DESCRIPTION

Title of the Invention: SEPARATOR
Technical Field
[0001]

The present invention relates to a separator where damage to semiconductor
wafers due to vibration, impact, etc. is avoidable without using cushions, etc. when
transporting the semiconductor wafers that are laid to overlap each other and housed in

the conveyance container of the semiconductor wafers.

BACKGROUND ART
[0002]
Generally, there are two types for transportation of semiconductor wafers, that is,
a coin-stack style (horizontal) conveyance container and a vertical-mounting container.

In the coin-stack style (horizontal) conveyance container, which has been a
conveyance style so far, cushions, etc. are arranged on the uppermost stage and the
lowermost stage in the container, and a semiconductor wafer and an interlayer sheet (a
synthetic resin sheet, a dustless paper, etc.) are alternately interposed between the
cushions so as to reduce damage of the semiconductor water due to vibration, impact, etc.
during transportation (see, for example, Patent Literature 1).

However, when the cushions, etc. are used as above, concern should be given to
dust, outgas, etc. to be generated from the cushions, etc.

Further, in the case that a wafer provided with cover glass on an image sensor
surface or a wafer with a 3DS-IC structure is transported by the above conveyance
container, since the wafer has extremely sensitive structures such as formed with
micro-bumps (minute metal projections) on its surface or exposed by TSV terminals,
there has been risk that the wafer surface and the interlayer sheet, etc. might be in contact
with each other thereby contaminating or damaging the wafer.

[0003]

In order to avoid the risk of the wafer contamination, the wafer damage, etc. due



to the contact between the wafer surface and the interlayer sheet, etc., the separator of a
non-contact type was proposed (see, for example, Patent Literature 2). Further, the
vertical-mounting container can ensure making the circuit-formed surface of the
semiconductor wafer being in a non-contact state; however, there still remains some
problems of load occurrence to the semiconductor wafer when a container lid is closed in
a thin wafer state after backgrind implementation. Moreover, there also has a problem
of increasing risk of damaging the semiconductor wafer due to vibration of the container,
etc.
Prior Art Documents
Patent Literature
[0004]

Patent Literature 1: Japanese Patent Application Laid-open No. H09-129719

Patent Literature 2: Chinese Examined Utility Model Publication No. 201023813

SUMMARY OF INVENTION
Problems to be Solved by Invention
[0005]

The separator disclosed in Patent Literature 2 enables to avoid risk of the wafer
contamination, the wafer damage, etc. due to contact between the wafer surface and the
interlayer sheet, etc.; however, it would still be necessary to arrange the cushions, etc. on
the uppermost stage and the lowermost stage in the container for reducing damage of the
semiconductor wafer due to vibration, impact, etc. during transportation. Accordingly,
problems of the generation of dust, outgas, etc. from the cushions, etc. have not yet been
able to be solved.

[0006]

The present invention aims to provide a separator that solves the above problems,
specifically the separator being able to avoid damage of semiconductor wafers due to
vibration, impact, etc. with no use of cushions, etc. when transporting the semiconductor
wafers laid to overlap each other in the conveyance container of the semiconductor

wafers.



MEANS TO SOLVE THE ABOVE PROMBLES
[0007]

The present inventors have conducted intensive studies in order to solve the
above problems. As a result, it was found that, when transporting semiconductor wafers
that are laid to overlap each other in the conveyance container of the semiconductor
wafers, it would be possible to avoid damage of the semiconductor wafers due to
vibration, impact, etc. with no use of cushions, etc., by arranging separator(s) between
each semiconductor wafer, and by arranging the separator(s) at the top and the bottom of
the laminated semiconductor wafers. Here, the separator can be defined by: being
formed of a flat annular body; having an annular convex portion with a wafer support
surface along the peripheral edge portion of the separator, the wafer support surface
coming into contact with the peripheral line of the semiconductor wafers; cutout portions
formed on the annular convex portion with suitable numbers; and shock-absorbing
function pieces provided nearby the cutout portions, the shock-absorbing function pieces
extending diagonally upward or diagonally downward relative to the separator reference
plane.

[0008]

The present invention relates to the following:

[1] A separator in a conveyance container of a semiconductor wafer that houses
semiconductor wafers by vertically stacking the semiconductor wafers such that each of
the stacked semiconductor wafers does not come into contact with each other, or the
semiconductor wafer does not come into contact with an inner top surface or an inner
bottom surface of the conveyance container of the semiconductor wafer, the separator
being interposed: between two of the semiconductor wafers neighboring vertically;
between the semiconductor wafer and an inner top surface of the container, or between
the semiconductor wafer and an inner bottom surface of the container, wherein: the
separator is a flat annular body; the separator has an annular convex portion with a wafer
support surface coming into contact with a peripheral line of the semiconductor wafer

along a peripheral edge portion of the flat annular body, the annular convex portion



forming cutout portions in a suitable number of places, and the separator has
shock-absorbing function pieces neighboring to the cutout portions and extending
diagonally upward or diagonally downward from a separator reference plane; [2] In the
separator according to the above [1], a part including the annular convex portion has an
approximately T-shaped or an approximately L-shaped cross section; and [3] A
conveyance container of a semiconductor wafer comprises a main body of a conveyance

container in a semiconductor wafer and the separator according to the above [1] or [2].

ADVANTAGEOUS EFFECTS OF INVENTION
[0009]

In the present invention, it would be possible to provide a separator where
damage to semiconductor wafers due to vibration, impact, etc. is avoidable with no use of
cushions, etc. when transporting the semiconductor wafers that are laid to overlap each
other in the conveyance container of the semiconductor wafers.

Further, the flat surface of an annular body in the separator may work as the
adsorption surface of an adsorption pad. Thus, it can enjoy effect of facilitating the
storage and removal of the separator by automatic transfer devices.

Still further, each cutout portion formed on the separator of the present invention
may function as a vent hole passing through space formed between each of the
semiconductor wafers. Thus, this avoids sticking between each of the semiconductor
wafers by which space formed between each semiconductor wafer remains not sealed.
This eventually takes effect of being able to take out only the separator using automatic
transfer devices or to take out only the semiconductor wafer.

[0010]

Yet still further, in the separator of the present invention, a portion including the
annular convex portion has an approximately T cross section. Accordingly, when
transferring a semiconductor wafer, both sides of which have circuits, it makes possible
to maintain a non-contact state to the circuits, so that this enables to avoid contamination,

damage, etc. to the semiconductor wafers.



BRIEF DESCRIPTION OF DRAWINGS
[0011]

Fig. [ illustrates embodiment 1, which is one of the embodiments of the
separator of the present invention, where (A) shows a top view, (B) shows a cross section
(cut along an a-a line), (C) shows a lateral view, and (D1) to (D3) show each expanded
view of one portion of the lateral view (shock-absorbing function pieces).

Fig. 2 illustrates a portion shown in (D2) of Fig. [, viewed diagonally upwards.

Fig. 3 illustrates embodiment 10, which is one of the embodiments of the
separator of the present invention, where (A) shows a top view, (B) shows a cross section
(cut along an a'-a’ line), (C) shows a lateral view, and (D1) to (D3) show each expanded
view of one portion of the lateral view (shock-absorbing function pieces).

Fig. 4 illustrates embodiment 11, which is one of the embodiments of the
separator of the present invention, where (A) shows a segmentary view of the top, (C)
shows a cross section (cut along an a”-a" line), and (B1) and (B2) show each expanded
view of one portion of the lateral view (shock-absorbing function pieces).

Fig. 5 illustrates embodiment 12, which is one of the embodiments of the
separator of the present invention, where (A) shows a segmentary view of the top, (C)
shows a cross section (cut along an a"'-a"" line), and (B1) and (B2) show each expanded
view of one portion of the lateral view (shock-absorbing function pieces).

Fig. 6 illustrates embodiment 13, which is one of the embodiments of the
separator of the present invention, where (A) shows a segmentary view of the top, (C)
shows a cross section (cut along an a”"-a""" line), and (B1) and (B2) show each expanded
view of one portion of the lateral view (shock-absorbing function pieces).

Fig. 7 illustrates a conceptual view explaining shock-absorbing functions when
each separator of the present invention and each semiconductor wafer are laid to overlap
each other.

Fig. 8 illustrates a conceptual view showing when the semiconductor wafer and
the separator of the present invention are laid to overlap each other in the conveyance

container of the semiconductor wafer.



MODES FOR CARRYING OUT THE INVENTION
[0012]

The present invention relates to a separator in a conveyance container of a
semiconductor wafer that houses semiconductor wafers by vertically stacking the
semiconductor wafers such that each of the stacked semiconductor wafers does not come
into contact with each other, or the semiconductor wafer does not come into contact with
an inner top surface or an inner bottom surface of the conveyance container of the
semiconductor wafer. The separator is interposed: between two of the semiconductor
wafers neighboring vertically; between the semiconductor wafer and an inner top surface
of the container, or between the semiconductor wafer and an inner bottom surface of the
container. Here, the separator is a flat annular body and has an annular convex portion
with a wafer support surface coming into contact with a peripheral line of the
semiconductor wafer along a peripheral edge portion of the flat annular body, the annular
convex portion forming cutout portions in a suitable number of places. In addition, the
separator has shock-absorbing function pieces neighboring to the cutout portions and
extending diagonally upward or diagonally downward from a separator reference plane
[0013]

The separator of the present invention may be manufactured by conducting
injection molding, vacuum forming, pressure forming, etc. to synthetic resins.

The synthetic resins of the above may be selected from polypropylene based
resin, polystyrene based resin, ABS based resin, polycarbonate based rein, polyacetal
based resin, poly phenylene ether based resin, polyether nitrile based resin,
polyphenylene sulfide based resin, polyphthalamide based resin, polyarylate based resin,
polysulphone based resin, polyether sulfone based resin, polyether imide based resin,
liquid crystal polymer based resin, polyetheretherketone based resin, etc. Among the
above, the polypropylene based resin and the polycarbonate based resin, etc. would be
preferable.

[0014]
Further, it may be possible to include conductive fillers to the above resins, or to

perform conductive treatment to the postforming surface of the separator in order to set



surface resistance values of the separator to be 10" to 10'* Q.

The conductive fillers of the above may be selected from carbon black, graphite
carbon, graphite, carbon fiber, metal powder, metal fiber, metallic oxide powder,
metallic-coated inorganic fine powder, organic fine powder, organic fiber, etc.

The conductive treatment of the above may be performed by forming a
conductive film by directly polymerizing conductive polymers on the postforming
surface of the separator or applying coatings including conductive polymers and binder
resin to the separator surface, and the like.

It is preferable to have a separator formed by synthetic resin where its surface
resistance value is between 10! to 1012 Q.

[0015]

The separator of the present invention is a flat annular body and has an annular
convex portion with a wafer support surface along the peripheral edge portion of the
separator, the wafer support surface coming into contact with the peripheral line of the
semiconductor wafer.

A portion including the above annular convex portion may have a cross  section
either in an approximately T-shaped configuration or an approximately L-shaped
configuration. Having the cross section of the approximately T-shaped configuration
means that the annular convex portion with the wafer support surface is formed on both
the top and bottom surfaces of the separator, resulting in that the cross section will have
the approximately T-shaped configuration. On the other hand, having the cross section
of the approximately L-shaped configuration means that the annular convex portion
having the wafer support surface is formed only on the top surface of the separator,
resulting in that the cross section will have the approximately L-shaped configuration.

When transferring a semiconductor wafer where both sides of which have
circuits, since a non-contact state can be maintained to the circuits on both sides, it would
be preferable to use the separator having the approximately T-shaped configuration in the
Cross section.

Here, the diameter of the separator in the present invention, where the cross

section of the separator is either the approximately T-shaped configuration or the



approximately L-shaped configuration, is substantially the same with the diameter of the
semiconductor wafer. Accordingly, the wafer support surface of the annular convex
portion that is provided at the peripheral edge portion of the separator in the present
invention will come into contact with only the peripheral line of the semiconductor wafer.

Further, the separator of the present invention may have other embodiments
where the cross section is different from the approximately T-shaped configuration or the
approximately L-shaped configuration.

For example, when employing a separator having a diameter slightly larger than
the diameter of a semiconductor wafer, the annular convex portion with the wafer support
surface of the separator in which to contact the peripheral line of the semiconductor wafer
will be formed slightly inside of the peripheral edge portion of the separator.

Accordingly, when the annular convex portion is formed on the upper and the lower
surfaces of the separator, the cross sectional configuration of the separator will be
approximately a cross-shaped configuration. On the other hand, when the annular
convex portion is formed only on the upper surface of the separator, the cross sectional
configuration of the separator will be approximately an inverted T-shaped configuration.
The present invention will accept such an inverted T-shaped configuration as a separator.

Specifically, in the above case, the diameter of the separator will be smaller than
the diameter of the semiconductor wafer within the range of 1 to 5 mm.

In the separator of the present invention, it would be preferable that the portion
including the annular convex portion will be either an approximately T-shaped
configuration or an approximately L-shaped configuration.

[0016]

The annular convex portion has cutout portions formed in an appropriate number
of places and shock-absorbing function pieces neighboring to the cutout portions and
extending diagonally upward or diagonally downward relative to a separator reference
plane. Here, the separator reference plane refers to a flat surface of an annular body, and
in particular means a surface formed by horizontally cutting a flat annular body into two
round slices.

The shapes of the cutout portion and the shock-absorbing function piece are not



particularly limited. The shock-absorbing function piece is shaped such that a leading
edge extending diagonally upward or diagonally downward relative to the separator
reference plane is higher than height of the annular convex portion, that is, sticking out
from the wafer support surface formed on the annular convex portion. In addition, the
cutout portion is formed by removing an unnecessary part while maintaining the shape in
which the leading edge of the shock-absorbing function piece is higher than the height of
the annular convex portion.

As described above, the leading edge of the shock-absorbing function piece is
made higher than the height of the annular convex portion, that is, made to stick out from
the wafer support surface formed on the annular convex portion. As a result, when the
semiconductor wafer is housed, the leading edge of the shock-absorbing function piece
initially comes into contact with the peripheral line of the semiconductor wafer and is
elastically deformed by a weight of the semiconductor wafer. Here, although the height
of the leading edge of the shock-absorbing function piece becomes nearly equal to that of
the wafer support surface, when the semiconductor wafer is lifted by an upward force
applied by vibration, impact, or the like, the contact between the leading edge of the
shock-absorbing function piece and the semiconductor wafer will be maintained by virtue
of a restoring force of the shock-absorbing function piece. Meanwhile, when the
semiconductor wafer is depressed by virtue of a downward force, the shock-absorbing
function piece is elastically deformed to absorb impact. As a result, the
shock-absorbing function piece shows a shock-absorbing function.

[0017]

The shape of the shock-absorbing function piece is not particularly limited as
long as it shows the shock-absorbing function as described above. In particular, the
shock-absorbing function piece may have, for example, a plate shape or a bar shape.

The leading edge of the shock-absorbing function piece is higher than the
annular convex portion by 0.2 mm to 1.0 mm. That is, the leading edge of the
shock-absorbing function piece preferably protrudes from the wafer support surface of
the annular convex portion by 0.2 to 1.0 mm.

[0018]
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In a case where the separator has an approximately T-shaped or cross-shaped
cross section, that is, the annular convex portion with the wafer support surfaces is
formed on both top and bottom surfaces of the separator, the leading edge of the
shock-absorbing function piece extending diagonally upward relative to the reference
plane of the separator is preferably higher than the annular convex portion formed on the
top surface of the separator by 0.2 to 1.0 mm. In addition, the leading edge of the
shock-absorbing function piece extending diagonally downward relative to the reference
plane of the separator is preferably higher than the annular convex portion formed on the
bottom surface of the separator by 0.2 to 1.0 mm.

[0019]

Meanwhile, in a case where the separator has an approximately L-shaped or
inverted T-shaped cross section, that is, the annular convex portion with the wafer support
surface is formed only on the top surface of the separator, the leading edge of the
shock-absorbing function piece extending diagonally upward relative to the reference
plane of the separator is preferably higher than the height of the annular convex portion
formed on the top surface of the separator by 0.2 to 1.0 mm. In addition, the leading
edge of the shock-absorbing function piece extending diagonally downward relative to
the reference plane of the separator preferably protrudes downward from the bottom
surface of the flat annular body of the separator by 0.2 to 1.0 mm.

[0020]

The shock-absorbing function piece is formed in the annular convex portion in
four or more places, preferably six to twelve places, and more preferably six to ten
places.

Note that one shock-absorbing function piece is providable per one formation
place described above; however, two or more shock-absorbing function pieces may be
provided per one formation place.

The formation places of the shock-absorbing function piece are preferably
equally spaced with each other in the annular convex portion. In addition, the
shock-absorbing function piece extending diagonally upward relative to the reference

plane of the separator and the shock-absorbing function piece extending diagonally
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downward are preferably arranged alternately side by side with each other.

Note that the cutout portions are formed neighboring to the shock-absorbing
function pieces. Therefore, the number of cutout portions becomes equal to the number
of the shock-absorbing function pieces.

[0021]

Embodiments of separators according to the present invention will be described
with reference to the drawings.

FIG. 1 illustrates embodiment [ which is one of the embodiments of the present
invention.

As illustrated in the top plan view of FIG. 1(A) and the cross-sectional view of
FIG. 1(B) taken along the cutting line a-a, embodiment 1 is provided with a flat annular
body 2 having an annular convex portion 6 with wafer support surfaces 7 coming into
contact with a peripheral line of the semiconductor wafer along a peripheral edge portion
3 of the flat annular body 2, wherein the annular convex portion 6 is formed on both top
and bottom surfaces of the separator. The annular convex portion 6 has an
approximately T-shaped cross section and has L-shaped cutout portions 4 provided in
eight places which are equally spaced. In addition, embodiment 1 includes bar-shaped
shock-absorbing function pieces 5 neighboring to the cutout portions and extending
diagonally upward or diagonally downward relative to a separator reference plane 9.

As illustrated in the lateral view of FIG. 1(C) and the enlarged views of FIG.
1(D1) to 1(D3) showing a part of the lateral view of FIG. 1(C) (shock-absorbing function
pieces), in embodiment 1, shock-absorbing function pieces extending diagonally upward
relative to the separator reference plane 9 and shock-absorbing function pieces extending
diagonally downward relative to the separator reference plane 9 are arranged alternately
side by side with each other.

[0022]

A vertical distance “b” between the wafer support surface 7 of the annular
convex portion 6 formed on the top surface of the separator and the wafer support surface
7 of the annular convex portion 6 formed on the bottom surface of the separator is set to

1.5 mm to 3.5 mm, and preferably, 2.0 mm to 3.0 mm.
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The annular convex portions have “c” and “d” having the same height and being
set to 0.2 mm to I mm, and preferably, 0.3 mm to 0.9 mm.

The wafer support surface 7 has a width “e” of 1 to 3 mm, and preferably, 1.5
mm to 2.5 mm.

The flat annular body 2 has a width “f” of 7 mm to 11 mm, and preferably, 8 mm
to 10 mm.

The flat annular body 2 has a thickness “g” which is thinner than that of the
peripheral edge portion and set to 0.8 mm to 2 mm, and preferably, 1 mm to 1.5 mm.

FIG. 2 is a diagram obtained by diagonally viewing the part of FIG. 1(D2) from
the above.

Here, the annular convex portion has an L-shaped cutout portion 4 and a
bar-shaped shock-absorbing function piece 5 neighboring to the cutout portion and
extending diagonally upward relative to the separator reference plane 9. The bar-shaped
shock-absorbing function piece 5 has a length of 5 mm to 15 mm, and preferably, 7 mm
to 13 mm.

Note that the bar-shaped shock-absorbing function piece 5 has a width “i” equal
to the width “e” of the wafer support surface 7. In addition, the bar-shaped
shock-absorbing function piece 5 has a height “j” equal to the vertical distance “b”
between the top and bottom wafer support surfaces 7.

A length “h” of the leading edge of the shock-absorbing function piece 5
protruding from the annular convex portion is set to 0.2 mm to 1.0 mm, and preferably,
0.2 mm to 0.5 mm.

A width of the L-shape of the cutout portion 4 (corresponding to thickness of the
letter “L”) is set to 0.7 mm to 1.3 mm, and preferably, 0.8 mm to 1.2 mm.

[0023]

FIG. 3 illustrates embodiment 10 which is another embodiment of the present
invention.

As illustrated in the top plan view of FIG. 3(A) and the cross-sectional view of
FIG. 3(B) taken along the cutting line a’-a’, embodiment 10 is provided with a flat annular

body 2 having an annular convex portion 6 with a wafer support surface 7 coming into
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contact with a peripheral line of a semiconductor wafer along a peripheral edge portion 3
of the flat annular body 2, wherein the annular convex portion 6 is formed only on the top
surface of the separator. The annular convex portion 6 has an approximately L-shaped
cross section and has L-shaped cutout portions 4 provided in eight places which are
equally spaced. In addition, embodiment 10 includes bar-shaped shock-absorbing
function pieces 5 neighboring to the cutout portions and extending diagonally upward or
diagonally downward relative to the separator reference plane 9.

As illustrated in the lateral view of FIG 3(C) and the enlarged views of FIG
3(D1) to 3(D3) showing a part of the lateral view of FIG. 3(C) (shock-absorbing function
pieces), in embodiment 10, shock-absorbing function pieces extending diagonally upward
relative to the separator reference plane 9 and shock-absorbing function pieces extending
diagonally downward relative to the separator reference plane 9 are arranged alternately
side by side with each other.

[0024]

A vertical distance “b” between the wafer support surface 7 of the annular
convex portion 6 formed on the top surface of the separator and the bottom surface of the
flat annular body 2 of the separator is set to 1.0 mm to 3.0 mm, and preferably, 1.5 mm to
2.5 mm.

The annular convex portion has a height “c” of 0.2 mm to 1 mm, and preferably,
0.3 mm to 0.9 mm.

The wafer support surface 7 has a width “e” of | mm to 3 mm, and preferably,
1.5 mm to 2.5 mm.

The flat annular body 2 has a width “f” of 7 mm to 11 mm, and preferably, 8 mm
to 10 mm.

The flat annular body 2 has a thickness “g” which is thinner than that of the
peripheral edge portion and set to 0.8 mm to 2 mm, and preferably, 1 mm to 1.5 mm.

The bar-shaped shock-absorbing function piece 5 has a length of 5 mm to 15
mm, and preferably, 7 mm to 13 mm.

Note that the bar-shaped shock-absorbing function piece S has a width equal to
the width “¢” of the wafer support surface 7. In addition, the bar-shaped
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shock-absorbing function piece 5 has a height equal to the vertical distance “b™ between
the wafer support surface 7 and the bottom surface of the flat annular body 2 of the
separator.

A length of the leading edge of the shock-absorbing function piece S protruding
from the annular convex portion is set to 0.2 mm to 1.0 mm, and preferably, 0.2 mm to
0.5 mm.

A width of the L-shape of the cutout portion 4 {(corresponding to thickness of the
letter “L”) is set to 0.7 mm to 1.3 mm, and preferably, 0.8 mm to 1.2 mm,

[0025]

FIG. 4 illustrates embodiment 11 which is still another embodiment of the
present invention.

As illustrated in the partial top plan view of FIG. 4(A) and the cross-sectional
view of FIG. 4(C) taken along the cutting line a’’-a”, embodiment 11 is provided with a
flat annular body 2 having an annular convex portion 6 with wafer support surfaces 7
coming into contact with a peripheral line of a semiconductor wafer along a peripheral
edge portion 3 of the flat annular body 2, wherein the annular convex portion 6 is formed
on both the top and bottom surfaces of the separator. The annular convex portion 6 has
an approximately T-shaped cross section and has T-shaped cutout portions 4 provided in
eight places which are equally spaced. In addition, embodiment 11 includes bar-shaped
shock-absorbing function pieces 5 neighboring to the cutout portions and extending
diagonally upward or diagonally downward relative to the separator reference plane 9.

As illustrated in FIGS. 4(B1) and 4(B2) that are enlarged views showing the
formation places of the shock-absorbing function piece, in embodiment 11, two
bar-shaped shock-absorbing function pieces 5 are formed per one formation place of the
shock-absorbing function piece. Both of the two bar-shaped shock-absorbing function
pieces 5 extend diagonally upward relative to the separator reference plane 9 as
illustrated in FIG. 4(Bl), or extend diagonally downward relative to the separator
reference plane 9 as illustrated in FIG 4(B2). In addition, the configuration of FIG.
4(B1) and the configuration of FIG. 4(B2) are arranged alternately side by side with each

other.
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[0026]

The ranges and preferable ranges of the following: a vertical distance “b”
between the wafer support surface 7 of the annular convex portion 6 formed on the top
surface of the separator and the wafer support surface 7 of the annular convex portion 6
formed on the bottom surface of the separator; heights “c” and “d” of the annular convex
portion; a width “e¢” of the wafer support surface 7; a width “f” of the flat annular body 2;
and a thickness “g” of the flat annular body 2, are equal to those of embodiment 1.

In embodiment 11, T-shaped cutout portions 4 are formed. In addition,
embodiment 11 is provided with two bar-shaped shock-absorbing function pieces 5
neighboring to the cutout portions and extending diagonally upward relative to the
separator reference plane 9, or two bar-shaped shock-absorbing function pieces 5
extending diagonally downward relative to the separator reference plane 9. The
bar-shaped shock-absorbing function piece 5 has a length of 5 mm to 15 mm, and
preferably, 7 mm to 13 mm.

Note that the bar-shaped shock-absorbing function piece 5 has a width equal to
the width “e” of the wafer support surface 7 and a height equal to the vertical distance
“b” between the top and bottom wafer support surfaces 7.

The length of the leading edge of the shock-absorbing function piece 5
protruding from the annular convex portion is set to 0.2 to 1.0 mm, and preferably, 0.2 to
0.5 mm.

The width of the T-shape of the cutout portion 4 (corresponding to thickness of
the letter “T™) is set to 0.7 mm to 1.3 mm, and preferably, 0.8 mm to 1.2 mm.

[0027]

FIG 5 illustrates embodiment 12 which is still another embodiment of the
present invention.

As illustrated in the partial top plan view of FIG. 5(A) and the cross-sectional
view of FIG. 5(C) taken along the cutting line a""’-a’’, embodiment 12 is provided with a
flat annular body 2 having an annular convex portion 6 with wafer support surfaces 7
coming into contact with a peripheral line of a semiconductor wafer along a peripheral

edge portion 3 of the flat annular body 2, wherein the annular convex portion 6 is formed
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on both the top and bottom surfaces of the separator. The annular convex portion 6 has
an approximately T-shaped cross section and has T-shaped cutout portions 4 provided in
eight places which are equally spaced. In addition, embodiment 12 included bar-shaped
shock-absorbing function pieces 5 neighboring to the cutout portions and extending
diagonally upward or diagonally downward relative to the separator reference plane 9.

As illustrated in FIGS. 5(B1) and 5(B2) that are enlarged views showing the
formation places of the shock-absorbing function piece, in embodiment 12, two
bar-shaped shock-absorbing function pieces 5 are formed per one formation place of the
shock-absorbing function piece. One of the two bar-shaped shock-absorbing function
pieces 5 extends diagonally downward relative to the separator reference plane 9, and the
other bar-shaped shock-absorbing function piece extends diagonally upward relative to
the separator reference plane 9 as illustrated in FIG. 5(B1). Alternatively, in contrast to
FIG. 5(B1), one of the bar-shaped shock-absorbing function pieces 5 extends diagonally
upward relative to the separator reference plane 9, and the other bar-shaped
shock-absorbing function piece 5 extends diagonally downward relative to the separator
reference plane 9 as illustrated in FIG 5(B2). In addition, the configuration of FIG
5(B1) and the configuration of FIG. 5(B2) are arranged alternately side by side with each
other.

[0028]

The ranges and preferable ranges of the following: a vertical distance “b”
between the wafer support surface 7 of the annular convex portion 6 formed on the top
surface of the separator and the wafer support surface 7 of the annular convex portion 6
formed on the bottom surface of the separator; heights “c” and “d” of the annular convex
portion; a width “¢” of the wafer support surface 7; a width “f” of the flat annular body 2;
and a thickness “g” of the flat annular body 2, are equal to those of embodiment 1.

In embodiment 12, T-shaped cutout portions 4 are formed. In addition,
embodiment 12 is provided with two bar-shaped shock-absorbing function pieces 5
neighboring to the cutout portion. One of the bar-shaped shock-absorbing function
pieces 5 extends diagonally downward relative to the separator reference plane 9, and the

other bar-shaped shock-absorbing function piece 5 extends diagonally upward relative to
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the separator reference plane 9. Alternatively, in contrast, one of the bar-shaped
shock-absorbing function pieces 5 extends diagonally upward relative to the separator
reference plane 9, and the other bar-shaped shock-absorbing function piece 5 extends
diagonally downward relative to the separator reference plane 9. The bar-shaped
shock-absorbing function piece 5 has a length of 0.5 mm to 1.5 mm, and preferably, 0.7
mm to 1.3 mm.

Note that the bar-shaped shock-absorbing function piece 5 has a width equal to
the width “e” of the wafer support surface 7 and a height equal to the vertical distance
“b” between the top and bottom wafer support surfaces 7.

The length of the leading edge of the shock-absorbing function piece 5
protruding from the annular convex portion is set to 0.2 mm to 1.0 mm, and preferably,
0.2 mm to 0.5 mm.

The width of the T-shape of the cutout portion 4 (corresponding to thickness of
the letter “T™) is set to 0.7 mm to 1.3 mm, and preferably, 0.8 mm to 1.2 mm.

[0029]

FIG. 6 illustrates embodiment 13 which is still another embodiment of the
present invention.

As illustrated in the partial top plan view of FIG. 6(A) and the cross-sectional
view of FIG. 6(C) taken along the cutting line a’"""-a”""’, embodiment 13 is provided with a
flat annular body 2 having an annular convex portion 6 with wafer support surfaces 7
coming into contact with a peripheral line of a semiconductor wafer along a peripheral
edge portion 3 of the flat annular body 2, wherein the annular convex portion 6 is formed
on both the top and bottom surfaces of the separator. The annular convex portion 6 has
an approximately T-shaped cross section and has two straight cutout portions 4 provided
in eight places which are equally spaced. In addition, embodiment 13 includes
plate-shaped shock-absorbing function pieces 5 neighboring to the cutout portions and
extending diagonally upward or diagonally downward relative to the separator reference
plane 9.

As illustrated in FIGS. 6(B1) and 6(B2) that are enlarged views showing the

formation places of the shock-absorbing function piece, in embodiment 13, plate-shaped
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shock-absorbing function pieces extending diagonally upward relative to the separator
reference plane 9 as illustrated in FIG. 6(B1) and plate-shaped shock-absorbing function
pieces extending diagonally downward relative to the separator reference plane 9 as
illustrated in FIG. 6(B2) are arranged alternately side by side with each other.

[0030]

The ranges and preferable ranges of the following: a vertical distance “b”
between the wafer support surface 7 of the annular convex portion 6 formed on the top
surface of the separator and the wafer support surface 7 of the annular convex portion 6
formed on the bottom surface of the separator; heights “c” and “d” of the annular convex
portion; a width “e” of the wafer support surface 7; a width “f” of the flat annular body 2;
and a thickness “g” of the flat annular body 2, are equal to those of embodiment 1.

In embodiment 13, two straight cutout portions 4 are formed. In addition,
embodiment 13 is provided with plate-shaped shock-absorbing function pieces 5
neighboring to the cutout portions and extending diagonally upward relative to the
separator reference plane 9 or extending diagonally downward relative to the separator
reference plane 9. The plate-shaped shock-absorbing function piece 5 has a width of 5
mm to 15 mm, and preferably, 7 mm to 13 mm. The plate-shaped shock-absorbing
function piece 5 has a length of 2 mm to 10 mm, and preferably, 3 mm to 8 mm.

Note that the plate-shaped shock-absorbing function piece 5 has a thickness
equal to the thickness “g” of the flat annular body 2.

The length of the leading edge of the shock-absorbing function piece 5
protruding from the annular convex portion is set to 0.2 mm to 1.0 mm, and preferably,
0.2 mm to 0.5 mm.

Each of the two straight cutout portions 4 has a length equal to that of the
plate-shaped shock-absorbing function piece 5 and a width (corresponding to thickness of
the straight line) of 0.7 mm to 1.3 mm, and preferably, 0.8 mm to 1.2 mm.

[0031]

FIG. 7 is a conceptual diagram illustrating a shock-absorbing function when

separators according to embodiment 1 which is one of the embodiments of the present

invention and the semiconductor wafers 8 are stacked alternately.
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The shock-absorbing function piece 5 of embodiment 1 has a leading edge
higher than the height of the annular convex portion. That is, the leading edge of the
shock-absorbing function piece 5 protrudes from the wafer support surface formed on the
annular convex portion. Therefore, when the semiconductor wafer 8 is housed, the
leading edge of the shock-absorbing function piece 5 initially comes into contact with the
peripheral edge portion of the semiconductor wafer § as illustrated in FIG. 7(D). Then,
the shock-absorbing function piece 5 is elastically deformed by a weight of the
semiconductor wafer 8 as illustrated in FIG. 7(E), so that the leading edge of the
shock-absorbing function piece 5 has a height nearly equal to that of the wafer support
surface. However, when the semiconductor wafer 8 is lifted by receiving an upward
force caused by vibration, impact, or the like, the leading edge of the shock-absorbing
function piece 5 will be in the state of FIG. 7(D) by virtue of its restoring force, and the
contact with the semiconductor wafer 8 is maintained. @ Meanwhile, when the
semiconductor wafer 8 is depressed by virtue of a downward force, the shock-absorbing
function piece 5 is elastically deformed to absorb impact and will be in the state of FIG.
7(E). As a result, the shock-absorbing function piece 5 shows a shock-absorbing
function.

[0032]

The present invention also relates to a housing container of the semiconductor
wafer which includes the main body of a conveyance container of the semiconductor
wafer and the separator described above.

FIG. 8 illustrates the housing container of the semiconductor wafer according to
an embodiment of the invention.

As illustrated in FIG. 8, in a housing container of the semiconductor wafer
according to the invention, for example, the semiconductor wafer 8 is stacked between a
conveyance container of the semiconductor wafer (lid) 14 and a conveyance container of
the semiconductor wafer (main body) 15 along with the separators 16 interposed between
the semiconductor wafer 8 and each conveyance container of the above.

In particular, the separators 16 may be any one of separators of embodiments 1,

10, 11, 12, and 13.
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Examples
[0033]
Next, examples of the invention will be described more in detail. Note that the

invention is not limited to such examples.

Example 1
A separator with the shape shown in embodiment I of FIG. | and having the
following dimension was manufactured by integral molding by using polycarbonate resin

(Panlite L-1225L, produced by Teijin Limited).

Diameter: 300 mm (equal to the diameter of the semiconductor wafer)

Vertical distance “b” between top and bottom wafer support surfaces: 2.43 mm

Width “e” of wafer support surface: 2 mm

Width “f” of flat annular body: 9 mm

Thickness “g” of flat annular body: 1.23 mm

Heights “c” and “d” of annular convex portion: 0.6 mm

Length of bar-shaped shock-absorbing function piece 5: 10 mm

Width “i of bar-shaped shock-absorbing function piece 5: 2 mm

Height “j” of bar-shaped shock-absorbing function piece 5:  2.43 mm

Length “h” of leading edge of shock-absorbing function piece 5 protruding from
annular convex portion: 0.3 mm

Width of L-shape of cutout portion 4 (thickness of “L”): 1.0 mm

Note that the separator of Example 1 has the L-shaped cutout portions 4 and the
bar-shaped shock-absorbing function pieces 5 neighboring to the cutout portions as
illustrated in FIG. I. The shock-absorbing function pieces 5 which extend diagonally
upward or diagonally downward relative to the separator reference plane 9 are arranged
alternately side by side in eight places which are equally spaced.

[0034]
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Experimental Example 1: Vibration Test

Semiconductor wafers with a diameter of 300 mm and a thickness of 0.75 mm
and the separators manufactured in Example 1 were housed in a wafer housing container
with its inner height of 86.5 mm under the following conditions [ to 3. Then, the
housing container was vibrated vertically with using a vibration tester (F-1000AMO8M,
produced by Emic Corporation, in which the vibration applying direction was set to a
vertical direction, the frequency was set to 3 Hz, and the acceleration was set to 1.2 G),
and the evaluation was conducted by listening to the sound with ears.

Note that, for comparison purposes, the aforementioned evaluation was similarly
conducted with using separators (Comparative Example 1) with the same dimension as
that of the separators of Example 1 except that the shock-absorbing function piece and
the cutout portion were not formed.

[Condition 1] The number of wafers was set to 8, and the number of separators was set to
33 (among the used separators, 9 separators were used for contact with the wafer, and the
remaining 24 separators were used to fill gaps).

[Condition 2] The number of wafers was set to 21, and the number of separators was set
to 28 (among the used separators, 22 separators were used for contact with the wafer, and
the remaining 6 separators were used to fill gaps).

[Condition 3] The number of wafers was set to 25, and the number of separators was set
to 27 (among the used separators, 26 separators were used for contact with the wafer, and
the remaining one wafer was used to fill a gap).

O: there was no abnormal sound.

X: there was abnormal sound.

[Table 1]
Condition 1 Condition 2 Condition 3
Employed Separator | Example 1 ggrggggzétlive Exanple 1 ggggggtlwe Example | %gggg{gtlwe
Vibration Test Result O X O X O X

*Note that there was no gap between the uppermost separator housed in the

container and the inner top surface of the conveyance container of the semiconductor
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wafer (the inner top surface of the lid in the conveyance container of the semiconductor
wafer) when the separators of Example 1 were housed in the housing container under
each of the conditions 1 to 3.

On the other hand, there was a gap between the uppermost separator housed in
the container and the inner top surface of the conveyance container of the semiconductor
wafer (the inner top surface of the lid in the conveyance container of the semiconductor
wafer) when the separators of Comparative Example 1 were housed in the housing

container under each of the conditions 1 to 3.

Reference Signs List

[0035]

(S

: separator (embodiment 1)

: flat annular body

: peripheral edge portion

: cutout portion

: shock-absorbing function piece
: annular convex portion

: wafer support surface

: semiconductor wafer

O 0 0 O W NN

: separator reference plane

10: separator (embodiment 10)

L1: separator (embodiment 11)

12: separator (embodiment 12)

13: separator (embodiment 13)

14: conveyance container of a semiconductor wafer (lid)

15: conveyance container of a semiconductor wafer (main body)

16: separator
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What is claimed is:

L. A separator in a conveyance container of a semiconductor wafer that houses
semiconductor wafers by vertically stacking the semiconductor wafers such that each of
the stacked semiconductor wafers does not come into contact with each other, or the
semiconductor wafer does not come into contact with an inner top surface or an inner
bottom surface of the conveyance container of the semiconductor wafer, the separator
being interposed: between two of the semiconductor wafers neighboring vertically;
between the semiconductor wafer and an inner top surface of the container, or between
the semiconductor wafer and an inner bottom surface of the container, wherein:

the separator is a flat annular body;

the separator has an annular convex portion with a wafer support surface coming
into contact with a peripheral line of the semiconductor wafer along a peripheral edge
portion of the flat annular body, the annular convex portion forming cutout portions in a
suitable number of places, and

the separator has shock-absorbing function pieces neighboring to the cutout
portions and extending diagonally upward or diagonally downward from a separator

reference plane,

2. The separator according to claim 1, wherein a part including the annular convex

portion has an approximately T-shaped or an approximately L-shaped cross section.

3. A conveyance container of a semiconductor wafer comprising:
a main body of a conveyance container in a semiconductor wafer; and

the separator according to claim 1 or 2.



