1'DESCRI PTI ON METAL EVAPORATI ON HEATI NG ELEMENT AND METHOD FOR EVAPCRATI NG
METAL 5 TECHNI CAL FI ELD The present invention relates to a netal evaporation
heati ng el enent and a nethod for evaporating a netal. 10 BACKGROUND ART
Heretofore, as a nmetal evaporation heating el enent (hereinafter sonetines
referred to as "boat"), for exanple, an electrically conductive ceramc
sintered body conprising boron nitride ¢BN), alumnumnitride (ALN) and 15
titaniumdi boride (TiE2) as the nain conponents and having a cavity forned
on the upper surface thereof has b®ESCRAGEAONIP- B-53-20256). As one exanpl e
of commercial products, "BN COMPCSI TE EC', tradenane, manufactured by

Denki Kagaku Kogyo Kabushi ki Kai sha nay be nentioned. 20 As a net hod of
usi ng the boat, each end of the boat is connected to an electrode by a

cl anp, a vol t age NETALappVARCRADI Qe e AT ENG e EMENT ANPeMBTHGRCFHORS an Al
wire rod put inthe cavity is nelted and evaporated to obtain a deposited
film followed by cooling. Such &VAEPRAFINOGNMEFALs repeatedly carried out,
during which the boat undergoes tenperature cycles and erosion by the
nolten netal, and it will reach the end of its usefulness. 2 The boat life
greatly relates to wettability of the boat to the nolten netal, and if the
wettability FECHYSFAL HEELENnly the nolten netal is |ocalized and no
evaporation efficiency inherent in the boat will be obtained, but 5 also
the progress of eFBSiBReSENENENBERELIPY rREakBPt 6@ a metal evaporation

heating element and a method for evaporating a metal.

10 BACKGROUND ART
Heretofore, as a metal evaporation heating element
(hereinafter sometimes referred to as “boat”), for
example, an electrically conductive ceramic sintered body
comprising boron nitride (BN), aluminum nitride (AlN) and

15 titanium diboride (TiB,) as the main components and
having a cavity formed on the upper surface thereof has
been known (JP-B-53-20256). As one example of commercial
products, “BN COMPOSITE EC”, tradename, manufactured by
Denki Kagaku Kogyo Kabushiki Kaisha may be mentioned.

20 As a method of using the boat, each end of the boat
is connected to an electrode by a clamp, a voltage is
applied to generate heat, and a metal such as an Al wire
rod put in the cavity is melted and evaporated to obtain
a deposited film, followed by cooling. Such an operation

25 1s repeatedly carried out, during which the boat
undergoes temperature cycles and erosion by the molten

metal, and it will reach the end of its usefulness.



metal will be accel erated, whereby the boat life will be shortened.
Accordingly, in order to secure the wettability of the boat, various
attenpts have been made such as irradiation with |aser (JP-A-2000-93788),
but no io sufficient prolongation of |life has been achieved. Further,
extensive apparatus and facility wll be required for irradiation with

| aser. DI SCLOSURE OF THE | NVENTI ON 15 OB2ECT TO BE ACCOWVPLI SHED BY THE

I NVENTION It is an object of the present invention to provide a netal
evapor ati on heat i Fieebeatnlifpogarpatbivcirehatsesi tpr vestamdilisli Oft yhieo a

mol ten netal and which has a prolonged |life, and a nmethod for evaporating a
metal 20 usi Rgatt to( theamgdten meipdnatingn iheathienyeditedpddtl tohdradant zed by
havi ng one or nore_grooves in a direction _not in parallel wth a current

di rection, oRo&ncugpeiheumpatenomesalcdraniccadiifest addhody svepnyadiing

titani umdiboride (TiB2) 25 and/or zirconiumdiboride (ZrB2), and boron
nitride (BN) effygdescy fnBegensyanhiseabmpadt Widfl feopbtaines .1 8tm a
depth of from0.03 to 1 mmand a length of at least 1 nm 3 (2) The netal
evapor at i obn Re&EI ffeePEREHESECOSr §LRF 108 Ofhéhghdpat( Py, tiwameditét zed by
having at |east two, %rooves wi.th a distance_of at nost 2 mm (.3). The netal
evapor ati on ReiPinyidlehBnCsedsratsg t yhsreky &bsvooet) lgfe mill be
characterized_in that. the nunber of 9roov s is at least 10. (4) The netal
evapor ati on ﬁé‘&tritﬁ&eéll'en%‘ﬁ?oﬁéb%gﬁ}’ng Po°r§ﬁ§ BReSBFUtRetlBove (1) to (3),
characterized in that the direction not .in parallel with the current '
di recti on nmak&StE liﬁéVéoéft%Fo%Pﬁﬁ'tHafG@@SNaFHQWQ§%nE%V {peen made

such as irradiation with laser (JP-A-2000-93788), but no
10 sufficient prolongation of life has been achieved.
Further, extensive apparatus and facility will be

required for irradiation with laser.

DISCLOSURE OF THE INVENTION

15 OBJECT TO BE ACCOMPLISHED BY THE INVENTION

It is an object of the present invention to provide

a metal evaporation heating element (boat) which has
improved wettability to a molten metal and which has a
prolonged life, and a method for evaporating a metal

20 using it.
(1) A metal evaporation heating element characterized by
having one or more grooves in a direction not in parallel
with a current direction, on an upper surface of a
ceramic sintered body comprising titanium diboride (TiB,)

25 and/or zirconium diboride (ZrB,), and boron nitride (BN),
wherein the groove has a width of from 0.1 to 1.5 mm, a

depth of from 0.03 to 1 mm and a length of at least 1 mm.



dirrection. (5) The netal evaporation heating elenent according to the above
(4), characterized in that the grooves are crossed so as to form at | east
one intersection. is (6) The nmetal evaporation heating el enent according to
any one of the above (1) to (5), characterized in that the ceramc sintered
body has a cavity, and the groove is fornmed on the bottom surface of the
cavity and/or on the upper surface of the ceramc sintered body. 20 (7) The
net al evaporation heating el enent according to any one of the above (1) to
(6), charactée) zathei metthdt exrappatatdon iheatrisgn dlereny waddrndimf tgr ooves on
the bottom surface of the cavity and/or on the upper surface of the

ceram ¢ si nt ehedaboug. (25, ( 8haThetpetiaedebgphruatingn ahedelany ewenment
according to the above (7), characterized in that the area ratio occupied
by the pattegmopseat wlithst 80%tbocehefbatt mmsé 2smnf.ace area of the cavity
Wi th respect to one having a cavity, or to the upper surface area of the
ceram c si nt(@p) eGheodytwailt leviegspeadt ono head imay ielgmentc addoxr.dif®) tthe net al
evaporation heating el enent according to 5 the above (8), characterized in
that the @retheagboveoddlpad (By ,t hbapartern zed an thast thevnub@r Tfe net al
evaporation heating el enent according to the above (8), characterized in
that the aregrpavee iscetpiledsbylOhe pattern is at |east 80% 10 (11) The
met al evaporation heating el ement according to _any one of the above (1) to
(10), characté?i The¢ meteRaevaperetd oy §epE1ngr BeEmmsdn afiddusiaig Y ooves, a

significant difference is provided in the depth of the groove.
any one of the above (1) to (3), characterized in that

the direction not in parallel with the current direction

10 makes an angle of from 20 to 160° with the current
direction.

(5) The metal evaporation heating element according to
the above (4), characterized in that the grooves are
crossed so as to form at least one intersection.

15 (6) The metal evaporation heating element according to
any one of the above (1) to (5), characterized in that
the ceramic sintered body has a cavity, and the groove is
formed on the bottom surface of the cavity and/or on the
upper surface of the ceramic sintered body.

20 (7) The metal evaporation heating element according to
any one of the above (1) to (6), characterized in that a
pattern is drawn by a plurality of grooves on the bottom
surface of the cavity and/or on the upper surface of the
ceramic sintered body.

25 (8) The metal evaporation heating element according to
the above (7), characterized in that the area ratio

occupied by the pattern is at least 30% to the bottom



15 (12) The netal evaporation heating elenment according to the above (11),
characterized in that the significant difference in the depth of the groove
is at least 1096. (13) The netal evaporation heating el ement according to

t he above (11) or (12), characterized in that anmong a 20 plurality of
grooves, the groove having the deepest portion is provided at a center
portion in the Jlongitudinal direction of4 the ceramc sintered body or in
the vicinity thereof. (14) The nmetal evaporation heating el ement according
to 25 any oserdhceherabowd thE) chwitil3witbhaeapeerti ted dne theatingnrong t he
plurality of grooves, the groove having the shallowest portion is provided
at one end orcawatly,emd ite Shet mppeongurddicealardiar edt ithre afertdwecer am ¢
sintered body. (15) The netal evaporation heating el enent according to any
one of the alsongefed) body( ¥4th clespactetiozete havhag no deptityof the deepest
portion of the groove) - (depth of 5 the shall owest portion of the groove)l
is at |east d900Fhevmet@ls)evanmtatodr dreadhiagoredtementa amteddindaract eri zed
by wusing the netal evaporation heating elenment as defined in any one of

t he aboves (1fheoape8r 48d .hehgiragtemees inn thetvibsumnen aadtist e where the
metal is in contact with part or all of the groove. BRI EF DESCRI PTI ON OF
THE DRAMVNGSOFpgplfdi?Yatg€r§ﬁé@ﬁﬁme1@iéﬁ iliepgst b&Gi-ng one 15 exanpl e of

t he boat of the present invention. Fig. 2 is a perspective view

il lustrating (dRe &hagnpreéadft eVRPBGAL B heré 150 sdrmenty @RGeiingitP 3 is a

perspective view illustrating one exanple of the boat of the present
i nvention. the above (8), characterized in that the area ratio

occupied by the pattern is at least 80%.

10 (11) The metal evaporation heating element according to
any one of the above (1) to (10), characterized in that
in one groove, or between different grooves, a
significant difference is provided in the depth of the
groove.

15 (12) The metal evaporation heating element according to
the above (11), characterized in that the significant
difference in the depth of the groove is at least 10%.
(13) The metal evaporation heating element according to
the above (11) or (12), characterized in that among a

20 plurality of grooves, the groove having the deepest
portion is provided at a center portion in the
longitudinal direction of the ceramic sintered body or in
the vicinity thereof.

(14) The metal evaporation heating element according to

25 any one of the above (11) to (13), characterized in that
among the plurality of grooves, the groove having the

shallowest portion is provided at one end or each end in



20 Fig. 4 is a perspective viewillustrating one exanple of the boat of the
present invention. Fig. 5is a perspective viewillustrating one exanple of
the boat of the present invention. Fig. 6 is a perspective view
illustrating one 2S exanple of the boat of the present invention. Fig. 7 is
a perspective viewillustrating one exanple of the boat of the present
invention. 6 Fig. 8 is a perspective view illustrating one exanple of the
boat of the present invention. Fig. 9 is a perspective viewillustrating
one exanpl ethk flbedhitcadiaklt kde recedent ofntért icerami disgntErdds body .
perspective view illustrating one exanple of the boat of the present

i nvention. BESF)MDIbE FERaCARRYPNGaOIENTHeE atNVigNE1EGMess tave caatipesittd on of
the ceramic sintered body to 10 be used in the present invention, it
cont ai ns at hegsbnanofeltbet mboakl | 1dondwct(ilve ,substrandte rtiizeghiiomtdiasor i de
and/ or zirconiumdiboride and an insul ati ng substance boron nitride as
essential corfgdmenis ofAthel deepiessl Pprtdondwdt ithe airsstvarice sideptds afi t ani um
nitride, silicon is carbide or chrom um carbide and an insul ati ng substance
such as a$ umthemshiailliogestspoirgdenniofr itdhe, galogviend, issidti deasyt t0tQ0H um

oxi de may suitably be incorporated. Anong them preferred is one containing
as the mai n M®enponents titani um di boride and/or zirconium di boride, 20 and
boron nitride, or one containing as the main conponents titanium diboride
and/ or zirconit@m & pethed foaneVeprsating iad@eddd aldharaahariizdaddy
Particularly preferred is_one containing from30 _to 60% (hereinafter %
nmeans mass% YARLEEs tHehdefiade cYPROTRtePR dratiifghiak@ment as defined in

any one of the above (1) to (15) and heating a metal in
10 vacuum in a state where the metal is in contact with part

or all of the groove.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a perspective view illustrating one
15 example of the boat of the present invention.
Fig. 2 is a perspective view illustrating one
example of the boat of the present invention.
Fig. 3 is a perspective view illustrating one
example of the boat of the present invention.
20 Fig. 4 is a perspective view illustrating one
example of the boat of the present invention.
Fig. 5 is a perspective view illustrating one
example of the boat of the present invention.
Fig. 6 is a perspective view illustrating one
25 example of the boat of the present invention.
Fig. 7 is a perspective view illustrating one

example of the boat of the present invention.



25 di boride and/or zirconiumdiboride and from 70 to 40% of boron nitride,
or one containing from35 to 55%of titaniumdiboride and/or zirconium

di boride, from25 to 7 40% of boron nitride and from5 to 40% of al um num
nitride. When the ceramic sintered body has such a conposition, it wll
very easily be processed. Further, the ceram c sintered body has a relative
5 density of preferably at |least 90% pagticularly preferably at |east 93%
If the relative density is less than 90% the nolten netal will erode the
pores of the cerrdnrj.c ssiind & e dapdyot iWkeralaw drldsisairadindg lhe accel erated. A
relative density of at |east 90% w || be 10 easily realized by incorporating
a sintering axkdmple déEscthebbdaltedi nakt preisentha nateontd cecanposition within a
range not exceeding 10% The relative density of the ceramc sintered body
is determ ned by Fugocessisng e spsiattiereedrileodyi lilntstk raa triegt angul ar sol i d
having i s predeterm ned di nensions and dividing the actually measured
density obt aenetpfleomtt hbeoboat difnmths presend inlventdssi.by the theoretical
density. The ceram c sintered body to be used in the present invention can
be produced by f &igi-ng%a irateetedspsswdere VG Hdtlwst wedritred oy an

el ectrically conductive substance titani umdi boride and/or zirconium

di bori de ande#ampilgs@fathggbealscintbchpresemitt tnyerdi®rsi ntering t he

m xture. A material titaniumdi boride powler may be produced 25 by any
production nmethod such as a nmethod of utilizing a direct reaction with

metal titaniumor a reduction of an oxide such as titania. The powder

As the composition of the ceramic sintered body to

10 be used in the present invention, it contains at least an
electrically conductive substance titanium diboride
and/or zirconium diboride and an insulating substance
boron nitride as essential components. An electrically
conductive substance such as titanium nitride, silicon

15 carbide or chromium carbide and an insulating substance
such as aluminum nitride, silicon nitride, alumina,
silica or titanium oxide may suitably be incorporated.
Among them, preferred is one containing as the main
components titanium diboride and/or zirconium diboride,

20 and boron nitride, or one containing as the main
components titanium diboride and/or zirconium diboride,
and boron nitride and aluminum nitride. Particularly
preferred is one containing from 30 to 60% (hereinafter %
means mass% unless otherwise specified) of titanium

25 diboride and/or zirconium diboride and from 70 to 40% of
boron nitride, or one containing from 35 to 55% of

titanium diboride and/or zirconium diboride, from 25 to



average particle size of from5 to 25 jim A boron nitride powder is

pref erably hexagonal boron nitride or anorphous boron nitride or a mxture
thereof. The powder nay be produced, for exanple, by a nethod of 5 heating
a mxture of borax with urea in an anmmonia atnosphere at 800" C or higher,
or a nmethod of heating a mxture of boric acid or boron oxide with cal cium
phosphate and a nitrogen-containing conpagund such as anmoni um or

di cyandi am de at 1,3000C or higher. Further, 10 the boron nitride powder
may be heat ed0&t o §lRronemisrader @nidn faom tr dgert 05t wds phemmd muiver eby to
increase crystallinity. The boron nitride powder has an average particle
si ze of pref8i&blifeat Wask e -~Farapiet pentrareg bepdef bpabpycht anost S pm 15
An al um numnitride powder may _be produced by a direct nitriding nmethod or
an al um na r EQEPPEAK 1B hdd, Widdd Ve Yhgssdd Yaber 8O s8seEil e si ze of
preferably at nost 10 pm particularly preferably at nost 7_pm_ As a
sintering aid, ongUSFhﬁﬁvetgﬁmﬂéFémééléépéﬁregobpﬂﬁnhﬁﬁeagF@GﬁtéaﬁSisting of
an al kal i ne %arth nmetal oxide, _.an oxi.de of a rare earth el.enent and a

conpound to 968SEHy et BASEETERdN A deRFE B *heRATtdCUdSEdM i cally, it

may, for examgl , b% CaO, IY%%) Sr O, BaO, YéOS, La203 , .Ce203, Pr203, Nd203,
PM203, SM2O3P E%?6§,1é6263, 55033%0y268, £58 £B2B8IVEr 96851¥KRAS, 196503 or
LU203, or a ¢ ound to.be onverted.to.sych an oxide by heatjng, such as a
hydr oxi de suéﬁg§s9é%ccﬁP§ EPﬁ§e@a965ﬁ&t¥1§ﬂcﬁr8 eNﬁé@BPQ§ESTm£sﬁhﬁering ai d

has an average _particl.e siz f referably at nost 5 particularly
preferably ageﬁﬁgﬁc FIRREE ﬁe% ar i er‘%ﬁégfoﬁﬁthﬁﬁlgghF

ai ni ng the above
accelerated. A relative density of at least 90% will be
10 easily realized by incorporating a sintering aid as
described hereinafter to the above composition within a
range not exceeding 10%. The relative density of the
ceramic sintered body is determined by processing the
sintered body into a rectangular solid having
15 predetermined dimensions and dividing the actually
measured density obtained from the outer dimensions and
the mass by the theoretical density.
The ceramic sintered body to be used in the present
invention can be produced by forming a material powder
20 mixture containing an electrically conductive substance
titanium diboride and/or zirconium diboride and an
insulating substance boron nitride and sintering the
mixture.
A material titanium diboride powder may be produced
25 by any production method such as a method of utilizing a
direct reaction with metal titanium or a reduction of an

oxide such as titania. The powder preferably has an



5°conponents is preferably granul ated, and then fornmed and sintered. As one
exanple of the formng and sintering conditions, uniaxial pressing or cold
i sostatic pressing under from0.5 to 200 MPa is carried out, and then
normal pressure sintering or |ow pressure sintering under 1 MPa 10 or bel ow
is carried out at a tenperature of from 1,800 to 2,200C. As an exanpl e of
nore preferred conditions, hot pressingsor hot isostatic pressure under
froml1l to 100 MPa is carried out at from1,800 to 2,200C. Sintering is
carried out pretegabbpritncdesisirze whiefeoml$ tie 2% xure is accommodated in a
cont ai ner nade of raphite, a container nmade of boron nitride, a container
lined with boron fiPprae, ngkrifde ppwder| pst hseégzabdly higgagenedsbegon
sintering is carried out preferably by wusing a sleeve nmade of graphite or
boron nitri d8itzide SrealerPhRYE hpﬁﬁnb@ﬂéﬁlgﬁtﬁﬂd@,mquﬂﬁﬁlﬁhéieOf-
Production of a boat. fromthe ceram c sintered product can be carried out,
for exanpl e, Th¢ POMAFAg™EHe PesProdiegdhodPri 6™ leui ©ablee metdind KE means of
e.g. nmechanical processing. Further, in the boat of the 25 present

i nvention® ab@afiihy RaPiFEUrsr PédPorax wdkhst&se 4P BreMM iForti on on the
upper surface of the ceranmc sintered body. As one exanple of the boat
shape, 10 tR&EMpsRhEHgsas SI0ATe shahbeahayi ngr adwhetbodi AEnbBEBRIRBtR a

|l ength of from 100 to _200 mm a  wdth_ of fronL%g tg 35 and a thickness
of from8 to™3tHEE PE ROLASe aRAS 8Taborali OFicde MatheFalHeavity may, for
exanpl e, have.a s ctangul ar ., Qagg havi a.length of from90 to 120 Mm a

wi dt h of froRPEEPP%%§2a andt PHCSP@%FBﬁFﬁ. AE IS théShoat of the

present invention, has, og.the upper. surface_of .the cenagic sintered body, or
with respecta{nalonlum or dicyandiamide at 1,300°C or higher. Further,

10 the boron nitride powder may be heated at high
temperature in a nitrogen atmosphere thereby to increase
crystallinity. The boron nitride powder has an average
particle size of preferably at most 10 um, particularly
preferably at most 5 pum.

15 An aluminum nitride powder may be produced by a
direct nitriding method or an alumina reduction method,
and it has an average particle size of preferably at most
10 um, particularly preferably at most 7 pm.

As a sintering aid, one or more powders selected

20 from the group consisting of an alkaline earth metal
oxide, an oxide of a rare earth element and a compound to
be converted to such an oxide by heating. Specifically,
it may, for example, be Ca0, Mg0O, Sr0O, BaO, Y¥,0;, La,0; ,
Cey03, Pr,03, Nd;0;3, Pmy0;, Smy0;, EuU,0;, Gd,0;, Tb,0;, Dy,03,

25 Ho,03, Er,03, Tmy03, Yb,0;3 or Lu,0;, or a compound to be
converted to such an oxide by heating, such as a

hydroxide such as Ca(OH), or a carbonate such as MgCoO;.



one having a cavity, on the bottom surface of the cavity 10 and/or on the
upper surface of the ceramic sintered body, one or nore grooves in a
direction not in parallel with a current direction (i.e. a direction
connecting electrodes), i.e. with a predetermined angle a with the current
direction which is the longitudinal direction of 15 the ceram c sintered
body as shown in Fig. 1. By such a grooge, wetting in a direction in
parallel with the current direction will be suppressed, wetting in a
direction atThéghinaegies adbdchaseah direeageopawtlitblbesiaecefferated, and
wettability wll further inprove. 20 A suitable angle a in a direction not
in parallel pwfarabeycarreastdbrpnti partscuadaripoppretfnrkbdy. at mostO,
preferably from20 to 160, particularly preferably from 60 to 120 to the
current direttmon. The groove preferably has a |inear shape with a
rectangul ar cross 25 section preferably having a wwdth of from0.1 to 1.5
mm a depth of fTlenrtOSrial Ipowdaendnaxtengt bonfaatihgashe labowe
particularly preferably a width of from0.3 to 1 nm 11 a depth of from
0.05 to G 2 ermpoudentsengt brefeaablyagrantdaned, AkhHothhnofibymede agdoove can
i nprove wettability to a nolten nmetal, the nunber of grooves is preferably
at | east 2,spareredl ardsy qneferample of |Hastfagningrandrabrecbingef er abl y
at least 30. In_a case where there are two or nore grooves, the distance
bet ween the geediesons, prepsiabl prassiypgt o amldparepEakar| presefagabl y
fromO0.5 to 1.5 nm Particularly, it is preferred that the grooves are 10
crossed so aBn@%rf%¥ﬂ$a9-5e5§t28geMPﬁtéFs@éFFéﬁ? OBtef 8RdbERernfersaédt i ons

in the sane or nore nupber of the_grooves, or on the upper portion of the
ceranic pressure sintering or 1low pressure sintering under 1 MPa

10 or below is carried out at a temperature of from 1,800 to
2,200°C. As an example of more preferred conditions, hot
pressing or hot isostatic pressure under from 1 to 100
MPa is carried out at from 1,800 to 2,200°C.

Sintering is carried out preferably in a state where

15 the mixture is accommodated in a container made of
graphite, a container made of boron nitride, a container
lined with boron nitride, or the like. In the case of
hot pressing, sintering is carried out preferably by
using a sleeve made of graphite or boron nitride, a

20 sleeve lined with boron nitride, or the like.

Production of a boat from the ceramic sintered
product can be carried out, for example, by forming the
sintered body into a suitable shape by means of e.g.
mechanical processing. Further, in the boat of the

25 present invention, a cavity may be formed on a
substantially center portion on the upper surface of the

ceramic sintered body. As one example of the boat shape,



sirntered body and/or on the bottomof the cavity, a pattern (planar
pattern) such as a circular, elliptic, is rhonboidal, rectangular, nooned,

| attice or radial pattern is drawn by the grooves. The area rati o occupied
by the pattern is preferably at |least 30% particularly preferably at |east
50% nore preferably at least 809- to the bottomsurface area of the cavity
with respect to one 20 having a cavity, @ to the upper surface area of the
ceram c sintered body with respect to one having no cavity. The area ratio
occupi ed by the pahtenhsi s platensHape Bapehgeat agslef qameakyenoktiahned by
dividing the area formed by connecting outernost grooves formng 25 the
pattern by thelupgeh s8brfaem aveatef 2bbemmer anivedtbi BEeFedmbogdy ter 3the
bottom surface area of the cavity. Wen the area ratio occupied by the
groove is enphosad i2thiBakhead of fhemasesor abi amoccupi £dcHye thigepat ern,
the area ratio occupied by the groove to the upper surface area of the
ceram c sinteaeflthody 6orimbd, behtobwsitianay,afea ekampeecanbty ks
preferably at |least 10% 5 particularly preferably at |east 30% nore

pref erablsy atecteagthl&®¥%shbkpet hevingnat hengthsefit firpmendi op, 120 ame @roove
or between different grooves to be fornmed on the ceramc sintered body, a
significant dWifitbrefAcérpw pPefer aBl ymlBngdr evddedhi nft feoctept.B ¢ t2hemgr oove.
By the significant difference, wettability to a nolten nmetal will further
be accel erated. Thetheaprefebhei pvesenpninveetspgnhéscann tHef ippemce (%
in the depth of the groove is represented by the following forrmula. A
groove to besusédceoofeabar eexsmipesdrupehedf boAy, degpwdthpyespestotoat he

groove and a groove to be used to neasure the depth of the shall owest
one having a cavity, on the bottom surface of the cavity

10 and/or on the upper surface of the ceramic sintered body,
one or more grooves in a direction not in parallel with a
current direction (i.e. a direction connecting
electrodes), i.e. with a predetermined angle o with the
current direction which is the longitudinal direction of

15 the ceramic sintered body as shown in Fig. 1. By such a
groove, wetting in a direction in parallel with the
current direction will be suppressed, wetting in a
direction at right angles to current direction will be
accelerated, and wettability will further improve.

20 A suitable angle o in a direction not in parallel
with the current direction is, as shown in Figs. 1 to 10,
preferably from 20 to 160°, particularly preferably from
60 to 120° to the current direction. The groove
preferably has a linear shape with a rectangular cross

25 section preferably having a width of from 0.1 to 1.5 mm,
a depth of from 0.03 to 1 mm and a length of at least 1

mm, particularly preferably a width of from 0.3 to 1 mm,



portion of a groove for the following formula may be the sane or different.
((depth of the deepest portion of the groove) - (depth of 20 the shall owest
portion of the groove)l x 100/ (depth of the deepest portion of the groove)
In the present invention, the significant difference of the groove by the
above formula is preferably at least 10% nore preferably at |east 20%
particularly 25 preferably at | east 30%i1further, regardl ess of the above
formula or inrelation to the above fornula, the depth of the groove is

sui tably such tikepth( bdeptrbmold .0Re t3 0 .deapesndper fleagtdf dfhetgrlesss) -
(depth of the shallowest portion of the groove)) is preferably at |east
0.005 mm papt ingul akl yhpueh epabyyone grasve Ocdnnimpirovehweptebentity
invention, the significant difference 5 in the depth of the groove may he
provi ded by €P)a protedi ngtalsi ghief neaberdoff grepvesi i st peredeptap lof athe
groove in at _|east one groove anong a plurality of grooves, (ii) providing
a signi fi canleasftf @repeatiguilpe lydepet eghbiye agr 6@s thdtdne & rithe nonenr e
grooves, or (iii) 10 a conbination thereof. In the case of the above nethod
(i), the Yeeptsterpblti o iLlrashe3§roole #scasetwWheyepEbordedrpr Wer ably at
a center portion with a length of from1l0 to 80% particular preferably at
a center por™PER HFCRVESHefk thi§t§PCFrGﬁFHGePOE%G%SFWOWﬁ€ I3$hgi t udi nal
direction of the groove, and the shall owest portion is suitably provided

at the ot her PERASHEPLY0RTI AOSHe 2| BRgi PaditASM it P&t lhd 18O -5 t he
above net hod %ii) the groove enployed to determ ne "the deepest portion of
t he groove" t Olaﬁdmphe groove enployed to determ ne "the shal | owest

Particularly, it is preferred that the grooves are

10 crossed so as to form at least one intersection,
preferably intersections in the same or more number of
the grooves, or on the upper portion of the ceramic
sintered body and/or on the bottom of the cavity, a
pattern (planar pattern) such as a circular, elliptic,

15 rhomboidal, rectangular, mooned, lattice or radial
pattern is drawn by the grooves. The area ratio occupied
by the pattern is preferably at least 30%, particularly
preferably at least 50%, more preferably at least 80% to
the bottom surface area of the cavity with respect to one

20 having a cavity, or to the upper surface area of the
ceramic sintered body with respect to one having no
cavity. The area ratio occupied by the pattern is
defined as a percentage of a value obtained by dividing
the area formed by connecting outermost grooves forming

25 the pattern by the upper surface area of the ceramic
sintered body or the bottom surface area of the cavity.

When the area ratio occupied by the groove is employed



portion of the groove" may be the sane or different. Further, a plurality
of grooves having different depths, each having a uniformdepth, may be
provi ded, or at |east one groove anong the plurality of grooves may be a
groove 25 having a non-uniformdepth as in U . Further, in the case of the
above (iii), a groove having a uniformdepth and a groove having a
non-uni form depth are conbined. 14 Furtiwer, in the case of the above (ii)
or (iii), a deep groove (including a groove having the deepest portion) and
a shal | ow gr dovseegfncfutthagazegr vatéohavicngietihbyshhkl passerpor tthen) are
freely arranged, such that 5 they are alternately provided, two or nore
grooves and aree betporecofpiRd byhthet gpesvef tgr bbeesraes surdacst el y
provi ded, or they are randomy provided. However, a deep groove (i ncluding
a groove havihgat Ré Hhepesraport dnFersd pedvepzbthepbotitded sarfaceent er
portion in the 10 |longitudinal direction of the ceram c sintered body or in
t he vi ci ni t yargar eéf thgnheaverveispprefenabayt BE 1e8r§i £4dinal direction of
the ceramic sintered body or in the vicinity thereof, is preferably a
center reyi oRAKFERVIATLEnGTREIBrapl¥f 8FabPestr 8RF20MPEe8R%E tesiad Lyt éfter abl y
15 from 30 to 70% particularly preferably from40 to 60% of the total

| engt h of t héea&FarPe-sintered body. Further, it is preferred to provide a
groove shall ower _than the, deep groove (including a groove having the
deepest portion) EPréheEnleebﬁﬁnPB?ﬁ%FttHﬁHeEE&ﬁna 2B EBAt FOPEFi 6R.
Particularly, in one_or_each _end region gn t he Ign i tudi nal direction of

the ceramc EFHW@Fde1668§?th8r88V PnbSt P§r S56YBEHr BPeFRBI FeFET ihe

shal Tovest  portLofy L8alhe PLEgRE: LOKeN) 8Be bl LS 103G YA,

10 provided in the depth of the groove. By the significant
difference, wettability to a molten metal will further be
accelerated. In the present invention, the significant
difference (%) in the depth of the groove is represented
by the following formula. A groove to be used to measure

15 the depth of the deepest portion of the groove and a
groove to be used to measure the depth of the shallowest
portion of a groove for the following formula may be the
same or different.

{ (depth of the deepest portion of the groove) - (depth of

20 the shallowest portion of the groove)} x 100/ (depth of
the deepest portion of the groove)

In the present invention, the significant difference
of the groove by the above formula is preferably at least
10%, more preferably at least 20%, particularly

25 preferably at least 30%. Further, regardless of the
above formula or in relation to the above formula, the

depth of the groove is suitably such that {(depth of the



25 preferred that a plurality of grooves having a wdth of fromO.1 to 1.5
mm a length of at least 1 mmand a depth of from0.03 to 1.0 nm are
provi ded, the significant is difference in the depth of the groove is at

| east 10% and ((depth of the deepest portion of the groove) - (depth of

t he shal | owest portion of the groove)) is at least 0.005 mm 5 Processing
of the groove on the ceramc sintered bpEly of the present invention may be
carried out, for exanple, by nechanical processing, sandblasting or water

j et. The boatleepetheppresent oifntdet ogroes supdpepsdedfl@heetsthalillowestt o a
nolten netal in a direction in parallel wth a current direction, by
formati on of ppheignoofetheThysooven i val pekfarablleatmitalstt @ .l0&ctmodes can
be remarkably reduced as conpared with a conventional boat having no
groove, wherpeb¥tiRulawilyl pegherebdyapsr deedt19 -dtawl.y with high efficiency.
on a conventional boat, a cavity is forned so as to  prevent the nolten
metal such as al ukiinthfbEragenti ppvagtirronthResipnd fsgansceitfsnenee, in
the present invention, _a cavity is one having grooves with different size
or 20 furkti &R pPBvPGRENt Rér EBF. ITREVES BR¥, Peh@rexiided by rdt) necessarily
required in the present invention. However, wth respect to one having a
cavity, the BreuveiBg a spapidicapy CRéfgrevre iy tHendersterdr &y on at

| east the bottom syrface_of the cavity. Perspective views 25 illustrating
one exanpl e GFCPKE BBabtofleBFE PREsERCOVENFERIP0R Rl rSHdWY i9f Figs. 1 to

10. Boats in Figs. 1, /2, 3 and 4 are prqdu in 16 . ,
grooves, (%1) providing apsggng%qcant difference in the

depth of the groove between two or more grooves, or (iii)
10 a combination thereof.
In the case of the above method (i), the deepest
portion in one groove is suitably provided preferably at
a center portion with a length of from 10 to 80%,
particular preferably at a center portion with a length
15 of from 40 to 60% in the longitudinal direction of the
groove, and the shallowest portion is suitably provided
at the other end portion in the longitudinal direction.
In the case of the above method (ii), the groove
employed to determine “the deepest portion of the groove”
20 and the groove employed to determine “the shallowest
portion of the groove” may be the same or different.
Further, a plurality of grooves having different depths,
each having a uniform depth, may be provided, or at least
one groove among the plurality of grooves may be a groove
25 having a non-uniform depth as in (i) . Further, in the
case of the above (iii), a groove having a uniform depth

and a groove having a non-uniform depth are combined.



Exanples 1, 3, 4 and 5, respectively. In each of the boats, a pattern is
drawn by groove(s), and the area ratios occupied by the pattern are 64% and
76%to the bottomsurface area of the cavity in Figs. 1 and 2, s
respectively, and they are 39% and 55%to the upper surface area of the
ceramic sintered body in Figs. 3 and 4, respectively. In the boat shown in
Fig. 5, on the bottomsurface of the cavaty, 50 grooves having a nmaxi num
length of 24 10 mMm a width of 1 mmand a depth of 0.15 nmare fornmed with
di fferent | engthsFurthea, disat aheecakelofiimtat abovandlie)obro(itid)g aurrent
direction in an elliptic pattern by nechanical processing. The area ratio
occupi ed by tkeppatbere i($n6lUdtiagt ke grobtvemhswrihgc ¢ har ezepesyf the cavity.
In the boat shown in Fig. 6, on the bottomsurface of the cavity, 44
grooves havi pgraimndt hndf al simldpd grodeet Hioklodisgmm gredver hed iwid h a
distance of 1 nmat an angle of 45 or 135C to a current direction in the 20
dogl eg patt ethebghmddbasstaboptdcnssiang. fTieelar exreaged, secipitddtby t he
pattern is 66%to the bottomsurface area of the cavity. In the boat shown
in Fig. 75 oftheheapet edireynetedy paPvikedsativoy orsgogeoaresvssyiangl a wi dt h
of 1 mmand a 25 depth of 0.15 mmare forned with a distance of 1 mmat an
angl e of 90 6Wo18@ Mmerg efir tagt ofibedctiyoesi ofadreoviese arsattldarngrely
mechani cal processing. The area ratio 17_occupied by the patternis 60%to
t he bottom s@rPydeedrer sheyhareavrngomly previedsd -shBaneVATFi §. d8Pon t he

bottom surface of the cavity, 20 grooves having a wwdth of 1 nmand a
groove (including a groove having the deepest portion) is

preferably provided at a center portion in the

10 longitudinal direction of the ceramic sintered body or in
the vicinity thereof. The center portion in the
longitudinal direction of the ceramic sintered body or in
the vicinity thereof, is preferably a center region with
a length of preferably from 20 to 80%, more preferably

15 from 30 to 70%, particularly preferably from 40 to 60%,
of the total length of the ceramic sintered body.
Further, it is preferred to provide a groove shallower
than the deep groove (including a groove having the
deepest portion) at an end region other than such a

20 center region. Particularly, in one or each end region
in the longitudinal direction of the ceramic sintered
body, the outermost groove preferably has the shallowest
portion.

In the present invention, it is particularly

25 preferred that a plurality of grooves having a width of

from 0.1 to 1.5 mm, a length of at least 1 mm and a depth

of from 0.03 to 1.0 mm are provided, the significant



s'depth of 0.15 mmare fornmed in a radial pattern fromthe boat center
portion toward the boat edge by nechanical processing. The area ratio
occupied by the pattern is 61%to the bottomsurface area of the cavity. In
t he boat shown in Fig. 9, on the bottomsurface 10 of the cavity and on the
upper surface of the boat out of the cavity, 60 grooves having a | ength of
20 Mmm a width of 1 mmand a depth of i85 mmare formed with a di stance

of 1.5 mmat an angle of 90 to a current direction by mechanical

processi ng. dhéfareaceatinotbecdpptt by the gz opaiet ésnaits 1AMt d0tkhe bottom
surface area of the cavity and 67%to the upper surface area of the ceramc
sintered bodpd {rAdepshbodt thirodreprsEi gortdonowft tbeugpeovelr face of the
ceram c sintered body, 60 grooves having a width 20 of 1 mm_ a depth of 0.15
nm (and a | efigentbf o27thm shaldawhssngopsiriorf Zdemuraovan Ji itsedtedi at e
portion and 19 mmat a center portion) are forned with a distance of 1.5
mm at an angleast 90008 Amecurrent direction, and in a direction in parallel
with the current direction, one 25 groove having a width of 1 nmm_a depth of
0.15 nm anhd a | eRgPHEEF1ING0CANMTENS BEPAEE an Ehehcedgmiposinssrednd at the
inside thereof, a groove having a width of 1 mm a 18 depth of 0.15 nm and
a length of B3dmP sthérﬁﬁésemgelnaﬁéélp§tméYbé@uﬁﬁéﬁlﬁﬁ OME pdter is 89%
to the upper surface area of the_ceram c sintered body. The nethod for
evapor ati ng SXABPAE. oPYt RECHABIEAL BIPRFERLNGN SoMTRILSES oG Yy e ex net al
such as an A, wire rod so that it is in contact with part or all of the

gr oove portiéﬁton the boat of the present invention (in a case where one

groove 1s fornEd’Thg gggtbgf thogﬁggént invention has suppressed

10 wettability to a molten metal in a direction in parallel
with a current direction, by formation of the groove.
Thus, arrival of a molten metal to electrodes can be
remarkably reduced as compared with a conventional boat
having no groove, whereby the metal can be evaporated

15 stably with high efficiency.

On a conventional boat, a cavity is formed so as to
prevent the molten metal such as aluminum being dripping
from the side surface. However, in the present invention,
a cavity is one having grooves with different size or

20 function provided thereon. Therefore, the cavity is not
necessarily required in the present invention. However,
with respect to one having a cavity, the groove or a
pattern by the groove is formed preferably on at least
the bottom surface of the cavity. Perspective views

25 1llustrating one example of the boat of the present
invention are shown in Figs. 1 to 10.

Boats in Figs. 1, 2, 3 and 4 are produced in



wth a part of the groove),
nol ten net al
deposited filmis formed on an object substance. As one exanple of vacuum
heati ng conditions, the degree of vacuumis preferably from1l x 10-1 to 1 x
10-3 Pa and the tenperature is is preferably from1,400 to 1, 600C. EXAMPLES
powder m xture conpyd sing 45 mass% of a 20 titanium

di bori de powder (average particle size: 12 pm), 30 nmass% of a boron nitride
powder (averagempaekicles,sizand0s7 raBbeabdvedymassfo ®hcRNoal ygpENUM Nnitride
powder (average particle size: 10 }im was put in a die made of graphite,
foll owed by beatpreaspagtainligbaava progueevaisa,candntbesSiamiar ed body

EXAMPLE 1 A nateri al

and the groove are in contact. In such a manner, a netal

(relative density: 94.5% dianmeter 200 nmx height 20 nm . Fromthis

ceram c sintatedsbodyupacdebt’anpel pateektinarbagsrgand g8gt Boofthdd 150 nm

a width of 30 mmand a thickness of 10 mmwas cut out, and at a center

portion on thettppesusfiatacarthepéothe aavatvit ynha@vgeg a andt 2,0f 26 mMm a
depth of 1 mMmmand a |ength of 120 mm was forned by nechani cal processing.
On s the Dot reapsutiaeckyof ahiethayi bye 30%gandvesihavi npeaupwedth of 1 nm a
depth of 0.15 mmand a length of 20 mnm were fornmed with a distance of 1 mm

at an angl e efir88ceoaraacakr eht derenticoribyemedhbpdyalinpFagessizngnto
produce a boat. Its perspective schematic viewis show in Fig. 1.

EXAMPLE 2 A Boarespscpivdlred in the same manner as in Exanple
that the grooves had a wwdth of 0.5 nm a depth

20 mMm

10

15

20

25

In the boat shown in Fig. 5, on the bottom surface
of the cavity, 50 grooves having a maximum length of 24
mm, a width of 1 mm and a depth of 0.15 mm are formed
with different lengths with a distance of 1 mm at an
angle of 90° to a current direction.in an elliptic
pattern by mechanical processing. The area ratio
occupied by the pattern is 50% to the bottom surface area
of the cavity.

In the boat shown in Fig. 6, on the bottom surface
of the cavity, 44 grooves having a width of 1 mm and a
depth of 0.15 mm are formed with a distance of 1 mm at an
angle of 45° or 135°C to a current direction in the
dogleg pattern by mechanical processing. The area ratio
occupied by the pattern is 66% to the bottom surface area
of the cavity.

In the boat shown in Fig. 7, on the bottom surface
of the cavity, 50 grooves having a width of 1 mm and a
depth of 0.15 mm are formed with a distance of 1 mm at an
angle of 90° of 180° to a current direction in a lattice

pattern by mechanical processing. The area ratio

heating and carrying on 10 heating while the

10
1 except
of 0.1 mmand a | ength of



EXAMPLE 3 is A boat was produced in the sane manner as in Exanple 1 except
that on the bottom surface of the cavity of the boat, 35 grooves having a
width of 1 nm a depth of 0.15 mmand a length of 28 mMmmwere formed with a
di stance of 1 mmat an angle of 45 to a current direction by 20 mechani cal
processi ng, and 35 grooves having the sane dinensions were fornmed at an
angle of 135 to the current direction, Ht right angles to the above grooves
by rmechani cal processiagbelts gerspective schematic viewis_ shown in Fig.

2. 25 EXAMPLECZURLBHabPY pPa8tesn i A& santhRaRREFCHSs stk frcenpirea 1
except that on a center §ortion of the upper surface of 20 the rectangul ar
col umm, one PEnEBf E8NEF¥uous groove having a width of 1.5 nm a depth of
0.2 mmand a length of 645 was forpmed at an angle of 90' to_a current
direction in a sttPpERpabPaFnSRPYRCERYFURt hBut ORoFAEnEORESMc SHFERCe) t s
perspective schematic viewis shown in Fig. 3. LE 5 A boat. was
produced in Pﬁetggnﬁaﬁﬁﬁﬁer2§ngﬁ°E§§nBP¥9n@ éxggééﬁrﬁgtloﬁmaaPQnﬁer portion
of the upper _surfac f. 10 the rectanqul,ar colum, 50 _grooves having a
o dthof - 0ORRFhaSHeft ASoMmoATs’ FRFARH 4% BndrH18R DACERTRLTETOLAEY i th
a di stance O%Pl mm.at _an_an urrent dbrecti n_hy chani ca
p

_ _ . e o& 900 to,a _
processi ng, APFrEctF ﬁftﬁSE?lOPo A'Rg%a QSVﬁP?F FEgepY sPECHA P Echemat i ¢
view is 15.SBE§@eE?1559' %he g%%gﬁ¥£%§bAbgggéig@sbyrgggcggtégr£h§ssane
manner as I n anpl e
61% to the bottom surface area of the cavity.
In the boat shown in Fig. 9, on the bottom surface
10 of the cavity and on the upper surface of the boat out of
the cavity, 60 grooves having a length of 20 mm, a width
of 1 mm and a depth of 0.15 mm are formed with a distance
of 1.5 mm at an angle of 90° to a current direction by
mechanical processing. The area ratio occupied by the
15 pattern is 77% to the bottom surface area of the cavity
and 67% to the upper surface area of the ceramic sintered
body.
In the boat shown in Fig. 10, on the upper surface
of the ceramic sintered body, 60 grooves having a width
20 of 1 mm, a depth of 0.15 mm (and a length of 27 mm at
each end portion, 23 mm at an intermediate portion and 19
mm at a center portion) are formed with a distance of 1.5
mm at an angle of 90° to a current direction, and in a
direction in parallel with the current direction, one
25 groove having a width of 1 mm, a depth of 0.15 mm and a

length of 130 mm is formed at each edge portion, and at

the inside thereof, a groove having a width of 1 mm, a



1 except that the grooves were fornmed by sandbl asting. EXAMPLE 7 20 A boat
was produced in the same manner as in Exanple 1 except that the grooves
were fornmed by water jet and that the boat was dried by a vacuum dryer
COVMPARATI VE EXAMPLE 1 A boat was produced in the sane manner as in Exanple
25 1 except that no groove was forned on the rectangular col um.
COVPARATI VE EXAMPLE 2 21 A boat was prodgiced in the sane manner as in
Exanpl e 1 except that the grooves had a width of 2.0 nm COVPARATI VE
EXAMPLE 3 A Heathwat Praédueedand ehdepaimh edneér mas lisn feraed e Thel except
that the grooves had a depth of 2.0 nm COVPARATI VE EXAMPLE 4 A boat was
produced i n BleasiREipaRAenPrasd RYEkAgpPattereiceSto% tat thife WpR®dVes were
formed with a distance of 3.0 mm 10 In order to evaluate wettability of
the boats i nStkéacghay¥eaERAnbhes caxrdrasnparaeiree Peshpl es to a nolten netal,
each end portion of the boat was connected to an el ectrode by a clanp, and a
vol tage to be appFhedm@hBodeforsgvaRarathBdt enpefaturé sheaPE&sESt portion
of the boat ,is would be 1,550C. Then, ,a voltage _was applied tq the boat for
heating, 2n APYRPRERPWFPEPRASSSUSHPPEd 108 thECTGrlo VDG idh Adt i eat e of

6.5 g/mn for m nytes i.n ,vacuum at a degree of vacuum_of 10-2 Pa and
heat ing vasTEEnBPRbEAT ANy Eds CHITERT HLEFaRRoH OF Ao supply.

t he upper surface of the boat s phot ogr.aphed and .t he wet_ .area ,was

obt ai ned froﬁF&OXSWBSFF§8H Sgtﬁggn%an %f @ﬁe present 1nvent10n.%1n a

case where one groove is formed, it may be in contact
with a part of the groove), heating and carrying on

10 heating while the molten metal and the groove are in
contact. In such a manner, a metal deposited film is
formed on an object substance. As one example of vacuum
heating conditions, the degree of vacuum is preferably
from 1 x 10" to 1 x 10° Pa and the temperature is

15 preferably from 1,400 to 1,600°C.

EXAMPLES
EXAMPLE 1
A material powder mixture comprising 45 mass% of a

20 titanium diboride powder (average particle size: 12 um),

30 mass% of a boron nitride powder (average particle

size: 0.7 um) and 25 mass% of an aluminum nitride powder

(average particle size: 10 um) was put in a die made of

graphite, followed by hot pressing at 1,750°C to produce
25 a ceramic sintered body (relative density: 94.5%,

diameter 200 mm x height 20 mm). From this ceramic

sintered body, a rectangular column having a length of



the glow ng portion and the nolten netal portion. Then, the wet area was
divided by the bottomsurface area of the cavity with respect to a boat
having a cavity or by 25 the upper surface area of the ceram c sintered body
with respect to a boat having no cavity to calculate the wet area ratio
(s). The results are shown in Table 1. 22 Further, the boat life was

eval uated. Nanely, an evaporative test was carried out at a tenperature at a
boat center portion of 1,500'C in vacuum at a degree of vacuumof 2 x 10-2
Pa while an aba@ninpumawiwidthasfs@ppmnednd at thicknessf of. 3 Ogimm wafsorcw0
mnutes as a unit cycle, and this operation was repeatedly carried out. The
nunber of repetitpod aied chateuxPerhionosinotheeprpesn sar faae ddeusfoft he
boat on which al um num was evaporated reached 3 nm was taken as the boat
life. The resuFey¥ityohavanghewiidghTelfl @61 mmyABLEeptierfadeamvepd @ when
the erosion depth reached 3 mm EXAMPLE 14112 EXAMPLE 24311 EXAMPLE 34112
EXAVPLE 44512eBSARPPE 3491 3mEXARPERTB£9] PYERSRWPEE 17391 ProOWSARAH -VEORAQ

EXAMPLE 1 COVPARATI VE . ,
5 the bottom surface of the cavity, 50 grooves having a

width of 1 mm, a depth of 0.15 mm and a length of 20 mm
were formed with a distance of 1 mm at an angle of 90° to
a current direction by mechanical processing to produce a
boat. 1Its perspective schematic view is shown in Fig. 1.

10 EXAMPLE 2

A boat was produced in the same manner as in Example

1 except that the grooves had a width of 0.5 mm, a depth
of 0.1 mm and a length of 20 mm.
EXAMPLE 3

15 A boat was produced in the same manner as in Example
1 except that on the bottom surface of the cavity of the
boat, 35 grooves having a width of 1 mm, a depth of 0.15
mm and a length of 28 mm were formed with a distance of 1
mm at an angle of 45° to a current direction by

20 mechanical processing, and 35 grooves having the same
dimensions were formed at an angle of 135° to the current
direction, at right angles to the above grooves by
mechanical processing. Its perspective schematic view is
shown in Fig. 2.

25 EXAMPLE 4

A boat was produced in the same manner as in Example

1 except that on a center portion of the upper surface of



298 EXAMPLE 2 COVPARATI VE 279 EXAMPLE 3 COVPARATI VE 269 EXAMPLE 4 EXAMPLES 8
to 10 A boat was produced in the sane nanner as in Exanple is 1 except that
i nstead of the uniformgrooves (totally So grooves) in Exanple 1, 50
grooves anmong which 23 predeterm ned nunber of grooves had different

depths, as identified in Table 2, were forned fromone end to the other
end in a longitudinal direction of the lat so that grooves at a center
region woul d be deepest. 5 EXAMPLES 11 to 13 A boat was produced in the sane
manner as i ntiEanpfeangulgrogolomexcepe Lhneanocenvinyowasgtoened on the
boat. EXAMPLE 14 A boat was produced in the same manner as in_Exanple io 1
except that kaehngfattedsh gfobvesMhadaadgpbbvefdéphmmopng, a51lgnrogah a
portion of 1/3 fromthe center in a longitudinal direction of the groove
and a grooveoflepth mofwaslbormedt abagh andlpoefi 8A° Wih ¢espert to the
boats in Exanples 8 to 14, in is the sanme manner as in Exanples 1 to 7, the
nunber of repEETEioR WhReR EhELRBxPALEFPEROSEBACHEYt WibROHtSHPFBABIOR t he
boat on which al um num was evaporated reached 3 mm , was neasured as the

boat |ife FoRYHEY; tHe® REXMITEINE FHH T A FELEF SRRWARRUFED- i n
accor dance mgth t he

EXAMPLE 5
A boat was produced in the same manner as in Example
1 except that on a center portion of the upper surface of
10 the rectangular column, 50 grooves having a width of 1.0
mm, a depth of 0.15 mm and a length of 25 mm were formed
with a distance of 1 mm at an angle of 90° to a current
direction by mechanical processing, directly without
forming a cavity. Its perspective schematic view is
15 shown in Fig. 4.
EXAMPLE 6
A boat was produced in the same manner as in Example
1 except that the grooves were formed by sandblasting.
EXAMPLE 7
20 A boat was produced in the same manner as in Example
1 except that the grooves were formed by water jet and
that the boat was dried by a vacuum dryer.
COMPARATIVE EXAMPLE 1
A boat was produced in the same manner as in Example
25 1 except that no groove was formed on the rectangular
column.

COMPARATIVE EXAMPLE 2



20 follow ng method. The results are shown in Table 2. TEST ON WETTABI LI TY
TO MOLTEN METAL Each end portion of the boat was connected to an el ectrode
by a clanp, and a voltage to be applied was determ ned and set so that the
tenperature at a center 25 portion of the boat would be 1,600C. Then, a
voltage was applied to the boat for heating, an alum numwre was supplied
to the groove portion at a rate of 6.5 géamn for 24 5 mnutes in vacuum at
a degree of vacuumof 1 X 10-2 Pa, and heating was continued. 5 M nutes
after initiati onAoboatl waisnpmosiwgeldy int tbeuppae swnin@oe aaf irh&Exzogilenas

phot ographed, and with respect to the expansion of a nolten netal portion,
the w dth (ni) eandpthéhatxthangrbemgshhadnp atdishcefit & Opowmt.i on were
nmeasured. The results are shown in Table 2. 25 in arrlIMN 1J QL UHHH (0 W
>v 0 .r1 U CQ9MRARATIVEIEKAMPLEl Bko ENNN 0J MEXXX

A boat was produced in the same manner as in Example
5 1 except that the grooves had a depth of 2.0 mm.
COMPARATIVE EXAMPLE 4
A boat was produced in the same manner as in Example
1 except that the grooves were formed with a distance of
3.0 mm.

10 In order to evaluate wettability of the boats in the
above Examples and Comparative Examples to a molten metal,
each end portion of the boat was connected to an
electrode by a clamp, and a voltage to be applied was set
so that the temperature at a center portion of the boat

15 would be 1,550°C. Then, a voltage was applied to the
boat for heating, an aluminum wire was supplied to the
groove portion at a rate of 6.5 g/min for 5 minutes in
vacuum at a degree of vacuum of 2 x 107° Pa and heating
was continued. 5 Minutes after initiation of aluminum

20 supply, the upper surface of the boat was photographed,
and the wet area was obtained from a comparison between
the glowing portion and the molten metal portion. Then,
the wet area was divided by the bottom surface area of
the cavity with respect to a boat having a cavity or by

25 the upper surface area of the ceramic sintered body with
respect to a boat having no cavity to calculate the wet

area ratio (%). The results are shown in Table 1.
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Further, the boat life was evaluated. Namely, an
evaporative test was carried out at a temperature at a
boat center portion of 1,500°C in vacuum at a degree of
vacuum of 2 x 107? Pa while an aluminum wire was supplied
at a rate of 6.5 g/min for 40 minutes as a unit cycle,
and this operation was repeatedly carried out. The
number of repetition when the maximum erosion depth on a
surface of the boat on which aluminum was evaporated
reached 3 mm, was taken as the boat life. The results

are shown in Table 1.

TABLE 1
Wet area (%) Cycles when the

erosion depth
reached 3 mm

EXAMPLE 1 41 12

EXAMPLE 2 43 11

EXAMPLE 3 41 12

EXAMPLE 4 45 12

EXAMPLE 5 47 13

EXAMPLE 6 43 12

EXAMPLE 7 39 11

COMPARATIVE 04 9

EXAMPLE 1

COMPARATIVE 29 8

EXAMPLE 2

COMPARATIVE 57 9

EXAMPLE 3

COMPARATIVE a6 9

EXAMPLE 4

EXAMPLES 8 to 10
A boat was produced in the same manner as in Example
1 except that instead of the uniform grooves (totally 50

grooves) in Example 1, 50 grooves among which



UEEEEEEEEEEEEE 5 aMoninLnOLOOM IIMO Cro Wl ri Nri QriNririO.1rlHi O
00....r-j....H . 000000000000 E gOOO O O mmCommmmmmmm S-1 t -rl 41 C

Uma) a)a) a) ma) a)a)a)toa)a)4)a) U Ua)>>>>>>>>a)>>>> O0m w 0000' 0000' 0000 00 }-I
?44.)000000000000000 > (1) -HO40}-1SlI SANOS-1 kKl S-10S-11+HY+ O

~of MBbl 1Ulofrnofof Dlofof 4 "o UT SI 0 xxxxxx r-1 rn M) x4J44)4)4J4474) 43414
Q 4300004) 0000410000 41 , CONMcM_NONMI- NONWVHILN O 41 100r-1Irir-|

71~4000000000000 ro 4Jt 31 04J4J1--4)04) 444303343434 rd m4-)01z
predetermined number of grooves had different depths, as

identified in Table 2, were formed from one end to the
other end in a longitudinal direction of the boat so that
grooves at a center region would be deepest.
5 EXAMPLES 11 to 13
A boat was produced in the same manner as in Example
8, 9 or 10 except that no cavity was formed on the boat.
EXAMPLE 14
A boat was produced in the same manner as in Example
10 1 except that each of the 50 grooves had a groove depth
of 0.15 mm at a portion of 1/3 from the center in a
longitudinal direction of the groove and a groove depth
of 0.10 mm at each end portion.
With respect to the boats in Examples 8 to 14, in
15 the same manner as in Examples 1 to 7, the number of
repetition when the maximum erosion depth on a surface of
the boat on which aluminum was evaporated reached 3 mm,
was measured as the boat life. Further, the wettability
to a molten metal was measured in accordance with the
20 following method. The results are shown in Table 2.
TEST ON WETTABILITY TO MOLTEN METAL
Each end portion of the boat was connected to an
electrode by a clamp, and a voltage to be applied was
determined and set so that the temperature at a center
25 portion of the boat would be 1,600°C. Then, a voltage
was applied to the boat for heating, an aluminum wire was

supplied to the groove portion at a rate of 6.5 g/min for
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5 minutes in vacuum at a degree of vacuum of 1 x 107? Pa,
and heating was continued. 5 Minutes after initiation of
aluminum supply, the upper surface of the boat was
photographed, and with respect to the expansion of a
molten metal portion, the width (mm) and the maximum
length (mm) at a center portion were measured. The

results are shown in Table 2.
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INDUSTRIAL APPLICABILITY
The boat and the method for evaporating a metal of
the present invention are useful for deposition of

various metals on e.g. a film.



various netals on e.g. a film 28 CLAIMS 1. A netal evaporation heating

el enent characteri zed by having one or nore grooves in a direction not in
parallel wth a current direction, on an upper surface of a s ceramc
sintered body conprising titaniumdiboride (TiB2) and/or zirconiumdiboride
(ZrB2), and boron nitride (BN), wherein the groove has a width of fromO.1
to 1.5 M a depth of from0.03 to 1 nmand a length of at least 1 nm 2.
The netal evaporation heating elenment according to 10 Claim1, characterized
by having at |least two grooves wth £ldABiAnce of at mbst 2 mm 3. The
met al evaporation heating el ement according to Caim1l or 2, characterized
in that the Aunbé@r Metagr 6yp@oratsom heesgdnaielement. chag andteizatpgas ati on
heating el enent according to any one of Clains 1 to 3, characterized in
that the di PB¥ERENORBt OFNTPAEEaBEEPVESt ANt ReddtpFEAPTdNPECiNoPAREARES an
angle of from20 to 160 with the current direction. 20 5. The netal

evapor ati on HWéhPi AgCEFERBRt dAEE6FdPRg ©8 20 HPREY, SEE4R&€t ©fi Zed in that the
grooves are crossed so as to format |east one intersection. 6. The netal
evapor at i on REARMAY éF@ﬁéﬁ?daPEQVdFﬁ@PFés1§ﬁytéﬁénéﬁmcﬁépﬁ§19QJ139P2)
characterized in that the 25 ceram.c sintered body has a cavity, and the
groove is fBPAEAYORIERENDERt BAPStifgcd 6Pt herRAvPeyornarbE1eR (BN) / upper
surface of thgﬁce[ani% si nt er ed, body. ngenetal evaporati on heating

y. 29 7.
el enent accol8FR§iPotRENgTERY PG i HE At 8E6LXORaLadt &0 Ze® Mt Rat a
pattern depth of from 0.03 to 1 mm and a length of at least 1 mm.

2. The metal evaporation heating element according to

10 Claim 1, characterized by having at least two grooves
with a distance of at most 2 mm.

3. The metal evaporation heating element according to
Claim 1 or 2, characterized in that the number of grooves
is at least 10.

15 4. The metal evaporation heating element according to
any one of Claims 1 to 3, characterized in that the
direction not in parallel with the current direction
makes an angle of from 20 to 160° with the current
direction.

20 5. The metal evaporation heating element according to
Claim 4, characterized in that the grooves are crossed so
as to form at least one intersection.

6. The metal evaporation heating element according to
any one of Claims 1 to 5, characterized in that the

25 ceramic sintered body has a cavity, and the groove is
formed on the bottom surface of the cavity and/or on the

upper surface of the ceramic sintered body.



iS drawn by a plurality of grooves on the bottom surface of the cavity

and/ or on the upper surface of the ceramc 5 sintered body. 8. The netal
evaporation heating el enent according to Caim?7, characterized in that the
area ratio occupied by the pattern is at |east 30%to the bottom surface
area of the cavity with respect to one having a cavity, or to the 10 upper
surface area of the ceramc sintered body2sMth respect to one having no
cavity. 9. The netal evaporation heating el ement according to CaimS8,
characteri zed i n Thigamettitd sve@aratiierod@atiiey Blemaid paaarding i | east
50% is 10. The nmetal evaporation heating el ement according to C aim S8,
char act eri ze@NWnorgRaPLt kdadfea lr 0 § ockapired ey zethd pahEdr i iPatdietreast
80% 11. The netal evaporation heating el enment according to any one of
Claims 1 to 16, dER¥Fabler PAYTPR ItHaCli FLORYeS20NgtE6y LOtGOh difdare

di fferent groagves, a si_gnifi c§nt difference is provided in _the depth of the
groove. 12. Pheth&t §RVATNpEFEY PEn RedtienyPoeamentr taccodi ide Fexamiom 11,
characterized.in that the significant difference in the depth of the groove
is at |eadt F89Fe3sd180d¥he netal evaporation heating el enent according to
Claim1l or 12, characterized in that %@ng a rooves, the

plurality of g
groove havi n§ -t hd ' Fedfdd! SORRGREIOMRAHRE FIEmanta a(f'éiﬂ]ié?glr‘pﬂ)rtici’ on in the

| ongi tudi nal __di.rection of the,ceram c _sintered body or .in the vicjnity
thereof . 14. CHRéMdt aFREVASGFARESH REREPRG SPEmaTERIAi A RETH 1 B, one

,? L edg?i)(r)r\;; e 1 ﬁ 5%1%] é%{tﬁgll%r alcst %[ti %.ee% sitn BIObsatt oa %rég bottrt]:eorriD lsl{,{ratjaict ey aoxfe ag ro ves,

the cavity with respect to one having a cavity, or to the

10 upper surface area of the ceramic sintered body with
respect to one having no cavity.
9. The metal evaporation heating element according to
Claim 8, characterized in that the area ratio occupied by
the pattern is at least 50%.

15 10. The metal evaporation heating element according to
Claim 8, characterized in that the area ratio occupied by
the pattern is at least 80%.
11. The metal evaporation heating element according to
any one of Claims 1 to 10, characterized in that in one

20 groove, or between different grooves, a significant
difference is provided in the depth of the groove.
12. The metal evaporation heating element according to
Claim 11, characterized in that the significant
difference in the depth of the groove is at least 10%.

25 13. The metal evaporation heating element according to

Claim 11 or 12, characterized in that among a plurality

of grooves, the groove having the deepest portion is



shal | owest portion is provided at one end or each end in the |ongitudinal
direction of the ceramc sintered body. 15. The netal evaporation heating
el enent according to 10 any one of Clainms 11 to 14, characterized in that
f(depth of the deepest portion of the groove) - (depth of the shall owest
portion of the groove) is at least OO0S mm 16. A nethod for evaporating a
metal, characterized by wusing the netal gyaporation heating el enent as
defined in 15 any one of Clains 1 to 1S and heating a netal in vacuum in a
state where pRevigkd als al Ret@Rragordlith Rartther lakgiteiditlg groove.

direction of the ceramic sintered body or in the vicinity
thereof.
14. The metal evaporation heating element according to

5 any one of Claims 11 to 13, characterized in that among
the plurality of grooves, the groove having the
shallowest portion is provided at one end or each end in
the longitudinal direction of the ceramic sintered body.
15. The metal evaporation heating element according to

10 any one of Claims 11 to 14, characterized in that {(depth
of the deepest portion of the groove) - (depth of the
shallowest portion of the groove)} is at least 0.005 mm.
16. A method for evaporating a metal, characterized by
using the metal evaporation heating element as defined in

15 any one of Claims 1 to 15 and heating a metal in vacuum
in a state where the metal is in contact with part or all

of the groove.



