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: SPECI FI CATI ON
Title of the Invention Alumniumnitride ceramcs and nethod for
preparing the sane ' Background of the Invention
Field of the Invention . The present |[nvention relates to al um nium

nitride ceramnmics having inproved heat-radiati on property which can be used
as a variety of electronics parts including a .substrate for integrated
circuits and packaging nmaterial . Description of the
related art - Al umi ni um ni tri dSPECHACATOOMNI N ceranics, hereinafter)
or a sintered article of alumniumnitride is obtained by sintering a
powder material consisting mainly of alum numnitride. This alum nium
nitride ceram c possesses good insul ation property, high mechani cal
strength and hi gh thermal conduc tAednyen y to be bonded to netal
conductors and hence js expegted to.be used as a.substrate for integrated
circuits and paéﬁ%@lﬂﬁlwlgrﬂaﬁlcﬁfamlcs Gl rﬁ""@'l%’@dﬁfq{l REPAMNE M §aB¢ as a

- substrate for integrated circuits and packaging material, a netallized

| ayer is usually deposited on a surface of the AN ceramc, because

el ectroni'c conponents such asgrggg&ﬁgrglﬁi ggei !I-i and LSI can not be |
nmounted directly on the AIN ¢ : ' layer is required al so
when a circuit pattern is printeﬁi : CSME of AN ceramc. In -
order to inprove the thermal co TV ceramcs, it is
The present invention relates to aluminium nitride ceramics having
improved heat-radiation property which can be used as a variety of
electronics parts including a substrate for integrated circuits and

packaging material.

Description of the related art
Aluminium nitride ceramic (or AIN ceramics, hereinafter) or a

sintered article of aluminium nitride is obtained by sintering a powder
" material consisting mainly of aluminum nitride. This alﬁminiilm nitride
_ceramic possesses good insulation property, high mechanical strength and
high thermal conductivity and is easy to be bonded to metal conductors
and hence is expected to be used as a substrate for integrated circuits and.
- packaging material. |
When the AIN ceramic is used as a substrate for integrated circuits
and péckaging material, a metallized layer is usually deposited- on a
surface of the AIN ceramic, because electronic components- such as.
transistor, diode, IC and LSI can not be mounted directly on the AIN
ceramic. Such metallized layer is required also when a circuit pattern is
printed on the surface of AIN ceramic.
In order to improve the thermal conductivity of AIN ceramics, it is

a usual practice and an effective technique to grow crystalline particles of



arusual practice and an effective technique to grow crystalline particles
Qf : _ -2- AN so that grain boundaries
are reduced or elimnated. However, a sintered article of AN whose crystal
particles are grown often possess voids _or defects caused by |ack of

crystal particles, although its thernﬁlzcﬁnductivity I's inproved. A
netallized | ayer deposited on such a defective surface of sintered article
of AN does not possess enough strength at an interface between the

metal | i zed Aesoathtt greaini boendaries tarel rechiced brasliminaiedie Howeanas, it
such troubles as breakage in circuit patterns and increnent of resistivity
in wiring |sineered articleSoficelN wehosejrystabiparticles afe @rOWn RiSRIPOSSESS
conductivity and to inprove surface snmoothness are contradictory, or

trade- of f, ¥idssor dofesishtzuised by ddok efActysear partitepoalibgueRgith thermaL: m
conductivity as well as hjigh surface snoothness sinultanequsly by prior
arts. cendupjivity 48 wRprevedentd i mesaklized ilayen @Qﬁét‘iig%?%‘g‘#én% of -
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improve surface smoothness are . contradictory or trade-off, it is
impossible to produce AIN ceramics possessing high thermal conductivity
as well as high surféce smoothness simultaneously by prior arts. o
An object of the present inveritio‘n is to solve the problems of
known techniques and to provide AIN ceramics possessing high thermal
conductivity as well as high surface smoothness and methods for

producing the same.

Summary of the Invention |
The present inventors found that the above-mentioned contradictory

two requirements to improve thermal conductivity and to improve surface:
smoothness can be satisfied simultaneously by depositing a dense smooth
surface layer on a surface of a sintered article of AIN.

The present invention provides a aluminum nitride ceramic
comprising a sintered article consisting mainly of aluminium nitride and
having a thﬂe_rmal conductivity higher than 100 W/m-K at room

- temperature and a smooth dense surface layer formed on a surface of the
sintered article and having a surface roughness (Ra) of lower than

0.3 pm, no defect 1a}ger than 25 um being found on a sur_'face of the



tenperature and a snooth dense surface |ayer forned on a surface of the
sintered article and having a surface roughness (Ra) of |ower than 0.3
[err]m no defect larger than 25 [err] m being found on a surface of the

-3- surface | ayer. Brief Description of the Draw ng
The aluminumnitride ceram c accordi ng 80t he present invention has a
structure shown in a cross section of ‘Fig. 1. A snooth dense surface |ayer
(2) is formed on a surface of a sintered article (1) consisting nainly of

al um ni um ryurfacgelayed. having a thermal conductivity higher than 100
Wnierr]K at roomtenperature. The surface |ayer (2) has a surface
roughness (Ra) of |lower than 0.3 [er]mand no defect larger than 25 [err]m
is found on a surface of the surface |layer (2). ) Preferabl e

t hi ckness of the surface | f(Dgsaript Particles or grains
of which the alumniumnitride sintered, arti clim'lz iﬁ made h@_ve refﬁrabl y
particle sizes ofh¢ alyminumyRIUIge CETAMIPASCRF to the RIGSeatmysRipn o)
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roughness (Ra) of lower than 0.3 pm and no defect larger than 25 um is

found on a surface of the surface layer (2).

Preferable thickness of the surface layer (2) is 10 to 250 um.
Particles or grains of which the aluminium nitride sintered article (1) is
made have preferably particle sizes of larger than 2 um. Preferably, the
surface layer (2) consists maihly of aluminium nitride or oxide glass. In
case of oxide glass is used as the surface layer (2), oxide glass possess
preferably a thermal expansion coefficient of 3.0 to 6.0 ppm/°C. The
surféce layer may have a multi-layered structure consisting of a plurality
of oxide glass layers. Differences in softening points of oxide glass layers
are preferably larger-than 5 °C. Preferably, each of the oxide glass layers
has a thickness of of 1 t.o 100 um. At least the first oxide glass layer
deposited directly on a surface of the sintered article is preférably made
‘of oxide glass which do not contain Na, K, Rb and Pb. '

The present invention provides also a method for producing
aluminium nitride ceramic having a dense smooth surface layer possessing
a surface roughness (Ra) of lower than 0.3 pm and possessing no defect
larger than 25 pm on its surface, characterized by the steps of applying a

paste for said surface layer onto a surface of a sintered article or a none



ot oxide glass which do not contain Na, K, Rb and Pb. The present

i nvention provides also a nethod for producing alumniumnitride ceramc
having a dense snooth surface | ayer possessing a surface roughness (Ra) of
|dwer than 0.3 [err]m and possessing no defect |larger than 25 [err]mon. its
surface, characterized by the steps of épﬁlylng a paste for said surface

| ayer onto a surface of a sintered article or a none

-4- sintered preformof alumniumnitride and sintering said paste

toget her wigifteyad prefefar 6f ialuffigidmt sitridei md sinteringlsaid pastd togetherf ace
llayer is further polished optionally after sintering. The paste contain’
pref er abl y withesaid prefdimidibyhevaghexdstsal uni ni um nitride powder or oxide
.gl ass powder. Oxide glass possess preferably a thermal expansion
coefficient of Tle trestltingpsuiface]layeThis §urthacep¢la§/l@¢d mla@aﬂyepﬁteéd by
repeating two steps of applying an oxide ass paste onto_a, sinter
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el enent s, wn coloring agents of 1Va, Va and Vla group el enents, oxygen,.
bor on, oxide glass layer deposited directly on a surface of the sintered article is

preferably made of oxide glass which do not contain Na, K, Rb and Pb.
Preferably a surface of the Siritered article of aluminium nitride is
oxidized before the paste of oxide glass is coated. The oxidation is
carried out preferably at a temperature between 200 and 1,300 °C.

The content of AIN in the sintered article of AIN is preferably
more than 80 % by weight and more preferably more than 93 % by
weight in order to obtain high thermal conductivity.

The sintered article of AIN: can contain the other compbnents such
as the conventional sintering aids of IIa and IIla group elements, known
coloring agents .of IVa, Va and Vla group elements, oxygen, boron,
carbon or the like in addition to inevitable impurities such as Fe, Si etc.

The Ila and IIIa group elements for sintering aids can present in a

~ form of their oxides, .ﬂuorinated oxides and aluminate in the sintered
~article of AIN or more than one compound selected from a group
consisting of oxides, carbides and nitrides of Ia grou'p elements and/or
Illa group elements and compounds which will produce them when the

compounds are sintered can be added. The proportion of Ia and Ila



-carbon or the like in addition to inevitable inpurities such as Fe, Si etc.
The Ila and Illa group elenments for sintering aids can present in a form of
their oxides, fluorinated oxides and aluninate in the sintered article of
Af N or nore than one conpound sel ected froma group consisting of oxides,

carbides and nitrides.of Ila group el &menfs and/or Illa group el ements and
conpounds which will produce them when the conpounds are sintered can be
added. The proportion of Ila and Illa group elenents or their

conpounds igrofipCeletrentd orthgimedmipoundsds €.abitg 10 fothy wverghts Resferablyn
termof elenment. If this proportion becone lower _than 0.1 % it s
difficult. thlote & o deynsweeighteinsitermsr ofi edemeate Bf thusnprepariien LLecmMeed

t he packagi ng or densification effect by sintering aid can not be expected.
On t he contlowey, tham Onk %y dbas tdlgrhc‘é&c@eﬁgtaam’/ée@?cgw SIHEr ﬁﬁﬁgg zes

O S5 Ol DL s eint oAb AP ) Snfhine.,
B A Sl WA PP .
el ements cdrdyas A’(ﬁﬁ@g R}Ff‘-seaéé%e%n&gf 6%?&%‘5%( %‘ﬁ @e?ﬁ?@??&gﬁegfﬁﬂgg

b oduce 1 ndth S OUBIE of AR potiad LORT sobeidrfe A SRERRNT prodi e of

Iva, va and Vi a WiRHPs BISIERLIoRE dipitedniiitlel SPMTNIGS Hesised] compoundsr {0

~inprove the colorin ect.. The coloring effect becone renmarkabl'e when the

particle sige['vh, ¥¥ahdl VPardroapeslenieras avhizhodreAkhobar aseolbringeagemntsn 1. 0
[errfmand in particular, in a range of 2 to 15 [err]m The "particle
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particles (usually, nore than 30 particles) when
and Vla group elements can be added 1n a form of compound(s) selected
. from a group consisting of oxides, carbides, nitrides, borides and
| compounds which will produce them by sintering. It is preferable to
disperse the compounds of IVa, Va and VIa group elements as fine and
uniform as -pbssible in order to improve the coloring effect. The coloring
effect become remarkable when the particle size of crystal particles or
. grains of AIN becomes larger than 1.0 um and in particular, in a range of
2t0 15 pm. | |
The "particle size" means, in this specification, an average of the
_ maximum dimensions of particles (usually, more than 30 particles) when
a cut or slit section of a sintered article of AIN is observed by a scanning
electron microscope (SEM) or the like.
| If the particle size of crystal particles of AIN exceeds 15 pm,
coloring become difficult with little improvement in the thermal
conductivity. ' | |
The ratio of the particle size of crystal particles of AIN to the
particle size of the compound of IVa, Va and VlIa elements is preferably

selected higher than 2.0 so as to improve both of thermal conductivity and -



a-cut or slit section of a sintered article of AINis observed by a

scanni ng el ectron mcroscope (SEM or the liKke. If the particle size
of crystal particles of AIN exceeds 15 [err]m coloring becone difficult
with little inprovenent ‘in the thermal conductivity. - The ratio of the

particle size of crystal particles of “ABN7t o the particle size of the
conpound of IVa, Va and Vla'elenents is preferably selected higher than 2.0
so as to inprove both of thermal conductivity and

- 6- col Olbiomgriﬁgggﬁjyé{-ty. In a sintered article of AIN, oxygen present
mainly.in two fo f (1) alumnate resulting froma reaction wth a

sintering aid affl 4 gintétednanidleofxAlN; wixtysedepresemhinainbx ym éwodfarms wd in
sintered particles as solid-solution. The oxygen content after an apount -
of oxygen (@)valuteihate sesuliingt feormsa dredictiond Withna tsistenngl aidyagh (2) the
sintered article of AINis preferably reduced to |ower fhan 2 % by weight,
nore pr ef erabniniumeoxideanitridednywiishgexyger disselvsd yesnieradparti¢ies asse, -
thermal conductivity of the sintered artigle of AN becone |lower. In fact,
if the oxygetidesolusian.hdhenexygenicontentafior 0 AMARNERE OX}XEen AanKerted
conductivity bheconme | ow ar unsta The carbon, content .in tTe

N e%ogy

sintered artPialumipatey §d'|5?f@ﬂe?rl'ét’(53‘il yhe total OxyReT 136 sieered atis
Yange it (AN i ErsPeBIY seRbesed Tovrriney by orth Atk BintEtvgn °
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result, 1t d8yddossnitng becBhiUigher than 2 % by weight, the thermal
| conductivity become low or unstable. | |
The carbon content in the sintered article of AIN is preferably ina
'.range from 0.005 to 0.5 % by weight. If the carbon content becomes
lo'wér. than the minimum value of this range, it is impossible to produce a
sintered article of AIN having high thermal conductivity. On the other
hand, if the carbon content exceeds the maximum value of this range,
~ liquid aluminates produce with the sintering aid are chemically reduced in
the sintering stage, resulting in thaf transfer of materials accompanied
with the liquid phase is disturbed. Asa result, it is impossible to produce .
a dense fine sintered article of AIN.

The boron content in the sintered article of AIN is preferably less
than 1 % by weight. Increment of the boron content higher than 1 % by
weight make it imposéi_ble to produce a precise dense fine sintered article
of AIN and cause deterioration of thermal conductivity.

The surface layer for the AIN ceramics according to the présent
invention has preferablly a thickness between 10 pm to 250 um. If the
surface layer becomes thinner than the minimum thickness, defects or

void on a surface of the sintered article can not be repaired completely or



adense fine sintered article of AN The boron content in the
sintered article of AINis preferably less than 1 % by wei ght. |ncrenent of
t he boron content higher than 1 % by wei ght nmake it inpossible to produce a
preci se dense fine sintered article of AIN and cause deterioration of

t hermal conductivity. The surface layer for the AN ceranics
according to the present invention has preferably a thickness between 10
[err]mto 250 [err]m If the surface |ayer becones thinner than the m ni num

thickness, dafisfictofily,ved dxa:tnnasam;i@ssﬂﬂ@ftot realizvens gueficarlayet ¢1a®@ﬂg the be
repai r ed conpletely or

sati sf act or ishyfacgorouglinésts (Ra) o dosvér ﬂlalmOrIimlmzmdt posseasiag awedefemu ng

- the surface roughness (Ra) of |ower than 0.3 [err]mand possessing no -

def ect |argdargarathas 26rfm @nt the comtranyy, ifi the hthickheghesxcandsedle t he
maxi num val ue of this range t he surface | ayer becones uneven so that It is
i mpossi bl e meAXinyBaVakie of thisrrange) thesurface A@y%be%qmﬁaémewgagm at itRa)

i’fﬂ the 11 ﬁ??%&m%%t%?&%&%ﬁéeiféh“_ BT T ip e §°§§%£=§V’(%jsto
L@Ei:?i:ﬁ)@ﬁiiﬁ' k7 aBidch %Béi%gés%%”néf%ﬁs%r&wﬁ%ﬂﬁvﬁ}g of
AN . - Whi

pol i shed 1 hor eaf 8 6 iEH ?fﬁ%,%@ Tob' Bleiidiing cALRAmLA chicPble” hekthics,
al um i um NigEPbARRGOIGE DrASERY sl dh, L1 BRI BE Huh M AftrideBoRRhe

for the surface yer i's 0 a ndn ere mni-umnit
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sintered sinultaneo The resu g sint er surface | ayer is polished

L1 e, spre el S i, s gt songceraragse
treatment layer which can be polished thereafter optionally.

In the second method for preparing aluminium nitride ceramics
according to the present invention, the paste for the surface layer is
applied to a non-sintered aluminium nitride body and both of the paste
and the non-sintered aluminum nitride body are sintered simultaneously.
The resulting sintered surface layer is polished optionally.

When a .powder of oxide glass is used, a surface of the sintered
_artiele of AIN can be polished and/or subjected to an oxidation treatment
before the paste for the surface layer is applied. The oxidation treatment
increase the wettability between the glass and the sintered article of AIN.

The oxidation treatment can be effected by burning in an oxjgen- :
containing atmosphere or Water-containing atmosphere and/or by
treatment in an aqueous alkaline soluiion. The buming in oxygen-
containing atmosphere is effected preferably under a partial pressure of
oxygen gas above 100 ppm, preferably above 500 ppm. ‘The burming in
water-containing atmosphere is effected preferably at a dew point of |
higher than -10 °C,- preferably above 0 °C. The buming temperature .is
preferably l9wer than 1500 °C, preferably between 200 and 1,300 °C. If



before the paste for the surface layer is applied. The oxidation treatnent

I ncrease the wettability between the glass and the sintered article of AN
The oxidation treatnent can be effected by burning in an oxygen- containing
at nosphere or wat er-cont ai ni ng atnnspheﬁe_and/or by treatnent in an aqueous
al kal i ne solution. The burning in oxygen- containing atnosphere is effected
preferably under a partial pressure of oxygen gas above 100 ppm preferably

above 500 ptgm The burning in vvatir cont ai ni ng at nosphere. i s eff?efg&/
pref erabl y 18 umzwpr@m@ewum ghepwenRdhan, Beeranas. &F POSH sy 400

err] C. The_burning erature I S referab | ower th 00[ err
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‘treatment in aqueots lution 1s preferably effected at a pH

hi gher tharsolﬂua@ﬁﬂlﬁaxﬂﬁc@wtbbstmﬁraasmbeﬂoﬁuma@éew éhan 30[err]Cto

accel erate the oxidation speed t he partlal pressure of oxygen and
t he dew poi nt arEhettestohent ia apmomsrwlkalmaesﬂ)lmmnus prefdabl g reffectgdeat can
not be supplied to the surface of the sintered article of AIN, so that
advant age of pHihigheorthanehd rand atdiquidt temepesaperst of higher thane3@oiE dat of
alum niumnitride powder_ or oxide glass powder in the paste for surface

| ayer is prmﬂmtq/ﬂrmomdaﬁmm y WEI ght. If the content of aluminium

nitride powder oxi d |'ass po is le an . .
° P b t%e partia ;%'essurepo oxygen and fhe ew point are outside the

above-mentioned limit, sufficient oxygen can not be supplied to the
surface of the sintered article of AIN, so that advantage of oxidation
treatment can not be expected.

The content of aluminium nitride powder or oxide glass i)owder in
the paste for surface layer is preferably more than 50% by weight. If the
content of aluminium nitride powder or of oxide glaSs powder is less than
50 % by weight, it is impossible to form a fine dense surface layer.

When aluminium nitride powder is used in the paste for surface
layer, it is preferable to use AIN powder having a particle size less than
10 um, preferably less than 5 um or powder produced by pulverizing a
sintered body of AIN. In particular, AIN powder having a particlé size
lower than S um is advantageous due to its improved sintering property.
A dense smobth surface layér is difficult to be realized when AIN powder
has a particle size larger than 10 im. The powder having particle size of
lower than 5 um can be prepared by any method including a direct
nitration method and a reductive nitridation method. In any case, the

oxygen content in AIN powder is preferably lower than 2 % by weight.



50 % by weight, it is inpossible to forma fine dense surface |ayer.

When alum niumnitride powder is used in the paste for surface layer, it is
preferable to use AIN powder having a particle size less than 10 [err]m
pfeferably less than 5 [err] mor powder ﬁ;groduced by pulverizing a sintered
body of AIN. In particular, A N powder Waving a particle size |ower than 5
[err]mis advantageous due to its inproved sintering property. A dense
snooth surface layer is difficult to be realized when Al N powder has a

particle size "mhcg{;mg #ash g;owcger iF\f‘seHOiHj?'{?Ogﬁété%r%Hdd‘e' RyerZf i8f

| ower than 5 [e e”prepared by any ne I ncluding a di'rect

nitration rﬁ%?&%bw%%sé%qyekid@oms&?ﬁadéﬂmamb@ articleagiye desethdh§0
oxygen cont'ent in AN powder is Preférably lowef than 2 % by wei ght.

-9- uher Dpulivedzed produdeofitheusridel glasbe Impaetitolars @ povaldrayer,
it is preferable t0 use an oxide glass powder having a particle size |ess
than 50 [ erhdvingr partpcievsizezieds thadu20 wm tisHpreferablyldiss tol itspexcelbentar, a
powder having particle size |less than 20 [err]mis preferably due to.its -
excel | ent ssinteringgropenyrand ambwdenhaeinghaparticte spiactofclassshas W9 Umass
than 10 [err]mis nore preferable. The_ oxide gl ass powder preferably do not
contai n Na,iskrrreapreferablei ndde: aside glassepowderpredesablyadeinet gonkainhe

when'the SuNBaReRRugad B, Sthcciess demanis 4 Vert Tacove Vil S Pterei ne
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sintered articl erRé titMhaléxpansion coefficient of the oxide glass is preferably in
a range of 3.0 to 6.0 'ppm/°C. The thermal'expansion coefficient means
the mean thermal expansion per unit temperature from a room
temperature to a sintéring temperature of the surface layer of oxide glass.
If the thermal expansion coefficient of oxide glass is out of this range, the
difference in thermal expansion between the sintered article of AIN and
the surface layer of oxide glass becomes such big that cause crack and
break of the sintered article of AIN and of the surface layer of .oxide
- glass. |
The smooth surface layer can be realized much easily by depositing
the oxide glass layer in a structure of mulfi-layers.- In fact, in order to
realize a smooth surface, it is necessary to adjust a composition of oxide
glass and to control sintering conditions, because components of the oxide
glass react with aluminum nitride of the the sintered article of AIN, even
if oxide glass free from Na, K, Rb and Pb is used, resulting in that the
surface layer is deformed. |
. This problem can be solved by adopting the structure of multi-

layers of oxide glass and by depositing the first oxide glass layer to be



- the surface | ayer of oxide glass becones such big that cause crack and
break of the sintered article of. AIN and of the surface |ayer of oxide

gl ass. The smooth surface |ayer can be realized nuch easily by
depositing the oxide glass layer in a structure of multi-layers. In fact,
In order to realize a snooth surface,‘iﬁ°i§ necessary to adjust a
conposition of oxide glass and to control sintering conditions, because
conponents of the oxide glass react with aluminumnitride of the the

si ntered ar¢onthetedf wilhi\theegimerdd article off AIN whesefsoftering poinRisdosve?b i s
used, resulting in that the surface layer is deformed. Thi s probl em
can be sol vihdnbthasgopf ithg othersoxidet giassofayens.t i Thisagelution facilitatelthes and
by depositing the first oxide glass |ayer to_be . . L

-710 - coadjusteeniwf pxide glassteompositioncand eontod ofrsiptering condidgonsi nt
is |ower than thosge o&%the ot her o idﬁ giass | gyer, .glhis oluti%n .
facilitate kH& piajarabieeta deposikiadplugruts layenpodiaxide glass waasedstofning

TS, PR it bt USSR B bl R0 AR

R R SN R Sy
o e PSS O cheh el TR Tl 0000 50 %,
ouainess FRIoably Mo S0 ek o el s myet el | mibe

Y5, 520 AL Lo s ap o ligeP ) o ot
i's preferablealizel ttehedrfate erougteiexs YRu)eof dgwepahani®8 pen ast the surface
layer. |

The multi-layer structure of oxide glass layers can be realized by |
repeatiz_lg a cycle of coating of the o'xide glass paste on the sintered article
and sintering thereof for several times. In this case, a surface of oxide
gléss is preferably polished after every sintering operation so as to
improve the surface roughness. _ |

Or, the multi-layer structﬁre of oxide glass layers can be realized
by forming a plurality of oxide glass paste layers successively and then
sintering all the oxide glass paste layers simultaneously. .

The paste for surface layer may contain, as a sintering aid,
compounds of Ila and/or Illa group elements which promote sintering
reaction of AIN particles. These compounds can be selected from a group
consisting of oxides, carbides, nitrides and compounds which will produce
them after sintering. The proportion of the compounds of Ila and/or Illa |
group elements is preferably lower than 10  weight parts in term of
elerﬁent with respect to 100 weight parts of AIN. If the proportion'
exceeds 10 weight parts, excessive liquid phase ooze out of a surface of

the sintered product, resulting in such a problem that the sintered product



| prove the surface roughness. O, the nmulti-layer structure of oxide
gl ass layers can be realized by formng a plurality of oxide glass paste

| ayers successively and then sintering. all the oxide glass paste |ayers

si mul t aneousl y. The paste for surface |layer nmay contain, as a
sintering aid, conpounds of I|la and/or = group el ements which pronote
sintering reaction of AIN parti.cles. These conpounds can be selected froma

group consisting of oxides, carbides, nitrides and_conpounds which w|l
produce t hdmeslorad with ensteple spotigddpset i Whesr aaedo aaé_léyermsgc nd/ or

o ement w135 DIACKcsirTaek 1apemen tauipea I oy Vaind Tk 5edil STMERER) SaBeeds
St or on proGORIAIRES R ey Sk AGaARYEr A% B DTN, AR o el Yh V4 20d:

bs bl ack- oub Tags0uR dements Sanite.ad06q. i & fodn PR AfER s dhe e pafiRlndiL e
o oup. o emESEdHoE I r¥B oyt o Qkilbss 2athidebhitffes MhEBtheR .
whi ch el | CofBRRNTS I Wil BRI B BRer ek, B OALRED iR
effects, | tmhs?cgbg{éfgaepfe%té qtqudréferhare ok ii\éiﬁ%ﬂ g{_eilw;ﬂ\aé awd ViIgrsoup as

fine as possib S to di'sperse them uni The paste for the

surface | ayglementpagduseds bbs_é‘i@ﬁé 80 a8 t@cdigpéﬁse(lhéirpﬁﬂifb)‘rrﬂyget her with an
or.gani ¢ binder to the inorganic conponents. The solvent may be al cohol s

such as ethyl alThégasteddreth® sarfacekhiyensissprdducedribtyhpddimg cnsolesnter s
such as dibutyl phthlate, butyl carbitol acetate and water. The organic
‘bi nder can tptionaldy togetheraiith an orgamiaibinder tettherigonganicaCOMpANEisst e
rrim The O’Eﬁg nsio(ivgxiltn?rgy Ibz gligggtlsegugﬁca%rgtw? alcohol and.terpineol, ketons
such as methyl ketone, esters such as dibutylphthlate, butyl carbitol acetate
-~ and water. The organic binder can be added optionally to maintain the
strength of a coated paste film. The organic binder is selected aécording
to the solvent considered and may be cellulose-type resins such as ethyl
cellulose and nitrocellulose, acrylic resins such as polymethyl
methacrylate (PMMA) and vinyl resins sﬁch as polyvinyl alcohol (PVA)
and polyvinylbutylal (PVB). A surface-active agent also can be to added
soasto improve the leveling of coated paste layer.
The coated paste for surface lé.yer is then sintered so as to increase
the density of the surface 'Iayer. The sintering is effected preferably at a
températt_lre from 1,500 to 2,100 °C. Sintering of lower than 1,500 °C is
not economical because the sintering speed become too slow. On the
~ contrary, if the sintering is effected at higher than 2,100 °C, AIN is
decomposed and volatilized seriously, so that it is difficult to obtain a
dense fine sintered article.
When oiide glass powder is used in the surface layer, the sintering

is effected preferably at a temperature from 500 to 1,200 °C. Sintering



to the solvent considered and may be cel |l ul ose-type resins such as ethyl
cel lul ose and nitrocel lul ose, acrylic resins such as pol ynet hyl

nmet hacryl ate (PMVA) and vinyl resins such as polyvinyl alcohol (PVA) and
pol yvi nyl butylal (PVB). A surface-active, agent also can be to added so as
to improve the leveling of coated pasTe1¥a?er. The coated paste for
surface layer is then sintered so as to increase the density of the
surface layer. The sintering is effected preferably at a tenperature from
1,500 to 2,100 [err]C. Sintering of lower than 1,500 [err]C is not

cronar e, AR IS 7S, RTR g D snempleny, 1

the sinteri at” " hi‘gher C, AIN is decofposed

and vol atl |d sRfonentsdt thar Aqs'difficult tolallzé W ddtide fifleohirfade TayérnOnf | ne

sintered ar en oxl gl'ass powder 1s used in the surface

| , the §i ' i fRTh tiearf r1QROOCC
1%86 [er?]%?”éﬁ?g?ﬁr%éf i shitefing’ Riripefitirébedo a3 dlie: EQ12 X 0

t enper at ur eeabribpvjerivee ANQ And §1aSs icomipinents becomet intensive ttorgegleasts

conponents so that 1t is _difflcul?-to realize a dense fine surface |ayer.
-On the contgifogen %aé hﬁdﬂﬁ@z%amhﬁdmdnactme vodde me the ghefacedayen:;, 200
[err]C, reactions between A N and gl ass conponents_becone intensiye_ to
gener at e ni t r ogeTheaintermg\iirosgharads selectedacconding 40be AREE © &lask f ace
| ayer. The sintering atnosphere is selected accordi nlg tlo t he, nat ure
of glass covqmpenents.Al Ajr, mitragesm osra aitire. theret s preferahlyruseth I sed.
In order to reduce unevenness in baked.conditi,on and , n cokor . t.one t he
final sintcPRIETAINIEGUCEUNEVENNESS IEM%BGBUQ‘}) andqin& Pl TORE eqfo @-ﬁ:nt ent

B ey
sintered AN Rt aAThESlg AdiodpiliECad "OMRONGSR ' oitehiEdn the gas can be
| " controlled by monitoring the dew point of a gas introduced. In
particular, sintered AIN cerarr.lics- having reduced unevenness in bal;ed
" condition and in color tone can be obtained under a reduced water content
of the atmosphere gas at a dew point of lower than -30 °C.
The present invention will be described in more detail with
referring to none-limitative Examples to which the present invention

should not be limited.

Description of the Preferred Embodiments
- " Inthe Examples, atomic ratios of Y, Ca and B were determined by

an inductively coupled plasma emission spectroscopy (ICP analysis), the
content of C was determined by LECO method proposed by LECO
Corporation in USA and the content .of O was determined by the infrared
absorption method. The thermal conductivity was determined by _the laser
flash method. The particle size of AIN was determined by measuring the
maximum size of each particle in a sintered article of AlN at a cut or.slit

section by a scanning electronic microscope (SEM).



condition and in color tone can be obtained under. a reduced water content
of the atnosphere gas at a dew point of |lower than -30 [err]C The
present invention will be described in nore detail with referring to
none-limtative Exanples to which the present invention should not be

limted.
t he Exanpl es

USA .and th
The t her nal
particle siz

particle | gy,
scanni ng el'e
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wei ght of Y,

Descri pti o o3 the Preferred Enbodi nents I'n

, atomc ratios of Y, Ca and B were determ ned by an
i nductively coupl ed plasma em ssion spectroscopy (ICP analysis), the
content of é wasl dit erm ned by LECO net hod proposed by LECO Corporation in

con
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¥
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of O was determ ned by the infrared absorption nethod.
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wei ght of Bf hekdtaBloMmmirities sasprephred balkiscsinmredfarticle afdAlNskas han

0.1 % by weight of inevitable inpurities was prepared. This sintered
‘article of tAehndconduntiviey ofoh20cW/m-K. dhnR@rgeiinrthekpaniclavsizagd in
the particle size of 30 ﬁsrticles— of AINwas 3.5 [err]m A paste for

t he surface30 pasicleaiph

awesl 30y Umeadi ng 82 % by wei ght of Al N powder

whose oxygen content. was 1.0 % by wei ght produced by reducy.i on-gi%o; tion
I

method wi th a bahapssedonsihe: surfase layer ovas prerared, Byikn ng,$

Bi t ol .

weight of AIN powder whose oxygen content. was 1.0 % by weight

produced by reduction-nitration method with a balance consisting of

nitrocellulose resin and butylcarbitol.

A surface of the sintered article of AIN was polished by a diamond

grinding stone # 500 and then the paste for surface layer was applied by

screen printing technique at an area of 100 mm x 100 mm. After the

resulting paste film was leveled, the surface layer was sintered at 1,800 °C

for 2 hours so that the surface layer was densified.

The surface roughness (Ra) of the resulting AIN ceramics was

determined by a surface roughness gaﬁge (Japanese Norm: JIS B0601) to

find the surface roughness (Ra) of 0.1 pm. The surface layer was

observed by SEM to find its thickness of 48 um and no defect larger than

. 25 um was on the surface of the surface layer.

Example 2

The same paste for surface layer as Example 1 was screen-printed

on the same sintered article of AIN as Example 1 at different thickness.

Samples were sintered and evaluated by the same method as Example 1.

The results are summarized in Table 1.



A-surface of the sintered article of AIN was polished by a dianpnd grindi ng
stone # 500 and then the paste for surface | ayer was applied by screen
printing technique at an area of 100 nmmx 100 nm After the resulting paste
filmwas | eveled, the surface |ayer was sintered at 1,800 [err]C for 2
hours so that the surface |layer was densi f1ed. The surface roughness
(Ra) of the resulting AIN ceram cs was determ ned by a surface roughness
gauge (Japanese Norm JIS B0601) to find the -surface roughness (Ra) of 0.1
[err]m The surface | ayer was observeq#ap §EMto find its thickness of 48
[err]mand no defect Iarger than 25 [ér }lmwas on t he surface of the

surface | ayper——-=rxarpte Hre—spre—paste—f-or—strface—tayer
Exanple 1 \a ered artiqgl Bxanpl e
e Se%ﬂ??ﬂ%iﬁ‘*%ﬁ%&% B o S
net hod as Exanpl e 1. The theswrface, a}abl
-14- (ULm) Table 1 }J. Ie No. aﬂlﬂfé%@gs of
Surface Def ectfs | ar ger t he Surflahe suaface Royeghness
(Ra) than|25 [err]m at ([err]m ([err]m a
surface of the surtace
| aye 1 * 1#* 7 7 00 Existt 2
11 - 0.3 None

2 11 0.3 None

3 27 0.2 None

4 48 0.1 None

5 101 0.08 None

6 153 0.07 None

7 200 0.1 None

8 246 0.3. None

g% 300 0.5 Exist
* Comparative Example
Example 3

A sintered article of AIN consisting of 2.36 % by weight of Y, 0.55
% by weight of Ca, 0.025 % by weight of C, 0.05 % by weight of B, 0.66
% by "weight of O and a balance consisting of AIN and less than 0.1 % by

\

weight of inevitable impurities was prepared. This sintered article

possessed a thermal conductivity of 255 W/m-K. ‘An average in the



3~ 27 0.2 None 4

48 . 0.1 None 5 101

0.08 None 6 153 0. 07

None 7 ' 200 0.1 None 8
246 0. 3. © None 13 7 o 300

0.5 Exi st * Conpar ati ve Exanpl e Exanpl e 3 A

sintered article of AIN consisting of 2.36 % by weight of Y, 0.55 % by
vei ght of gartidleQize Yf B0 peitwies of AIN &S] 3Bhymuei ght of B, 0.66 % by
wei ght of O and a bal ance consisting of AIN and I ess than 0.1 9% by wei ght
of inevitabl e iTher samessuefacerlayercak ERainsple At wasdappliedl bypties é3mel a
thermal conductivity of 255 Wnferr]K. An average in the, )
- 15 - fpmemoﬂeasExarrqﬂesb apdrtheol sintared Al Aftgsshe Tesulting AN ceramig,e
sanme surface |ayer as Exanple 1 was applied by the, sane, nethod as anple 1
and then sivsmseges«zlumzlfhmrdlamaonqiz@wdﬁrgspl!ual\alnfza?/aaMae‘stlcﬁle size Or% E um,Bﬁienp

samples'were evaluated by the same method as Examplé 1. .

The surface roughness (Ra) was 0.03 pm and no defect larger than

25 um was found on a surface of the surface layer.

Example 4 |
A sintered article of AIN consisting of 1.33 % by weight of Y,

0.005 % by weight of Ca, 0.025 % by weight of C, 0.5 % by weight of
Ti, 0.03 % by weight of B, 0.91 % by weight of O and a balance
consisting of AIN and less than 0.1 % by weight of inevitable ifnpurities.
This sintered article possesses a thermal con.ductivity of 185 W/m-K and
had dimensions of 100 mm X 100 mm and a thickness of 2 mm. An
average in the particle size of 30 particles of AIN was 6.5 pm. Ti
compound was black and had a particle size of 0.6 um.

A paste for the surface léyer was prépéred by kneading 100 parts
by weight of AIN powder whose oxygen content was 1.2 % by weight
produced by direct nitration technique and 2.5 parts by weight of Y203
powder having an average particle size of 0.8 um together with the same
solvent and organic binder as Example 1. The powder content of the
resulting paste for surface.layef was 75 % by weight. |

 The paste for surface layer was spinner-coated on a surface of a
sintered article of AIN. After leveling, the coated surface layer was
sintered for 1 hour at 1,850 °C to densify the surface layer.

The surface roughness (Ra) evaluated by the same method as

Example 1 was 0.08 pm and no defect larger than 25 pm was found on a



was ground by di anond powders having a particle size of 2 [errjm t he

sanpl es were eval uated by the sane nethod as Exanple 1. The surface
roughness (Ra) was 0.03 [err]mand no defect larger than 25 [err] mwas
found on a surface of the surface |ayer Exanpl e 4 A sintered

article of AN consisting of 1.33 % by W8ight of Y, 0.005 % by wei ght of
Ca, 0.025 % by weight of C, 0.5 %by weight of Ti, 0.03 % by weight of B,
0.91 % by weight of O and a bal ance consisting of AIN and less than 0.1 %
by wei ght of . neviet.abl e kmurj.ties. This sintered article possesses a

t her mal coﬂb‘ﬁé&?:/?ft@gﬁ“ﬁ% Wrﬁr'err] K and had di nensions of 100 mm x 100 nm
and a thickness of 2 nm An average in the particle size of 30 particles of
AN was 6.5 [err]m Ti conmpound was bl ack and had a particle size of 0.6
[err]m Ex jeaste for the surface |ayer was prepared by kneading 100
parts by \AE‘%AI N powder whose oxygen content was 1.2 % by wei ght
produced by di rene girheafihtsredeshivigust AN 2s Exmanple dywasi prepared and
Y[err]err] powder having an average particle size of 0.84)err m toget her
wth the seie satie/ pastefdr sugfate loyerdas Ewarfiplerdl avas cOate @hdla\iffai'@ntent

of the resulting paste for surface I%g-was' 75 % by weight. | The
paste for powderecoments and simiteresk. - cdating conditigns were asjnstedesp
article of AIN. After leveling, the coated surface |ayer s sintered for 1
‘hour at 1, @54t ther shcface kyes i&f'j’teft auteringalies rathickness of %él fiM'
roughness (Ra) eval uated by the sanﬁ, tEod as Exanple 1 was 0.08 [err]m

and no def Ieéﬂgérarﬁmr[@d']% ound on a
- 16 - surface of the surface |ayer
Table 2
Sample | Powder | Coating Surface | Defects larger| Appearance
No. | content | Method Roughness | than 25 pm  fof the surface
(%) ' (Ra) (um)|on a surface | layer
10% | 45 Spinner 005 | Exist ~ | Porous
11 50 Spinner 0.05 None Fine
12 | 60 Spinner 007 | Nome | Fine
13 | 75 | Spinner 0.08 None Fine
14 90 Screen print 0.1 None Fine
15 | 95 Screen print 0.2 None | Fine

* Comparative Example

Example 6 |
The AIN ceramic obtained in Example 4 was polished by diamond .

abrasive grains having the particle size of 1.2 pm.



Exanpl e 5 The sane sintered article of AIN as Exanple 4 was prepared
and the sane paste for surface |ayer as Exanple 4 was coated at different
powder contents and sintered. The coating conditions were adjusted so that
the surface layer after sintering has a_thickness of 50 [err]m 3 [err]m

The results are summarized in Table 27 17 - Tabl e
2 Sanpl e Powder Coati ng Sur f ace Defects | arger Appearance - No.
content Met hod Roughness than 25 [err]m of the surface

(Sg? nnér 0. okhe gﬁg&cg ?‘Bhlg%eggr @%gyré eITlneﬁe%lbe sarhg m%ﬂf‘%ﬂe?s

Zhe  h5BSample 1 wdS'6.01g,ulf and n8Yegeqsgaree TS hm wasidihd on 457

90 chegﬁ'rfﬂﬁé ﬁcfmthe seréace ]f?ye[}l'one . Fi ne 15 95 Screen
. e Prie

pri nt - Conpar ati ve Exanpl e Exanpl e
6 - The AIN ceram c obtained in Exanple 4 was polished by dianmond. .
abrasive grains having the partlcle size of 1.2 [err]m

- Example 7

A sintered article of AIN consisting of 0.79 % by weight of Y, 0.02
% by weight of Ca, 0.015 % by weight of C, 0.03 % by weight of B, 0.73
% by weight of O and a balance of of AIN and less than 0.1 % by weight
of inevitable impurities was prepared. This sintered article of AIN has a
thermal cohductivity of 120 W/m-K. An average in the ﬁarti;le size of
30 particles of AIN was 3.5 um. |

A paste for the surface layer was préepared by kneading 82 % by
weight of oxide glass powder containing 25 % by weight of Si, 8 % by
weight of Al, 7 % by wight of B and very small amounts of Sn, Mg, Fe,
V and Cr with a balance consisting of nitrocellulose resin and
butylcarbitol. The thermal expansion coefficient of the oxide glass used
was 3.7 ppm/°C.

A surface of the sintered article of AIN was polished by a diamond
grinding stone # 500 and then the paste for surface layer was applied. by
screen printing technique at an area of 100 mm x 100 mm. After the

- resulting paste film was leveled, the surface layer was sintefed.at 800 °C
for 30 minutes so that the surface layer was densified.

The surface roughness (Ra) of the resulting AIN cerémics was
determined by a surface roughness gauge (Japanese Norm: JIS B0601) to
find the surface rduohneés (Ra) of 0.06 um. The surface layer was
observed by SEM to find its thickness of 48 pm and no defect larger than

25 um was on the surface of the surface layer.



The surface roughness.(Ra) determ ned the sanme nmethod as Exanple 1 was 0.01
5 [err]mand no defect larger than 3 [err] mwas found on a surface of the
surface | ayer. Exanpl e 7 A sintered article of AN consisting of
0:79 % by weight of Y, 0.02 %by weight of Ca, 0.015 % by weight of C, 0.03
% by weight of B, 0.73 % by wei ght of- @%ml a bal ance of of AN and | ess
than 0.1 % by weight of inevitable inpurities was prepared. This sintered
article of AIN has a thermal conductivity of 120 Wnierr] K. An average in.
the particle size of 30 particles of AN was 3.5 [err]m A paste for

the surfaceg:] s prepared by kneading 82 % by wei ght of oxide glass
powder con%@f—ﬁ’-ﬁg@—gg % by weight of Si, 8 % by weight of Al, 7 % by w ght

of B and very Sﬂéo égﬁé“uﬁﬁﬁeoforsfhrfﬁ@e lgﬁ?ry.sc ?@?‘P@l?’_ W Whs achéerpeinted

consi sting of ni 0Se resin and The thermal expansion

fficient i ; ' .di i f
coefficientyphpd :%grr?gﬂﬂxféN&iﬁléEegf‘@m?asmﬁﬂﬂiﬂleﬁ k€ different thisknéssie o

the sintered art was polished by a diranond grinding stone # 500
and then ”@arﬁ??ésev\fé?é dititdrad ardeealuared @Pptheedafme methed asrExample 7.
techni que at ah area of 100 mm x 100 mm Aiter the resulting paste filmwas
| evel ed, tHEhéwesidee at@yemmanized theFabled. 800 [err] C for 30 minutes so
that the surface | ayer was densified. “The surface roughness (Ra) of
the resulting Al N ceranics was det ermiTebdedy a surface roughness gauge
(Japanese Norm JIS B0601) to find the surfacé roughness (Ra) of 0.06

[err]m Thg surface [ayer was observed{by SEMto find ifs thickness of 48
[err]m and inGataplecNol dr JEhickiess 86 [ erfr$urfaes on the spPrefeetsdargere
surface | ayfer. the Surface layer| Roughness (Ra) than 25 pum at
' (Lm) (um) a surface of
- - : . | the surface layer

1* 6 0.5 Exist

2 11 0.3 None

3 : 24 0.1 None

4 50 | 006 | Nome

5 99 , 0.05 None

6 , 151 _ 0.08 None

7 . 202 0.2 None

8 247 0.3 None

o* 300 0.5 Exist

* . Comparative Example



- 18 - Exanpl e 8 The sane paste for surface |ayer as Exanple 7 was
screen-printed on the sane sintered article of AIN as Exanple 7 at

di fferent thickness. Sanples were sintered and eval uated by the sanme nethod
as Exanple 7. The results are sunnarlzeq in Table 3.

Table 3 Sanmpl e No. Thi ckness of 3urT ace Def ects | arger
the Surface | ayer Roughness (Ra) than 25 [err]m at :

([err]lm ([err]lm a surface of
t he surfaceExample 1* 6 0.5
Exi st 11 0.3 None 3
(2)406 v A sifiteted amcle of MQNBconmstmg%f 2.36 % by welgh'toof Y, 0.55
. ne
9826 %6y welght of Ca a0Rs %Ngy welght of C 0.08% by wexohboﬁB 0.66 7
ne
0.3 % bprveelght of O and a balance consisting: of AIN and less than 0 1% by

weight of inevitable impurities was prépared. This sintered article
possessed a thermal cohductivity of 255 W/m-K. An average in the
particle size of 30 particles of AIN was 13.8 pum.

The same surface layer as. Example 7 was applied by the same
method as Example 7 and then sintered. After the resulting AIN ceramic
‘was ground by diamond powders having a particle size of 1.5 um, the
samples were evaluated by the same method as Example 7. |

The surface roughness (Ra) was 0.03 um and no defect larger than

25 um was found on a surface of the surface layer.

Example 10
A sintered article of AIN consisting of 1.33 % by weight of Y,

0.005 % by weight of Ca, 0.025 % by weight of C, 0.5 % by weight of
Ti, 0.03 % by weight of B, 0.91 % by weight of O and a balance
consisting of AIN and less than 0.1 % by weight of inevitable impurities.
This sintered artiéle possesses a thermal conductivity of 185 W/m-K and
had dimensions of 100 mm X 100 mm and a thickness of 2 mm. An
average-z in the particle size of 30 particles of AIN was 6.5 um. Ti
compound was black and had a particle size of 0.6 pm.

A paste for the surface layer was prepared by kneading 75 % by
weight of oxide glass powder containing 22 % by weight of Si, 11 % by
weiOht of Al, 5 % by weight of Ca, 1 % by weight of Zr and very small
amounts, Fe, Bi, B and P (a balance cons:sts mainly of 0Xyg en) with

nitrocellulose resin and butylcarbitol acetate. The oxide glass used has a



o*~ 300 0.5 Exi st * -
Conpar ati ve Exanpl e : ' - 19 - Exanpl e
9 A sintered article of AIN consisting of 2.36 % by weight of Y, 0.55
% by wei ght of Ca, 0.025 % by wei ght of 2% 0.05 % by weight of B, 0.66 % by
wei ght of O and a bal ance consi sting of N and l'ess than 0.1 % by wei ght
of inevitable inpurities was prepared. This sintered article possessed a
thermal conductivity of 255 Wnierr] K. An average in the particle size of
30 particles of AN was 13.8 [err]m The sane surface | ayer as '

Ater the DRSTRET SEORITOR GORH ERUSIgr SRITGE -di amond powders having &

e Bearpl o 7 T Bahf’ Forbu e AR-oRad Ralp OBt ofla AR BcE "

def I f : :

oo o 08 RARIE L JONES AR AR fHaB B0ES KT,
Y, 0.00%;9 j : %Nk fAEL 14 % [

'(I)'i, 0.03 %§H§/&%‘?§ﬁ‘;g§°ﬁ a@&&ﬁ%@&%ﬁ&%@%@%ﬁ‘% arls'anceycgﬁ!sigs:i (rjlg' :

of AN and | ess THeaguifade Yapor Hed ﬁ%icﬁinés@%f!tt&l?{l/ﬁ. I The! sifage rotidhess

sintered article possesses a thermal conducti vi of . 185 .Wrr[errﬁ( and had

_ di nensi ons (Rfa) I&Gluaed byOthesame method kizeExanfpld Trwas\0.6Fquagandmms he
particle size of 30 particles of AINwas 6.5 [err]m Ti conpound was bl ack

and had a defectclaeger thmrn25Qum Wwas fpund on a surface of the surface layer.

Example 11
The same sintered article of AIN as Example 10 was prepared and -

the same paste for surface layer as Example 10 was coated at different
powder contents and sintered. The coating conditions were adjusted so
that the surface layer after sintering has a thickness of 50 um = 3 um.

The results are summarized in Table 4.



A paste for the surface | ayer was prepared by kneading 75 % by wei ght of

oxi de gl ass powder containing 22 % by weight of S
% by weight of Ca, 1 %by weight of Zr and very snall
and P (a bal ance consists nmainly of oxy
The oxi de gl ass

expansi on coefficie

but yl car bi t ol
t her ma
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acet at

e.

for surface |ayer was spinner-coated

AN After
1,050 [err

e
t hi ckness ()fsampf?e
met hod as [Exanpde

found on a

sintered a
. surface | ayer_as E|

si ntered.

after sinteri

sumari zed

@tﬁbgef ¢

e

d has

a

5.5 ppm[err]C
urface of a sintered article of

,. 11 % by wei ght of Al,
anmount s,
) with nltrocellulose resin and

Fe, Bi, B

The paste

| eveling, the ated surface |laver was sintered for 1 hour at
C.to depsify thge surface |jpyer," The syrfac ayer has
* dempCoatingce rp égﬁfrﬁé?;s (R2F Li@ég%r EP@%FéT@Q
rfaceh%ﬂgerﬁ )ﬁﬁtggg] Imaagmﬂ hﬁeésecilheahaﬁ](ﬁmt " h%ié gﬁeﬁ& e
su 5 U y p S
ticle o ﬂras Exanpl e 10 @%?)AEEBE adﬂﬂf? lﬁ¥ebaste f
10 was coated at diffefkent rmmdgr__p
The n cond i ons wer e} adj u d hat t he. gurcface | ayer
Aé ap gst hi-ckRB¥GT 50| [ er r(?wbn% Thelr ?QIPP§ are
in TabL=
11 50 Spinner 0.04 None Fine &
smooth
12 60 Spinner 0.04 None Fine &
smooth
13 75 Spinner 0.05 None Fine &
smooth
14 | 9 Screen 0.08 | None Fine &
printing ~ smooth
15 95 Screen 0.1 None Fine &
printing smooth
* Comparative Example |
Example 12

The AIN ceramic obtained in Examp'l'e 10 was polished by diamond

abrasive grains having the particle size of 1 um.

The surface roughness (Ra) determined the same method as

Example 7 was 0.012 um and no defect larger than 3 um was found on a

surface of the surface layer.



- 21 - Table 4  Sanpl e Powder Coating
Sur f ace Def ects ‘| arger Appearance No. content Method

Roughness than 25 [err]m of the surface (99

(Ra) ([err]m on a surface |ayer 10* 45 Spi nner 0.08
Exi st Por ous 11 50 - 2Xpi-nner 0.04 None

Fine & : - snoot h

12 60 ' Spi nner 0. 04 None Fine &

snoot h 13 75 Spi nner 0. 05 ‘None Fine &
smooth - Bxample 48 Screen 0.08 None Fine &
printing noot h 15 Screen

0.1 None The prpcadure of Example 7 was repeapfpd r‘qutn@xe sintered article

The N ceram c

obtai ned me&&hﬁngegp 3&3&1%54 a%%gg}efd/aa%w am%x%t@a&? s having the
a1 5172 Ol ek cle of Wl R S B i S 16
Lerr]mvas ¢op0dueibnt ofEL260%% 4 B SIS €255 % by weight of B, 0.85
| % by weight of O, 1.03 % by weight of W and a balance of of AIN and
less than 0.1 % by weight of inevitable impurities was prepared. This
sintered article of AIN has a thermal conductivity of 165 W/m-K. An
average in the particle size of 30 particles of AIN was 3.8 pm.
Thjs sintered article of AIN was oxidized in.an atmosphere of a
- mixed gas consisting of 5 % of oxygen and 95 % of nitrogen at 1,050°C
forl fbur. After the oxidation treatment, a treated surface of the sintered
article of AIN was polished by a diamond whetstone # 500.
Then, the same paste for surface layer as Example 7 was screen-
printed on the treated surface and was sintered by the same procedure as
Example 7. |
The surface roﬁghness (Ra) of the resulting sintered articie of AIN
was 0.06 um. The surface layer observed by SEM had a thickness of 50

pm and no defect larger than 10 um was found on the surface. .

Example 14

The same procedure as Example 13 was repeated except that the
sintered article of AIN was oxidized in air at 750 °C for 2 hours.

The surface roughness (Ra) of the resulting sintered article of AIN
was 0.05 um. The sur\fac,e layer observed by SEM had a thickness of 52

pm and no defect larger than 10 pm was found on the surface.



- 22 - Exanpl e 13 The procedure-of Exanple 7 was repeated but the
.sintered article was changed. Nanely, a sintered article was

oxi dation-treated. A sintered article of AN consisting of 0.95 % by
wei ght of Y, 0.02 % by weight of Ca, 0.033 % by weight of C, 0.05 % by
weight of B, 0.85 %by weight of 0, I. 83 % by weight of Wand a bal ance of
of AIN and less than 0.1 % by weight of inevitable inpurities was :
prepared. This sintered article of AIN has a thermal conductivity of 165°
"Wnierr]K. An average in the particle size of 30 particles of AIN was 3.8

[err]m This sintered article of AIN was oxidized in an atnosphere
of.a m xe ongi sting of 5 % of oxygen and 95 % of nitrogen at
1,050[ err] our. After the oxidation treatment, a treated surface

of the sintered Qard §@ifac®bf A NIMNegerficilate Ravingda dimrasiviebf 19%enmS00.

Then, the same paste for surface |ayer as Exanpl e°7 was screen- printed on
the treatedk 300 aem and aveisickneseof B.0ymihea Thrse d&tﬁd@%lﬂsséPasteEhaViﬁgeal

The surface roughness (Ra) of the resulting sintered article of AN was
0. 06 [ err] rsofl8mngpdiat ef I880:7C andea theimg] SfMnisich soefficient of oppsy°Cerr] m
and no defect larger than 10 [err]mwas found on the surface.  Exanple 14
The sane prwesdceateds byxsepten-printing r techaique cand pwashsintered sion@ar &t
article of AN v% oxidized in airat 750 [ezfr,.] C faqr, 2 houas. . The
surface roubBROsE drR)2 Beurhéo abiain afintarad fiwsy amde glasydayemhaging aos
[err]m The,s rfac&éﬁ]aqer gbserved by SEM had a thickness of 52 [err]m and-
no def ect Itgﬂ‘é@?e_s§ 130U @4 was found on the surface. |
| Then, a second oxide glass paste having a softening point of 800 °C
- and a thermal expansion coefficient of 3.5 ppm/°C was coated on the first
oxide glass layer by screen-printing and was sintered in air at 900 *C for
1 hour to obtain a sintered second oxide glass 'layer having'a thickness of
about 5 um. _ _
Finally, a third oxide glass paste having a softening po{nt of 700 °C
and a thermal expansion coefficient of 3.8 ppm/°C was coated on the
second oxide glass layer by screen-printing and was sintered in air at
-800 °C for 30 minutes to obtain a sintered second oxide glass layer
having a thickness of about 7 um. '
The resulting sample was observed by an opfical microscope
(x 400) to find no defect on its outer surface layer. The surface

roughness (Ra) of the outer surface layer was 0.02 pm.



- .23 - Exanmpl e 15 On a surface of a AIN ceranic plate having a
di mensi on of 100 nm x 100 nmm and a thickness of 3.0 nm a first oxide glass

past e QiéngU?_;gilggLﬂg_point of 880 [err]C and a thermal expansion

coeffi ci rdel C Was coated by screen-printing technique and was
Si ntereddmmlﬂ“‘“aiﬁgﬁtﬁﬂrr] Cfor 2 how2s 40 obtain a sintered first oxide
glass la gy i

ness of about 6 [err]m Then, a second
oxi de gl as% paste having a softening pgint of 800 [err]C and a ther mal .
expansion coefficient of 3.5 ppni[err]ggﬂggﬁcoated on the first oxide glass
| ayer by screen-printing and was sintered in air at 900[err]C for 1 hour to
obtain a sintered second oxide glass |ayer having a thickness of about 5

of 7oL err]c andla ¢ hav ettt Rliife Rdtamie” hpiisls £ sAlRY g™

J ! g | 3.7 . g
T et ot soOrEeRne FRtEfof atehin nitiae 2h8 Aviny ¥ Ui e ARRMCHVIG o
| ayer havi ngjshdiiHa$60 W/mlo r?ohgg%%nﬁbramre andhe shfsotht déltses §ilFfage Was

observed by an optical mcroscope (X to find no defect on its outer

3 U(r) f2 afe I ?YMyerTf&med'f@@@ satfaesess safBkimbréd ardolecandukiderry hayerfavas
. erryrm
roughness (Ra) of lower than 0.3 pm, no defect larger than 25 pm being

found on a surface of said surface layer.

2. The aluminium nitride ceramic set forth in claim 1 wherein

said surface layer has a thickness of 10 to 250 um.

3.  The aluminium nitride ceramic set forth in claim 1 wherein
said aluminium nitride sintered article is made of particles whose particle

sizes are larger than 2 um.

4, The aluminium nitride cerarni_c set forth in claim 1 wherein

said surface layer consists mainly of aluminium nitride.

5. The aluminium nitride ceramic set forth in claim 1 wherein

said surface layer consists mainly of oxide glass.

6.  The aluminium nitride ceramic set forth in claim 5 wherein
said oxide glass possess a thermal expansion coefficient of 3.0 to 6.0

ppm/°C.

7. The aluminium nitride ceramic set forth in claim 5 wherein

said surface layer has a multi-layered structure consisting of a plurality of



dains 1. Al uminum nitride ceramic conprising a sintered article
consisting mainly of alumniumnitride and having a thermal conductivity
hi gher than 100 Wn{err]K at roomtenperature and a snooth dense surface
| ayer formed on a surface of said sintered article and ' rface

roughness (Ra) of lower than 0.3 [err]m2Hhd def ect Iarger”,
" being found on a surface of said surface |ayer. !ﬁﬁi[ ”"ﬂ

nitride ceramc set forth in clalml wherei n said surface Fayer

thickness of 10 to 2i30 [err] 3. . The aluniniumnitride ceranic
set forth ioxigeglasslayessein sald alum-niumnitride sintered article is
made of particles whose particle sizes are larger than 2 [err]m 4.

;I'he alumniumnitri fje ceralm' c set forth Lln claim1 wherein said surface
n?ty?:rdé"gi'riﬁnsc et 1B nipi it feamic ses farth deoRipl MREHR | h
" ol xi m 5 QEsiERcEs ipdS%QFaweg%gggt Ffaly 210 e, plas§ 2aGERS BRE afher 00

of 3.0 to err]C : The alumniumnitride ceramc set
forth in clarm®b wherein said surface | ayer has a nmulti-layered structure
consisting of a plurality of :

9. The aluminium nitride ceramic set forth in claim 7 wherein

each of said oxide glass layers has a thickness of of 1 to 100 um.

10. The aluminium nitride ceramic set forth in claim 5 wherein at
least the first oxide glass layer formed directly on a surface of said
sintered article is made of oxide glass containing none of Na, K, Rb and
Pb. o

11. A method for producing aluminium nitride ceramic having a |
dense smooth surface layer possessing a surface roughness (Ra) of lower
than 0.3 um and possessing no defect larger than 25 um on its surface,
characterized by the steps of applying a paste for said surface layer onto a
surface of a sintered article or a none sintered preform of aluminium
nitride and sintering said paste together with said preform if the later

exists.

12. The method set forth in claim 11 wherein, after sintering, the

resulting surface layer is further polished.

13. The method set forth in claim 11 wherein said paste contain

more than 50 % by weight of aluminium nitride powder.



- 25 - oxi de gl ass | ayers. - 8. . The alumniummnitride ceramc set

forth in claim7 wherein differences in softening point ' xi de™
gl.ass layers are larger than 5 [err]C 9. The BIIF u ”L ﬁ ;
ceramic set forth in claim7 wherein each: of said oxide s a

t hi ckness of of 1 to 100 [err]m = -2®." The aluniniumnitride ceramc
set forth in claim5 wherein at |east the first oxide glass |ayer forned
directly on a surface of said sintered article is made of oxide gl ass
contai ning none of Na, K, Rb and Pb. 11. A nethod for producing

alumniumnitri cergy 14N t ; i .Ng a
surface roughneg?'( Rz;?{go&%}glégr Qﬁtﬁgﬂ%g%g ?gﬁﬁ] m ﬁéé%glgsgggésfﬁinags?%%%?zﬁgc?
| arger tha it f : | by the steps of
applgyi ng ar}gﬁg? %%@Z‘?Hys‘ﬁ?meﬁ%@g@%ﬁbg%ﬁ?acg of a si ﬁt ered
article or a none sintered preformof alum niumnitride and sintering said
paste together with said preformif the |later exists. 12. The
net hod set forth3.n cThe méthodheeeiforthain elaiphnl#rwhereihhsaitesxide gdass
surface layer is further polished. - '

“possess a thermal expansion coefficient of 3.0 to 6.0 ppm/°C.

16. The method set forth in claim 14 wherein two steps of
applying an oxide glass paste onto said sintered article of AIN and

sintering said oxide glass paste are repeated for more than-one time.

17. The method set forth in claim 14 wherein an oxide glass paste
is épplied onto said sintered article for several times to deposit a plurality
of oxide-glass paste layers and then all of the oxide glass paste layers are

sintered simultaneously.

18. The method set forth in claim 14 wherein at least the first
oxide glass layer deposited directly on a surface of said sintered article is

made of oxide glass which do not contain Na, K, Rb and Pb.

19. The method set forth in claim 14 wherein a surface of said
sintered article of aluminium nitride is oxidized before said paste of oxide

glass is coated.

20. The method set forth in claim 19 wherein said oxidation is

‘carried out at a temperature between 200 and 1,300 °C.



13. The nethod set forth in claim 11l wherein said paste contain nore than
50 % by weight of alum niumnitride powder.

- 26- 14. The nethod set forth in claim 1l wherein said paste
contain nore than 50 % by wei ght of oxide gl ass powder. 15. The

met hod set forth in claim 14 wherein said oxide gl ass possess a thermnal
expansi on coefficient of 3.0 to 6.0 ppm]fgrr]C. 16. The nethod set
forth in claim14 wherein two steps of applying an oxi de gl ass paste onto
said sintered article of AIN and sintering said oxide glass paste are
repeated for nore than -one tine. 17. The method set forth in claim
14 wherein an oxide glass paste is applied onto said sintered article for

several tine h e W a_plurality of oxide-glass paste |ayers and then
all of the oiF astle layers are sintered sinultaneously.
18. The nethod set forth in claim14 wherein at |east the first oxide

gl ass |l ayer deposited directly on a surface of said sintered article is
made of oxide glass which do not contain Na, K, Rb and Pb..

/////////[/////////gﬁ 2 SURFACE LAYEé

— ~ 1 SINTERED ARTICLE
OF AIN




19. The met hod set forth in claim-14 wherein a surface of said sintered
article of alumniumnitride is oxidized before said paste of oxide gl ass

i $ coat ed. "~ 20. The nethod set forth in claim 19 wherein said
oxidation is carried out at a tenperature between 200 and 1,300 [err]C
ABSTRACT
(Figure 1)

ALUMINIUM NITRIDE CERAMICS AND METHOD
FOR PREPARING THE SAME

‘Aluminium nitride ceramics improved in heat radiation property
used as a substrate for integrated circuits and package material,
comprising a sintered article consisting mainly of aluminium nitride and
having a thermal conductivity' higher than 100-W/m-K at room
temperature and a surface layer consisting mainly of aluminium nitride or
oxide glass deposited on the sintered article. '

A paste of aluminium nitride -powder or oxide glass powder is |
coated on a surface of the sintered article of aluminium nitride and then is

sintered to prepare a dense smooth surface layer.



