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MASK PROTECTIVE DEVICE

Technical Field

The present invention relates to a mask protective

device for preventing sticking of dust and other

particles on a mask or reficle (hereinafter, generically
referred to as "mask") which is, for example, used for
photolithography in mahufactﬁring processés of.an
integrated circuit.

Background Arts

Oné.of the manufacturing processes of an integrated
circuit is a photolithographic process for transferring
a designed layout péttern onto a semiconductor wafe:.

In this photolithographic process, the pattern printed
on a mask is transferred onto the semiconductor wafer
using photographic technique.

If dust or other parficle sticks on the mask in the
photolithographic procesé, the dusf or particle is also
projected onto the semiconductor wafer. This may be a
cause of producing defectives. In order to solve this
problem and to prevent sticking of dust and other
particles on the mask, a mask_protective device is
employed.

A conventional mask protective device comprises a
rectangular frame, the size of which is set to surround
the layout pattern of the mask, and a transparent thin

film which is fixed to the frame around the periphery
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thereof in such a manner as to close one open end of the
frame. The mask protective device is mounted on the
mask by bonding the other open end of the frame to the _

mask with bonding means such as a pressure-sensitive

~adhesive tape.

When the mask protective device is disposed on and
fixed'to the mask in this manner, there is a space to be
hermetically sealed, of which height correspondé to the
height of the frame, between the mask and the
transpérent thin film disposed og“the one open end of
the frame of the mask protective device;

When the space i.e. the inside of the mask
protective device is hermetically sealed, it sometimes
happens that the thih film spread on the frame swells oxr
dentg due to changes in atmospheric pressure and/or in
temperature. The swell or dent in the thin film may
change the optical characteristics of the film and/or,
in case of severely swelling or denting, may damagc the
thin film by that the thin film comes in contact with
the mask or a rid of a casing which accommodates the -
mask and the mask protective device therein.

In oider'to solve the aforementioned problem, there
has been proposed a mask protective device which has a
frame provided with at least one vent hole which is
closed by a filter to prevent enfrance of dust or other
pafticles and to allow the communication between the

inside of the mask protective device and the atmosphere.
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This technique is disciosed in Utility Model Publication
No. S63(1988)-39703.
However, the mask'protective device in which the

frame having the vent hole with the filter has the

. following problemé: (1) thé'prqcesses for forming the

vent hole in the frame, periodically cleéning of the

vent hole and the filter; and thus detaching and

attaching the filter increase the man-hour in the
manufacturing and also in the maintenance, and it is
necessary to produce the vent hole and the filter in
such a manner as td meet the gquality standard; (2) there
is a risk of dusting when blowing the filter to cléan
the filter; and (3) forming the vent hole in the frame
loses the strength of the frame, in pérticular, the

larger the number of vent holes and/or the larger the

diameter of the hole to improve its permeability, the

lower the strength of the frame.

It is an object of the present invention to solve
the aforementioned conventionai problems and to provide
a mask protective device which allows the communication
between the inside space and the atmosphere to provide
permeabiiity,'and into which dust and other particles
yvet hardly enter.

It is another object of the present invention to
provide a mask protective device which allows the
coﬁmunication between the inside space and thé

atmosphere to provide permeability without losing the
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strength of the frame, énd into which dust and other
particles yet hardly enter.
It is still another object of the present invention

to provide a mask protective device into which dust and

. other particles hérdly enter without using a filter, and

which allows the communication between the inside space
and the atmosphere to provide permeability.
Disclosure of Invention

The present inventiqn provides a mask protective

device which is structured as follows to solwve the

 aforementioned ﬁroblems of prior art. The present

invention provides a mask protective device comprising a

frame, the size of which is set to surround a mask

.pattern, and a transparent thin film fixed to the frame

in the spread state to close one opening of the frame.
In the mask protective device, a string-like bead is

formed all around an end face at one opening of the

-frame by linearly applying adhesives or

pressuré—sensitive adhesives for bonding the periphery
of the thin film to the end face, and a curved groove is

formed on the end face of the frame by portions of said

string-like bead facing each other so that the portions

of the string-like bead constitute the side walls of the
curved groove. The curved groove has one opening
communicating with the outside of the mask protective
device and the other opening communicating with the

inside of the mask protective device. In this
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connection, when the periphéry of the thin film is put
on and bonded to the string-like bead, the groove
becomes an air passage.

The curved groove may be formed by forming the

. string-like bead helically along the end face, which is

formed by applying adhesives or pressure-sensitive
adhesives all around the end face at one opening of the
frame. |

Further, the curved.groove may-be fo;ped by
applying adhesives or pressure-sensitive adhesives all
around the end face at one opening of the frame in such
a manner as to form at least two string—iike beads,
arranged inside and outside on the end facé, having
respective discontinuities. 1In this case, the
discqntinuities are formed in different places on the
end face of the frame to form openings of the groove for
allowing the communication between the inside of the
outside of the frame.

Furthermore, the adhesives or pressure-sensitive
adhesives may be applied all around the end face at one
opening_of the frame to form at least one string-like-
bead in a single line having a discontinuity. In this
case,'the curved groove is formed at the discontinuity
of the string-like bead so that the curved groove
connects the inside and the outside of the mask

protective device. When the curved groove is formed at

.the discontinuity of the string-like bead of a single
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line, the string-like bead should be wide or should have
widé portions arouhd the discontinuity, and one end of
the string-like bead is formed in a U-like configuration

in the plane and the other end facing the one end is

~ formed in such a configuration as to enter into the

"inside of the U-like configuration.

Besides this configuration, the two ends of the

string-like bead at the discontinuity may be shiffed to

.~ be arranged in parallel to each other, or may be each

formed in a hook-like configuration so that the ends

seem to be engaged with each other.

It is also preferable that before applying the
adhesives or pressure-sensitive adhesives on the end
face at the one opening of the frame to form the
striqg—like bead, adhesives or pressufe-sensitive
adhesives are previouély applied thinly to the end face
of the frame to form an adhesive layer or a.
pressure-sensitive adhesive layef on the bottom face of.
the curved groove. It is still preferable that
adhesives or pressure-sensitive adhesives are previously
applied thinly on an inner surface of the periphery of
the tranéparent thin fiim to be mounted on the
string-like bead.

The present invention further provides a mask
protective device comprising a frame, the size of which
is.set to surround a mask pattern, and a transparent

thin film mounted on the frame to close one opening of
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the frame, wherein a stfing-like beéd is formed all
around an end face at the other opening of the frame by
linearly applying adhésiveé or pressuré;sensitive

adhesives for bonding the frame of the mask protective

_ device to a mask surface; and a curved groove is formed

on the end face of the frame by portions 6f said
string-like bead facing each other in such a manner that
the portions of the string-like bead constitute the side

walls of the curved groove, wherein the curved groove

'has one opening communicating with the outside of the

mask protective device_and the other opening
cdmmunicating with the inside'of the mask protective
device. Therefore, when the mask protective device is
mounted on the mask surface,'the.mask surface comes into
contact with the top of the string-like bead so that the
groove becomes an air passage.

The curved groove may be formed by forming the
string-like bead helically along the end face, which is
formed by applying adhesives or pressure-sensitive
adhesives all around the end face at the other opening
of the'frame.

Furfher; the curved groove may be formed by
applying adhesives or pressure—sensitive édhesives all
around'the end face at the other-opening of the frame in
such a mannér as to form at least two string-like beads,
arfanged inside and outside on the end face in parallel

o each other, having respective discontinuities. 1In
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this case, the disconfihuities of the inside and outside
lines are formed in different places on the end face of
the frame to form openings of the groove for allowing

the communication between the inside of the outside of

_the frame.

Furthermore, the adhesives or pfessure—sensitive
adhesives may be applied all around the end face at the
other opening of the frame to form at least one
string—like bead in a single line having at least one

discontinuity. In this case, the curved groove is

formed at the discontinuity of the string-like bead so

that the curved groove connects the inside and the
outside of the mask protective device..

It is also préferable that before applying the
adhesives on the end face at the other opening of the
frame to form the string—like'bead, adhesives or
pressure—sensitivg adhesives are previously applied
thinly to the end face of the frame to form an adhesive

layer or a pressure-sensitive adhesive layer on the

-bottom face of the curved groove.

The present invention still further provides a mask
protectivé device comprising a frame, the size of which
is éet to surround a mask pattern, and a transparent
thin film mounted on the frame to close one opening of
the frame, wherein a first sfring-like bead is formed
ali afound an end face at one opening of the frame by

linearly applying adhesives or pressure-sensitive
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adhesives for bonding the periphety of the thin film to
the end face; a first curved groove is formed on the end
face of the frame by portions of said string-like bead .

facing each other in such a manner that the portions of

. the first string-like bead constitute the side walls of

the first curved groove; a second string-like bead is
formed all around an end face at the other opening of
the - frame by linearly applying adhesives or
pressure-sensitive adhesives fbf bonding the frame of
the mask protective device to a mask surface; and a
second curved groove is formed on the end face of the
frame by portions of saia string-like bead facing each
other in such a manner that the portions of the second
string-like bead constitute the side walls of the second
curved groove, wherein each curved grbove has one
opening communicating with the outside of the mask
protective device and the other opening communicating
with the inside of the mask protective device.
Therefore, when the periphery of the thin film is puf on
and bonded to the first string-like bead, the first
groove becomes an air passage, and when the mask
protectivé device is mounted on the mask surface, the
mask surface comes into contact with the top of the
second string-like bead so that the second groove
becomes another air passage. |

The first curved groove may be formed by forming

- the first string-like bead.helically along the end face,
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which is formed by applyihg adhesives or
pressure~sensitive adhesives all around the end face at
one opening of the frame. |

'Further, the first curved groove may be formed by

~applying adhesiveé or pressure-sensitive adhesives.all'

around the end face at one opening of the frame in such
a manner és to form at least two first string-like
beads; arranged inside and outside on_the end face,
having respective discontinuities. In this case, the
discontinuities of the inside and the outside lines of
the first string-like bead are formed in different
places on the end face of the fréme to form openings of
the first groove for allowing the communication between
the inside of. the outside of the frame.

ﬁFurthermore, the adhesives or préssure-Sensitive
adhesives may be applied all around the end face at one
opening of the frame to form at least one first
string-like bead in a single line having at least one
discontinuity and the fi:st curved groove is formed at
the discontinuity of the first string-like bead so that
the first curved grobve connects the inside and the
outside of the mask protective device.

It is preferable that before applying the adhesives
or pressure-sensitive adhesives on the end face at one
opening of the frame to form the first string-like bead,

adhesives or pressure-sensitive adhesives are previously

‘applied thinly to the end face of the frame to form an
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adhesive layer or ‘a pressure-sensitive adhesive layer on
the bottom face of the first curved groove. It is also_
preferable that adhesives or pressure—seﬁsitive

adhesives are previously applied thinly on an inner

. surface of the pefiphery of the transparent thin film to

be mounted_on the first string-like bead and the
periphery is put on aﬁd bonded to the first string-like
bead so as to form an adhesive layer or a
pressure-sensitive adhesive layer on the top inner face
of the air passage.

In addition, the second curved groove may be'formed
by fdrming the second string-like bead helically along
the end face, which is formed by applying adhesives or
pressure-sensitive adhesives all aréund the end face at
the other opening of the frame.

Further, the second curved groove may be formed by
applying adhesives or pressure-sensitive adhesives ali
around the end face at the other opening éf the frame in
such a manner as to fbfm ét least two second string-like
beads, arranged inside and outside on the end face,
having ;espective discontinuities. In this case, the
discontinuities of the inside and outsidé lines of the .
second string-like bead are forﬁed in different places
on the end face of.the frame to form openings of the
Secdnd groove for allowing the communication between the
inéide of the outside of the frame.

Still further, the adhesives or pressure-sensitive
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adhesives may be épplied all around the end face at the
other opening of the frame to form at least one second
string-like bead in a single line having at least one

discontinuity. In this case, the second curved groove

~is formed at the discontinuity_othhe second string-like

bead so that the second curved groove connects the
inside and the outside of the mask protective device.
It is preferable that before applying the adhésives or
pressure-sensitive adﬁesives on the end face at the
other opening of the frame to form the second
string-like bead, adhesives or pressure-sensitive
adhesives are previously applied thinly to the end face
of the frame to form an adhesive layer or
presSure—sensitive adhesive layer on the bottom face.of
the gecﬁnd curved groove.

As mentioned above, when the curved grooﬁes are
formed by the first and second string-like beads formed
on the end faces at oﬁé and the othér openings of the
frame, respedtively, it is also preferable that before
applying the adhesives or pressure-sensitive adhesives
on the end faces of the frame to form the first and
second stfing—like beads, adhesives or
pressure-sensitive adhesives are previously applied
thinly to the whole surfaces of the respective end faces
to form adhesive layers or pressure-sensitive adhesive
lafers on the bottom faces of the respective curved

grooves.
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The possible!methods of forming such string-like
beads as mentioned above con an end face of the frame
include a method in which relatively-thick adhesives are

placed on the frame by using the printing technology, a

. method in which adhesives are pushed out from a nozzle

and linearly placed just like drawing, and a method in
which after applying adhesives on the whole surface of
the -end face of the frame in a prédetermined thickness,
useless portions of the adhesives are removed by cutting
or the like. |

In the mask protective devices of the present
invention, for example, epoxy acrylate, urethéne
acrylate, polyester acrylate,.and polyethylene acrylate
may be eﬁployed as adhesives for forming such a
string-like bead. |

Moreover, for example,_pdlystyrene and materials of
which base polymer may be copolymer, polyisobutylehe,
polyester resin, vinyl acetate resin, ethylene-viﬁyl
acetate copolymer, and polyethylene phenoxy resin may be
employed as pressure-sensitive adhesives.

According to the mask protéctive device-of the
present ihvention as mentioned above, when adhesives or
pressure-sensitive adhesives for fixing a transparent

thin film to one or both of end faces of a frame, the

-size of which is set to surround a mask pattern, or

fixing the frame to a mask surface are applied to form a

string-like bead on the end face of the frame, a curved’
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groove of which side walls are portions of the_

string-like bead is formed in such a manner as to allow

the communication between the inside and the outside of.

the frame. In this connection, as the thin film is

. mounted on the frame or the mask protective device is

fixed to the mask, the top of the curved groove is
closed so tﬁat fhe curved groove becomes an air passage.

By the presence of tﬁe'ai; passage, the inside of
the mask protective'device is prevented from beiné
hermetically sealed when it is mounted on the mask,
thereby preventing the expansion and contraction of air
in the mask protective device due to changes in
atmospheric pressure and/or in temperature. Therefore,
the thin film spread on the frame is prevented'from
swelling or denting due to changes in-atmospheric
pressure and/or in temperature, with the result that the
thin film is not damaged and the optical characteristics
of the film can be.kept well in conformity to the

designed level.

Brief Description of Drawings

Fig. 1 is a perspective view'schematically showing
a mask prbtective device acéording to a first embodiment
of the present invention;

Fig. 2 is a partially sectional view showing the
mask-protective device of the first embodiment, taken
along line 2-2 of Fig. 1;-

Fig. 3 is a partial perspective view showing a
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frame of the mask protective device of the first

embodiment shown in Fig. 1, illustrating a string-like

bead formed on an end face of the frame by adhesives;

Fig. 4 is a partially sectional view similar to

~ Fig. 2, showing an alternative of the mask protective

device of the first embodiment shown in Fig. 1;

Fig. 5 is a partially sectional view similar to
Fig. 2, showing another alternative of the mask
protective device of.the first embodiment shown in Fig.
1;

Fig. 6 is a perspective view schematically showing

- a mask protective device according to a second

embodiment of the present invention;

Fig. 7 is a partially sectional view showing the
mask_protective device of the second embodiment, taken
along line 7-7 of Fig. 6;

Fig. 8 is a partially sectional view similar to
Fig. 7, showing an alternative of the mask protective
device of thg second embodiment shown in Fig. 6;

Fig. 9 is a partially.sectional view similar to
Fig. 7, showing another alternative of the mask
protecfivé device of the second embodiﬁenf shown in Fig.
6;

Fig. 10 is a partial plan view showing a
discontinuous portion of a wide leaner béad formed on an
end face of a.fraﬁe in a mask protective device

according to a third embodiment of the present
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invention;

Fig. 11-is a partial plan view similar to Fig. 10,
showing an alternative of the mask protective device of
the third embodiment shown in Fig. 10;

Fig. 12 is a'partial plan_ﬁiew similar to Fig. 10,
showing another alternative of the mask protective
device of the third embodimentlshown_in Fig. 10;

Fig. 13 is a partially sectionél view similar to
Fig. 7, échematically showiné a mask protective device
according to a fourth embodiment of the present
invention; |

Fig. 14 is a partially sectional view similar to
Fig. 13, showing an alternative of'the mask protective
device of the fourth embodiment shown in Fig. 13; and

Fig. 15 is a partially sectional view similar to
Fig. 7, schematically showing a mask protective device
according to a fifthlembodiment of the present
invention.

Best Mode for Carrying Out the,Invenfion

Hereinafter, a mask_protective device of the
present invention will be described in detail in
connection with thé embodiments shown in drawings.
[First Embodiment]

Fig. 1 shows a mask prbtective de&ice 10 according
to the first embodiment of the present invention. The
maék protective device 10 is provided with a rectangular

frame 11, the size of which is set to surround a mask
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pattern (not shown). The frame 11 is generally called
as "pellicle frame". The frame 11 has facing portions
l1la, 11b on open end sides in an opposed relation,

respectively. Two openings formed in the frame 11

. extend in the same levels of the facing portions lla,

11b, respectively. The facing portions lia, 11b will be
referred to as "end faces" for convenience. Besides two
end faces 1lla and 1llb, the frame 11 comprises an inner
face 1llc and outer face 1l1ld.

The periphery of a transpafent thin film 12 is
bonded on one end face lla of the frame 11 by adhesives
13 applied on the end face lla in such a manner as to
covér the opening as shown in Fig. 2. The transparent

thin film 12 is generally called as "pellicle film".

" The adhesives 13 are linearly applied'on the end face

lla of the frame 11 from the vicinity of one corner
thereof along the end face 1lla. After coming full
circle on the frame, the adhesives 13 are further

applied in parallel with the linear adhesives already

applied to keep equal spaces therefrom. After coming

another full circle, the application of the adhesives 13
is finished at the corner i.e. the starting point.
Accordingly, the linear of the adhesives 13 is helically

formed in two circles on the end face lla of the frame

11.

The adhesives 13 applied linearly in this manner

swell fo form string-like bead 14 protuberant from the
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end face lla of the frame 11 as shown in Fig. 3. As_a
result of this, formed on the ehd face of the frame 11
is a groove 15 of which side walls are two lines of the

bead 14 which are spaced from each other. The groove 15

. is curved along the end face lla of the frame 11 and has

‘one opening 15a communicating with the inside of the

frame 11 and the other opening 15b communicating with
the outside of the frame 11.

After setting the transparent thin film 12 in such
a position as to close the one-opening of the frame 11,
the periphery of the transparent thin film 12 is put on
and bonded to the helical string-like bead 14 which is
made of the adhesives 13 linearly applied on the end
fade 1la of the frame 11. 1In this connection, since the
top of the groove 15 formed between the lines of the
string-like bead 14 is closed, the groove 15 becomes an
air passage 16 allowing the communication between the
inside and the outside of the frame 11. |

The mask protective device 10 is disposed on the
surface of the mask 17 as shown in Fig. 2 and ié fixed
to the surface of the mask 17 by pressure-sensitive
adhesives 18a applied all around the end face 1llb at the
other opening of the frame 11. Therefore, since the
inner space 19 of the mask protective device 10
comﬁunicates with the outside through the air-passage 16
éo.that air in the mask protective de&ice 10 moves in

and out through the air passage 16, the thin film 12
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neifhef swells nor dents even with changes iﬁ
atmospheric pressure ahd/or.in temperature and the
optical characteristics of the film is thus never
affected.

Even.when aif moves in and out of the mask
protective device, dust and other particles intending to
enter with air flow.can not reach the inside of the mask
protective device because the air passage is curved and
the side walls of the air passage are made of adhesives,
thereby preveﬁting the entrance of dust and other
particles.

As an alternative of the mask protective device 10
according to the first embodiment, befofe applying the
adhesives 13 on the end face lla at the one opening of
the frame to form the string-like bead 14,
pressure-sensitive adhesives.18b are previously applied
thinly té the whole surface of the end face 1lla of the
frame 11 to form a pressure-sensitive adhesive layer on
the boftom face of the curved groove 15. It is
preferable because the pressure-sensitive adhesive layer
improves the efficiency of trapping foreign matter
intending to enter into the mask protective device 10
through the air passage 16.

Though the .pressure-sensitive adhesives 18b are
applied to the whole surface of the end face 1lla in the
example shown in Fig. 4, it is énough to apply -the

pressure-sensitive adhesives to only such a range as to
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form the pressure-sensitive adhesive layer on the botfom
face of the groove 15. |

As another alfernative of the mask protective

device 10 according to the first embodiment,

} pressure—sensitivé adhesives 18c are previously applied

thinly to an inner surface of the periphery of the
transparent thin film 12 to be put on the strihg—like
bead 14 and thé periphery with the pressure-sensitive
adhesives 18c is put on and bonded to the string-like
bead 14 so as to form a pfessure-sensitive adhesive
layer on the top inner face of the air passage 16,
fhereby improving the efficiency of trapping fdreign
matter intending to enter.ihto the mask protective
device 10 through the air passage 16.

In this case also, it is enough to apply the
pressure-sensitive adhesives 18c to only such a range as
to form the pressure-sensitive adhesive 1ayer'on the top
inner face of the air passage 16. |

In addition, in the combination of these
alternatives of Fig. 4 and Fig. 5, the air passage 16 of
which side walls are the string-like bead 14 formed on

the end face 1lla of the frame 11 may have

- pressure-sensitive adhesive layers on both the bottom

face and the top inner face thereof. Accordingly,
further improvement in the trapping efficiency can be
expected.

[Second Embodiment]



10

15 7

20

25

- 21 -

Fig. 6 and Fig. 7 show a mask protective device 20
according to the second embodiment of the present
invention. The mask protective device 20 according to

the second embodiment comprises inner and outer

. string-like beads'14a, 14b spaqéd from each other

exténding all around the end face lla at one opening of
the frame 11. Therefore, a groove 15 fdrmed between the
inner and outer string-like beads l4a, 1l4b extends in
the longitudinal direction and is cutved on the end face
lla of the frame 11. Similar.to the first embodiment,
the string-like beads l4a, 14b are formed by linearly
applying adhesives 13 and the periphery of a transparent
thin film 12 is put on and bonded to the string-like
beads 1l4a, 14b.

uNeither the inner string-like bead 14a nor the
outer stringflike bead 14b is formed in a complete
circle and both are each formed in a circle having at
least one break. That is, the string-like beads 1l4a,
14b are each formed in a discontinuoﬁs circle, i.e. a
line. The discontinuities i.e. breaks 15a, 15b are
formed in different places on the end face lla of the
frame 11 sa that the discontinuities 15a, 15b form
openings of the curved grbove 15 for communicating with
the_inside and the outside of the frame 11.

The transparént thin film 12 is disposed in such a
manner as to close one opening of the frame 11 and the

periphery of the thin film 12 is put on and bonded to
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the inner and outer discontinuous string-like beads 14a,
14b formed by applfing the édhesives 13 on the end face
lla of the frame 11. In this bonnection, since the top.

of the curved groove 15 formed between of the

: string-like beads 1l4a, 14b is closed, the groove 15

becomes an air passage 16 allowing the communication
between the inside and the outside of the frame 11.

The mask protective device 20 according to the
second embodimenf is disposed on the surface of the mask
17 as shown in Fig. 7 and is fixed to the surface of the
mask 17 by pressure-sensitive adhesives 18a applied all
around the end face 11lb at the other opening of the
frame 11. Therefore, since the inner space 19 of the
maék protective devicg 20 communicates with the outside
through the air passage 16 so.that air in the mask
protectivé device 20 moves in and out through the air
passage 16, the thin film 12 neither swells nor dents
even with changes in atmospheric pressure and/or in
temperature and the optical characteristics of the film
is thus never affected.

Even when air moves in and out of the mask
protedtivé device, dust and other particles intending to
entei with air flow can not reach the inside of the mask

protective device because the air passage is curved and

‘the side walls of the air passage are made of adhesives,

thereby preventing the entrance of dust and other

particles.
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As an alternative of the mask protective device 20
according to thé second embodiment, before applying the
adhesives 13 on the end face lla at the one Speniﬁg of

the frame 11 to form the string-like beads l4a, 14b,

. pressure-sensitive adhesives 18b are previously applied

thinly to the whole surface of the end face lla of the
frame 11.to form a pressure-sensitive adhesive layer on
the bottom face of the curved groove 15. It is
preferable because the pressure-sensitive adhesive layer
improves the efficiency of trapping foreign matter
intending to enter into the mask protective device 20
through the air passage'16. It should be understooa
that it is also enough to apply the pressure-sensitive
adhesives to only such a range as to form the
ﬁreSsﬁre—sensitive adhesive léyer on the bottom face of
the air passage 16.

As another alternative of the mask protective

device 20 according to the second embodiment,

pressure;sensitive adhesives 18c are previously applied
thinly to an inner peripheral surface of the transparent
thin film 12 to be put on the string-like beads 14a, 1l4b
and the periphery with the pressure—sensitive adhesives
18c thereof is put on and bonded to the string-like
beads 1l14a, 14b so as to form a éressure-sensitive
adhesive layer on the top inﬁer face of the air passage
16; thereby improving the efficiency of trapping foreign

matter intending to enter into the mask protective
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deviée 20 through the air passage 16. In this case
also, it is enough to apply the pressure-sensitive
adhesives 18c to'only such a range as to form the
pressure-sensitive adhesive layer on the top inner face

In addition, in the combination of these
alternatives of Fig. 8 and Fig. 9, the air passage 16 of
which side walls are the string-like beads formed on the
end face lla of the frame 11 may have pressure-sensitive
adhesive layérs on both the bottom face and the top
inﬁer face thereof. Accordingly, further-improvement in
thé trapping efficiency can be expected.
[Third Embodiment]

Fig. 10 shows a part bf a frame 11 in a mask
protective device 30 according to the third embodiment

of the present invention. The mask protective device 30

© of. this embodiment comprises a relatively wide

string-like bead 31 formed in a single line in the width
direction all around the end face lla of the frame 11 by
applying adhesives 13. The string-like bead 31 has at
least one discontinuity. The discontinuity 32 is formed
as folloﬁs.

As shown in Fig. 10, at the discontinuity 32, a
recess 32a is formed to dent just like a bay in one end
of the string-like bead 31 along the center line thereof
and a tail portion 32b is fofmed to project just like a

peninsula on the other end facing the one end in such a
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manner thét the ﬁidth of the recess.32a is greater than
that of the tail portion 32b. The tail portion 32b on
the other end of the string—like.bead 31 is entered into

the recess 32a without any contact between the outer

_ surface of the tail portion 32b and the inner surface of

the recess 32a as shown.in Fig. 10.

There is therefore a U-shaped curved groove 33
between the inner surface of the recess 32a and the
outer surface of the tail portion 32b, of which one end
33a communicates with the inside-of the frame 11 and the
other end 33b communicates with the outside of the frame
11.

‘After setting a transparent thin film 12 in such a

position as to close the one opening of the frame 11,

the periphery of the transparent thin film 12 is put on

and bonded to the wide string-like bead 31 which is made
of the adhesives 13 linearly applied on the end face lla
of the frame 11. In this connection, since the top of
the curved groove 33 formed at the discontinuity 32 of

the string-like bead 31 is closed, the groove 33 becomes

‘an air passage allowing the communication between the

inside and the outside of the frame 11 through the both.
ends 33a, 33b.

Just liké the first émbodiment, the mask protective
device 30 according to the third emﬁodiment is also
disposed on the surface of the mask 17 and is fixed to

thé surface of the mask 17 by pressure-sensitive
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adhesives applied all around the end face 1llb at the

other 6pening of the frame 1ll1l. Therefore, since the

 inner space of the mask protective device 30

communicates with the outside through the air passage so

. that air in the mask protective device 30 moves in and

out through the air passage, the thin film 12 neither

swells nor dents even with changes in atmospheric

pressure and/or in temperature and the optical

characteristics of the film is thus never affected.

Even when air moves in and out of the mask
protective device, dust and other particles intending to
enter with air flow can not reach the inside of the mask
protective device because the air passage is curved and
the side walls of the air passage are made of adhesives,
thereby preventing the entrance of dust and other
particles.

As the mask protective device 30 according to the
third embodiment, the discontinuity 32 with the curved
groove 33 crossing the wide string-like bead 31 in the
directidn of connecting the inside and the outside of

the frame 11 may be designed in a large variety of

| configurations. As one of such configurations, the end

portions 3la, 31b of the string-like bead 31 are shifted

from the main track and arranged in parallel with each

other in predetermined length so as to form a groove 33

as shown in Fig. 11. As an alternative, the end.

portions 3la, 31b of the_string—like bead 31 may be each
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formed in a hook-like configuration so that the end
portions 3la, 31lb seem to be engaged with each other so
as to form a groove 33 as shown in Fig. 12.

As an alternative of the mask protective device 30

. according to the third embodiment, before applying the

adhesives 13 on the end face lla at the one opening of
the frame 11 to form the string-like bead 31,
pressure-sensitive adhesives are previously applied
thinly to the whole surface of the end face lla of the

frame 11 to form a pressure-sensitive adhesive layer at

least on the bottom face of the curved groove 33. It is

preferable because the pressure-sensitive adhesive layer

improves the efficiency of trapping foreign matter

intending to enter into the mask protective device 30

through the air passage 16._ It should be understood
that the pressure-sensitive adﬁesives are not
necessarily applied all around the end face 1lla and it
is enough to apply the pressure-sensitive adhesives to
only a rahge where the discontinuity 32 of the
string-like bead 31 extend.

Just like the glternative of the first embodiment
shown in Fig. 5 or the alternative of the-second
embodiment shown in Fig. 9, pressure-sensitive adhesives
may be previously applied thinly to an inner peripheral
surface of the transparent thin film 12 to be put on the
stfing-like bead 31 and-thé periphery thereof is put on

and bonded to the string-like bead 31 so as to form a
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pressure-sensitive adhesive layer on the top inner face

of the air passage, thereby improving the'efficiency of

trapping foreign matter intending to enter into the mask
protective device 30 through'the'air passage.

In this case'also, in the combination of these
alternatives, the air passage of which side walls are
portions of the string-like bead 31 formed on the end
face 1la of the frame 11 may have pressure-sensitive.
adhesive layers on both'the bottom face and the top
inner face thereof. Accordingly, further improvement in
the trapping efficiency can be expected.

[Fourth Embodiment]

Fig. 13 partially shows a mask protective device 40

'according to the fourth embodiment of the present

invention. in the mask protective device 40 of this
embodiment,-the periphery pf a transparent thin film 12
is bonded to an end face lla at one opening of a frame
11 by adhesives 41 applied on the whole surface of_the'
end face lla in such a manner that the transpareﬁt thin
film-lz closes the opening of the frame 11.

On the other hand, adhesives for bonding the frame
11 to the mask 17 are applied all around an.end face 11b

at the other opening of the frame 11 in such a manner as

to form a string-like bead 42. In this case, the

string-like bead 42 formed on the end face 1llb at the
other opening of the frame 11 may be formed in a helical

shape just like the first embodiment shown in Fig. 1.
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The string-like beaa 42 may also be formed in two lines
arranged inside and outside in parallel with each other
in such a manner as to have respective discontinuities

in different places so that the discontinuities become

. openings of a groéve for communicating with the inside

and the outside of the frame 11'just like the second
embodiment as shown in Fig. 6.

Just 1ike the third embodiment as shown in Fig. 10,
Fig. 11, and Fig. 12, in this fourth embodiment, one
string-like bead 42 is formed in a single line in the
width di:ection all around the end face 11lb of thé frame

11 by applying adhesives in such a manner as to have at

‘least one discontinuity. A curved groove can be formed

at the diséontinuity to cross the wide string-like bead
42 in the direction of connecting the inside and the
outside of the frame 11.

The mask protective device 40 is mounted on the
surface of the mask 17 as shown in Fig. 13 and bonded to
the mask 17 by the string-like bead 42 formed by
applying the adhesives 13 on the end face 11b of the
framé 11. In this connection, since the top of the
curved groove of which side walls are portions of the
string-like bead 42 is closed by the mask 17, the groove
becomes an air passage 43 allowing the communication
between the inside and the outside of the frame 11.
Thérefore, since the inner space 19 of the mask

protective device 40 communicates with the outside
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'throﬁgh the air passage 43 so that air in the mask

protective device 40 moves in and out through the air
passage 43, the thin film 12 neither swells nor dents

even with changes in atmospheric pressure and/or in

. temperature and tﬁe optical characteristics of the film

is thus never affected.
Even when air moves in and out of the mask

protective device, dust and other particles intending to

enter with air flow can not reach the inside of the mask

protective device 40 because the air passage is curved
and the side walls of the air passage are made of
adhesives, thefeby preventing'the-entrance of dust and
other particles. |
As an alternative of the mask protective device 40

according to the fourth embodiment, before applying the
adhesives.13 on the end face 1llb at the other opening of
the frame 11 to form the string-like bead 42,
pressure-sensitive adhesives 18 are previously applied
thinly to the end face 1lb of the frame 11 to form a
pressure—sensitiﬁe adhesive layer at least on the bottom
face of the curved groove 43. It is preferable because
the pressﬁre—Sensitive adhesive layer improves the
efficiency of trapbing foreign matter intending to enter
into the mask protective device 40 through the air -
passage 43.

| By thée way, the mask protective device 40 according

to the fourth embodiment or the alternative of the
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present invention as shown in Fig. 13 and Fig. 14 is a

best mode for carrying out this invention in actual
practice. The reasons are as follows. Dusts adhering

on the pellicle film 12 are normally removed by biowing,

_,whereby-the pelliéle film 12 oscillates. There is a

possibility that the pellicle film 12 comes off the .

frame 11 if the bonding strength between the pellicle

film 12 and the pellicle frame (frame 11).

However, in the mask protective device 40 according
to the embodiment shown in Fig. 13 and Fig. 14, the
string-like bead is formed on a portion of fhe frame 11
to be in contact with the reticle i.e. mask 17 so that
the pellicle film 12 can securely bonded to the end face
of the frame 11 by thé adhesives 41. Therefore, even
wheﬁ“dusts adhering on the pellicle film 12 are remdved
by blowing, the pellicle film 12 never comes off the
frame 11.

[Fifth Embodiment]

Fig. 15 partially shows a mask protective device 50
adcording to the fifth embodiment of the present
inventipn. The mask protective device 50 of this
embodimenf is’ a combination of the first embodiment and
the fourth embodiment.

That is, a first string-like bead 51 is formed on

the end face lla at one opening of the frame 11 by

- applying adhesives all around the end face lla. A

transparent thin film 12 is disposed to close the one
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opening'of the frame 11 and the pgriphery of the thin_
film 12 is bonded to the first string-like bead 51

applied on the end face 1lla of the frame 11 in such a

manner that the thin film 12 is spread. As the thin

. film 12 is put onland bonded'tq the first string-like

bead 51 as mentioned above, a curved groove formed
between lines of the first string-like bead 51 becomes a
air'passage'sz allowing thé communication between the
inside and the outside of the frame 11 because the top
of the curved groove is closed by the thin film. On the
other hand, adhesives for bonding-the frame 11 to tﬁe
mask are also applied all around the end face 11b at the

other opening of the frame 11, thereby forming a second

string-like bead 53 by the adhesives.

The mask protective device 50 is mounted on the
surface of the mask 17 as shown in Fig. 9 and bonded to
the mask 17 by the second string-like bead 53 formed'by
linearly applying the adhesives on the end face 1l1lb of
thé frame 11. In this connection, since the top of the
curved gfoove of'which side walls are portions of the
string-like bead 53 is closed by the mask 17, the groove
becomes aﬁ air passage 54 allowing the communication
between the inside and the outside of the frame 11.
Therefore, since the inner space 19 of the mask
protective device 50 communicates with the outside
thfough the air passages 52, 54 so that air in the mask

protective device 50 moves in and out through the air
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passages 52 54, the thin film 12 neither swells nor
dents even with changes in atmospheric pressure and/or
in temperature and the optical characteristigs of the
film is thus never affected.

Even when aif moves in and out of the mask
protective device, dust and other particles intending to
enter with.éir flow can not reach the inside of the mask
protective device 50 because the air passages are curved
and the side walls of the air passages are made of
adhesives, thereby preventing the entrance of dust and
other particles.

In the mask_protedtive device 50 according to the

fifth embodiment, the string-like beads 51, 53 formed on

the end faces l1lla, 1llb at both the openings of the frame

11l may be_formed in helical shape just like the first
embodiment shown in Fig. 1. The string-like beads 51,
53 may also be formed in two lineé arranged inside and
outside in parallel with each other in such a manner as
to have respective discontinuitieé in different places
so_that the discontinuities become openings of a groove
for communicating with the inside and the outside of the
frame 11'jusf like the second embodiment as shown in
Fig. 6.

In addition, just like the third embodiment as
shown in Fig. 10, Fig. 11, and Fig. 12, in this fifth
embodiment, string-like beads 51, 53 may be each formed

in a single line in the width direction all around the
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end face 1lla, 1llb of the frame 11 by applying adhesives

'in such a manner as to each have at least one

discontinuity. Curved grooves can be formed at the

discontinuities to cross the wide string-like beads 51,

;:53, respectively,'in the direction of connecting the

inside and the outside of the frame 11.

As an alternative of the mask protective device 50
according to the fifth embodiment; not shown and just
like the alternative of the first embodiment shown in
Fig. 4, before applying the adhesives 13 on the end face
lla at the one opening of the frame 11 to form the

string-like bead 51, pressure-sensitive adhesives are

. previously applied thinly to the end face lla of the

frame.ll to form a pressure-sensitive adhesive layer at
least on the bottom face of the air passage 52. It is
preferable because the pressure-sensitive adhesive layer
improves the efficiency of trapping foreign matter
intending to enter into the mask protective device 50
throqgh the air passage 52.

As another alternative of the mask protective
device_SO according to the fifth embodiment, not shown
and just like the alternative of the first embodiment
shown in Fig. 5, pressure-sensitive adhesives are
previously applied thinly to an inner peripheral surface
of the transparent thin film 12 to be put on the
stfing—like bead 51 and the periphery thereof is put on

and bonded to the string-like bead 51 so as to form a
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pressure-sensitive adhesive layer on the top inner face

of the air passage 52, thereby improving the efficiency

'of trapping foreign matter intending to enter into the

mask protective device 50 through the air passage 52.

In addition,'similarly to _the alternafivé of the
fourth embodiment shown in Fig. 14, before linearly
applying the adhesives on‘the end face 11b at the other
opening of the frame 11 to form the string-like bead 53,
preSsure-sensitive adhesives ére preﬁidusly applied
thinly to the end face 11b of the frame 11 to_form a
pressure-sensitive adhesive layér at ;east on the bottom
face of the air passage 54. It is preferable because
the pressure-sensitive adhesive layer improves the

efficiency of trapping foreign matter intending to enter

‘into the mask protective device 50 through the air

passage 54.

In .also the mask protective deﬁice 50 of course, in
the combination of these alternatives, the air passages
of which side walls are the string-like beads 51, 53
formed on the end faces lla, 11lb of the frame 11 may
have pressure-sensitive adhesive layers on both the
bottom féces'and the top inner faces thereof. |
Accordingly, further improvement in the trapping
efficiency can be expected.

The possible methods of forming such sfring-like
bééds as mentioned above on an end face of the frame in

the mask protective device include a method in which
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relatively thick adhesives are'pladed on the frame by
using the printing technology, a method in which
adhesives are pushed out from a nozzle and linearly

placed just like drawing, and a method in which after

. applying adhesives on the whole surface of the ‘end face

of the frame in a predetermined thickness, useless
portions of the adhesives are rémoved by cutting or the
like.

In the mask protective devices of the
aforementioned embodiments, for example, epoxy acrylate,
urethane acrylate, polyester acrylate, andlpolyethylene
acrylate may be employed as adhesives for forming such a
string-like bead. |

Morepver, for example, polystyrene and materials of
whic@ base polymer may be copolfmer, polyisobutylene,
polyester resin, vinyl acetate resin, ethylene-vinyl
acetate copolymer, and polyethylene phenoxy resin may be
employed as pressure-sensitive adhésives”for forming the
pressure-sensitive adhesive layer on the bottom of the
curved groove and for fixing the frame to the
mask. |

Normally, pressure-sensitive adhesive refers to
material capable of bonding only with slight pressure
without the aid of heat or catalyst. On the other hand,
adhesive refers to material (Monomer and Pre-polymer
tyée adhesive) which hardens by chemical reaction such

as polymerization, condensation, and the like, material



10

15

20

25

- 37 -

. (solution and emulsion type adhesive) which hardens by

vaporization_of'solvent or dispersion medium, and
material (hot-melt adhesive) which hardens by cooling.

The hardening of these materials results from forces of

. drawing mutually between molecules of édhesive and

molecules of adherent.
Though the string-like bead is formed by adhesives
in the aforementioned embodiments, the same effect can

be obtained with pressure-sensitive adhesives instead of

' the adhesives. Though the pressure-sensitive adhesives

- are applied on the end face of the frame or the

periphery of the transparent thin film in order to form
the pressure-sensitive adhesive layer on the bottom face
or the top inner face of the air passage in the above
embodiments, adhesives may be employed instead of the
pressure-sensitive adhesives.

As described above, according to the mask
protective device of the preseht invention, when
adhesives or pressure-sensitive adhesives for fi#ing a
transparent thin filﬁ to one or both of eﬁd faces of a
frame, the size of which is set to surround a mask
pattern,.or fixing the frame to a mask surface are
applied to form a string-like bead on the end face of
the frame, a curved grbove of which side walls are
portions of the string-like bead is formed in such a
maﬁner as to allow the communication between the inside

and the outside of the frame. 1In this connedtion, as
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the thin film is put on the frame or the mask protective
device is fixed to the mask, the top of the curved
groove is cldsed so that the curved groove becomes an

air passage. By the presence of the air passage, the

. inside of the_mask protective device is prevented from

being hermetically sealed when it is mounted on the.

mask, thefeb& preventing the expansion and contraction
of air in the mask protecfive device due to changes in
atmospheric pressure and/or in temperature. Therefore,

the thin film spread on the frame is prevented from

'swelling or denting due to changes in atmospheric

pressure and/or in temperature with the result that the

thin film is not damaged and the optical characteristics

_of the film can be kept well in conformity to the

designed level.
Industrial Applicability

The present invention is effective as a cover for
guarding a mask or reticle, which ié used for
photolithography in manufacturing proceSses of an

integrated circuit, from dust and other particles.



