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Title of Invention
GRID, METHOD OF MANUFACTURING THE SAME, AND ION BEAM
PROCESSING APPARATUS

Technical Field
[0001]

The present invention relates to a grid plate, a
method of manufacturing the same, and an ion beam
processing apparatus.

Background Art

[0002]

lon beam processing such as etching and ion
implantation has widely been practiced in manufactu ring
processes of electronic components and the like. A n ion
beam processing apparatus used in this processing i s often
equipped with a thin plate (hereinafter referred to as a
grid) including multiple holes used for extracting ions
from plasma. This ion beam processing apparatus pe rforms
processing by irradiating a processing object with ions,
which are originated from the plasma and transforme d into
beams as a consequence of passage through the holes in the
grid.

[0003]

Patent Document 1 describes a particle beam etchin g
apparatus that includes grids. The particle beam e tching
apparatus uses the grids in a mesh form, each of wh ich is
formed either from layered films of carbon and sili con or
from carbon fibers.

[0004]

Patent Document 2 describes a grid that uses a
carbon-carbon composite as its material. The carbo n-carbon
composite in Patent Document 2 has a structure in w hich

some filaments of carbon fibers are bundled into st rands



that are then arranged in a woven fabric form and e

into a carbon matrix (a base material) provided wit
As arrangement examples of the car

multiple holes.
fibers in the woven fabric form, Patent
discloses the following examples in which:

Document
the carb

fibers are arranged parallel to three axes offset b

from one another (Fig. 7 of Patent Document 2);

the

fibers are snaked so as to skirt the holes (Fig. 8
Patent Document 2); and the carbon fibers are arran

lattice fashion (Fig. 9 of Patent Document 2).

Citation List
Pat ent Docunents
[0005]

Patent Document 1: Japanese Patent Application Lai

Open No. Hei 4-180621

Patent Document 2: US Patent No. 5,548,953

Summary of | nvention

[0006]

The grid described in Patent Document 1 is formed

from layered films of carbon and silicon or from ca

fibers, and does not include a base material.

For

reason, the grid is low in rigidity and has a risk

insufficient strength when the grid is increased in

accommodate an increase in diameter of an ion beam

[0007]

2

The grid described in Patent Document 2 employs th
carbon-carbon composite as its material. According
grid has high rigidity and has no risk of insuffici
strength when the grid is increased in size to acco
an increase in diameter of an ion beam source. How

the holes are formed in the grid described in Paten

Document 2 in such a way as to skirt the carbon fib
the woven fabric form which are arranged in the car

matrix. For this reason, it is difficult to positi
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holes appropriately during the processing thereof a
manufacture the grid stably.
[0008]

On the other hand, if no holes are formed in such
way as to skirt the carbon fibers in the woven fabr
which are arranged in the carbon matrix unlike Pate
Document 2, then it is necessary to form such holes
carbon-carbon composite. The inventors of this app
have found out that there is a risk of causing prob
shown below in this case.

[0009]

Note that carbon fibers that are knitted regularly
longitudinal and lateral directions into a woven fa
form will be referred to as a "crossed member” in t
specification.  The carbon-carbon composite using t
crossed member is manufactured by impregnating the
member with a carbon-containing raw material for th
such as a thermosetting resin, and then heating and
carbonizing the crossed member. As a consequence,
carbon-carbon composite using the crossed member in
the carbon fibers which expand in two directions
perpendicular to each other, namely, in the longitu
direction and the lateral direction.

[0010]

Fig. 4 and Fig. 5 are conceptual diagrams showing
positional relations between a carbon fiber and a h
the hole is formed in the carbon-carbon composite u
crossed member. Fig. 4 is the conceptual diagram s
the positional relation when a carbon fiber 401 is
at the center of a position of formation of a hole
Fig. 5 is the conceptual diagram showing the positi
relation when the carbon fiber 401 is located near
portion of the position of formation of the hole 20
Regarding the carbon-carbon composite using the cro
member mentioned above, any of the positional relat
Fig. 4 and Fig. 5 is likely to come into being as a
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of forming the holes without conducting specific

positioning with respect to the arrangement of the
fibers.
[0011]

When drilling work is performed by using a drill i

the case of Fig. 4, a drill bit acts in a circumfer
direction of the hole 202 (a direction indicated wi
arrow A or an arrow A' in Fig. 4). In other words,
acting direction of the drill bit is perpendicular
fiber direction of the carbon fiber 401. The stren
the carbon fiber 401 in the direction perpendicular
fiber direction is smaller than the strengths in ot
directions. Accordingly, the carbon fiber 401 is c
relatively easily in this case.

[0012]

In the case of Fig. 5, the drill bit acts in the
circumferential direction of the hole 202 (a direct
indicated with an arrow B in Fig. 5). In other wor
acting direction of the drill bit is parallel to th
direction of the carbon fiber 401. The strength of
carbon fiber 401 in the direction parallel to the f
direction is larger than the strengths in other dir
Accordingly, the carbon fiber 401 is not easily cut
this case. The carbon fibers 401 are knitted later
longitudinally in the carbon-carbon composite using
crossed member. When the carbon-carbon composite u
crossed member is circularly pierced with the drill
rotary motion, the acting direction of the drill bi
coincides with any of the directions parallel to th
in the longitudinal direction and the lateral direc
every 90°. Accordingly, the positional relation as
in Fig. 5 may hold frequently in the course of proc
the carbon-carbon composite using the crossed membe
[0013]

Fig. 6 is an enlarged top plan view of a grid 200

after the holes 202 are formed therein. In the cas
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5, the carbon fibers 401 may be left over without b
off during the piercing. In this case, jutting por
601 of the carbon fibers may be formed on wall surf
the holes as shown in Fig. 6. Furthermore, like a
portion 602 in Fig. 6, the jutting carbon fiber may
along the wall surface of the hole 202 due to a cau
as the drill bit in rotary motion dragging the carb

It is difficult to remove the jutting carbon fiber

state.

[0014]

Here, another possible solution is to align the fi
direction of the carbon fibers 401 with a thickness
direction of the carbon-carbon composite as shown i
In this case, the drill bit acts in the direction
perpendicular to the fiber direction at the time of
piercing, so that the carbon fibers 401 can be cut
relatively easily. Accordingly, the jutting of the
fibers from the wall surfaces of the holes 202 is |
likely to occur in this case. Nevertheless, the ef
rigidity enhancement by use of the carbon-carbon co
will be reduced since the carbon fibers are not ori
a horizontal direction. It is therefore undesirabl
align the fiber direction of the carbon fibers with
thickness direction.

[0015]

As a consequence, while the grid is being
manufactured by use of the rigid carbon-carbon comp
its material, the jutting portions 601 of the carbo
may be formed on the wall surfaces of the holes as
Fig. 6 at the time of processing the holes.

[0016]

The present invention has been made in view of the
aforementioned technical problems. An object of th
present invention is to provide a grid, which is ea
process and is less likely to cause formation of ju
portions of carbon fibers on wall surfaces of holes
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time of processing the holes.
[0017]

An aspect of the present invention provides a plat
shaped grid provided with a hole. The grid is form
carbon-carbon composite including carbon fibers arr
random directions along a planar direction of the g
the hole is formed in the grid so as to cut off the
fibers.

[0018]

According to the present invention, it is possible
provide a grid which is easy to process and is less
to cause formation of jutting portions of carbon fi
wall surfaces of holes at the time of processing th

Brief Description of Draw ngs
[0019]

Fig. 1 is a structural drawing of an ion beam etch
apparatus which uses a grid according to an embodim
the present invention.

Fig. 2 is a structural drawing of the grid accordi
to the embodiment of the present invention.

Fig. 3 is a flowchart showing a method of

manufacturing a grid using a carbon-carbon composit

Fig. 4 is a conceptual diagram showing a positiona

relation when a carbon fiber is located at the cent
position of formation of a hole.

Fig. 5 is a conceptual diagram showing a positiona

relation when the carbon fiber is located near an e
portion of the position of formation of the hole.

Fig. 6 is an enlarged top plan view of the grid af
forming holes therein.

Fig. 7 is a diagram showing a state in which a fib
direction of carbon fibers is aligned with a thickn
direction of a carbon-carbon composite.

Fig. 8A is a diagram showing a difference in fiber

direction between a crossed member and a chopped me
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Fig. 8B is a diagram showing a difference in fiber
direction between the crossed member and the choppe

Fig. 9 is an enlarged diagram showing fiber
directions of the crossed member.

Fig. 10A is a conceptual diagram showing a case of
forming holes in the grid while using the crossed m
and the chopped member.

Fig. 10B is a conceptual diagram showing the case
forming the holes in the grid while using the cross
member and the chopped member.

Fig. 11A is a first micrograph of a portion near t
holes in the grid which employs the carbon-carbon ¢

Fig. 11B is a first micrograph of a portion near t
hole in the grid which employs the carbon-carbon co

Fig. 11C is a first micrograph of a portion near t
holes in the grid which employs the carbon-carbon ¢

Fig. 11D is a first micrograph of a portion near t
hole in the grid which employs the carbon-carbon co

Fig. 12A is a second micrograph of a portion near
holes in the grid which employs the carbon-carbon ¢

Fig. 12B is a second micrograph of a portion near
holes in the grid which employs the carbon-carbon ¢

Description of Enbodi nents
[0020]

An embodiment of the present invention will be
described below with reference to the drawings. It
be noted, however, that the present invention is no
limited only to this embodiment. In the drawings t
described below, constituents having the same funct
will be denoted by the same reference numerals and
explanations thereof will be omitted as appropriate
[0021]
(Embodiment)

As an example of an ion beam processing apparatus,
Fig. 1 shows a structural drawing of an ion beam et
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apparatus which uses a grid according to an embodim
the present invention. An ion beam etching apparat
includes a plasma generation chamber 102 for genera
plasma, and a processing chamber 101 in which etchi
processing takes place. As a plasma generating uni
generating the plasma, a bell jar (a discharge vess

a gas introduction unit 105, an antenna 106, and a

shield 118 are installed in the plasma generation c

102. The bell jar 104 is part of a chamber externa

which defines a discharge space of the plasma gener
chamber 102 and keeps the inside vacuum. The gas
introduction unit 105 is a portion, into which a pr

gas such as argon (Ar) necessary for generation of
plasma is to be introduced. The gas introduction u

is connected to a not-illustrated gas cylinder and

The antenna 106 is an electric power applying unit

from conductive wiring and the like, which is used
generating the plasma inside the bell jar 104. The

shield 118 is a lattice-shaped electrode made of a

and installed on an inner wall surface of the bell

The Faraday shield 118 has a function to homogenize
frequency electric field which is radiated from the

[0022]

A discharge power supply 112 which supplies high
frequency power (source power) to the antenna 106,
matching unit 107 provided between the discharge po
supply 112 and the antenna 106, and an electromagne
108 which generates a magnetic field inside the bel
104 are provided outside the bell jar 104. A proce
gas introduced from the gas introduction unit 105 i
ionized by supplying the high frequency power from
discharge power supply 112 to the antenna 106 throu
matching unit 107, and the plasma is thus formed in
plasma generation chamber 102.

[0023]
The processing chamber 101 includes a neutralizer
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which neutralizes ion beams, a substrate holder 110
is a holding unit for holding a substrate 111 being
processing object,
evacuates the inside of the plasma generation chamb
and the processing chamber 101 and keeps the inside
The substrate holder 110
fixtures such as a clamp chuck. Meanwhile, the sub
holder 110 may also be provided with a drive mechan

as a rotation-revolution mechanism for projecting t
incident ion beam onto the substrate at a given pos

a given angle.

[0024]

A grid assembly 109 provided with holes to extract

ions is installed at a boundary that separates the
generation chamber 102 from the processing chamber
The grid assembly 109 includes one or more grids 20
plasma generated in the plasma generation chamber 1
passed through the holes in each grid 200 and extra

the processing chamber 101, and is then projected o
substrate 111. A voltage is applied from a not-ill

voltage supply to each grid 200 for the purpose of
acceleration and the like.

[0025]

An operation of ion beam projection by using the i
beam etching apparatus 100 will be described. Firs
processing gas containing an inert gas such as argo
is introduced from the gas introduction unit 105 in
plasma generation chamber 102. Next, the processin
inside the plasma generation chamber 102 is ionized
applying the high frequency power from the discharg
supply 112 to the antenna 106, and the plasma inclu
ions is thus generated. The ions included in the p
generated in the plasma generation chamber
accelerated by the voltage applied to each grid 200
the ions are passed through the holes provided in t
assembly 109. In this way, ion beams are extracted

102

and an evacuating pump 103 which

includes various substrate
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10

the plasma generation chamber 102 to the processing
101. After the extraction into the processing cham

the ion beams are neutralized by the neutralizer 11
neutralized beams are projected onto the substrate

the etching processing takes place on a surface of
substrate.

[0026]

When the grid assembly 109 has a structure in whic
the multiple grids 200 are stacked on one another a
in Fig. 1, the grids 200 are preferably arranged su
the positions of the holes overlap one another when
in a direction perpendicular to a plane of the grid
assembly 109. By arranging the holes as described
it is possible to extract the ion beams perpendicul
and evenly from the grid assembly 109.

[0027]

Note that in this embodiment, the ion beam etching
apparatus is depicted as an example of the apparatu
applies the present invention. However, the presen
invention is also applicable to other apparatuses.
present invention is also applicable broadly to ion

processing apparatuses such as an ion implantation

apparatus and an ion beam sputtering apparatus, whi
configured to generate accelerated particles by ext
ions from plasma.
processing apparatuses, the present invention may b
employed in an application which uses a plate membe
includes multiple holes and requires strength.
[0028]

Fig. 2 is a structural drawing of the grid accordi
to the embodiment of the present invention. The gr
includes multiple holes 202 formed in a grid plate
The grid plate 201 is a disc-shaped member made of
carbon-carbon composite as its material. In this
embodiment, the grid plate 201 is formed into a cir
shape. However, this shape can be changed as appro
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11

in accordance with the shape of an ion source to wh
grid 200 is applied. Each hole 202 is a circular h
formed in the grid plate 201. Note that the shape
hole 202 is not limited to the circular shape, but
shape other than the circular shape such as a polyg
shape and an oval shape.
[0029]

As described above, the grid assembly 109
installed inside the ion beam processing apparatus
like. Along with an increase in size of semiconduc
substrates in these years, the ion beam processing
apparatuses are growing in size and the grid assemb
is also required to be increased in size. The grid
assembly 109 may be installed horizontally or obliq
inside the ion beam processing apparatus. In this
the grids 200 constituting the grid assembly 109 ma
warped by their own weights, and gaps between the h
in the respective grids 200 may vary. If the gaps
the holes 202 in the respective grids 200 vary, the
difficult to extract the ion beams perpendicularly
evenly. This embodiment uses the carbon-carbon com
which is high in strength and light in weight, and
therefore less likely to cause such a problem. Mor
the carbon-carbon composite has a low linear therma
expansion coefficient, and is therefore less likely
cause displacements of the holes 202 attributed to
expansion. Furthermore, since the carbon-carbon co
mainly uses carbon as its raw material, contaminati
unlikely to be problematic in the course of manufac
electronic components and the like by using the ion
processing apparatus. From the viewpoints mentione
it is preferable to employ the carbon-carbon compos
the material of the grid plates 201.
[0030]

Fig. 3 is a flowchart showing a method of

manufacturing the grid using the carbon-carbon comp
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12

In step S301, the grid plate 201 to serve as the ma

of the grid 200 is prepared. A carbon-carbon compo
plate processed into a given thickness and a given
accordance with the design of the ion beam etching
apparatus 100 is used for the grid plate 201. Whil
details will be described later, the carbon-carbon
composite used in this step includes carbon fibers

form of a chopped member.

[0031]

In step S302, the multiple holes 202 are formed in
the grid plate 201. Performances of the ion beam e
apparatus 100 including an etching rate, straightne
the beam, and the like vary depending on the arrang
the holes 202, hole sizes, and the like. According
the course of processing the grid 200 for the ion b
processing apparatus, the numerous holes 202 are re
to be formed stably at a predetermined pitch and wi
predetermined dimensions. In view of these require
in order to form the holes stably and at low cost,
preferable to form the holes by using a device prov
with a processing tool such as a drill and an end m
which performs cutting by rotary motion. The follo
description will be given on the assumption that th
202 are to be formed by using the drill.

[0032]

Next, the carbon-carbon composite to be employed a
the material of the grid plate 201 will be describe
carbon-carbon composite is a composite material in
carbon fibers that are reinforcing members are arra
inside a carbon matrix (a base material) which is a
supporting member. Mechanical strength such as rig
can be improved by combining the multiple materials
Particularly, the strength in the fiber direction o
carbon fiber is further improved.

[0033]
As described above, examples of the carbon fibers
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13

used for manufacturing the carbon-carbon composite
the crossed member and the chopped member. The cro
member is prepared by knitting bundles of carbon fi
regularly in the longitudinal and lateral direction
woven fabric form. The carbon-carbon composite usi
crossed member is manufactured by impregnating the
member with the carbon-containing raw material for
matrix such as a thermosetting resin, and then heat
carbonizing the crossed member. As a consequence,
carbon-carbon composite using the crossed member co
the carbon fibers that expand in two directions
perpendicular to each other, namely, in the longitu
direction and the lateral direction.
[0034]

On the other hand, the chopped member (also referr
to as chopped carbon fibers) is a material containi
fibers prepared by chopping carbon fibers in filame
predetermined lengths (cutting the carbon fibers in
pieces). The carbon-carbon composite using the cho
member is manufactured by impregnating the chopped
processed into a mat-like shape with a resin, and t
subjecting the chopped member to a thermal treatmen
this time, the fibers of the chopped member are not
in a certain direction, but are oriented in random
directions in terms of a two-dimensional direction
planar direction) or random directions in terms of
dimensional direction. As a consequence, the carbo
composite using the chopped member contains the car
fibers in the random directions in terms of the pla
direction or the three-dimensional direction. Here
expression "random directions” means a state in whi
carbon fibers are in a disorganized state as a whol
without having a certain order such as a periodic s
and symmetry. For example, a state in which there
region where the carbon fibers are partially aligne
parallel but there is not the certain order of the
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directions of the carbon fibers as a whole, is also
to be included in the state of containing the carbo
in the "random directions".

[0035]

In this embodiment, the carbon-carbon composite us
the chopped member is employed as the material of t
200 instead of that using the afore-mentioned cross
member. Reasons why the use of the chopped member
preferable will be described below while comparing
case with the case of using the crossed member.

[0036]

As described previously, when the carbon-carbon
composite using the crossed member is employed as t
material of each grid 200 for the ion beam etching
apparatus 100, the carbon fibers may jut out from t
after the processing. If this grid 200 is applied
ion beam etching apparatus 100, abnormal
originating from jutting portions 601 and 602 of th
fibers may occur at the time of operating the ion b
etching apparatus 100. A possible option to solve
problem is to remove the carbon fibers jutting out
holes after the processing of the grid 200. For ex
reprocessing by use of the drill, removal by aging
processing, or the like is presumable. However, su
removal processing is costly. Accordingly, itis d
to employ the carbon-carbon composite using the cro
member as the material of each grid 200 for the ion
etching apparatus 100.

[0037]

discharge

Fig. 8A is a diagram showing a relation between a
hole formed in the carbon-carbon composite using th
crossed member and arrangement of the carbon fibers
8B is a diagram showing a relation between a hole f
the carbon-carbon composite using the chopped membe
arrangement of the carbon fibers. Note that these
depict as if there are the carbon fibers only at po
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below the holes for the purpose of omission. In re
however, the carbon fibers are arranged likewise en
around the holes. In the carbon-carbon composite u
crossed member as shown in Fig. 8A, the directions
carbon fibers 401 are aligned in a vertical directi
horizontal direction in Fig. 8A. As a consequence,
is a portion on the circumference of the hole 202,

a hole lower end 202a, where the carbon fibers 401
easily cut off. For this reason, this case may cau
first problem of jutting the carbon fibers out from
wall surfaces of the holes 202.

[0038]

On the other hand, in the carbon-carbon composite
using the chopped member, the directions of the car
fibers 401 are random and not aligned in a certain

direction as shown in Fig. 8B. For this reason, th
not any certain portion on the circumference of the
202 which is not easily cut off. Accordingly, by e

the carbon-carbon composite using the chopped membe

carbon fibers are inhibited from jutting out from t
surfaces of the holes unlike the case of processing

carbon-carbon composite using the crossed member

mentioned above.
[0039]

Next, a second problem in the case where the grid

provided with the holes by using the crossed member
8A is employed in the ion beam processing apparatus
described by using Fig. 9, Fig. 10A, and Fig. 10B.

is an enlarged diagram showing fiber directions of

crossed member. Fig. 10A is a conceptual diagram s

the case of forming the holes in the grid while usi

crossed member. Fig. 10B is a conceptual diagram s

the case of forming the holes in the grid while usi
chopped member.
[0040]

In the carbon-carbon composite using the crossed
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member as shown in Fig. 8A, the directions of the ¢
fibers 401 are aligned in the vertical direction an
horizontal direction in Fig. 8A. As shown in Fig.
crossed member has a structure in which bundles 401
carbon fibers in the vertical direction each at a
prescribed width W and bundles 401b of the carbon f
the horizontal direction each at the prescribed wid
woven together. Accordingly, when a left hole 202b
right hole 202c are formed in the grid plate 201 an
width smaller than the width W, a portion where the
401a of the carbon fibers in the vertical direction
bundle 401b of the carbon fibers in the horizontal
direction are woven together may not be present bet
left hole 202b and the right hole 202c as shown in
At such a position, part of the carbon fibers 401 m
off in a lump, thereby creating a level difference
this case, as shown in Fig. 10A, the level differen
may occur on part of a surface at a portion of the
plate 201 between the left hole 202b and the right
202c, which may cause the second problem of changes
shape of the holes 202 attributed to the level diff
402.
[0041]

The second problem will be described. At an outer
peripheral portion other than a right side from the
of the left hole 202b and a left side from the cent
the right hole 202c in Fig. 10A, the bundles 401b o
carbon fibers in the horizontal direction on a firs
remain on the surface and no level difference occur
therein. On the other hand, the bundle 401b of the
fibers in the horizontal direction on the first lay
located near the space between the right side from
center of the left hole 202b and the left side from
center of the right hole 202c in Fig. 10A is cut in
bundles 401c and 401d of the carbon fibers due to f
of the holes. The bundle 401d of the carbon fibers

arbon
d the
9, the
a of the

ibers in

th W are
and a
d at a
bundle

and the

ween the
Fig. 9.

ay come
402. In

ce 402

grid

hole

in

erence

center
er of
f the
t layer
S
carbon
er
the
the
to
ormation
in the



17

horizontal direction on the first layer, which is i
by being cut off by the left hole 202b and the righ
202c, comes off in a lump. Hence, the bundle 401a
carbon fibers in the vertical direction on a second
emerges on the surface. In this way, the level dif
402 comes into being between a right portion of the
circumference of the left hole 202b and a left port
the circumference of the right hole 202c. The leve
difference 402 chips off portions near the right si
the center of the left hole 202b and the left side
center of the right hole 202c, and shapes of the ho
changed, thereby causing the above-mentioned second
[0042]

In the ion beam processing apparatus, if the shape
of the holes 202 in the grids are changed, the shap
the ion beams are distorted. The distortion in sha
the ion beams adversely affects scatter angles of t
beams, thereby causing a problem of deterioration i
processing accuracy (such as a shape of an etched s
in the case of the ion beam etching apparatus, and
thickness distribution of a deposited substance to
deposited on the substrate in the case of an ion be
deposition apparatus).
[0043]

On the other hand, as shown in Fig. 8B, in the

carbon-carbon composite using the chopped member,
directions of the carbon fibers 401 are random and
aligned in a certain direction. Accordingly, as sh
Fig. 10B, it is less likely that part of the carbon
401 comes off in a lump at the time of processing t
202. As a consequence, the problem of changes in s
the holes 202, which is attributed to the partial ¢
off of the circumferences of the holes 202, is less
to occur.
[0044]
Next, a third problem in the case where the grid
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provided with the holes by using the crossed member
8A is employed in the ion beam processing apparatus
described.

[0045]

When the ion beam processing is performed by using

the ion beam processing apparatus, the processing o
scatters from the substrate and adheres to the grid
the case of the grid using the crossed member in Fi
the grid may cause a third problem that the process
object having adhered to the grid comes off the gri
adheres to the substrate. On the other hand, when
using the chopped member in Fig. 8B is employed in
beam processing apparatus, it is possible to solve
third problem that the processing object having adh
the grid comes off the grid and adheres to the subs
[0046]

A reason why the processing object having adhered
the grid does not come off the grid when the grid u
chopped member in Fig. 8B is employed in the ion be
processing apparatus, will be described on the basi
technical consideration.
[0047]

In the case of the grid using the crossed member i
Fig. 8A, the directions of the carbon fibers 401 ar
aligned in the vertical direction and the horizonta
direction in Fig. 8A. Accordingly, an indented pat
be formed on the surface of the grid has regularity
surface is flat at the same time. The surface ther
has a small force to retain the adhering object. F
reason, when the grid using the crossed member in F
is employed in the ion beam processing apparatus, t
processing object having adhered to the grid may co
the grid and adhere to the substrate. Hence, this
cannot solve the third problem.
[0048]

On the other hand, in the case of the chopped memb
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in Fig. 8B, an indented pattern to be formed on the

of the grid has an irregular shape, and terminal en
the carbon fibers are partially exposed. The surfa
therefore has a large force to retain the adhering

For this reason, when the grid using the chopped me
Fig. 8B is employed in the ion beam processing appa
the processing object having adhered to the grid
retained by the carbon fibers. Hence, this grid ca

the third problem.

[0049]

(Prototype Example 1)

Fig. 11A to Fig. 11D show first micrographs of

portions near the holes in the grids which employ t
carbon-carbon composites. Fig. 11A is the microgra
the holes in the carbon-carbon composite using the
member. Fig. 11B is an enlarged view of one of the
shown in Fig. 11A. The presence of the first probl
formation of multiple fibrous jutting portions from

wall surface of the hole can be confirmed particula
reference to Fig. 11B.

[0050]

On the other hand, Fig. 11C is the micrograph of t
holes in the carbon-carbon composite using the chop
member. Fig. 11D is an enlarged view of one of the
shown in Fig. 11C. The absence of fibrous jutting

like those observed in Fig. 11B can be confirmed

particularly with reference to Fig. 11D. Thus, it
confirmed that the jutting of the carbon fibers out

the wall surfaces of the holes can be suppressed by

employing the carbon-carbon composite using the cho
member as the material of the grid plate.

[0051]

(Prototype Example 2)

Fig. 12A and Fig. 12B show second micrographs of

portions near the holes in the grids which employ t
carbon-carbon composites. Fig. 12A is the microgra
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the holes in the carbon-carbon composite using the
member. With reference to Fig. 12A, the carbon fib

the first layer between the right side from the cen

the hole on the left side and the left side from th

of the hole on the right side are cut off by the fo

of the holes, and the carbon fibers thereon come of
lump. As a consequence, at this position, the carb
fibers on the second layer emerge on the surface (a
portion at a central part which looks white in the
micrograph in Fig. 12A). Thus, the presence of the
problem of occurrence of the level difference on th
portion of the circumference of the hole on the lef

and the left portion of the circumference of the ho

the right side can be confirmed.

[0052]

On the other hand, Fig. 12B is the micrograph of t
portion near the holes in the grid employing the ca
carbon composite using the chopped member. With re
to Fig. 12B, it was confirmed that the above-descri
second problem was absent, and that the hole shapes
hole on the left side and the hole on the right sid
not changed (no portion that looks white comes into
in the case of the micrograph in Fig. 12B).

[0053]

According to the embodiment and the prototype

examples described above, the grid for ion beam etc
apparatus employing the rigid carbon-carbon composi
be produced by adopting the chopped member as the m
of the carbon fibers. Since the carbon fibers are
arranged, it is not necessary to conduct positionin
locations to form the holes with respect to the pos

of the carbon fibers. Moreover, since the carbon f
are inhibited from jutting out in the holes, abnorm
discharge that would originate from the jutting por
suppressed at the time of operating the ion beam et
apparatus 100. Accordingly, it is possible to redu
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eliminate the step of removing the jutting carbon f
Due to these reasons, the grid is manufactured easi
at low cost. Thus, it is possible to provide the g
which is high in rigidity and easy to process.
[0054]
(Modified Example)

At least part of the grid 200 of this embodiment m
be coated with a material which is different from c
being the main component of the carbon-carbon compo
For example, it is possible to use a metal, a carbo
coating of vapor grown carbon or glasslike carbon,
insulating body as the coating material. By conduc
coating after the formation of the holes 202, the |
of the carbon fibers can be suppressed more reliabl
[0055]

The grid 200 of this embodiment is applicable not

only to the ion beam etching apparatus shown in Fig
also to ion beam processing apparatuses such as an
film deposition apparatus. Note that a publicly kn
beam film deposition apparatus is used when the gri
this embodiment is employed in the ion beam film de
apparatus.
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CLAI M5

[Claim 1]

A plate-shaped grid provided with a hole, wherein

the grid is formed of a carbon-carbon composite
including carbon fibers arranged in random directio
a planar direction of the grid, and

the hole is formed in the grid so as to cut off th
carbon fibers.

[Claim 2]

The grid according to claim 1, wherein the carbon
fibers included in the carbon-carbon composite are
carbon fibers.

[Claim 3]

The grid according to claim 1, wherein at least a
part of the carbon-carbon composite is coated with
different material from the carbon-carbon composite

[Claim 4]

An ion beam processing apparatus comprising:

a plasma generating unit;

a processing chamber; and

a grid assembly including the grid according to cl
1 and configured to extract ions from plasma genera
the plasma generating unit to the processing chambe

[Claim 5]
A method of manufacturing a grid comprising:
preparing a plate-shaped carbon-carbon composite
including carbon fibers arranged in random directio
a planar direction of the carbon-carbon composite;
forming a hole in the carbon-carbon composite so a
to cut off the carbon fibers by using a processing
configured to perform cutting by rotary motion.
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