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Description

Field of the Invention

[0001] The present invention relates to an assembly
of a photomask with a pellicle, which pellicle is useful as
a dust-fender employed in the scenes of manufacturing
semiconductor devices, IC packages, printed circuit
boards, liquid crystal display panels, organic EL display
panels, etc.

BACKGROUND TECHNOLOGY

[0002] In manufacturing semiconductor devices such
as LSI and super-LSI or in manufacturing a liquid crystal
display panel or the like, a pattern is made by irradiating
a ultraviolet light to a semiconductor wafer or a glass
plate for liquid crystal, but if a dust particle is sticking to
a photomask used in this stage, the dust particle ob-
structs the light or reflects it, causing deformation, short
circuit or the like in the pattern being transferred, and
such phenomena lead to lowering of the quality of the
end products.
[0003] Thus, these works are usually performed in a
clean room, but, even in a clean room, it is yet difficult to
keep the photomask clean all the time. Hence, in practice,
the exposure light irradiation is conducted only after a
surface of the photomask is sheltered by a pellicle as a
dust fender. Under such circumstances, foreign particles
do not directly adhere to the surface of the photomask,
but only onto the pellicle membrane, and thus by setting
a photo focus on a lithography pattern on the photomask
at the time of lithographing, the foreign particles on the
pellicle membrane fail to transfer their shadows onto the
photomask and thus no longer become a problem to the
image transfer performance.
[0004] In general, a pellicle is built up of a pellicle frame,
which is an endless frame bar usually made of aluminum,
a stainless steel, or the like, and a transparent pellicle
membrane usually made of cellulose nitrate, cellulose
acetate, a fluorine-containing polymer or the like which
transmit light well; this pellicle membrane is attached via
dried solution or adhesive to one of the two annular faces
(hereinafter referred to as "membrane-side face") of the
pellicle frame. On the other one of the two annular faces
of the frame (hereinafter referred to as "mask-side face")
is laid an agglutinant layer made of a polybutene resin,
a polyvinyl acetate resin, an acrylic resin, a silicone resin
or the like for attaching the pellicle frame to the photo-
mask, and over this agglutinant layer is laid a releasable
liner (separator) for protecting the agglutinant layer.
[0005] In recent years, owing to the increased refine-
ment of the exposure light pattern, the problem of the
deformation of the photomask caused by pellicle adhe-
sion to it has become more focused. When the photo-
mask and pellicle frame are coupled together via the ag-
glutinant layer, the form of the pellicle frame affects that
of the photomask, and thus the pattern described on the

surface of the photomask is deformed from the original
form.
[0006] Various countermeasures have been proposed
to solve this problem. For example, IP Publication 1
teaches that by controlling the flatness of the mask-side
face of the pellicle frame to 30 micrometers or smaller
and the membrane-side face thereof to 15 micrometers
or smaller, it is possible to minimize the mask deforma-
tion.
[0007] Then, in IP Publication 2, it is described that by
regulating the thickness and elasticity of the agglutinant
layer of the pellicle frame to certain ranges of values, the
irregularity in the mask-side face of the pellicle frame is
absorbed in the agglutinant layer so that the smoothness
of the mask surface is not substantially affected.
[0008] IP Publication 3 teaches that by using a soft gel
composition as the pellicle agglutinant it is possible to
reduce the deformation of the mask, which is caused
when the pellicle is adhered to the mask or the like.
[0009] Further, IP Publication 4 says that by restricting
the stickiness of the agglutinant layer to a low range of
1 N/m through 100 N/m, it is possible to restrict the de-
formation of the mask caused by the adhesion of the
pellicle.
[0010] However, these proposals are not proved to be
sufficient countermeasures for mitigating the deforming
effect of the pellicle frame to the photomask - hence the
problem is far from being solved. For example, in the
case wherein a soft agglutinant layer is used, when the
pellicle is detached from the photomask, traces of the
agglutinant layer tend to remain on the surface of the
photomask, and their removal and re-cleaning of the
frame would be no little problem.
[0011] Also, even if the flatness of the agglutinant layer
is improved, there remains a problem in that unless the
frame is adhered to the photomask under a large pres-
sure, an air pool is formed between the agglutinant layer
and the photomask so that the adhesion between them
is weakened and there may be made an air leak passage
across the pellicle frame bar, and thus the reliability is
lost. On the other hand, if, in order to solve this problem,
the frame is adhered to the mask under a larger pressure,
the extent to which the photomask is affected by the form
of the pellicle frame increases, and the resultant defor-
mation of the photomask pattern is enhanced.
[0012] As such, the fact remains true that there has
not yet been proposed a pellicle which is so contrived
that the deformation imparted to the photomask by the
pellicle as the latter is adhered to the former is sufficiently
suppressed and at the same time the pellicle is easily
removable from the photomask so that the reliability dur-
ing the use is high.
[0013] From WO 2009/008294 A1 an assembly is dis-
closed in which a frame arm 7a of a pellicle frame 7 is
fixed to a base 15 by screwing a locking means through
the base and the frame arm 7a whereby the photomask
is enframed by the base and the frame.
[0014] WO 03/010598 A1 discloses a vacuum mount-
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ing member 7 attached to a pellicle frame 5 using adhe-
sive 8, without providing an adhesive between the mount-
ing member 7 and the photomask 2. The vacuum mount-
ing member is engaged with the surface of the photomask
by a relatively lower air pressure provided by a suction
cup or an active vacuum system.
[0015] Alternatively, the non-adhesive mounting mem-
ber of is an electrostatic mounting member like one or
more thin films of electrostatic material, also known as
"cling films".
[0016] In US 2012/140199 A1 a pellicle frame is me-
chanically attached to a reticle, without use of an adhe-
sive. A pellicle 101 is circumscribed by a frame 103, which
in turn is removably affixed to reticle 105 via four clamps
107 outside of an active region of reticle 105. A soft, non-
adhesive or weakly adhesive liner 109, for example a
rubber gasket, may be formed between pellicle frame
103 and reticle 105 to improve the sealing between the
pellicle and the reticle. A first portion 301 (Fig. 3A, 4A)
includes a first segment 305 which has a protrusion which
engages opening 203 in flange 201. Second portion 303
includes a protrusion 307 which engages an opening 309
in a second segment 311 of first portion 301. A clamp
107 further includes a retaining ring 327 over protrusion
307, and a pin 329 through protrusion 307 for securing
the position of retaining ring 327.

LIST OF PRIOR ART PUBLICATIONS

IP Publications

[0017]

[IP Publication 1] Japanese Patent Application Pub-
lication No. 2008-256925
[IP Publication 2] Japanese Patent Application Pub-
lication No. 2008-65258
[IP Publication 3] Japanese Patent Application Pub-
lication No. 2011-76042
[IP Publication 4] Japanese Patent Application Pub-
lication No. 2012-108277

BRIEF DESCRIPTION OF THE INVENTION

[Problems the Invention Seeks to Solve]

[0018] The present invention was contrived in view of
the above-mentioned circumstances, and it is an object
of the invention to provide an assembly of a photomask
plus pellicle, which are so designed that the deformation
imparted to the photomask as the pellicle is adhered
thereto is sufficiently suppressed, and that the detaching
of the pellicle is easy and thus the reliability is high.
[0019] In order to attain this object, the present inventor
turned his attention to functions of gasket such as O-ring
which include the capability of exhibiting high sealing per-
formance under relatively small tightening pressure, and
he wondered whether or not this function may be useful

for the pellicle frame, and found after repeated experi-
ments that even when an elastic body layer is provided
on the pellicle frame 10 and the frame 10 is pressed
against the photomask, the deformation imparted to the
photomask is small and yet high sealing performance is
maintained, and thus possessed the present invention.

[Means to solve the problem]

[0020] The object is solved by the features defined in
claim 1. In particular, the pellicle of the present invention
includes a pellicle frame having at least four side bars,
and it is characteristic in that at each of the four or more
corners of the pellicle frame is formed a female screw
which extends from the mask-side face toward the mem-
brane-side face, and an elastic body layer is provided on
the mask-side face.
[0021] The shape of the elastic body layer is preferably
such that when the pellicle is adhered to the photomask,
the width by which the elastic body layer contacts with
the photomask surface is 0.3 - 1.0 mm, and that when
cut orthogonally to the frame bar the cross section of the
elastic body layer is roughly semicircular or arched with
the top of the cross section being right above the center
line of the mask-side face. The hardness of the elastic
body layer is preferably 50 degrees or smaller in terms
of durometer hardness type A, and the material for the
elastic body is preferably selected from a silicone resin,
a fluorine-modified silicone resin, an EPM resin, an EP-
DM resin, an SBS resin and an SEBS resin. Furthermore,
the surface of the elastic body layer is preferably not
sticky.
[0022] In the present invention, the photomask to be
coupled with the pellicle is characteristic in that it has a
through hole at each location which coincides with the
respective female screw. Also, this through hole is pref-
erably either tapered or stepped with the end opening in
the face of the photomask that is opposite the pattern-
bearing face is larger, and this through hole is adapted
to receive a fastening device having a male screw in the
front end, and the fastening of the pellicle is effected as
the male screw and the female screw are engaged with
each other.

[Effects of the Invention]

[0023] In the present invention, the pellicle and the
photomask are coupled together with the elastic body
layer having a function of gasket interposed between
them and are fastened together by the thread-cut fasten-
ing device, so that there is no need for the agglutinant
layer and thus no problem of traces of the agglutinant
layer remaining on the photomask surface, and thus the
cleaning of the photomask after the pellicle is removed
becomes quite easy. Also, the elastic body layer of the
present invention collapses easily without creating air
pools, it is possible to effect perfect sealing with very
small pressure, so that it is possible to substantially re-
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duce the deformation of the photomask caused by the
adhesion of the pellicle to it and at the same time, since
the tightening is done by the screw, the reliability of the
sealing is high, and the removal of the pellicle is easy.

[Brief Description of Drawings]

[0024]

[Fig. 1] Fig. 1 is a top plan view of a pellicle frame
representing one embodiment of a pellicle frame us-
able in the present invention.
[Fig. 2] Fig. 2 is a side view of a pellicle frame rep-
resenting one embodiment of of a pellicle frame us-
able in the present invention.
[Fig. 3] Fig. 3 is an enlarged cross section of a pellicle
frame bar as cut by a plane indicated by A and A in
Fig. 1.
[Fig. 4] Fig. 4 is a perspective view of a pellicle rep-
resenting one embodiment of a pellicle usable in the
present invention.
[Fig. 5] Fig. 5 is a cross section taken from part B of
Fig. 4.
[Fig. 6] Fig. 6 is a cross section taken from part C of
Fig. 4.
[Fig. 7] Fig. 7 is a top plan view of a photomask base
plate representing one embodiment of photomask
base plate usable in the present invention.
[Fig. 8] Fig. 8 is a cross section of photomask as cut
by a plane indicated by D and D in Fig. 7.
[Fig. 9] Fig. 9 is a cross section of the photomask as
cut by a plane indicated by D and D in Fig. 7 in another
different embodiment of a photomask usable in the
invention.
[Fig. 10] Fig. 10 is a cross section of the pellicle-
photomask assembly of the present invention.
[Fig. 11] Fig. 11 is an enlarged cross section of the
assembly taken from a corner area of the pellicle
frame of Fig. 10.

[Examples to embody the present invention]

[0025] We will now explain an example of how the
present invention is embodied, but the scope of the
present invention shall not be construed any way limited
by the example.
[0026] Figs 1 through 3 show an example 10 of the
presently invented pellicle frame. Fig. 1 is a top plan view
of it seen from the photomask side, the frame has a rec-
tangular shape with female screw 11 at each corner. This
female screw 11 is dug from the photomask side and
extends toward the pellicle membrane, and it is prefera-
ble that, as in this example, it does not penetrate the
frame; but if the dimension or machining circumstances
demand, it can penetrate it.
[0027] This female screw 11 is directly cut in the pellicle
frame 10, but it is possible to insert a ready-made thread-
ed screw sleeve in the frame 10 to create the female

screw 11. It is also possible to add a locking member
such as a threadably-locking pin, a side stop pin or a
locking screw (not shown). The pellicle frame 10 may be
made of an aluminum alloy, an iron-based alloy such as
carbon steel and stainless steel, an engineering resin
such as PEEK, and a fiber-reinforced plastic.
[0028] The flatness of the pellicle frame 10 is preferably
30 micrometers or smaller, and more preferably 15 mi-
crometers or smaller. It is possible to produce non-pen-
etrating jig holes 12 for handling and a penetrating hole
13 for ventilation in the pellicle frame bar as shown in
Fig. 2.
[0029] Fig. 4 is a perspective view of a pellicle 40 fab-
ricated from the thus made frame 10, seen from the pho-
tomask side. In the case of the embodiment of Fig. 4, the
female screws 11 appear to be made only at the four
corners, but if the sides of the pellicle frame 10 are rela-
tively long, it is preferable that the female screws are
made at other locations of the frame in addition to the
corners. The shape of the pellicle frame is not limited to
rectangle, and in consideration of the positions of the
female screws 11, it is possible that the frame is circular
or octagonal.
[0030] The membrane-side face of the pellicle frame
10 is provided with an adhesive layer 41 made of an
acrylic resin, silicone resin, fluorine-containing resin, or
the like, and a pellicle member 42 is adhered to the frame
via the adhesive layer 41 in a slack-free manner. On the
opposite mask-side face of the frame 10 is laid an elastic
body layer 43, which has a cross section of roughly sem-
icircular shape, as shown in Fig. 5, the top of the cross
section being right above the center line of the mask-side
face of the frame 10.
[0031] This elastic body layer 43 is formed to cover the
entire width of the frame bar 10 in the case of Fig. 4 and
Fig. 5, but it is possible to lay the elastic body layer 43
to cover only a part of the width. However, it is necessary,
as shown in Fig. 6, that the elastic body layer 43 lies inner
than any female screw 11, as shown in Fig. 6, whether
the female screw 11 is at a corner or somewhere between
the corners. In the case of this embodiment, the mask-
side face of the frame has a step 14 at each corner of
the frame. This step 14 provides a boundary mark for the
application of the elastic body layer 43 to thereby restrict
the application width, and also prevents the applied elas-
tic body from flowing into the female screw 11.
[0032] In the present invention, since there is no need
for the pellicle frame 10 to be glued to the photomask
base plate 70, the surface of the elastic body layer 43 of
the pellicle frame 10 is preferably not sticky; but on ac-
count of a consideration that if the surface of the elastic
body layer 43 has a weak stickiness, the pellicle 40 as it
is laid on the photomask before the screwing, the pellicle
40 is not easily budged and thus operation efficiency is
improved, so that it is possible to employ a weakly ad-
hesive elastic body.
[0033] From the viewpoint of such considerations as
well as ozone resistance, gas generation, light resist-
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ance, hardness, formability and the like, it is preferable
that the elastic body layer 43 is made of a silicone resin,
a fluorine-modified silicone resin, an EPM resin, an EP-
DM resin, an SBS resin or an SEBS resin. Any resin other
than these may be used to make the elastic body layer
43 so long as it is possible to be applied and formed on
the pellicle frame 10; however, a material that must be
vulcanized using sulfur is not appropriate since it may
trigger creation of haze during the use of the pellicle.
[0034] The configuration of the elastic body layer 43 is
preferably designed in a manner such that when it is abut-
ted on the photomask base plate 70, the width by which
the elastic body layer 43 contacts with the photomask
base plate 70 is 0.3 - 1.0 mm, and more preferably 0.4 -
0.6 mm from the viewpoints of reliability and the load
imposed during the coupling operation. If this contact
width is less than 0.3 mm, the pressure to be imposed
during the coupling operation would be too small to se-
cure sealing effect, and if it is more than 1.0 mm, the
imposed pressure ought to be higher and the collapse
amount of the elastic body layer 4 becomes so great that
the resultant repellent force would become great enough
to cause the photomask base plate 70 to undergo sub-
stantial deformation. This contact width is defined as a
width of the elastic body layer which is seen in different
color tone from the other part(s) thereof, when seen from
the photomask side through the glass, the change in color
tone being created owing to the contact with the glass,
and it can be measured by means of a magnifying glass
of low magnification such as stereoscopic microscope.
[0035] Furthermore, the hardness of the elastic body
layer 43 is preferably chosen to be 50 degrees or smaller
in terms of durometer hardness type A, in order to secure
that the elastic body layer 43 is suitably collapsed by the
locking member 101 in a manner such that the contact
width of the elastic body layer of the pellicle with photo-
mask base plate 70 becomes 0.3 - 1.0 mm.
[0036] It is therefore suitable that the dimensions and
hardness of the elastic body layer 43 as well as the tight-
ening magnitude imparted to the photomask base plate
70 by the locking member 101 are adjusted to attain that
the resultant contact width of the elastic body layer of the
pellicle with photomask base plate 70 becomes 0.3 - 1.0
mm. Also, the flatness along the ridge of the elastic body
layer 43 should be as good as possible and it is preferably
30 micrometers or smaller, and more preferably 10 mi-
crometers or smaller.
[0037] The pellicle 40 of the present invention is con-
structed as described above, and thus the deformation
that is propagated to the photomask base plate 70 when
the pellicle 40 is adhered to the plate 70 is substantially
reduced. This effect is especially conspicuous when the
invention is applied to a photomask base plate for sem-
iconductor applications wherein high precision tooling is
required; but the applicability of the present invention is
not limited by the size of the pellicle 40, but the invention
can be applied to both the pellicles for semiconductor
manufacturing having a side length of as small as about

150 mm and those for display manufacturing having a
side length of as large as 1000 mm or greater.
[0038] Next, we will explain about the photomask base
plate 70 to which the pellicle 40 of the present invention
is attached. The photomask base plate 70 of the present
invention is formed with through holes 71 which are po-
sitioned to coincide with the female screws 11 of the pel-
licle 40. These through holes 71 have a larger diameter
at the opening which is remote from the pattern bearing
face of the photomask base plate 70, and it is preferable
that the through holes 71 are tapered as shown in Fig. 8
or are stepped as shown in Fig. 9. The reason for select-
ing these shapes is, as described later, to contain the
locking member 101 such that the top part of the member
101 does not extend beyond the surface of the photo-
mask base plate 70; it necessary to control the precision
of the depth of the taper dimension or the step depth lest
the relative position of the pellicle 40 to the photomask
base plate 70 should depart from acceptable dimension.
[0039] In the case where the tapered shape is adopted,
an advantage is that the possibility of dust generation is
lower, and in the case where the stepped shape is adopt-
ed, it becomes possible to control, with a higher precision,
the depth at which the locking member 101 is stopped
so that the relative position of the pellicle 40 to the pho-
tomask base plate 70 and the tightening strength impart-
ed to the elastic body layer 43 are controlled with higher
precisions.
[0040] Next, an embodiment of how the pellicle 40 is
attached to the photomask base plate 70 will be ex-
plained, and this embodiment is in the case wherein the
photomask base plate 70 is formed with through holes
71 of stepped shape, as shown in Fig. 9.
[0041] The pellicle 40 is fixed as it is tightened by the
locking member 101, which are inserted from that face
of the photomask base plate 70 which is remote from the
pattern-bearing face thereof. The locking member 101 is
a cylindrical shaft with a step 112 between a front part
and a middle part thereof. The front part consists of a
male screw 111, and the middle part consists of a cylin-
drical body 114, and a head end consists of a large di-
ameter part 113. It is preferable that the end face of this
large diameter part 113 is formed with groove(s) in the
shape of + or - or has a recess in the form of square,
hexagon, etc. (not shown) so as to enable tightening or
loosening of the locking member 101 with a wrench.
[0042] In the present invention, since the pellicle 40 is
fixed by this locking member 101, there is a concern that
dust may occur when the male screw 111 tightly engages
with the female screw 11, but because the pattern-bear-
ing part of the photomask base plate 70 is completely
sealed from the screws by the elastic body layer 43, there
occurs no such problem as contamination of the pattern
with dust
[0043] The position of the step 112 of the locking mem-
ber 101 or the length of the cylindrical middle part 114
directly affects the distance (clearance) between the pel-
licle 40 and the photomask base plate 70 and hence the
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extent to which the elastic body layer 43 is depressed,
so that it is important not only to control the position of
the step in the through hole 71 of the photomask base
plate 70, as described above, but also to adjust the length
of the middle part 114 very carefully, and it is necessary
to make the length of the cylindrical middle part 114 as
uniform as possible among the locking members 101.
[0044] The dimension of the through hole 71 penetrat-
ing the photomask base plate 70, the dimension of the
step 14 of the pellicle frame and the length of the cylin-
drical middle part 114 of the locking member 101 (or the
position of the step 112) are determined in response to
the thickness of the photomask base plate 70 to which
the pellicle 40 is attached, the height of the pellicle frame
10, the height of the elastic body layer 43 and the standoff
(the distance between the pellicle membrane and the pat-
tern-bearing face of the photomask), but it is preferable
that the designing of each dimension is made in a manner
such that the width by which the elastic body layer 43
and the photomask base plate 70 contact with each other
falls in the range of 0.3 - 1.0 mm, the exact width being
dependent at least on the extent to which the elastic body
layer 43 is depressed.
[0045] In installing the pellicle 40, if the locking member
101 is overly wrenched, for example, the fixation of the
pellicle 40 is highly secured, but the amount of depression
of the elastic body layer 43 becomes so large that the
repulsive force is increased to cause greater deformation
of the photomask base plate 70. Therefore, it is preferable
to design the length of the middle part 114 of the locking
member 101 and the shape and the hardness and the
depression amount of the elastic body layer 43 in a man-
ner such that the variation of the flatness of the photo-
mask base plate 70 is 10 % or less.
[0046] Also, in the pellicle 40 of the present invention
the elastic body layer 43 is convexed so that it tends to
have a narrow contact width, but even with such a narrow
contact width it can securely seal the interior of the frame
even when it is pressed under a very low load. Also, in
the present invention, there is no need for vertically sup-
porting the weight of the pellicle 40 with the conventional
adhesive layer, so that the narrowness of the contact
width is not a cause for a problem.
[0047] Next, we will explain how the pellicle 40 is re-
moved from the photomask base plate 70. This operation
of removing the pellicle 40 can be achieved by only loos-
ening of the locking member 101 so that there is no need
for the conventionally employed tools used for removal
of the agglutinant layer. Also, since there is no need for
removing the remnant of the agglutinant layer from the
photomask base plate 70 by washing, the rewashing op-
eration becomes very simple, and the operation time is
drastically shortened and it can rarely happen that the
photomask base plate becomes unusable on account of
the contamination with the traces of the agglutinant layer.
[0048] As explained above, in the present invention,
the pellicle 40 brings about a large advantage on the
occasions of fixing, removal and replacement of the pel-

licle 40, but there are other advantages also such as
when the photomask base plate 70 is found to have a
problem after the pellicle 40 is fixed. In particular, in a
case where a foreign particle is found on the pattern-
bearing face of the photomask base plate 70 after the
pellicle 40 is fixed, it is easy to remove the pellicle 40 by
loosening the locking member 101 and similarly it is easy
to re-fix the pellicle 40 after removal of the foreign particle
from the photomask base plate 70.
[0049] Also, since no agglutinant layer is used in the
pellicle 40 of the present invention, there is no need for
removing the traces of the agglutinant layer from the pel-
licle 40 by wet cleaning so that the operation time can be
greatly reduced, and it is possible to use again the pellicle
40 after the removal so that the pellicle 40 is rarely dis-
posed of after a single use.

[Example]

[0050] Next, we will explain about an example of the
present invention, and in this example, a pellicle frame
10 having an appearance as indicated in Fig. 1 and Fig.
2 was manufactured by machining. This rectangular pel-
licle frame 10 had an external dimension of 115 mm x
149 mm, an internal dimension of 111 mm x 145 mm,
and a height of 3.5 mm. The flatness of the pellicle was
20 micrometers, and jig holes 12 were made in the outer
wall of each one of the longer-side pellicle frame bars for
handling operation, and penetrating vent hole 13 was
made through each one of the longer-side pellicle frame
bars. The pellicle frame 20 was made of an aluminum
alloy A7075, and after the machining a black color alumite
treatment was applied to the frame surface. Each corner
of this pellicle frame 10 was formed with a step 14 having
a height of 0.15 +/- 0.01 mm, as shown in Fig. 3, and was
formed with a non-penetrating female screw 11 having
a diameter of 1 mm and a pitch of 0.2 mm, the screw 11
being located exterior to the step 14.
[0051] Next, the thus prepared pellicle frame 10 was
transported to a cleanroom, and it was washed with a
surfactant and pure water, and, after being dried, it was
made into a pellicle as shown in Fig. 4 in the following
manner. An adhesive layer 41 made of a fluorine-con-
taining resin was applied to the membrane-side face of
the pellicle frame 10, which is the face not cut with the
female screw 11, and a pellicle member 42 of a fluorine-
containing resin CYTOP (a product name of ASAHI
GLASS CO., LTD.), which had been prepared by spin
coating, was adhered to the membrane-side face. To the
mask-side face of the pellicle frame 10 was applied a
fluorine-modified silicone resin SIFEL (a product name
of Shin-Etsu Chemical Co., Ltd.), and it was hardened to
form an elastic body layer 43 having a height of 0.55 mm
and a durometer hardness Type A of 35 degrees. This
elastic body layer 43 was convexed as shown in the cross
sectional view of Fig. 5, and, as shown in Fig. 6, the elastic
body layer 43 was laid to lie inner than the female screws
11 at the corners, and a vent hole 13 is shielded with a
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membrane filter 44, which is glued to the pellicle frame
via an acrylic adhesive.
[0052] As for the photomask base plate 70, a plate
made of synthetic quartz having a dimension of 152 mm
x 152 mm and a height of 6.35 mm and a flatness of 0.27
micrometer, shown in Fig. 7 and Fig. 9, was prepared. A
true photomask base plate would be formed with a light
shield layer made of Cr, Mo, Si or the like on its pattern-
bearing face, but in this embodiment it was omitted. In
the vicinity of each of the four corners of the photomask
base plate 70 was made a through hole 71 by machining
with a diamond cutter, the hole 71 having an inner diam-
eter of 3.2 mm at one end thereof and an inner diameter
of 1.5 mm at the other end thereof, and a step at a depth
of 2.5 +/- 0.01 mm from said one end (larger end).
[0053] To that face of the photomask base plate 70
which has the smaller end of the through hole 71 was
attached the pellicle 40 by means of locking members
101. Fig. 10 and Fig. 11 show the cross sections after
the attachment is done. The locking member 101 used
was made of stainless steel of a grade SUS304, and was
machined to have a middle cylindrical part 114 of a di-
ameter of 1.25 mm and a length of 4.5 +/- 0.01 mm. The
male screw 111, which had a diameter of 1 mm and a
pitch of 0.2 mm and constituted the front part of this lock-
ing member 101, was forced to engage with the female
screw 11 of the pellicle frame 10 until it was stopped by
the step 112, and thus the pellicle 40 was fixed. On this
occasion, the depression of the elastic body layer 43 was
about 0.05 mm in height, and the contact width was about
0.5 mm, and the layer 43 was found to maintain this width
throughout the pellicle frame without a breakage or sub-
stantial increase or decrease in the contact width.
The flatness of the photomask base plate 70 was ob-
served to be 0.28 micrometers, which is an increase of
only 0.01 micrometer from the original 0.27 micrometer,
so that it was found that the deforming effect of the pellicle
40 to the base plate 70 had been substantially sup-
pressed.
[0054] In the end, the locking member 101 was loos-
ened, and the pellicle 40 was removed from the photo-
mask base plate 70, and the position of the photomask
base plate 70 where the elastic body layer 43 had been
in contact was inspected in a dark room with a light focus
lamp. Although a very faint line mark, which showed
where the elastic body layer had been, was observed,
no foreign particles or remnant of the elastic body were
observed, so that the photomask base plate was found
to have kept its original clean status.

[Representation of reference numerals]

[0055]

10: pellicle frame
11: female screw
12: jig hole
13: vent hole

14: step
40: pellicle

41: adhesive layer for pellicle membrane
42: pellicle membrane
43: elastic body layer
44: filter
70: photomask base plate
71: through hole
101: locking member
111: male screw
112: step
113: large diameter part
114: cylindrical middle part

[0056] An assembly of photomask plus pellicle is pro-
posed in which the conventional agglutinant layer which
bonds the pellicle to photomask is replaced by male and
female screws and elastic body layer; in particular the
pellicle frame is screwed to the photomask while the seal-
ing of the space within the pellicle frame is secured by
the elastic body layer.

Claims

1. An assembly of photomask plus pellicle comprising
a pellicle frame (10) having at least four side bars,
wherein at each one of at least four corners of said
pellicle frame is cut a female screw (11) extending
from a first face of said pellicle frame, which is de-
signed to oppose a photomask, towards an opposite
second face of said pellicle frame, which is designed
to receive a pellicle membrane (42);
characterized in that
said photomask has a through hole (71) at a location
that coincides with respective female screw of said
pellicle frame;
wherein said assembly includes locking means (101)
with a male screw part (111) for locking said assem-
bly, said locking being effected as said locking
means (101) is inserted in said through hole and then
in said female screw to thereby effect threaded en-
gagement between said male screw part (111) of
said locking means and said female screw of said
pellicle frame and an endless elastic body layer (43)
is provided on said first face in a manner such that
said elastic body layer (43) lies inward from said fe-
male screws.

2. An assembly of photomask plus pellicle as claimed
in claim 1, wherein said elastic body layer is designed
in a manner such that when said pellicle is attached
to said photomask said elastic body layer can contact
with said photomask by an area having a width of
0.3 through 1.0 mm.

3. An assembly of photomask plus pellicle as claimed
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in claim 1 or 2, wherein said elastic body layer, when
cut orthogonally to a frame bar on which it lies, has
a cross section in a shape of arched to semicircular
with its top being right above a center line of said
frame bar.

4. An assembly of photomask plus pellicle as claimed
in claim 1, wherein hardness of said elastic body
layer is 50 degrees or smaller in terms of durometer
hardness of type A.

5. An assembly of photomask plus pellicle as claimed
in claim 1, wherein said elastic body layer is made
of a material selected from a silicone resin, a fluorine-
modified silicone resin, an EPM resin, an EPDM res-
in, an SBS resin and an SEBS resin.

6. An assembly of photomask plus pellicle as claimed
in claim 1, wherein surface of said elastic body layer
is not sticky.

7. An assembly of photomask plus pellicle as claimed
in claim 1, wherein said through hole of said photo-
mask is either tapered or stepped so as to have a
greater diameter at its one end which opens in a face
of said photomask which is remote from said pellicle.

8. An assembly of photomask plus pellicle as claimed
in claim 7, wherein said locking means has a step
(112) such that a diameter of that part of said locking
means which is on the rear side from said step is
greater than the diameter of said female screw so
that said locking means is stopped as said step
reaches said female screw.

Patentansprüche

1. Baugruppe aus Fotomaske und Folie, mit einem Fo-
lienrahmen (10) mit mindestens vier Seitenstäben,
wobei in jede von mindestens vier Ecken des Foli-
enrahmens ein Innengewinde (11) geschnitten ist,
das sich von einer ersten Fläche des Folienrahmens,
die so gestaltet ist, dass sie einer Fotomaske gegen-
überliegt, zu einer gegenüberliegenden zweiten Flä-
che des Folienrahmens erstreckt, die so gestaltet
ist, dass sie eine Folienmembran (42) aufnimmt;
dadurch gekennzeichnet, dass
die Fotomaske ein Durchgangsloch (71) an einer
Stelle hat, die mit dem entsprechenden Innengewin-
de des Folienrahmens übereinstimmt;
wobei die Baugruppe eine Verriegelungseinrichtung
(101) mit einem Außengewindeteil (111) zum Ver-
riegeln der Baugruppe aufweist, wobei das Verrie-
geln bewirkt wird, wenn die Verriegelungseinrich-
tung (101) in das Durchgangsloch und dann in das
Innengewinde eingeführt wird, um dadurch einen
Gewindeeingriff zwischen dem Außengewindeteil

(111) der Verriegelungseinrichtung und dem Innen-
gewinde des Folienrahmens zu bewirken, und
eine endlose elastische Körperschicht (43) auf der
ersten Fläche in einer solchen Weise vorgesehen
ist, dass die elastische Körperschicht (43) einwärts
von den Innengewinden liegt.

2. Baugruppe aus Fotomaske und Folie nach Anspruch
1, wobei die elastische Körperschicht so gestaltet
ist, dass, wenn die Folie an der Fotomaske befestigt
ist, die elastische Körperschicht die Fotomaske in
einem Bereich mit einer Breite von 0,3 bis 1,0 mm
berühren kann.

3. Baugruppe aus Fotomaske und Folie nach Anspruch
1 oder 2, wobei die elastische Körperschicht, wenn
sie senkrecht zu einem Rahmenstab, auf dem sie
liegt, geschnitten wird, einen Querschnitt in Form ei-
nes Bogens bis Halbkreises hat, wobei ihre Ober-
seite genau über der Mittellinie des Rahmenstabs
liegt.

4. Baugruppe aus Fotomaske und Folie nach Anspruch
1, wobei die Härte der elastischen Körperschicht 50
Grad oder weniger bezüglich einer Durometerhärte
vom Typ A beträgt.

5. Baugruppe aus Fotomaske und Folie nach Anspruch
1, wobei die elastische Körperschicht aus einem Ma-
terial hergestellt ist, das aus einem SiIikonharz, ei-
nem fluor-modifizierten Silikonharz, einem EPM-
Harz, einem EPDM-Harz, einem SBS-Harz und ei-
nem SEBS-Harz ausgewählt ist.

6. Baugruppe aus Fotomaske und Folie nach Anspruch
1, wobei die Oberfläche der elastischen Körper-
schicht nicht klebrig ist.

7. Baugruppe aus Fotomaske und Folie nach Anspruch
1, wobei das Durchgangsloch der Fotomaske ent-
weder konisch oder abgestuft ist, so dass es einen
größeren Durchmesser an seinem einen Ende hat,
das in eine Fläche der Fotomaske öffnet, die von der
Folie entfernt ist.

8. Baugruppe aus Fotomaske und Folie nach Anspruch
7, wobei die Verriegelungseinrichtung eine Stufe
(112) aufweist, so dass ein Durchmesser des Teils
der Verriegelungseinrichtung, der sich auf der Rück-
seite der Stufe befindet, größer ist als der Durch-
messer des Innengewindes, so dass die Verriege-
lungseinrichtung angehalten wird, wenn die Stufe
das Innengewinde erreicht.

Revendications

1. Ensemble de photomasque avec pellicule compre-
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nant un cadre de pellicule (10) ayant au moins quatre
barres latérales, dans lequel au niveau de chacun
des au moins quatre coins dudit cadre de pellicule,
on coupe une vis femelle (11) s’étendant à partir
d’une première face dudit cadre de pellicule, qui est
conçue pour s’opposer à un photomasque, vers une
seconde face opposée dudit cadre de pellicule, qui
est conçue pour recevoir une membrane de pellicule
(42) ;
caractérisé en ce que :

ledit photomasque a un trou débouchant (71) à
un emplacement qui coïncide avec la vis femelle
respective dudit cadre de pellicule ;
dans lequel ledit ensemble comprend un moyen
de verrouillage (101) avec une partie de vis mâle
(111) pour verrouiller ledit ensemble, ledit ver-
rouillage étant effectué lorsque ledit moyen de
verrouillage (101) est inséré dans ledit trou dé-
bouchant et ensuite dans ladite vis femelle pour
effectuer ainsi la mise en prise filetée entre ladite
partie de vis mâle (111) dudit moyen de ver-
rouillage et ladite vis femelle dudit cadre de pel-
licule et une couche de corps élastique sans fin
(43) est prévue sur ladite première face de sorte
que ladite couche de corps élastique (43) est
vers l’intérieur à partir desdites vis femelles.

2. Ensemble de photomasque avec pellicule selon la
revendication 1, dans lequel ladite couche de corps
élastique est conçue de sorte que lorsque ladite pel-
licule est fixée audit photomasque, ladite couche de
corps élastique peut être en contact avec ledit pho-
tomasque selon une surface ayant une largeur de
0,3 à 1,0 mm.

3. Ensemble de photomasque avec pellicule selon la
revendication 1 ou 2, dans lequel ladite couche de
corps élastique, lorsqu’elle est coupée orthogonale-
ment par rapport à une barre de cadre sur laquelle
elle se trouve, a une section transversale sous une
forme arquée à semi-circulaire avec sa partie supé-
rieure qui est juste au-dessus d’une ligne centrale
de ladite barre de cadre.

4. Ensemble de photomasque avec pellicule selon la
revendication 1, dans lequel la dureté de ladite cou-
che de corps élastique est de 50 degrés ou inférieure
en terme de dureté au duromètre de type A.

5. Ensemble de photomasque avec pellicule selon la
revendication 1, dans lequel ladite couche de corps
élastique est réalisée avec un matériau sélectionné
parmi une résine de silicone, une résine de silicone
modifiée au fluor, une résine de EPM, une résine de
EPDM, une résine de SBS et une résine de SEBS.

6. Ensemble de photomasque avec pellicule selon la

revendication 1, dans lequel la surface de ladite cou-
che de corps élastique n’est pas collante.

7. Ensemble de photomasque avec pellicule selon la
revendication 1, dans lequel ledit trou débouchant
dudit photomasque est progressivement rétréci ou
étagé afin d’avoir un diamètre supérieur au niveau
de l’une de ses extrémités qui s’ouvre dans une face
dudit photomasque qui est à distance de ladite pel-
licule.

8. Ensemble de photomasque avec pellicule selon la
revendication 7, dans lequel ledit moyen de ver-
rouillage a un gradin (112) de sorte qu’un diamètre
de cette partie dudit moyen de verrouillage qui est
sur le côté arrière dudit gradin est supérieur au dia-
mètre de ladite vis femelle de sorte que ledit moyen
de verrouillage est arrêté lorsque ledit gradin atteint
ladite vis femelle.

15 16 



EP 2 796 925 B1

10



EP 2 796 925 B1

11



EP 2 796 925 B1

12



EP 2 796 925 B1

13



EP 2 796 925 B1

14

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• WO 2009008294 A1 [0013]
• WO 03010598 A1 [0014]
• US 2012140199 A1 [0016]
• JP 2008256925 A [0017]

• JP 2008065258 A [0017]
• JP 2011076042 A [0017]
• JP 2012108277 A [0017]


	bibliography
	description
	claims
	drawings
	cited references

