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TITLE OF THE INVENTION |
Aluminum Nitride Sinte:_r:ed Body and Method of
Preparing the Same

BACKGROUND OF THE INVENTION

" Field of the Invention

The present,invantibn.relates to an aluminum nitride
sintered body.haVing:a_high breakdown voltage in respoase
to high integration'of_a'ciréﬁit_board, and a method of
preparing the same. |
Description of the Background Art

An aluminum_nittida sintered body having high thermal
conductivity is apéliéd'to'a radiating material such as a
substrate for a aemiéonductbr device or a circuit board,
for example. At.presant,,high inteération of a circuit
board is developad'in_éiderfto cope with high speed
processing of mass data and.miniaturization of inforﬁation
processing equipmant._fA material for such a highly
integrated circuitfboaiddpust have an excellent radjating
property in order to‘caée.withiheat generated by high
integration, as well as a high breakdown voltage in order
to cope with narrow spaces between c1rcu1t wires.

An aluminum nitride sintered body is watched with
interest as an excélléht;radiating substrate material, due
to high thermal cb@ductiﬁity. A conventional aluminum

nitride sintered body has a breakdown voltage of about 10
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to 20 kV/mm. Thus, awaited is an aluminum nitride |
sintered body, which is”applicable-to'a highly integrated
circuit board with a high breakdown voltage of at least 20
kV/mm.
SUMMARY OF THE INVENTION

An object of the present invention is to provide an
aluminum nitride sintered body having a high breakdown

voltage as a substrate material which is responsive to

-high integration of a circuit, and a method of preparing

the same.

In order to solve the aforementioned problem, the
inventors have found that it is possible to remarkably
improve the value of a breakdown voltage of an aluminum
sintered body by forming and dispersing an oxy-nitride of
titanium and aluminum,'sgch as aluminate nitride of
titanium, for example, ih a sintered body of aluminum
nitride and partially including titanium as solid solute
in aluminum nit:idg crystai grains. The present invention
has been proposed on the basis of the following
recognition by the invenfors:

The inventofs have found that there is a relation
shown in Fig. 1 betwéen a breakdown voltage of an aluminum
nitride sintered body énd unpairea electron concentration
measured from an electron spin resonance absorption-

spectrum. It is underétood from Fig. 1 that the value of
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the breakdown voltage is slightly inefeased with increase
of the unpaired electren'cencenﬁfetion in the aluminum
nitride sintered body.. HoweVer, there has been obtained
no aluminum nitride'sinte:ed bodyshaving a breakdown
voltage exceeding 20 kV/mm as a material for a circuit
board which is responsive to high lntegration.

The inventors have energetically made deep study, to
succeed in increasing ﬁnpaired electron concentration by
preparing an aluminum nitride sintered body through the
following steps: 1In a first'step, aluminum nitride raw
material powder is nitrided.ih a nitrogen atmosphere at a
temperaturs of 800 to 1400°c;'to'convert a surface
composition of the raw material powder from aluminum oxide
(Al205) to aluminum oxy-nitride (AlgOyN;: 0 < X < 1, 0 < ¥ <
1, 0 < 2 < 1), In a second step, an oxy-nitride of
titanium (or.titanium;exide eovered with aluminum salt of
fatty acid such as alsminum.stearate or aluminum laurate)
is added to the as-nisrided eiumipum nitride raw material
powder with a sintering assiStantssuch'as a rare earth
oxide such as Y,0; or an alkaiine earth oxide such as CaoO,
and the mixture is sintered. -ThrOugh such two steps, the
inventors have succeeded injextremely increasing unpaired

electron concentration of the aiuminum-nitride sintered

body, improving thermal conductivity and remarkably

improving the value of its breakdown'voltage as compared
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compared with the prior art.

The aluminum nitride sintered body according to the
present invention comprises aluminum nitride crystal
grains, in which titanium element is included as solid

5 solute in a weight ratio of at least 50 ppm and not more
than 1000 ppm. -

Further, the aluminum nitride sintered body accoxding
to the present invehtibn contains an oxy-nitride of
titanium and aluminum compound in a weight ratio of at

10 least 0.1 % and not more than 5.0 % in terms of TiO,, with
unpaired electron concentration, being obtained from an
absorption speetrum of'eiectron spin resonance, of at
least 1 x 10“/g. More preferably, the oxy—nltrlde of
tltanlum and alum;num compound exists in the aluminum

15 nitride sintered body in the form of grains, which are not
more than 800 nm in diameter. The aluminum nitride
sintered body haS'thermal'conductivity of at least 150
W/mK. o
) On the other hand, e-method of preparing an aluminum

20 nitride sintered body according to the present invention

comprises the following éteps:

a) a step of‘prepa:ing alnminum nitride powder;

b) a step of nltriding the aluminum nitride powder in
an atmosphere containlng nitrogen at a temperature of at

25 least 800°C and not more.than 1400°C;
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. C) a step of adding a sintering_éssistant, and an
oxy-nitride of titanium, being in a ﬁeight ratio of at
least 0.1 % and not mbre than 5.0 % in terms of TiO,, to
the as-nitrided aluminum nitride powder, thereby obtaining
mixed powder; | '

d) a step of preparing a compacﬁ from the mixed
powder;.and _

e) a step of firing the compact in an atmosphere
containing nitrogen, thereby preparing an aluminum nitride
sintered body. |

A method of preparing an aluminum.hitride sintered
body according to anbther aépect of the present invention
comprises the fdllowihg steps:

a) a step of preparing aluminum nitride powder;
b) a step of.ion-implanting titanium into the

aluminum nitride powder, thereby making titanium exist in

aluminum nitride crystal lattice in a weight ratio of at

least 50 ppm and noﬁ more than 1000 ppm;

c) a step of.adding a sintering gséistantlto the
aluminum'nitride_pdwder containing titanium for obtaining
mixed powder; | '

d) a step of preparing a compécf.from the mixed
powder; and | ' .

e) a step of firing the compact in an atmosphere

containing nitrogen, thereby preparing an aluminum nitride
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sintered body.._ |

Fig. 2 illustrates'abSOrptiod spectra of electron
spin resonance obtained from a conventional aluminum
nitride sintered-body.and an aluminum nitride sintered
body according to the present invention. It is understood
from Fig. 2 that intensity of the absorption spectrum of
electron spin resonance obtained from the inventive
aluminum nitride sinteredlbody is remarkably increased as
compared with that of the'prior art. Refetring to Fig. 2,
the term "marker” indicates a_Standard material which
exhibits a peak_in a certain constant magnetic field.

This standard matéri&l'is measured with an unknown sample,
in order to prevent é-measurement error caused by an
apparatus. | _

The reason why'thé intensity of the absorption
spectrum of electron spin resonance obtained from the
inventive aluminum ﬁitride sintered body is increased,
which has not yet 5eép_c1ari£ied, can be considered as
follows: First, aluminum'oxyfnitride which is formed on
the surfaée of the aluﬁinum nitride raw material powder by
surface treatment (for'eXample, Reaction Formula: I)
reacts with the oxy-ﬁitride of_titanium added thereto, to
form an oxy-nitride (Ti-Al-O-N) of titanium and aluminum
(for example, Réacﬁion_rormuiaa II). Since such an oxy-~

nitride of titanium'and aluminum is instable under a high
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temperature excéeding 1000°C as compared with an oxide
(Ti-Al-0) of titanium and aluminum, a replacement reaction
takes place between.oxygen (-bivalent) contained in the
aluminum nitride crystal grains as an impurity and
nitrogen (-trivalent) in the aluminate nitride of titanium
(oxy-nitride of titanium and aluminum) (for example,
Reaction Formula: III). Thus, the 6xy-nitride of titanium
and aluminum may conceivably be stabilized due to approach
to the compositinn of Ti-Al-O. At this time, a minus
valence number is increased in the aluminum nitride
crystal while a pius valence number is increased in the
oxy~nitride of'titanium and aluminum, and hence the
material enters nn electrically unbalanced state. In
order to compensate for such a state, however, replacement
takes place bétween aluminum (+trivalent) in the aluminum
nitride crystal'and titanium (+tetravalent) in the
aluminate nitride of titnnium, to recover electrically
neutral conditions. As the result, titanium is

conceivahlj included as solid solute in the aluminum

| nitride crystal to increase unpai:ed_electron

concentration. Thus, the intensity of the absorption
spectrum of eiectrdn épin resonance obtained from the
inventive aluninnm:nitride sintered body is remarkably

increased.
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Reaction Formula

2A_1,o3+1~r,<—A_1403A7,+—23-o,1 e

'A1,0,N,+T1,0,N;~Ti,A1,0.N, e (II)

- -All_%xTixN"'TisrxAlhxo‘*"m"‘ .. (III)

The aluminum_nitridé-sintared body preferably
contains at least 0.1 peraeat by weight and not more than
5.0 percent by weight of the oxy-nitride of titanium and
aluminum compound in teﬁms of Ti0,, including titanium
which is containe¢ as solid solute in the aluminum nitride
crystal lattice.- If the.éonﬁent 6f-the oxy—nitride of
titanium and alumiﬂum compouad is less than 0.1 percent by
weight, unpaired eiectron'concentration is not much
lncreased and the value of the breakdown voltage of the
as-obtained alumlnum nltrlde sintered body remains
substantially similar to that of the prior art. If the
content of the oxy~n1tr1de of tltanlum and aluminum

compound exceeds 5.0 percent by weight, on the other hand,

~grains of this oxy-nitride of titanium and aluminum

compound formed in the aluminum nitride sintered body

disadvantageously_exceed'SOO nm in diametex, to inhibit
_ 8- .
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.original high therﬁal conductivity of the aluminum nitride

sintered body and reduce a heat radiation property of the
sintered body fo:'Seiving as a circuit board material.

Further, no titanium is included as solid solute in
the aluminum'nitride,Crystal grains if no surface
treatment is carried out on the aluminum nitride raw
material powder or a compound of titanium is not added in
the form of an oxy-nitride. Thus, no increase can be
expected in the breakdown voltage of ﬁhe aluminum nitride
sintered body. |

In the inventive aluminum nitride sintered body,
titanium must be included as solid solute in the aluminum
nitride crystal lattice in a weightpratio of at least 50
ppm and not more than 1000 ppm. If the amount of the as-
dissolved titanium is less than 50 ppm, unpaired electron
concentration decreases and thus breakdown voltage is not
enough. If the amount of the solidly dissolved titanium
exceeds 1000 ppm, on the other hand, the thermal
conductivity deteriorates and thus the radiating property
is not enough.. |

In the invéntive aluminum nitride sintered body,
furthexr, the uﬁp&ired electron concenttétion obtained from
an absorption spectrum of electron spin resonance is

preferably at 1east 1 X 10“/g, since it is possible to

ensure a breakdown voltage of at least 20 kV/mm in this

-9
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case. : _ _

The aluminum_nitride‘sintered body, which is obtained
by forming and dispersing an oxy-niﬁride of titanium and
aluminum compound in an aluminum nitride sintered body and
partially including titanium as solid solute in aluminuml
crystal grains can be prepared by the following method:

Commercially_available aluminum nitride raw material
powder is nitrideddin an atmosphere containing nitrogen
within a tempenature range of 800 to 1400°C. The
temperature range is set at 800 to 1400°C since no
nitriding reaction progresses on the surface of the
aluminum nitride raw material powder if the temperature is
less than 800°C,'while the grain size of the powder is
increased due to a solid phase reaction between aluminum
nitride grains to suppress dispersion of an oxy-nitride of
titanium which is added in a later step if the temperature
exceeds 1400°C.

Then, 0.3 to 3.0 percent by.weight of a sintering
assistant such asdtﬂh.or Cacq;in terms of Ca0 is added to
the aluminum nitride raW'material powder which is surface-
treated in the aforementioned manner, with addition of 0.1
to 5.0 percent by we;ght of an oxy-n;tride of titanium in
terms of TiO,. _Aiuthis time, the oxy-nitride of titanium
as added prefenably has a particle size of not more than 1

um, more preferably:not more_than 0.1 um, so that the same

- 10 - _ e
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is formed and dispefsad in ﬁhe aluminum nitride sintered
body as an oxy-nitride of.tiﬁaninm and aluminum, and
titanium is easily solidiy.dissolvédnin the aluminum
nitride crystal grains;__Then}-about 1.0 to 3.0 percent by
weight of a binder such as polyvinyl_butyral is added to
this aluminum nit.fide mixed po;:der*, and mixed with the
same in a ball mill for about 12 to. 72 hours. Thereafter
the powder is drled and granulated, so that the as-
obtained powder is compacted under a pressure of 1.5
ton/cm3, to obtain a pressed compact. At this time, the
pressed compact is prefarably i.8 to 2.0 g/cu? in density.
Thereafter the.preSSed compant is debindered in a nitrogen
atmosphere at a temparatnfe of 600 to 800°C for about 2 to
3 hours. The as-treated pressed compact is fired in an
atmosphere containing niﬁrdgen at'a_temperature of 1500 to
1900°C for about 2 to 5-honfs;'to obtain an aluminum
nitride sintered body.

In relation to the'afgreméntionad method, it is also
possible to obtain'an aluminum nitride sintered body
having a high bieakddwn.voltaga-by ion-implanting titanium
into the aluminum-nitrida_raw material powder for making
titanium existnin aluminun'nitnida crystal grains, and
thereafter adding a sintering'agent and a binder and
carrying out.mixing,'granulation; préss molding,

debindering and firing under the same conditions as the

=1 - eet Has Been Re‘ilaced .
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above.

The inventors have observed an aluminum nitride

sintered body having unpaired electron concentration of at

least 1 x 10"/g obtained from an absorption

spectrum of

electron spin resonance with an SEM (scanning electron

microscope) or a TEM (transmission electron microscope).

Consequently, it has béen_proved that crystal grains other

than aluminum nitiide crystal grains existed in the

aluminum nitride sinte:ed body. These grains were

subjected to elémentary analysis through an EDX (énergy

dispersive X-ray analysis) or AES (Auger electron

spectroscopy) or SIMS (Secondary Ion Mass Spectroscopy),

to prove that the grains'formed in the aluminum nitride

crystal grains included Ti, Al, N, O, Ca, Mg, Si and C,

and were mainly composed of Ti, Al, O and N.

Further,

grains of a titanium compound formed in the aluminum

nitride sintered bcdy exiéted as dispersed grains of not

more than 0.8 um (800 nm) in mean grain size.

Fig. 3A typically shows TEM_images of Ti-Al-0-N grain

~contained in the aluminum nitride crystal grain, and Fig.

3B shows results of EDX analys;s of Ti in respective

points A to E in Fig. 3A. As the results of the EDX

analysis of the lnside of the aluminum nitride crystal

grain around titanium compound graln, it has been

- 12 -
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grain of Ti?Al-O-N_existing in AIN grains into aluminum

nitride crystal grain, as shown -in Fig. 3B.

It has also

been proved that the-amount of Ti as solid solute in the

aluminum nitride ctystal lattice, which was varied with

sintering conditions, was.within a range of 50 to 1000

ppm.

According to the present invention, as hereinabove

described, titanium is included as solid solute in the

aluminum nitride crystal lattice in a weight ratio of at

least 50 ppm and not more than 1000 ppm, whereby unpaired

electron concentration.of the aluminum nitride sintered

body can be extremely-increased thereby remarkably

improving the breakdown vbltage as compared with the prior

art. Further, the inventive aluminum nitride sintered

body, which has unpaired electron concentration obtained

from an electroﬁ,spin resonance absorption spectrum of at

least 1 x 10n/g_and contains at least 0.1 percent by

weight and not more than 5.0 percent by weight of an oxy-

nitride of titanium and aluminum in terms of TiQ;, is

provided with a high breakdown voltage of at least 20

kV/mm. The inventiveualuminum nitride sintered body

having an excellept heat radiation property is

sufficiently'appligable'to a circuit board material which

is responsive tO'integ:ation of the circuit.

According to the present invention, it is possible to

- 13 -
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obtain an aluﬁinum nitride sintered body which has a
higher breakdown VOltage as compared with the prior art,
whereby highly integrated circuit désign is enabled when
the inventive sinteréd body is applied to a circuit board
material. Thus, it is possible to contribute to high-
speed processing of iﬁformation following high integration
of the circuit, as well as to miniaturizétion of
information proceséing equipment.

The foregoing and other objects, features, aspects
and advantages of the present invention will become more
apparent fromlthe following detailed description of the
present invention when taken in conjunction with the
accompanying d:awings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a graph showing a relation between unpaired
electron concentration and a breakdown voltage in an
aluminum nitride_sintéred body; |

Fig. 2 is a graph showing absorption spectra of
electron spin'resonance obtaiﬁed'from a conventional
aluminum nitride sintered body and an aluminum nitride
sintered body acqording'to the present invention;

Fig. 3A typicallj illustrates TEM images of Ti-Al-O-N
grain contained in”ahialuminum nitride crystal grain;

Fig. 3B is a'graph shéwing results of EDX analysis of
Ti distribution in aluminum nitride crystal grain and Ti-

- 14 - . This Sheet Has Been Reﬂlaced
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Al-0-N grain; and

Fig. 4 is a graph showing relations between unpaired
electron concentration vaiues'and'b:éakdown voltages in
aluminum nitride sintered_bodies according to comparative
examples and Example of the present invention.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

Example 1

Aluminum nitride raw material powder shown at A in
Table 1 was surfacé-treatéd in a nitrogen atmosphere at a
temperature of 806°C, and thereafter 0.5 percent by weight
of Y,0; serving as a éintering'assistant was added to this
material with addition o£'0.2 percent by weight of an oxy-
nitride of titanium (Ti,0,N,) in terms of TiO,, so that the
as-obtained powaer_ﬁas mixed-in alcohol with a tumbling
ball mill for 12 hoﬁrs; as shown in Table 2. Thereafter 2

percent by weight of'pdlyvinyl butyral was added as a

binder to this mixed powder, which in turn was further

sufficiently mixed and dried. The as-obtained powder was
press~compacted under a pressure of at least 1.5 ton/cm3.
The as-obtained pxeSséd compact was debindered at a
temperature of 600°C for 2 hours, and then fired in a
nitrogen atmosphere_undér'é'Sintering témperature of
1800°C for 3 hours. The a_s—bbtainec_l ‘aluminum nitride
sintered body was sﬁbjéctéd to meaSuﬁement of density, a

breakdown voltage, thermal conductivity, unpaired electron

- 15 -
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concentration,'meéhanical“st:ength and an amcunt of
titanium as solid solute in aluminum nitride crystal
grains. The sintered body density was measured by an
Archimedes’ method, the thermal conductivity was measured
by a laser flash'methéd,ithe unpaired electron
concentration.ﬁﬁs'meésured with an election spin
resonator, the mechanical Stfength was measured through
JIs three-poiﬁt bending strength, and the amount of
titanium as solid solute was measured with EDX of TEM or
AES, SIMS. 'Tabie 3 shows the results.

Examples 2.to 16 - |

The aluminum nitride r@w powder materials shown in
Table 1 were'trééted'aﬁ surface treatment temperatures
shown in Table 2, and thereafter subjected to mixing with
sintering assistants and press compacting, similarly to
Example 1. The”as-obtained éressed compacts were fired
under sintering éonditions shown in Table 2 by a method

similar to that in Example 1, to prepare 15 types of

~ aluminum nitride szntered bodies. Table 3 shows

measurement valueg obtained as to these samples.

Example 17

Tilions.were-implanted into the aluminum nitride raw
material powder3showh at A in Table 1, with energy of 4
MeV at about 10%° iOns/dﬁﬁ, 0.5 percent by weight of Y¥,0,

was added to this powder and mixed in alcohol with a

- 16 - eet Has Been Reiaced
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tumbling ball mill for 12 hours. Thereafter an aluminum
nitride sintered body was obtained in a similar manner to

Example 1. Table .3 also shows measurement values obtained

as to this sample.

Table 1

[ s [ c |

Total Oxygen Content (wt.%) 13 09 12

Raw Material Powder

Carbon Conteat in Raw Material Powder (ppm) 300 230 500
Pe Content in Raw Material Powder (ppm) <10 <10 <10

St Content in Raw Material Powder (ppm) 9 50 82

Specific Surface Area of Raw Material Powder (m?g)
Mean Particle Size of Raw Material Powder (jum)

ot Has Been Re‘Iaced
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Example i :
Treatment Assistant Temperature | Time L‘
Material ’I'empentnre (wt.%) (wt.%, in terms | (*C) (hr.)
Powder 0 of 'nog)
1 A 800 Y,0,: 05 TLON, 02 | 1800 3
P A 1000 b,0,: 0.5 TON; 05 | 1800 5
s A 1200 Ca0: 05 T,0N,: 05 | 1800 5
I 4 ‘B 1200 Na,O;: 05 T,ON:05 | 1800 5
s B 1300 Sm,0,: 0.5 TLON,; 05 | 1800 5
6 B 1000 ¥,0,: 05 T,ON;:10 | 1650 3
C20: 05
7 B 1000 ¥b,0, 05 TLON; 10 | 1650 5
Ca0: 05
8 c 1000 Y,04 05 T,ON:10 | 1650 5
h - Nd,Oy; 05
B c 800 ¥b,04: 05 TON,;:10 | 1650 5
Nd,O,: 0.5 :
10 c 1200 N&;0: 05 T,ON;10 | 1650 3
CaC: 05
1 c 1200 Y,04 15 Ti,0pN; 15 | 1800 5 |
" 12 c 1400 Y5,0,: 1.5 TLON; 15 | 1800 5 |
13 A 1300 Y04 15 TLON;15 | 1800 5
_ ¥b,0y 15
14 A 1200 Y,04 15 TiL,O.N,: 20 1800 3
_ Nd,O.: 15
15 B 1200 Yb,0: 1.5 Ti,ON:50 | 1500 5
s Ca0: 15 ,
16 B 1200 - 0y 15 TLON:30 | 1800 s
: Nd,0y; 1.5
17 A Y,04: 05 Tilon 1800 3
Implantation
(10'® iom/em*)
- heet Has' Beeil\]i‘zﬁaced



Table 3

Contentof Tias | Break Down | Density | Mechanical | Unpaired Thermal
Solid Solute | Voltage (g/em®) | Strength Electron Conductivity
(ppm) (KV/mm) (kg/mm?) Conceatration | (W/mK)
_ () . _
F 60 31 327 8| 27 x 101 170
2 100 a sz s 60 x 109 169
u 3 780 47 326 48 15 x 101 160
" 4 480 46 327 42 | 10x10" | 152
H s 20 41 32 47 9.0 x 10% 150
6 440 a0 327 a4 | 79%10M 190
7 650 52 328 43 - | 16x10" 170 Jl
8 170 35 328 45 55 x 10' 165 JI
440 4 327 42 11 x 10" 155 ]
“ 10 920 50 328 45 1.6 x 10" 155
“ 1 20 44 327 48 ] 78x10® 230
Fz 110 39 327 43 49 x 10' 200
13 800 52 328 41 11 x10" 24
llu 650 48 328 46 10 x 10" 178
50 35 40 32 x 10" 150
80 39 45 35 x 10" 217 "
80 2 40 21 x 10" 165 ’

It is cle&rlyiunderstood from Table 3 thatlunpaired
electron concentration obtained from an electron spin
resonance absorption spectrum exceeds i x 10“/9 when the
amount of Ti as-sélid solute is at least 50 ppm and not
more than 1000 ppm in a weight ratio, and the aluminum
nitride sintered body exhibits a high breakdown voltage.
It is also underéiood_that an aluminum nitride sintered
body which has ﬁnpaifedielectron concentration of at least

1 x 1013/g and contains a compound of titanium within a

T ‘l’iiitﬁi” i‘mn i
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| range of 0.1 to 5.0 percent by weight in terms of TiO, has

a high breakdown voltage.

As to the aluminum nitride sintered bodies obtained
according to Examples 1,'2, 4 and S}Ititanium compounds
contained'in thé'éluminum.n;tride cfystal particles were
examined through XRD (x-ray difffacfioh) or EDX. As the
result, it was proved that the titanium compounds
contained in the alumlnum nitride slntered bodies were
composed of Ti, Al, O and’ N, or-T;, Al, N, O, Ca, Mg and
Si.

Comparative Example 1

Powder which was obtained by adding 1.0 percent by
weight of Y,0,, being in theffbrm of fine particles for
serving as a sintering aséistant, to the aluminum nitride
raw material powder shown at A'in_Table 1 was mixed in
alcohol with a tuxftbling ball ﬁll' for 12 hours.
Thereafter 2 percent by welght of polyvinyl butyral was
added as a binder to this mixed powder, which in turn was
further: sufficiently mixed and dried. The as-obtained
powder was press-cqmpacted under a pressure of at least

1.5 ton/cm3. Thereafter thé aséobtained pressed compact

- was debindered at a tempekature of 600°C for 2 hours, and

fired in a nitrogen atmosphére under a sintering
temperature of-1800°é for S5 hoﬁrs. The as-obtained

aluminum nitride sinﬁeréd'body was subjected to

- 20 - This Sheet Has Been Replaced




measurement offdensity, a breakdownlvoltage, thermal

donductivity, ﬁnpaired electron concentration, mechanicél
strength, and an amount of titanium as solid solute in
aluminum nitride crystal grains. The sintered body
5 density was measured by an Archimedes‘’ method, the thermal
conductivity was measuied by a laser flash method, the
unpaired electron concentration wassmeasured with an
electron spin resonator, thefkechanical strength was
measured through JIS three-point bending strength, and the
10 amount of titanium was measured wifh EDX of TEM or AES,
SIMS. Table 5 shows the results.
Comparative Examples 2 to 11
The aluminum nitride raw powder ﬁaterials shown in
Table 1 were sﬁrface-treated hnder conditions shown in
15 Table 4, thereafter subjected to mixing, compacting and
debindering in a method similar to that in comparative
example 1, and theﬁ sintered under sintering conditions
shown in Table_4.-'Table 5 shows measurement'values

obtained as to_theée samples of the aluminum nitride

20 sintered bodies.

- 21 -
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Table 4

Surface Smteting Ti Compound Sintering Sintering
Treatment Assistant . _ Temperature | Time (hr.)
Temperature | (wt.%) (1%, in terms | (°C)
Ill A - Y,0,: 1.0 — 1800 5
2 A 1200 Y,0,: 1.0 — 1800 s
3 A 1200 Y,0,: 1.0 TLO,N,: 005 | 1800 5
4 A 1200 Y,04 10 TLO,N,: 55 1800 5
s A 1200 Y,0,: 1.0 TiO,; 1.0 1800 s
6 A - Y,05 10 TiO,: 10 1800 s
7 A 1200 Y,0, 1.0 TiN: 1.0° 1800 5
8 A - Y,0, 10 TiN: 10 1800 5
9 A - Y,0, 10 T,ON,;10 | 1800 5
10 A 700 Y,04: 1.0 TL,O,N,: 1.0 1800 5
l 1 A 1500 - Y,0,: 1.0 Ti,O,N,: 1.0 1800 5
e ————
.- Table 5
Contentof Tias | BreakDown | Density | Mechanical
Solid Solute Voltage 'awmg Strength
(ppm) (kV/mm) - (kg/mm?®)
<10 15 327 32
<10 18 326 as
<10 15 1327 |3 9.6 x 10'* 149
<30 17 328 36 6.0 x 102 139
< 30 18 328 | 'n 75 x 10'* 142 "
< 30 4 328 38 95 x 10" 138
<30 15 - 327 |: 81 x 10' 141
<30 18 327 - [ 3 76 x 102 142 "
<30 15 327 k7] 65 x 10" 140 "
<30 12 327 31
<30 14 327 | 36

From the results of Examples ‘and comparative
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examples, it is understood that an aluminum nitride
sintered body:which:has an amount of Ti as solid solute
within a range:ofISO to 1000 ppm in a weight ratio or
unpaired electron concentration of at least 1 x lOn/g and
contains an oxy-nitride of titahium and aluminum within a
range of 0.1 to S.O percent by weight in terms of TiO, has

a breakdown voltage of at least 20 kV/mm.

Fig. 4 is a.gréph showing relations between breakdown
voltages and unpaired electron concentration values
obtained from thé'aforementioned results of Examples and
comparative examples, in addition to the general relation
between the breakdown voltage and the unpaired electron
concentration shown in Fig. 1. It is understood from this
figure that the values of the unpaired electron
concentrations and thé breakdown voltages of the inventive
aluminum nitride sintered bodies are remarkably improved
as compared with the conventional aluminum nitride
sintered bodies. . When the relations between the unpaired
elect:on.concentration values and the breakdown voltages
are shown on a.straight line to measure inclination of
this straight'liné; it is understood that the prior art

=14

exhibits inclination of 1.0 x 10 " while the inventive

B3 i.e., 13

sintered body exhibits inclination of 1.3 x 10
times as compared with the prior art. In other words, it

is possible to increase the unpaired electron
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concentration.by one digit as well as to increase the
breakdown voltagé.to twice at the maximum according to the
present invention.

From the 1inear relations between the unpaired
electron concentration vaiues and the breakdown voltages,
it is also recognized possible to confirm the breakdown
voltage of the sintered body by a nondestructive test
through measurément of unpaired electron concentration.

Although.the present invention has been described and
illustrated in'detail, it is clearly understood that the
same is by way of illustration and example only and is not
to be taken by way of limitation, the spirit and scope of
the present invention being limited only by the terms of

the appended claims.
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WHAT IS CLAIMED IS:

1. An aluminum nitride sintered body comprising
aluminum nitride érystal-grains, titanium being'included
as solid solute in said aluminum nitride crystal lattice
in a weight ratio'of_at least 50 ppm and not more than

1000 ppm.

2. An aluminum nitride sintered body in accordance
with claim 1, éontaining.an oxy-nitride of titanium and
aluminum the:ein in a weight ratio of ét lea#t.o.l $ and
not more than 5.0 % in terms of TiO,,

unpairedlelectron concentratioh in said sintered body
obtained from an absdrption spectrum of electron spin

resonance being at least 1 x 10“(g.

3. An aluminum nitride sintered body in accordance
with claim 2, wherein said oxy-nitride exists in said
aluminum nitride sintered body in the form of grains, said

grains being not more than 800 nm in diameter.

4. An aluminum nitride sintered body in accordance
with claim 3,.having thermal conductivity of at least 150

W/mK.
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‘5. A method of preparing an aluminum nitride

sintered body, comprising:
a step of preparing aluminum nitride powder;
a step qf'nitriding-said aluminum nitride powder in
5 an atmosphere containing nitrogen at a temperature of at
least 800°C and not more than 1400°C;
a step of adding a sintering assistant, and an oxy-
nitride of titanium, being in a weight ratio of at least
0.1 % and not more than 5.0 % in terms of TiO,, to said
10 nitrided aluminum_ﬁitride powder, thereby obtaining mixed
powder;
a step of preparing a compact from said mixed powder;
and
a step of firing said compact in an atmosphere
15 containing nitrogen, thereby preparing an aluminum nitride

sintered body.

6. A method of_preparing an aluminum nitride
sintered body, comprising:
a step of preparing aluminum nitride powder;
a step of i§n4implanting titanium into said aluminum
5 nitride powder for making titanium exist in aluminum
nitride crystal lattice in a weight ratio of at least 50
ppm and not more than 1000 ppm;

a step of adding a sintering assistant to said
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aluminum nitride powder containing titanium for obtaining.
10 mixed powder; '

a step of preparing a compact from said mixed powder;
and

a step of firing said compact in an atmosphere
containing nitrogen, thereby preparing an aluminum nitride

15 sintered body.
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