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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a lithographic
pellicle , in particular to a lithographic pellicle used as
dust-proof protection in the manufacture of semiconduc-
tor devices such as LSI or ultra-LSI. More particularly,
the invention relates to a lithographic pellicle used for
ultraviolet exposure light of 200 nm or shorter wavelength
used for patterning light exposure which requires high
resolution.

2. Description of the Related Art

[0002] Conventionally, the manufacture of semicon-
ductor devices such as LSI and ultra-LSI, or liquid crystal
display panels and the like, has involved employing pro-
cedures such as lithography for the patterning of semi-
conductor wafers or liquid crystal original plates through
irradiation of light. However, there is a problem that any
dust adhering to the employed original plate absorbs and
reflects light, which deforms and roughens the edges of
the replicated patterning, thereby detracting from dimen-
sions, quality, and appearance, and impairing the per-
formance of the semiconductor device and/or liquid crys-
tal display panel, while reducing the manufacturing yield
thereof.
[0003] Thus, these operations are ordinarily carried out
in clean rooms, but keeping exposure original plates
clean at all times in such clean rooms is difficult, and
hence pellicles having good light transmissivity are ad-
hered, as dust-proof protection, to the surface of expo-
sure original plates. The advantage of the pellicle is that
dust does not attach directly to the surface of the expo-
sure original plate, but becomes adhered to the pellicle
membrane, so that if focus is in accord with the pattern
of the exposure original plate during lithography, transfer
is not affected by dust on the pellicle.
[0004] The pellicle is made up of a pellicle frame com-
prising aluminum, stainless steel or the like, a transparent
pellicle membrane adhered on the upper surface of the
pellicle frame, comprising nitrocellulose, cellulose ace-
tate or the like having good light transmissivity, an adhe-
sive layer coated on the lower surface of the pellicle
frame, and a release layer (separator) adhered on the
adhesive layer. The adhesive bonding between the pel-
licle frame and pellicle membrane is carried out by coat-
ing a good solvent for the pellicle membrane material and
then air-drying the solvent (Japanese Patent Application
Laid-open No. S58-219023) or using an adhesive agent
such as an acrylic resin, epoxy resin or the like (US Patent
No. 4861402, Japanese Patent Examined Application
Publication No. S63-27707, Japanese Unexamined Pat-
ent Application Laid-open No. H07-168345).
[0005] As a result of ever higher lithography resolutions

encountered in recent years, the employed light sources
are gradually shifting to shorter wavelengths in order to
realize such resolutions. Specifically, there has been a
shift towards g-line (436 nm), i-line (365 nm), KrF excimer
lasers (248 nm) in ultraviolet light, while ArF excimer la-
sers (193 nm) have begun to be used recently.
US 2006/0246234 of Meyers Douglas et al discloses a
photomask assembly incorporation a metal/scavenger
pellicle frame wherein not all parts are impermeable. JP
2006 119477 of Lasertec Corp. discloses a mask struc-
ture having a detachable protection cover, with a layer
of an elastic resin.

SUMMARY OF THE INVENTION

[0006] In a semiconductor exposure device, the pat-
tern drawn on a photomask is burned into the photoresist
on a silicon wafer by way of short-wavelength light. Ir-
regularities on the photomask and the silicon wafer give
rise however to focal shift, which impairs the pattern print-
ed onto the wafer. The required flatness from photo-
masks and silicon wafers is getting more stringent as the
patterning becomes finer and finer. For instance, the re-
quired flatness from photomasks is becoming gradually
more demanding, from a flatness of 2 mm at the pattern
plane, down to 0.5 mm and 0.25 mm for the 65 nm node
and beyond.
[0007] Pellicles are affixed onto finished photomasks
as dust-proof protection of the latter. However, the flat-
ness of a photomask may change upon affixing of a pel-
licle on the photomask. Deficient photomask flatness can
give rise to problems such as the above-described focal
shift. Changes in flatness alter the shape of the pattern
drawn on the photomask and give rise also to problems
as regards focal displacement on the photomask.
[0008] In contrast, photomask flatness may be im-
proved by pellicle affixing. Although in this case focal shift
is not a problem, pattern shape changes still give rise to
problems as regards focal displacement on the photo-
mask.
[0009] In leading-art photomasks, thus, photomask
flatness must not change when a pellicle is affixed. How-
ever, photomask flatness often changes when a pellicle
is affixed thereto. There are several factors that give rise
to photomask flatness changes upon affixing of a pellicle,
but the most relevant, as is uncovered by the inventor,
is the flatness of the pellicle frame.
[0010] Conventional pellicle frames generally are
made of aluminum alloy. Pellicle frames, the size of which
is usually determined by the specifications for exposure
devices, have a width of about 150 mm, a length of about
110 to 130 mm and a thickness of about 2 mm, and have
a shape with an opening in a central region. Generally,
pellicle frames are manufactured by cutting a plate of
aluminum alloy into the pellicle frame shape, or extrusion
molding of aluminum alloy material into the pellicle frame
shape.
[0011] Generally, a pellicle frame has a flatness of
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about 20 to 80 mm, which is very poor compared to sev-
eral mm flatness of photomask surface, and in the case
where a pellicle that uses a pellicle frame having such a
poor flatness is affixed to a photomask, the uneveness
of the pellicle frame transfers to the photomask, and the
photomask deforms. During affixation, the pellicle is
pressed onto the photomask with a large force of about
196 to 392 N (20 to 40 kgf); and it is thought that the
deformation of the pellicle frame becomes level during
the pressing. However, upon completion of the pressing,
the pellicle frame seeks to return to its original shape;
but as the pellicle frame is bonded onto the photomask
surface, it unfortunately causes the photomask to also
deform at the same time.
[0012] Therefore, investigations are being made for
improving the flatness of the pellicle frame to reduce the
deformation of the pellicle frame and thereby reduce the
deformation of the photomask during the pellicle affixa-
tion; but inherently with an aluminum alloy pellicle frame,
it is difficult to manufacture one having good flatness.
[0013] However, in the case where the material of the
pellicle frame is changed to a material softer than alumi-
num, i.e., a material having a smaller elastic modulus,
for example, a resin material, the deformation of the pho-
tomask can be reduced. In other words, in the case where
a pellicle that uses a pellicle frame including a material
having a small elastic modulus, is affixed to a photomask,
even in the case where the pellicle frame deforms during
the pellicle affixation, the material has a small elastic
modulus, and therefore the stress of the deformation
(restoration) of the pellicle frame becomes smaller. As a
result, the photomask deformation is reduced.
[0014] However, for a pellicle frame using a material
of such a small elastic modulus, the elastic modulus is
reduced not only in the direction perpendicular to the pel-
licle film but also in the direction parallel thereto. During
the affixation of the pellicle film to the pellicle frame, in
the case where the elastic modulus of the pellicle frame
is small in the direction parallel to the pellicle film, i.e.,
the pellicle frame is soft, the pellicle frame unfortunately
may warp toward the interior due to the tension of the
pellicle film. This result also occurs for pellicle frames
hitherto made of aluminum; but aluminum pellicle frames
are hard, and therefore the extent of warp toward the
interior can be, in actuality, ignored.
[0015] Furthermore, pellicles generally are handled by
grasping the exterior of the pellicle frame; but in the case
where the pellicle frame is soft, the pellicle frame unfor-
tunately distorts during the handling, and inconvenient
pellicle film sagging occurs.

Disclosure of Invention

[0016] The present invention, in consideration of the
circumstances recited above, is directed to reduce pelli-
cle frame distortions due to the tension of a pellicle film
and caused during handling, thereby providing an excel-
lent pellicle frame capable of reducing the distortion of a

photomask due to a pellicle affixation.
[0017] The present invention is a pellicle frame used
for semiconductor lithography wherein the frame con-
sists of a plurality of layers of which at least one layer
has a different elastic modulus according to claim 1.
[0018] According to the present invention, pellicle
frame distortions due to the tension of the pellicle film
and caused during handling can be reduced, thereby pro-
viding an excellent pellicle frame capable of reducing the
distortion of a photomask due to a pellicle affixation.

Best Mode for Carrying Out the Invention

[0019] In the case where a pellicle frame having an
elastic modulus in the direction parallel to the pellicle film
face smaller than the elastic modulus in the direction per-
pendicular to the pellicle film face, i.e., a pellicle frame
that is soft in the direction perpendicular to the pellicle
film face and hard in the direction parallel thereto, is used,
the pellicle frame distortions due to the tension of the
pellicle film and caused during handling can be reduced,
thereby reducing the distortion of the photomask due to
the pellicle affixation.
[0020] To obtain a pellicle frame having different hard-
ness in the perpendicular direction and the horizontal di-
rection, two or more types of thin plate frames made of
materials having a different elastic modulus may be
joined parallel to the pellicle film face. Specific methods
include the following methods.
A thin plate frame, which is defined as a second group
of layers in the specification, is affixed, such that a wider
direction is parallel to a pellicle film, onto an upper surface
and/or a lower surface of a base frame, which is defined
as a first group of layers. The base frame is made of a
material having an elastic modulus of 10 GPa or smaller
and having a dimension in a direction parallel to a pellicle
film face equal to that of a frame size and a dimension
in a direction perpendicular to the pellicle film face equal
to or less than that of the frame size. The thin plate frame
is made of a material having an elastic modulus of 50
GPa or greater and a thickness of not greater than a half
of the width of the frame.
[0021] The proportion of the material having a small
elastic modulus is increased, the softness of the pellicle
frame in the direction perpendicular to the pellicle film is
ensured, and the thin plate made of a material having a
large elastic modulus is joined to the material having a
small elastic modulus in a direction parallel to the pellicle
film, thereby enabling a larger elastic modulus in the di-
rection parallel to the pellicle film.
A resin such as, for example, polyethylene resin, Teflon
resin, ABS resin, polycarbonate resin, polypropylene res-
in, etc. may be used as the material having an elastic
modulus of 10 GPa or smaller in each of these cases.
Furthermore, aluminum, stainless steel is be used as the
material having an elastic modulus of 50 GPa or greater.
Moreover, a bonding agent may be used to join the ma-
terials having a different elastic modulus. For example,

3 4 



EP 2 034 360 B1

4

5

10

15

20

25

30

35

40

45

50

55

acrylic bonding agents, silicone bonding agents, etc. may
be used; and it is preferable to use a so-called elastic
bonding agent having elasticity after the hardening as
well. Alternatively, joining by injection molding and the
like is also possible.
[0022] The description shows examples which contain
an example of the invention.

Examples

[0023] Hereinafter, the present invention is described
specifically by examples, but the present invention is not
limited only to the following examples, it is defined by the
appended claims.

[First Example]

[0024] A pellicle frame was manufactured by joining a
thin plate frame of aluminum alloy (elastic modulus of 69
GPa) having outer dimensions of 149 mm x 122 mm,
inner dimensions of 145 mm x 118 mm, a width of 2 mm,
and a thickness of 0.5 mm to a base frame made of poly-
carbonate resin (elastic modulus of 2.4 GPa) having out-
er dimensions of 149 mm x 122 mm, inner dimensions
of 145 mm x 118 mm, a width of 2 mm, and a thickness
of 4 mm by a silicone bonding agent.
[0025] One end face of the polycarbonate resin side
of the pellicle frame was applied with a photomask ad-
hesive, and another end face of the aluminum alloy side
was applied with a film bonding agent. Then, the film
bonding agent side was affixed to a pellicle film held on
an aluminum alloy frame, the film of the outer circumfer-
ence of the pellicle frame was trimmed, and the pellicle
was completed.
[0026] Affixing the pellicle film to the pellicle frame
caused the center of a long side of the pellicle frame to
warp toward the interior. Measurement of the pellicle
frame outer dimensions in the vicinity of the center of the
long side of the pellicle showed a warp toward the interior
of 100 mm, although with no sag of the film.
The completed pellicle was affixed by a load of 20 kg to
a 142 mm square photomask having a flatness of 0.2
mm. Then, measurement of the flatness of the photo-
mask, now with the pellicle attached, showed a value of
0.2 mm, with no change in the photomask flatness.

[Second Example, example of the invention]

[0027] A pellicle frame was manufactured by joining
two thin plate frames of aluminum alloy (elastic modulus
of 69 GPa) having outer dimensions of 149 mm x 122
mm, inner dimensions of 145 mm x 118 mm, a width of
2 mm, and a thickness of 0.1 mm, one to the upper sur-
face and the other to the lower surface of a base frame
made of chlorotrifluoroethlyene resin (elastic modulus of
2 GPa) having outer dimensions of 149 mm x 122 mm,
inner dimensions of 145 mm x 118 mm, a width of 2 mm,
and a thickness of 4 mm by a silicone bonding agent.

[0028] One end face of the pellicle frame was applied
with a photomask adhesive, and another end face was
applied with a film bonding agent. Then, the film bonding
agent side was affixed to a pellicle film held on an alumi-
num alloy frame, the film of the outer circumference of
the pellicle frame was trimmed, and the pellicle was com-
pleted.
Measurement of the pellicle frame outer dimensions in
the vicinity of the center of the long side of the pellicle
showed a warp toward the interior of 80 mm, although
with no sag of the film.
The completed pellicle was affixed by a load of 20 kg to
a 142 mm square photomask having a flatness of 0.2
mm. Then, measurement of the flatness of the photo-
mask, now with the pellicle attached, showed a value of
0.2 mm, with no change in the photomask flatness.

[Third Example]

[0029] A pellicle frame was manufactured by fixedly
arranging a thin plate frame of aluminum alloy (elastic
modulus of 69 GPa) having outer dimensions of 149 mm
x 122 mm, inner dimensions of 145 mm x 118 mm, a
width of 2 mm, and a thickness of 0.5 mm in between
two base frames made of polycarbonate resin (elastic
modulus of 2.4 GPa) having outer dimensions of 149 mm
x 122 mm, inner dimensions of 145 mm x 118 mm, a
width of 2 mm, and a thickness of 2 mm and joining the
thin plate thereupon by a silicone bonding agent.
[0030] One end face of the pellicle frame was applied
with a photomask adhesive, and another end face was
applied with a film bonding agent. Then, the film bonding
agent side was affixed to a pellicle film held on an alumi-
num alloy frame, the film of the outer circumference of
the pellicle frame was trimmed, and the pellicle was com-
pleted.
Measurement of the pellicle frame outer dimensions in
the vicinity of the center of the long side of the pellicle
showed a warp toward the interior of 100 mm, although
with no sag of the film.
The completed pellicle was affixed by a load of 20 kg to
a 142 mm square photomask having a flatness of 0.2
mm. Then, measurement of the flatness of the photo-
mask, now with the pellicle attached, showed a value of
0.2 mm, with no change in the photomask flatness.

[Fourth Example]

[0031] A pellicle frame was manufactured by an injec-
tion molding method using polycarbonate resin (elastic
modulus of 2.4 GPa), which is eventually shaped into a
frame form having outer dimensions of 149 mm x 122
mm, inner dimensions of 145 mm x 118 mm, a width of
2 mm, and a thickness of 4.5 mm and including, in its
innermost position, a thin plate frame of aluminum alloy
(elastic modulus of 69 GPa) having outer dimensions of
149 mm x 122 mm, inner dimensions of 145 mm x 118
mm, a width of 1.8 mm, and a thickness of 0.5 mm.
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[0032] One end face of the pellicle frame was applied
with a photomask adhesive, and another end face was
applied with a film bonding agent. Then, the film bonding
agent side was affixed to a pellicle film held on an alumi-
num frame, the film of the outer circumference of the
pellicle frame was trimmed, and the pellicle was complet-
ed.
Measurement of the pellicle frame outer dimensions in
the vicinity of the center of the long side of the pellicle
showed a warp toward the interior of 120 mm, although
with no sag of the film.
The completed pellicle was affixed by a load of 20 kg to
a 142 mm square photomask having a flatness of 0.2
mm. Then, measurement of the flatness of the photo-
mask, now with the pellicle attached, showed a value of
0.2 mm, with no change in the photomask flatness.

[Comparison Example]

[0033] One end face of a pellicle frame made of poly-
carbonate resin (elastic modulus of 2.4 GPa) having out-
er dimensions of 149 mm x 122 mm, inner dimensions
of 145 mm x 118 mm, a width of 2 mm, and a thickness
of 4.5 mm was applied with a photomask adhesive; and
another end face was applied with a film bonding agent.
Then, the film bonding agent side was affixed to a pellicle
film held on an aluminum alloy frame, the film of the outer
circumference of the pellicle frame was trimmed, and the
pellicle was completed.
[0034] Measurement of the pellicle frame outer dimen-
sions in the vicinity of the center of the long side of the
pellicle showed a warp toward the interior of 300 mm, and
sagging of the film occurred.
The completed pellicle was affixed by a load of 20 kg to
a 142 mm square photomask having a flatness of 0.2
mm. Then, measurement of the flatness of the photo-
mask, now with the pellicle attached, showed a value of
0.2 mm, with no change in the photomask flatness.

Industrial Applicability

[0035] The pellicle frame distortions due to the tension
of a pellicle film and caused during handling can be re-
duced, thereby providing an excellent pellicle frame ca-
pable of reducing the distortion of a photomask due to a
pellicle affixation; and therefore the industrial utility value
is quite high in fields using semiconductor lithography.

Claims

1. A pellicle frame (1) used for semiconductor lithogra-
phy characterized in that the frame (1) consists of
three or more layers (2) of which :

- an uppermost (3) and a lowermost (4) layers,
respectively, have an elastic modulus of 50 GPa
or greater and are made of either one of alumi-

num and stainless steel; and
- at least one other layer has an elastic modulus
of 10 GPa or smaller and is made of a resin.

2. The pellicle frame (1) of claim 1, characterized in
that said resin is selected in the group comprising
polyethylene resin, Teflon resin, ABS resin, polycar-
bonate resin and polypropylene resin.

3. The pellicle frame (1) of claim 1, characterized in
that the uppermost (3) and lowermost (4) layers
have a thickness of no greater than a half of the width
of the frame.

Patentansprüche

1. Pellikelrahmen (1) zur Verwendung in der Halbleiter-
Lithographie, dadurch gekennzeichnet, dass der
Rahmen (1) aus drei oder mehr Schichten (2) be-
steht, von welchen:

- eine obere Schicht (3) und eine untere Schicht
(4) jeweils ein Elastizitätsmodul von 50 GPa
oder mehr aufweisen und entweder aus Alumi-
nium oder aus Edelstahl gefertigt sind, und
- wenigstens eine weitere Schicht ein Elastizi-
tätsmodul von 10 GPa oder weniger aufweist
und aus einem Kunstharz gefertigt ist.

2. Pellikelrahmen (1) nach Anspruch 1, dadurch ge-
kennzeichnet, dass das Kunstharz ausgewählt ist
aus einer Gruppe umfassend ein Polyethylenharz,
ein Teflonharz, ein ABS-Harz, ein Polycarbonatharz
und ein Polypropylenharz,

3. Pellikelrahmen (1) nach Anspruch 1, dadurch ge-
kennzeichnet, dass die obere Schicht (3) und die
untere Schicht (4) eine Dicke aufweisen, die nicht
grösser ist als die Hälfte der Rahmenbreite.

Revendications

1. Cadre de pellicule (1) utilisé dans la photolithogra-
phie, caractérisé en ce que le cadre (1) consiste
en trois couches (2) ou plus, parmi lesquelles :

- une couche supérieure (3) et une couche infé-
rieure (4) présentent respectivement un module
d’élasticité de 50 GPa ou plus et sont fabriquées
soit en aluminium soit en acier inoxydable ; et
- au moins une autre couche présente un mo-
dule d’élasticité de 10 GPa ou moins et est fa-
briquée en résine.

2. Cadre de pellicule (1) selon la revendication 1, ca-
ractérisé en ce que ladite résine est sélectionnée
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dans le groupe comprenant une résine de polyéthy-
lène, une résine Téflon, une résine ABS, une résine
de polycarbonate et une résine polypropylène.

3. Cadre de pellicule (1) selon la revendication 1, ca-
ractérisé en ce que les pellicules supérieure (3) et
inférieure (4) ont une épaisseur qui n’est pas supé-
rieure à la moitié de la largeur du cadre.
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