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ELEMENT Atom% Atom% Atom%
C 6.8 0 0
N 41.1 411 46.13
0 2.4 2.4 2.69
Al 0.05 0.05 0. 056
Y 0.45 0. 45 0.51
Si 43.6 43.6 48. 93
Au 4.1 0 0
Mg 1.5 1.5 1.68
Er 0 0 0
TOTAL 100 89.1 100
Atom%
% of 0 in Al20;3 0. 084
% of 0 in Y03 0.76
% of O in Mg0 1.68
% of O in Ery0;3 0
TOTAL 2.53
% of 0 in Si07 0.168
Si10s 0.253
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FIG. 3
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FIG. 4
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FIG. 6
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FIG. 8
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FIG. 9
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FIG. 10
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FIG. 11
(a)
I II Il
ELEMENT| Atom% Atom% Atom%
C 5.534877 0 0

N 49.71131| 49.71131| 53.43246

o) 2.251952 | 2.251952 | 2.420522

Al 0.057221| 0.057221| 0.061505

Y 0.958266 | 0.958266 | 1.029997

Si 39.15787 | 39.15787 | 42.08903

Au 1.429326 0 0

Mg 0.197145] 0.197145| 0.211902

Er 0.375399| 0.375399 | 0.403499

F 0.326634 | 0.326634 | 0.351084

TOTAL 100 93.0358 100
(b)

Atomb
% of O in Al03 | 0.086019
% of O in Y203 | 1.440525
% of O in MgO | 0.197573
% of O in ErpO3 | 0.564323
TOTAL 2.28844
% of O in SiO; | 0.132083
SiOy 0.198124
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FIG. 12
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CERAMIC SUBSTRATE, METHOD OF
MANUFACTURING CERAMIC SUBSTRATE,
AND METHOD OF MANUFACTURING
POWER MODULE SUBSTRATE

TECHNICAL FIELD

[0001] The present invention relates to a ceramic substrate,
amethod of manufacturing a ceramic substrate, and a method
of manufacturing a power module substrate.

[0002] Priority is claimed on Japanese Patent Application
No. 2007-288287, filed Nov. 6, 2007, Japanese Patent Appli-
cation No. 2008-072509, filed Mar. 19, 2008, Japanese Patent
Application No. 2008-271036, filed Oct. 21, 2008, and Japa-
nese Patent Application No. 2008-271037, filed Oct. 21,
2008, the content of which is incorporated herein by refer-
ence.

BACKGROUND ART

[0003] For example, in general, a power module having an
electronic part, such as a semiconductor chip, mounted
thereon has a power module substrate including a ceramic
substrate that is made of, for example, AIN (aluminum
nitride) or Al,O; (alumina), Si;N, (silicon nitride), or SiC
(silicon carbide), a circuit layer, which is a metal member
provided on the upper surface of the ceramic substrate, and a
metal layer, which is a metal member provided on the lower
surface of the ceramic substrate. A semiconductor chip,
which is a heating element, is provided on the circuit layer on
the power module substrate, and a cooling heat sink is pro-
vided on the lower surface of the metal layer (see Patent
Document 1).

[0004] Inthe power module, heat generated from the semi-
conductor chip is transferred to cooling water in the heat sink
through the metal layer.

[0005] In the power module, when the ceramic substrate is
made of Si;N, that has mechanical characteristics better than
those of AIN, for example, a bending strength higher than that
of AN, it is possible to reduce the thickness of the ceramic
substrate.

[Patent Document 1] JP-A-2002-9212
DISCLOSURE OF INVENTION
Problems To Be Solved By the Invention

[0006] When the metal member made of Al (aluminum) is
bonded to the ceramic substrate made of Si;N,, a bonding
defect is likely to occur between the ceramic substrate and the
metal member.

[0007] For example, SiO, (silicon dioxide) or silicon com-
posite oxide that is generated when the ceramic substrate is
sintered exists in the surface of the ceramic substrate, and SiO
(silicon monoxide) gas is generated from the silicon dioxide
or the silicon composite oxide. The SiO gas hinders the bond-
ing between the ceramic substrate and the metal member. In
this case, there is a possibility that a sufficient bonding area
between the ceramic substrate and the metal member will not
be ensured. When the bonding defect occurs, the metal mem-
ber is likely to peel off from the ceramic substrate during a
thermal cycle (when heating is periodically repeated).
[0008] The present invention has been made in order to
solve the above-mentioned problems and an object of the
present invention is to provide a ceramic substrate capable of
obtaining a sufficient bonding strength between the ceramic
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substrate including silicon and a metal member and improv-
ing the reliability of bonding during a thermal cycle, a method
of manufacturing the ceramic substrate, and a method of
manufacturing a power module substrate.

Means for Solving the Problem

[0009] According to an aspect of the present invention,
there is provided a ceramic substrate including silicon,
wherein the concentration of a silicon oxide and a silicon
composite oxide in the surface of the ceramic substrate is less
than or equal to 2.7 Atom %.

[0010] The concentration may be measured by an electron
probe microanalyzer.

[0011] The ceramic substrate may be formed by dividing a
ceramic base material including silicon along scribe lines that
are formed in the surface of the ceramic base material.
[0012] According to the present invention, the concentra-
tion of the silicon oxide and the silicon composite oxide in the
surface of the ceramic substrate is less than or equal to 2.7
Atom % and the generation of gas from the silicon oxide and
the silicon composite oxide is prevented. Therefore, it is
possible to obtain a sufficient bonding strength between the
ceramic substrate and metal members. In this way, it is pos-
sible to improve the reliability of bonding during a thermal
cycle.

[0013] The silicon oxide or the silicon composite oxide is
formed in the surface of the ceramic substrate including sili-
con. When a metal member is bonded to the surface of the
ceramic substrate, SiO gas generated from the silicon oxide or
the silicon composite oxide, which hinders the bonding
between the ceramic substrate and the metal member. As a
result, it is difficult to ensure a sufficient contact area therebe-
tween, which results in a bonding defect. When the concen-
tration of the silicon oxide and the silicon composite oxide in
the surface of the ceramic substrate is less than or equal to 2.7
Atom %, the generation of the SiO gas during bonding is
prevented. Inthis way, it is possible to bond the metal member
to the ceramic substrate with sufficient strength. As a result, it
is possible to prevent the metal member from peeling off from
the ceramic substrate.

[0014] According to another aspect of the present inven-
tion, there is provided a method of manufacturing a ceramic
substrate. The method of manufacturing a ceramic substrate
includes, radiating energy light to the surface of a ceramic
base material including silicon to form scribe lines in the
surface of the ceramic base material; and performing a sur-
face treatment on the ceramic base material having the scribe
lines formed therein. The concentration of a silicon oxide and
a silicon composite oxide in the surface of the ceramic base
material having the scribe lines formed therein is less than or
equal to 2.7 Atom %.

[0015] According to still another aspect of the present
invention, there is provided a method of manufacturing a
power module substrate. The method of manufacturing a
power module substrate includes, radiating energy light to the
surface of a ceramic base material including silicon to form
scribe lines in the surface of the ceramic base material, per-
forming a surface treatment on the ceramic base material
having the scribe lines formed therein, dividing the ceramic
base material along the scribe lines to form a ceramic sub-
strate, and bonding metal members to the ceramic substrate.
The concentration of a silicon oxide and a silicon composite
oxide in the surface of the ceramic base material having the
scribe lines formed therein is less than or equal to 2.7 Atom %.
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[0016] In the method of manufacturing the ceramic sub-
strate and the method of manufacturing the power module
substrate according to the above-mentioned aspects of the
present invention, the concentration may be measured by an
electron probe microanalyzer.

[0017] According to the present invention, the silicon oxide
or the silicon composite oxide adhered to the surface of the
ceramic substrate is removed by a surface treatment, when the
scribe lines are formed. Therefore, it is possible to obtain
sufficient bonding strength between the ceramic substrate and
the metal member.

[0018] When the energy light is radiated to form the scribe
lines, fumes of the silicon oxide or the silicon composite
oxide are scattered from the ceramic base material and are
adhered to the surface of the ceramic base material. There-
fore, it is possible to remove the fumes from the surface of the
ceramic base material by performing the surface treatment
after the scribe lines are formed. In this way, when the metal
member is bonded to the ceramic substrate, the generation of
gas from the silicon oxide and the silicon composite oxide is
prevented, and it is possible to bond the metal member to the
ceramic substrate with sufficient strength. As a result, it is
possible to prevent the metal member from peeling off from
the ceramic substrate.

[0019] According to yet another aspect of the present
invention, there is provided a method of manufacturing a
ceramic substrate. The method of manufacturing a ceramic
substrate includes radiating energy light with an energy that is
greater than or equal to a second harmonic wave of a YAG
laser to the surface of a ceramic base material including
silicon to form scribe lines in the surface of the ceramic base
material. The concentration of a silicon oxide and a silicon
composite oxide in the surface of the ceramic base material
having the scribe lines formed therein is less than or equal to
2.7 Atom %.

[0020] According to still yet another aspect of the present
invention, there is provided a method of manufacturing a
power module substrate. The method of manufacturing a
power module substrate includes, radiating energy light with
an energy that is greater than or equal to a second harmonic
wave of a YAG laser to the surface of a ceramic base material
including silicon, thereby forming scribe lines in the surface
of'the ceramic base material, dividing the ceramic base mate-
rial along the scribe lines to form a ceramic substrate; and
bonding metal members to the ceramic substrate. The con-
centration of a silicon oxide and a silicon composite oxide in
the surface of the ceramic base material having the scribe
lines formed therein is less than or equal to 2.7 Atom %.
[0021] In the method of manufacturing the ceramic sub-
strate and the method of manufacturing the power module
substrate according to the above-mentioned aspects of the
present invention, the concentration may be measured by an
electron probe microanalyzer.

[0022] According to the present invention, energy light
with an energy that is greater than or equal to the second
harmonic wave of the YAG laser is radiated to the surface of
the ceramic base material to form the scribe lines in the
surface of the ceramic base material. When the energy light
with an energy that is greater than or equal to the second
harmonic wave of the YAG laser is used, the influence of heat
is reduced. Therefore, it is possible to prevent the generation
of fumes when the scribe lines are formed. Even when the
surface treatment step is omitted or simplified, itis possible to
maintain the concentration of the silicon oxide and the silicon
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composite oxide in the surface of the ceramic base material to
be less than or equal to 2.7 Atom %. In this way, when the
metal member is bonded to the ceramic substrate, the genera-
tion of gas from the silicon oxide and the silicon composite
oxide is prevented, and it is possible to bond the metal mem-
ber to the ceramic substrate with sufficient strength. As a
result, it is possible to prevent the metal member from peeling
off from the ceramic substrate.

[0023] In the method of manufacturing the power module
substrate according to the above-mentioned aspect of the
present invention, the metal members may be made of alumi-
num. The metal members may be brazed to the ceramic sub-
strate.

[0024] According to the present invention, when the metal
member is bonded to the ceramic substrate, it is possible to
prevent the generation of alumina and SiO gas. In this way, it
is possible to bond the metal member to the ceramic substrate
with sufficient strength.

[0025] During the bonding of the metal member to the
ceramic substrate, when there is a silicon oxide or a silicon
composite oxide in the surface of the ceramic substrate, SiO
gas as well as alumina. Alumina is an aluminum oxide, and is
generated at the interface between the metal member and the
ceramic substrate and around the interface. Therefore, it is
possible to prevent the generation of silicon monoxide gas
when the metal member is bonded by removing the silicon
oxide or the silicon composite oxide formed in the surface of
the ceramic substrate using the surface treatment.

[0026] According to yet still another aspect of the present
invention, there is provided a method of manufacturing a
ceramic substrate. The method of manufacturing a ceramic
substrate includes, sintering a ceramic base material includ-
ing silicon; and performing a surface treatment on the ceramic
base material. The concentration of a silicon oxide and a
silicon composite oxide in the surface of the ceramic base
material subjected to the surface treatment is less than or
equal to 2.7 Atom %.

[0027] According to still yet another aspect of the present
invention, there is provided a method of manufacturing a
power module substrate. The method of manufacturing a
power module substrate includes, sintering a ceramic base
material including silicon, performing a surface treatment on
the ceramic base material; and bonding metal members to a
ceramic substrate that is obtained from the ceramic base
material subjected to the surface treatment. The concentration
ofa silicon oxide and a silicon composite oxide in the surface
of the ceramic base material subjected to the surface treat-
ment is less than or equal to 2.7 Atom %.

[0028] In the method of manufacturing the ceramic sub-
strate and the method of manufacturing the power module
substrate according to the above-mentioned aspects of the
present invention, the concentration may be measured by an
electron probe microanalyzer.

[0029] According to the present invention, after the
ceramic base material including Si is sintered, the surface
treatment is performed on the ceramic base material to reduce
the concentration of the silicon oxide and the silicon compos-
ite oxide in the surface of the ceramic base material to 2.7
Atom % or less. In this way, when the metal member is
bonded to the ceramic substrate, the generation of gas from
the silicon oxide and the silicon composite oxide is prevented,
and it is possible to bond the metal member to the ceramic
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substrate with sufficient strength. As a result, it is possible to
prevent the metal member from peeling off from the ceramic
substrate.

[0030] In the method of manufacturing the ceramic sub-
strate and the method of manufacturing the power module
substrate according to the above-mentioned aspects of the
present invention, the surface treatment may include dry etch-
ing using gas including fluoride ions. In addition, the gas may
include at least one of a carbon fluoride and a nitrogen fluo-
ride.

[0031] According to the present invention, after the
ceramic base material is sintered, dry etching using gas
including fluoride ions is performed as the surface treatment
on the ceramic base material having the surface to which the
silicon oxide and the silicon composite oxide are adhered,
thereby reducing the concentration of the silicon oxide and
the silicon composite oxide in the surface of the ceramic base
material to 2.7 Atom % or less. That is, in the surface treat-
ment step including dry etching, the silicon oxide and the
silicon composite oxide in the surface of the ceramic base
material react with fluoride ions to be changed into, for
example, volatile SiF, (silicon tetrafluoride) gas and are then
removed from the surface. In this way, when the metal mem-
ber is bonded to the ceramic substrate, the generation of gas
from the silicon oxide and the silicon composite oxide is
prevented and it is possible to bond the metal member to the
ceramic substrate with sufficient strength.

[0032] Since the fluoride ions included in a dry etching gas
are changed into a volatile SiF, gas by the above-mentioned
reaction, the fluoride ions do not remain as fluoride on the
surface of the ceramic base material. In the dry etching, the
circulation of reaction is less than when wet etching is per-
formed on the ceramic base material. Therefore, it is possible
to prevent the fluoride ions from reacting with an excessive
amount of sintering agent and remaining as fluoride. In this
way, when the metal member is bonded to the ceramic sub-
strate, bonding defects do not occur due to the fluoride and it
is possible to bond the metal member to the ceramic substrate
with sufficient strength.

[0033] In the method of manufacturing the ceramic sub-
strate and the method of manufacturing the power module
substrate according to the above-mentioned aspects of the
present invention, the surface treatment may include wet
etching using an acid solution including fluoride ions.

[0034] According to the present invention, after the
ceramic base material is sintered, wet etching using an acid
solution including fluoride ions is performed as the surface
treatment on the ceramic base material having the surface to
which the silicon oxide and the silicon composite oxide are
adhered. Thereby, the concentration of the silicon oxide and
the silicon composite oxide in the surface of the ceramic base
material is reduced to 2.7 Atom % or less. In this way, when
the metal member is bonded to the ceramic substrate, the
generation of gas from the silicon oxide and the silicon com-
posite oxide is prevented and it is possible to bond the metal
member to the ceramic substrate with sufficient strength.
[0035] In the method of manufacturing the power module
substrate according to the above-mentioned aspect of the
present invention, the metal members may be made of alumi-
num. The metal members may be brazed to the ceramic sub-
strate.

[0036] According to the present invention, when the metal
member is bonded to the ceramic substrate, it is possible to

Oct. 14,2010

prevent the generation of alumina and SiO gas. In this way, it
is possible to bond the metal member to the ceramic substrate
with sufficient strength.

[0037] During the bonding of the metal member to the
ceramic substrate, when there is a silicon oxide or a silicon
composite oxide in the surface of the ceramic substrate, SiO
gas as well as alumina, which is an aluminum oxide, is gen-
erated at the interface between the metal member and the
ceramic substrate and around the interface. Therefore, it is
possible to prevent the generation of silicon monoxide gas by
removing the silicon oxide or the silicon composite oxide
formed in the surface of the ceramic substrate using the sur-
face treatment, when the metal member is bonded to the
ceramic substrate.

[0038] After dry etching, there is no fluoride in the surface
of the ceramic substrate. Therefore, the generation of AlF,
(aluminum fluoride) in the surface is prevented, and the bond-
ing strength between the ceramic substrate and the metal
member is not reduced due to AlF;. Therefore, sufficient
bonding strength between the ceramic substrate and the metal
member is ensured.

Operation of the Invention

[0039] According to the ceramic substrate, the method of
manufacturing the ceramic substrate, and the method of
manufacturing the power module substrate of the present
invention, when the metal member is bonded to the ceramic
substrate including silicon, the generation of SiO gas is pre-
vented, and sufficient bonding strength between the ceramic
substrate and the metal member is ensured. Therefore, it is
possible to improve the reliability of the bonding between the
ceramic substrate and the metal member during a thermal
cycle. As a result, it is possible to prevent the metal member
from peeling off from the ceramic substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040] FIG. 1 is a cross-sectional view illustrating a power
module substrate manufactured by a method of manufactur-
ing a power module substrate according to a first embodiment
of the present invention.

[0041] FIG. 2is atable illustrating the quantitative analysis
result obtained by an EPMA in the first embodiment of the
present invention.

[0042] FIG. 3 is a process diagram illustrating the method
of manufacturing the power module substrate according to
the first embodiment of the present invention.

[0043] FIG. 4 is a cross-sectional view illustrating a power
module including the power module substrate shown in FI1G.
1 in the first embodiment of the present invention.

[0044] FIG. 5 is a table illustrating the result of Example 1
in the first embodiment of the present invention.

[0045] FIG. 6 is a table illustrating the result of Example 2
in the first embodiment of the present invention.

[0046] FIG. 7 is a cross-sectional view illustrating a power
module substrate according to a second embodiment of the
present invention.

[0047] FIG. 8 is a flowchart illustrating a method of manu-
facturing the power module substrate according to the second
embodiment of the present invention.

[0048] FIG. 9 is a cross-sectional view illustrating a power
module including the power module substrate shown in FI1G.
7 in the second embodiment of the present invention.
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[0049] FIG.101is a process diagram illustrating a method of
manufacturing a power module substrate according to a third
embodiment of the present invention.

[0050] FIG. 11 is a table illustrating the quantitative analy-
sis result obtained by an EPMA in a fourth embodiment of the
present invention.

[0051] FIG.12isaflowchartillustrating a method of manu-
facturing the power module substrate according to the fourth
embodiment of the present invention.

[0052] FIG.13isaprocess diagram illustrating a method of
manufacturing a power module substrate according to a fifth
embodiment of the present invention.

REFERENCE NUMBER
[0053] 1: POWER MODULE SUBSTRATE
[0054] 11, 41: CERAMIC SUBSTRATE
[0055] 11a: CURVED SHOULDER PORTION
[0056] 12: METAL LAYER (METAL MEMBER)
[0057] 13: CIRCUIT LAYER (METAL MEMBER)
[0058] 14,15: BRAZING LAYER
[0059] 16: ELECTRONIC PART
[0060] 17,34: SOLDER LAYER

[0061] 20: CERAMIC BASE MATERIAL
[0062] 21: SCRIBE LINE

[0063] 22: FUME

[0064] 30: POWER MODULE

[0065] 31: COOLER

[0066] 32: HEAT SINK

[0067] 33: SCREW

[0068] 101, 151: POWER MODULE SUBSTRATE
[0069] 130: POWER MODULE
[0070] F: ETCHANT
[0071] G: GAS
[0072] L:LASER LIGHT
[0073] P: DRY ETCHING APPARATUS
BEST MODE FOR CARRYING OUT THE
INVENTION
[0074] Hereinafter, a ceramic substrate, a method of manu-

facturing a ceramic substrate, and a method of manufacturing
a power module substrate according to exemplary embodi-
ments of the present invention will be described with refer-
ence to the accompanying drawings. In the drawings, the
scale of each member is appropriately adjusted in order to
have a recognizable size.

First Embodiment

[0075] A first embodiment of the present invention will be
described with reference to FIGS. 1 to 6.

[0076] As shown in FIG. 1, a power module substrate 1
according to this embodiment includes a ceramic substrate
11, a metal layer (metal member) 12 that is provided on the
lower surface of the ceramic substrate 11, and a plurality of
circuit layers (metal members) 13 that is provided on the
upper surface (one surface) of the ceramic substrate 11.
[0077] The ceramic substrate 11 is made of Si;N,, (silicon
nitride) and has a plate shape. A curved shoulder portion 11a
that is formed in a curved-line shape by a scribe line 21, which
will be described below, is formed at the edge of the upper
surface of the ceramic substrate 11. The concentration of a
silicon oxide and a silicon composite oxide in the upper and
lower surfaces of the ceramic substrate 11 is measured by an
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EPMA (electron probe microanalyzer). As a result, the con-
centration is less than or equal to 2.7 Atom %.

[0078] The surface measurement method using the EPMA
will be described with reference to FIG. 2. The quantitative
analysis result shown in each table of FIG. 2 is just an illus-
trative example for describing the surface measurement
method.

[0079] In this embodiment, JXA-8600 manufactured by
JEOL LTD. is used, and the measurement is performed under
the conditions of an operation pressure of 1.3x10™'* Pa, an
acceleration voltage of 15.0 kV, and a probe current of 5.0x
107® A. An Au film with a thickness of less than 100 nm is
formed on the surface of the ceramic substrate 11 by vapor
deposition.

[0080] First, the surface of the ceramic substrate 11 is quan-
titatively analyzed under the above-mentioned conditions (an
item I of Table (a) in FIG. 2). Then, among the elements
detected by the quantitative analysis, the detection amount of
C (carbon) and Au (gold) is set to O (an item II of Table (a) in
FIG. 2). The detection amount of elements other than C and
Au is converted such that the sum thereof is 100 Atom % (an
item III of Table (a) in FIG. 2).

[0081] Then, assuming that metal elements other than Si
(silicon) exist as the most common oxides (for example,
Al O, (alumina), Y,O; (yttrium oxide), MgO (magnesium
oxide), and Er,O, (erbium oxide)), the atomic weight of O
(oxygen) coupled to the metal elements other than Si is cal-
culated (Table (b) of FIG. 2).

[0082] Then, the difference between the converted atomic
weight of O and the atomic weight of O coupled to the metal
elements other than Si is calculated. It is assumed that the
calculated total amount of O is coupled to Si to form SiO,, and
avalue obtained by multiplying the calculated atomic weight
of O by 1.5 is used as the concentration of SiO, in the surface
of the ceramic substrate 11. For example, in the quantitative
analysis result shown in FIG. 2, SiO, concentration is 0.253
Atom %.

[0083] The surface measurement using the EPMA is per-
formed at any five points on the upper surface of the ceramic
substrate 11. In this embodiment, the surface measurement is
performed at five points, but the present invention is not
limited thereto. For example, the surface measurement may
be performed at ten points or other multiple points.

[0084] The metal layer 12 is made of a metal material
having high thermal conductivity, such as Al (aluminum), and
is bonded to the ceramic substrate 11 by a brazing layer 14.
[0085] The circuit layers 13 are made of a metal material
having high thermal conductivity, such as Al, similar to the
metal layer 12, and are arranged at a predetermined interval to
form a circuit. The circuit layers 13 are bonded to the ceramic
substrate 11 by a brazing layer 15.

[0086] An electronic part 16 is fixed to the upper surface of
the circuit layer 13 by a solder layer 17. For example, a power
device, such as an IGBT (Insulated Gate Bipolar Transistor),
is given as an example of the electronic part 16.

[0087] Next, amethod of manufacturing the power module
substrate 1 will be described with reference to FIG. 3.
[0088] First, the scribe lines 21 are formed in one surface of
a ceramic base material 20 made of Si;N,, (Step (a) of FIG. 3).
In this embodiment, laser light (energy light) L is radiated to
one surface of the ceramic base material 20 to form the linear
scribe lines 21. In this case, fumes 22 scattered from the
ceramic base material 20 by the radiation of the laser light L.
are adhered to regions in which the scribe lines 21 are formed
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and around the regions. The fume 22 is made of a silicon
oxide and a silicon composite oxide since the ceramic base
material 20 is made of Si;N,,. When laser light with an energy
that is greater than or equal to a second harmonic wave (for
example, a second harmonic wave, a third harmonic wave, or
a fourth harmonic wave) of a YAG laser is used, the influence
of heat is reduced, and it is possible to reduce the amount of
fume 22 scattered from the ceramic base material 20.

[0089] Then, a surface treatment is performed on the
ceramic base material 20 (Step (b) of FIG. 3). In this case, a
blast process of blowing ZrO, (zirconium dioxide) powder to
the upper and lower surfaces of the ceramic base material 20
is performed. In this way, the upper and lower surfaces of the
ceramic base material 20 are planarized, and the fumes 22
adhered to one surface of the ceramic base material 20 are
removed. When laser light with an energy that is greater than
or equal to a second harmonic wave (for example, a second
harmonic wave, a third harmonic wave, or a fourth harmonic
wave) of a YAG laser is used to form the scribe lines 21, the
amount of fume 22 generated is small. The surface treatment
may be omitted. Alternatively, for example, a simple etching
process may be used as the surface treatment.

[0090] In this case, the concentration of a silicon oxide and
a silicon composite oxide in the upper and lower surfaces of
the ceramic base material 20 is measured by the EPMA. As a
result, the concentration is less than or equal to 2.7 Atom %.
The surface measurement using the EPMA is performed in
the same way as described above. The surface measurement
using the EPMA is performed at any five points in each of a
plurality of regions partitioned by the scribe lines 21 in the
ceramic base material 20.

[0091] Then, the ceramic base material 20 is divided along
the scribe lines 21 (Step (¢) of FIG. 3). In this way, the ceramic
substrate 11 is manufactured. The metal layer 12 and the
circuit layer 13 are bonded to the upper and lower surfaces of
the ceramic substrate 11 manufactured in this way by brazing
(Step (d) of FIG. 3).

[0092] In this way, the power module substrate 1 is manu-
factured.
[0093] A surface treatment is performed to remove the sili-

con oxide and the silicon composite oxide from the upper and
lower surfaces of the ceramic substrate 11. Therefore, when
metal members, such as the metal layer 12 and the circuit
layer 13, are bonded to the ceramic substrate 11, the genera-
tion of SiO gas from the silicon oxide and the silicon com-
posite oxide is prevented. In this way, it is possible to suffi-
ciently ensure the bonding area of the circuit layer 13 to the
ceramic substrate 11 and the bonding area of the metal layer
12 to the ceramic substrate 11. Therefore, it is possible to
improve the reliability of the bonding between the ceramic
substrate and the metal members during a thermal cycle. As a
result, it is possible to prevent the metal members from peel-
ing off from the ceramic substrate.

[0094] Inthe power module substrate 1, the bonding area of
the circuit layer 13 to the ceramic substrate 11 and the bond-
ing area of the metal layer 12 to the ceramic substrate 11 are
sufficiently ensured. Therefore, during the temperature cycle
test, even when a load of about 1000 cycles is applied, the
peeling-off of a metal member, such as the metal layer 12 or
the circuit layer 13, from the ceramic substrate 11 is pre-
vented.

[0095] For example, the power module substrate 1 manu-
factured in this way is used in a power module 30 shown in
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FIG. 4. The power module 30 includes the power module
substrate 1, an electronic part 16, a cooler 31, and a radiator
plate 32.

[0096] The cooler 31 is a water-cooled heat sink and has a
flow path through which cooling water, which is a cooling
medium, flows formed therein.

[0097] The radiator plate 32 has a plate having a substan-
tially rectangular shape in a plan view and is made of, for
example, Al or Cu (copper), AlSiC (aluminum silicon car-
bide), or Cu—Mo (molybdenum). The radiator plate 32 is
fixed to the cooler 31 by screws 33 with, for example, heat
conductive grease interposed therebetween.

[0098] The radiator plate 32 and the metal layer 12 of the
power module substrate 1 are bonded to each other by a solder
layer 34. The radiator plate 32 and the metal layer 12 may be
bonded to each other by brazing. In this case, when the power
module substrate 1 is manufactured, the members may be
collectively brazed, with the radiator plate 32 stacked on the
laminate of the metal layer 12, the ceramic substrate 11, and
the circuit layer 13. In the power module 30, the power mod-
ule substrate 1 may be provided on the upper surface of the
cooler 31, without providing the radiator plate 32.

[0099] According to the ceramic substrate 11, the method
of manufacturing the ceramic substrate 11, and the method of
manufacturing the power module substrate 1, since the sur-
face treatment is performed after the scribe lines 21 are
formed, itis possible to sufficiently ensure the bonding area of
the circuit layer 13 to the ceramic substrate 11 and the bond-
ing area of the metal layer 12 to the ceramic substrate 11.
Therefore, it is possible to improve the reliability of the bond-
ing between the ceramic substrate and the metal members
during a thermal cycle. As a result, it is possible to prevent the
metal members from peeling off from the ceramic substrate.

[0100] The present invention is not limited to the above-
described embodiment, but various modifications and
changes of the present invention can be made without depart-
ing from the scope of the present invention.

[0101] For example, the circuit layer is bonded to the upper
surface of the ceramic substrate to which the laser light L. is
radiated. However, the metal layer may be bonded to the
lower surface of the ceramic substrate to which the laser light
L is radiated.

[0102] The ceramic substrate and the circuit layer or the
metal layer are bonded to each other by brazing. However,
they may be bonded to each other by other methods.

[0103] The concentration of the silicon oxide and the sili-
con composite oxide in the upper and lower surfaces of the
ceramic substrate is less than or equal to 2.7 Atom %. How-
ever, the concentration of the silicon oxide and the silicon
composite oxide in one surface of the ceramic substrate on
which at least the scribe lines are formed may be less than or
equal to 2.7 Atom %.

[0104] The ceramic base material is divided to form the
ceramic substrate and the metal layer and the circuit layer are
bonded to the ceramic substrate. However, at least one of the
metal layer and the circuit layer may be bonded to the ceramic
base material having the scribe lines formed therein and the
ceramic base material may be divided to form the ceramic
substrate.

[0105] The scribe lines are formed by the radiation of laser
light. However, the scribe lines may be formed by the radia-
tion of other kinds of energy light.
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[0106] As the surface treatment, for example, a honing
process or a wet etching process other than the blast process
of blowing powder may be performed.

[0107] Each ofthe metal layer and the circuit layer is made
of aluminum, but it may be made of other metal materials.
[0108] In the power module substrate, the metal layer is
bonded to the lower surface of the ceramic substrate. How-
ever, the radiator plate or the cooler may be directly bonded to
the lower surface of the ceramic substrate without providing
the metal layer. The cooler is not limited to the water-cooled
type, but may be another liquid-cooled type or an air-cooled

type.
Example 1

[0109] Hereinafter, the results of a comparative test for
verifying the effects of the first embodiment of the present
invention will be described.

[0110] In Example 1 of the present invention, a carbon
dioxide laser was used in the scribe line forming step, and a
blast process of blowing ZrO, (zirconium dioxide) powder to
the surface of the ceramic substrate was performed.

[0111] In Example 2 of the present invention, a first-har-
monic-wave YAG laser was used in the scribe line forming
step and a blast process of blowing ZrO, (zirconium dioxide)
powder to the surface of the ceramic substrate was performed.
[0112] In Example 3 of the present invention, a second-
harmonic-wave YAG laser was used in the scribe line forming
step and no surface treatment was performed.

[0113] In Comparative example 1, a carbon dioxide laser
was used in the scribe line forming step, and no surface
treatment was performed.

[0114] In Comparative example 2, a first-harmonic-wave
YAG laser was used in the scribe line forming step, and no
surface treatment was performed.

[0115] The concentrations of a silicon oxide and a silicon
composite oxide in the surfaces of the ceramic substrates
obtained from Examples 1, 2, and 3 and Comparative
examples 1 and 2 were quantitatively evaluated by surface
measurement using the EPMA (electron probe microana-
lyzer). The evaluation results are shown in FIG. 5.

[0116] In Comparative example 1 in the carbon dioxide
laser was used to form the scribe lines and no surface treat-
ment was performed, the concentration of the silicon oxide
and the silicon composite oxide was 15.4 Atom %. However,
in Example 1 of the present invention in which the blast
process was performed after the scribe lines were formed, the
concentration of the silicon oxide and the silicon composite
oxide was 1.2 Atom %.

[0117] In Comparative example 2 in which the YAG laser
was used to form the scribe lines and no surface treatment was
performed, the concentration of the silicon oxide and the
silicon composite oxide was 4.2 Atom %. However, in
Example 2 of the present invention in which the blast process
was performed after the scribe lines were formed, the con-
centration of the silicon oxide and the silicon composite oxide
was 0.9 Atom %.

[0118] In Example 3 of the present invention in which the
second-harmonic-wave YAG laser was used to form the scribe
lines and no surface treatment was performed, even though
the surface treatment was not performed, the concentration of
the silicon oxide and the silicon composite oxide was 1.9
Atom %.

[0119] The above-mentioned results proved that, even
when fumes were generated during the formation of the
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scribe lines by the carbon dioxide laser or the YAG laser, it
was possible to reduce the concentration of the silicon oxide
and the silicon composite oxide by performing a surface
treatment, such as the blast process.

[0120] In addition, the above-mentioned results proved
that, when the second-harmonic-wave YAG laser was used,
the generation of fumes was prevented, and even when the
surface treatment was omitted, it was possible to obtain a
ceramic substrate in which the concentration of the silicon
oxide and the silicon composite oxide was less than or equal
to 2.7 Atom %.

Example 2

[0121] Next, the test results of the relationship between the
concentration of the silicon oxide and the silicon composite
oxide in the surface of the ceramic substrate and the reliability
of'bonding when a metal plate is bonded to the surface of the
ceramic substrate will be described.

[0122] An aluminum plate (with a size of 27 mmx27 mm
and a thickness of 0.6 mm) is brazed to a ceramic substrate (a
size of 30 mmx30 mm and a thickness of 0.32 mm) with a
variable concentration of a silicon oxide and a silicon com-
posite oxide in the surface thereof by Al—Si-based brazing
filler metal.

[0123] The laminate of the ceramic substrate and the alu-
minum plate bonded to each other was repeatedly heated and
cooled at a temperature of 105° C. and (-40° C.) and the
bonding state was evaluated. The evaluation result is shown in
FIG. 6. In FIG. 6, an item represented by O indicates that the
peeling rate is less than 15%, an item represented by A indi-
cates the peeling rate is greater than or equal to 15% and less
than 30%, and an item represented by x indicates that the
peeling rate is greater than or equal to 30%. The peeling rate
means the ratio of the peeling area to an initial bonding area
(peeling area/initial bonding area). The initial bonding area
indicates the area of the plate to be bonded before bonding.
[0124] It was found that, when the concentration of the
silicon oxide and the silicon composite oxide in the surface of
the ceramic substrate was less than or equal to 2.7 Atom %,
the bonding strength between the aluminum plate and the
ceramic substrate was sufficiently high even when a 3000-
cycle load was applied. In particular, it was found that, when
the concentration of the silicon oxide and the silicon compos-
ite oxide in the surface of the ceramic substrate was less than
or equal to 2.0 Atom %, the aluminum plate and the ceramic
substrate were strongly bonded to each other even when a
6000-cycle load was applied.

[0125] On the other hand, it was found that, when the con-
centration of the silicon oxide and the silicon composite oxide
in the surface of the ceramic substrate was more than 2.7
Atom %, peeling off of the aluminum plate was observed
when a 1000-cycle load was applied.

[0126] The above-mentioned results proved that, when the
concentration of the silicon oxide and the silicon composite
oxide in the surface of the ceramic substrate was less than or
equal to 2.7 Atom %, the generation of silicon monoxide gas
was prevented during bonding and it was possible to bond the
ceramic substrate and the metal member with sufficiently
high strength.

Second Embodiment

[0127] A second embodiment of the present invention will
be described with reference to FIGS. 7 to 9. In the second
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embodiment, the same members as those in the first embodi-
ment are denoted by the same reference numerals, and a
description thereof will be omitted.

[0128] As shown in FIG. 7, a power module substrate 101
according to this embodiment includes a ceramic substrate
11, a metal layer (metal member) 12 that is provided on the
lower surface of the ceramic substrate 11, and a plurality of
circuit layers (metal members) 13 that is provided on the
upper surface of the ceramic substrate 11.

[0129] The ceramic substrate 11 is made of Si;N,, (silicon
nitride) and has a plate shape. The concentration of a silicon
oxide and a silicon composite oxide in the upper and lower
surfaces of the ceramic substrate 11 is measured by an EPMA
(electron probe microanalyzer). As a result, the concentration
is less than or equal to 2.7 Atom %. A surface measurement
method using the EPMA according to this embodiment is the
same as that described with reference to FIG. 2 in the first
embodiment, and thus a description thereof will be omitted in
this embodiment.

[0130] Next, a method of manufacturing the power module
substrate 101 will be described with reference to FIG. 8.
[0131] First, a ceramic base material which is made of
Si;N,, is a base of the ceramic substrate 11, and has substan-
tially the same shape as the ceramic substrate 11 is prepared,
and the ceramic base material is burned (sintered) (sintering
step; S10). A silicon (Si) oxide and silicon composite oxide
generated during the sintering exist in the surface of the
sintered ceramic base material.

[0132] Then, plasma etching or reactive ion etching is per-
formed on the surface of the ceramic base material using gas
including fluoride ions (surface treatment step; S20). The
plasma etching or the reactive ion etching is so-called dry
etching. The gas used in the surface treatment step is a mix-
ture of a main gas, a sub-gas, and a carrier gas. Specifically,
the main gas is at least one of carbon fluoride (for example,
C,F,,.,or CF, ) and nitrogen fluoride (for example, NF;).
The sub-gasis H,, SF, (sulfur hexafluoride), or arare gas. The
carrier gas is Ar*, Ne*, or He" (as ion beams).

[0133] When H, is used as the sub-gas, it is possible to
reliably increase the etching rate ratio of SiO,. When SF is
used as the sub-gas, SF5* serves as the carrier gas. When arare
gas is used as the sub-gas, the fluorine concentration of the gas
is reduced and it is possible to increase the etching rate ratio
of Si0,.

[0134] In the surface treatment step, SiO, in the surface of
the ceramic base material reacts with the gas to be mainly
changed into SiF, and NOx or COx and is then removed from
the surface of the gasificated ceramic base material. As such,
the silicon oxide and the silicon composite oxide in the sur-
face of the ceramic base material are removed with high
accuracy.

[0135] When hydrogen is included in the gas, NH,F or
(NH,),SiF, is formed in the surface of the ceramic base
material. It is preferable that the NH,F or (NH,),SiF4 be
removed in the next step.

[0136] Although not shown in the drawings, after the sur-
face treatment step, it is preferable that the ceramic base
material be cleaned in a distilled water cleaning step, dried by
an air blower in a drying step, and cleaned in an ultrasonic
cleaning step using ethanol.

[0137] Then, after the surface treatment step, the concen-
tration of the silicon oxide and the silicon composite oxide in
the surface of the ceramic base material is measured by the
EPMA. As a result, the concentration is less than or equal to
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2.7 Atom % (surface measurement step; S30). The surface
measurement method using the EPMA is the same as
described above. The surface measurement using the EPMA
is performed at any five points on the surface of the ceramic
base material.

[0138] Ifthe result of the surface measurement step is less
than or equal to 2.7 Atom %, the manufacture of the ceramic
substrate 11 ends, and the process proceeds to the next step. If
the result of the surface measurement step is more than 2.7
Atom %, the surface treatment step is performed on the
ceramic base material again.

[0139] Then, the circuit layer 13 is bonded to the upper
surface of the ceramic substrate 11 by brazing and the metal
layer 12 is bonded to the lower surface of the ceramic sub-
strate 11 by brazing (metal member bonding step; S40).

[0140] In this way, the power module substrate 101 is
manufactured.
[0141] According to the method of manufacturing the

power module substrate 101, the silicon oxide and the silicon
composite oxide are removed from the upper and lower sur-
faces of the ceramic substrate 11 of the power module sub-
strate 101 by dry etching in the surface treatment step. There-
fore, when metal members, such as the metal layer 12 and the
circuit layer 13, are bonded to the ceramic substrate 11, the
generation of SiO gas from the silicon oxide and the silicon
composite oxide is prevented. That is, the silicon oxide and
the silicon composite oxide in the surface of'the ceramic base
material react with fluoride ions during dry etching to change
into a volatile SiF,, gas and are then removed from the surface.
Therefore, the concentration of the silicon oxide and the
silicon composite oxide in the surface measured by the sur-
face measurement is reliably reduced to 2.7 Atom % or less.
‘When the metal members are bonded to the ceramic substrate
11, the generation of SiO gas from the silicon oxide and the
silicon composite oxide is prevented. In this way, the bonding
area of the circuit layer 13 to the ceramic substrate 11 and the
bonding area of the metal layer 12 to the ceramic substrate 11
are sufficiently ensured. Therefore, it is possible to improve
the reliability of the bonding between the ceramic substrate
and the metal members during a thermal cycle. As a result, it
is possible to prevent the metal members from peeling off
from the ceramic substrate.

[0142] Since the fluoride ions included in a dry etching gas
are changed into a volatile SiF, gas by the above-mentioned
reaction, the fluoride ions do not remain as fluoride on the
surface of the ceramic base material. In the dry etching, the
circulation of reaction is less than that in the wet etching of the
ceramic base material. Therefore, it is possible to prevent the
fluoride ions from reacting with an excessive amount of sin-
tering agent and from remaining as fluoride.

[0143] Inthedry etching, SiO, in the surface of the ceramic
base material is removed by etching. When the ceramic base
material is changed to Si;N,, an etching reaction is prevented.
Therefore, it is possible to effectively remove only SiO,.
[0144] Therefore, when the metal members are bonded to
the ceramic substrate 11, a bonding defect caused by fluoride
is prevented, and the reliability of the bonding between the
ceramic substrate 11 and the metal members is reliably
improved.

[0145] When the metal members are bonded to the ceramic
substrate 11, the generation of Al,O; and SiO gas is pre-
vented. Therefore it is possible to bond the ceramic substrate
11 and the metal members with sufficiently high strength.
That is, during the bonding of the metal layer 12 or the circuit
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layer 13 including aluminum to the ceramic substrate 11,
when there is silicon oxide or silicon composite oxide in the
surface of the ceramic substrate 11, silicon monoxide gas as
well as alumina, which is an aluminum oxide, is generated at
the interface between the metal member and the ceramic
substrate 11 and around the interface. However, since the
silicon oxide and the silicon composite oxide in the surface of
the ceramic substrate 11 are eftectively removed by the sur-
face treatment, the generation of silicon monoxide gas during
bonding is prevented.

[0146] Since no fluoride remains on the surface of the
ceramic substrate 11 after dry etching, the generation of AlF,
(aluminum fluoride) from the surface is prevented, and there
is no reduction in the bonding strength between the ceramic
substrate 11 and the metal member due to AlF ;. Therefore, the
bonding strength between the ceramic substrate 11 and the
metal member is sufficiently ensured.

[0147] The surface measurement step may be omitted when
the measurement result thereof is stable and is less than or
equal to 2.7 Atom %.

[0148] It is more preferable that the surface treatment step
be performed immediately before the metal member bonding
step.

[0149] Iftheresult of the surface measurement step is more
than 2.7 Atom %, as described above, the ceramic base mate-
rial may be discarded without performing the surface treat-
ment step on the ceramic base material again. That is, it is
possible to select the use of ceramic members according to
various conditions and purposes.

[0150] Inthe power module substrate 101, the bonding area
of the circuit layer 13 to the ceramic substrate 11 and the
bonding area of the metal layer 12 to the ceramic substrate 11
are sufficiently ensured. Therefore, during the temperature
cycletest, for example, even when a load of about 1000 cycles
is applied, the peeling-off of a metal member, such as the
metal layer 12 or the circuit layer 13, from the ceramic sub-
strate 11 is prevented.

[0151] For example, the power module substrate 101
manufactured in this way is used in a power module 130
shown in FIG. 9. The power module 130 includes the power
module substrate 101, an electronic part 16, a cooler 31, and
a radiator plate 32.

[0152] The cooler 31 is a water-cooled heat sink and has a
flow path through which cooling water, which is a cooling
medium, flows formed therein.

[0153] The radiator plate 32 has a plate having a substan-
tially rectangular shape in a plan view and is made of, for
example, Al or Cu (copper), AISiC (aluminum silicon car-
bide), or Cu—Mo (molybdenum). The radiator plate 32 is
fixed to the cooler 31 by screws 33 with, for example, heat
conductive grease interposed therebetween.

[0154] The radiator plate 32 and the metal layer 12 of the
power module substrate 101 are bonded to each other by a
solder layer 34. The radiator plate 32 and the metal layer 12
may be bonded to each other by brazing. In this case, when the
power module substrate 101 is manufactured, the members
may be collectively brazed, with the radiator plate 32 stacked
on the laminate of the metal layer 12, the ceramic substrate
11, and the circuit layer 13. In the power module 130, the
power module substrate 101 may be provided on the upper
surface of the cooler 31, without providing the radiator plate
32.

[0155] According to the ceramic substrate 11, the method
of manufacturing the ceramic substrate 11, and the method of
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manufacturing the power module substrate 101, since dry
etching is performed on the sintered ceramic base material, it
is possible to sufficiently ensure the bonding area of the
circuit layer 13 to the ceramic substrate 11 and the bonding
area of the metal layer 12 to the ceramic substrate 11. There-
fore, it is possible to improve the reliability of the bonding
between the ceramic substrate and the metal members during
athermal cycle. As a result, it is possible to prevent the metal
members from peeling off from the ceramic substrate.

Third Embodiment

[0156] A third embodiment ofthe present invention will be
described with reference to

[0157] FIG. 10. In the third embodiment, the same mem-
bers as those in the above-described embodiments are
denoted by the same reference numeral and a description
thereof will be omitted.

[0158] First, a burned (sintered) ceramic base material 20
that is made of Si;N,, is prepared. A silicon oxide and silicon
composite oxide including Si generated during sintering exist
in the surface of the ceramic base material 20. A plurality of
scribe lines 21 is formed in one surface of the ceramic base
material 20 (Step (a) of FIG. 10).

[0159] Laserlight (energy light) I is radiated to one surface
of the ceramic base material 20 to form the linear scribe lines
21. In this case, fumes 22 scattered from the ceramic base
material 20 by the radiation of the laser light L. are adhered to
regions in which the scribe lines 21 are formed and around the
regions. The fume 22 is also a silicon oxide and a silicon
composite oxide since the ceramic base material 20 is made of
Si;N,.

[0160] Then, as a first surface treatment, a blast process of
blowing ZrO, (zirconium dioxide) powder to the upper and
lower surfaces of the ceramic base material 20 is performed
(Step (b) of FIG. 10). In this way, the upper and lower surfaces
of'the ceramic base material 20 are planarized, and the fumes
22 adhered to the surface of the ceramic base material 20 are
removed.

[0161] Then, as a second surface treatment, the ceramic
base material 20 from which the fumes 22 are removed is
accommodated in a dry etching apparatus P having a con-
tainer shape, and a gas G including fluoride ions is introduced
into the dry etching apparatus P to perform dry etching (Step
(c) of FIG. 10). The gas G is a mixture of the above-mentioned
main gas, sub-gas, and carrier gas.

[0162] The gas G reacts with the silicon oxide and the
silicon composite oxide in the surface of the ceramic base
material 20 to be mainly changed into SiF, and NOx or COx.
The silicon oxide and the silicon composite oxide are
removed from the surface of the ceramic base material and are
exhausted as an exhaust gas E from the dry etching apparatus
P. As such, the silicon oxide and the silicon composite oxide
are effectively removed from the surface of the ceramic base
material 20 by dry etching.

[0163] When hydrogen is included in the gas G, NH,F or
(NH,),SiF, is formed in the surface of the ceramic base
material 20. It is preferable that NH,F or (NH,),SiF; be
removed in the next step.

[0164] Although not shown in the drawings, after etching,
preferably, the ceramic base material 20 is cleaned with dis-
tilled water, is dried by an air blower, is cleaned by an ultra-
sonic cleaning process using ethanol, and is kept in a dried
atmosphere.
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[0165] Then, after dry etching, the concentration of the
silicon oxide and the silicon composite oxide in the surface of
the ceramic base material 20 is measured by the EPMA. As a
result, the concentration is reduced to 2.7 Atom % or less. The
surface measurement method using the EPMA is the same as
described above. The surface measurement using the EPMA
is performed at any five points in each of a plurality of regions
partitioned by the scribe lines 21 in the ceramic base material
20.

[0166] Then, the ceramic base material 20 is divided along
the scribe lines 21 (Step (d) of FIG. 10). In this way, a ceramic
substrate 41 is manufactured. The circuit layers 13 and the
metal layer 12 are respectively bonded to the upper and lower
surfaces of the ceramic substrate 41 by brazing (Step (e) of
FIG. 10).

[0167] In this way, a power module substrate 151 is manu-
factured.
[0168] According to this embodiment, since the silicon

oxide and the silicon composite oxide are removed from the
upper and lower surfaces of the ceramic substrate 41 by dry
etching, the generation of SiO (silicon monoxide) gas due to
the silicon oxide and the silicon composite oxide is prevented
during bonding. In this way, the bonding area of the circuit
layer 13 to the ceramic substrate 41 and the bonding area of
the metal layer 12 to the ceramic substrate 41 are sufficiently
ensured.

[0169] Inthe power module substrate 151, the bonding area
and strength between the metal members and the ceramic
substrate 41 are sufficiently ensured. Therefore, during the
temperature cycle test, for example, up to about 1000 cycles,
the peeling-oft from the circuit layer 13 or the metal layer 12
from the ceramic substrate 41 is prevented.

[0170] The present invention is not limited to the above-
described embodiment, but various modifications and
changes of the present invention can be made without depart-
ing from the scope of the present invention.

[0171] For example, in the method of manufacturing the
ceramic substrate according to the third embodiment, the
scribe lines 21 are provided in the sintered ceramic base
material 20, and the fumes 22 generated when the scribe lines
21 are formed are removed by the blast process. However, the
present invention is not limited thereto. That is, for example,
instead of the scribe lines 21, a cutter may be used to cut the
ceramic base material 20 into a plurality of ceramic substrates
41, and the blast process may be omitted.

[0172] In the second and third embodiments, the concen-
tration of the silicon oxide and the silicon composite oxide in
the upper and lower surfaces of each of the ceramic substrates
11 and 41 is less than or equal to 2.7 Atom %, but the present
invention is not limited thereto. For example, the concentra-
tion of the silicon oxide and the silicon composite oxide in at
least a region in which the metal member is bonded may be
less than or equal to 2.7 Atom %. That is, the concentration of
the silicon oxide and the silicon composite oxide only in a
portion of the surface of the ceramic substrate 11 or 41 cor-
responding to the shape of the metal member to be bonded
may be less than or equal to 2.7 Atom %.

[0173] In the third embodiment, the circuit layer 13 is
bonded to the upper surface of the ceramic substrate 41 to
which the laser light L is radiated. However, the metal layer
12 may be bonded to the lower surface of the ceramic sub-
strate 41 to which the laser light L is radiated.
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[0174] The circuit layer 13 and the metal layer 12 are
bonded to the ceramic substrate 11 or 41 by brazing. How-
ever, they may be bonded to each other by other methods.
[0175] In the third embodiment, after the ceramic base
material 20 is divided to form the ceramic substrate 41, the
metal layer 12 and the circuit layer 13 are bonded to the
ceramic substrate 41. However, at least one of the metal layer
12 and the circuit layer 13 may be bonded to the ceramic base
material 20 having the scribe lines 21 formed therein, and the
ceramic base material 20 may be divided to form the ceramic
substrate 41.

[0176] The scribe lines 21 are formed by the radiation of
laser light L to the surface of the ceramic base material 20.
However, the scribe lines may be formed by the radiation of
other kinds of energy light.

[0177] For example, when the scribe lines 21 are formed, a
honing process other than the blast process of blowing pow-
der may be performed as the first surface treatment.

[0178] Each ofthe metal layer 12 and the circuit layer 13 is
made of aluminum, but it may be made of other metal mate-
rials.

[0179] Inthe power module substrate 101 or 151, the metal
layer 12 is bonded to the lower surface of the ceramic sub-
strate 11 or 41. However, the radiator plate 32 or the cooler 31
may be directly bonded to the lower surface of the ceramic
substrate 11 or 41 without providing the metal layer 12. The
cooler 31 is not limited to the water-cooled type, but may be
another other liquid-cooled type or an air-cooled type.
[0180] The ceramic substrate 11 or 41 is made of Si;N,
including Si, but the present invention is not limited thereto.
The ceramic substrate 11 or 41 may be made of materials
other than the material including Si.

[0181] In the second and third embodiments, the dry etch-
ing gas includes at least one of carbon fluoride (for example,
C,F,,.,orC, F, )andnitrogen fluoride (for example, NF;) as
the main gas and H,, SF; (sulfur hexafluoride), or arare gas as
the sub-gas. However, the present invention is not limited
thereto.

Fourth Embodiment

[0182] A fourth embodiment of the present invention will
be described with reference to FIGS. 11 and 12. In the fourth
embodiment, the same members as those in the above-de-
scribed embodiments are denoted by the same reference
numerals and a description thereof will be omitted.

[0183] Similar to the second embodiment, a power module
substrate 101 according to this embodiment includes a
ceramic substrate 11, a metal layer (metal member) 12 that is
provided on the lower surface of the ceramic substrate 11, and
a plurality of circuit layers (metal members) 13 that is pro-
vided on the upper surface of the ceramic substrate 11 (see
FIG. 7).

[0184] The ceramic substrate 11 is made of Si;N,, (silicon
nitride) and has a plate shape. The concentration of a silicon
oxide and a silicon composite oxide in the upper and lower
surfaces of the ceramic substrate 11 is measured by an EPMA
(electron probe microanalyzer). As a result, the concentration
is less than or equal to 2.7 Atom %.

[0185] The surface measurement method using the EPMA
will be described with reference to FIG. 11. The quantitative
analysis result shown in each table of FIG. 11 is just an
illustrative example for describing the surface measurement
method.
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[0186] In this embodiment, JXA-8600 manufactured by
JEOL LTD. is used, and the measurement is performed under
the conditions of an operation pressure of 1.3x107> Pa, an
acceleration voltage of 15.0 kV, and a probe current of 5.0x
107® A. An Au film with a thickness of less than 100 nm is
formed on the surface of the ceramic substrate 11 by vapor
deposition.

[0187] First, the surface of the ceramic substrate 11 is quan-
titatively analyzed under the above-mentioned conditions (an
item I of Table (a) in FIG. 11). Then, among the elements
detected by the quantitative analysis, the detection amount of
C (carbon) and Au (gold) is set to O (an item II of Table (a) in
FIG. 11). The detection amounts of elements other than C and
Au are converted such that the sum thereof'is 100 Atom % (an
item III of Table (a) in FIG. 11).

[0188] Then, it is assumed that metal elements other than Si
(silicon) exist as the most common oxide and fluoride (for
example, in the case of Al (aluminum), Al,O, (alumina) and
AlF; (aluminum fluoride); in the case of Y (yttrium), Y,O,
(yttrium oxide) and YF; (yttrium fluoride); in the case of Mg
(magnesium), MgO (magnesium oxide) and MgF, (magne-
sium fluoride); in the case of Er (erbium), Er,O; (erbium
oxide) and ErF; (erbium fluoride)). When the chemical for-
mula of the oxide of the metal element M is represented by
MOx and the chemical formula of the fluoride thereof is
represented by MFYy, it is assumed that the ratio of the oxide
and the fluoride is equal to (the converted atomic weight of
O/x): (the converted atomic weight of F/y) in the unit of Atom
%. In this case, the amount of O (oxygen) coupled to metal
elements other than Si is calculated by the following expres-
sion (Table (b) of FIG. 11):

{(converted atomic weight of metal elements)x(con-
verted atomic weight of O)}/((converted atomic
weight of O)+(converted atomic weight of F)}.

[0189] The ratio is defined in this way because it is consid-
ered that an oxide included in a sintering agent other than
Si0, also reacts with a hydrofluoric acid to form a fluoride.
[0190] Then, the difference between the converted atomic
weight of O and the atomic weight of O coupled to the metal
elements other than Si is calculated. A value obtained by
multiplying the calculated atomic weight of O by 1.5 is used
as the concentration of SiO, in the surface of the ceramic
substrate 11, assuming that the calculated total amount of O is
coupled to Si to form SiO,. For example, in the quantitative
analysis result shown in FIG. 11, the concentration of SiO, is
0.198 Atom %.

[0191] The surface measurement using the EPMA is per-
formed at any five points on the surface of the ceramic sub-
strate 11. In this embodiment, the surface measurement is
performed at five points, but the present invention is not
limited thereto. For example, the surface measurement may
be performed at ten points or other multiple points.

[0192] Next, a method of manufacturing the power module
substrate 101 will be described with reference to FIG. 12.
[0193] First, a ceramic base material which is made of
Si;N,, is a base of the ceramic substrate 11, and has substan-
tially the same shape as the ceramic substrate 11 is prepared,
and the ceramic base material is burned (sintered) (sintering
step; S110). A silicon (Si) oxide and silicon composite oxide
generated during the sintering exist in the surface of the
sintered ceramic base material.

[0194] Then, the ceramic base material is immersed in an
etchant, which is an acid solution (hereinafter, referred to as a
‘hydrofluoric acid solution’) including fluoride ions. That is,
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wet etching is performed on the ceramic base material (sur-
face treatment step; S120). The silicon oxide and the silicon
composite oxide in the surface of the ceramic base material
are effectively removed by the surface treatment step.

[0195] After the surface treatment step, the ceramic base
material is cleaned in a distilled water cleaning step, is dried
by an air blower in a drying step, and is cleaned in an ultra-
sonic cleaning step using ethanol.

[0196] Then, after the surface treatment step, the concen-
tration of the silicon oxide and the silicon composite oxide in
the surface of the ceramic base material is measured by the
EPMA. As a result, the concentration is less than or equal to
2.7 Atom % (surface measurement step; S130). The surface
measurement method using the EPMA is the same as
described above. The surface measurement using the EPMA
is performed at any five points on the surface of the ceramic
base material.

[0197] If the result of the surface measurement step is less
than or equal to 2.7 Atom %, the manufacture of the ceramic
substrate 11 ends, and the process proceeds to the next step. If
the result of the surface measurement step is more than 2.7
Atom %, the surface treatment step is performed on the
ceramic base material again.

[0198] Then, the circuit layer 13 is bonded to the upper
surface of the ceramic substrate 11 by brazing and the metal
layer 12 is bonded to the lower surface of the ceramic sub-
strate 11 by brazing (metal member bonding step; S140).

[0199] In this way, the power module substrate 101 is
manufactured.
[0200] According to the method of manufacturing the

power module substrate 101, the silicon oxide and the silicon
composite oxide are removed from the upper and lower sur-
faces of the ceramic substrate 11 of the power module sub-
strate 101 by wet etching in the surface treatment step. There-
fore, when metal members, such as the metal layer 12 and the
circuit layer 13, are bonded to the ceramic substrate 11, the
generation of SiO gas from the silicon oxide and the silicon
composite oxide is prevented. In this way, the bonding area of
the circuit layer 13 to the ceramic substrate 11 and the bond-
ing area of the metal layer 12 to the ceramic substrate 11 are
sufficiently ensured. Therefore, it is possible to improve the
reliability of the bonding between the ceramic substrate and
the metal members during a thermal cycle. As a result, it is
possible to prevent the metal members from peeling oft from
the ceramic substrate.

[0201] The surface measurement step may be omitted when
the measurement result thereof is stable and is less than or
equal to 2.7 Atom %.

[0202] It is more preferable that the surface treatment step
be performed immediately before the metal member bonding
step.

[0203] Iftheresult of the surface measurement step is more
than 2.7 Atom %, as described above, the ceramic base mate-
rial may be discarded without performing the surface treat-
ment step on the ceramic base material again. That is, it is
possible to select the use of ceramic members according to
various conditions and purposes.

[0204] Inthe power module substrate 101, the bonding area
of the circuit layer 13 to the ceramic substrate 11 and the
bonding area of the metal layer 12 to the ceramic substrate 11
are sufficiently ensured. Therefore, during the temperature
cycletest, forexample, even when a load of about 1000 cycles
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is applied, the peeling-off of a metal member, such as the
metal layer 12 or the circuit layer 13, from the ceramic sub-
strate 11 is prevented.

[0205] For example, similar to the second embodiment, the
power module substrate 101 manufactured in this way is used
in the power module 130 (see FIG. 9).

[0206] According to the ceramic substrate 11, the method
of manufacturing the ceramic substrate 11, and the method of
manufacturing the power module substrate 101, since wet
etching is performed on the sintered ceramic base material, it
is possible to sufficiently ensure the bonding area of the
circuit layer 13 to the ceramic substrate 11 and the bonding
area of the metal layer 12 to the ceramic substrate 11. There-
fore, it is possible to improve the reliability of the bonding
between the ceramic substrate and the metal members during
a thermal cycle. As a result, it is possible to prevent the metal
members from peeling off from the ceramic substrate.

Fifth Embodiment

[0207] A fifth embodiment of the present invention will be
described with reference to FIG. 13. In the fifth embodiment,
the same members as those in the above-described embodi-
ments are denoted by the same reference numerals and a
description thereof will be omitted.

[0208] First, a burned (sintered) ceramic base material 20
that is made of Si;N, is prepared. A silicon (Si) oxide and
silicon composite oxide generated during sintering exist in
the surface of the ceramic base material 20. A plurality of
scribe lines 21 is formed in one surface of the ceramic base
material 20 (Step (a) of FIG. 13).

[0209] Laser light (energy light) I is radiated to one surface
of the ceramic base material 20 to form the linear scribe lines
21. In this case, fumes 22 scattered from the ceramic base
material 20 by the radiation of the laser light L. are adhered to
regions in which the scribe lines 21 are formed and around the
regions. The fume 22 is also a silicon oxide and a silicon
composite oxide since the ceramic base material 20 is made of
Si;N,,.

[0210] Then, as a first surface treatment, a blast process of
blowing ZrO, (zirconium dioxide) powder to the upper and
lower surfaces of the ceramic base material 20 is performed
(Step (b) of FIG. 13). In this way, the upper and lower surfaces
of'the ceramic base material 20 are planarized, and the fumes
22 adhered to the surface of the ceramic base material 20 are
removed.

[0211] Then, as a second surface treatment, the ceramic
base material 20 from which the fumes 22 have been removed
is immersed in an etchant F, which is a hydrofluoric acid
solution, and wet etching is performed (Step (¢) of FIG. 13).
In this way, the silicon oxide and the silicon composite oxide
are effectively removed from the surface of the ceramic base
material 20 by wet etching.

[0212] Although not shown in the drawings, after etching,
preferably, the ceramic base material 20 is cleaned with dis-
tilled water, is dried by an air blower, is cleaned by an ultra-
sonic cleaning process using ethanol, and is kept in a dried
atmosphere.

[0213] Then, after wet etching, the concentration of the
silicon oxide and the silicon composite oxide in the surface of
the ceramic base material 20 is measured by the EPMA. As a
result, the concentration is reduced to 2.7 Atom % or less. The
surface measurement method using the EPMA is the same as
described above. The surface measurement using the EPMA
is performed at any five points in each of a plurality of regions
partitioned by the scribe lines 21 in the ceramic base material
20.
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[0214] Then, the ceramic base material 20 is divided along
the scribe lines 21 (Step (d) of FIG. 13). In this way, a ceramic
substrate 41 is manufactured. The circuit layers 13 and the
metal layer 12 are respectively bonded to the upper and lower
surfaces of the ceramic substrate 41 by brazing (Step (e) of
FIG. 13).

[0215] In this way, a power module substrate 151 is manu-
factured.
[0216] According to this embodiment, since the silicon

oxide and the silicon composite oxide are removed from the
upper and lower surfaces of the ceramic substrate 41 by wet
etching, the generation of SiO (silicon monoxide) gas due to
the silicon oxide and the silicon composite oxide is prevented
during bonding. In this way, the bonding area of the circuit
layer 13 to the ceramic substrate 41 and the bonding area of
the metal layer 12 to the ceramic substrate 41 are sufficiently
ensured.

[0217] Inthe power module substrate 151, the bonding area
of the circuit layer 13 to the ceramic substrate 41 and the
bonding area of the metal layer 12 to the ceramic substrate 41
are sufficiently ensured. Therefore, during the temperature
cycle test, for example, up to about 1000 cycles, the peeling-
off from the circuit layer 13 or the metal layer 12 from the
ceramic substrate 41 is prevented.

[0218] The present invention is not limited to the above-
described embodiment, but various modifications and
changes of the present invention can be made without depart-
ing from the scope of the present invention.

[0219] For example, in the method of manufacturing the
ceramic substrate according to the fifth embodiment, the
scribe lines 21 are provided in the sintered ceramic base
material 20, and the fumes 22 generated when the scribe lines
21 are formed are removed by the blast process. However, the
present invention is not limited thereto. That is, for example,
instead of the scribe lines 21, a cutter may be used to cut the
ceramic base material 20 into a plurality of ceramic substrates
41, and the blast process may be omitted.

[0220] In the fourth and fifth embodiments, the concentra-
tion of the silicon oxide and the silicon composite oxide in the
upper and lower surfaces of each of the ceramic substrates 11
and 41 is less than or equal to 2.7 Atom %, but the present
invention is not limited thereto. For example, the concentra-
tion of the silicon oxide and the silicon composite oxide in at
least a region in which the metal member is bonded may be
less than or equal to 2.7 Atom %. That is, the concentration of
the silicon oxide and the silicon composite oxide only in a
portion of the surface of the ceramic substrate to which the
metal member is bonded may be less than or equal to 2.7
Atom % using dry etching, not wet etching, as the surface
treatment process.

[0221] In the fifth embodiment, the circuit layer 13 is
bonded to the upper surface of the ceramic substrate 41 to
which the laser light L is radiated. However, the metal layer
12 may be bonded to the lower surface of the ceramic sub-
strate 41 to which the laser light L is radiated.

[0222] The circuit layer 13 and the metal layer 12 are
bonded to the ceramic substrate 11 or 41 by brazing. How-
ever, they may be bonded to each other by other methods.
[0223] In the fifth embodiment, after the ceramic base
material 20 is divided to form the ceramic substrate 41, the
metal layer 12 and the circuit layer 13 are bonded to the
ceramic substrate 41. However, at least one of the metal layer
12 and the circuit layer 13 may be bonded to the ceramic base
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material 20 having the scribe lines 21 formed therein and the
ceramic base material 20 may be divided to form the ceramic
substrate 41.

[0224] The scribe lines 21 are formed by the radiation of
laser light L to the surface of the ceramic base material 20.
However, the scribe lines may be formed by the radiation of
other kinds of energy light.

[0225] For example, when the scribe lines 21 are formed, a
honing process other than the blast process of blowing pow-
der may be performed as the first surface treatment.

[0226] Each ofthe metal layer 12 and the circuit layer 13 is
made of aluminum, but it may be made of other metal mate-
rials.

[0227] Inthe power module substrate 101 or 151, the metal
layer 12 is bonded to the lower surface of the ceramic sub-
strate 11 or 41. However, the radiator plate 32 or the cooler 31
may be directly bonded to the lower surface of the ceramic
substrate 11 or 41 without providing the metal layer 12.

[0228] The cooler 31 is not limited to the water-cooled
type, but may be another liquid-cooled type or an air-cooled
type.

[0229] The ceramic substrate 11 or 41 is made of Si;N,

including Si, but the present invention is not limited thereto.
The ceramic substrate 11 or 41 may be made of materials
other than the material including Si.

Example 3

[0230] Two ceramic substrates 11 that were made of Si;N,
and were manufactured by different manufacturers were pre-
pared. The ceramic substrates 11 were immersed in an
etchant, which is a medicinal solution adjusted by a com-
pound (NHF or HF) containing 4 mol/LL of HF (hydrogen
fluoride) and including fluoride ions F, for one hour and a
hydrofluoric acid treatment was performed. After the hydrof-
luoric acid treatment was performed, the ceramic substrates
11 were cleaned with distilled water, were dried by an air
blower, and were cleaned by an ultrasonic cleaning process
using ethanol. Then, the average amount of Si0O, in the sur-
faces of the two ceramic substrates 11 was measured by a
surface measurement method using the EPMA.

Comparative Example

[0231] The same two ceramic substrates 11 were prepared,
and the same process as that in Example 3 was performed on
the ceramic substrates 11 except that the hydrofluoric acid
process was not performed. Then, the average amounts of
SiO, in the surfaces of the two ceramic substrates 11 were
measured by a surface measurement method using the
EPMA.

[0232] The measurement result of Example 3 and the mea-
surement result of Comparative example are shown in the
following table.
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[0233] As can be seen from the table, in Example 3, the
average amounts (concentrations) of SiO, in the surfaces of
the two ceramic substrates 11 (samples 1-1 and 2-1) were
0.42 Atom % and 1.05 Atom %, respectively, which were less
than or equal to 2.7 Atom %. Therefore, good values were
obtained.

[0234] Meanwhile, in Comparative example, the average
amounts (concentrations) of SiO, in the surfaces of the two
ceramic substrates 11 (samples 1-2 and 2-2) were 1.02 Atom
% and 4.33 Atom %, respectively, which were more than 2.7
Atom %.

INDUSTRIAL APPLICABILITY

[0235] The present invention relates to a ceramic substrate
including silicon in which the concentration of a silicon oxide
and a silicon composite oxide in the surface is less than or
equal to 2.7 Atom %.

[0236] According to the present invention, when metal
members are bonded to the ceramic substrate, the generation
of SiO gas is prevented, and sufficient bonding strength
between the ceramic substrate and the metal members is
ensured. Therefore, it is possible to improve the reliability of
the bonding between the ceramic substrate and the metal
members during a thermal cycle.

1. A ceramic substrate comprising silicon,

wherein the concentration of a silicon oxide and a silicon
composite oxide in the surface of the ceramic substrate is
less than or equal to 2.7 Atom %.

2. The ceramic substrate according to claim 1,

wherein the concentration is measured by an electron
probe microanalyzer.

3. The ceramic substrate according to claim 1,

wherein the ceramic substrate is formed by dividing a
ceramic base material including silicon along scribe
lines that are formed in the surface of the ceramic base
material.

4. A method of manufacturing a ceramic substrate, com-

prising:

radiating energy light to the surface of a ceramic base
material including silicon to form scribe lines in the
surface of the ceramic base material; and

performing a surface treatment on the ceramic base mate-
rial having the scribe lines formed therein,

wherein the concentration of a silicon oxide and a silicon
composite oxide in the surface of the ceramic base mate-
rial having the scribe lines formed therein is less than or
equal to 2.7 Atom %.

5. The method of manufacturing a ceramic substrate

according to claim 4,

wherein the concentration is measured by an electron

probe microanalyzer.

Example Comparative example
Si3N, substrate (ceramic substrate 11) Sample 1-1 Sample 2-1 Sample 1-2 Sample 2-2
Hydrofluoric acid treatment Performed Performed Not performed Not performed
Measurement result (average SiO, 0.42 Atom % 1.05 Atom % 1.02 Atom % 4.33 Atom %

concentration)
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6. A method of manufacturing a ceramic substrate, com-
prising:
radiating energy light with an energy that is greater than or
equal to a second harmonic wave of a YAG laser to the
surface of a ceramic base material including silicon to
form scribe lines in the surface of the ceramic base
material,
wherein the concentration of a silicon oxide and a silicon
composite oxide in the surface of the ceramic base mate-
rial having the scribe lines formed therein is less than or
equal to 2.7 Atom %.
7. The method of manufacturing a ceramic substrate
according to claim 6,
wherein the concentration is measured by an electron
probe microanalyzer.
8. A method of manufacturing a power module substrate,
comprising:
radiating energy light to the surface of a ceramic base
material including silicon to form scribe lines in the
surface of the ceramic base material;
performing a surface treatment on the ceramic base mate-
rial having the scribe lines formed therein;
dividing the ceramic base material along the scribe lines to
form a ceramic substrate; and
bonding metal members to the ceramic substrate,
wherein the concentration of a silicon oxide and a silicon
composite oxide in the surface of the ceramic base mate-
rial having the scribe lines formed therein is less than or
equal to 2.7 Atom %.
9. The method of manufacturing a power module substrate
according to claim 8,
wherein the concentration is measured by an electron
probe microanalyzer.
10. The method of manufacturing a power module sub-
strate according to claim 8,
wherein the metal members are made of aluminum.
11. The method of manufacturing a power module sub-
strate according to claim 8,
wherein the metal members are brazed to the ceramic sub-
strate.
12. A method of manufacturing a power module substrate,
comprising:
radiating energy light with an energy that is greater than or
equal to a second harmonic wave of a YAG laser to the
surface of a ceramic base material including silicon to
form scribe lines in the surface of the ceramic base
material;
dividing the ceramic base material along the scribe lines to
form a ceramic substrate; and
bonding metal members to the ceramic substrate,
wherein the concentration of a silicon oxide and a silicon
composite oxide in the surface of the ceramic base mate-
rial having the scribe lines formed therein is less than or
equal to 2.7 Atom %.
13. The method of manufacturing a power module sub-
strate according to claim 12,
wherein the concentration is measured by an electron
probe microanalyzer.
14. The method of manufacturing a power module sub-
strate according to claim 12,
wherein the metal members are made of aluminum.
15. The method of manufacturing a power module sub-
strate according to claim 12,
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wherein the metal members are brazed to the ceramic sub-
strate.
16. A method of manufacturing a ceramic substrate, com-
prising:
sintering a ceramic base material including silicon; and
performing a surface treatment on the ceramic base mate-
rial,
wherein the concentration of a silicon oxide and a silicon
composite oxide in the surface of the ceramic base mate-
rial subjected to the surface treatment is less than or
equal to 2.7 Atom %.
17. The method of manufacturing a ceramic substrate
according to claim 16,
wherein the concentration is measured by an electron
probe microanalyzer.
18. The method of manufacturing a ceramic substrate
according to claim 16,
wherein the surface treatment includes dry etching using
gas including fluoride ions.
19. The method of manufacturing a ceramic substrate
according to claim 18,
wherein the gas includes at least one of a carbon fluoride
and a nitrogen fluoride.
20. The method of manufacturing a ceramic substrate
according to claim 16,
wherein the surface treatment includes wet etching using
an acid solution including fluoride ions.
21. A method of manufacturing a power module substrate,
comprising:
sintering a ceramic base material including silicon;
performing a surface treatment on the ceramic base mate-
rial; and
bonding metal members to a ceramic substrate that is
obtained from the ceramic base material subjected to the
surface treatment,
wherein the concentration of a silicon oxide and a silicon
composite oxide in the surface of the ceramic base mate-
rial subjected to the surface treatment is less than or
equal to 2.7 Atom %.
22. The method of manufacturing a power module sub-
strate according to claim 21,
wherein the concentration is measured by an electron
probe microanalyzer.
23. The method of manufacturing a power module sub-
strate according to claim 21,
wherein the surface treatment includes dry etching using
gas including fluoride ions.
24. The method of manufacturing a power module sub-
strate according to claim 23,
wherein the gas includes at least one of a carbon fluoride
and a nitrogen fluoride.
25. The method of manufacturing a power module sub-
strate according to claim 21,
wherein the surface treatment includes wet etching using
an acid solution including fluoride ions.
26. The method of manufacturing a power module sub-
strate according to claim 21,
wherein the metal members are made of aluminum.
27. The method of manufacturing a power module sub-
strate according to claim 21,
wherein the metal members are brazed to the ceramic
substrate.



