Description

Title of Invention: CONTAINER FOR STORING PHOTOMASK

BLANKS

CROSS-REFERENCE
[0001]

Present application is based upon and claims the
benefit of priority from the prior Japanese Application
No. 2013-188177, filed on September 11, 2013; the entire
contents of which are incorporated herein by reference.
Also, any document cited in any part of the present
application is incorporated in the present application by

reference.

Technical Field
[0002]

Present invention relates to a container for storing
a photomask blank substrate applied to its surface a
chemical-amplification-type photoresist to be used at a
photolithography process in the process of manufacturing

a semiconductor or a liquid crystal.

Background Art
[0003]
Design rules for design circuits including

semiconductors are revised to advance schemes to make



circuits finer year by year. With this, requirements for
circuit patterns in terms of line width, shape and pitch
with respect to photomasks for forming circuits have
become increasingly strict. Photolithography methods
have been used as methods for forming circuits. As a
resist material for making circuits finer as described
above, a chemical-amplification-type resist suitable for
shorter wavelengths and higher resolution is frequently
used. A photolithography method using a chemical-
amplification-type resist is one for obtaining a desired
circuit pattern by a process in which a catalytic
substance in such a resist material is produced by
application of light such as excimer laser light or
application of an electron beam, and in which a heat
treatment is performed in a subsequent step to cause the
catalytic substance and a polymer to react with each
other so that a portion irradiated with the light or
electrons becomes soluble (positive type) or insoluble
(negative type). Storage containers manufactured, for
example, by injection molding using various plastics as a
base member have heretofore been used as a storage
container for storing and transporting a substrate having
such a resist material applied thereto before application
of light or electrons, because it is desirable to make
the container light in weight for ease of transport or
conveyance, and because the container can be mass-

produced with lower cost.



[0004]

However, there has been a risk of various volatile
organic components generated form a plastic storage
container made of a plastic material having some
influence on the catalytic action and the action to make
soluble or insoluble of a photoresist material applied on
a photomask blank during storage or transport of the
photomask blank, causing, in a resist pattern on the
photomask blank formed by light or electron beam
application, heat processing and development, a change in
size, e.g., an increase or reduction in line width or a
deformation or inclination of the pattern, and thereby
causing failure to obtain the pattern in accordance with
the design. In consideration of such a problem due to a
plastic material, a storage container formed of a high-
molecular material containing no nitrogen atoms or a
storage container in which the total amount of nitrogen-
containing compounds as outgas components is equal to or
smaller than a predetermined amount has been proposed by
paying attention to nitrogen compounds (see, for example,

Patent Literature 1).

Citation List
Patent Literature
[0005]

Patent Literature 1



Japanese Patent Laid-Open Publication No. 2003-

140324

Summary of Invention
Technical Problem
[0006]

However, since the above-described storage container
is limited to a high-molecular material (plastic
material) obtained by a monomer containing no nitrogen
atoms or a plastic material suitable for this use is
selected, measurement of the total amount of nitrogen-
containing compounds in outgas components is required,
which is disadvantageous in terms of time/cost efficiency.
There is, therefore, a demand for further simplifying
selection of a plastic material suitable for this use and
further reducing contaminations of a photomask blank and
a storage container with electrostatic attachment of
small particles generated, for example, by friction on
the plastic storage container formed by using a selected
material during storage or transport of the photomask
blank with the storage container or an opening/closing
operation on the storage container, or particles existing
in the atmosphere.

[0007]

The present invention has been achieved to solve the

above-described problems, and an object of the present

invention is to reduce a contamination of a photomask



blank due to attachment of dust or particles which can be
generated during storage, transport or a container
operation while limiting the influence on a resist
pattern so that the quality and yield of the photomask

blank are improved.

Solution to Problem
[0008]

The inventors of the present invention earnestly
have made studies to solve the above-described problems
and have achieved the present invention by finding that
faults caused, for example, in the line width and shape
of a resist pattern formed by exposure, photosensing and
development after storage of a photomask blank having a
chemical-amplification-type resist applied thereto can be
reduced by using, for a storage container for storing and
transporting the photomask blank, a plastic material
constituting the storage container from which only an
amount of caprolactam equal to or smaller than a certain
value 1is generated, and which has a surface resistance
value of 1.0E + 13 Q or less, that a high-resolution
resist pattern can thereby be obtained, and that the
photomask blank and the storage container can thereby
protected from fine dust and particles which can be
generated during storage and transport of the photomask
blank, and from particles existing in the atmosphere.

[0009]



That is, according to one aspect of the present
invention, there is provided a photomask blank substrate
storage container for housing, transporting or storing a
photomask blank substrate, wherein at least one of its
component parts is formed of a thermoplastic resin having
an amount of caprolactam of 0.01 ppm or less per resin
weight on an n-decane basis in outgas, as measured by a
dynamic head space method under the condition of being
held at 40°C for 60 minutes, and the surface resistance
value of the component part formed of the thermoplastic
resin material is 1.0E + 13 Q or less.

[0010]

In the photomask blank substrate storage container,
according to another aspect of the present invention, a
carbon filler is added to the thermoplastic resin.

[0011]

In the photomask blank substrate storage container,
according to another aspect of the present invention, the
thermoplastic resin is a durable antistatic resin.

[0012]

According to a further aspect of the present
invention, the photomask blank substrate storage
container includes an upper lid forming a space for
storing the photomask blank substrate and a lower box
engaged with the upper 1id, at least the upper 1lid and
the lower box being formed of the above-described

thermoplastic resin material.



Advantageous Effects of Invention
[0013]

According to the present invention, a contamination
of a photomask blank due to attachment of dust or
particles which can be generated during storage or
transport of the photomask blank substrate or during a
container operation can be reduced with improved
reliability, while the influence on a resist pattern of
volatile organic components generated from the container
is limited, thus achieving improvements in quality and

yield of the photomask blank.

Brief Description of Drawings

[0014]

[Figure 1] Figure 1 shows an exploded perspective view of
a photomask blank substrate storage container according

to an embodiment of the present invention.

Description of Embodiment
[0015]

An embodiment of a photomask blank substrate storage
container according to the present invention will be
described below. The present invention, however, is not
limited to the embodiment described below.

[0016]



Figure 1 shows an exploded perspective view of a
photomask blank substrate storage container according to
an embodiment of the present invention.

[0017]

A photomask blank substrate storage container 1
according to this embodiment has, as its main component
parts, as shown in Figure 1, a cassette 3 capable of
storing photomask blank substrates 2 by setting the
photomask blank substrates 2 in state of standing
vertically at regular intervals in a row, a lower box 4
in which the cassette 3 is housed, an upper 1lid 5 engaged
with the lower box 4 from above, and pressing members 6
for pressing the photomask blank substrates 2 from above.
[0018]

The lower box 4 is formed into the shape of a box
open at its top and closed at its bottom. Rim portions
are formed at the peripheral end of the upper opening.
Pairs of engagement recesses are formed in a pair of rim
portions in peripheral portions opposed to each other.
The cassette 3 has a pair of end walls and another pair
of walls, i.e., a pair of side walls connecting the pair
of end walls. Housing grooves in which the photomask
blank substrates 2 are housed are formed at certain
intervals in the inner surfaces of the side walls to be
opposed one to another. The upper 1lid 5 is formed into
the shape of a box having a downward opening to cover and

close the opening of the lower box 4. The upper 1lid 5



has rim portions formed in its opening portion. On each
of a pair of the rim portions opposed to each other, a
pair of engagement claws are formed to extend downward.
The engagement claws respectively engage with the
engagement recesses of the lower box 4 to fix the lower
box 4 and the upper 1lid 5 to each other.

[0019]

On an inner surface of the upper 1lid 5, the pressing
members 6, which are members for pressing the photomask
blank substrates 2 by individually contacting the
photomask blank substrates 2, and which have holding
grooves, are mounted to face downward. In this
embodiment, at least lower box 4 and the upper 1lid 5 in
the components of the above-described photomask blank
substrate storage container 1 are formed of a
thermoplastic resin having an amount of caprolactam of
0.01 ppm or less, more preferably smaller than 0.01 ppm
per resin weight on an n-decane basis, as measured by a
dynamic head space method under the condition of being
held at 40°C for 60 minutes.

[0020]

The lower box 4 and the upper 1lid 5 are formed of an
antistatic material or a conductive material such that
the surface resistance value is 1.0E + 13 Q or less in
order to reduce the attachment of particles. Preferably,
at least one of the cassette 3 and the pressing member 6

is formed of a thermoplastic resin having an amount of



caprolactam of 0.01 ppm or less, more preferably smaller
than 0.01 ppm per resin weight on an n-decane basis, as
measured by the dynamic head space method under the
condition of being held at 40°C for 60 minutes, as in the
above-described case. The scheme of what caprolactam
gives to the characteristics of a pattern is not clear.
However, an amide bond in free caprolactam in outgas
detected by the dynamic head space method under the
condition of being held at 40°C for 60 minutes is thought
to migrate to a chemical-amplification-type resist during
storage and transport of photomask blank substrates to
have some bad influence on the catalytic action at the
time of exposure, photosensing or development.

[0021]

Further, preferably, the thermoplastic resin is a
durable antistatic resin. "Durable antistatic resin"
refers herein to a resin obtained by dispersing not a
filler such as carbon but a hydrophilic polymer in a base
resin to have a durable antistatic function. The durable
antistatic resin has the advantage of having a low-dust-
generation characteristic in comparison with a resin
obtained by dispersing a filler such as carbon in a base
resin. As the base resin used for the durable antistatic
resin, an ABS resin, an acrylic resin or a polypropylene
resin may preferably be used. The hydrophilic polymer is,
for example, a high-molecular solid electrolyte,

particularly a polymer having a polyethylene glycol



component. More specifically, examples of the

hydrophilic polymer are polyethylene glycol methacrylate
copolymer, poly(ethylene oxide-propylene oxide) copolymer,
polyethylene glycol-based polyesteramide, and
poly(epichlorohydrin-ethylene oxide) copolymer.

[0022]

A filler such as carbon may be added to the
thermoplastic resin. When a filler such as carbon is
added to the thermoplastic resin, the surface resistance
value can be reduced to 1.0E + 10 Q or less in contrast
to the case of using the durable antistatic resin. It is
difficult to reduce the surface resistance value to 1.0E
+ 10 Q or less when the durable antistatic resin is used.
The attachment of particles by static electricity or the
like to the storage container and the photomask blanks
can thereby be reduced. Examples of the thermoplastic
resin are polypropylene, polycarbonate, polybutylene
terephthalate, an acrylic resin and an ABS resin. As a
carbon filler, carbon black, acetylene black, carbon
fibers or carbon nanotubes, for example, can be used.
[0023]

The photomask blank substrate storage container
according to the embodiment of the invention is not
limited to containers such as the above-described one for
storing a plurality of photomask blank substrates. The
photomask blank substrate storage container may

alternatively be a sheet container for individually



storing a photomask blank sheet. Also, the photomask
blank substrate storage container may be an enclosed-type
container capable of isolation from outside air or a
container allowing communication with outside air through
a chemical filter.

Examples

[0024]

Examples of the present invention will be described
along with comparative examples. The present invention
is not limited to examples described below.

[0025]

Examples 1 to 6 will be described below and Table 1
shows evaluation results.
[0026]

(Example 1)

Two pieces of molding: an upper 1lid and a low box
capable of housing a cassette in which a plurality of
photomask blank substrates of a 152 mm square such as
shown in Figure 1 can stand together were manufactured by
injection molding using an acrylic-based durable
antistatic resin A on the market. The surface resistance
value at a flat portion of the ceiling surface of the
manufactured upper 1lid was measured by using a surface
high-resistance measuring device (a product from Shishido
Electrostatic,. Ltd.). The measured surface resistance

value was 1/0E + 11 Q. 0.1 gram of the material was cut

off from a portion of the upper 1lid, put in a sample cell



after being precisely measured, and subjected to heating
desorption at 40°C for 60 minutes in a high-purity helium
atmosphere. Gas components generated were analyzed with
a gas chromatography mass analyzer (GC-MS). A peak area
value corresponding to the caprolactam component was
converted with a measuring line prepared with n-Decane
and was divided by the specimen weight to be obtained in
(ppm) . The result of measurement of caprolactam was
smaller than 0.01 ppm. The caprolactam component was
identified by collating the corresponding MS spectrum
with a database (NIST).

[0027]

Also, a cassette in which a plurality of photomask
blank substrates of a 152 mm square such as shown in
Figure 1 can stand together and pressing members which
can be fitted inside the upper 1lid and with which
substrates housed in the cassette are fixed from above
when the upper 1lid is fitted to the lower box were
manufactured by injection molding using a commercially
available polyethylene terephthalate resin. Amounts of
caprolactam obtained from the manufactured cassette and
the pressing members under the conditions: 40°C and 60
minutes after sampling in the same way as described above
were smaller than 0.01 ppm.

[0028]
On the other hand, one photomask blank substrate to

which a chemical-amplification-type photoresist was



applied was housed in a central slot in the above-
described cassette, followed by mounting in the lower box
and putting of the upper 1lid on the lower box. The
photomask blank substrate was stored in this state at
ordinary temperature for three months. Next, EB drawing,
baking and development processing were successively
performed on the photomask blank substrate after storage
to form a line/space (L/S) resist pattern with a line
width of 400 nm. A deviation of the space width from a
predetermined size was defined as a CD value and the line
width was measured. As a result of this, no substantial
change in CD value was recognized (passing criterion: <£5
nm) . Also, no substantial change in shape was recognized
in SEM observation of a cross section. Further, three
photomask blanks having the chemical-amplification-type
photoresist already applied thereto and having undergone
the process of measuring the number of defects with a
photomask blank defect inspection device (MAGICS: M2351,
a product from Lasertec Corporation) before an
opening/closing test were housed in this storage
container, an operator repeated opening/closing of the
upper lid ten times, and the number of defects was again
measured (passing criterion: <1). This process was
performed a certain number of times and the differences
between the number of defects before and after the 1lid
opening/closing operations were calculated as increases

in number of defects. The increase in number of defects



per upper 1lid opening/closing and per photomask blank was
0.25 and substantial increase in number of defects was
not almost recognized.

[0029]

(Example 2)

A storage container was manufactured under the same
conditions as those in Example 1 except that a
commercially available acrylic-based durable antistatic
resin B was used as the material of the upper 1lid and the
lower box. The surface resistance value of the
manufactured upper 1lid was 1.5E + 12 Q and the amount of
caprolactam in outgas was smaller than 0.01 ppm. Also,
substantial change in CD value was not almost recognized
with respect to the line width of a pattern obtained by
drawing, baking and development on a photomask blank
substrate stored in the storage container for three
months in the same way as in Example 1, and substantial
change in sectional shape of the pattern was not almost
recognized. Further, in the results of the
opening/closing test made on the storage container in the
same way as in Example 1, the increase in number of
defects of the photomask blank substrate per upper 1lid
opening/closing and per photomask blank was 0.67 and
substantial increase in number of defects was not almost
recognized.

[0030]

(Example 3)



A storage container was manufactured under the same
conditions as those in Example 1 except that a
commercially available ABS-based durable antistatic resin
C was used as the material of the upper 1lid and the lower
box. The surface resistance value of the manufactured
upper lid was 7.0E + 11 Q and the amount of caprolactam
in outgas was 0.01 ppm. Also, substantial change in CD
value was not almost recognized with respect to the line
width of a pattern obtained by drawing, baking and
development on a photomask blank substrate stored in the
storage container for three months in the same way as in
Example 1, and substantial change in sectional shape of
the pattern was not almost recognized. Further, in the
results of the opening/closing test made on the storage
container in the same way as in Example 1, the increase
in number of defects of the photomask blank substrate per
upper 1lid opening/closing and per photomask blank was
0.17 and substantial increase in number of defects was
not almost recognized.

[0031]
(Example 4)

A storage container was manufactured under the same
conditions as those in Example 1 except that a
commercially available polypropylene-based carbon black-
blended antistatic resin D was used as the material of
the upper 1lid and the lower box. The surface resistance

value of the manufactured upper 1lid was 3.6E + 03 Q and



the amount of caprolactam in outgas was smaller than 0.01
ppm. Also, substantial change in CD value was not almost
recognized with respect to the line width of a pattern
obtained by drawing, baking and development on a
photomask blank substrate stored in the storage container
for three months in the same way as in Example 1, and
substantial change in sectional shape of the pattern was
not almost recognized. Further, in the results of the
opening/closing test made on the storage container in the
same way as in Example 1, the increase in number of
defects of the photomask blank substrate per upper 1lid
opening/closing and per photomask blank was 0.11 and
substantial increase in number of defects was not almost
recognized.

[0032]

(Example 5)

A storage container was manufactured under the same
conditions as those in Example 1 except that a
commercially available polycarbonate-based carbon black-
blended antistatic resin E was used as the material of
the upper 1lid and the lower box. The surface resistance
value of the manufactured upper 1lid was 3.6E + 3 Q and
the amount of caprolactam in outgas was smaller than 0.01
ppm. Also, substantial change in CD value was not almost
recognized with respect to the line width of a pattern
obtained by drawing, baking and development on a

photomask blank substrate stored in the storage container



for three months in the same way as in Example 1, and
substantial change in sectional shape of the pattern was
not almost recognized. Further, in the results of the
opening/closing test made on the storage container in the
same way as in Example 1, the increase in number of
defects of the photomask blank substrate per upper 1lid
opening/closing and per photomask blank was 0.14 and no
substantial increase in number of defects was recognized.
[0033]

(Example 6)

A storage container was manufactured under the same
conditions as those in Example 1 except that a
commercially available polybutylene terephthalate-based
carbon black-blended antistatic resin J was used as the
material of the upper lid and the lower box. The surface
resistance value of the manufactured upper 1lid was 2.0E +
06 Q and the amount of caprolactam in outgas was smaller
than 0.01 ppm. Also, substantial change in CD value was
not almost recognized with respect to the line width of a
pattern obtained by drawing, baking and development on a
photomask blank substrate stored in the storage container
for three months in the same way as in Example 1, and
substantial change in sectional shape of the pattern was
not almost recognized. Further, in the results of the
opening/closing test made on the storage container in the
same way as in Example 1, the increase in number of

defects of the photomask blank substrate per upper 1lid



opening/closing and per photomask blank was 0.15 and
substantial increase in number of defects was not almost
recognized.

[0034]

Comparative Examples 1 to 4 will be described below.
Table 2 shows evaluation results.

[0035]

(Comparative Example 1)

A storage container was manufactured under the same
conditions as those in Example 1 except that a
commercially available ABS-based durable antistatic resin
F was used as the material of the upper 1lid and the lower
box. The surface resistance value of the manufactured
upper lid was 3.0E + 11 Q and the amount of caprolactam
in outgas was as large as 0.57 ppm. The CD value with
respect to the line width of a pattern obtained by
drawing, baking and development on a photomask blank
substrate stored in the storage container for three
months in the same way as in Example 1 was changed about
10 nm in the reducing direction relative to the setting.
In the results of the opening/closing test made on the
storage container in the same way as in Example 1,
however, the increase in number of defects of the
photomask blank substrate per upper 1lid opening/closing
and per photomask blank was 0.20 and substantial increase
in number of defects was not almost recognized.

[0036]



(Comparative Example 2)

A storage container was manufactured under the same
conditions as those in Example 1 except that a
commercially available polypropylene-based durable
antistatic resin G was used as the material of the upper
1lid and the lower box. The surface resistance value of
the manufactured upper 1lid was 1.0E + 10 Q and the
amount of caprolactam in outgas was 2.00 ppm. The CD
value with respect to the line width of a pattern
obtained by drawing, baking and development on a
photomask blank substrate stored in the storage container
for three months in the same way as in Example 1 was
extremely largely changed about 40 nm in the reducing
direction relative to the setting. In the results of the
opening/closing test made on the storage container in the
same way as in Example 1, however, the increase in number
of defects of the photomask blank substrate per upper 1lid
opening/closing and per photomask blank was 0.44 and
substantial increase in number of defects was not almost
recognized.

[0037]
(Comparative Example 3)

A storage container was manufactured under the same
conditions as those in Example 1 except that a
commercially available acrylic resin H was used as the
material of the upper 1lid and the lower box. The surface

resistance value of the manufactured upper lid was larger



than 1.0E + 16 Q and no caprolactam was detected from

outgas. Substantial change in CD value was not almost
recognized with respect to the line width of a pattern
obtained by drawing, baking and development on a
photomask blank substrate stored in the storage container
for three months in the same way as in Example 1, and
substantial change in sectional shape of the pattern was
not almost recognized. In the results of the
opening/closing test made on the storage container in the
same way as in Example 1, however, the increase in number
of defects of the photomask blank substrate per upper 1lid
opening/closing and per photomask blank was as large as
2.13.

[0038]

(Comparative Example 4)

A storage container was manufactured under the same
conditions as those in Example 1 except that a
commercially available ABS-based durable antistatic resin
I was used as the material of the upper 1lid and the lower
box. The surface resistance value of the manufactured
upper lid was 5.0E + 11 Q and the amount of caprolactam
in outgas was 0.92 ppm. The CD value with respect to the
line width of a pattern obtained by drawing, baking and
development on a photomask blank substrate stored in the
storage container for three months in the same way as in
Example 1 was changed about 10 nm in the reducing

direction relative to the setting. In the results of the



opening/closing test made on the storage container in the
same way as in Example 1, however, the increase in number
of defects of the photomask blank substrate per upper lid
opening/closing and per photomask blank was 0.56 and
substantial increase in number of defects was not almost
recognized.

[0039]

[Table 1]
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Industrial Applicability

[0041]

as a

for example,

The present invention can be used,

transporting or storing photomask

container for housing,

blank substrates.
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Reference Signs List

[0042]

1

2

Photomask blank substrate storage container
Photomask blank substrate
Lower box

Upper 1lid



[Caim1l]

A photomask bl ank substrate storage container for
housi ng, transporting or storing one or nore photomask
bl ank substrates having a chem cal -anplification-type
phot oresi st al ready applied thereto,

wherein at | east one of its conponent parts is
formed of a thernoplastic resin having an anmount of
caprolactamof 0.01 ppmor |ess per resin weight on an n-
decane basis in outgas, as neasured by a dynam c head
space net hod under the condition of being held at 40°C
for 60 mnutes, and the surface resistance value of the
conmponent part fornmed of the thernoplastic resinis 1.0E
+ 13 Q or less.

[Caim?2]

The phot omask bl ank substrate storage container of
claim11l, wherein a carbon filler is added to the
t her nopl asti c resin.

[Caim 3]

The phot omask bl ank substrate storage container of
claim1, wherein the thernoplastic resin is a durable
antistatic resin.

[ C ai m 4]

The phot omask bl ank substrate storage container of
any one of clainms 1 to 3, conprising an upper lid form ng
a space for storing the photomask bl ank substrate and a

| oner box engaged with the upper lid, wherein at | east



the upper Iid and the | ower box are forned of the
t her nopl astic resin.
[ Caimb5]

A nmet hod for storing one or nore photomask bl ank
substrates having a chem cal -anplification-type
phot oresi st al ready applied thereto,

wherein at | east one of the conponent parts of the
phot omask bl ank substrates storage container is forned of
a thernopl astic resin having an anount of caprol actam of
0.01 ppmor less per resin weight on an n-decane basis in
out gas, as neasured by a dynam c head space nethod under
the condition of being held at 40°C for 60 m nutes, and
the surface resistance val ue of the conponent part forned
of the thernoplastic resinis 1.0E + 13 Q or |ess.

[ C aim 6]

A net hod for producing a photonask bl ank substrate
storage contai ner for housing, transporting or storing
one or nore photomask bl ank substrates having a chem cal -
anplification-type photoresist already applied thereto,

wherei n the photomask bl ank substrate storage
contai ner is produced by using the conmponent parts forned
of a thernoplastic resin having an anount of caprol actam
of 0.01 ppmor |ess per resin weight on an n-decane basis
i n outgas, as neasured by a dynam c head space net hod
under the condition of being held at 40°C for 60 m nutes,
and the surface resistance val ue of the conponent part

formed of the thernoplastic resinis 1.0E + 13 Q or |ess.



