ALUM NUM.NI TRI DE

SI NTERED BODY AND PROCESS FOR PRODUCI NG THEggégﬁﬁ, ?ggggA
FIELD The present-inventiont'relates to an alumnum5 nitri tﬁ 733

body aru—a—preeess—f.or nroduclnq the same, in particular t num

nitridg si REPRACHYSYS gﬂ%ﬁ % ack and has a high heat conduct|V|ty
en ars,

BACKGROUND.-ART In rec

escription :

EXClaim(s)

[;E/’l?awiﬁg {s) :
bstract

echni cal advance of a

paged l. to paged 9(} 1

10

15

20

25

g@ad ....... k}@%&d. ....... DESCRIPTION

ALUMINUM NITRIDE SINTERED BODY AND
PROCESS FOR PRODUCING THE SAME

TECHNICAL FIELD

The present invention relates to an aluminum
nitride sintered body and a process for producing the
same, in particular to an aluminum nitride sintered
body which is black and has a high heat conductivity.

BACKGROUND ART
In recent years, the technical advance of a

large scale integrated circuit (LSI) device is
significant and, in particular, an improvement in the

integration density is remarkable. With an

improvement in the integration density, the size of
the IC chip has been increased and the density of the
wiring per IC chip has been increased. This has led
to a remarkable increase in the heat build up per IC
chip. For this reason,'great importance has come to
be placed on the heat radiating property of a material
constituting a package on which IC chips are mounted.
An alumina sintered body has hitherto found extensive
use as the material of an IC chip substrate. With the
heat conductivity of the alumina sintered body,
however, it is becoming difficult to ensure a heat
radiating property sufficient to cope with an increase
in the heat buildup of the IC chip. Studies have been
made also on the use of a beryllium oxide sintered
body having a high heat conductivity as an alternative
to the alumina sintered body. The beryllium oxide is,
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10 | arge scale integrated circuit (LSI) device is significant and, in
partikcul ar, an inprovenent in the integration density is remarkable. Wth
an inprovenent in the integration density, the size of the I C chip has been
i ncreased and the density of the 15 wring per IC chip has been
increased. This has led to a renmarkable increase in the heat build up per

| C chip. For this reason, great inportance has cone to be placed on the
heat radiating property of a material -2«

however, difficult to handle due to the toxicity of
the material per se and therefore can be used for a
special applicatioﬁ only.

On the other hand, an aluminum nitride sintered

5 body has a heat conductivity (theoretical value: 320
W/m+-K) comparable with that of the beryllium oxide
sintered body, is nontoxic and has a high insulating
property. Therefore, it has attracted special interest
o recently in the field of semiconductor industries and
- 10 electronics including a high output laser, wherein the
- heat radiating property becomes an issue.

As described above, aluminum nitride is
theoretically a material having a high heat
conductivity and a high insulating property as a

15 single crystal. Since, however, aluminum nitride is a
material having a covalent bond character of 50%, the
diffusion coefficient of the constituent elements is
small. Further, the sinterability of the aluminum
nitride powder is much lower than that of the aluminum

20 oxide powder. Therefore, when a sintered body is
produced from the aluminum nitride powder, the
relative density (based on the theoretical density of
aluminum nitride, that is, 3.26 g/cm3) of the aluminum
nitride sintered body produced by powder molding

25 followed by sintering is as low as 70 to 80% although
it depends upon the sintering conditions, and the
sintered body has a large amount of pores.

On the other hand, the heat conduction of the
aluminum nitride sintered body having an insulating

30 property occurs through the movement of phonons as

. pseudo-particles. For this reason, defects such as
pores or impurities in the crystal lattice cause
scattering of phonons, which brings about a lowering
in the heat conductivity of the aluminum nztr1de
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constituting a package on which IC chips are nounted. 20 An al um na
sintered body has hitherto found extensive use as the material of an IC
chip substrate. Wth the heat conductivity of the alum na sintered body,
however,_it is becomng difficult to ensure a heat radiating property
sufficient to cope wth an increase 25 in the heat buildup of the IC
chip. Studies have been nade al so on the use of a berylliumoxide sintered
body having a high heat conductivity as-@r alternative

sintered body.
Under these circumstances, various proposals

have been made for the purpose of producing an
aluminum nitride sintered body having a high
5 conductivity.

In order to produce an aluminum nitride sintered
body having a high conductivity, however, it is
necessary to use a starting material having a high

. purity and to prevent the contamination with

- 10 impurities in the manufacturing process. The '
resultant aluminum nitride sintered body is limited to
a white or thinly colored sintered body, which renders
the sintered body unusable in applications where the
transmission of light becomes a problem. For this

15 reason, the development of a colored aluminum nitride

sintered body has been desired in such applications.

The present inventors have already proposed a
highly heat conductive aluminum nitride sintered body
having a light shielding property in Japanese Patent

20 Laid-Open No. 124772/1990.
In the conventional light shielding aluminum
[ - nitride sintered body, the light shielding property
is obtained by distributing a transition metal compound
in the sintered body and allowing the light to be
25 absorbed or diffused in the compound. No properties
of the aluminum nitride sintered body, such as heat
conductivity, can be sufficiently obtained depending
upon the type of the transition metal added. This
appears to derive from the fact that the transition
30 metal compound in the aluminum nitride sintered body
is not sufficiently controlled.

Accordingly, an object of the present invention
is to eliminate the above-described problem and, at
the same time, to provide an aluminum nitride sintered
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to the akum na sintered body. The’ 'beryllium oxide is, -2- however,
diffecult to handle due to t.he toxicity of the material per se and
therefore can be used for a special application only. On the other hand,
alum numnitride sintered

10

15

20

25

30

body stabilized in the properties such as light
shielding property and heat conductivity and a process

for producing the same.
DISCLOSURE OF THE INVENTION

The present inventors have made detailed studies
on an aluminum nitride sintered body and, as a result,
have found that particularly the addition of a
titanium compound as a means for stabilizing the heat
conductivity and meeting the light shielding property
requirement serves to stabilize both the light
shielding property and the heat conductivity.

Accordingly, the present invention relates to an
aluminum nitride sintered body characterized by
comprising aluminum nitride as the main component,
containing a titanium compound, and having a black
color, a transmittance of 10% or less with the light
having a wavelength in the range of from 500 to 650 nm’
and a heat conductivity of 120 W/m-K or more.

The titanium compound includes Ti,O,,_ 1 Or a
solid solution comprising Ti0,, 1 and nitrogen partly
dissolved therein in the solid solution form wherein n
is 1 or more. The n value may vary widely. When n is
1, the titanium compound is TiO and, for example, when
n is 10, it is Tiyg0yg9. The object of the present
invention can be attained so far as the titanium
compound is none of TiN, Ti,O03 and TiO,. It is
conceivable that the Ti, 05, 1 may contain nitrogen in
a solid solution form. However, it is difficult to
determine the amount of such nitfogen by analysis.

The content of Tin02n_1 in aluminum nitride is
0.05 to 5.0% by weight, preferably 0.05 to 1.0% by
weight, in terms of Ti. When the content is less than
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5 body. has a heat conductivity (theoretical value: 320 Wm K) conparabl e

with that of the beryllium oxide sintered body, is nontoxic and has a high
i nsul ating property. Therefore, it has attracted special interest recently
in the field of sem conductor industries and 10 el ectronics including a
hi gh oufput | aser, wherein the heat radiating property beconmes an issue. As
ﬂescribed above, alumnumnitride is thegretically a material having a high
eat -3-

0.05% by weight, the light shielding property is
unsatisfactory. On the other hand, when it exceeds
5.0% by weight, the insulating property deteriorates.
Further, the titanium compound includes a

5 compound represented by the formula TiNxoy wherein 0 <
x <1 and y is 3/2-(1 - x). It is possible that the y-
valué varies widely. When the x value is 0.95, the
compound is TiNj 950g, 075- The X-ray diffractometry
of TiNxOY comprising TiN and oxygen dissolved therein

10 in the form of a solid solution reveals that the
titanium compound has a TiN crystalline structure.
The amount of oxygen in the solid solution form is
determined by estimatingithe bond energy of elementary
titanium according to ESCA (X-ray photoelectron

15 spectroscopy) to simultaneously determine two kinds of
bonding states, that is, the energy of bonding between
a titanium atom and an oxygen atom of 459 and 465 eV
(1 eV) and the energy of bonding between a titanium
atom and a nitrogen atom of 456 and 462 eV (£ 1 eV).

20 The content of the Ti-N-O compound in the
aluminum nitride powder or aluminum nitride sintered
body is 0.05 to 5.0% by weight in terms of Ti. When
the content is less than 0.05% by weight, the
shielding property of the aluminum nitride sintered

25 body is unsatisfactory, while when it exceeds 5.0% by
weight, the insulating property of the aluminum
nitride sintered body deteriorates.

According to a preferred embodiment of the

aluminum nitride sintered body of the present

30 invention, the sintered body has a linear
transmittance of 5% or less with the light having a
wavelength of 500 nm or a linear transmittance of 10%
or less with the light having a wavelength of 6.0 um
and a heat conductivity of 120 W/m+K or more in terms
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conductiwvity and a high insulating property as a 15 single crystal.

Si nce, however, alumnumnitride is a material having a coval ent bond
character of 50% the diffusion coefficient of the constituent elenents is
small. Further, the sinterability of the alum numnitride powder is much

| ower than that of the al um num 20 oxi de powder. Therefore, when a
sintered body is produced fromthe alumnumnitride powder, the relative
density (based on the theoreti cal densit?‘of

of a sample thickness of 0.5 mm.
The present invention also provides a process
for producing an aluminum nitride sintered body
characterized by adding 0.05 to 5% by weight, in terms
5 of Ti, of a titanium compound and a sintering aid to
an aluminum nitride powder, molding the mixture,
heating the molding in vacuo, air, a nitragen gas, a
hydrogen gas or an atmosphere comprising a mixture of
these gases until the residual carbon content is
- 10 reduced to 0.2% by weight or less, and sintering the
heat-treated mixture in a nonoxidizing atmosphere
containing nitrogen at 1600°C or above.

Further, the present invention provides a
process for producing an aluminum nitride sintered

15 body characterized by adding 0.05 to 5% by weight, in
terms of Ti element, of a titanium compound, a
compound capable of forming carbon after being
thermally decomposed and a sintering aid to an
éluminum nitride powder, molding the mixture, heating

20 the molding in vacuo, air, a nitrogen gas, a hydrogen
gas or an atmosphere comprising a mixture of these
gases until the residual carbon content is reduced to
0.2 to 2.0% by weight, and sintering the heat-treated
mixture in a nonoxidizing atmosphere containing

25 nitrogen at 1600°C or above.

In the process according to the present
invention, it is preferred to use an aluminum nitride
powder having a high purity. For example, it is
preferred that the absorption peak of aluminum nitride

30 (wherein aluminum is coordinated with four nitrogen
atoms) obtained by an infrared absorption method using
KBr be observed at 750 cm~! or less. 1In particular,
in the aluminum nitride powder, the amount of oxygen,
carbon, etc., in the solid solution form in the
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alumnumnitride, that is, 3.26 g/cnB) of the alumnumnitride sintered
body produced by powder nol di ng 25 followed by sintering is as low as 70
to 80% al though it depends upon the sintering conditions, and the sintered
body has a | arge anbunt of pores. On the other hand, the heat conduction of
the alumnumnitride sintered body having an insulating 30 property
occurs through the novenent of phonons ag_pseudo-particles. For this
reason, defects such as

aluminum niﬁride powder particle and the amount of
metallic elements as impurities included in the
powder should be small.
The titanium compound to be added to the

5 aluminum nitridé powder should be convertible into
metallic titanium, TiO or TiO, when heated. Preferred
examples of such a compound include organometallic
compounds, metal alkoxide compounds and stearates.
The amount of addition of the titanium compound is

10 still preferably in the range of from 0.05 to 5.0% by
weight in terms of Ti for the reasons as described
above. The titanium compound to be added may also be
TiO, (having a rutile crystal structure) comprising
ultrafine particles having a primary particle diameter

15 of 500 nm or 1less.

At least one compound selected among those of

rare earth elements and alkaline earth elements is
" used as the sintering aid. The amount of addition of
the sintering aid is preferably in the range of from

20 0.01 to 10.0% by weight in terms of oxide. The
addition of the sintering aid facilitates the
production of an aluminum nitride sintered body having
a high density, so that the object of the present
invention can be attained.

25 The above-described starting materials are mixed
together and molded, and the resultant molding is
heated at 200 to 1000°C in the air, vacuo, a nitrogen
gas, a hydrogen gas or an atmosphere comprising a
mixture of these gases. The content of the residual

30 carbon is regulated by either adding a compound
capable of forming carbon after being thermaliy
decomposed or not. In this case, the reason why the
heating atmosphere is limited as described above
resides in that the aluminum nitride powder suffers no
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pores or. inpurities in the crystal lattice cause scattering of phonons,
whi ch brings about a lowering in the heat conductivity of the alum num
nitride -3- sintered body. Under these circunstances, various proposals

-8-

significant oxidation and the residual carbon content
can be regulated thereby. The term 'residual carbon"
used herein is intended to mean liberated carbon. The
residual carbon content is limited to 2.0% by weight
5 or less because when the content exceeds 2.0% by

weight, TiN and TiC are formed and besides the
relative density of the aluminum nitride sintered body
is reduced to 90% or less.

‘ The molding thus treated is sintered at a

. 10 temperature of 1600°C or above in a nonoxidizing
atmosphere containing nitrogen.

" BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a graph showing the results of
measurement of the linear transmittance of an aluminum
15 nitride sintered body prepared in Example 3, and FIG.
2 is a graph showing the results of the ESCA analysis
6f an aluminum nitride sintered body prepared in

Example 3.

BEST MODE FOR CARRYING OUT THE INVENTION

20 The present invention will now be described in
more detail with reference to the following Examples.
Example 1:

An Y,03 powder (particle diameter: 0.5 um) and a
titanium compound of the type and in an amount as

25 specified in Table 1 were added to an AlN powder
having an average particle diameter of 0.8 um (oxygen:
1.5%, carbon: 0.03%, metal impurities: 0.1% or less in
total). They were mixed with each other in alcohol,
dried and molded on a dry press to prepare moldings

- 30 each having a diameter of 15 mm and a thickness of 3 =
N




have been made for the purpose of producing an alum numnitride sintered
body, having a high conductivity. In order to produce an alum numnitride
sintered body having a high conductivity, however, it is necessary to use a
starting material having a high purity and to prevent the contam nation
with inpurities in the manufacturing process. The resultant al um num

nitride sintered body is limted to
-9_

mm. The moldings were heated in the air at 400°C for
"30 min to remove the binder, and sintered in a
nitrogen gas flow under sintering conditions specified
in the Table 1. The properties of the resultant

5 sintered bodies are also given therein. As is
apparent from the table, according to the present
invention, it is possible to produce an AlN sintered
body having an excellent shielding property and a high
heat conductivity.
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a white or thinly colored sintered body, which renders the sintered body
unusabl e in applications where the transm ssion of |ight becones a probl em
For this reason, the devel opnent of a colored alum numnitride sintered
body has been desired in such applications. The present inventors have

al ready proposed a highly heat conductive alum numnitride sintered body
having a | i ght shleldlng property in Japanese Patent Laid-Open No.

124772/ 1990. se F
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I'n the conventional Iight shielding alumnumnitride sintered body, the
light shielding property is obtained by distributing a transition netal
conpound in the sintered body and allowing the light to be absorbed or
diffused in the conpound. No properties of the alum numnitride sintered
body, such as heat conductivity, can be sufficiently obtained depending
upon the type of the transition netal added. This appears to derive from
the fact that the transition -11-

Example 2:

A titanium compound in an amount of 0.2% by
weight in terms of Ti and a sintering aid listed in
Table 2 were added to an AlN powder having an average

5 particle diameter of 0.8 ym (oxygen: 1.5%, carbon:
0.03%, metal impurities: 0.1% or less in total). They
were sufficiently mixed with each other in alcohol,
dried and molded on a simple spindle press to prepare
moldings each having a diameter of 15 mm and a

- 10 thickness of 3 mm. The moldings were heated in a
steam stream at 700°C for 30 min to remove the binder,
and sintered in a nitrogen gas flow under sintering
conditions specified in the Table 2. The properties
of the resultant sintered bodies are also given
15 therein.

As is apparent from the table, according to the
present invention, it is possible to produce an AlN
sintered body having an excellent shielding property
and a high heat conductivity.

—
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metal conpound in the alumnumnitride sintered body is not sufficiently
controll ed. - 3a - Accordingly, an object of the present inventionis to
el imnate the above-described problemand, at the sanme time , to provide an

al um num-nitride sintered
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body stabilized in the properties such as light shielding property and heat
conductivity and a process for producing the sane. -4- DI SCLOSURE OF THE
| NVENTI ON The present inventors have nade detail ed studies

-13-

Example 3:

A Y,03 powder (particle diameter: 0.5 pm) and
titanium stearate in an amount of 0.3% by weight in
terms of titanium were added to an aluminum nitride

5 powder having an average particle diameter of 1.5 um
{oxygen content: 1.5% by weight, carbon content: 0.04%
by weight, content of metal impurities: 0.1% by weight
or less). 11% by weight of an organic binder for
molding was added to the mixed powder, and they were

- 10 mixed with each other in a combined solvent comprising

toluene and alcohol. The organic binder used was a
mixture of polyvinyl butyral (PVB) with dibutyl
phthalate (DBP) in a ratio of 6 : 4. Thereafter, the
mixture was molded by the doctor blade method into a
15 sheet having a thickness of 0.8 mm. The molding was
heated in a nitrogen atmosphere at 600°C for 2 hr to
. remove the organic binder component. Thereafter, the
molding was sintered in a nitrogen gas atmosphere
having a CO gas concentration of 200 ppm or less at
20 1850°C for 1 hr.
The resultant aluminum nitride sintered body was
molded into a sheet having a thickness of 0.5 t 0.01
mm and subjected to measurement of the linear
’transmittance with FT-IR7000, manufactured by Japan
25 Spectroscopic Co., Ltd.,. and the heat conductivity
with a thermal constant measuring device TC-3000,
manufactured by Shinkuu-Rikoh Inc.
A sintered body wherein no titanium stearate had
been added was prepared as a comparative sample under
30 the same condition as that described above. The
results of the measurement of the linear transmittance
~are shown in FIG. 1. The heat conductivity of the
sintered body according to the example of the present
invention was 185 W/m-K, while that of the aluminum
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on an album niumnitride sintered body and, as a result, have found that
particularly the addition of a 5 titani um conpound as a neans for
stabilizing the heat conductivity and neeting the |light shielding property
requirenents serves to stabilize both the |ight shielding property and the
heat cohductivity. Accordingly, the present invention relates to an 10
alumnium nitride sintered body characterized by the features of

claim 1.

15

20

25

30

-14-

nitride sintered body according to the comparative
example was 183 W/m-K. As is apparent from the
results, the aluminum nitride sintered body of the
present invention is excellent in light shielding
property and has a high heat conductivity.

FIG. 2 shows the results of the ESCA analysis of
a sintered body wherein titanium stearate has been
added. The figure shows the presence of bond energy
levels of 456 ev, 459 eV, 462 eV and 465 eV. The bond
energies of 459 eV and 465 eV refer to a bond between
the titanium atom and the oxygen atom, while those of
456 and 462 eV refer to a bond between the titanium
atom and the nitrogen atom.

Example 4:

A Y,03 powder (average particle diameter: 0.5
pm), titanium stearate, a TiO, powder (average
particle diameter: 100 &) and a titanium alkoxide were
added to an aluminum nitride powder having an average
particle diameter of 1.5 pm (oxygen content: 1.5% by
weight, carbon content: 0.04% by weight, content of
metal impurities: 0.1% by weight or less). 11% by
weight of an organic binder for molding was added to
the mixed powder, and they were mixed with each other
in a combined solvent comprising toluene and alcohol.
The organic binder for molding used was a mixture of
polyvinyl butyral (PVB) with dibutyl phthalate (DBP)
in a ratio of 6 : 4. Thereafter, the mixture was
molded by the doctor blade method into a sheet having
a thickness of 0.8 mm. The molding was heated in a
nitrogen atmosphere at 600 °é'for 2 hr to remove the
organic binder component. Thereafter, the molding
thus obtained was sintered in a nitrogen gas flow
atmosphere having a CO gas concentration of 200 ppm or
less under various conditions specified in Table 3.
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The titani um conpound includes [err] or a solid solution conprising [err]
and nitrogen partly dissolved therein in the solid solution formwherein n
15 is 1 or nore. The n value may vary widely. Wen n is 1, the titanium
compound is Ti O and, for exanple, when nis 10, it is [err]. The object of

t he present invention can be attained so far as the titanium conpound is
none of TiN and [err]. It is 20 concei vabl e that the [err] may contain

ni trogen in -15-

_ The resultant aluminum nitride sintered bodies
were molded into sheets each having a thickness of 0.5
+ 0.0 mm and subjected to measurements of the linear
transmittance with FT-IR7000, manufactured by Japan
5 Spectroscopic Co., Ltd., and the heat conductivity
with a thermal constant measuring device TC-3000,
manufactured by Shinkuu-Rikqh Inc.
The results of the measurements are given in the
Table 3, from which it can be understood that the
10 sintered bodies of the present invention are excellent
in light shielding property and have a high heat
conductivity. '

This Sheet Has Been Reﬂlaced

T




IS
in ternms of
t'he |ight shielding

in alumniumnitride i
wei ght ,

is difficult to determ ne the anpunt of
0. 01% by wei ght,

It
The content of [err]
preferably 0.05 to 1.0% by 25

| ess t han

S

When t he cont ent

a solid-:solution form However,
property is

such nitrogen by anal ysis.
0.01 to 5.0% by wei ght,

Ti .

-1l6~

0°1 99T O—-N-Td& *op §°0 Top 0°§ 1T
L0 LST O=N~T L ‘op 0°1 ‘op 0°1 0T
6°0 86T O-N-Td *op S0 Top 0'T 6
8°0 GET O-N-TL *op’ 0°1 *op €°0 8
) OPIXOYT®
0°T 08T O—N~TL HEXD, 0SLT €0 TL €0 L
€0 oLT O-N-T& *op 0°§ ‘op 0°'1T 9
€0 SLT O—-N-T1L ‘op 0°T ‘op 0°T s
0°1 8LT O-N-TL *op 0S°0 ‘op 0°'T 4
§°1 08T O-N-~-TL Top 0T 0 cop 0°T £
£°C 81 O~-N-TJ Top S0°0 ‘op 0°'T [4
0°€ 08T O-N-TJ& HZXD.058T T0°0 ‘071 0T T
(%)
soue3 | (M.u/M) (FL 30
-3Tuwsueay | A3TATIONPUCD Jesdy (¥vosd 03 swzel UT) . %Tam
Butpacooe) (IY X Do) $°3A UoTITPPR | *ON
_ . *pdwed | SUOTITPUCD | ‘UOTITPPR *pduoo 30 "auwe
Apcg paxe3zuts o seTaasdoxg TI burzequrg | 3O ‘*aury T1 : o'z
it o1qex E__
— I
Mmﬂmm
§ mm—
M
——
I=
o e
&

L *



unsati sfactory. On the other

i nsubating property deteriorates. _
5 conmpound represented by the formula [errr] wherein 0 < x <1l andy is
is possible that the y value varies widely. Wen the x value is

[err].
0. 95,

It

the conpound is [err].

Ti N and oxygen di ssol ved therein 10
reveal s that the

g
ES)
c
o]
g
)
~{
Q
o
E4

hand, when it exceeds 5.0% by wei ght,
Further, the titani um conpound includes a

t he

The X-ray diffractonmetry of [err] conprising
in thep4ormof a solid solution
4|J ~ N O wf &~ ] © o
B #®la |a |olmlo |rlo | Alm
0o~ . ~
£ o
o
) H oo
o F
W
<rg >y
nQj ¥
] o :
AT ] P o
pold g
el o6~ kS
231 = v |m |w|lvlag |l |[of «] »
Bl ¥ |v |o |ojnlo (oo |«
ed | 2 E ~ — Hl Nl o | A N~ g
mn [o BN @
uE ’g
P3|
.o 0
[ "
= B o]
o
o ) g
o g
gz 1219 2182 1812 |81 &
s z |z |zl=zls |=(=z |=|]]| E
Yowm 1 [ S N 8 B i1yl o
) i -+t Al ] A -t} - Al 0
g 0 3] [ B H| B4 H| B H
-40mdoOo _ : -
HO-p £+
o]
g p
~~ 2] o] m o
'g'gI l;{‘ ‘g . . ‘a » . . L] .a)'
St x N P o © o| o ol o
. . O ) ) N
hi: T S |© |Y]|T|e |9O|l0 | U]V} ¢
Qe n Q o Kol
v O . - — — o
- i
v
w6 kK ]
0O-A O~ o m wi Ml v ™m] w0 m] o ﬁ
U g Y
gopdy 2
¢t3F—O It
.
ol o ] o o
d rY NN FL] 1 0,
g 2 Blolsl Blol ol B
0] O 0 0] 1 o
. o L o o
% 2 3] 9| © prd B a1 } o
- 0 A - 4 o o
HU Ho| &0 Hu Hu
- n
g -t
wo o
0 o wn n| ol o ol o o|lo| «
s w o |o|r|w |@|lea |wluwl .
BT E 0
S HS “
0' o~ m | n| v ~] o | © L1}
P — - i ] - | -l | P
2

.
2 ¥



titani um conmpound has a Ti N crystalline structure. The anmount of oxygen in
the .solid solution formis determ ned by estimting the bond energy of

el enentary titanium according to ESCA (X-ray photoel ectron 15

spectroscopy) to sinmultaneously determ ne two kinds of bonding states, that
I's, the energy of bonding between a titanium atom and an oxygen atom of 459
and 465 eV ([err]1 eV) and the energy of bonding between a titanium atom
and a ni.trogen atom of 456 and 462 eV ([éT?ﬁ' 1 eV).

Example 5:

A Ca0 powder (average particle diameter: 1.5
pm), titanium stearate, a Tioz powder (average
particle diameter: 100 4) and titanium alkoxide were
added to an aluminum nitride powder having an average
particle diameter of 1.5 ym (oxygen content: 1.4% by
weight, carbon content: 0.07% by weight, content of
impurities: 0.1% by weight or less). 11% by weight of
an organic binder for molding was added to the mixed
powder, and they were mixed with each other in a
combined solvent comprising toluene and alcohol. The
organic binder for molding used was a mixture of
polyvinyl butyral (PVB) with dibutyl phthalate (DBP)
in a ratio of 6 : 4. Thereafter,the mixture was
molded by the doctor blade method into a sheet having
a thickness of 0.8 mm. The molding was heated in a
nitrogen atmosphere at 600°C for 2 hr to remove the
organic binder component. Thereafter, the molding was

" sintered in a nitrogen gas flow atmosphere having a CO
gas concentration of 200 ppm or less under various
conditions specified in Table 4.

The resultant aluminum nitride sintered bodies
were molded into sheets each having a thickness of 0.5
+ 0.01 mm and subjected to measurements of the linear
transmittance with FT-IR7000, manufactured by Japan
Spectroscopic Co., Ltd., and the heat conductivity
with a thermal constant measuring device TC-3000,
manufactured by Shinkuu-Rikoh Inc.

The results of the measurements are given in the
Table 4, from which it can be understood that the
sintered bodies of the present invention are excellent
in light shielding property and have a high heat
conductivity.
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20 * The content of the Ti-N-O conmpound in the alum numnitride powder
or alumnumnitride sintered body is 0.01 to 5.0%by weight in terns of Ti.
When the content is less than 0.01% by wei ght, the shielding property of
the alumnumnitride sintered 25 body is unsatisfactory, whi'le when it
exceeds 5.0% by weight, the insulating propgty of the alum numnitride
sintered body deteriorates. According.to a preferred enbodi nent of the
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REPLACENMENT SHEET -6- of a sanple thickness of 0.5 mm The present
invention al so provides a process for producing an alum numnitride
sintered body characterized by adding 0.01 to 5% by weight, in terns 5
of a titaniumconpound and a sintering aid to an alum numnitride
nmol di ng the m xture, heating the nolding in vacuo, air, a nitrogen

Ti,
powder ,
gas, a

10

15

20

25

30

=21~

Example 6:
A CaCO3 powder (average particle diameter: 1.5

um) and a Y,03 powder (average particle diameter: 0.5
pm) were added to an aluminum nitride powder having an
average particle diameter of 0.87 pm (oxygen content:
0.9% by weight, carbon content: 0.03% by weight,
content of impurities: 0.1% by weight or less). 1In
this case, the CaCO3 powder was added so that the mole
ratio of the CaCOj3 in terms of Ca0O to the Y,03 powdex
was 1 : 1. Titanium stearate, a TiO, powder (average
particle diameter: 100 A) and titanium alkoxide were
added to the mixture. 5.0% by weight of an organic
binder for molding was added to the mixtufe, and they
were mixed with each other in a combined solvent
comprising toluene and alcohol. The organic binder
used for molding was a mixture of polyvinyl butyral
(PVB) with dibutyl phthalate (DBP) in a ratio of 6 :
4. Thereafter, the mixture was dry-pressed to prepare
a molding having a size of 25 x 25 x 1.0 (mm). The
molding was heated in a nitrogen atmosphere at 600°C
for 2 hr to remove the organic binder component.
Thereafter, the treated molding was sintered in a
nitrogen gas flow atmosphere having a CO gas
concentration of 200 ppm or less under various
conditions specified in Table 5.

The resultant sintered bodies were formed into
sheets having a thickness of 0.5 + 0.01 mm and
subjected to measurements of the linear transmittance
with FT-IR7000, manufactured by Japan Spectroscopic
Co., Ltd., and the heat conductivity with a thermal
constant measuring device TC-3000, manufactured by
Shinkuu-Rikoh Inc. The results of the measurements are
given in Table 5, from which it can be understood that
the sintered bodies of the present invention are
excellent in light shielding property and have a high
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JRALT0

of



hydr ogenr gas or an atnosphere conprising a m xture of these gases until the
resi-dual carbon content is 10 reduced to 0.2% by weight or |less, and
sintering the heat-treated m xture in a nonoxidizing at nosphere cont ai ni ng
nitrogen at [err] or above. Further, the present invention provides a
process for producing an alumnumnitride sintered 15 body characterized
by adding 0.01 to 5% by weight, in terns of Ti elenent, of a titanium
conmpound, a -22-

heat conductivity.
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conpound capabl e of form ng carbon after being thermally deconposed and a
sintering aid to an alum numnitri de powder,
the nol ding in vacuo,
at nosphere conprising a m xture of these gases until
is reduced to 0.2to 2.0% by wei ght,

20

cont ent

air,

a nitrogen gas,

m xture in a nonoxidi zi ng at nosphere cont ai n283g 25

above.

Table 5

nol ding the m xture,
a hydrogen gas or an
~the residua
and sintering the heat-treated
nitrogen at [err]

car bon

heati ng
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In the process according to the present invention, it is preferred to use
an alum numnitride powder having a high purity. For exanple, it is

preferred that the absorption peak of alum numnitride 30 (wherein
alum numis coordinated with four nitrogen atons) obtained by an infrared
absorpti on nethod using KBr be observed at 750 [err] or less. In

particular, in the alum numnitride powder, 42%- anount of oxygen, carbon,

in the solid solution formin the

etc.,
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-7- aluminumnitride powder particle and the amount of netallic elenents as
i mpurities included in the powder should be small. The titani um conpound
to be added to the 5 alum numnitri de powder should be convertible into

-25-

Example 7:

A titanium compound in an amount of 0.2% by
weight in terms of Ti and each sintering aid listed in
Table 6 were added to an aluminum nitride powder

5 having an average particle diameter of 0.8 um (oxygen
content: 1.5% by weight, carbon content: 0.03% by
weight, content of metal impurities: 0.1% by weight or
less). They were sufficiently mixed with each other in
alcohol. The resultant mixture was dried and molded

10 on a single spindle press to prepare columnar moldings
each having a diameter of 15 mm and a thickness of 1.5
mm. The thus-obtained moldings were heated in a
hydrogen gas stream at 700°C for 30 min to remove the
binder, and sintered in a nitrogen gas flow under

15 sintering conditions specified in Table 6. The
properties of the resultant sintered bodies were
measured in the same manner as that of the Example 6.
The results of the measurements are given in the Table
6 from which it can be understood that the sintered

20 bodies of the present invention are excellent in light
shielding property and have a high heat conductivity.

—_—
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metallic titanium Ti O or Ti Q2 when heated. Preferred exanples of such a
conpound i nclude organonetal Iic conpounds, netal al koxi de conpounds and
stearates. The anount of addition of the titanium conpound is 10 stil
preferably in the range of fromO0.05 to 5.0% by weight in terms of Ti for

t he reasons as descri bed above. The titanium conpound to be added may al so
be [err] (having a rutile-crystal structure)” rising ultrafine particles

having a primary particl gdrgmeter
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15 of 500 nmor less. At |east one conpound sel ected anong those of rare
eart-h el enments and al kaline earth elenents is used as the sintering aid.-
The amount of addition of the sintering aid is preferably in the range of
from20, 0.01 to 10.0% by weight in terns of oxide. The addition of the
sintering aid facilitates the production of an alum numnitride sintered
body having a high density, so that the %gject of the present

Industrial Applicability

As has been described hereinabove, according to
the present invention, it is possible to provide an
aluminum nitride sintered body excellent in light

5 shielding property and heat conductivity and
stabilized in these properties. The aluminum nitride
sintered body of the present invention is used as a
heat radiating substrate material or a heat radiating
component for an IC substrate, IC package, etc., and

10 can be applied to applications where the transmission
of light is unfavorable, and components of an
automation line wherein use is made of an optical

sensor.
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I nvention can be attained. 25 The above-described starting
materials are m xed together and nol ded, and the resultant nolding is
heated at 200 to [err] in the air, vacuo, a nitrogen gas, a hydrogen gas or

an atnosphere conprising a m xture of these gases. The c

resi dual 30 carbon is regulated by either adding a con’gmgmlﬂgmuﬂw’!ll
formng carbon after being thermally deconposed or not ISsLCase,s
reason why the -28-

Claims:

(1) An aluminum nitride sintered body
characterized by comprising aluminum nitride as the
main component, containing a titanium compound, and

5 having a black color, a transmittance of 10% or less
with the light having a wavelength in the range of
from 500 to 650 nm and a heat conductivity of 120
W/m+‘K or more.

(2) An aluminum nitride sintered body according
to claim 1, wherein said titanium-compéund is Ti,05,_1
or a solid solution comprising TinOZn_{ and nitrogen
partly dissolved therein in the solid solution form

5 whefein n is 1 or more.

(3) An aluminum nitride sintered body according

to claim 1, wherein said titanium compound is a
compound represented by the formula TiNxOY wherein 0 <
x <1 and y is 3/2 (1 - x).
) (4) A process for producing an aluminum nitride
sintered body, characterized by adding 0.05 to 5% by
weight, in terms of Ti, of a titanium compound and a
sintering aid to an aluminum nitride powder, molding

5 the mixture, heating the molding in vacuo; air, a
nitrogen gas, a hydrogen gas or an atmosphere
comprising a mixture of these gases until the residual
carbon content is reduced to 0.2% by weight or 1less,
and sintering the mixture in a nonoxidizing atmosphere

10 containing nitrogen at 1600°C or above.

(5). A process for producing an aluminum nitride
sintered body according to claim 4, wherein said
sintering aid compound comprises at least one compound
selected among those of rare earth elements and

-5 alkaline earth elements.
(6) A process for producing an aluminum nitride

This Sheet Has Been llqilaced

ARSI




heati ng atnosphere is |limted as descri bed above resides in that the
aluntnumnitride powder suffers no REPLACEMENT SHEET 03 SEP 1997 - 8-

significant oxidation and the residual carbon content—-

r

10

R L

~29-~

sintered body, characterized by adding 0.05 to 5% by
weight, in terms of Ti, of a titanium compound, a
compound capable of forming carbon after being
thermally decomposed and a sintering aid to an
aluminum nitride powder, molding the mixture, heating
the molding in vacuo, air or a nitrogen gas, a
hydrogen gas or an atmosphere comprising a mixture of
these gases until the residual carbon content is
reduced to 0.2 to 2.0% by weight, and sintering the
mixture in a nonoxidizing atmosphere containing
nitrogen at 1600°C or above.

(7) A process for producing an aluminum nitride
sintered body according to claim 6, wherein said
sintering aid compound comprises at least one compound
selected among those of rare earth elements and
alkaline earth elements.
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can be regul ated thereby. The termresidual carbon" used herein is intended
to mean |iberated carbon. The residual carbon content is limted to 2.0% by
wei ght 5 or | ess because when the content exceeds 2.0% by weight, TiN and
Ti C are Jornmed and besides the relative density of the alum numnitride
sintered. body is reduced to 90% or |ess. The nolding thus treated is
sintered at a 10 tenperature of [err] ofgabove in a nonoxidizing

_ABSTRACT

An aluminum nitride sintered body characterized
by comprising aluminum nitride as the main component,
containing a titanium compound, and having a black
color, a transmittance of 10% or less with the light

5 having a wavelength in the range of from 500 to 650 nm
and a heat conductivity of 120 W/m'K or more. The
sintered body is produced by adding 0.05 to 5% by
weight, in terms of Ti, of a titanium compound and a
sintering aid compound and, if necessary, a compound

10 capable of forming carbon after being thermally
decomposed to an aluminum nitride powder, molding the
mixture, heating the molding in vacuo, air or a
nitrogen gas, a hydrogen gas or an atmosphere
comprising a mixture of these gases until the residual

15 carbon content is reduced to 2.0% by weight or less,
and sintering the heat—treated mixture in a
nonoxidizing atmosphere containing nitrogen at 1600°C
or above. The titanium compound is Ti 0,, 1 Or a
solid solution comprising Ti 05, 1 and nitrogen partly

20 dissolved therein in the solid solution form wherein n
is 1 or more, or a compound represented by the formula
TiN,O, wherein 0 ¢ x < 1 and y is 3/2 (1 - x).

There is provided an aluminum nitride sintered
body wherein both the light shielding property and the

25  heat conductivity are stabilized.

"
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at rmiphe"re contai ning nitrogen. BRI EF DESCRI PTION OF DRAWNGS FIG 1 is a
graph showi ng the results of neasurenent of the linear transmttance for a
wavel ength 15 area near [err] of an aluminiumnitride sintered body
prepared-in Exanple 3, and FIG 2 is a graph showing the results of the
ESCA analysis of an aluminiumnitride sintelé® body prepared in Exanpl.e 3.
BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON

FIG. |
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20~ + The present invention will now be described in nore detail with
reference to the foll ow ng Exanpl es. Exanple 1: An Y203 powder (particle
dianeter: 0.5 [err]) and a titanium conpound of the type and in an anount
as 25 ,specified in Table 1 were added to an Al N powder having an average
particle dianmeter of 0.8 [err] (oxygen: 1.5¢2carbon: 0.03% netal .

i mpuriti.es: 0.1%ar less in total). They were m xed with each other in

al cohol ,*-
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dried "and nolded on a dry press to prepare nDIdlngs 30 each having a

di ameter of 15 mnand a thickness of 3 mn The mol di ngs were heat ed in
the air at [errj ve the binder, anG-siftered-—

nitrogen gas fl{pWHiAEBEEEHAB&EENg| conditi ons specifi REPhACEMEbEBSHEET The
properties of the r e REALARED -30-

O TN 199F
€35EP-1999

ABSTRACT

ALUMINUM NITRIDE SINTERED BODY AND PROCESS FOR PRODUCING THE
SAME

A sinter which is based on aluminum nitride, contains a titanium compound, is
black, and has a transmittance of 10% or less as regards the light with a wavelength
of 500 to 650 nm and a thermal conductivity of 120 W/m°K or above. it is produced by
molding a mixture of aluminum nitride powder with a titanium compound in an amount
of 0.05 to 5 wt% in terms of titanium element, a sintering aid and optionally further a
compound which generates carbon by thermal decomposition, heating the molded
article in a vacuum, air, nitrogen, hydrogen or a mixture thereof toc a residual carbon
content of 2.0 wt% or less, and sintering in a nitrogen-containing nonoxidative
atmosphere at 1,600°C or above. Examples of the titanium compound to be used
include Ti,0,, solid solution comprising Ti,O,,, and nitrogen partially dissolved
therein, wherein n is 1 or above, and TiN,O, wherein 0 <x <1 andy = 3/2 (1-x). The
obtained sinter has stable light shielding property and thermal conductivity.

This Sheet Has Been R,

T
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PROCESS FOR PRODUCING THE SAME

TECHNICAL FIELD

The present invention relates to an aluminum
5 nitride sintered body and a process for producing the
same, in particular to an aluminum nitride sintered
body which is black and has a high heat conductivity.

BACKGROUND ART

In recent years, the technical advance of a
10 large scale integrated circuit (LSI) device is
significant and, in particular, an improvement in the
integration density is remarkable. With an
improvement in the integration density, the size of
the IC chip has been increased and the density of the
15 wiring per IC chip has been increased. This has led
to a remarkable increase in the heat build up per IC
chip. For this reason, great importance has come to
be placed on the heat radiating property of a material
constituting a package on which IC chips are mounted.
20 An alumina sintered body has hitherto found extensive
use as the material of an IC chip substrate. With the
heat conductivity of the alumina sintered body,
however, it is becoming difficult to ensure a heat
radiating property sufficient to cope with an increase
25 in the heat buildup of the IC chip. Studies have been
made also on the use of a'beryllium oxide sintered
body having a high heat conductivity as an alternative
to the alumina sintered body. The beryllium oxide is,

REPLACEMENT SHEET

03 SEP 197
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however, difficult to handle due to the toxicity of
the material per se and therefore can be used for a

special application only.
On the other hand, an aluminum nitride sintered

body has a heat conductivity (theoretical value: 320
W/m-K) comparable with that of the beryllium oxide
sintered body, is nontoxic and has a high insulating
property. Therefore, it has attracted special interest
recently in the field of semiconductor industries and
electronics including a high output laser, wherein the
heat radiating property becomes an issue.

As described above, aluminum nitride is
theoretically a material having a high heat
conductivity and a high insulating property as a
single crystal. Since, however, aluminum nitride is a
material having a covalent bond character of 50%, the
diffusion coefficient of the constituent elements is
small. Further, the sinterability of the aluminum
nitride powder is much lower than that of the aluminum
oxide powder. Therefore, when a sintered body is
produced from the aluminum nitride powder, the
relative density {(based on the theoretical density of
aluminum nitride, that is, 3.26 g/cm3) of the aluminum
nitride sintered body produced by powder molding
followed by sintering is as low as 70 to 80% although
it depends upon the sintering conditions, and the
sintered body has a large amount of pores.

On the other hand, the heat conduction of the
aluminum nitride sintered body having an insulating
property occurs through the movement of phonons as
pseudo-particles. For this reason, defects such as
pores or impurities in the crystal lattice cause
scattering of phonons, which brings about a lowering
in the heat conductivity of the aluminum nitride



0.03% metal inpurities: 0.1%or less in total). They

m xed with each other in alcohol, dried and nol ded on SEPDACEMENT NSHEETY |
press to prepare nol dings each having a dianeter of 15jmpenet—e—to- - -

t hi ckness of 3 mm The nol dings were heated in a stea stgfgnggﬁdkﬁir} for
30 min to renove the binder, and sintered in a nitrogen ga I er:
sintering conditions specified in the Tablgsg. The propenties of the |
resultant sintered bodies are al so given :

sintered body.
Under these circumstances, various proposals

have been made for the purpose of producing an
aluminum nitride sintered body having a high
conductivity.

In order to produce an aluminum nitride sintered
body having a high conductivity, however, it is
necessary to use a starting material having a high
purity and to prevent the contamination with
impurities in the manufacturing process. The
resultant aluminum nitride sintered body is limited to
a white or thinly colored sintered body, which renders
the sintered body unusable in applications where the
transmission of light becomes a problem. For this
reason, the development of a colored aluminum nitride
sintered body has been desired in such applications.

The present inventors have already proposed a
highly heat conductive aluminum nitride sintered body
having a light shielding property in Japanese Patent
Laid-Open No. 124772/1990.

In the conventional light shielding aluminum
nitride sintered body, the light shielding property
is obtained by distributing a transition metal compound
in the sintered body and allowing the light to be
absorbed or diffused in the compound. No properties
of the aluminum nitride sintered body, such as heat
conductivity, can be sufficiently obtained depending
upon the type of the transition metal added. This
appears to derive from the fact that the transition
metal compound in the aluminum nitride sintered body
is not sufficiently controlled.



15 therein. As is apparent fromthe table, according t b REﬁ.A@EM@ﬂT‘tSHEET
I nvention, it is possible to produce an AIN sintered body pav+rRg-au [

excel l ent shielding property and a high heat conductivit}. -12-
- 3a - 03 SEP 197 ! g
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Accordingly, an object of the present invention
is to eliminate the above-described problem and, at
the same time , to provide an aluminum nitride sintered
body stabilized in the properties such as light
shielding property and heat conductivity and a process
for producing the same.



-13- Exanple 3: A Y203 powder (particle
stearate in an anount of 0.3% by wei ght

an alumnumnitride 5 powder having an average particle d
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DISCLOSURE OF THE INVENTION

diameter: 0.5 [err]) and titanium

in terms of titaniym §:€§§§§§¥§§¥%?
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The present inventors have made detailed studies
on an aluminium nitride sintered body and, as a result,
have found that particularly the addition of a

5 titanium compound as a means for stabilizing the heat

conductivity and meeting

the light shielding property

requirements serves to stabilize both the light
shielding property and the heat conductivity.
Accordingly, the present invention relates to an
10 aluminium nitride sintered body characterized by the

features of claim 1.

The titanium compound includes Ti,O0,,-) or a
solid solution comprising Ti,Oan-i and nitrogen partly

dissolved therein in the

solid solution form wherein n

15 is 1 or more. The n value may vary widely. When n is

1, the titanium compound

is Tio and, for example, when
The object of the present

invention can be attained so far as the titanium
compound is none of TiN and Tio,. It is
20 conceivable that the Ti0on may contain nitrogen in
a solid solution form. However, it is difficult to
determine the amount of such nitrogen by analysis.
The content of Ti,O0 nn4 in aluminium nitride is
0.01 to 5.0% by weight, preferably 0.05 to 1.0% by

25 weight, in terms of Ti.

When the content is less than



(oxygen content:
of metal inpurities: 0.1% by weight or less). 11% by wei ght

bi nder for nol di ng was added to the m xed powder, and they

wi th each ot her

organi c_bi nder used was a mixture of poiSwvinyl butyral (PVH)
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0.01% by weight, the light shielding property is
unsatisfactory. On the other hand, when it exceeds
5.0% by weight, the insulating property deteriorates.
Further, the titanium compound includes a
compound represented by the formula TleOy wherein 0 <
x ¢ 1 and y is 3/2-(1 - x). It is possible that the y-

valué varies widely. When the x value is 0.95, the

compound is TiNg ¢50p g75- The X-ray diffractometry

of TiNxoy comprising TiN and oxygen dissolved therein
in the form of a solid solution reveals that the
titanium compound has a TiN crystalline structure.

The amount of oxygen in the solid solution form is
determined by estimating'the bond energy of elementary
titanium according to ESCA (X-ray photoelectron
spectroscopy) to simultaneocusly determine two kinds of
bonding states, that is, the energy of bonding between
a titanium atom and an oxygen atom of 459 and 465 eV
(1 eV) and the energy of bonding between a titanium

étom and a nitrogen atom of 456 and 462 eV (+ 1 eV}.

The content of the Ti-N-O compound in the
aluminum nitride powder or aluminum nitride sintered
body is 0. 0.01 to 5.0% by weight in terms of Ti. When
the content is less than 0 01% by weight, the
shielding property of the aluminum nitride sintered
body is unsatisfactory, while when it exceeds 5.0% by
weight, the insulating property of the aluminum
nitride sintered body deteriorates.

According to a preferred embodiment of the
aluminum nitride sintered body of the present
invention, the sintered body has a linear
transmittance of 5% or less with the light having a
wavelength of 500 nm or a linear transmittance of 10%
or less with the light having a wavelength of 6.0 um
and a heat conductivity of 120 W/m-K or more in terms



15 sheet having a thickness of 0.8 mm The nol di ng Sg@%%ﬁ@gw SHEET

ni:t rogen atnosphere at [err] for 2 hr to renove the organ
’ Thereafter, the nolding was sintered in a nigrégen gas

at nosphere having a CO gas concentration of 200 ppm or }eps0O3 SEP ®§Jer
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0.01 mm and subj etted to NEASTIET
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of a sample thickness of 0.5 mm.
The present invention also provides a process

for producing an aluminum nitride sintered body
characterized by adding 0.01 to 5% by weight, in terms
of Ti, of a titanium compound and a sintering aid to
an aluminum nitride powder, molding the mixture,
heating the molding in vacuo, air, a nitregen gas, a
hydrogen gas or an atmosphere comprising a mixture of
these gases until the residual carbon content is
reduced to 0.2% by weight or less, and sintering the
heat-treated mixture in a nonoxidizing atmosphere
containing nitrogen at 1600°C or above.

Further, the present invention provides a
process for producing an aluminum nitride sintered
body characterized by adding 0.01 to 5% by weight, in
terms of Ti element, of a titanium compound, a
compound capable of forming carbon after being
thermally decomposed and a sintering aid to an
éluminum nitride powder, molding the mixture, heating
the molding in vacuo, air, a nitrogen gas, a hydrogen
gas or an atmosphere comprising a mixture of these
gases until the residual carbon content is reduced to
0.2 to 2.0% by weight, and sintering the heat-treated
mixture in a nonoxidizing atmosphere containing
nitrogen at 1600°C or above.

In the process according to the present
invention, it is preferred to use an aluminum nitride
powder having a high purity. For example, it is
preferred that the absorption peak of aluminum nitride
(wherein aluminum is coordinated with four nitrogen
atoms) obtained by an infrared absorption method using
KBr be observed at 750 cm~! or less. In particular,
in the aluminum nitride powder, the amount of oxygen,
carbon, etc., in the solid solution form in the



transmittance with FT-1R7000, nanufactured by Japan 25 (S gﬁ&&g@g Eg;g%?ﬁ
Ltd., and the heat conductivity with a thermal constant ' Qe VA,
TC- 3000, manufactured by Shinkuu-R koh Inc. A sintered bgdy wherein no

titanium stearate had been added was prepared as a conpafati (B3 SEPIEFUNde|
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aluminum nitride powder particle and the amount of
metallic elements as impurities included in the
powder should be small.

The titanium compound to be added to the
aluminum nitride powder should be convertible into
metallic titanium, TiO or TiO; when heated. Preferred
examples of such a compound include organometallic
compounds, metal alkoxide compounds and stearates.

The amount of addition of the titanium compound is
still preferably in the range of from 0.05 to 5.0% by
weight in terms of Ti for the reasons as described
above. The titanium compound@ to be added may alsc be
TiO, (having a rutile crystal structure) comprising
ultrafine particles having a primary particle diameter
of 500 nm or less. '

At least one compound selected among those of
rare earth elements and alkaline earth elements is
used as the sintering aid. The amount of addition of
the sintering aid is preferably in the range of from
0.01 to 10.0% by weight in terms of oxide. The
addition of the sintering aid facilitates the
production of an aluminum nitride sintered body having
a high density, so that the object of the present

invention can be attained.
The above-described starting materials are mixed

together and molded, and the resultant molding is
heated at 200 to 1000°C in the air, vacuo, a nitrogen
gas, a hydrogen gas or an atmosphere comprising a
mixture of these gases. The content of the residual
carbon is regulated by either adding a compound
capable of forming carbon after being thermally
decomposed or not. 1In this case, the reason why the
heating atmosphere is limited as described above
resides in that the aluminum nitride powder suffers no



heat conductivity of the sintered body according t¢ RERLACEMENT SHEETt he
present invention was 185 Wm K, while that of the}affunn ACEMENT

SHEET -14- nitride sintered body according to the Omﬁj‘tgéﬁm}r
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significant oxidation and the residual carbon content
can be regulated thereby. The term ''residual carbon"
used herein is intended to mean liberated carbon. The
residual carbon content is limited to 2.0% by weight

5 or less because when the content exceeds 2.0% by
weight, TiN and TiC are formed and besides the
relative density of the aluminum nitride sintered body
is reduced to 90% or less.

The molding thus treated is sintered at a
10 temperature of 1600°C or above in a nonoxidizing

atmosphere containing nitrogen.
. BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a graph showing the results of
measurement of the linear transmittance for a wavelength
15 area near 6ym of an aluminium nitride sintered body
prepared in Example 3, and FIG. 2 is a graph showing the
results of the ESCA analysis of an aluminium nitride
sintered body prepared in Example 3.

BEST MODE FOR CARRYING OUT THE INVENTION

20 The present invention will now be described in
more detail with reference to the fbllowing Examples.
Example 1:

An Y,0; powder (particle diameter: 0.5 pm) and a
titanium compound of the type and in an amount as

25 specified in Table 1 were added to an AlN powder
having an average particle diameter of 0.8 um (oxygen:
1.5%, carbon: 0.03%, metal impurities: 0.1% or less in
total). They were mixed with each other in alcohol,
dried and molded on a dry press to prepare moldings

30 each having a diameter of 15 mm and a thickness of 3




exanple>was 183 [err]. As is apparent fromthe results, the al um num
nitride sintered body of the present invention is ex e-’ﬁgbggu gt
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shielding 5 property and has a high heat conductivft
results of the ESCA analysis of a sintered body wher

has been added.
eV, 459 eV, 462
refer to a bond

ti tani um St gariat e

The figure shows the presence of bonfi ENBIYBEPERRys jof] 456
eV and 465 eV. The bond-36 energi es pof 459 eV and {465 eV

bet ween

mm. The moldings were heated in the air at 400°C for
30 min to remove the binder, and sintered in a
nitrogen gas flow under sintering conditions specified
in the Table 1. The properties of the resultant
sintered bodies are also given therein. As is
apparent from the table, according to the present
invention, it is possible to produce an AlN sintered
body having an excellent shielding property and a high

heat conductivity.
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20 weight, carbon content: 0.04% by wei ght, content of metal inpurities:
0.1% by weight or less). 11% by wei ght of an organic binder for nolding was
added to the m xed powder, and they were mxed with eac ﬁ% A

combi ned sol vent conprising toluene and al cohol. 25 The 'W%Nﬁlsﬁﬂﬁf
for nolding used was a m xture of polyvinyl butyral (PVB)]w th dibuty
phthalate (DBP) in a ratio of 6 : 4. Thereafter, the nlxturGEM@Epngbfe
t he doctor blade nethod into a sheet having

Example 2:

A titanium compound in an amount of 0.2% by
weight in terms of Ti and a sintering aid listed in
Table 2 were added to an AlN powder having an average

5 particle diameter of 0.8 um {oxygen: 1.5%, carbon:
0.03%, metal impurities: 0.1% or less in total). They
were sufficiently mixed with each other in alcohol,
dried and molded on a simple spindle press to prepare
moldings each having a diameter of 15 mm and a

- 10 thickness of 3 mm. The moldings were heated in a
steam stream at 700°C for 30 min to remove the binder,
and sintered in a nitrogen gas flow under sintering
conditions specified in the Table 2. The properties
of the resultant sintered bodies are also given
15 therein.

As is apparent from the table, according to the
present invention, it is possible to produce an AlN
sintered body having an excellent shielding property

and a high heat conductivity.
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a CO gas concentration of 200 ppm or |ess under various ponei-ALBMENT SHEET
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each having a thickness of 0.5 [err] 0.01 nm and subj ect gd S

of the lTinear transmttance with FT-1R7000, manufact ured by jfﬂgg 5
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J resultsjo
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Example 3:

A Y503 powder (particle diameter: 0.5 pm) and
titanium stearate in an amount of 0.3% by weight in
terms of titanium were added to an aluminum nitride
powder having an average parﬁicle diameter of 1.5 um
(oxygen content: 1.5% by weight, carbon content: 0.04%
by weight, content of metal impurities: 0.1% by weight
or less). 11% by weight of an organic binder for
molding was added to the mixed powder, and they were
mixed with each other in a combined solvent comprising
toluene and alcohol. The organic binder used was a
mixture of polyvinyl butyral (PVB) with dibutyl
phthalate (DBP) in a ratio of 6 : 4. Thereafter, the
mixture was molded by the doctor blade method into a
sheet having a thickness of 0.8 mm. The molding was
heated in a nitrogen atmosphere at 600°C for 2 hr to
remove the organic binder component. Thereafter, the
molding was sintered in a nitfogen gas atmosphere
having a CO gas concentration of 200 ppm or less at

1850°C for 1 hr.
The resultant aluminum nitride sintered body was

molded into a sheet having a thickness of 0.5 ¢ 0.01
mm and subjected to measurement of the linear

.transmittance with FT-IR7000, manufactured by Japan

Spectroscopic Co., Ltd.,. and the heat conductivity
with a thermal constant measuring device TC-3000,

manufactured by Shinkuu-Rikoh Inc.
A sintered body wherein no titanium stearate had

been added was prepared as a comparative sample under
the same condition as that described above. The

results of the measurement of the linear transmittance
for a wavelength area near Gym are shown in FIG. 1. The

heat conductivity of the sintered body according to the
example of the present invention was 185 W/m.K, while that

of the aluminum
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nitride sintered body according to the comparative

example was 183 W/m-K. As is apparent from the

results, the aluminum nitride sintered body of the

present invention is excellent in light shielding

S property_and has a high heat conductivity.
FIG. 2 shows the results of the ESCA analysis of

a sintered body wherein titanium stearate has been

added. The figure shows the presence of bond energy

levels of 456 eV, 459 eV, 462 eV and 465 eV. The bond
. 10 energies of 459 eV and 465 eV refer to a bond between

the titanium atom and the oxygen atom, while those of

456 and 462 eV refer to a bond between the titanium

atom and the nitrogen atom.

Example 4:

15 A Y,03 powder (average particle diameter: 0.5
um), titanium stearate, a TiO, powder (average
particle diameter: 100 A) and a titanium alkoxide were
added to an aluminum nitride powder having an average
particle diameter of 1.5 um (oxygen content: 1.5% by

20 weight, carbon content: 0.04% by weight, content of
metal impurities: 0.1% by weight or less). 11% by
weight of an organic binder for molding was added to
the mixed powder, and they were mixed with each other
in a combined solvent comprising toluene and alcohol.

25 The organic binder for molding used was a mixture of
polyvinyl butyral (PVB) with dibutyl phthalate (DBP}
in a ratio of 6 : 4. Thereafter, the mixture was
molded by the doctor blade method into a sheet having
a thickness of 0.8 mm. The qplding was heated in a

30 nitrogen atmosphere at 600 °C for 2 hr to remove the
organic binder component. Thereafter, the molding
thus obtained was sintered in a nitrogen gas flow
atmosphere having a CO gas concentratibn of 200 ppm or
less under various conditions spe‘c’ified in Table 3.
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The resultant aluminum nitride sintered bodies
were molded into sheets each having a thickness of 0.5
+ 0.01 mm and subjected to measurements of the linear
transmittance with FT-IR7000, manufactured by Japan
Spectroscopic Co., Ltd., and the heat conductivity

‘with a thermal constant measuring device TC-3000,

manufactured by Shinkuu-Rikoh Inc.

The results of the measurements are given in the
Table 3, from which it can be understood that the
sintered bodies of the present invention are excellent
in light shielding property and have a high heat

conductivity.
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heated in a nitrogen atnosphere at 600 C for 2 hr to remove the organic
bi nder conponent. Thereafter, the nolding was sintered in a nitrogen gas
fl ow at nosphere having a CO gas concentration of 200 ppm or |ess under
various conditions specified in Table 4. The resultant alum numnitride
sintered hodies were nolded into sheets eaelmaving a thickness of 0.5
0.01 mm and subj ected to neasurenents of the linear transmttance

[err]
wi th FT-1R7000, manufa:tureId by Jgapan
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Spectroscopic Co., Ltd., and the heat conductivity w th.a t her nal

constant neasuring devi ce TC- 3000, manufactured tyagprlﬁl M’Eﬂ“rhc
The results of the neasurenents are given in the Tabl 4 F=-o-Whi-Ch can
be understood that the sintered bodies of the present irvenélon are
excel lent in Iight shielding property and having a highfh SERANR i Vity.

Example 5 :

A CaO powder (average particle diameter : 1.5 um)
.and titanium stearate, Tio,or titanium alkoxide were
added to an aluminum nitride powder having an average
particle diameter of 1.5 um (oxygen content: 1.4% by
weight, content of impurities: 0.1 % by weight or
less). The organic binder for molding used was a
mixture of polyvinyl butyral (PVB) with dibutyl
phthalate (DBP) in a ratio of 6 : 4. Thereafter, the
mixture was molded by the doctor blade method into a
sheet having a thickness of 0.8 mm. The molding was
heated in a nitrogen atmosphere at 600°C for 2 hr to
remove the organic binder component. Thereafter, the
molding was sintered in a nitrogen gas flow atmosphere
having a CO gas concentration of 200 ppm or less under
various conditions specified in Table 4.

The resultant aluminum nitride sintered bodies
were molded into sheets each having a thickness of 0.5
+ 0.01 mm and subjected to measurements of the linear
transmittance with FT-IR7000, manufactured by Japan
Spectroscopic Co., Ltd., and the heat conductivity with
a thermal constant measuring device TC-3000,
manufactured by Shinkuu-Rikoh Inc.

The results of the measurements are given in the
Table 4, from which it can be understood that the
sintered bodies of the present invention are excellent
in light shielding property and having a high heat
conductivity.
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ratio.,of the CaCO3 in ternms of CaOto the Y203 powder szel redu T tani um
stearate, a Ti Q2 powder (average 10 particle dianeter: BB&A@EMEW
titani um al koxi de were added to the m xture. 5.0% by wei Ofe
bi nder for nol di ng-was added to the m xture, and they wereg
other in a conbined solvent conprising toluene and al cohof .
bi nder 15 used for nolding was a m xt@ile of pol yvinyl{ by
di butyl phthalate (DBP) in a ratio of 6

Example 6:
A CaCO3 powder {average particle diameter: 1.5

um) and a Y,03 powder (average particle diameter: 0.5
um) were added to an aluminum nitride powder having an
average particle diameter of 0.87 um {(oxygen content:

5 0.9% by weight, carbon content: 0.03% by weight,
content of impurities: 0.1% by weight or less). 1In
this case, the CaCO3 powder was added so that the mole
ratio of the CaCO3 in terms of CaO to the Y03 powder

. was 1 : 1. Titanium stearate, a TiO, powder (average
- 10 particle diameter: 100 A) and titanium alkoxide were
added to the mixture. 5.0% by weight of an organic
binder for molding was added to the mixture, and they
were mixed with each other in a combined solvent
comprising toluene and alcohol. The organic binder

15 used for molding was a mixture of polyvinyl butyral
(pvB) with dibutyl phthalate (DBP) in a ratio of 6 :
4. Thereafter, the mixture was dry-pressed to prepare
a molding having a size of 25 x 25 x 1.0 {mm). The
molding was heated in a nitrogen atmosphere at 600°C

20 for 2 hr to remove the organic binder component.
Thereafter, the treated molding was sintered in a
nitrogen gas'flow atmosphere having a CO gas
concentration of 200 ppm or less under various
conditions specified in Table S.

25 The resultant sintered bodies were formed into
sheets having a thickness of 0.5 + 0.01 mm and
subjected to measurements of the linear transmittance
with FT-IR7000, manufactured by Japan Spectroscopic
Co., Ltd., and the heat conductivity with a thermal

30 constant measuring device TC-3000, manufactured by
Shinkuu-Rikoh Inc. The results of the measurements are
given in Table 5, from which it can be understood that

" the sintered bodies of the present invention are
excellent in light shielding property and have a high

ettt




4. Thereafter, the m xture was dry-pressed to prepare a nolding having a
size of 25 x 25 x 1.0 (mm). The nolding was heated in a nitrogen atnosphere
at [err] 20 for 2 hr to renove the organi c binder conponent. Thereafter
the treated nolding was sintered in a nitrogen gas fl ow at nosphere having a
CO gas concentration of 200 ppmor |ess under various conditions specified
in Table 5. 25 The resultant sint+@&2ed bodies were fornmed into

r_—~ .
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sheets *having a thickness of 0.5 [err] 0.01 mmand subjected to
nmeasurenments of the linear transmttance with FT-1R7000, nmanufactured by

Japan Spectroscopic Co., Ltd., and the heat conductivity with a thermal 30
constant neasuring device TC 3000, manufactured by Shinkuu-Ri koh Inc. The
results of the measurenents are given in TabF@35, fromwhich it can be

under st ood t hat the sint erred—boeies—ei—tHe—presert—-pyant-ep—aregexgeth ent
in light shielding property anfl have a hijgh T
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heat conductivity.
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-24- . -25- Exanple 7:
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Examgle 7:

A titanium compound in an amount of 0.2% by
weight in terms of Ti and each sintering aid listed in
Table 6 were added to an aluminum nitride powder

5 having an average particle diameter of 0.8 um (oxygen
content: 1.5% by weight, carbon content: 0.03% by
weight, content of metal impurities: 0.1% by weight or
less). They were sufficiently mixed with each other in
alcohol. The resultant mixture was dried and molded

10 on a single spindle press to prepare columnar moldings
each having a diameter of 15 mm and a thickness of 1.5
mm. The thus-obtained moldings were heated in a
hydrogen gas stream at 700°C for 30 min to remove the
binder, and sintered in a nitrogen gas flow under

15 sintering conditions specified in Table 6. The
properties of the resultant sintered bodies were
measured in the same manner as that of_thE'Example 6.
The results of the measurements are given in the Table
é, from which it can be understood that the sintered

20 bodies of the present invention are excellent in light
shielding property and have a high heat coﬁductivity.



A titani um conpound in an anount of 0.2% by weight in terms of Ti and each
sintering aid listed in Table 6 were added to an alum numnitride powler 5

havi ng an average particle diameter of 0.8 [err] (oxygen content: 1.5% by
wei ght, carbon content: 0.03% by wei ght, content of nmetal inpurities: 0.1%

by weight or less). They were sufficiently m xed with each other in
al cohol . The resultant mxture was dried and Apgded 10 on a single
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each having a dianmeter of 15 mmand a thickness of 1.5 mm The
t hius- obt ai ned nol dings were heated in a hydrogen gas streamat [err] for. 30
mn to renove the binder, and sintered in a nitrogen gas flow under 15

sintering conditions specified in Table 6. The properties o STl -
as that of 1h3aﬁﬁ§ E&¥§§EE?~

sintered bodi es were neasured in the sane nanner

The results of the nmeasurenents are given in the Table 6, fremwhich 1t can
be understood that the sintered -27- 03 SEP ¥§7
Industrial Applicability T

As has been described hereinabove, according to
the present invention, it is possible to provide an
aluminum nitride sintered body excellent in light

5 shielding property and heat conductivity and
stabilized in these properties. The aluminum nitride
sintered body of the present invention is used as a
heat radiating substrate material or a heat radiating
component for an IC substrate, IC package, etc., ‘and

10 can be applied to applications where the: transmission
of light is unfavorable, and components of an
automation line wherein use is_made of an optical

sensor.



20 . bodies of the present invention are excellent in light shielding

! f!m//f/:gumu/l/mm/ = S o | I

(1) An aluminum nitride sintered body comprising
aluminum nitride as the main component, and a titanium
compound selected from the group consisting of TipOjp-;
, a solid solution comwprising Ti, Ojn-~., and nitrogen
partly dissolved therein in solid solution form, and
TiNxOy wherein 0< x < 1, y is 3/2 (1-x), and n is at
least 1, said sintered body having a black color, a
linear transmittance of not more than 10% for light
having a wavelength of 500 to 650nm and a heat
conductivity of 120 W/m.K or more. -

(2) A process for producing an aluminum nitride
sintered body according to claim 1, characterized by
adding 0.01 to 5% by weight, in terms of Ti, of a
titanium compound and a sintering aid to an aluminum
nitride powder, molding the mixture, heating the
molding in vacuo, air, a nitrogen gas, a hydrogen gas
or an atmosphere comprising a mixture of these gases
until the residual carbon content is reduced to 0.2% by
weight or 1less, and sintering the mixture in a
nonoxidizing atmosphere containing nitrogen at 1600°C

or above.

(3) A process according to claim 2, wherein said
;E;%ering aid compound comprise at least one compound
selected among those of rare earth elements and

alkaline earth elements.
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-2 8- Jains : (1) trlde sintered body conprising alum num
nitride as the main gumﬁm%!ﬂﬂﬂtl titani um conpound sel ected fromthe
group consi sting of L oI ution conprising [err]- and nitrogen
partly dissolved therein in solid solution form and [ '

1, y is 3/2 (1-x), and nis at least 1, said sintered | diyS BHEETIgAS HREAC
color, a -2- | REPLACED

(4) The sintered body according to claim 1, wherein
.1::1;; sintered body has a linear transmittance of 5% or
less with the light-having a wavelength of 500 nm or a
linear transmittance of 10% or less with the 1light
having a wavelength of 6.0 pm.
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| i near «transmttance of not nore than 10% for |ight having a wavel ength of
500 to 650nm and a heat conductivity of 120 [err] or nore. * (2) A process
for producing an alumnum nitride sintered body agcording to claim 1,

characterized by adding 0.01 to 5% by weight, in tef Frgians t ani um
conpound and a sin umnumnitride | ,J}e
m xture, heating theREPLAGEMENT SREEEub, air, a nitrdgen-gas gas

0.3 SEP W97

 ABSTRACT

An aluminum nitride sintered body characterized
by comprising aluminum nitride as the main component,
containing a titanium compound, and having a black
color, a transmittance of 10% or less with the light

5 having a wavelength in the range of from 500 to 650 nm
and a heat conductivity of 120 W/m-K or more. The
sintered body is produced by adding 0.05 to 5% by
weight, in terms of Ti, of a titanium compound and a
sintering aid compound and, if necessary, a compound

10 capable of forming carbon after being thermally
decomposed to an aluminum nitride powder, molding the
mixture, heating the molding in vacuo, air or a
nitrogen gas, a hydrogen gas or an atmosphere
comprising a mixture of these gases until the residual

15 carbon content is reduced to 2.0% by weight or less,
and sintering the heat-treated mixture in a
nonoxidizing atmosphere containing nitrogen at 1600°C
or above. The titanium compound is Ti 0, 1 or a
solid solution comprising Ti,Oz,.¢1 and nitrogen partly

20 dissolved therein in the solid solution form wherein n
is 1 or more, or a compound represented by the formula
T"Nxoy wherein 0 ¢ x < 1 and y is 3/2 (1 - x).

There is provided an aluminum nitride sintered

body wherein both the light shielding property and the

25  heat conductivity are stabilized.
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or an atnosphere conprising a mxture of these gases until the residua
carbon content is reduced to 0.2% by weight or |less, and sintering the

m xturerin a nonoxidizing atnosphere containing nitrogen at [err] or above.
(3) A process according to claim 2, wher ei ¥ 2ai d sintering aid conpound
conpri sk at | east one conpound sel ected anong those of rare earth el enents
and al kal i ne earth el ements.
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-29- (4) The sintered body according to claim1, wherein the sintered body
has a |inear transmttance of 5% or less with the Iight having a wavel ength
of 500 nmor a linear transmittance of 10%oor_less with the Iight having a
wavel ength of 6.0 Jerr]. a2/2 .
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-2- (4) The sintered body according to claim1, wherein the_sintered

has a linear transmttance of 5%or less with the |ight haBERLAGEMENT, th
of 500 nmor a linear transnmttance of 10% or less with the |ight having a-
wavel ength of 6.0 [err].

-30-
ABSTRACT

ALUMINUM NITRIDE SINTERED BODY AND PROCESS
FOR PRODUCING THE SAME

A sinter which is based on aluminum nitride, contains a titanium
compound, is black, and has a transmittance of 10% or less as regards the light
with a wavelength of 500 to 650 nm and a thermal conductivity of 120 W/im°K or
above. It is produced by molding a mixture of aluminium nitride powder with a
titanium compound in an amount of 0.01 to 5 wi% in terms of titanium element, a
sintering aid and optionally further a compound which generates carbon by thermal
decomposition, heating the molded article in a vacuum, air, nitrogen, hydrogen or
a mixture thereof to a residual carbon content of 0.2 wt% or less, and sintering in
a nitrogen-containing nonoxidative atmosphere at 1,600°C or above. Examples -
of the titanium compound to be used include Ti, O, solid solution comprising Ti,
O, and nitrogen partially dissolved therein, wherein nis 1 or above, and TiN,O,
wherein 0 <x <1 and y = 3/2 (1-x). The obtained sinter has stable light shielding
property and thermal conductivity.
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Claims *

(1) An aluminum nitride sintered body comprising
aluminunm nitride as the main component, and a titanium
compound selected from the group consisting of TipOy-
;, a solid solution comprising Ti,Oyn-; and nitrogen
partly dissolved therein in solid solution form, and
TiNxOY wherein 0< x < 1, y is 3/2 (1-x), and n is at
least 1, said sintered body having a black color, a
linear transmittance of not more than 10% for light
having a wavelength of 500 to 650nm and a heat
conductivity of 120 W/m.X or more. )

(2) A process for producing an aluminum nitride
sintered body according to claim 1, characterized by
adding 0.01 to 5% by weight, in terms of Ti, of a
titanium compound and a sintering aid to an aluminum
nitride powder, molding the mixture, heating the
molding in vacuo, air, a nitrogen gas, a hydrogen gas
or an atmosphere comprising a mixture of these gases
until the residual carbon content is reduced to 0.2% by
weight or 1less, and sintering the mixture in a
nonoxidizing atmosphere containing nitrogen at 1600°C
or above.

(3) A process according to claim 2, wherein said
sintering aid compound comprise at least one compound
selected among those of rare earth elements and
alkaline earth elements.
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(4) The sintered body accerding to claim 1, wherein
the sintered body has a linear transmittance of 5% or
less with the light having a2 wavelength of 500 nm or a
linear transmittance of 10% or less with the light
having a wavelength of 6.0 pm.



