[Title of the Invention] AN ALUM NUM NI TRI DE FI LM AND A SUBSTANCE COATED
W TH SAME The present non-provisional application clainms priority under 35
US. C 119(a) from Japanese Patent APpIication No. 2010-094332 filed on
April 15, 2010, the entire disclosure of which is hereby incorporated by
reference. [Technical Field] [0001] The invention hereof is related to an
alumnumnitride filmwhich forns a coating | ayer for substances used in
sem conduct or nmanufacturing process and other simlar processes.

[ Backgr o efthenwestitiopp] [0002] A dry process in the sem conductor
manuf act uri ng scene abounds in kinds and anobunts of erosive hal ogen gases
such as highly reactive fluorine gas and chlorine gas as gases for etching
and cl eaANrg.UNHEUBUNEERIREEE ILtM ANDRAS UREOAMNC H S%HDWHgﬂ PéMfases are
required to be highly corrosion resistive. In the past, it was so desi gned
that the_substances that are touched by the erpsiv exc r the
Subst ancBR® pPresem RN eMs gk ebpiion ey iy el 8 TR SeC of Te9 S i cos
steel , afromi Japanese tFretehi Applidativaviés., 20 10-024232 filpdaors Aprit 15280t ehe
confirnme - ] ] LAUM N L [ nces that strongly
resi st e%g}sr?\?’tés‘g%%{gé@ﬁ%&%ﬁ@@@é@%ﬁ%gﬁ?9?5%3%]@ An al um numnitride
filmitself is apt to turn into sone yell ow whitish color in general
Fbmever,ﬂguhmb@nqgﬁ¥that are used as a susceptor, cranp ring, or a heater
are desired to be black in color. And this is because a bl ack substance is
nore productive of radiant heat than a white substance and furthernore
heating [PPOpkrties are better too in the case of a black substance. Also,
if such kind of substances as these were yellow whitish in the col or of
their surfaces, .a problem arose that, an uneven cglor distribution due to
dust or AR yeREoN i?‘?r S {SaRE o 2 glmIpHiD @ﬁplea EEWBthsfHHT‘%&b%OFQHEes and
count er - lages foresutfstancds gsead ablsemicoreducion mantitactufr Pagedss ared obiwEn known
to nanufgﬁﬁ@fﬁnﬁﬁggggk sintered aluminumnitride through the steps of
addi ng an appfopriate transition nmetal element(s) to a green materi al
powder and sintering it (see Publications-in-Patent 1 - 3).

Publ i cat [Bagkgroupat sfrihvdntibr§cl oses a sintered alum numnitride ceramc in
whi ch occurrences of stains and uneven color distribution are restricted

t hrough an addition of Er (erbiun) in an anmount of 5 weight %or nore, in
terms of [0REBhI -to-netal ratio, to aluminumnitride, to thereby trap, as
grain boundary crystals, the oxygen solid-solved in the An crystals arid

th i di t he . f f t i ns.
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addi ng %Iﬂbﬁﬁ?é@dsﬂ“a@ega%@%ﬁ g?é i r&rﬂﬂ cldtinthd? @ﬁér@%s@ﬁ%sp{rﬁtearet hr ough
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the steps of mn reen o% S e(1£| 6 xture of ceram c powder
and resi BRATREEIIOHUEEKIPEIVe JASEE ‘?ﬁ%‘“ﬂ'?ﬁ toggee WO RO ERRAS ng and t hen
sintering, to thereby lower the crystallinity of the carbon.

In the past, it was so designed that the substances that are touched by the

erosive gases except for the substances that are themselves processed are

generally made of stainless steel, aluminum or the like; however, in recent years,

it has been confirmed that alumina and aluminum nitride are substances that

strongly resist erosive gases, especially halogen gases.
[0003]

An aluminum nitride film itself is apt to turn into some yellow whitish color in
general. However, substances that are used as a susceptor, cramp ring, or a
heater are desired to be black in color. And this is because a black substance
is more productive of radiant heat than a white substance and furthermore
heating properties are better too in the case of a black substance. Also, if such



Further, Publication-in-patent 3 discloses that a fine-grained sintered
substance is obtained through an addition of alum num oxide to a
hard-to-sinter alum numnitride, that, by virtue of the fact that an Al ON
phase having lattice defects is created during the sintering the sintered
body is colored in black and thereby the probl em of uneven distribution of
color in An is solved, and that the nechanical properties of the sintered
body are inproved thanks to the strengthening of the dispersion of the An

parti cl agn@dt sdbshinbss bsahese wepdGEllow Wit il the dolorasf theirasldiateyea so t hat

it releases, Er originated i ri L sen : turing
process RrBBQ?H\‘/@F%S haggpég}e%ﬁecog%\;ﬁgtgb.[]ﬁqrﬁigﬁﬁ ﬁ%ﬁ%}q#ﬁ%%?d r%bté?;%r ding to
Publ i catdcsr | oMgrathentsutfacest efi e caubstances amdtcquidercaessHrese s this
segr egat @oplenk BRe BaRid¥opoundaries to thereby render the materi al
hard-to-sinter, and thus to lower its rupture strength, The substance
according to Publication-in-patent 3 is deened to have high utility in that
it contd0084ho additives but alum num oxi de, which by itself, however, does
not suffice to prevent rising of the liquid phase reaction tenperature
during sintering and renders it necessary to set i gher terrpe&a%ture for

i

a hi ghe
t he t herliBRs Hegd&eewaie manvisstuieghblark sdereg %FWW%!"‘UH?EWMUS BR 1iquid
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have devel oped a technol ogy for coating sem conductor devices such as
SIUSC_ept Opébl%&iigﬁm?-_rp:aﬂﬂ'gJ @%ld[?é%tfﬁ%téfé&a@gﬂg?ﬁ Mittmr CORrmIa-iheshish anz)1 .
alum numnitride fi a nmet ho ee. ication-in- : e
ot her ha‘?fiﬁu”ieﬁ‘é’ealcﬂnﬁmﬁ\ﬁ% ﬁﬁ“ﬁ{ir@é(ef‘i ?ﬁ?’éﬁﬁﬁ%ﬁ'&%@% H%Str&}Bdﬁgk% éﬁn be

pr oducedadditian tdieEndergiume dasaat amousimpériatwgighth 8 foragaiegin demasiaal in t he

case of ﬁ\@?ﬁiﬁ&-’?ﬁ&éﬁ‘f{aﬁﬁ?d’@oeélurﬁ‘fﬂhﬁr nit@IPeiAtERb StrdP08s dRaineBsuSE@r) i gr ade
or higher. t

urthernore, th lic rppurities exist in the filmin far
| ower c%éﬁﬁsd??@ﬁg%%%ﬂgﬁgﬁﬁ [ tgﬁém&)&y«?%%? eﬂqéthg UMIFICSIMNEPBA body.
However , thiehmirialcersf mwergraihs. de fil m produced by CVD nethod exhibits
yel | owi sh white color so that it is inferior in terns of heating property
with regard to radiation, and is apt to exhibit uneven color distribution
over itsl09QPtace originating fromcontanination. [List of prior art
publications] [0008] [Publication-in-patent 1] Japanese Publi shed Patent
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the steps of forming a green body by shaping a mixture of ceramic powder and
resin under pressure, subjecting this green body to degreasing and then
sintering, to thereby lower the crystallinity of the carbon.

‘Further, Publication-in-patent 3 discloses that a fine-grained sintered substance
is obtained through an addition of aluminum oxide to a hard-to-sinter aluminum
nitride, that by virtue of the fact that an AION phase having lattice defects is
created during the sintering the sintered body is colored in black and thereby
the problem of uneven distribution of color in An is solved, and that the
mechanical properties of the sintered body are improved thanks to the
strengthening of the dispersion of the An particles and AION particles.

[0008]

However, the black sintered aluminum nitride according to Publication-in-patent



In view of the circunstances described herei nabove, the present invention
seeks to provide an alumnumnitride filmthat scarcely exhibits uneven
color distribution and is scarcely ergpded by hal ogen gases, and at the sane
time provides an alum numnitride substance wearing such a film|[Means to
solve the Problen] [0010] The alum numnitride filmof the present
invention is characteristic of having a brightness or |lightness C of 60 or
lower in terns of the standard according to JIS Z8729. It is preferable

_th?t th§1 toht@inaEr as taheaddriivd 8o aeatdf raléd6er Et orginateat inapuitg idotiag ainel Eear )
Infrared radlaLl Qn | ; 3 neters, that the
conbi neoseéﬁlgto,ﬁﬁ?(ﬁgf F.'%\ﬁ]ug%t@ﬁé\@éﬁégggﬁé%gg%rssg%égﬁer%ﬁv?fj ?g@ég'ut for Al is 50
ippmor snaller, that the filmis heat-treated at a tenperature of 1050
?ﬁgi etef] ﬂ?é‘tsirﬁél@éen%ﬁerh‘élgf&iofr&% tb%lic?ah@?—iﬁ—‘ﬂa@fbrﬂ@rc@ﬁfchirﬁ‘@@taﬂﬂfnaé@a and
a e mis,a product o (cheni cal,_ vapaor. :
Furt her HBRLG FE0B1ESHan oo Swegrt Rane aranoPBates © Avuhp! o e
char act enatgriat hafd-teesinterpade thuds w lbwee itatipivreabtrehgtoh is a ceramic materi al

such as a nitride, an oxide, and a carbide or a netal having a | ow thernal
expansi on coefficient such as tungsten, nolybdenum and tantalum, .and that
such basENgréesiance; acedingd Qi tqli’%ﬁ"f‘it'oél‘lﬁ‘ﬁﬁ’ Fﬁﬁi t5 fgemed ﬁ:] g@vﬂen'alﬁed in
any of tdt#incliai et Gt tdontaind fo addiives] bBy abwainuny dide,s ubitabyelseali, t h t he
al um nu fride fil f py.€ nventi ar, gt 1hSidP a] bt ai n
devi cesnpfdc}&é\ééerm%%énsd[ﬁﬁo#@g%u a g\??ﬁ%gwgﬁécggsth\lﬁhi“gﬁldd v?%gs?eéa{rc(ﬂo@apabl e
of bei ngtemnaiaiue adudngi FetRRNE ¥1d Jrebdpfost veesrasapentoySet ar dideEel | ent
i n heat i @aengairaRes oethe BlImAI Praddssldld o fHeeRighf viseesignofcblecaludiimimi but i on

i hei faces., [Bri De Lot i f QW - 0 i i
dr avi ng. SRR CEPnAsEs s bt T e20a By Bt PRk kT dHanet s bEag 111 m
of the ppresianedionigrini lomitedtilkgnd aof snatholdlar sucth@si Rt PReSSiRG idalei BhdSi n

I'i ght nesgady-tor Lot chirisfks.t he heat treatment. Fig. 3 is a chart
showi ng t%e vaeL?géfrli%ns in transmttance before and after the heat

treatnment. [Enbodi nents to practice the Invention] The present inventors
went t hr@ogi] ext ensi ve and earnest studies and came to find that by
subjecting a yellow whitish alumnumnitride to a heat treatnment the
nitride blackens, and thus realized that it is possible to f)bt ain_an

al uni nun®Ri ORe d@nguiRe dRYRNIAKS BRres! ayer deyelgpee & lﬁfgt NP ROl BrCRAIEEr i but i on

[ ndi tﬁ sserhrROAdabdr ftﬁﬁ/idd@émdi_spsmptdres[cmmg rregpentd heateasliveiit aheat ibng,
and t hus_ppssessed. t . t w, X i n about
t he al unli"ﬁﬁ IR @@'?ﬁﬁ#ﬁﬁf%?{wﬁﬁs@ﬁﬁd? nﬁ@?ﬁt g)%n 'ﬁ%ﬁa uértrllll%ﬁ r?lgt ride

fil m accBubiicajionentp@dentrdsent invention has a lightness L..* of 60 or |ower
internms of the standard according to JIS Z8729 (claim1l), so that it is

On the other hand, the aluminum nitride film produced by the CVD method can
be produced in a thermal process at a temperature half as high as that in the
case of the sintered bodies, which temperature is 1600 degrees centigrade or
higher. Furthermore, the metaliic impurities exist in the film in far lower
concentrations compared with the case of the aluminum sintered body.

However, the aluminum nitride film produced by CVD method exhibits yellowish
white color so that it is inferior in terms of heating property with regard to
radiation, and is apt to exhibit uneven color distribution over its surface
originating from contamination.

[List of prior art publications]

[Publications-in-patent]



black in color, arid thus it is hard for contam nants to devel op uneven
color distribution across the surface. Al so, blackish filnms such as this
are characteristic in that they transynit scarce infrared rays so that their
heating properties are high. It would further nore preferable if the
lightness L of the filmis 40 or less. [0015] If the filmhas a
transmttance of 15%or lower for a visible and near infrared radiation
having a wave length of 0.35 - 2.5 microneters (claim?2), the peak wave

| engt h gbodgpe i nfrared radiation as calculated in accordance with Werfs

di spl acenent | aw becones about 2.5 mcronmeters at 800 degrees centigrade so
that the fil mwould have excellent heating properties with regard to

heat i ng [Byblicaittingnipeient \\Wepartcke PolblishehEateridwolbastiemtPem1&98%t he netal lic

el ement P@aﬂc%dnn&pa@ntmubéﬁebgsa@ﬁtm nehsiliong Al is 50 ppmor smaller
(claim ct the devices during

Y,

seni condéﬁ?'ﬁ?t'%hlﬁ’f"%tﬁrjﬁﬂi{‘eﬁ? g@’@&%ﬁ L?ﬁ?%({f'g t he conventional sintered
al um nuriPablicatichan patest 4iNapanesé Publisbéd Patentadipibdatioe2ex1818®t al s, rare earth
metals and the like that are contained as sintering additives (aids) act as
|rrpur|t|es toill-affect the devices. It is nore preferred if the
concent rigMBRNGY thenavesianlal netal lic el enents is 30 ppmor smaller. [0016]
A hi gh- purlty filmthat is preferably suitable for this invention,
sati sfyi v rity levels; may be such alum numnitride
filmns tttB%’l"aermeS tﬁ%ﬁ‘u?@?ﬁ&%é%r}g(;d%D (Chem cal Vapor Deposition) method, or
nore assuredly those manufactured by MOCVD (Metal Organic Chem cal Vapor
Deposi t ijpfHge) met hod or those manufactured by HVPE (Halide Vapor Phase
Epi t axy) nmethod. The nechani sm for the bl ackeni ng phenonmenon has not been
known yet but the alumnumnitride films that are nmanufactured by MOCVD
met hod dn ¥ERE ofrethkodireumesiances atascphedshereinshoyd, Whe hpresankirendiabst ances,
so that é’gb%% Uﬁltbvtdl g@ %Uﬁtlﬁ%l ﬁi?rtd’edﬂlh? th%rcélpe@wﬁtﬁ uAbvén lerperature

as 1050

as hig egrees cen nor e attlce defects. are
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exi st enggroofdesughalugiihimenitridief @istandet wearirmyspeicadidmt hat the | i ght
absorption band wi dens and hence the bl ackeni ng takes place. The substance

coated with the al um numnitride filmas obtained by the present invention
is, as siMaanste oy the Pediem] t uted by a base material 1 and an al umi num
nitrlde f|Im2 the surface of the fornmer 1 being entirely covered with the
| atter b i s suggested that the base naterial nay be nmade of a ceramc
rnaterlaI[OQ1 has a nitride, an oxide, and a carbide or a nmetal having a | ow
t hermal expansi on coefficient such as tungsten, nolybdenum and tant al um
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t r eat nenthat thﬂaﬁlm/\asa pmdm&pfa@V&? {ahemipal W&H%dﬂﬁgsﬁlﬁﬂhmth% e shown in Table
1, Fig. 2 and Fig. 3 The sanpl e pleces were prepared by depositing a
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met hod, ofezingmade méahgaseamamenahrwmcm issaneeniin meierial Segh&s & Réridew
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f ur nace. her eafter, e sa pl e eat-treat
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[Effects of the Invention]



The concentrations of the inpurity netallic elenments were nmeasured by neans
of 1 CP-MSEl an DFI G- 11 manufactured by Perkin-El mer Inc. The |ightness and
the chromaticity On terns of L*, a*, Q* of col or space (CIELAB)) of the
sanpl es were neasured by a chromatic nmeter CR-200 manufactured by Mnolta
Inc. Then, the transmttance and the reflectivity of the sanples before and
after the heat treatnent were neasured in the cases taken fromthe wave
length realmof 0.35 --- 2.5 microneters with a spectro-photoneter

UV- 3101PC manuf act ured by SH MADZU CORPORATI ON. Defining the totality of

t he tragﬁ 'ﬁ ance, reflection and absorption of light as 1, the

differe anpunts in transmttance and reflection was used to cal cul ate
t he absorptance (radiation ratio). The results of the nmeasurenents are

shown i Byalding M. s%s@dﬁbe@i With3 the efnefidnehitridd Omapp]of[ﬂi@b feesjdnt Unit in

[ et merive eﬁr 1S Go g o Sbrl Aeviee® dpt spfieoTdlord idn fadihing

process which devices are capable of being used in an environment of a
corrosive halogen gas, are excellent in heating properties, and are virtually free
of uneven color distribution in their surfaces.

[Brief Description of Drawings]
[0012]

Fig. 1 is a drawing showing a ceramics substance coated with the aluminum nitride film of
the present invention.

Fig. 2 is a chart showing the variations in lightness L before and after the heat
treatment.

Fig. 3 is a chart showing the variations in transmittance before and after the
heat treatment.

[Embodiments to practice the Invention]

[0013]

The present inventors went through extensive and earnest studies and came to find that by
subjecting a yellow whitish aluminum nitride to a heat treatment the nitride blackens, and
thus realized that it is possible to obtain an aluminum nitride substance which exhibits
reduced uneven color distribution in its surface and has improved properties with respect to
radiant heating, and thus possessed the present invention.

[0014]

Now, we will explain about the aluminum nitride film of the present invention.

The aluminum nitride film according to the present invention has a lightness L" of 60 or
lower in terms of the standard according to JIS Z8729 (claim 1), so that it is



1300AC heat treatnent Si 48 47 30 0.9 0,9 1,00.7 1.1 C 0.91.00,7 1.0
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black in color, and thus it is hard for contaminants to develop uneven color
distribution across the surface. Also, blackish films such as this are
characteristic in that they transmit scarce infrared rays so that their heating
properties are high. It would further more preferable if the lightness L" of the
film is 40 or less.

[0015]

If the film has a transmittance of 15% or lower for a visible and near infrared
radiation having a wave length of 0.35 — 2.5 micrometers (claim 2), the peak
wave length of the infrared radiation as calculated in accordance with Wien's
displacement law becomes about 2.5 micrometers at 800 degrees centigrade so
that the film would have excellent heating properties with regard to heating by
radiation.

When the combined concentration of the metallic elements existing as
impurities not including Al is 50 ppm or smaller (claim 3), the film does not
adversely affect the devices during semiconductor manufacturing process,
unlike the conventional sintered aluminum nitride substances of which the
alkaline-earth metals, rare earth metals and the like that are contained as
sintering additives (aids) act as impurities to ill-affect the devices. It is more
preferred if the concentration of the non-Al metallic elements is 30 ppm or
smalier.

[0016]

A high-purity film that is preferably suitable for this invention, satisfying the
above-mentioned purity levels; may be such aluminum nitride films that are
manufactured by CVD (Chemical Vapor Deposition) method, or more assuredly
those manufactured by MOCVD (Metal Organic Chemical Vapor Deposition)
method or those manufactured by HVPE (Halide Vapor Phase Epitaxy) method.

The mechanism for the blackening phenomenon has not been known yet, but
the aluminum nitride films that are manufactured by MOCVD method or HVPE
method are more amorphous compared with sintered substances, so that when
such films are subjected to a heat treatment at a temperature as high as 1050
to 1400 degrees centigrade, more lattice defects are thought to occur in the
structure of the aluminum nitride. By virtue of the existence of such lattice



1.2 0.8 & M1 <0.5 <0.5 <0.5 <0.5 <0.5 72n 0.5 0.6 Co <0.5 <0. <0.5 <0.5 Cu
0.90.70.7 M

defects, it is suspected that the light absorption band widens and hence the
blackening takes place. '

[0017]

The substance coated with the aluminum nitride film as obtained by the present
invention is, as shown in Fig. 1, constituted by a base material 1 and an
aluminum nitride film 2, the surface of the former 1 being entirely covered with
the latter 2.

It is suggested that the base material may be made of a ceramic material such
as a nitride, an oxide, and a carbide or a metal having a low thermal expansion
coefficient such as tungsten, molybdenum and tantalum.

The aluminum nitride film of the present invention preferably has a lightness of
60 or lower in terms of L™ according to JIS Z8729, and has a transmittance of
15% or lower for a visible near infrared radiation having a wave length of 0.35 —
2.5 micrometers, and has metallic impurities excluding Al in an amount of 50
ppm or smaller; in order to secure these characteristics, it is advised that the
film after formation be subjected to a heat treatment at a temperature of 11050
degrees centigrade or higher but lower than 1400 degrees centigrade.

[0018]

The variations that the aluminum nitride fiim underwent in terms of the
composition of the metallic impurities, lightness, and optical transmittance
caused by the heat treatment, that was conducted after the film was formed, are
shown in Table 1, Fig. 2 and Fig. 3

The sample pieces were prepared by depositing a 100-micrometer thick
aluminum nitride film on the entire surface of aluminum nitride base plates
measuring 50 mm x 50 mm x 1 mm by MOCVD method, wherein trimethyl
aluminum and ammonium were used as the raw materials to react with each
other at 950 degrees centigrade in a vacuum furnace. Thereatter, the sample
pieces were moved to a heat-treatment furnace and were subjected to a heat
treatment at 1000 — 1300 degrees centigrade in Ar gas.

[0019]
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The concentrations of the impurity metallic elements were measured by means of
ICP-MSElan DRC-Il manufactured by Perkin-Elmer Inc.

The lightness and the chromaticity (in terms of L*, a*, b* of color space (CIELAB)) of the
samples were measured by a chromatic meter CR-200 manufactured by Minolta Inc.

Then, the transmittance and the reflectivity of the samples before and after the
heat treatment were measured in the cases taken from the wave length reaim of
0.35 — 2.5 micrometers with a spectro-photometer UV-3101PC manufactured by
SHIMADZU CORPORATION. Defining the totality of the transmittance,
reflection and absorption of light as 1, the differential amounts in transmittance
and reflection was used to calculate the absorptance (radiation ratio).

The results of the measurements are shown in Table 1, Fig. 2 and Fig. 3,
respectively.

[0020]

[Table 1]

Unit in ppm

<0.5 <0.5 <0.5 <0.5 <0..5 Na <0.5 <0.5 <0.5 <0.5<0.5C2.212,42.12.2
2.1 <0,5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0..5 <0.5 <0,5 <0.5

Si| Fe | Cr Ni Mn Zn | Co | Cu Mg Na | Ca K Ti Y \

other
metallic
elements

before
heat 48| 08| 09 | 1.0 | <05 | 06 | <0.5| 0.8 | <05 | <0.5 | 2.2 | <0.5 | <0.5 | <0.5 | <0.5
treatment

<0.5

after

1000 °C
heat
treatment

471 09 | 10| 09 | <05 | 0.8 | <0.5| 0.9 | <05 | <05 | 24 | <0.5 | <0.5 | <0.5 | <0.5

<0.5

after

1100 °C
heat
treatment

30| 10|07 | 12| <05 | 0.7 | <05| 0.7 | <05 | <05 | 21 | <0.5 | <0.5 | <0.5 | <0.5

<0.5

after

1200 °C
heat
treatment

25|07 | 10|08 | <05 | 07 [<05| 07 | <05 | <05 |22 | <05 | <0.5 | <0.5 | <0.5

<0.5

after

1300 C
heat
treatment

21| 11| 08|09 | <05 | 0.8 |<05| 07 | <05 | <05 |21 <05 | <0.5| <05 | <0.5

<0.5

[0021]




<8g <0.5 <0.5 <0.5 V <0.5 <0.5 <0.5 <0.5 <0.5 other netallic elenents <0.5
<0.

Table 1 shows the concentrations of the impurity metallic elements before and
after each heat treatment at the respective temperatures, the more typical
metals being singled out. There were found no substantial changes in the
impurity concentrations between before and after the heat treatments, so that it
was indicated that the changes in the lightness and the transmittance were not
caused by the metallic impurities. Fig 2 shows the variations of the lightness
before and after the heat treatments with respect to the temperatures. Fig. 3 is
a graph in which the transmittance values are plotted against the wave length
values to show the transmittance variations before and after the heat treatment
with respect to the heat treatment temperatures, the abscissa being the wave
length and the ordinate being the transmittance.

[Examples]
[0022]

Now, we will describe examples and comparative examples, but the scope of
the present invention is not to be contained by those descriptions.

[Example 1]

A 100-micrometer thick film of aluminum nitride was formed over the surface of
an aluminum nitride base piece measuring 50 mm x 50 mm x t1 mm at a
temprature of 950 degrees centigrade in a vacuum furnace by means of
MOCVD method utilizing trimethyl aluminum and ammonia as the raw materials.
Thereafter, the piece was brought into a heat treatment furnace and was
subjected to a heat treatment of 1100 dgrees centigrade in an argon
atmosphere for one hour, whereby an aluminum nitride film was completed.

The lightness and the chromaticity (in terms of L*, a* b* of color space
(CIELAB)) of the sample piece before and after the heat treatment were
measured using the chromatic meter CR-200 manufactured by Minolta Inc.

The measurement results showed that although the chromaticity a*, b* did not
undergo any substantial variation during the heat treatment, the lightness L*
was observed to have dropped from 84.7 to 58.2.



<0,5 <0.5 Table 1 shows the concentrations of the inpurity netallic

el enments before and after each heat treatnent at the respective
temperatures, the nore typical netal sgbeing singled out. There were found
no substantial changes in the inpurity concentrations between before and
after the heat treatnents, so that it was indicated that the changes in the
lightness and the transmttance were not caused by the netallic inpurities.
Fig 2 shows the variations of the |lightness before and after the heat

treat menpe2gj th respect to the tenperatures. Fig. 3 is a graph in which the
transmttance val ues are plotted against the wave | ength val ues to show the
transmttance variations before and after the heat treatnent wth respect

to the Hdext theterenittansepaichine wilecivity eidbeissepipaiong PHOraa0e aféhgt h and
t he ordipat gediciré@nidit WweRNsiEdsupaEen théocases askeh GRR]the wave length

realm of 0.35 — 2.5 micrometers with the spectro-photometer UV-3101PC
manufactured by SHIMADZU CORPORATION.

It was observed that the average value of the transmittance declined from 20.1
to 14.6 percents as a result of the heat treatment, in the cases taken from the
wave length realm of 0.35 — 2.5 micrometers.

The concentrations of the metallic elements as impurities were measured by
means of ICP-MSElan DRC-Il manufactured by Perkin-Elmer Inc.

The ratio of each impurity element was smaller than 50 ppm before and after
the heat treatment, so that this invented aluminum nitride film passes as a high
purity material.

[0024]
[Example 2]

A 100-micrometer thick film of aluminum nitride was formed over the surface of
an aluminum nitride base piece measuring 50 mm x 50 mm x t1 mm at a
temprature of 950 degrees centigrade in a vacuum furnace by means of
MOCVD method utilizing trimethyl aluminum and ammonia as the raw materials.
Thereafter, the piece was brought into a heat treatment furnace and was
subjected to a heat treatment of 1200 dgrees centigrade in an argon
atmosphere for one hour, whereby an aluminum nitride film was completed.

The Iightheés and the chromaticity (in terms of L* a* b* of color space
(CIELAB)) of the sample piece before and after the heat treatment were
measured using the chromatic meter CR-200 manufactured by Minolta Inc.

The measurement results showed that although the chromaticity a*, b* did not
undergo any substantial variation during the heat treatment, the lightness L*
was observed to have dropped from 84.7 fo as low as 37.5.



Now, we wi || describe exanples and conparative exanples, but the scope of
the present invention is not to be contained by those descriptions,

[ Exanpl e 1] A 100-rnicroneter thick Hgln1of alum numnitride was fornmed
over the surface of an alum numnitride base piece nmeasuring 50 mm x 50 mm
x t1l mmat a tenprature of 950 degrees centigrade in a vacuum furnace by
means of MOCVD nethod utilizing trinmethyl alum num and amonia as the raw
materials. Thereafter, the piece was brought into a heat treatnent furnace
and was [gghgected to a heat treatment of 1100 dgrees centigrade in an argon
at nosphere for one hour, whereby an alumnumnitride filmwas conpl eted.

The lightness and the chronat|C|ty (in terms of b* of color space (ClIELAB))
of the dhex] theptresemiitincearahtheafeflectivityeoftibatsammpatiese belore angdadigr ed usi ng

the chr Q%théag”t?%&h - %O ﬁ?é?%h?éd W 25k RusbA nakém fidis thdwav@asigte ment

results sh at althou

[ o any
subst antrieémv%ﬁ'l 0233 on ddar Mg Onfiese ¥ % tslﬁ’\éﬁﬁo Rh?éomﬁgq{t ﬁ&sgﬂfﬁ:;@
obser vedntnufaaueed byhid IMADZ BGDFW’CDBAEFHDBI 10 [0023] Next, the
transmttance and the reflectivity of the sanple piece before and after the

heat treatnment were nmeasured in the cases taken fromthe wayv e Ien&;th realm
of 0. 35 It wassobgesveshihai e gveregaealypedithe ransiiliarcs desingtgipe 2

milflUf aC]Etbr%G wcmswaue@mdma 1t tféatmzo tqhsmevwgsdsh@keh Heoravke age |
val ue of t etr nsm,t e 1to 14 percents as a result
of the h\ga\( gﬂﬁg? Qlé %E r['vé%g%] fromthe wave | ength real m of
0.35 2.5 mcrorreters The concentrations of the netallic el enents as

P 1 L YR eonRARCY e O by Clantior el Tharer. Chan 50
ppm bef dpeaaﬁefﬁ??ﬁgﬁ[?@ 'hg‘&\t | ?r@tﬂ’Feé é)ﬁ Q{‘[ﬁm% Nvent ed al um num
nitride fil m passes as a high purlty material. [0024] [Exanple 2 A

100- m crpge ter%!éa htﬂ?r@ RGN ’é‘nﬁe{lfeﬁjglaéi‘@%of Bﬁr‘?ﬁegef%)’@’anﬁkﬁte?ur face

of an al um num ni |ece nmeasur fI mmat a

t enpr at ulhe beatokenimajiess tB@ thig@aeainum é"t{gl'Q%JﬁWl P%?’sf?a?cﬁstﬂ/h‘g@aﬂ's”%f MOCVD
met hod uingtdriding trinmet hyl al um num and ammonia as the raw materi al s.
Thereafter, the piece was brought into a heat treatnment furnace and was
subj ect ed to a heat treatnent of 1200 dgrees centigrade in an argon

at nrosphel0826br one hour, whereby an aluminumnitride filmwas conpl et ed.
The lightness and the chromaticity (in ternms of L*, a*, b* of color space
(Cl ELAB))_ of the.sanple piece before and after the heat treatnment were
measur ed e?ihe chromatic neter CR-200 nmanufactured by Mnolta Inc.

A 100-micrometer thick film of aluminum nitride was formed over the surface of
an aluminum nitride base piece measuring 50 mm x 50 mm x t1 mm at a
temprature of 950 degrees centigrade in a vacuum furnace by means of
MOCVD method utilizing trimethyl aluminum and ammonia as the raw materials.
Thereafter, the piece was brought into a heat treatment furnace and was
subjected to a heat treatment of 1300 dgrees centigrade in an argon
atmosphere for one hour, whereby an aluminum nitride film was completed.

The lightness and the chromaticity (in terms of L* a* b* of color space
(CIELAB)) of the sample piece before and after the heat treatment were
measured using the chromatic meter CR-200 manufactured by Minolta inc.

The measurement results showed that although the chromaticity a*, b* did not
undergo any substantial variation during the heat treatment, the lightness L*
was observed to have dropped from 84.7 to as low as 39.1



The measurement results showed that although the chromaticity a*, b* did
not undergo any substantial variation during the heat treatnent, the

I ightness L* was observed to have dr eped from84.7 to as low as 37.5. 11
[ 0025] Next, the transmittance and the reflectivity of the sanple piece
before and after the heat treatnment were neasured in the cases taken from
the wave length realmof 0.35 - 2.5 mcroneters with.the spectro-photoneter
UV- 3101PC manuf actured by SH MADZU CORPORATI ON. It- was observed that the
aver age [pedmpe of the transmttance declined from20.1 to 9.6 percents as a
result of the heat treatnent, in the cases taken fromthe wave | ength realm
of 0.35 - 2.5 mcroneters. The concentrations of the netallic el enents as

i mpur i t i Nextwihestrapemiliaagendrivereliestivigrivge sammreisce heloie acdafed by

tF)’e][ Ki nEl tﬁ'grhéfae%tctrea_thﬂarfta\mtal‘ét ﬁfea;%@eéut firTTRtoes ;CEEEe@itﬁﬁmthdWﬁ%hérWé\!@ﬂe_ﬁ lﬁlP_ i‘SO ppm
efore and, after e reat nent, .so_t ha is. alumnu ilm

passes a(?ag“h?fsrq)'%ﬂ% nH‘H%fPFzﬂq?Ers[ &@GThe[ Sl Pgah?]tor}g\eg%gb%-%{% er thick

fil mof rakoufacturedibyr$SHMMARZU GCORFOBAIIONhe surface of an alumi numnitride

base piece nmeasuring 50 mMmmx 50 mmx t1 nmat a tenprature of 950 degrees
centigrade in a vacuum furnace by neans of MOCVD net hqd utilj zi ri met hyl
U Burl 18 RS RS thRGVeEeS KD Ol tBe TARSERATE Qop i EE s
brought tor®.6 perbents 4s eatasritt off thensest teeatmemns, isuthieecdssd taden fharatther eat ment

o L300 S48 Bt R4 Glgah. 28 Apaegiamsprire Tor one hour, wher sby

m was ~conp 1ightness and the chromaticity (in
terms of L*, a*, b* of color space (CIELAB)) of the sanple piece before and

after thphdieahcbhipRidrRNbf WS endTamis Usiethensd Bg intruriies opaits memsuesd 6R- 200

he chr dfgans o RS bR B IPaRRORTRY PGB AMVE o Ton aur ing.

the heat treatnent, the lightness L* was observed to have dropped from 84.7

to as | op@3atR9 ol eaéﬁ ifrg)Ql?iﬁ] ehBént WS shiaes thah 3CEpANBefobe anaf Afegt i vity
of the Z@nple pi ece before anﬂ],af er.therﬂﬁat t r eat ment werg. nmeasured in
the case®etR&RANreIHIANIHEC HHTE '%r?&“ﬂ’ﬂ'%l ige fhmapasses 8s @ OIBYIEYs wi t h

t he specmaterighot onet er UV- 3101PC manuf act ured by SH MADZU CORPORATI ON, It
was observed that the average value of the transmttance declined from20.1
to 9.6 percents as a result of the heat treatnment, in the cases taken from
t he wavelOPEBhth real mof 0.35 - 2.5 nicroneters.

[Comparative Example 1]

A 100-micrometer thick film of aluminum nitride was formed over the surfaces of
a couple of aluminum nitride base pieces measuring 50 mm x 50 mm x t1 mm
at a temprature of 950 degrees centigrade in a vacuum furnace by means of
MOCVD method utilizing trimethyl aluminum and ammonia as the raw materials.
Thereafter, one of the pieces was subjected to a heat treatment of 1000 dgrees
centigrade in an inert gas atmosphere of argon for one hour in the vacuum
furnace, and another piece was similarly heat-treated at 1400 degrees
centigrade.

The aluminum nitride film that was heat-treated at 1000 degrees centigrade
remained white in color and its lightness L* and transmittance changed only
slightly from 84.7 to 81.0 and from 20.1 to 18.1, respectively. The aluminum
nitride film that was heat-treated at 1400 degrees centigrade was found to have
sublimated entirely in the vacuum furnace.

Similar experiments were conducted wherein the base material of aluminum



The concentrations of the netallic elements as inpurities were neasured by
nmeans of | CP-MSEl an DRC-I11 nmanufactured by Perkin-El mer Inc, The ratio of
each inmpurity elenent was snmaller th 50 ppm before and after the heat
treatment, so that this alumnumnitride film passes as a high purity
material. [0028] [Conparative Exanple 1] A 100-m crometer thick fil m of
alum numnitride was forned over the surfaces of a couple of alum num
nitride base pieces neasuring 50 nmx 50 mmx ti mmat a tenprature of 950

degr eeﬁ r?'itﬂdel @aadeplated Brachesmiatdenetethey mmeﬁalsﬁudmlalum:cnlaodlhubml [ z:c ngh
trinmet r e of the
oi eces. Bty A LA RE, Ind Tediting BRG] sRlSe ARSTES Y wirer o0,

i nert gasubdeciedghdhe similar Heat-treptrogrdsHageryvant ﬁ@mgaédthﬁﬁolmlﬁﬂ?aé‘é th@nd

anot her &rueﬁmmaﬁtrrabmrrwfldomsarawé@daﬁﬁbleu 1400 degrees centigrade. The
alumnumnitride filmthat was heat-treated at 1000 degrees centi grade

remai ned white in color and its lightness L* and transm ttance changed only
slightly0029ym 84.7 to 81.0 and from20.1 to 18.1, respectively. The
alumnumnitride filmthat was heat- treat ed at 1400 degrees centigrade was
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are ill- ect e e cours sem conduct or nanufacturing process.
[Possibility for I ndustri al Application] [0030] The alum numnitride film

accor di ngpdsidiltg for IpeieBtrial Appntatom] is useful when it is laid over a
substance, for such a substance can nake an excellent suscepter, cranp

ring, heater, etc. in a sem conductor nmanufacturing appratus, for t he
reason t[m30ﬂ he invented aluminumnitride filmexhibits high anount of heat
radiation and good Thermal characteristics. Therefore, there are expected

R e e R e e e T oy

base nuat &id avel a slbstameenfor suchia $utlsrha1nce can make an excellent suscepter
cramp ring, heater, etc. in a semiconductor manufacturing appratus, for the
reason that the invented aluminum nitride film exhibits high amount of heat
radiation and good thermal characteristics. Therefore, there are expected
improved throughput and energy saving in the semiconductor related

manufacturing processes.
[Exaplanation of reference humerals]
[0031]

1. base material

2. aluminum nitride film



11 What is clainmed is: 1, An alumnumnitride filmcharacterized in having
a lightness L of 60 or |lower as defined in JIS Z8729. 2. An alum num
nitride filmas clained in claim1l characterized in having a transm ttance
of 15%or lower for a visible and near infrared radiation having a wave
length of 0.35 -2.5 mcroneters. 3. An alumnumnitride filmas clained in
claim2 characterized in that a conbined concentration of netallic
impurities but for alumnumis 50 parts per mllion or smaller. 4. A

met hod f\ghatBdhiasddiict ng an alumnumnitride filmhaving a |ightness C of
60 or lower as defined in JIS Z8729, a transm ttance of 15%or lower for a
visible and near infrared radiation having a wave Ieng:t;th of ,0.,35 - 2.5

m cr onetler sAn aidminstral nitrilei filsurcheragietizad frohaxingnRnigtnessh Adtther of 50

parts pq?wg} hgldg.ﬂnga i OB k8ypg.conprising steps of: (0 form ng an al um num
nitride Imon a base material of a |ow thermal expansion coefficient by

chemical vapor deposition nethod, and (ii) heat-treating said filmat a
t enper at2ir eAnfall®Fund egirieesfioeasi gaiaus or chightrcheractedzst in haMing4a0

degr eesngéj%trh&%ﬁg@ofl@‘y Brl WMrgoﬂmWHﬁ@%‘éP iftearal rabigibAUHAViNg &1 de film

as cl ai ereln sail ase material is nade of a ceramc
mat eri alWa Oty of P3P a2m FVGraReYs. oxi de, and a carbide. 6. A method for
manuf acturing an alum numnitride filmas clained in claim4 wherein said

base materi gh é\ﬁgﬁﬁ@ﬁ Altride rfﬁhagﬁc%ﬁ&%oe% fcrlélFH @EHEF&%‘P&FI%&I ¥peequg and

tantal u ance consi s terl al a | ow t her nal
expansi orprabieefl eanesntration M fﬁ‘l’t@wpdmﬁqﬁm??lb&éf‘?r PW@U%'ﬁ HLaars Raai m 3.
8. A subsfiicer agasbdi med in claim7 wherein said base material nade of a
ceramic naterial selected froma nitride, an oxide, and a carbide. 9. A
substance as clained in claim7 wherein said base material is nade.,of a
metal  set.ecAadethodnior massufenturingl arbakiminuenaitidsfin iaving a lightness L

of 60 or lower as defined in JIS Z8729, a transmittance of 15% or lower for a
visible and near infrared radiation having a wave length of 0.35 — 2.5
micrometers, and metallic impurities but for aluminum in an amount of 50 parts
per million or smaller, comprising steps of: (i) forming an aluminum nitride film
on a base material of a low thermal expansion coefficient by chemical vapor
deposition method, and (ii) heat-treating said film at a temperature of 1050
degrees centigrade or higher but lower than 1400 degrees centigrade.

5. A method for manufacturing an aluminum nitride film as claimed in claim 4
wherein said base material is made of a ceramic material selected from a nitride,
an oxide, and a carbide.

6. A method for manufacturing an aluminum nitride film as claimed in claim 4
wherein said base material is made of a metal selected from tungsten,
molybdenum and tantalum.

7. A substance consisting of a base material of a low thermal expansion
coefficient and an aluminum nitride film as defined in claim 3.

8. A substance as claimed in claim 7 wherein said base material is made of a
ceramic material selected from a nitride, an oxide, and a carbide.

9. A substance as claimed in claim 7 wherein said base material is made of a
metal selected from tungsten, molybdenum and tantalum.



