film of Example 3.

iled Description of th venti
icle Fil '
Any fluoropolymer having a refractive index between 1.24
and 1.41 that is capable of forming a free standing thin, durable
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" than 2 wavelengths of exposure frequency per inch. Typically,
these pellicle films have a thickness of 0.3 to 20 microns.
Preferably, the pellicle film has a thickness of 0.8 to 3.0 microns.
As used herein, the term “durable” means the film achieves less
10 than 1% reduction in average transmission from 200-300
nanometers after 500 Joules/cm2 of total exposure using 248
nanometer wavelength light.
A fluoropolymer having a refractive index of 1.29 to 1.32 is
preferred. Particularly preferred fluoropolymers are the
15  amorphous copolymers of PDD with complementary amounts of at
least one comonomer selected from the class consisting of the
following compounds:
a) tetrafluoroethylene,
b) chlorotrifiuoroethylene,
20 c) vinylidene fluoride,
d) hexafluoropropylene,
e) trifluoroethylene,
- f) perfluoro(alkyl vinyl ethers) of the formula
CF,=CFORE, where Rr is a normal perfluoroalkyl radical having 1-3
25 carbon atoms,
g) fluorovinyl ethers of the formula CF2=CFOQZ, where
Q is a perfluorinated alkylene radical containing 0-5 ether oxygen
atoms, wherein the sum of the C and O atoms in Q is 2 to 10; and Z
is a group selected from the class consisting of -COOR, -SO2F, -CN, -
30 COF, and -OCHs3, where Ris a C;-C4 alkyl,
h) vinyl fluoride, and
i) (perfluoroalkyl)ethylene, RfCH=CH2, where R¢is a C;-
Cg normal perfluoroalkyl radical; |
the glass transition temperature of the copolymer
35 being at least 80°C,
the maximum mole percentage, M,...M;, of the
comonomer in the copolymers being as follows: — .
a) for tetrafluoroethylene, M;=70, Th,s Sheet I
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g) for CF2=CFOQZ, Mg=20,
h) for vinyl fluoride, My=70, and
i) for R{CH=CHj, M;=10;
and, in the case of copolymers with more than one
10 comonomer, the amount of each comonomer being such that the
sum, S, of the ratios of the mole percentages, m, .. .m;, to the
corresponding maximum mole percentages, M, . ..M is no larger
than 1, as shown below:

15 - 8= ma/Ma + mp/Mp +...+mi/Mj < 1.
These copolymers are disclosed in the U.S. Patent No. 4,754,099
and copending U.S. patent applications Serial No. 07/148,579
(Assignee's case no. 5206D) and (Assignee's
case no. 5206E) each of which is incorporated herein by reference.

20 PDD is copolymerized with any one or more of the above-
mentioned monomers to produce an amorphous copolymer. All of
the principal monomers used in this invention are known in the
art. Copolymerization is carried out in the presence of a free
radical generator at a temperature suitable for the initiator

25 chosen. Well agitated pressure equipment and a nontelogenic
solvent or diluent should be used, preferably one that has
sufficient volatility to permit easy removal from the polymer.

These amorphous copolymers of PDD possess properties

which are especially desirable for a pellicle film. Such properties

30 include low absorption and dispersion of light in a broad range of
wavelengths, low water absorption to reduce sagging, greater
durability to permit repeated exposure, low refractive indices, low
surface energy to reduce particulate adhesion and good chemical
resistance to solvents and cleaning agents. In addition, these

35 amorphous copolymers of PDD can be applied from a solvent
which evaporates after application to produce a uniform anti-
reflective layer. The solution of the PDD copolymers in solvent is
filterable to reduce the size and number of particles within the
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that the fmal film contains less than 20 visible particles and no
5 particles greater than 20 microns. Suitable solvents include
fluorocarbons such as Fluorinert® FC-40 Electronic Liquid,
perfluoro trialkyl amines, Fluorinert® FC-75 Electronic Liquid,
perfluoro(2-butyltetrahydrofuran) and Fluorinert® FC-77
Electronic Liquid, a fully fluorinated organic compound with a
10 typical molecular weight range of 300-1000.
A more preferred pellicle film of the invention comprises an
amorphous copolymer of 30-99 mole % PDD with a
complementary amount of TFE and has an index of refraction in
the range of 1.29 to 1.32. An amorphous copolymer of 60-90
15 mole % PDD and 40-10 mole % TFE is further preferred. One
particularly preferred pellicle film comprises an amorphous
copolymer of 65 mole % PDD with 35 mole% TFE. Another
particularly preferred pellicle film comprises an amorphous
copolymer of 90 mole% PDD with 10 mole % TFE.
20 To further enhance the transmissivity of the above
described fluoropolymer pellicle film, a suitable anti-reflective
layer or layers may be applied to the fluoropolymer film.

Support frame

25 -The closed support frame of the invention may be in any
shape and size suitable for attachment to a photo mask or reticle
such that the pellicle film does not touch and the frame does not
interfere with the work surface of the mask or reticle. Typically,
the support frame is circular with a diameter of 1-6 inches, or

30 square with sides of 1-6 inches. The material of the support
frame should have high strength, a low tendency to attract dust,
and a light weight. Hard plastics, and metals such as aluminum,
and aluminum alloys are suitable materials for the support frame.
An aluminum alloy, particularly machined, anodized aluminum, is

35 preferred.

The pellicle film is tautly adhered to the closed support

frame. Conventional glues and adhesives may be used to adhere
the film to the frame provided the glue or adhesive does not
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Pellicle

The manufacture of pellicles is known in the art. A thin film
of the fluoropolymer of the invention is formed. This film is then
tautly adhered to an edge of a closed support frame.

10 The films of the invention can be produced by methods
known in the art, e.g. Japanese patent publication Kokai Patent
No. 60-237450.

In a preferred method, the pellicle film is produced by

dissolving a fluoropolymer of the invention in a solvent, filtering

15 the solution and spin coating the solution onto a glass substrate. A
solution suitable for spin coating should wet the substrate, form a
uniform coating on the substrate and dry uniformly. After the
solution is coated onto the spinning substrate, spinning is stopped
and the coating is heated to evaporate solvent and form a uniform

20 film. This uniform film is isolated from the substrate onto a lifting
frame.

Subsequently, the film is appropriately adhered to a closed
support frame by a suitable adhesive and extended tautly across
the support frame, which is smaller than the lifting frame. The

25 side of the support frame opposite the adhered film is secured to
a mask surface, the pellicle film suspended above the pattern on
the surface of the mask. Figure 1 illustrates such a pellicized
mask. The mask 3 is transparent and typically, composed of silica.
A pattern 4 is coated on the upper surface of mask 3. This

30 pattern is encompassed by support frame 2 and covered by
pellicle film 1. Radiant energy is projected from a source above
the pellicle film through the film, pattern and mask onto a
photoresist coated wafer in order to produce integrated circuits.

Although the foregoing discussion and the following

35 examples are directed primarily to single layer thin optical films,
the invention is not so limited. The ordinary artisan will recognize
that additional layers such as antistatic layers and cooperating
antireflective layers, may also be part of the thin optical film of
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opumal thickness of the antireflective layer will vary depending
5 on the refractive index of the antireflective layer material and the
wavelength of energy that will be used. For example, a single
transparent layer will reduce surface reflection if the refractive
index of the layer is less than that of the substrate to which it is
applied and the layer is of appropriate thickness. If the index of

10 refraction of the layer material is exactly equal to the square root
of that of the substrate, all surface reflection of light will be
eliminated for that wavelength at which the product of refractive
index times thickness is equal to one-quarter of the wavelength.
At other wavelengths, the destructive interference between light

15 reflected from top and bottom surfaces of the antireflection layer
is not complete; but, nonetheless, there is a reduction in overall
reflectiveness. Conventional methods such as spin-coating may be
used to produce these films having additional layers.

EXAMPLES '

20 In the following examples, the preferred method for
making a pellicle film which was described above was used with
the indicated materials and conditions. Figures 2-4 are spectral
transmission graphs for the respective examples. The horizontal
axis of each graph is wavelength, in nanometers, of a standard

25 high pressure mercury lamp and the vertical axis is the pecentage
of light transmitted through the respective pellicle film.

Example 1
A solution of 6.5 % by weight of a 65 mole % PDD with 35

30 mole % TFE copolymer (Ty = 148.4 °C.) dissolved in Fluorinent® FC-
40 Electronic Liquid, perfluoro trialkyl amines, was filtered
through a 10 micron filter and dispensed onto a glass substrate.
The glass substrate which rotated for 2 minutes with a final
rotation rate of 1500 rpm. The coated substrate was heated to

35 170 °C. for 10 minutes to evaporate solvent from the PDD/TFE -

' copolymer layer. The resulting uniform, 1.78 micron thick film
transmitted greater than 92% of incident light at wavelengths of

193 to 820 nanometers, as shown in Figure 2.
This Sheet Has Been RT
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Example 2 '

Example 1 was repeated except that the PDD/TFE copolymer

solution was spin coated onto a glass substrate which had a final
5 rotation rate of 4000 rpm. The coated substrate was heated to
170 °C. for 10 minutes to evaporate solvent from the PDD/TFE
copolymer layer. The resulting uniform, 1.0 micron thick film
transmitted greater than 91% of incident light at wavelengths of
193 to 820 nanometers, as shown in Figure 3.
10 '

’

Example 3
_ A solution of 8 % by weight of a 68 mole % PDD with 32 mole
% TFE copolymer (Tg = 154.6 °C.) dissolved in Fluorinert® FC-40
Electronic Liquid, perfluoro trialkyl amines, was filtered through a
15 10 micron filter and dispensed onto a glass substrate. The glass
substrate which rotated with a final rotation rate of 1100 rpm.
The coated substrate was heated to 100 °C. for 10 minutes to
evaporate solvent from the PDD/TFE copolymer layer. The
resulting uniform, 3.6 micron thick film transmitted greater than
20 91% of incident light at wavelengths of 193 to 820 nanometers, as
shown in Figure 4.

25 IST OF ABBREVI S
TFE= tetrafluoroethylene
VdF= vinylidene fluoride
HFP= hexafluoropropylene
PDD= perfluoro-2,2-dimethyl-1.3-dioxole

30 LIST OF TRADEMARKS
VICTREX® is a trademark of ICI Americas, Wilmington, DE
UDEL® is a trademark of Union Carbide Corp., Morristown, NJ
ZONYL® is a trademark of E. I. du Pont de Nemours and Company,
Inc., Wilmington, DE

35 FLUORINERT® is a trademark of 3M Co., St. Paul, MN
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5 We claim:

1. A pellicle comprising a thin, durable film of substantially
uniform thickness which absorbs less than 10% light at
wavelengths between 190 and 820 nanometers, tautly adhered to

10 one edge of an enclosed support frame, said thin film comprising
amorphous fluoropolymers having a refractive index between
1.24 and 1.41.

2. A pellicle according to claim 1, wherein said amorphous
15 fluoropolymers are copolymers of 30-99 mole % of perfluoro-2,2-
dimethyl-1,3-dioxole with complementary amounts of at least one
comonomer selected from the class consisting of the following
compounds: -
a) tetrafluoroethylene,
20 b) chlorotrifluoroethylene,
c) vinylidene fluoride,
d) hexafluoropropylene,
e) trifluoroethylene,
f) perfluoro(alkyl vinyl ethers) of the formula
25 CF2=CFOREF, where Rf is a norm.ll perfluoroalkyl radical having 1-3
carbon atoms,
g) fluorovinyl ethers of the formula CF2=CFOQZ, where
Q is a perfluorinated alkylene radical containing 0-5 ether oxygen
atoms, wherein the sum of the C and O atoms in Q is 2 to 10; and Z
30 is a group selected from the class consisting of -COOR, -SO2F, -CN, -
COF, and -OCH3, where R is a C-Cy4 alkyl,
h) vinyl fluoride. and
i) (perfluoroalkyl)ethylene, RfCH=CH2, where R¢is a C)-
Cg normal perfluoroalkyl radical;
35 the glass transition temperature of the copolymer
being at least 80°C,
the maximum mole percentage, M,...Mj, of the
comonomer in the copolymers being as follows:
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5 e) for trifluoroethylene, M=30,

f) for CF2=CFORF, M=30,

g) for CF2=CFOQZ, My=20,

h) for vinyl fluoride, My=70, and

i) for R{CH=CH>, M;=10;

10 and, in the case of copolymers with more than one
comonomer, the amount of each comonomer being such that the
sum, S, of the ratios of the mole percentages, m, . . .mj, to the
corresponding maximum mole percentages, M, . ..M; is no larger
than 1, as shown below:

15 ' |

S= mg/Ma + mp/Mp +...+m/M; < 1.

3. A pellicle according to Claim 2 wherein said amorphous
fluoropolymer comprises an amorphous copolymer consisting of
20 30-99 mole % perfluoro-2,2-dimethyl-1,3-dioxole with
complementary amounts of tetrafluoroethylene.

4. A pellicle according to Claim 3 wherein said amorphous
fluoropolymer comprises a copolymer consisting of 60-90 mole %
25 perfluoro-2,2-dimethyl-1,3-dioxole with 40-10 mole %
tetrafluoroethylene.

5. A pellicle according to Claim 2 wherein said film absorbs
less than 6% of incident light in the band of 193 nanometers to
30 820 nanometers.

6. A pellicle according to Claim 5 wherein said film absorbs
less than 3% of incident light in the band of 245 nanometers to
820 nanometers.

35 _
7. A pellicle according to claim 1, wherein said thin film has
a thickness of 0.3 to 20 microns. S

This Sheet Has Been Reﬂlaced ‘.




Figure 3 is a graph of the percentage oftji3ight transmtted versus the
wavel ength of Ilght—ﬂw‘eawed—1—n~nanorreters for the 30 1.0 mcron thick,

fruoropol ymer fql: rghgeftH@%aeﬂ 2. Figure 4 is a graph of the percentage of

light transmtte el ength of light, measur e?Lnogggomst ers,
for . the 3.6 mc oropol ymer filmof Exanple 3.

Det ai |l ed Descri p ention Pellicle Fi:l mThe fl uoropol yner

defined in claiml having a refractw&s gﬁetween 1.24. and 1.41 that is
capable of formng a free standing thin, durable

5 A pellicle comprising a thin, durable film of substantially
uniform thickness which absorbs less than 10% light at
wavelengths between 190 and 820 nanometers, tautly adhered to
one edge of an enclosed support frame, said thin film comprising
amorphous fluoropolymers having a refractive index between

10 1.24 and 1.41. Pellicles of this type are dust defocusing covers for
photomasks and reticles used to project patterns onto light
sensitive substrates such as photoresist-coated semiconductor
wafers which are used in the manufacture of integrated circuits.

15



-5 - fdilmof substantlally uni f orm t hi ckness whi ch absarbs | ess than 10%
prefe¢ab|y | ess than 1% incident radiant energy at wavel engths between 190
and” 820 nanoneters may be used to formthe pellicle film The thickness of
a filmof this type is 5 considered substantially uniform if the

t hi ckness varies by less than 2 wavel engths of exposure frequency per inch.
Typically, these pellicle filns have a thickness of 0.3 to 20 m crons.
Preferably, the pellche filmhas a thickness of 0.8 to 3.0 microns. As
used herein, the term"durable" neans the f|In1ach|eves |l ess 10 than 1%
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f) perfluoro(al kyl vinyl ethers)-ef—the formula CF2=CFORF, where RF is a

nor mad perfluoroalky#—rad”bal haV|n gl-3-25 carbon atoms, g) fluorovinyl
et hérs of the formul re Qis a perfluorinated al kyl ene

radi cal. contai ni ng O- a atons, wherein the sumof the C and O
atoms in Qis 2 to 10; oup selected fromthe class consisting
of -COOR, [err] - and [err], where Ris a [err] alkyl, h)

vi nyl fluoride, and |) (perfluoroalkyl)ethylene, [err] where [err] is a
[err] C8 normal perfluoroal kyl radical; the glass transition tenperature of

t he copol yrrﬁxn:r Instiument Cats
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V3, 5 bei ng at

- Ma=70, a) for chlorotrifluoroethylene,

| east [err], the maxi mum nol e percentage, M. .. Mienmss e
< cononomer in the copol ynmers being as foll ows:

a) for tetrafl uoroethyl ene.
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L R PELLICLE

FIELD OF THE INVENT]JON
The invention relates to a pellicle which is used as a dust
defocusing cover for a photomask or reticle. More specifically, the
invention reclates to a pellicle which transmits a high percentage of
incident light, especially in the deep ultraviolet wavelength range.

BACKGROUND .

Projection printing systems for forming an image on a light
sensitive substrate or wafer are particularly suitable for effecting
the exposure of photoresist-coated semiconductor wafers in the
manufacture of integrated circuits. These systems normally
include a photomask or reticle (hereinafter "mask") having a
transparent substrate with a pattern of opaque and transparent
areas formed on one surface thereof, an illumination system for

. directing 2 beam of radiant energy such as light or ultraviolet rays

through the mask to the wafer, optical means for forming a
focused image of the mask pattern on the wafer and a pellicle for
maintaining the images of any dust pamcles out of focus on the
surface of the mask.

The pellicle is a free-standing thin optical film mounted on a
frame. Normally, the frame is attached to the mask and the
optical film stands away from the mask surface by a given
distance. Dust particles which might otherwise settle on the mask
and be projected onto the wafer, will settle on the pellicle instead
and be defocused. Consequently, when pellicles are used in a
conventional projection printing system, one or more dust
particles will not affect the yield of a given wafer and yields can
be significantly improved.

Ideally, pellicles should be invisible to the radiant energy of
the projection printing system. That is, in order to produce clear,
well-defined patterns, the optical film of the pellicle should
transmit 100% (i.c. reflect 0%) of the radiant energy used
the projection printing process.




g) for [err], [err], h) for vinyl fluoride, M=70, and i) for [err], [err] .
and, in the case of copolyners with nore than one 10 conononer, the anount
of each conononer being such that the sum S, of the ratios of the nole

percentages, ma ... .m, to the corresponding nmaxi mum nole percentages, M
... M is no larger than 1, as shown bel-@% 15 S= ma/ Ma +nmb/ Mo
+ .. +mM/M [err] 1. These copolyners are disclosed in the U S. Patent
No. 4,754,099 and copending U S. patent applications Serial No. 07/148,579

(Assignee's case o the2p#s)) pellicle films have typidatbysiteeachmade of
nitrocellulose. With increasing miniaturization, the pattern
clements have become smaller and smaller and the optical
transmission of the pellicle films, especially over a broad range of

5 energy wavelengths, has become increasingly insufficient.
Accordingly, different materials have been proposed for pellicle
films. |

In U.S. Patent 4,131,363, Shea et al. discloses
polyoxyethylene terephthalate and parylene as suitable materials

10 for pellicle films. In U.S. Patents 4,378,953 and 4,536,240, Winn
teaches acrylics as pellicle films. And Japanese patent publication
Kokai Patent No. 58-219023 discloses pellicle films made of
cellulose esters.

Ward uses the reaction product of a ‘polyvinyl butyral resin

15 and a silane as a pellicle film in U.S. Patent 4,476,172. And in U.S.
Patent 4,482,591 to Ward and U.S. Patent 4,499,231 to Ward et al.,
a composition comprising a mixture of a polyvinyl butyral resin
and a dispersion of colloidal silica and a silicone resin is disclosed

. as a suitable material for a pellicle film.

20 Japanese patent publication Kokai Patent No. 60-083032
discloses a fluorine polymer of refractive index below 1.42 in a
pellicle film.

U.S. Patent 4,131,363 to Duly et al. discloses a
polymethylmethacrylate pellicle film. And U.S. Patent 4,796,973
25 to Gordon discloses cellulose acetate butyrate pellicle films.
Although these various materials form pellicle films which
transmit a substantial portion of incident radiant energy, there is
still room for improvement. For example, many of the materials
.deteriorate rapidly upon eprsure to deep ultraviolet radiant
30 energy and some transmit a high percentage of incident energy
" only within a narrow range of energy wavelengths.' Thus, there is
still a need in the art for a pellicle film which transmits a high
percentage of incident light and is useful and durable over a
broader wavelength of incident radiant energy.

REPLACEME%-:&I SHEET

27 FEB 1997




_case no. tm§ Qﬁk &p I s i ncorporated her ei n by reference. 20

PDD is copo ny one or nore of the above- nentioned nononers
to produce a olynmer. Al of the principal nonomers used in
this inventi

the art. Copaglynerization is carried out in the
presence of a free rad| cal generator at “&2-tenperature suitable for the

initiator 2.5 chosen. WlII| agitated pressure equi pnent: and a nontel ogenic
sol vent or diluent should be

ed, prefergbly one that has sufficient
volatility to pernit easy renﬁ@ﬂ&#&&%&%ﬂﬂﬁhese anor phous

copol ymers of PDD Ties dneenthowdsr direstedhia la petliclepeomphisinglasithinhl e for a
F?' lhlt C: ﬁ ;' lbr Oa:?ﬂﬁ-.h f@ftﬂp f L dbitatially ChnifSrrh OhitRASIP WiRh2 dlsSiniP §ésy! On of
J than 189§ hg t at wavelengths between 190 and 820 nanometers
and has less than 1% reduction in average transmission from 200
to 300 nanometers after 500 Joules/cm2 of total exposure using
248 nanometer wavelength light, tautly adhered to one edge of an
enclosed support frame, said thin film comprising amorphous
fluoropolymers having a refractive index between 1.24 and 1.41.
More particularly, the invention is directed to a pellicle

comprising a thin, durable film of substantially uniform thickness
which -absorbs less than 10% light at wavelengths between 190
and 820 nanometers, tautly adhered to one edge of an enclosed
support frame, said thin film comprising amorphous
fluoropolymers consisting of copolymers of 30-99 mole % of
perfluoro-2,2-dimethyl-1,3-dioxole (PDD) with complementary
amounts of at least one comonomer selected from the class
consisting of the following compounds:

a) tetrafluoroethylene,
20 b) chlorotrifiuoroethylene,

c¢) vinylidene fluoride,

d) hexafluoropropylene,

e) trifluoroethylene,

f) perfluoro(alkyl vinyl ethers) of the formula
CF2=CFORE, where Rf is a normal perfluoroalkyl radical having 1-3
~carbon atoms, _

g) fluoroviny! ethers of the formula CFo=CFOQZ, where
Q is a perfluorinated alkylene radical containing 0-5 ether oxygen
atoms, wherein the sum of the C and O atoms in Q is 2 to 10; and Z

is a group selected from the class consisting of -COOR, -SO3F, -CN, -
COF, and -OCH3, where Risa Cj-C4 alkyl,

h) vinyl fluoride, and

i) (perfluoroalkyl)ethylene, R{CH= CHz. where Rgis a Ci-
Cg normal perfluoroalkyl radical;

5

10

15

25

30

35 the glass transition temperature of the copolymcr

being at least 80°C,
the maximum mole percentage, M,...M;, of the .
comonomer in the copolymers being as follows: REPLAGEMEST sqFET
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[ ow wat er absorption to reduce sagging, greater durability to

| ow surface energy to
ﬂd good chem cal resistance to solvents and

these 3 5 anorphous copol ynmers of PDD can be
vapor at es ?fter application to produce a '
on of the PDD copolyners in

a) for tetrafluoroethylene, M;=70,

b) for chlorotrifluorocthylene, Mp =70,

¢) for vinylidene fluoride, Mc=70,

d) for hexafluoropropylene, Mg=15,

e) for trifluoroethylene, Mc=30,

f) for CFo=CFORF, M=30,

g) for CF2=CFOQZ, Mg=20,

h) for vinyl fluoride, My=70, and

i) for R{CH=CH32, M;=10;

and, in the case of copolymers with more than one
comonomer, the amount of each comonomer being such that the
sum, S, of the ratios of the mole percentages, m, . . .mj, to the

corresponding maximum mole percentages, M, . . M;j is no larger
than 1, as shown below:

REPLAGEMENT SHEET

27 FEB 1997

S= mg/Mg + mp/Mp + ...+ mi/M; S 1,
As used herein, the term "complementary” means that
the mole percentage of PDD plus the mole percentages of all the

above comohomers (a) through (1) present in the copolymer add
together to 100%.

Brief Descripti f the Drawi

Figure 1 is a cross-sectional view of a photomask which has
a pattern coated thercon and a pellicle secured thereto.

Figure 2 is a graph of the percentage of light transmitted
versus the wavelength of light, measured in nanometers, for the
1.78 micron thick, fluoropolymer film of Example 1.

Figure 3 is a graph of the percentage of light transmitted
versus the wavelength of light, measured in nanometers, for the
1.0 micron thick, fluoropolymer film of Example 2.

Figure 4 is a graph of the percentage of light transmitted
versus the wavelength of light, measured in nanometers, for- the
3.6 micron thick, fluoropolymer film of Example 3.

iled Descripti v
Pellicle Fil
Any fluoropolymer having a refractive index between 1.24

“and 1.41 that is capable of forming a free standing thin, durable




resultant pellicle fllm_Paﬁ*TCI—es within the filmcan interfere with the
“transm ssion ofm;s@géegﬁ,gt&g,qgﬁ aQy energy in the sane way as particles on a

pellicle film [l-wm solution is filtered such that the final
filmcontains le I ble particles and no 5 particles greater
than 20 m crons ents i ncl udé -f | uor ocar bons such as Fl uorinert
. FC-40 Electronic Liquid, perfluoro trialkyl am nes, Fluorinert FC 75
El ectroni c Liquid, perfl uor o( 2- but yl tetrahydrofuran and Fluorinert[err]
FC- 77 El ect rofilm quauU$taatm lyl yani}/ i thacknessr gehiich absgrbsnlessi tham 10
L5 LIS s B Clhcaevatpichtggr gt 1 1L
a wavele nrrgpt s between 190 ang gf& nanometers may be used t
form the pellicle film. The thickness of a film of this type is
'S considered substantially uniform if the thickness varies by less
than 2 wavelengths of exposure frequency per inch. Typically,
- these pellicle films have a thickness of 0.3 to 20 microns. -
Preferably, the pellicle film has a thickness of 0.8 to 3.0 microns.
As used herein, the term “durable” means the film achieves less
10 than 1% reduction in average transmission from 200-300
' nanometers after S00 Joules/cm2 of total exposure using 248
nanometer wavelength light.
A fluoropolymer having a refractive index of 1.29 to 1.32 is
preferred. Particularly preferred fluoropolymers are the
15 amorphous copolymers of PDD with complementary amounts of at
least one comonomer selected from the class consisting of the
following compounds:
a) tetrafluoroethylene,
b) chlorotrifluoroethylene,
20 c) vinylidene fluoride,
d) hexafluoropropylene,
e) trifluoroethylene,
f) perfluoro(alkyl vinyl ethers) of the formula
- CF2=CFORF, where R is a normal perﬂuoroalkyl radical having 1-3
25 carbon atoms,
g) fluorovinyl ethers of the formula CFa=CFOQZ, where
Q is a perfluorinated alkylene radical containing 0-5 ether oxygen
atoms, wherein the sum of the C and O atoms in Q is 2 to 10; and Z
is a group selected from the class consisting of -COOR, -SO2F, -CN, -
30 COF, and -OCHj3, where Risa Cy-C4 alkyl, |
h) vinyl fluoride, and :
. i) (perfluoroalkyl)ethylene, RgdCH=CH3, where R¢is a C;-
Cg normal perfluoroalkyl radical;

the glass transition tempcrature of the copolymer
35 being at least 80°C, :
the maximum mole percentage, M,...M;, of the
comonomer in the copolymers being as follows:

a) for tetrafluorocthylene, M,=70, REPLACEMEAT SHegr

n——
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% TFE is further particularly preferred pellicle film
conpri ses an anp mer of 65 rmle % PDD with 35 nol e% TFE.

Anot her ‘particularly preferred pellicle -i6y m conpri ses an anor phous

copol yner of 90 nol e% PDD with 10 nole % TFE. 20 To further enhance

the transm ssivity of tge ove descr bed fILioropoI yner.pellicle film a
suitable anti-reflectiv chdprotzif ethylereaMbi sl o the

fl | fil 2 ovidep oI
beuer}oggyygﬁéper anmd s?z%))sfﬁ;t ;ﬁg?i;?&&@ﬂ@%gggepﬁg‘ tﬁ.@@g@gﬁeﬁmfﬂe

e) for trifluoroethylene, Mq=30, 27 FEB 997
5 . f) for CFa=CFORf, M=30,

g) for CF2=CFOQZ, Mg=20,

h) for vinyl fluoride, My=70, and

i) for RfCH=CHj, M;=10;

and, in the case of copolymers with more than one
10 comonomer, the amount of each comonomer being such that the

sum, S, of the ratios of the mole percentages, m; . . .mj, to the

corresponding maximum mole percentages, M, .. M, is no larger
than 1, as shown below:

conpl enentary Lt ;SB'EE Rekdhas an index of refraction in the range of
"1.29 to 132, A‘wj‘ﬁi @ymer of 60-90 15 nole % PDD and 40-10 nol e

15 - 8= my/Mg + mp/Mp +...+ mi/M; S 1.
These copolymers are disclosed in the U.S. Patent No. 4,754,099
and copending U.S. patent applications Serial No. 07/148,579
(Assignee's case no. 5206D) and (Assignee’s
case no. S206E) each of which is incorporated herein by reference.

20 PDD is copolymerized with any one or more of the above-
mentioned monomers to produce an amorphous copolymer. All of
the principal monomers used in this invention are known in the
art. Copolymerization is carried out in the presence of a free
radical generator at a temperature suitable for the initiator

25 chosen. Well agitated pressure equipment and a nontelogenic
solvent or diluent should be used, preferably one that has
sufficient volatility to permit easy removal from the polymer.

These amorphous copolymers of PDD possess properties

which are especially desirable for a pellicle film. Such properties

30 include low absorption and dispersion of light in a broad range of
wavelengths, low water absorption to reduce sagging, greater
durability to permit repeated exposure, low refractive indices, low
“surface energy to reduce particulate adhesion and good chemical
resistance to solvents and cleaning agents. In addition, these

35 amorphous copolymers of PDD can be applied from a solvent
which evaporates after application to produce a uniform anti-
reflective layer. The solution of the PDD copolymers in solvent is
filterable to reduce the size and number of particles within the
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REARIE
‘support frame. An aluminumalloy, particularly nachined, zed_al um num |

s 35 pref epgthant NBeltiRie | fil, [ Pafictes’ ithih 3HECFiRA bﬂntﬁﬁeﬁbf@wuawport
frame. Convent |onal J ues a used t.o adhere t ef| mto
the frame pr S, L r‘""a@ﬁ%l'\i@‘i‘fﬁegnﬁﬁy in the same way
. pamcles on a pellicle film. Preferably, the solution is filtered such
that the final film contains less than 20 visible particles and no
S particles greater than 20 microns. Suitable solvents include
fluorocarbons such as Fluorinert® FC-40 Electronic Liquid,
perfluoro trialkyl amines, Fluorinert® FC-75 Electronic Liquid,
perfluoro(2-butyltetrahydrofuran) and Fluorinert® FC-77
Electronic Liquid, a fully fluorinated organic compound with a
10 typical molecular weight range of 300-1000.
A more preferred pellicle film of the invention comprises an
amorphous copolymer of 30-99 mole % PDD with a
complementary amount of TFE and has an index of refraction in
the range of 1.29 to 1.32. An amorphous copolymer of 60-90
15 mole % PDD and 40-10 mole % TFE is further preferred. One
particularly preferred pellicle film comprises an amorphous
-copolymer of 65 mole % PDD with 35 mole% TFE. Another
particularly preferred pellicle film comprises an amorphous
. copolymer of 90 mole% PDD with 10 mole % TFE.
20 To further enhance the transmissivity of the above
described fluoropolymer pellicle film, a suitable anti-reflective
layer or layers may be applied to the fluoropolymer film.

with the work surface of the mask or reticle. Typically,
is circular with a dianeter of 1-6 inches, or 30 square

i nches. The material of the support frame should have hig
tendency to attract dust, and a light weRght

=

Support frame

The closed support frame of the invention may be in any
shape and size suitable for attachment to a photo mask or reticle
such that the pellicle film does not touch and the frame does not
interfere with the work surface of the mask or reticle. Typically,
the support frame is circular with a diameter of 1-6 inches, or
30 square with sides of 1-6 inches. The material of the support

frame should have high strength, a low tendency to attract dust,

and a light weight. Hard plastics, and metals such as aluminum,
and aluminum alloys are suitable materials for the support frame.

An aluminum alloy, particularly machined, anodized aluminum, is
35 preferred.

The pellicle film is tautly adhered to the closed support
frame. Conventional glues and adhesives may' be used to adhere
the film to the frame provided the glue or adhesive does not

25



-8- contain a solvent for the core layer. Alternatively, the fil
adhered to the franme by heat press lamnation. Preferably, a |iqui

mﬁﬁﬁzigﬁn SEE-!
curable (i.e., curable upon exposure to ultra-violet |ight) adhgsi
as Norland OQptical Adhesive No. 81 (Norland 5 Products, Inc.,

o8 -
W2 7°FEB wo7
Brunswi ck, NJ), is used in this i nventi on8-Pel licle The manufacfu

pellicles is known in the art. Athin filmof the fluoropol ymer Jof thé
i nvention is f.orned. Th'is filmis then

contain a solvent for the core layer. Alternatively, the film may
be adhered to the frame by heat press lamination. Preferably, a
liquid, UV curable (i.c., curable upon exposure to ultra-violet light)
adhesive, such as Norland Optical Adhesive No. 81 (Norland
5 Products, Inc., New Brunswick, NJ), is used in this invention.
Pellicle |
The manufacture of pellicles is known in the art. A thin film
of the fluoropolymer of the invention is formed. This film is then
tautly adhered to an edge of a closed support frame.
10 The films of the invention can be produced by methods
known in the art, e.g. Japanese patent publication Kokai Patent
No. 60-237450.
In a preferred method, the pellicle film is produced by
dissolving a fluoropolymer of the invention in a solvent, filtering
15 the solution and spin coating the solution onto a glass substrate. A
solution suitable for spin coating should wet the substrate, form a
uniform coating on the substrate and dry uniformly. After the
solution is coated onto the spinning substrate, spinning is stopped
and the coating is heated to evaporate solvent and form a uniform

20 film. This uniform film is isolated from the substrate onto a lifting
frame.

.

Subsequently, the film is appropriately adhered to a closed
support frame by a suitable adhesive and extended tautly across
the support frame, which is smaller than the lifting frame. The

25 side of the support frame opposite the adhered film is secured to
a mask surface, the pellicle film suspended above the pattern on
the surface of the mask. Figure 1 illustrates such a pellicized
mask. The mask 3 is transparent and typically, composed of silica.
A pattern 4 is coated on the upper surface of mask 3. This

30 pattern is encompassed by support frame 2 and covered by
pellicle film 1. Radiant energy is projected from a source above
the pellicle film through the film, pattern and mask onto a
photoresist coated wafer in order to produce integrated circuits.

Although the foregoing discussion and the following

35 examples are directed primarily to single layer thin optical films,
the invention is not so limited. The ordinary artisan will recognize
that additional layers such as antistatic layers and cooperating
antireflective layers, may also be part of the thin optical film of



tautly adhered to an edge of a closed support frane. 10
the invention can be produced by nethods known in the art, e.fg{ Japanese

pat ent publicati on Kokai Patent No. 60-237450. In a preferre tgmxpEElﬁh7
pellicle filmis produced by dissolving a fluoropolymer of thejinvention 1'n f
a solvent, filtering 1 5 the solution ap§ spin coating the gofttiron—ofte—a-
gl ass substrate. A solution suitable for Spin coating shoul diwet the
substrate, forma uniformcoating on the substrate and dry uniftornly. Arter

the coating. | Ui AZVERUPD: oy ERb XIS o ReISHN | DHRFLE. ARHIETIeRHve Tl im
Thi s uni f or m fayemmayi bolcoated forooneher hotht sides efnroPBD icopolymer base

film. In accordance with established principles of physics, the

optimal thickness of the antireflective layer will vary depending

5 on the refractive index of the antireflective layer material and the
wavelength of energy that will be used. For example, a single
transparent layer will reduce surface reflection if the refractive
index of the layer is less than that of the substrate to which it is
applied and the layer is of appropriate thickness. If the index of
refraction of the layer material is exactly equal to the square root
of that of the substrate, all surface reflection of light will be
eliminated for that wavelength at which the product of refractive
index times thickness is equal to one-quarter of the wavelength.
At other wavelengths, the destructive interference between light
15 reflected from top and bottom surfaces of the antireflection layer

is not complete; but, nonetheless, there is a reduction in overall
reflectiveness. Conventional methods such- as spin-coating may be
used to produce these films having additional layers.
f EXAMPLES ,

In the following examples, the preferred method for
making a pellicle film which was described above was used with
the indicated materials and conditions. Figures 2-4 are spectral
transmission graphs for the respective examples. The horizontal
axis of each graph is wavelength, in nanometers, of a standard
25 high pressure mercury lamp and the vertical axis is the pecentage

of light transmitted through the respective pellicle film.

‘Eﬁg" i1 ms "of T

10

20

Example 1

A solution of 6.5 % by weight of a 65 mole % PDD with 35
30 mole % TFE copolymer (Ty = 148.4 °C.) dissolved in Fluorinert® FC-
40 Electronic Liquid, perfluoro trialkyl amines, was filtered
through a 10 micron filter and dispensed onto a glass substrate.
The glass substrate which rotated for 2 minutes with a final
rotation rate of 1500 rpm. The coated substrate was heated to
170 °C. for 10 minutes to evaporate solvent from the PDD/TFE
copolymer layer. The resulting uniform, 1.78 micron thick film
transmitted greater than 92% of incident light at wavelengths of
193 10 820 nanometers, as shown in Figure 2.

35




frame. Subsequently, the film is appropriately adherad%a&l_.gsed.,s.up.irgrt
‘frame by a suitable adhesive and extended tautly acrods BEREAGEMENGT SHIfETaE,
which is smaller than the lifting franme. The 25 si dd gf=tHe=seppert-fjane

opposite the adhered filmis secured to a mask surfacqg, t_hg-. [ i fm
suspended above the pattern on the surfacgygf. the nmasHi. IFi Zp&é 1%f

illustrates such a pellicized mask. The mask 3 is tranfspacent..and
typically, conposed of silica. A pattern 4 is coated dn the upper surfage
of mask 3. This 30 pattern i s enconpassed by suppor tt<Frare=2-and-covetf ed

by pellicle film 1. | ant energy is projected froma source above the
pellicle filmt e film pattern and nmask onto a

Example 1 was repeated except that the PDD/TFE copolymer
solution was spin coated onto a glass substrate which had a final
5 rotation rate of 4000 rpm. The coated substrate was heated to
170 °C. for 10 minutes to evaporate solvent from the PDD/TFE
copolymer layer. The resulting uniform, 1.0 micron thick film
transmitted greater than 91% of incident light at wavelengths of
193 to 820 nanometers, as shown in Figure 3.

10

’

Example 3 .
A solution of 8 % by weight of a 68 mole % PDD with 32 mole
% TFE copolymer (Tg = 154.6 °C.) dissolved in Fluorinert® FC-40
Electronic Liquid, perfluoro trialkyl amines, was filtered through a
15 10 micron filter and dispensed onto a glass substrate. The glass
substrate which rotated with a final rotation rate of 1100 rpm.
The coated substrate was heated to 100 °C. for 10 minutes to
evaporate solvent from the PDD/TFE copolymer layer. The
resulting uniform, 3.6 micron thick film transmitted greater than

20 91% of incident light at wavelengths of 193 to 820 nanometers, as
shown in Figure 4.

25 LIST OF ABBREVIATIONS
TFE= tetrafluoroethylene
VdF= vinylidene fluoride
HFP= hexafluoropropylene
PDD= perfluoro-2,2-dimethyl-1.3-dioxole
30 | LIST OF TRADEMARKS
- VICTREX® is a trademark of ICI Americas, Wilmington, DE
~UDEL® is a trademark of Union Carbide Corp., Morristown, NJ

ZONYL® is a trademark of E. [. du Pont de Nemours and Company,
Inc., Wilmington, DE

_3 5 FLUORINERT® is a trademark of 3M Co., St. Paul, MN



phot or esi st coat ed wafer |n order to produce integrated circuits. Al though
‘'t he foregoing leE e | dfoI lowing 3 5 exanples are directed
primarily to S|ng optlcal films, the invention is not so

limted. The ordi recogni.ze that additional |ayers such as

antistatic layers and cooperat_l ng antirefildetive | ayers, | so be part

{l uor de anti TErTective-fayer—my be coated on one or bof nSLASEETT SHBED
I b .

N 11T | 27 Fes wy7 /

-
5 We claim: e

1. A pellicle comprising a thin, durable film of substantially
uniform thickness which absorbs less than 10% light at
wavelengths between 190 and 820 nanometers, tautly adhered to

10 one edge of an enclosed support frame, said thin film comprising

amorphous fluoropolymers having a refractive index between
1.24 and 1.41.

2. A pellicle according to claim 1, wherein said amorphous
15 fluoropolymers are copolymers of 30-99 mole % of perfluoro-2,2-
dimethyl-1,3-dioxole with complementary amounts of at least ome
comonomer selected from the class consisting of the following
compounds: :
a) tetrafluoroethylene,
20 b) chlorotrifluoroethylene,
c) vinylidene fluoride,
d) hexafluoropropylene,
e) trifluoroethylene,

f) perfluoro(alkyl viny! ethers) of the formula |
25 CF2=CFORF, where Rf is a normal perfluoroalkyl radical having 1-3
carbon atoms,
g) fluoroviny! ethers of the formula CF2=CFOQZ, where
Q is a perfluorinated alkylene radical containing 0-5 ether oxygen
atoms, wherein the sum of the C and O atoms in Q is 2 to 10; and Z
30 is a group selected from the class consisting of -COOR, -SO,F, -CN, -
COF, and -OCHj3, where R is.a  C;-Cg alkyl,
h) vinyl fluoride. and

i) (perfluoroalkyl)ethylene; RfCH=CH3, where R¢is a C;-
Cg normal perfluoroalkyl radical;

- the glass transition temperature of the copolymer
being at least 80°C,

the maximum mole percentage, M,...M;, of the
comonomer in the copolymers being as follows:

35



e e

film In accordameshwﬂaswna lacethed ﬂ m};a cs, the optinal
- thi ckness of the Iayer “ﬂ mzlm“u ;“ I ng 5 on the
refractive index ective«| ayenr mit efi al and t he wavel engt h of
energy that wll or exanpl e, a single transparent [ayer will
reduce surface reflectlon |f the refractiV2-index of the | ayer |s 1 ess than
that of the substrate to which it is applied and the |ayer
appropriate thickness. If the index of 10 refraction of th

is exactly equal to thea}oforr ectrafluorgethyitencot Ma=d Gubst rat g,
reflection of Iight wilj

b | dHD | e9gt h
product of refractive mé ﬁ“ftalmeiLal Bétﬁﬁéﬁe""a)%f 00,

cknesgs,”i to one
wavel ength. At ot her wa® gI’W “{q‘ié tSMiE' terfere
l'i ght

d) for hexafluoropropylene, My=1S5,

5 e) for trifluoroethylene, M¢=30,
f) for CF2=CFORF, M=30,
g) for CF2=CFOQZ, Mg=20,
h) for vinyl fluoride, My=70, and
i) for R{CH=CH3, M;=10;
10 and, in the case of copolymers with more than one
comonomer, the amount of each comonomer being such that the
sum, S, of the ratios of the mole percentages, m, . . .mj, to the
corresponding maximum mole percentages, M, . ..M;j is no larger
than 1, as shown below:
15 . '

S=m, ~mp/Mp+...+m/M;s1.

3. A pellic arding to Claim 2 wherein said amorphous
fluordpolymer cor- :es an amorphous copolymer consisting of
20 30-99 mole % p: uoro-2,2-dimethyl-1,3-dioxole with
complementary an: -unts of tetrafluoroethylene.

4. A pellicle according to Claim 3 wherein said amorphous
fluoropolymer comprises a copolymer consisting of 60-90 mole %
25 perfluoro-2,2-dimethyl-1,3-dioxole with 40-10 mole %
tetrafluoroethylene.

5. A pellicle according to Claim 2 wherein said film absorbs

less than 6% of incident light in the band of 193 nanometers to
30 820 nanometers.

6. A pellicle according to Claim 5 wherein satd film absorbs

less than 3% of incident light in the band of 245 nanometers to
820 nanometers.

35

7. A pellicle according to claim 1, wherein said thin film has
a thickness of 0.3 to 20 microns.



15 reflected fromtop and bottom surfaces . of the antireflection layer is
"not conplete; but, nonetheless, there is a reduction in overal

refl ectiveness. Conventional irethods such as spin-coating may be used to
produce these filns having additional |ayers. EXAMPLES 20 I'n
the follow ng exanples, the preferred nmethogl for nmaking a pellicle film

whi ch was descri bed above was used with the indicated materials and
conditions. Figures 2-4 are spectral transm ssion graphs for the respective

exanpl es. The horizontal axis of each ﬂ{gaph i s wavel ength, in nanoneters,
of a standard 2AMORPHOUS FLUORQPOLYMER RELLIGLE, RIIM& vertical axis is the

pecentage of light transmtted through the respective pellicle film

5 A pellicle comprising a thin, durable film of substantially
uniform thickness which absorbs less than 10% light at
wavelengths between 190 and 820 nanometers, tautly adhered to
one edge of an enclosed support frame, said thin film comprising
amorphous fluoropolymers having a refractive index between

10 124 and 1.41. Pellicles of this type are dust defocusing covers for
photomasks and reticles used to project patterns onto light
sensitive substrates such as photoresist-coated semiconductor

- wafers which are used in the manufacture of integrated circuits.

(No suitable figure to accompany abstract)
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Exanple 1 A solution of 6.5 % by weight of a 65 nmole % PDD with 35 3 0
‘nmol e % TFE copol yner (Tg = 148.4 [err]) dissolved in Fluorinert FC 40

El ectronic Liquid, perfluoro trialkyl am nes, was filtered through a 10
mcron filter and di spensed onto a glass substrate. The gl ass substrate
which rotated for 2 minutes with a final rotation rate of 1500 rpm The
coated substrate was heated to 3 5 170 [err] for 10 mnutes to evaporate
sol vent fromthe PDD/ TFE copol yner |aye3 The resulting uniform 1.78
mcron thick filmtransmtted greater than 92% of incident |ight at

wavel engt hs of 193 to 820 nanoneters, as shown in.Figure 2.

This Sheet Has Been Replace.

i

FIGURE 1
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d greater. than 91% of
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Exanpl e 2 Exanple 1 was repeated except that the PDD/ TFE copol ynmer sol ution

"was spin coated onto a glass substrate which had a final

of 4000 rpm The coate
evapor at e sol vent--fr
1.0 mcron thick f
wavel engt hs of




A solution of 8 %by
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as shown in

final rotation rat The coated substrate was heated to 100
[err] for 10 mnutes to evaporate solvent. fromthe PDD/ TFE copol yner
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The invention as deﬁned in claim 1 is directed to a pelhcle comprising a thin, o
durable film of substantially uniform thickness which absorbs less
than 10% light at wavelengths between 190 and 820 nanometers
and has less than 1% reduction in average transmission from 200
to 300 nanometers after 500 Joules/cm? of total exposure using
248 nanometer wavelength light, tautly adhered to one edge of an
enclosed support frame, said thin film comprising amorphous
fluoropolymers having a refractive index between 1.24 and 1.41.

More particularly, the invention is directed to a pellicle
comprising a thin, durable film of substantially uniform thickness
which absorbs less than 10% light at wavelengths between 190
and 820 nanometers, tautly adhered to one edge of an enclosed
support frame, said thin film comprising amorphous
fluoropolymers consisting of copolymers of 30-99 mole % of
perfluoro-2,2-dimethyli-1,3-dioxole (PDD) with complementary
amounts of at least one comonomer selected from the class
consisting of the following compounds:

- a) tetrafluoroethylene,

b) chlorotrifiuoroethylene,

c) vinylidene fluoride,

d) hexafluoropropylene,

¢) trifluoroethylene,

f) perfluoro(alkyl vinyl ethers) of the formula
CF2=CFORE, where Rg is a normal perﬂuoroalkyl radical having 1-3
carbon atoms,

g) fluoroviny! cthers of the formula CF2=CFOQZ, where
Q is a perfluorinated alkylene radical containing 0-5 ether oxygen
atoms, wherein the sum of the C and O atoms in Q is 2 to 10; and Z

is a group selected from the class consisting of -COOR, -SO;F, -CN, -
COF, and -OCHj, where Risa Cj-Cq4 alkyl,

h) vinyl fluoride, and

i) (perfluoroalkyl)ethylene, R{CH=CHj, where Riis a C;-
Cg normal perfluoroalky! radical;

the glass transition. temperature of the copolymer
being at least 80°C,

the maximum mole percentage, M,...Mj, of the
comonomer in the copolymers being as follows:



Cl ai ms 1.

_ : _ j ng a thin, durab'lefilmof~substially
uni,form t hi ckness

than 10%1ight at wave- |engths

| y adhered to one edge of an encl osed
ri si ng anor phous fl uoropol ynmers havi ng
1. 41-4wherei n sai d anor phous
fluoropoly- ners 0-99 nole % of perfluoro-2, 2-di ne-

t hyl - 1, 3-di oxol e eefrptemeENt ary anmounts of at |east one conononmner

sel ected fromthe class ajofigd iraflucfocthyglehe| | M=Wi0hg conpounds: a)
tetrafluoroethylene, b) for chlorotrifluoroethylene, My =70,
¢) for vinylidene fluoride, Mc=70,
d) for hexafluoropropylene, Mg=15,
5 e) for trifluoroethylene, Mc=30,
f) for CFo=CFORF, M=30,
g) for CFp=CFOQZ, M=20,
h) for viny! fluoride, My=70, and
i) for RgCH=CH7, M;=10; '

10 and, in the case of copolymers with more than one
comonomer, the amount of each comonomer being such that the
sum, S, of the ratios of the mole percentages, my . . .mj, to the
corresponding maximum mole percentages, M, .. .M; is no larger
than I, as shown below:

support frame, saiid it
a refractive inde

15
' S= mg/M, + mp/Mp + ...+ m/M; < L
As used herein, the term "complementary” means that
the mole percentage of PDD plus the mole percentages of all the

above comonomers (a) through (1) present in the copolymer add
20 together to 100%.

Brief Description of the Drawings
Figure 1 is a cross-sectional view of a photomask which has
a pattern coated thereon and a pellicle secured thereto.
25 Figure 2 is a graph of the percentage of light transmitted
versus the wavelength of light, measured in nanometers, for the
1.78 micron thick, fluoropolymer film of Example 1.
Figure 3 is a graph of the percentage of light transmitted
versus the wavelength of light, measured in nanometers, for the
30 1.0 micron thick, fluoropolymer film of Example 2.
Figure 4 is a graph of the percentage of light transmitted
versus the wavelength of light, measured in nanometers, for- the
3.6 micron thick, fluoropolymer film of Example 3.

35 ailed Description venti
The fluoropolymer defined in claim 1 having a refractive index between 1.24.
and 1.41 that is capable of forming a free standing thin, durable



b) chlorotrifluoroegh FMEWN WTd ane. f1uori de, d) hexaf l-uor opr opyl ene,
e) .trifluoroethyleng, {f) perfluoro(al kyl vinyl ethers) of the fornula [err]

where RF is a nornalj gerd Husy®@agdgy! | r fdi cal having 1-3 carbon atons, Q)
fluorovinyl ethers (¢f |the formula [ér re Qis a perfluorinated

al kyl ene radi cal cont armmg— o5 erher oxyggn atonms, wherein the sumof the
Cand Oatons in Qils 2 to 10; and Z #s a group selected fromthe cl ass

ﬁ;)n\s/: ﬁ;: n?| SI)r i gﬁgﬂdsu%zs't:ann% unCP:rm a&?c\gg_s‘% Mﬁ@ﬁ ea&orﬁs ach?rtrh]anaI kyl,
10%, preferably less than 1%, incident radiant energy at
wavelengths between 190 and 820 nanometers may be used to
form the pellicle film. The thickness of a film of this type is

5 considered substantially uniform if the thickness varies by less
than 2 wavelengths of exposure frequency per inch. Typically,
these pellicle films have a thickness of 0.3 to 20 microns.
Preferably, the pellicle film has a thickness of 0.8 to 3.0 microns.
As used herein, the term “durable” means the film achieves less

10 than 1% reduction in average transmission from 200-300
nanometers after 500 Joules/cm2 of total exposure using 248
nanometer wavelength light.

=

- A fluoropolymer having a refractive index of 1.29 to 1.32 are preferred. The
- fluoropolymersof the invention are the
15 amorphous copolymers of PDD with complementary amounts of at
least one comonomer selected from the class consisting of the
following compounds:
a) tetrafluoroethylene,
b) chlorotrifluoroethylene,
20 c¢) vinylidene fluoride,
d) hexafluoropropylene,
e) trifluoroethylene,
f) perfluoro(alkyl vinyl ethers) of the formula
CF2=CFORFE, where Rg is a normal perfluoroalkyl radical having 1-3
25 carbon atoms,
g) fluorovinyl ethers of the formula CFa=CFOQZ, where
Q is a perfluorinated alkylene radical containing 0-5 cther oxygen
atoms, wherein the sum of the C and O atoms in Q is 2 to 10; and Z
is a group selected from the class consisting of -COOR, -SO2F, -CN, -
30 COF, and -OCH3, where Risa Cy-C4 alkyl,
h) vinyl fluoride, and
i) (perfluoroalkyl)ethylene, RgCH=CHjy, where Rris a C;-
Cg normal perfluoroalkyl radical;
the glass transition temperature of the copolymer
35 being at least 80°C,
the maximum mole percentage, Mj...M;, of the
comonomer in the copolymers being as follows:
a) for tetrafluorocthylene, My=70,



1) (perfluoroal kyl)et h)ﬂ[@n@CEMWrSHQmBre [err] a [err] normal
per fl uoroal kyl radicdl ; LIIC ghass—t+qngi tion tenperature of the copol yner

being at least [err], lle |[percentage, Ma...M, of the
conononer. in the cop Iyne gaﬁbgﬁ@bgg fol | Qgs: 12

2 1 AUG 1999 a) for tletlcaflioroet hyl 'n%, [err] =70, b) for

chl orotrifl uoroethyl gne, [e[r] =70,

—

uoroethylene, My =70,

c) for vinylidene fluoride, M¢=70,

d) for hexafluoropropylene, M¢=15,

e) for trifluoroethylene, M=30,
5 f) for CFa=CFORE, M=30,

g) for CF2=CFOQZ, Mg=20,

h) for vinyl fluoride, My=70, and

i) for R{CH=CH,, M;=10;

and, in the case of copolymers with more than one
10 comonomer, the amount of each comonomer being such that the

sum, S, of the ratios of the mole percentages, m; .. .m;, to the

corresponding maximum mole percentages, M, . ..M is no larger
than 1, as shown below:

15 - S=mp/My + mp/Mp +...+m/Mi s 1.
These copolymers are disclosed in the U.S. Patent No. 4,754,099
and copending U.S. patent applications Serial No. 07/148,579

(Assignee's case no. 5206D) and (Assignee's
case no. S206E) each of which is incorporated herein by reference.
20 PDD is copolymerized with any one or more of the above-

mentioned monomers to produce an amorphous copolymer. All of
the principal monomers used in this invention are known in the .
art. Copolymerization is carried out in the presence of a free
radical generator at a temperature suitable for the initiator

25 chosen. Well agitated pressure equipment and a nontelogenic
solvent or diluent should be used, preferably one that has
sufficient volatility to permit easy removal from the polymer.

These amorphous copolymers of PDD possess properties

which are especially desirable for a pellicle film. Such properties

30 include low absorption and dispersion of light in a broad range of
wavelengths, low water absorption to reduce sagging, greater
durability to permit repeated exposure, low refractive indices, low
surface energy to reduce particulate adhesion and good chemical
resistance to solvents and cleaning ageats. In addition, these

35 zimorphous copolymers of PDD can be applied from a solvent
which evaporates after application to produce a uniform anti-
reflective layer. The solution of the PDD copolymers in solvent is
filterable to reduce the size and number of particles within the



c) for vinylidene fluoride, [err]=7Q, d) for hexafluoropropylene, M= 15,
e) .for-trifluoroethylene, [err]=30,.f) for [err],[err] g) for [err],[err]
h) for vinyl fluoride, [err} -and i) for [err], [err]; and, in the case of
copolynmers with nore than one conononer, the ampunt of each conobnomer being

such that the Hlﬂl u tios of the nolé s—fern] . .
[err], to the D& l!amlm WU&& mum nol§ percertmpf _,]ﬁ”&"ﬂrr] IS no
| arger than 1, as shown bel ow. , _
21 AUG 1999 '
Claims
1. A pellicle comprising a thin, durable film of substially

uniform thickness which absorbs less than 10% light at wave-
lengths between 190 and 820 nanometers, tautly adhered to
one edge of an enclosed support frame, said thin film com-
prising amorphous fluoropolymers having a refractive inde»
between 1.24 and 1.41, wherein said amorphous fluoropoly-
mers are copolymers of 30-99 mole % of perfluoro-2,2-dime-
thyl-1,3-dioxole with complementary amounts of at least one

comonomer selected from the class consisting of the follo-
wing compounds:

a) tetrafluoroethylene,

b) chlorotrifluoroethylene

c) vinylidene fluoride,

d) hexafluoropropylene,

e) trifluoroethylene,

f) perfluoro(alkyl vinyl ethers) of the formula CF2=CFORFE,
where Rf is a normal perfluoroalkyl radical having 1-3 carbon atoms,

g) fluorovinyl ethers of the formula CF2=CFOQZ, where Q is
a perfluorinated alkylene radical containing 0-5 ether oxygen atoms,
wherein the sum of the C and O atoms in Q is 2 to 10; and Z is a group
selected from the class consisting of -COOR, -SO2F, -CN, -COF, and
OCHj3, where Risa Cy-Cq4 alkyl,

h) vinyl fluoride, and

i) (perfluoroalkyl)ethylene, RfCH=CH3, where Rfis a C{-Cg
normal perfluoroalkyl radical;

the glass transition temperature of the copolymer being
at least 80°C,

the maximum mole percentage, Mj...Mj, of the
comonomer in the copolymers being as follows: '

-



S=[err] 2.

A pellicle according to Caim1 wherein said anorphous

fl uor opol yner conpri-ses—an—amwporphous- copol yner consisting of 2 0 30-99

nole ,% perfluoro; = o - -dioxole with conpl enentary anmounts_of
tetrafl uoroet hyl e-nH J um - e-according to Claim 2 Wﬁg '
anor phous fl uor opol " copol ymer consi sting of "A0-GN0: % 2

5 perfluoro-2, 2-dinet hyl -1, 3-di oxol e with 40-10 nole % tetyafl uoroethyl ene.
4. A pellicle according to Claim3 wherein said fil m abso} bp "Reb&UGhET96%

of incident

20

25

30

35

light in the band of 193 nanonmeters to 3 0 820f npnoneters.

a) for tetrafluoroethylene, My=70,

b) for chlorotrifluoroethylene, My =70,
¢) for vinylidene fluoride, Mc=70,
d) for hexafluoropropylene, Mg=15,
¢) for trifluoroethylene, Mc=30,
f) for CRy=CFORE, M=30,
g) for CR;=CFOQZ, Mg=20,
" h) for vinyl fluoride, Mp=70, and
i) for RgCH=CHy, M;=10;
and, in the case of copolymers with more than one
comonomer, the amount of each comonomer being such that the sum,
S, of the ratios of the mole percentages, ma . . .M, to tl}c
corresponding maximum mole percentages, Ma . . .Mj is no larger
than 1, as shown below:

S= ma/My + mp/Mp +.: .+ mi/M; < L.

2. A pellicle according to Claim 1. wherein said amorphous
fluoropolymer comprises an amorphous copolymer consisting of
30-99 mole % perfluoro-2,2-dimethyl-1,3-dioxole with
complementary amounts of tetrafluoroethylene.

3. A pellicle according to Claim 2 wherein said amorphous

fluoropolymer comprises a copolymer consisting of 60-90 mole %

pcrﬂ.uoro-Z,Z-dimcthyI-l.3-dioxo|c with 40-10 mole %
tetrafluoroethylene.

4.- A pellicle according to Claim 3 wherein said film absorbs

less than 6% of incident light in the band of 193 nanometers to
820 nanometers. '

5. A pellicle according to Claim 4 wherein said film absorbs

less than 3% of incident light .in the band of 245 nanometers to
820 nanomelers.

6. A pellicle according 1o claim 1 wherein said thin film has

a thickness of 0.3 to 20 microns.
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