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DESCRIPTION
CERAMIC MEMBER, PROBE HOLDER, AND MANUFACTURING METHOD OF
CERAMIC MEMBER

Field

[0001] The present invention relates to a ceramic member
which is obtained by sintering a material with a
predetermined composition, a probe holder which is formed
using the ceramic member and holds a probe to be applied to
an electrical property test for a semiconductor integrated
circuit or the like, and a manufacturing method of the
ceramic member.
Background

[0002] Conventionally, a probe holder with a thin plate
shape on which multiple minute through holes are formed is
embedded in a micro contactor to be used for a
semiconductor test or a liquid crystal test in order to
insert probes for electrically connecting a circuit
structure of a test object with a circuit structure for
sending a signal for the test. As the probe holder, a
ceramic member with a free machining property (machinable
ceramics) with which machining becomes possible is used
(see Patent Literature 1, for example).
Citation List
Patent Literature

[0003] Patent Literature 1: Japanese Patent No. 3890915
Summary
Technical Problem

[0004] Incidentally, the micro contactor is used under
an environment of a temperature which changes from a normal
temperature to a high temperature as in a burn-in test of a
silicon wafer, for example. Accordingly, in addition to
the free machining property, it has been desired to make a

coefficient of thermal expansion of the probe holder to
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approach that of silicon in order to avoid contact failure
of the probe in the test due to a difference in the
coefficients of thermal expansion of silicon.

[0005] In addition, an increase in the number of probes
in the micro contactor has been required in recent years as
a probe pitch is further narrowed. However, since total
burden on a spring in the probe holder increases as the
number of probes increases, warpage of the holder itself
increases when the holder size is the same. Since the
contact state of the probe of the micro contactor becomes
unstable at a center and an end of the wafer when warpage
increases as described above, the ceramic member has been
required to have higher strength.

[0006] The present invention was made in view of the
above circumstances, an object is to provide a ceramic
member which has a free machining property, a coefficient
of thermal expansion which is close to that of silicon, and
high strength, and a probe holder which is formed using the
ceramic member, and a manufacturing method of the ceramic
member.

Solution to Problem

[0007] To solve the problem described above and achieve
the object, a ceramic member according to the present
invention includes enstatite and boron nitride as
constituents, wherein the ceramic member is a sintered body
in which the boron nitride is oriented in a single
direction.

[0008] Moreover, in the invention described above, the
ceramic member according to the present invention is

characterized in that an index of an orientation degree K =
|10g10 { (T(100)/T(002)) I/ (I(100)/T(002))-L}], which is given based

on a ratio (I(ig0)/I(o0zy)]|| between strength I ooz of x-ray

diffraction along a (002) plane of a crystal of the boron
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nitride and strength I(ip9y 0of x-ray diffraction along a
(100) plane when x-ray irradiation is performed in a

direction which is perpendicular to an orientation

direction of the boron nitride and a ratio (I(i00)/7I002))-L
between strength I (g2 0f x-ray diffraction along the (002)
plane and strength I 100y 0of X-ray diffraction along the
(100) plane when x-ray irradiation is performed in the
orientation direction, is not less than 0.8.

[0009] Moreover, in the invention described above, the
ceramic member according to the present invention is
characterized in that a coefficient of thermal expansion
which is measured based on JIS R 1618 at 20°C to 250°C in a
direction in parallel to a direction in which the boron
nitride is oriented is (3 to 5) x 107%/°C.

[0010] Moreover, in the invention described above, the
ceramic member according to the present invention is
characterized in that three-point bending strength measured
based on JIS R 1601 is not less than 200 MPa.

[0011] Moreover, in the invention described above, the
ceramic member according to the present invention is
characterized in that relative density is not less than 99%.
[0012] Moreover, in the invention described above, the
ceramic member according to the present invention is
characterized in that boron nitrogen has a hexagonal
crystal structure and is in a form of scale-shaped grains.
[0013] Moreover, to solve the problem described above
and achieve the object, a probe holder according to the
present invention includes through holes capable of
allowing probes formed of a conductive material to be
inserted and accommodates the probes, the probe holder
including a base material formed using the ceramic member,

wherein the through holes are formed in the base material
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in a direction which is perpendicular to the orientation
direction of the boron nitride.

[0014] Moreover, to solve the problem described above
and achieve the object, a manufacturing method of a ceramic
member according to the present invention includes: a
mixing step of mixing boron nitride, silicon oxide,
magnesium oxide, and sintering agent; an external force
acting step of making external force directed in a single
direction act on a mixture mixed in the mixing process; and
a sintering step of sintering the mixture.

[0015] Moreover, in the invention described above, the
manufacturing method of a ceramic member according to the
present invention is characterized in that the sintering
agent contains yttrium oxide and aluminum oxide.

[0016] Moreover, in the invention described above, the
manufacturing method of a ceramic member according to the
present invention is characterized in that the external
force acting step and the sintering step are collectively
performed by a hot pressing sintering method.

[0017] Moreover, in the invention described above, the
manufacturing method of a ceramic member according to the
present invention is characterized in that a sintering
temperature in the sintering step is from 1200°C to 1300°C.
[0018] Moreover, in the invention described above, the
manufacturing method of a ceramic member according to the
present invention is characterized in that the sintering
step is performed in a depressurized atmosphere or an inert
atmosphere.

[0019] Moreover, in the invention described above, the
manufacturing method of a ceramic member according to the
present invention is characterized in that the boron
nitride has a hexagonal crystal structure and is in a form

of scale-shaped grains.
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Advantageous Effects of Invention

[0020] According to the present invention, it is
possible to provide a ceramic member which has a free
machining property, a coefficient of thermal expansion
which is close to that of silicon, and high strength by
causing the ceramic member to contain at least enstatite
and boron nitride as constituents and orienting boron
nitride in a single direction, a probe holder which is
formed using the ceramic member, and a manufacturing method
of the ceramic member.

[0021] In addition, according to the manufacturing
method of the ceramic member of the present invention, it
is possible to manufacture a ceramic member which has a
free machining property, substantially the same coefficient
of thermal expansion in a plate surface direction as that
of a material of a silicon wafer as a test object, and high
strength by providing: a mixing process in which boron
nitride, silicon oxide, magnesium oxide, and sintering
agent are mixed; an external force acting process in which
external force directed in a single direction is made to
act on a mixture mixed in the mixing process; and a
sintering process in which the mixture is sintered.

Brief Description of Drawings

[0022] FIG. 1 is a flow chart illustrating an outline of
a manufacturing method of a ceramic member according to an
embodiment of the present invention.

FIG. 2 is a view illustrating an a-axis and a c-axis
of hexagonal boron nitride contained in the ceramic member.
FIG. 3 is a view illustrating a configuration of a

probe holder which is formed using the ceramic member
according to the embodiment of the present invention.
FIG. 4 is a partially enlarged view in which a minute

region of the probe holder illustrated in FIG. 3 is
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enlarged.

FIG. 5 is a cross-sectional view taken along a line A-
A in FIG. 4.

FIG. 6 is a view schematically illustrating a
configuration of main parts of a probe card configured by
using the probe holder according to the embodiment of the
present invention.

FIG. 7 is a view illustrating a detailed configuration
of the probe and a probe holding state of the probe holder.
FIG. 8 is a view illustrating a test piece used in
thermal expansion measurement performed in Example 1 of the

present invention.

FIG. 9 is a view illustrating a relationship between a
coefficient of thermal expansion measured by using the test
piece and a sintering temperature.

FIG. 10 is a view illustrating a relationship between
three-point bending strength measured by using the test
piece and the sintering temperature.

Description of Embodiments

[0023] Hereinafter, a detailed description will be given
of embodiments relating to a ceramic member, a probe holder,
and a manufacturing method of the ceramic member according
to the present invention based on the drawings. In
addition, the embodiments are not intended to limit the
present invention. FIG. 1 is a flow chart illustrating an
outline of a manufacturing method of a ceramic member
according to an embodiment of the present invention. First,
boron nitride (BN), silicon oxide (Si0O;), and magnesium
oxide (MgO) are prepared as raw materials, and a raw
material containing yttrium oxide (Y,03) and aluminum oxide
(Al,03) is weighed as a sintering agent (Step S1).

[0024] Here, magnesium oxide is added in order to obtain

enstatite (MgSiO;) and boron nit#ide (BN) as main component
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phases of the sintered ceramic member by promoting reactive
sintering and generating enstatite (MgSiO;) and adjusting a
coefficient of thermal expansion. In addition, it is
possible to use a composite oxide including a lanthanoid
metal oxide or spinel which has been conventiocnally used,
mixture thereof, and further using a substance obtained by
adding magnesium oxide to the mixture as the sintering
agent.

[0025] Subsequently, mixing and dispersing of the
substances weighed in Step 1 are performed (Step $52).
Specifically, the substance obtained by adding water,
alcohol, or another solvent to the raw materials weighed in
Step S1 is mixed and dispersed by a wet ball mill.
Subsequently, the mixture obtained in Step S2 is dried in
an evaporator, and the solvent is removed (Step S3).
Accordingly, the mixture of boron nitride, silicon oxide,
magnesium oxide, and the sintering agent becomes a flake-
like aggregate. The content of boron nitride in the
mixture is 49.3 wt%, the content of silicon oxide is 24.8
wt%, the content of magnesium oxide is 19.6 wt%, the
content of yttrium oxide is 4.7 wt%, and the content of
aluminum oxide is 1.6 wt%.

[0026] Next, the aggregate of the mixture obtained in
Step S3 is ground (Step S4). In Step S4, a mortar and/or
dry ball mill is used depending on grain size distribution
to be achieved after the grinding. Thereafter, the mixture
is classified by using mesh passing (Step S5), an average
grain size of the aggregate is reduced, and the grain sizes
are uniformized.

[0027] Thereafter, an external force is made to act on
the mixture, of which the average grain size has been
reduced and the grain sizes have been uniformized, in a

predetermined single direction (Step S6), and sintering is
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performed (Step S7). In this embodiment, a hot pressing
sintering method can be applied as a method of sintering
the mixture. The hot pressing sintering method is a method
in which a mixture is placed in a mold frame made of carbon
in a hot pressing apparatus and sintering is performed
thereon while pressurization with a press is performed in a
predetermined single direction. Accordingly, when the
mixture is sintered by the hot pressing sintering method,
the external force acting process in Step S6 and the
sintering process in Step S7 are collectively performed
(Step .HP illustrated in a broken line region in FIG. 1).
[0028] In the manufacturing method of a ceramic member
according to the present invention, a hot pressing
sintering temperature in Step HP is from 1200°C to 1300°C,
and a sintering time is two hours. Since the ceramic
member is sintered at a temperature which is lower than an

ordinary sintering temperature of ceramics, for example,

the ceramic member in Patent Literature 1 (1750°C), bonding
between the mold frame and the ceramic member due to a
reaction with the mold frame, made of carbon, in the
sintering process is suppressed.

[0029] Since boron nitride used in this embodiment has a
hexagonal crystal structure and is in the form of scale-
shaped grains, the surfaces of the scale shapes are aligned
in a direction which is substantially perpendicular to an
external force acting direction by making the external
force directed in one direction act thereon. As a result,
the mixture is oriented in parallel to a direction which is
perpendicular to the external force acting direction,
namely along a plate surface of the sintered body.

[0030] The ceramic member according to this embodiment
is completed by Step S1 to Step S7 described above. The

ceramic member manufactured as”described above contains at
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least enstatite (MgSiOs3) and boron nitride (BN) as
constituents and exhibits a satisfactory electrical
insulating property, and the surface directions of the
scale-shaped boron nitride grains are substantially aligned
such that the boron nitride grains are oriented in one
direction.

[0031] On this occasion, the content of enstatite in the
manufactured ceramic member is 41.4 (wt%) based on a
theoretical calculation value. Here, the theoretical
calculation value was calculated on the assumption that all
silicon oxide used as a raw material was used for
generating enstatite.

[0032] FIG. 2 illustrates an a-axis and a c-axis of the
scale-shaped boron nitride grain. The sintered body
obtained by the sintering preferably has an index of an
orientation degree of not less than 0.8. An index of an
orientation degree K is a value of not less than 0, and
when I.0.P (The Index of Orientation Preference) < 1, the
c-axis of the boron nitride crystals corresponding to a
(002) plane is oriented parallel to a pressurization
direction in the test material, which means that the
surfaces of the scale-shaped boron nitride crystals are
aligned in the plate surface direction of the sintered
ceramic member. On the other hand, when I.0.P > 1, the a-
axis of the boron nitride crystals corresponding to a (100)
plane is oriented parallel to the pressurization direction
in the test material, which means that the surfaces of the
scale-shaped boron nitride grains are aligned in a
direction in parallel to the pressurization direction. 1In
addition, a case where I1.0.P =1 (K = 0) means that the
directions of the boron nitride grains are random in the
test material.

[0033] The index of the orientation degree is an
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absolute value of a common logarithm of the index of
orientation preference, and the index of the orientation

degree K is given by the following equation.

K = IlOgio {(I(um)/I(mn))H/(I(um)/I(mm))lJI

[0034] In this context, Iqgo represents strength of x-
ray diffraction of the boron nitride crystals along the
(100) plane when the test material is irradiated with an x-
ray, and similarly, I g2y represents strength of x-ray
diffraction of the boron nitride crystals along the (002)
surface. (I(100y/T002))|| represents a ratio between the
strength I(190) of the x-ray diffraction of the boron nitride
crystals along the (100) surface and the strength I g of
the x-ray diffraction along the (002) plane when the test
material is irradiated with an x-ray from a direction which

is parallel to the pressurization direction during the

pressurization sintering. (I(100)/I(002y)l represents a ratio
between the strength I(i100) 0of the x-ray diffraction along
the (100) plane and the strength T pp2y of the x-ray
diffraction along the (002) plane when the x-ray
irradiation is performed in a direction which is
perpendicular to the pressurization direction. In addition,
the index of orientation preference (I.O0.P) is given by the
following equation.

I.0.P = (I(i00)/T(002)) I/ (I(r00)7T002))-k

[0035] As for the index of orientation preference,
detailed description was given in Milan Hubacek, et al., J.
Am. Ceram. Soc. 82 [1l] 156-160(1999), “Effect of the
Orientation of Boron Nitride Grains on the Physical
Properties of Hot-Pressed Ceramics.”

[0036] In addition, the coefficient of thermal expansion
of the manufactured ceramic member, which is measured based

on JIS R1618 (a thermal expansion measurement method based
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on a thermo-mechanical analysis for fine ceramics) at 20°
to 250°C in a direction in which boron nitride is oriented,

is preferably within a range of (3 to 5) x 107%/°C. 1In so
doing, the coefficient of thermal expansion of the ceramic

member in the orientation direction of the boron nitride

grains becomes a value that is close to 3.4 x 10°%°/°C which
is a coefficient of thermal expansion of silicon.

[0037] The three-point bending strength of the

manufactured ceramic member, which is measured based on JIS
R 1601 (a room temperature bending strength test method for
fine ceramics), is preferably not less than 200 MPa. 1In so
doing, the strength against warpage increases even when the

ceramic member is formed into a thin plate shape.

[0038] In addition, relative density of the manufactured
ceramic member is preferably not less than 99%. In so

doing, the constituents of the ceramic member become
precise due to the sintering, and the strength against
warpage increases.

[0039] Since the ceramic member according to this
embodiment electrically connects a silicon wafer or another
circuit substrate used as a test object and a wiring
substrate for sending a signal for the test, the ceramic
member can be applied as an insulating base material of the
probe holder for holding a probe formed of a conductive
material. FIG. 3 is a view illustrating a configuration of
the probe holder according to the embodiment. In addition,
FIG. 4 is a partially enlarged view in which a minute
region S of a probe holder 1 illustrated in FIG. 3 is
enlarged, and FIG. 5 is a cross—-sectional view taken along
a line A-A in FIG. 4. 1In addition, the drawings are
schematically illustrated, it should be noted that a

relationship between a thickness and a width of each part,
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a ratio of thicknesses of the parts, and the like may be
different from those in practice in some cases, and it is a
matter of course that parts with different dimensional
relationships and ratios may be included between the
drawings in some cases.

[0040] The probe holder 1 illustrated in FIGS. 3 to 5
has a thin disk shape and corresponds to a part of a probe
card which is a micro contactor to be applied to a full
wafer level test, a wafer level burn-in test, and the like
of a silicon wafer (a configuration of the probe card will
be described later). In the probe holder 1, several
thousands to several tens of thousands of through holes 11
which penetrate through the ceramic member sintered as
described above in the plate thickness direction (the
vertical direction in FIG. 5) are formed. Each of the
through holes 11 has a large diameter portion lla with a
diameter D which is bored in the plate thickness direction
from a surface 1A which faces the wiring side for sending
the signal for the test and a small diameter portion 1llb
with a diameter d (< D) which has the same center axis as
that of the large diameter portion 1lla and a smaller
diameter than that of the large diameter portion lla and is
bored in the plate thickness direction from a surface 1B
which faces the silicon wafer as a test object in the test,
and a probe arranged in accordance with alignment of the
silicon wafer as the test object is accommodated therein.
[0041] Here, the boron nitride grains are oriented
parallel to the plate surface of the probe holder 1 which
is perpendicular to the penetrating direction of the
through holes 11. For this reason, the coefficient of
thermal expansion of the probe holder 1 in the orientation
direction illustrated in FIG. 5 is substantially the same

as the coefficient of thermale~expansion of the silicon
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wafer regardless of the temperature. As a result, the
probe holder 1 can exactly bring the probe into contact
with the silicon wafer regardless of the temperature. In
addition, although the orientation directions of the boron
nitride grains in the probe holder 1 are applicable as long
as the orientation directions are aligned along the plate
surface, it is more preferable that the orientation
directions are parallel to the plate surface as described
above.

[0042] When each of the through holes 11 is formed in
the probe holder 1, a thickness of H is achieved by
enhancing a degree of flatness and a degree of parallelism
of the ceramic member by using a surface grinder, the small
diameter portion 11lb is then formed up to a predetermined
depth Hy from the surface 1B, and the large diameter
portion lla is then formed by performing drill machining up
to a predetermined depth H, from the surface 1A (H = H, +
Hp). In addition, although drill machining using carbide
drills adapted to the respective diameters is performed
when the large diameter portion lla and the small diameter
portion 11lb are formed, a working technique using laser,
etching, punching, an electron beam, an ion beam, or the
like may be applied. It is possible to realize working on
the ceramic member according to this embodiment such that
an aspect ratio of each through hole 11 (for example, a
ratio Hp/d of a hole depth Hy, with respect to the diameter
d in the small diameter portion 1ib) is not less than 15.
[0043] FIG. 6 is a view schematically illustrating a
configuration of main parts of a probe card configured by
using the probe holder 1. A probe card 2 illustrated in
the drawing is provided with the aforementioned probe
holder 1, probes 3 which are accommodated in and held by

the through holes 11 of the pTobe hcolder 1, a space
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transformer 4 which transforms intervals of minute wiring w
in the probe holder 1, an interposer 5 which relays the
wiring w sticking out of the space transformer 4, a wiring
substrate 6 which connects the wiring w relayed by the
interposer 5 to a test apparatus, a male connector 7 which
is provided in the wiring substrate 6 so as to be connected
to a female connector provided on the side of the test
apparatus, and a reinforcing member 8 which reinforces the
wiring substrate 6.

[0044] FIG. 7 is a view illustrating a detailed
configuration of the probe 3 and a probe 3 holding state of
the probe holder 1. In each probe 3, a needle-shaped
member 31 with a tip end which is brought into contact with
an electrode pad 41 provided in the space transformer 4, a
needle-shaped member 32 which projects from the surface 1B
in an opposite direction to the needle-shaped member 31 and
is brought into contact with an electrode pad 91 of a
silicon wafer 9, and a spring member 33 which is provided
between the needle-shaped member 31 and the needle-shaped
member 32 to couple the two needle-shaped members 31 and 32
in a stretchable manner are coaxially coupled. A flange is
formed in the vicinity of the base end portion of the
needle-shaped member 32 so as to prevent dropping by a
stepped portion at a border between the small diameter
portion 1llb and the large diameter portion 1lla of the
through hole 11. A specific alignment pattern of the probe
3 in the probe holder 1 is determined depending on an
arrangement pattern of the electrode pads 91 on the silicon
wafer 9 which is the test object.

[0045] The probe holder 1 can be applied to an
electrical property test under various temperature
conditions. For example, it is possible to apply the probe

holder 1 not only to an eletrical property test under a
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condition that a temperature of the test object is equal to
a temperalure of the ceramic member which is a base
material of the probe holder 1 but also to an electrical
property test under a condition that the temperature of the
test object is higher than the temperature of the ceramic
member.

[0046] According to the manufacturing method of the
ceramic member of the aforementioned embodiment of the
present invention, it is possible to provide a ceramic
member which has a free machining property, a coefficient
of thermal expansion which is close to that of silicon, and
high strength and a probe holder which is formed using the
ceramic member.

[0047] In addition, in the probe holder 1 according to
this embodiment, the orientation direction of the boron
nitride grains are oriented in parallel to the plate
surface, and the probe holder 1 has the coefficient of
thermal expansion which is close to that of silicon which
is a material of the silicon wafer 9 as the test object.
For this reason, the probe holder 1 causes a variation by
thermal expansion at a position at which the probe 3 is
brought into contact to occur after a variation due to
thermal expansion of the silicon wafer 9.

[0048] As a result, even when a plurality of tests are
performed under different temperature environments, the
probe holder 1 according to this embodiment can exactly
bring the probes 3 into contact with the electrode pads 91
on the silicon wafer 9 regardless of temperature. For this
reason, the probe card 2 using the probe holder 1 according
to this embodiment does not require replacement of the
probe holder 1 in accordancce with a temperature range, and
therefore, it is possible to shorten the test time and

reduce the cost required for tthe tests.
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[0049] In addition, the external force acting process
and the sintering process in the manufacturing method of
the ceramic member according to this embodiment are not
limited to the hot pressing sintering method. For example,
a slip casting method may be applied as the external force
acting process. When the slip casting method is applied,
the boron nitride grains settle and are deposited in the
mold due to force of gravity as external force. In so
doing, the boron nitride grains are oriented. When the
aggregate containing the thus oriented boron nitride grains
is sintered, a depressurized sintering method, an inert
atmosphere sintering method, or another conventionally
known sintering method may be applied. In addition,
sintering may be performed using the hot pressing sintering
method after the slip casting method is applied. When the
hot pressing sintering method is used, the orientation
direction of the boron nitride grains generated by the slip
cast method may be perpendicular to the pressurization
direction in the hot pressing sintering method.

[0050] Incidentally, the probe holder which can be
manufactured from the ceramic member according to this
embodiment is not limited to a full wafer type according to
which the probes are collectively brought into contact with
the electrode pads on the silicon wafer and can be applied
as a socket type probe holder and the like. Although the
description was given of a case of using the probe holder
for accommodating pin-type probes, in each of which pins
are coupled with the spring member, in this embodiment, it
is also possible to apply the aforementioned ceramic member
as a probe holder for accommodating another type of probe
(a wire type, a blade type, or the like).

[0051] In addition, the ceramic member according to this

embodiment may be used notr only as the base material of the
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probe holder 1 but also as the base material of the space
transformer 4 used in the probe card 2. 1In so doing, the
probe card 2 can more exactly connect the minute wiring w
between the probe holder 1 and the space transformer 4
regardless of a temperature even when tests are performed
under different temperature environments. For this reason,
reliability of the probe card 2 is enhanced.

Examples

[0052] (Example 1)

Next, a description will be given of examples of the
present invention. In Example 1, a sintered body with a
size of 90 mm long x 90 mm wide x 20 mm thick was sintered
using a raw material lot L1, using 49.3 (wt%) of boron
nitride (BN), 24.8 (wt%) of silicon oxide (Si0;), and 19.6
(wt%) of magnesium oxide (MgO) as raw materials, and using
4.7 (wt%) of yttrium oxide (Y,03) and 1.6 (wt%) of aluminum
oxide (Al;03) as sintering agent by the manufacturing
method described in the above embodiment. For sintering,
the external force acting process and the sintering process
were collectively performed by the hot pressing sintering
method. In performing the hot pressing sintering,
pressurization with a press was performed in a single
direction under a sintering contact pressure of 25 MPa in a
nitrogen atmosphere of 600 mmHg, and the sintering was
performed at a sintering temperature of 1250°C for two
hours. After the sintering, presence of constituents
contained in the sintered ceramic member was analyzed based
on x-ray diffraction.

[0053] FIG. 8 is a view schematically illustrating a
test piece used in measurement in Example 1, and
specifically, FIG. 8 schematically illustrates how to cut
the test piece from a sintered body 101 (illustrated by a

broken line). FIG. 9 is a view illustrating a relationship
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between a coefficient of thermal expansion measured by
using the test piece and a sintering temperature. FIG. 10
is a view illustrating a relationship between the three-
point strength measured by using the test piece and the
sintering temperature. Table 1 is a table illustrating a
raw material lot number of a raw material used in
manufacturing the ceramic member, content of the raw
material and the sintering agent (wt$%), a sintering
temperature (°C), a sintering pressure (MPa), presence of
constituents contained in the sintered ceramic member, a
coefficient of thermal expansion, three-point bending
strength, an index of orientation preference, an index of
an orientation degree, and relative density. Table 2 is a
table illustrating a relationship of a coefficient of

thermal expansion in the orientation direction, which was
measured in a predetermined temperature range from 20°C to

250°C by using the test piece and a coefficient of thermal
expansion in the pressurization direction with a
temperature. In Table 1, the raw material lot number is a
number indicating a difference in the raw material lots
used in sintering the ceramic member.

[0054] Among the two test pieces 102 and 103 illustrated
in FIG. 8, the test piece 102 was manufactured for
measuring thermal expansion in the orientation direction of
the boron nitride grains, and the test piece 103 was
manufactured for measuring thermal expansion in the
pressurization direction (a direction which is
perpendicular to the orientation direction). The thus cut

test piece 102 was used to measure a coefficient of thermal
expansion (x 107%/°C) based on JIS R 1618, and three-point
bending strength based on JIS R 1601 was measured. The

result is illustrated in Table 1 along with a raw material
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lot number of a raw material used in Example 1, content of

the raw material and the sintering agent (wt%), a sintering

temperature (°C), a sintering pressure (MPa), presence of
constituents contained in the sintered ceramic member, an
index of orientation preference, an index of an orientation
degree, and relative density. In Table 1, the raw material
lot number is a number indicating a difference in the raw
material lots used in sintering the ceramic member. In
addition, the measurement result in Example 1 is as points
Ex]l respectively in FIGS. 9 and 10.

[0055]
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Table 1
' Sintering Coef- Index |
Raw Material (wt%) Agent i Constituent fi- of ] ‘
Raw (Wtd) . Sin- clent Ori- Index |
B ter— _ £ Bend- B of Rela-
Ma ing ?er ° in B Ori- tive
te- | 6~ | o ing Ther- g tion
ri- tal " Pres- 2Mg mal Stren | poof_ | SRta- il
i aAl, pera- MgSs e gth N tion sity
al BN Si0, MgO Y505 q — sure . BN | 08 B (MPa) er De- (g
| Lot 3 . (MPa) 103 i0, sion ence s
| (°c) (x10" (I:0. || T5°
6/Oc) P)
Example 1 | L1 49.3 | 24.8 | 18,6 | 4.7 | 1.6 ] 100 | 1,250 25 o o] o 4.7 216 0.15 0.83 88.8
Exagpple 2 | L2 49.3 | 24.8 | 19.6 | 4.7 | 1.6 | 100 | 1,300 25 o) o) o] 3.3 216 0.04 1 .38 98.6
Example 3 | L3 49.3 | 24.8 | 19.6 | 4.7 | 1.6 | 100 | 1,250 25 o o = 3.8 252 0.10 0,99 99.9
Example 4 | L3 49.3 | 24.8 | 19.6 | 4.7 | 1.6 | 100 | 1,250 25 o) o) o] 4.3 249 0.13 0.87 99.6
Example 5 | L4 49.3 | 24.8 | 19.6 | 4.7 | 1.6 | 100 | 1,250 25 o o) - 4,1 234 0.13 0.88 99.6
Example 6 | L3 49,3 | 24.8 | 19.6 | 4.7 1.6 | 100 | 1,230 25 o o] - 4.1 249 g. 12 0.93 99.89
Example 7 | L4 49.3 | 24.8 | 19.6 | 4.7 | 1.6 | 100 | 1,230 25 e] o] - 4.1 246 0.13 020 99.9
Example 8 | L4 49.3 | 24.8 | 19.6 | 4.7 | 1.6 | 100 | 1,270 25 o] o] - 3.9 239 0.12 0.1 9.2
Example 9 | L5 49.3 | 24.8 | 19,6 | 4,7 | 1,6 | 100 | 1,270 25 o] o] o) 4.5 275 0. 13 .87 99.8
Exaﬁjple | 15 | 49.3 | 24.8 | 19.6 | 4.7 [ 1.6 | 100 | 1,300 | 25 o | o] o 4.3 265 0.12 | 0.93 | 99.9
Compar- |
ative L6 | 49.3 | 24.8 | 19.6 | 4.7 | 1.6 | 100 | 1,100 25 o} o] o 5.1 138 0.0 1,36 83.3
Example 1
Compar-
ative L6 49.3 | 24.8 | 19.6 | 4.7 | 1.6 | 100 | 1,250 10 o o] o] 4.4 153 0.19 D72 BG .2
Example 2
Compar-
ative L7 49.3 | 18.% | 25.5 | 4.7 1.6 | 100 | 1,250 25 o o “ 5.5 240 D.10 1.8 99.9
Example 3
Compar- |
ative i L1 49.3 | 24.8 | 19.6 | 4.7 1.6 | 100 | 1,150 25 o o) 5) 4.8 149 0.07 | 1.14 99.6
Example 4 ! |
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[0056] As illustrated in Table 1, the ceramic member in
Example 1 (raw material lot: L]1) contained enstatite
(MgSiO3), boron nitride (BN), and forsterite (2Mg0-Si0O;) as
constituents, the coefficient of thermal expansion in the
orientation direction at 150°C was 4.7 x 107%/°C, and the
three-point bending strength was 216 MPa.

[0057] In addition, the coefficient of thermal expansion
(x 107%/°C) in the orientation direction and the coefficient
of thermal expansion (x 107%/°C) in the pressurization
direction were measured in a predetermined temperature
range from 20°C to 250°C for the two kinds of test pieces
102 and 103 cut from the ceramic member in Example 1.

Table 2 is a diagram illustrating the measurement results

of each temperature range.

[0058]
Table 2
Coefficient of Thermal Expansion
" (x 107%/°C)
Temperature (°C) Orientation Pressurization
Direction Direction
20 to 100 4.6 6.2
to 150 4.7 6.3
to 200 4.9 6.4
to 250 5.0 6.6
[0059] It can be understood from Table 2 that the

coefficient of thermal expansion in the orientation
direction in the ceramic member was about (4.6 to 5.0) x
107%/°C in all of the temperature range from 20°C to 250°C
and achieved a value which is close to the coefficient of
thermal expansion (3.4 x 107%/°C) of silicon. On the other
hand, the coefficient of thermal expansion in the
pressurization direction was about (6.2 to 6.6) x L0™8 foc.

As a result, it became apparent that anisotropy relating to
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the coefficient of thermal expansion appeared in the
ceramic member according to Example 1.

[0060] In order to further clearly confirm the
aforementioned orientation of the boron nitride grains,
measurement of x-ray diffraction was performed using the
sintered ceramic member in Example 1, and the index of
orientation preference (I.0.P) and the index of the
orientation degree of boron nitride were obtained from the
measurement result. Values of the index of orientation
preference (I.O0.P) and the index of the orientation degree
of boron nitride are illustrated in Table 1.

[0061] As illustrated in Table 1, it can be understood
that the c-axis of the boron nitride crystal is oriented
parallel to the pressurization in the test material and the
surface of the scale-shaped boron nitride crystal is
oriented along the plate surface direction of the sintered
ceramic member since the index of orientation preference of
the sintered ceramic member satisfies I.0.P = 0.15 < 1.
[0062] In addition, the relative density (bulk density)
of the sintered ceramic member was measured at 99.9%, and
the sintered ceramic member was found out to be a precise
sintered body.

[0063] On the other hand, a ceramic member with a plate
thickness of 2.70 mm was formed from the sintered body in
Example 1, and 500 through holes were formed in the ceramic
member in a matrix shape by drill machining using a carbide
drill in order to confirm machinability of the ceramic

member. Here, it was possible to set a diameter of each
through hole to 160 pm (an aspect ratio is 2.70/0.160 =
16.9) and set a hole pitch p (see FIG. 5) to 200 um. As a

result, it was possible to achieve *5 pm as pitch precision.

In this sense, it was confirmed that the ceramic member
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manufactured in Example 1 had satisfactory machinability.

[0064] (Example 2)
A sintered body with a size of 90 mm long x 90 mm wide

x 5 mm thick was sintered using a raw material lot L2 by

the method in Example 1 while the sintering temperature was

changed to 1300°C. After the sintering, the presence of
constituents contained in the sintered ceramic member was
analyzed based on x-ray diffraction in the same manner as
in Example 1. The result is illustrated in Table 1 along
with content of the raw material used in Example 1 and the
sintering agent (wt%), a sintering temperature (°C), a
sintering pressure (MPa), and presence of constituents
contained in the sintered ceramic member.

[0065] Then, a test piece corresponding to the test

piece 102 in Example 1 was cut from the sintered ceramic

member, and the coefficient of thermal expansion (x107%/°C)
based on JIS R 1618 and the three-point bending strength
based on JIS R 1601 were measured. In addition,
measurement of x-ray diffraction was performed using the
sintered ceramic member in Example 2, and the index of
orientation preference (I.0.P) and the index of the
orientation degree of boron nitride were obtained from the
measurement result. Values of the coefficient of thermal
expansion, the three-point bending strength, and the index
of orientation preference (I.0.P) and the index of the
orientation degree of boron nitride are illustrated
together in Table 1. In addition, a value of relative
density (bulk density) measured for the sintered ceramic
member 1is illustrated in Table 1. Furthermore, a
relationship between the measured coefficient of thermal
expansion and the sintering temperature and a relationship

between the measured three-point bending strength and the
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sintering temperature are illustrated as a point Ex2
respectively in FIGS. 9 and 10.

[0066] As illustrated in Table 1, the ceramic member in
Example 2 contained at least boron nitride and enstatite as

constituents, the coefficient of thermal expansion in the

orientation direction at 150°C was 3.3 x 107°/°C, and the
three-point bending strength was 216 MPa. In addition, the
index of orientation preference satisfied I.O0.P = 0.04, the
index of the orientation degree was 1.38, the relative
density was 99.6%, and it was found out that the boron
nitride crystals were oriented along the plate surface of
the ceramic member and that the ceramic member was a
precise sintered body.

[0067] Through holes were worked in the ceramic member
in the same manner as in Example 1 in order to confirm
machinability of the sintered ceramic member. As a result,
it was confirmed that the ceramic member manufactured in
Example 2 had substantially the same machinability as that
of the ceramic member manufactured in Example 1.

[0068] (Example 3)

The same analysis as that in Example 2 was performed
on a sintered ceramic member and a cut test piece in the
same manner as in Example 2 other than that a raw material
lot L3 was used and the sintering temperature was changed
to 1250°C, and the measurement result is illustrated in
Table 1 along with the content of the raw materials and the
like. 1In addition, a relationship between the measured
coefficient of thermal expansion and the sintering
temperature and a relationship between the measured three-
point bending strength and the sintering temperature are
illustrated as a point Ex3 respectively in FIGS. 9 and 10.
[0069] As illustrated in Table 1, the ceramic member in

Example 3 contained boron nitride and enstatite as
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constituents, the coefficient of thermal expansion in the

direction which is parallel to the orientation direction

was 3.8 x 107°/°C, and the three-point bending strength was
252 MPa. In addition, the index of orientation preference
satisfied I.0.P = 0.10, the index of the orientation degree
was 0.99, the relative density was 99.9%, and it was found
out that the boron nitride crystals were oriented along the
plate surface of the ceramic member and that the ceramic
member was a precise sintered body.
[0070] Through holes were formed in the same manner as
in Example 2 in order to confirm machinability of the
ceramic member. As a result, it was confirmed that the
ceramic member manufactured in Example 3 had substantially
the same machinability as that of the ceramic member
manufactured in Example 1.
[0071] (Example 4)

The same analysis as that in Example 2 was performed
on a sintered ceramic member and a cut test piece in the
same manner as in Example 2 other than that the raw

material lot L3 was used and the sintering temperature was

changed to 1250°C, and the measurement result is
illustrated in Table 1 along with the content of the raw
materials and the like. In addition, a relationship
between the measured coefficient of thermal expansion and
the sintering temperature and a relationship between the
measured three-point bending strength and the sintering
temperature are illustrated as a point Ex4 respectively in
FIGS. 92 and 10.

[0072] As illustrated in Table 1, the ceramic member in
Example 4 contained at least boron nitride and enstatite as
constituents, the coefficient of thermal expansion in the

direction which is parallel to the orientation direction
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was 4.3 x 107%/°C, and the three-point bending strength was
249 MPa. In addition, the index of orientation preference
satisfied I.0.P = 0.13, the index of the orientation degree
was 0.87, the relative density was 99.6%, and it was found
out that the boron nitride crystals were oriented along the
plate surface of the ceramic member and that the ceramic
member was a precise sintered body.
f0073] Through holes were formed in the same manner as
in Example 2 in order to confirm machinability of the
ceramic member. As a result, it was confirmed that the
ceramic member manufactured in Example 4 had substantially
the same machinability as that of the ceramic member
manufactured in Example 1.
[0074] (Example 5)

The same analysis as that in Example 2 was performed
on a sintered ceramic member and a cut test piece in the
same manner as in Example 2 other than that a raw material

lot L4 was used and the sintering temperature was changed

to 1250°C, and the measurement result is illustrated in
Table 1 along with the content of the raw materials and the
like. In addition, a relationship between the measured
coefficient of thermal expansion and the sintering
temperature and a relationship between the measured three-
point bending strength and the sintering temperature are
illustrated as a point Ex5 respectively in FIGS. 9 and 10.
[0075] As i1llustrated in Table 1, the ceramic member in

5 contained boron nitride and enstatite as

Example
constituents, the coefficient of thermal expansion in the

direction which is parallel to the orientation direction
was 4.1 x 107%/°C, and the three-point bending strength was
234 MPa. In addition, the index of orientation preference

satisfied I.0.P = 0.13, the index of the orientation degree
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was 0.88, the relative density was 99.6%, and it was found
out that the boron nitride crystals were oriented along the
plate surface of the ceramic member and that the ceramic
member was a precise sintered body.
[0076] Through holes were formed in the same manner as
in Example 2 in order to confirm machinability of the
ceramic member. As a result, it was confirmed that the
ceramic member manufactured in Example 5 had substantially
the same machinability as that of the ceramic member
manufactured in Example 1.
[0077] (Example 6)

The same analysis as that in Example 2 was performed
on a sintered ceramic member and a cut test piece in the
same manner as in Example 2 other than that the raw

material lot L3 was used and the sintering temperature was

changed to 1230°C, and the measurement result is
illustrated in Table 1 along with the content of the raw
materials and the like. 1In addition, a relationship
between the measured coefficient of thermal expansion and
the sintering temperature and a relationship between the
measured three-point bending strength and the sintering
temperature are illustrated as a point Ex6 respectively in
FIGS. 9 and 10.

[0078] As illustrated in Table 1, the ceramic member in
Example 6 contained boron nitride and enstatite as
constituents, the coefficient of thermal expansion in the
direction which is parallel to the orientation direction
was 4.1 x 107%/°C, and the three-point bending strength was
249 MPa. In addition, the index of orientation preference
satisfied I.0.P = 0.12, the index of the orientation degree
was 0.93, the relative density was 99.9%, and it was found
out that the boron nitride crystals were oriented along the

plate surface of the ceramic member and that the ceramic
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member was a precise sintered body.

[0079] Through holes were formed in the same manner as
in Example 2 in order to confirm machinability of the
ceramic member. As a result, it was confirmed that the
ceramic member manufactured in Example 6 had substantially
the same machinability as that of the ceramic member
manufactured in Example 1.

[0080] (Example 7)

The same analysis as that in Example 2 was performed
on a sintered ceramic member and a cut test piece in the
same manner as in Example 2 other than that the raw
material lot L4 was used and the sintering temperature was
changed to 1230°C, and the measurement result is
illustrated in Table 1 along with the content of the raw
materials and the like. 1In addition, a relationship
between the measured coefficient of thermal expansion and
the sintering temperature and a relationship between the
measured three-point bending strength and the sintering
temperature are illustrated as a point Ex7 respectively in
FIGS. 9 and 10.

[0081] As illustrated in Table 1, the ceramic member in
Example 7 contained boron nitride and enstatite as
constituents, the coefficient of thermal expansion in the
direction which is parallel to the orientation direction
was 4.1 x 107%/°C, and the three-point bending strength was
246 MPa. In addition, the index of orientation preference
satisfied I.0.P = 0.13, the index of the orientation degree
was 0.90, the relative density was 99.9%, and it was found
out that the boron nitride crystals were oriented along the
plate surface of the ceramic member and that the ceramic
member was a precise sintered body.

[0082] Through holes were formed in the same manner as

in Example 2 in order to confirm machinability of the
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ceramic member. As a result, it was confirmed that the
ceramic member manufactured in Example 7 had substantially
the same machinability as that of the ceramic member
manufactured in Example 1.

[0083] (Example 8)

The same analysis as that in Example 2 was performed
on a sintered ceramic member and a cut test piece in the
same manner as in Example 2 other than that a raw material
lot L4 was used and the sintering temperature was changed
to 1270°C, and the measurement result is illustrated in
Table 1 along with the content of the raw materials and the
like. In addition, a relationship between the measured
coefficient of thermal expansion and the sintering
temperature and a relationship between the measured three-
point bending strength and the sintering temperature are
illustrated as a point Ex8 respectively in FIGS. 9 and 10.
[0084] As illustrated in Table 1, the ceramic member in
Example 8 contained boron nitride and enstatite as
constituents, the coefficient of thermal expansion in the
direction which is parallel to the orientation direction
was 3.9 x 107°/°C, and the three-point bending strength was
239 MPa. In addition, the index of orientation preference
satisfied I.0.P = 0.12, the index of the orientation degree
was 0.91, the relative density was 99.2%, and it was found
out that the boreon nitride crystals were oriented along the
plate surface of the ceramic member and that the ceramic
member was a precise sintered body.

[0085] Through holes were formed in the same manner as
in Example 2 in order to confirm machinability of the
ceramic member. As a result, it was confirmed that the
ceramic member manufactured in Example 8 had substantially
the same machinability as that ol the ceramic member

manufactured in Example 1.
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[0086] (Example 9)

The same analysis as that in Example 2 was performed
on a sintered ceramic member and a cut test piece in the
same manner as in Example 2 other than that a raw material

lot L5 was used and the sintering temperature was changed

to 1270°C, and the measurement result is illustrated in
Table 1 along with the content of the raw materials and the
like. 1In addition, a relationship between the measured
coefficient of thermal expansion and the sintering
temperature and a relationship between the measured three-
point bending strength and the sintering temperature are
illustrated as a point Ex9 respectively in FIGS. 9 and 10.
[0087] As illustrated in Table 1, the ceramic member in
Example 9 contained at least boron nitride and enstatite as
constituents, the coefficient of thermal expansion in the

direction which is parallel to the orientation direction

was 4.5 x 107%/°C, and the three-point bending strength was
275 MPa. In addition, the index of orientation preference
satisfied 1.0.P = 0.13, the index of the orientation degree
was 0.87, the relative density was 99.8%, and it was found
out that the boron nitride crystals were oriented along the
plate surface of the ceramic member and that the ceramic
member was a precise sintered body.
[0088] Through holes were formed in the same manner as
in Example 2 in order to confirm machinability of the
ceramic member. As a result, it was confirmed that the
ceramic member manufactured in Example 9 had substantially
the same machinability as that of the ceramic member
manufactured in Example 1.
[0089] (Example 10)

The same analysis as that in Example 2 was performed
on a sintered ceramic member and a cut test piece in the

same manner as in Example 2 other than that the raw
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changed to 1300°C, and the measurement result is
illustrated in Table 1 along with the content of the raw
materials and the like. 1In addition, a relationship
between the measured coefficient of thermal expansion and
the sintering temperature and a relationship between the
measured three-point bending strength and the sintering
temperature are illustrated as a point Ex10 respectively in
FIGS. 9 and 10.
[0090] As illustrated in Table 1, the ceramic member in
Example 10 contained at least boron nitride and enstatite
as constituents, the coefficient of thermal expansion in
the direction which is parallel to the orientation
direction was 4.3 x 107%/°C, and the three-point bending
strength was 265 MPa. In addition, the index of
orientation preference satisfied I.0.P = 0.12, the index of
the orientation degree was 0.93, the relative density was
99.9%, and it was found out that the boron nitride crystals
were oriented along the plate surface of the ceramic member
and that the ceramic member was a precise sintered body.
[0091] Through holes were formed in the same manner as
in Example 2 in order to confirm machinability of the
ceramic member. As a result, it was confirmed that the
ceramic member manufactured in Example 10 had substantially
the same machinability as that of the ceramic member
manufactured in Example 1.
[0092] (Comparative Examples 1 to 4)

Next, for the purpose of comparison, ceramic members
in Comparative Examples 1 to 4 were sintered while rates of

the raw materials and the sintering agent (wt%), the
sintering temperature (°C), and the sintering pressure

(MPa) were changed, and presence of contained constituents,
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a coefficient of thermal expansion (x 107%/°C), three-point
bending strength, an index of orientation preference, an
index of an orientation degree, and relative density (bulk
density) were measured for each of the sintered ceramic
members and the cut test pieces in the same manner as in
Examples 1 to 10. The measurement result is illustrated in
Table 1 along with the content of raw materials used in
Comparative Examples 1 to 4 (wt%), the content of sintering
agent (wt%), the sintering temperature (°C), and the
sintering pressure (MPa). In addition, a relationship
between the measured coefficient of thermal expansion and
the sintering temperature and a relationship between the
measured three-point bending strength and the sintering
temperature are illustrated as each of points Cel to Ced
respectively in FIGS. 9 and 10.

[0093] As illustrated in Table 1, the ceramic members in
Comparative Examples 1 to 4 contained at least boron
nitride and enstatite. BAmong the ceramic members in
Comparative Examples 1 to 4, however, a coefficient of
thermal expansion was outside a range of (3 to 5) x o i
while three-point bending strength was outside a range from
200 MPa to 300 MPa (Comparative Example 1), a coefficient

of thermal expansion was outside the range of (3 to 5) x

107%/°C (Comparative Example 3), or three-point bending
strength was outside the range from 200 MPa to 300 MPa
(Comparative Examples 2 and 4).

Industrial Applicability

[0094] As described above, the ceramic member according
to the present invention is preferable as a material of a
probe holder into which probes for electrically connecting
a circuit structure of a test object and a circuit

structure for sending a signal for the test are inserted in
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a micro contactor used in a semiconductor test and a liquid
crystal test, and the manufacturing method according to the
present invention is preferable for manufacturing the
ceramic member for the probe holder.
Reference Signs List
[0095] 1 probe holder
1A, 1B surface
2 probe card
probe
space transformer
interposer
wiring substrate

male connector

Qo J o o w

reinforcing member

9 silicon wafer

11 through hole

1la large diameter portion
11b small diameter portion
31, 32 needle-shaped member
33 spring member

41, 91 electrode pad

101 sintered body

102, 103 test piece

S minute region

W wiring
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CLAIMS

1. A ceramic member comprising enstatite and boron
nitride as constituents,

wherein the ceramic member is a sintered body (101) in
which the boron nitride is oriented in a single direction,

wherein an index of an orientation degree K = |logig
{ (I(100)/To02)) I/ (T(200y/I002)) L}, which is given based on a
ratio (X(i00)/I(002y) || between strength I(po) Of x-ray
diffraction along a (002) plane of a crystal of the boron
nitride and strength I o0y of x-ray diffraction along a
(100) plane when x-ray irradiation is performed in a
direction which is perpendicular to an orientation
direction of the boron nitride and a ratio (I(ig0y/T(o0oz))-L
between sﬁrength T(002) Oof x-ray diffraction along the (002)
plane and strength I 100y of x-ray diffraction along the
(100) plane when x—réy irradiation is performed in the
orientation direction, is not less than 0.8,

a coefficient of thermal expansion which is measured
based on JIS R 1618 at 20°C to 250°C in a direction in
parallel to a direction in which the boron nitride is
oriented is (3 to 5) x 10°¢/°C, and

three-point bending strength measured based on JIS R

1601 is not less than 200 MPa.

2, The ceramic member according to claim 1,

wherein relative density is not less than 99%.

3. The ceramic member according to claim 1 or 2,
wherein boron nitrogen has a hexagonal crystal

structure and is in a form of scale-shaped grains.
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4. A probe holder (1) which includes through holes (11)
capable of allowing probes (3) formed of a conductive
material to be inserted and accommodates the probes (3),
the probe holder (1) comprising:

a base material formed using the ceramic member
according to any one of claims 1 to 3,

wherein the through holes (11) are formed in the base
material in a direction which is perpendicular to the

orientation direction of the boron nitride.

5 A manufacturing method of the ceramic member according
to any one of claims 1 to 4 comprising:

a mixing step of mixing boron nitride, silicon oxide,
magnesium oxide, and sintering agent;

an external force acting step of acting external force
in a predetermined direction on a mixture mixed in the
mixing process such that the mixture is oriented in
parallel to a direction which is perpendicular to the
predetermined direction; and

a sintering step of sintering the mixture at a

sintering temperature from 1200°C to 1300°C.

6. The manufacturing method of a ceramic member according

to claim 5,

wherein the sintering agent contains yttrium oxide and

aluminum oxide.

7 The manufacturing method of a ceramic member according
te claim 5 or 6,
wherein the external force acting step and the

sintering step are collectively performed by a hot pressing




sintering method.

8. The manufacturing method of a ceramic member according
to any one of claims 5 to 7,
wherein the sintering step is performed in a

depressurized atmosphere or an inert atmosphere.

9. The manufacturing method of a ceramic member accoxrding
to any one of claims 5 to 8,
wherein the boron nitride has a hexagonal crystal

structure and is in a form of scale-shaped grains.




