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A ’VERTI CAL BOAT AND A NETHCD FOR MAKI NG THE SAME Background of fire

| nyenti‘on The invention relates to a vertical boat for hol di ng fTIHSEHEET HHS BEEN
of»sem conductor wafers and a method for making the same, which|conpREPLBGED

two end nenbers and a plurality of support nenbers vertically nbumred—on -
‘the end nmenbers. In an oxidation and/or a diffusion process, a wafer boat
supporting a plurality of sem conductor wdf-ers is transferred into a

di ffusion furnace, and the wafers are subjected to a predeterni ned heat

aceording to tho AyNERSKCAReBGR Ao ARl FE HERbG IrAE FRET, .

boat has two end plates and a pIurallty of, for exanple four, vertical
support bar nenbers fixed between and to the end plates. A plurality of
wafers are held in a horizontal or sonmewhat inclined manner on the vertical
boat. A plurality of slits are fornmed on each vertical support nenber at a
predeterm ned interval for receiving the senm conductor wafers. In the
conventional vertical boat, all vertical support nenbers usually have a

g0 form cont i 0ur aiph@” (hefit?8h 2816LAR vo Wbkt Shoft! UK INdEADRS 45,

for instance, a trian or a rectangl e bar a orned on” each

vertical supp Etg&ﬁ? o?a§eﬁ@c65ﬁu%l%%9€¢a'f@}§r ahat & e Eidd SERONRAKEng Othée
peri phery of

same, which comprises two end members and a plurality of support

members vertically mounted on the end members.

In an oxidation and/or a diffusion process, a wafer boat
‘loaded with a plurality of semiconductor wafers is transferred
into a diffusion furnace, and the wafers are subjected to a

predetermined heat treatment.

Either a vertical boat or a horizontal boat is selected

according to the type of the diffusion furnace.

A conventional vertical boat has two end plates and a
plurality of, for example four, vertical support bars mounted on
the end plates. A plurality of wafers are held in horizontal or
somewhat inclined manner on the vertical boat. A plurality of
slits are formed on the support member at a predetermined

interval for recieving semiconductor wafers,.

-
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1 a %upport surface fornmed on each slit has only a small xgﬁﬂﬁhﬁﬂHMBBEﬂﬂ\
he Glrcunferentlal direction of the wafer. On the other hand‘ Japggasamb

.lUtI|Ity Model |aid open No. 62-128633 di scl oses a boat which qgoppri-ses

i"Circular arc plates fixed on support barspy wherein the |oading stress of

,the large wafer can be sonewhat relaxed. However this boat is expensive
+because the circular arc -2- plates nust have a very accurate surface on

lwhich the wafer is to be pl aced. During heat treatnents not only wafers but

I, R A el ) i i
weli en heat '
:%Eo% gdwg?PQrH‘g ltvtg tf}gﬁ ad 'f %ﬁﬁn e;:%% e 85833%?%?3&55??}“? ?"8@?{?
g s be .def,or e PRede gg f c5¥gta
|d| sl ocati on f“ﬁ@#’&l tn 4iS¢ éﬁ’sr@ﬂ%%hﬁ% ‘?S’S?m%l‘]@n?sg §o2agwn
;fj.ei{nociltign. B3GR iy Al 4 0 £ P} Honfbr-lasCanlakiShibed inner

é bottom corresponding to the periphery of the wafer. Thus, a

support surface formed on the slit has only a small extension in

¥ . the circumferencial direction of the wafer.

On the other hand, Japanese Utility Model laid open

¢ _ No.62-128633 discloses a boat which comprises circular arc
plates fixed on Support bars, wherein the Loading stress of the
largé wafer can be somewhat relaxed. However this boat is
expensive because the circular arc plate must have very accurate

surface on which the wafer is to be placed.'

During heat treatments not only wafers but the boat,
regardless of its shape, is heated upto a high temperature. The
larger the wafer is, the more it is apt to be defleted by its
own weight when heated upto a high temperature. It is because
the wafer is supported only by its peripheral portions in
the conventional vertical boat. Thus the wafer is apt to be
deformed aﬁd slipped, and a cryétal dislocation is caused.
Consequently the yield will go down. By slip is meant

crystal defect or cryustal dislocation.
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iehually di stributed anong the vertical support nmenbers. |In other words—t+he
yload i5 concentrated to a specific support nmenber or nenbers. i -Ag surEeEHS BEEN
-the larger the wafer is, the nore frequently slips take place! In hirACED
.above- st ated conventional boat, two front yertical support nerbers—t+ecated
.on the wafer inserting side are spaced sonmewhat |arger than the outer
.dianeter of the wafer for form ng a space between the two front vertical
tsupport nenbers | arge enough to insert and to take out the wafers. \Wen the
waf ers are properly | paded on the vertic uppo menpers, .t he angle
‘between a line Iiné nggﬁ ?Fgﬁf ga& Ghetﬁbaargﬁtgb%rY$€ sshipﬁ?? %ﬁﬂﬁé}¥

to the gravity, ' nsertin ectio

:ab?ut 90 degré@ggg}?ﬁpgéﬁzagﬁggggfs %ﬁ% %Eﬁ%%ggsgv#?ythﬁﬁék§¥é§ﬁth? .égd is
! i i f th f

vertical “supporeraenbeisedotons SPediRde, WprpRE niREESs 1 A JuldIKAFETL the
upor s ronper LE8ge? LERE GaFBEOSLY el hel FeHnhelify d¥ind Ule (HULLR.

.There is also a thermal stress resulting froma tenperature difference
‘between the wafers and the slit portions of the vertical support nenber

engaging the wafergy the conventional boat, two front support members located

on the wafer inserting side are spaced somewhat larggf than the
outer diameter of the wafer for forming a space between the two
suppbrt members large enough to insert and to take out the
wafers. When the wafer is properly lcaded on the support
members, the angle between a line_linking a front edge of the
front support member to the gravity center of the wafer .and the
wafer inserting direction is about 390 degrees. 1In such a
positioning, the gravity center of the wafer is approximately
located between the front edges of the two front support members
‘or its neighborhood so that the load of the wafers is biased on
the two front support members. As the result the two front
support members share, for example, 70-90% of the weight of the

wafers.

There is also thermal stress resulted from temperature
difference between the wafer and the slit portions of the

support member engaging the wafer.
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-3- Therefore the larger the wafers -are, nore frequently sli |s£ éEFA&§¥%EN
are caused. Wien the wafers are subjected to a heat treatment}? q\ £
transferred to the wafers not only by radiation fromthe diff isi on urnarp

but also by direct heat transfer fromthe slit portions of the vertical
support nenbers engaging with the wafers. The latter, particularly,
results in a partial tenperature difference on each wafer. Stress caused on
the wafer not only by its own weight but also by the tenperature difference

| leads to slip di spreed r SPEEd e | e iﬁﬂn
. vertical support ms*nbefrcssJllqe zésh%hfrlae%%élf é%lﬁrl ng %eaéflrétqr?eﬁénelﬂ%t%wr Yl etllg of

wafers wll ggfynqhsfggq@qdhgﬁagémhgﬁyg@t|on An obj ect of the present
invention is to provide a vertical boat wherein no slip dislocation is

caused and the deflection of the wafers is considerably decreased even when
| arge wafers are held thereon. According to the present invention, a

vertical boat fomwapeié lm&sfl'arlfe'i'sdbjéﬁtédﬂm&@dié‘attoﬁ:r\éﬁf:ﬂéﬁt,e?:%t is
waf er having a peripheral portion and an inner portion. therein, the boat

havi ng a top trans ferredl to belié ava fers i ot amgorbysaadﬂa\moanﬂraaﬁ%bs

pl aced at the top
diffusion furnace but by direct heat transfer from the slit
portions of the support members engaging with the wafer. The
latter, particularly, results in partial temperature difference
on each ﬁafer. Stress caused on the wafer not only by its own'
weight but by the temperature difference leads to slip dislocation
of the wafer especially‘neér the two front éupport members. As

a result, during heat treatments, the yield of wafers will go

down.

Summary of the Invention

An object of the present invention is to provide a vertical
boat wherein no slip dislocation is caused and the deflection of
the wafer is considerably decreased even when the large wafers

are held thereon.

According to the present invention a vertical boat for
holding a plurality of semiconductor wafers is provided, which

comprises two end members positioned at the top and the Eottam
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:support menbers vertically extendi ng between the end menbers f SURPOAEEOND

‘portlon dnd the bottom portion of the vertlcal boat; and a pIuFEL EME@FHASBEﬂVi
the wafers, each of the support nenbers having a series of slits fornmed at

'a'predeternined i nterval thereon, a pIurgIgty of support arms defined by
the slits, the support arms having support” projections in such a manner
sthat, in use, the inner portion of the wafer contacts and is supported by
it he support proj ections prOJectlng fromthe arms of the support nenbers

:and the inner pogtihoPept i EhE tﬁi%ﬁ&ﬁu&%@x@%ogfgﬁépg§p€ é5$§ ESs of

proj ections space froma cen e

Lhe vafer. ! Ngereithesy RGThcd aa e i ﬁfeh'b%?sgkafssu bEERRy CBR! dEers,

car bon, nonocrysta i con, yst al lcon or silic

i npr egnat ed “hﬁ@réib'é&@h EH?péHEpﬂbhb@E”&sa@th Sgp90ﬁiaéﬁiifﬁé'ﬂ8ﬁb9f

t he support nenbers being integral wth each as to constitute a

monobl ock bOdMa@ﬂﬂ?h&VQEBiEQ 6BUBLIIRG. HotialdnEhREe6RNIRCE AW QQﬁéhﬂértQhat a
each other. Each slit extends over preferably 2/3 of the wdth of the

support nenbepl@falDtg. ofNJuppeter abng airec¥efifdedoppr tifé SsPits hee vadt h of
t he support nenber or nore.
predetermined interval, each support arm having a support
projection formed at the end thereof, and wherein the inner
portions of the wafer is to be supported by the support
projections whereas the periphery of the wafer is non-contact

with the arms of the support members.

Each slit extends over preferably 2/3 of the width of the
. Support member or more, and more preferably it extends over 3/4

of the width of the support member or more.

The inner portions to be supported by the support
: projections are prefe}ably concentric about the center of the
wafer. And the inner portions are preferably spaced from the
center of the wafer by 50-90%, more preferably 65-85%, of the

radius of the wafer.

The inner portions are preferably positioned in such a
manner that the load of the wafers are almost equally

distributed among the support members.,

- - . P -
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The inner*portions of the wafer are supported by the support
and are preferably concentric about -5- the center of th
the inner portions are preferably spaced fromthe center of
50-90% nore preferably 65-85% of the radius of the wafer. ThR€ I nner

portions of the wafers are preferably ﬁbéifioned I n such a manner that the

. load of the wafers are al nost equally distributed anong the support

menbers. The section nodul us of each support nmenber is preferably 0.3-3.0,
nore preferably 0.5-2.5, cubic centineters. According to the invention,

< effoctively i nRFB BEGE PR AR B‘ﬁlewn °”%&$§?E'ﬁsﬁ “r §ﬁé’rP€ ahéi'pf
bj d

can be. i mor ovBa3SAngrt REYE: Rre iRl o5 2eke RuBiS, Faf infrded For

d d

Support the vEPRT42ARE" “?ﬁ%%é?f‘%h AR 3.'%&&9 ARPREPE ABREEY o T hner

: portions thereof so that the periphery portion of each of the wafers does
i not engage with the support nenbers. As a result, the |oad

According to the inventive vertical boat, deflection and
curvature of the wafer is considerably decreased, and slip is
effectively inhibited. Therefore when the wafer held on the
inventive boat are subjected to a heat treatment, qualiiy of the
wafers and the yield can be improved, and the time required for

the heat treatment process can be decreased.

chording to the prevent invention, the support projéctioné
support the wafer not by the periphery portions but by the inner
portions so that the periphery portion of the wafer does not
engage with the support members. As a result, the loadiné
concentration én a specific support member can be decreased.
It is because when the'wafer is placed properly on the boat, the
gravity center of the wafer can be positioned so as to bé
substantially equally spaced from all support members. 1In other
words, the load'of the wafer can be almost equally distributed
among all support members. Therefore slip dislocation of the

wafer is effectively inhibited.

According to. the invention, deflection of the wafer by irs

own gravity is decreased, because the support projects support

This Sheet Has Been Replaced -
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{ concentration on any specific support nenber can be decreased|yyjs/sheEsHAS BEEN
" because when the wafer is placed properly on the boat, the gravityreeACE?
*of the wafer can be properly positioned so as to be substanti ally s
*spaced fromall support menbers. In other, words, the |oad of the wafer can
be al nost equally distributed anong all'éﬂpﬁbrt menbers. Therefore slip
-dislocation of the wafer is effectively inhibited. According to the

i nvention, deflection of the wafer by its own gravity is-decreased, because
t he support projects support the wafer not at the peripheral portions

thereof but attﬁéﬂewa'mern&@rs'omet,aef?gﬁe:acpm%%l bk’ B9l & eid'ra-]a#%gation

in the wafer can be inhibited even it the wafer is |arge,

prior art is gupaexbdy. debsnd@dhent Dy siyees fidlRatabh on Efiedwhedy! kahhde
yield is inproved. According to this invention, tenperature differences and

heat stress orimdved csvemnipecivé fwsferely Kageasadch\hs cladsedhnprior
caused by direct heat Date: -6- transfer fromthe peripheral portion of
the wafer engagithdoyvddfséimwatigwost SEress sof nthdaaferor Astthétresult the

yield is improved.

According to this invention, temperature differences and heat-
stress on each wafer can be effectively decreased, which are
mainly caused by direct heat transfer from peripheral portion of
the wafer engaging with the support member in the prior art. It
is because the support ﬁembers supoort the wafer by the
small inner portions, while the peripheral portions of the wafer
do not engage the support members. Therefore crystal
dislocation on the wafer can be more effectively inhibited, and

the yield is further improved.

According to the present invention, a process for producing
a vertical boat is also provided, which comprises steps of
forming a series of first slit portions on a plate~like member
at a predetermined interval in such a manner that two
longitudinal side walls of the plate-like member are remained,
and forming a series of second slit poritod on one of the
longitudinal side walls at the same interval in such.a manner

that the first and the second slit portions are connected each

-
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i's because the support nenbers support the wafers at the snall hﬁ [cET HAS BEEN
|portions thereof, while the peripheral portions of the wafer dd OkrRRgRge
«the support nenbers. Therefore crystal dislocation in the wafgrs_can bhe

|mbre effectively inhibited, and the yield is further inproved. According to
“the present invention, a method for produging a vertical boat is as
.clainmed in claim16. The support menber is, for exanple, a plane plate,
ja pipe, a pipe-like plate and so on. The support nenber can have a
.J-shaped, a U shaped, a C shaped, an L-shaped, or a V-shaped cross section.
‘In case of an L- shaped or a V-shaped cross section, a corner, angle of, .the
suppor t men@therssar agngeddedineop &8QEMPST OF 42XMssPaRhyha¥dngad: Mdilly t o
the invention, a vertical boat having very_accurate slits can,be roggged.
:The wi dth and SHBPPRteP¥aiestipReat| Fhe edd mear thf Faptes Axdf 8%0& y.
.Brief Description of the Drawi ngs Enbodi ments of the present invention wll
inow be descri bBBEEEGahabOBEcxanple only, with reference to the
‘acconpanyi ng drawi ngs of which: Fig. 1 is a schematic sectional view
ishowi ng a first enbodi ment of a vertical boat according to the present

'invention; Firg. 2 ps_a _segtional vie how n ne, of ;the s rt erg of

‘the vertical boat tﬁeFPSaETT?i%E memgleé lxvl 90? gxample,_ a g&gge pﬁ%' %
pipe, a pipe-like plate and so on. The plate member can have a
J-shaped, a U-shaped, a C-shaped, a L-shaped, or a V-shaped
cross section. 1In case of a L-shaped or a V-shaped cross

section, the corner angle is arranged to, for example, 45-150

 degrees.

According to the inventive method, a vertical boat
having very accurate slits can be mass produced.
Especially, the width and the intervals of the slits can be

formed with high accuracy.

Embodiments of the present invention will now be
described, by way of example only, with reference to the

accompanying drawings of which:

Pig. 1 is a schematic sectional view showing a first
embodiment of a vertical boat according to the present

invention;

Fig. 2 is a sectional view-showing one of the support

members of the vertical boat of Fig. 1;
______,/
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“7- Fig. 8 is a schematic sectional view, taken along |inesrt=t"TN_FiQ ?'q
showi ng a second enbodi nent of the present invention; Fig. £%W§S§E @%ﬁﬁ %c
front "view showing the vertical boat of Fig. 3, wherein slits onPE Ipper
and | ower portions thereof are illustrated but slits on the f/iddle portion
thereof are onmitted; Fig. 5is a left std® view showi ng the vertical boat
of Fig. 3, wherein slits on the mddle portion thereof are omtted; Figs.
6A and 6B are views showi ng a process of producing one of the support
menbers of Fig. 3, wherein Fig. 6A shows a |left side of the support nenbers
of Fig. 6B and Fig. 6B shows a section taken along lines IV-1V of Fig. 6A
Figs. 7A and 7B apgqVi showj ' 0 MG, fardd O -
wherein Fig. 7A sﬁgg/s gwiigfta ?Fgg“g?qfh%egggggg?p@n%é er's o(’sl—gﬁﬁd:d?%ian:bds I-1
Fig. 7B ShowSog 2qglupnshaueigaa0scbnd®ambodifitnf fcdding &3 dife Hbdlhe
are views show ng & process of producing the other support “nenber of" Fig.

3, wherein Fignv@Atgbays a left side of the support nenbers of Fig.

Fig. 4 is a schematic front view showing the vertical boat
of Fig. 3, wherein slits on the upper and lower portions are

illustrated but slits on the middle poriton are ommited;

Fig. 5 is a left side view showing the vertical boat of Fig.

3, wherein slits on the middle portion are ommitted;

Figs._ﬁ(A),(B) are views showing processes of producing one
of support members of Pig. 3, Fig. 6(A) showing a left side of
the support members of Fig. 6(B), Fig. 6(B) showing a section
taken along lines IV-1V of Fig. 6(A);

Pigs. 7(A),(B) are views showing one of support members of
Fig. 3, Figq. 7(A) showing left side of the'support members of
Fig. 7(B), Fig. 7(B) showing a section taken along lines V-V of
Fig. 7(a);

Figs. 8(A),(B) are views showing processes of producing the
other support member of Fig,.3, Fig. 8(A) showing a left side of
the support membefs of Fig. 8(B), Fig. 8(B) showing a section

taken along'lines VI-VI of Fig. 8(A);

This Sheet Has Been Reiléced !
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8B and Fig. 8B shows a section taken along lines VI-VI of Fo—87%&
and 9B are views showi ng the other support nenber of Fig. T%%’T"@T %}EEN
9A shows a left side of the support nmenber of Fig. 9B and Fi

section taken along lines V-V of Fig. 9A, Fig. 10 is a schenatlc ‘Sect 1 onal
view showi ng partially a third enbodlnenﬂoqr t he present invention.
Description of the Preferred Enbodinents Figs. 1 and 2 show a first

enbodi ment of a vertical boat according to the present invention. The
vertical boat for holding a plurality of wafers 1 conprises two end pl ates
2 |ocated at the _top and the bottom qf the boat, apd three or nore,
normal ly four, SJB§§Pt9#@Hbé@§ 9‘96Véﬁgsnﬁﬂﬁﬂé89vEPFlEELFQ %%PH%E%\@&NP?B of
t he end plates -8- 2. Only the hottgmend plate 2 is shown in Fi

Each of the Ed@post ﬁéﬂbeﬁéﬂé 5@°ﬁ§“@eﬁ@¢&l§}d& BF atBe\ABRROEY Jum i%ﬁ

Is a long rectangle. A series of its 9, 10 for vi ng, t he fer

formed on eafi9sufddt FdFoed (B) §h°\"l’régsla| F§°§1°Eogék ngl%%rf%%ss‘fjv

nore, prefer%ggy %Q%J. nore, of the width of the support nenbers 5, 6.
. ’

fAJ

Fig. 10 is a schematic sectional view showing partially a

third embodiment according to the present invention.

Pigs. 1,2 show a first embodiment of a vertical boat
according to the present invention. The vertical boat for
holding a plurality of wafers 1l comprises two end plates'z
located &£ the top and the bottom of the boat, and three or
more, normally four, support members 5,6 mounted vertically on
the end plates 2. Only the bottom end plate 2 is shown in Fig.
1. The suppoit member 5,6 is generally a plate whose cross
section is a long rectangle. A series of slits 9,10 for

recieving wafers 1 are formed on each support member 5,6.

The slits 9,10 extend over 2/3 or more, preferably 3/4 or
ﬁore, of the width of the support members 5,6. By the slits
9,10 a plurality of arms for supporting wafers 1 are defined as
shown in Fig. 2, which extend horizontally and are paréllel one

another. A small.support projectioa 13,14 is formed ac the .
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"By the slits 9, 10 a plurality of arns 100 for supporting tRe g@ HAS BEEN

defined as shown in Fig. 2, which extend horizontally and a aHia
one anhother. A small support projection 13, 14 is fornmed at it he :
‘arm 100 in such a manner that the support, _projections 13, 14 support the
wafer 1 at the inner portions P t her eof”, Mhéreas the arms 100 extend over

t he peripheral portion of the wafer in non-contact manner. The inner
portions P of the wafer 1 to be supported by the support projections
13, 14 are preferably ranged or spaced fromthe center |a of the wafer 1 by

Lare pref er 361 FORT AR SO on At Shas, AN, ABRhFEpr k1885 o 1

1 mever - cont SHPRORE Sifh, 4Per, RS 1o Rl elpRTe. DOREERRY Shel ERET,

heat d f i ] g I ' -
from the: supSEEERE: dver GhF pat iibrd 10 (U IRAGR! efig kaf8r Pln HEnlRGREact

ers Al so, stres

b t ti th i j i h
| ﬁgp;ﬁ[‘ {)g 'eggxﬁn%r. PHRE{ AN ?gzgtgf&dlsg@ ot e Waker 1 5533805%569{:83 By

support projecti is preferably 0.3-3mm so as

] ensure propegnhgagy | Yicdyect i 19,440 akle PRelethbly 9spdfedstkandthe

enough to restrain heat transfer fromthe boat to the wafers and to prevent
gas from st agentierd 1aciofethd hafed QO Ly 6030420l tAE. radius of the wafer 1.

And the inner portions P of the wafer 1 are preferably

concentric around the center la of the wafer 1.

No peripheral portions of the wafer 1 contacts with the
support projections 13,14 of the arms so that the heat does not
transfer directly via the éeripheral portion from the support
members 5,6 to the wafer 1. Also, stress concentration on the

peripheral portion of the wafer 1 is decreased.

The height of the supporﬁ projection 13,14 is preferably
0.3-3mm to ensure sufficient gas circulation. The width of the
slit 9,10 is large enough to restrain heat transfer from the
boat to the wafer and to prevent a gas from stagnating bétween

the wafer and the arm.

The vertical boat maybe made of slica glass, silicon carbide,
carbon, monocrystal silicon, polycrystal silicon, silicon

cagpide“pgggqated#?ith_silicon and so on, which has preferably a

|G
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| “The vertical boat may be made of silica glass, silicon carbidgs — '
. nmonocrystal silicon, polycrystal silicon, silicon carbide inp|Bfas&HEEr WAE REEN
silicon and so on, which preferably has a high purity, a large hea€PLACED |

resistance and a | arge corrosion resistange- In the case of silica-grass;
wel ding is convenient for connecting the . -9- nmenbers, while in the other
cases they may be assenbled in a predeterm ned manner. Two types of support
menbers 5, 6 are used in this enbodinent, and they are vertically nounted
and fixed to the end nenbers 2 parallel to each other. The support nenbers
5,6 have different Iengths and different widths in cross section. Two
front suppor tRiENRUEL &Y rae Lag@s: Headh nesd skansre iandent Laggei gorzndiaone
formed in the shape of a relatively thin plate.  The cross sectjion of the
plate 5 has gesmistdnce. wddgthe fage ofTRiLisn; gkasy, yedding 4d Foqyenient for
predeterm ned intervals on the support menber 5 as shown in Fi 2. The

“slits 9 are FAnRASching tdgcmepbeLs owhide dfy thecCthes r 6asaa: Eg9Y4P5eof t he

wi dth of the su r.t nber 5. . A plyraljty of arns 100 are defined by the
slits 9 so t@élsp%%‘ﬂgﬁol‘t Pﬁ@ﬁﬁ&ﬁ‘ﬂ“‘l"&ﬁié“%’ﬁ’!@é'a conb. Each slit 9 has a
first slit
Two types of support members 5,6 are used in this -
embodiment, and they are vertically mounted on the end members 2

parallél to each other.

The support members 5,6 have different lengths and different
widths in cross section. Two front support members 5,5 located
on the wafer inserting side are formed by relatively thiﬁ
plates. ‘The cross section of the plate 5 is generally a
wedge-shape. The slits 9 are formed at predetermined intervals
on the support member 5 as shown in Pig. 2. The slits 9 are
parallel each other and extend over approximately 4/5 of thé
width of the support membér 5. By the slits 9 a plurality of

~arms are defined so that the support member 5 looks like a comb.
The slit 9 is formed by a first slit portion 9a and a second
slit portion 9b as shown in Pig. 2. The first slit portion 9a
is longer and wider than the second slit pqriton 9b. Thereby a
small support projection 13 is formed at the end of each arm;
The support projection 13 has xélat;vely a small area, for

instance, 12 square millimeteri. ' Two support membersﬁs,s are

positioned so as to face one another.
This Sheet Has Been Reﬂlaced




‘portion.9a and a second slit portion 9a and a second slit portian Qb as

shown in Fig. 2.- The first slit portion 9a is |onger and w dernislsract ARS BEEN
second slit portion 9b. A small support projection 13 is forped ageprLheemnd

of each arm 100. The support projectioQM%B has rel ativel y alswalt—aresa;
for instance, 12 square mllineters. ~ .support nenbers 5,5 are
positioned so as to face each other. The other two support nenbers 6, 6 at
the rear side are forned in the shape of a thicker plate in conmparison with
t he support menber 5. The cross section of the plate 6 has generally a
wedge- shape. The slits 10 are forned at predetermined intervals on the
support nenbers Bhé otherstwol suppartenunberseb s6panrtheendser $iddharelits
10 are parallel to each other and extend over approxinmately 3/4 of the

wi dt h of thefeupedrbynthibekes. pAaglesr thanytbé suppodO(membericii ncThéyctdss
slits 10 so that the support menber 6 | ooks |like a conb. The slits 10 are
formed in a s¢etion efinhbe phatrebsist generallyppovedgevshape on The slitsdo
fornmed at the end of each arm_100. The support_projection 14 has
relatively s2senfermedaats predgsesmined) pnservals non | thetsupportrmembers 16 6

in the simular manner to the support member 5. The slits are
parallel each other and extend over approximately 3/4 of the
width of the support member 6. By the slits 10 a plurality of
arms are defined so that the support member 6 looks like another
éomb. The slit 10 is formed in the similar manner to the slit
9. A support projection 14 is also formed at the end of each
arm. The support projection 14 has relatively a small area, for
.instance, 12 square millimeters. The support members S,E are

positioned so as to face the center la of the wafer 1.

The wafer 1 is supported by the support members 5,6 in such
a manner that the inner portion P of the wafer 1 is supported
by the support projections 13,14, whereas no periphery portion

of the wafer contacts to the arms of the support member S,6.

The slit 9 of the front support member S5 is so formed thai
the slit bottom 9¢ is pérallel to the wafer inserting direction
X. While the slit 10 of the rear support member 6 is so formed

that the slit bottom 10a thereof is parallel to the tangent line
of tha circumscribing-circle of the warfer 1. co~F S
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"support.nenbers 6,6 are positioned so as to face the cente
1. The wafer 1 is supported by the support members 5,6 in
that the inner portion P of the wafer 1 is supported by the supB
projections 13,14, whereas the periphery ,portion of the waft
contacts the arnms 100 of the support rermer 5,6 and the support projections
13,14. The slit 9 of the front support nenber 5 is so forned that the slit
bottom9c is parallel to the wafer inserting direction X. The slits 10 of
the rear support nenber 6 are so formed that the slit bottom 10a thereof is
parallel to the tangent |line of the circunscribing circle of the wafer 1.
Wien the wafer WhHen Hlercadhfimoieriy pladdd graperlyhensthpobsapy othet sapport
9, 10 support the wafer not at the peripheral portion thereof but at the

i nner porti @rodedtdrars .9, sugport e WafferPnot pyctheapeyipherabtric
around the center la of the wafer 1, and spaced fromthe center la of the
waf er 1 by Ppowmtdorns hulf dydihe ciomersjgortfianse Pradi Bbeoinnée poftions Fhare
support portions P of the wafer 1 to be supported. by the support

proj-ecti ons preferahly aongentrig aronnd dhecdentex darofintbecwafar 1, and
direction in such a manner that the angle between a line |linking the
support propsefesably gpaced from Lhewenterndar of thetwafernt e'PY 50%-90%,

preferably 65%-85%, of the radius of the wafer 1.

The support portions P of the wafer 1 to be supported by the
support projections 13,14 are distributed in circumferential
direction in such a manner that the angle between a line linking'
the suppcrﬁ projection 14 of the rear support member 6 to the
center la of the wafer 1 and the wafer inserting direction X is
75-180 degrees, preferably 95-140 degrees. Whereas the angle'
defined by a line linking the support projection 13 of the front
support member 5 to the center la of the wafer 1 and the

.. inserting direction X is 30-120 degrees, preferably 30-80

degrees.

-The_suppoft projections 13,14 can be distributed in the
other manner. For example, the two projections 13,13 of the
front support members 9,9 and the two projections 14,14 of the
rear support members 10,10 are positicned so as to be symmetric
relative to lines M and N shown in Piq. L. The line M passes

throueh the center la of the wafer 1 and is parallel to ihe;
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la of the wafer 1 and the wafer inserting direction X is 75-18g—tegrees - EEN
preferably 95-140 degrees. The angle defined by a line IinkingﬂﬂﬁéHgﬂ' B
projection 13 of the front support nenber 5 to the center la of the¥ha 1

dand the inserting direction X is 30-120-dggrees, preferably 30-80"0EQrees.
The support projections 13,14 can be arranged in any other manner. For
exanpl e, the two projections 13,13 of the front support nenbers 9,9 and the
two projections 14,14 of the rear support nenbers 10,10 nmay be positioned
so as to be symmetric relative to lines Mand N as showmn in Fig. 1. The

| i ne .M passes through the center la of the wafer 1 and is parallel to the
waf er insertivigfer fhseecting dirébeibnn®,Nwhileeshé hlingN tpes sentiehrdwgpithe
the wafer 1 and is perpendicular to the wafer inserting direction X. In

t his manner té&enteadlafofheheaivafet ilsaddstisi perpendicraldy tortthe tweefémur
support projections 13,14 so that the wafer 1 can be supported in a good
bal anced manniémseftinga@érettionpXacednothisemboner i the ukdad ofarkhe wafter 1
the center la of the wafer approxinmately coincides with the center |ine of
the vertical besadisthiébutpdoeguediycemobgsfoun suppentipeefegtions 13,14

thereby the wafer 1 can be supported in good balanced manner.
The wafer 1 is placed on the boat in such a manner that the

center la of the wafer approximately coincides with the center

line of the vertical boat.

The support members .5,6 can be produced in the following
manner. FPirst, a plate member 5 (6) is provided, whose cross
section is generally wedge-shape as shown in Fig. 1. Then a
series oé first slit portions 9a, of which size is for example
29 x 5.35 mm, are formed on the plate member 9 (10) between two
sides thereof at a predetermined interval, for example 3 mm, by
water jet, for example. Thereby a plurality of windows are formed
in series along longitudinal direction of the plate member 5 (6)
and side walls Sa,5b are remained. One side wall 5b is, for

example, two 6: three times thicker than the other side wall Sa.

Next, second slit portions 9b are formed on the thin side
wall Sa at predetermined intervals, for example 3 mm, by a
diamond cutter. The second slit poriton 9b has a small width

and connects to tho corresponding first slit portion 9b.
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fol | owi ng” manner. First, a plate menber 5 or 6 is prepared, whose cross

'sectign has generally a wedge-shape as shown in Fig. 1. Then settes_ Of 'ﬂ\

first slit portions 9a, of which size is for exanple 29 x 5.3 THﬁ]S"EFEHésBEEN
formed on the plate nmenber 9 or 10 bet gn_two sides thereof 4t a REPLAC -
predeterm ned interval, for exanple 3 nm by water jet, for exampte. A
plurality of windows are fornmed in series along a |ongitudinal direction of
the plate nenber 5 and side walls 5a,5b are retained. one side wall 5b is,
for exanple, two or three tinmes thicker than the other side wall 5a. Next,

o1 caot e m ned PE S ¥aPs Seraeeoel et b WebiRg 8 dfhport Bhoestian b
First"s it portianab Afendheg ¥l dee SRFIRER Ry Ping 6o itk A hé Yecons
Cecond si1t porifoRerLOAE Sggabl” Mhip FchebETEdne1 1Y Becliled Bhde e
The. Support pEol et} SaCTAear 17 PO, PRt EHCKRIoR SRS AL S B, 48T

smal|l top surg§ag r ti t ' r s b f e f
p surgagpore’ c6LERAL! | PHet BApPBTR pEBﬁE_éQf‘énz R Pfidhe 1@ @K#eerx%e,

conb- shaped support nenbers 9, 10 as shown in“Fig. are fornmed.

first slit poltmeninaheight @fdonakha Bmale ¥BPLSESfadd Fod! FuDPPHREING tha"
be fixed on one or two end

inner portions P of the wafer 1. Thus comb-shaped support

members 9 (10) as shown in Fig. 2 are formed.

After forming the first slit portions on the plate members,
the plate members can be fixed on one or two end members after
that the second slit.portions can be formed on the platé

members. By this method, the slits can be formed with good

accuracy.

After forming the first slit portions on the plate members,

the plates can be impregnated with Si and then the second slits
can be formed. In this manner, the second slit portions can be

easily machinéd.

When the slits is formed on the support members in said
manner, high accuracy slits can be formed because the cutting

volume is very small in the second step.
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menbers.s After that the second slit portions can be fornedy

menbers. By this method, the slits can be formed with good a¢EHiSEHEET HAS BEEN
12 - *After the first slit portions are formed on the plate npnberBEPLAGED
plates can be inpregnated with Si and thegp the second slits can be formed:
In this manner, the second slit portions can be easily machined. Wen the
slits are fornmed on the support nenbers in said manner, the slits can be
formed with high accuracy because the cut volune is very small in the

second step.

Figs. 3-9 and Fig. 10 show second and third

enbodi nents of the, vertical boat_according to the present invention,

respectively
| ocated on t

TGS erital 209aF19 O Lo & Secondpandes thirdnemppdiments

ottom of the boat, and three or nore, normally

he, top and the ) . .
four, supporPfrTe?fB%r‘éeB‘,:M‘?i 4PRA% 1aceRTding k@ dheopresensndnpeatien, Each

support nenb
i nterval s al
3,4,104 is g
7, 8,108 exte

er 3,4,104 has series of slits 7,8,108 at. predeterm ned
5ﬁ5§£qgn‘b?fﬁdi nere dY$ehSah Radkredn each,EaseypBORPr hgasctwo

S Bl fhtad S g da prd The botEon 6l the 'Bat, ' asa
three or more, normally four, support members 3,4,104 vertically
mounted on the end plates. Each support member 3,4,104 has a
series of slits 7,8,108 at predetermined intervals along
longitudinal direction thereof. Each support member 3,4,104 is

generally a long plate or a long plate-like member.

The slits 7,8,108 extend over 2/3 or more, preferably 3/4 or
more, of the width of the support members 3,4,104. By tﬂe slits
7,8,108 a series of arms are defined on the support members
3,4,104. Each arm has support projectionsll,12,112 at the end
thereof in such a manner that the support projectionsll,iz,llz
support the inner portion P of the wafer 1, while the arms
extend over the periphery of the wafer in non-contact manner.

Said inner portions P of the wafer 1 to be supported by the

support projections 11,12,112 are preferably concentric about

the center la of the wafer 1, and are preferably spaced from the
center la of the wafer 1 by 50%-908% of the radius of the wafer
1.

In the second embodiment each support member 3,4 is arc a¢

-. This Sheet Has Been.Re’ilaced




3/4 or noge, of the width of the support nenbers 3,4, 104. By‘hh@;gpggﬁugsseau
7,8,108 a series of arns 200 are defined on the support menbers 3, wkplARED
Each arm 200 has support projections 11,12,112 at the end theteof—ih—sHeh—=a
manner that the support projections 11,12,112 support the inner portion P

of the wafer 1, while the arnms 200 extenHEOVer t he periphery of the wafer

I n non-contact nmanner. Said inner portion P of -the wafer 1 to be supported
by the support projections 11,122,112 is preferably concentric about the
center la of the wafer 1, and preferably spaced or arranged fromthe center
|l a of the wafer 1 by 50% 90% of the radius of the wafer 1. In the second
enbodi ment eaciireulpar tamernirercrdsé sEctdonar c The cross| sectaian cofsshe support
section. The cross section of the support nenber can be in .an L-shape, a
J-shape, a bomemberycampe alL-shapecwr Jeshapepea bodherangmshapecobeother
3,4 can be fornmed by |ongitudinally cut pipe. The support nenber 104 is
general |y a pcygvied-ishapehi r Fhentsofipastt membershdchneas bf formed pior t
menber 3,4 104 is constant over its full length, but it can be decreased

- 13 - gradualiopgigdndinaldy cwtndziperhe suwgrlte tBebevwepert membex i 04dis n

various fornms, and the structure of the
generally a pipe in the thxrd embodiment. The thickness of each

support member 3,4 104 isiconstant, but it can be decreéased
gradually toward their ends. Thus the support members can be
modified in various forms, and the combination of the support

members is not restricted to the illustrated embodiments.

No peripheral portions of the'wafer contacts to the §upport
projections 11,12,115 of the support members 3,4,104 so that
heat doe§ not transfer via the peripheral portions from support
members to the wafer and weight concentration on the peripheral

portion is decreased.

The height of each support projection 11,12,112 is enough
that the peripery of the wafer does not contact to the arms of
the support members 3,4,104. However it is preferably d.3f3mm
for ensuring sufficient gas circulation. Thus the slits are
relatively large so that heat transfer from the boat to the

wafer is restrained.and the gas is prevented from stagnating

between the wafer and the arms.
' ‘ | Sheet Has Been Rep laced
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. conceritration on the peripheral portion of 4he wafer is decreased. The

‘support menbers is not restricted to the illustrated enbodi nents.
peri pheral portions of the wafer never contact the support pﬁﬁggﬁééﬂuﬁsBEﬂq

11,125112 of the support menbers 3,4,104 so that heat does not (degpnsde® vi a
the peripheral portions fromthe supporT kenbers to the wafers '

hei ght of each support projection 11,112,112 can be selected such that the
peri phery of the wafer does not contact the arns 200 of the support nenbers
3,4,104. It is preferably 0.3-3mm for ensuring proper gas
circulation. The slits have a relatively large size so that the heat

transfer from t herhgabubfotbepralertisns el |2 1erh kb e fiet db1g Gisad 00

stagnati ng between the wafer and‘the arms. The support projection

11,12, 112 areiprghenak! Manpett tABGILhe Pyads € "B Sfafdidd 1t e d Qamadfly he
wafer 1 is equally distributed anong all the support nenbers 3,4, 104 and

the defl ecti odi®trEbGbe@anéng aF1CONE SEPHOEY MRS .4 104t e e

second and third enbodi nents will be explalned hereinafter. In the second
enmbodi ment shdefileot Foysof 3elchhwafertlcis dowdiderabo dectéaseld. support

menbers 3,4. The support nenbers 3,4 are generally sem -circular arc
Further details of the second and third embodiments are

explained hereinafter.

In second embodiment shown in figs. 3-9 the vertical boat
has two kinds of subport members 3,4. The support members 3,4
are generally semi-circular arc plates having different ;adii
of curvature. Two front support members 3,3 are located near
the wafer inserting side and faces one another. The radius of
.curvature of the support member 3 is larger than that of the
support member 4. The support member 3_has a plurality of slits
. 7 at a interval Dl as shown in Figs. 4,5. The slits 7 extend
over about 5/6 of the width of the support member 3. A
plurality of arms are defined by the slits 7. Each arms has at
its end a small support projection 11. The support projection
11 has at its top a small support surface, the area of which is
for example 10-150 square milimeters. The support projection 1l
is formed so as to support the inner portion P of the wafer 1,

whereas the;otper portions of the arm do not contact with the

periphery of the vafer 1. ;
' This Sheet Has Been Replaced
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“plates hdving different radii of curvature. Two front supEnLL_xmndxﬁébék4+
are |ocated near the wafer inserting side and faces each QtRsrsHEENEIASREENS

of curvature of the support nenber 3 is larger than that qf thaﬁﬂaﬁﬁart _
‘menber 4. The support nenber 3 has a pl lity of slits 7 ‘at—ap—tntervar—D1

~as shown in Figs. 4 and 5. The slits 7 €Xxtend over about 5/6 of the w dth

of the support nenber 3. A plurality of arns 200 are defined by the slits
7. BEach arm 200 has at its end a small support projection 11. The support
projection 11 has at its top a small support surface, the area of which is

for exanple - 14 - 10-150 square mllimeters. The support projection 11
Is formed so as tQ.suppor.t e r o on P of 1, whereas th

ot her portions oﬁﬂ¥ﬁﬂp Qﬂ%& {ﬁiuﬂ;ql%g BéﬁﬁpﬂgrggﬁfrFﬁE ﬁé&@raﬁ

Q her support nenber ate he [ de and_have rel ative
smal | radii |5ﬁ§aﬁ¥¥e gp5Pg e?uﬁsﬁ %éé pIura?F?ysBPngFthﬂge'.

oxt Zn8r332$er£”(r{ied 31 ?#r% oifﬁﬁo#’t A28, e 8rdAD 2 45 “sigvh 4R Figsy
arms 200 are éje;' ”%é%fﬂe SA | t:?tend o%aecrh %o t2995h3§ @ﬁe'vtrfdgﬂdo? gﬂgl |

support
support member 4. A plurality of arms are defined by the slits .

8. Each arm has at its end a small support projection 12. The
support projection 12 has at its top a small support surface,
the area of which is for example 10-56 square milimeters. The
support projection 12 is formed so as to support the inner
portion P of the wafer i, whereas the other portions of the arms

do not contact with the éeriphery of the wafer 1.

The slit 7 is formed by a first long slit portion 7a wi;h.
reratively a large width.and a second short slit portion 7b with
ralatively a small width. The slit 8 is also formed by a first
long slit portion 8a with reiatively-a large width and a second

short slit portion 8b with ralatively a small width.

The inner portions P of the wafer 1 to be supported by the
support projections 11,12 are preferably located concentric
about the center la of the wafer 1, and are preferably spaced
from the center la of the wafer 1 by 50-90%, more preferably

65-85%, of the radius of the wafer 1. Thevelor:: the periphery

." +
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surface, the area of which is for exanple 10-50 square mllilne ERSpL
support projection 12 is formed so as to support the inner éort|nn P.of the

‘projection 12. The support projection 12 has at its top a sqg{ sﬂ?%&E%EEN.--

‘waf er 1, whereas the other portions of 2he-arns 200 do not contact the

peri phery of the wafer 1. The slit 7 is fermed by a first long slit portion
7a with relatively a large wdth and a second short slit portion 7b with
relatively a small width. The slit 8 is also forned by a first long slit
portion 8a with relatively a large width and a second short slit portion 8b
with relatively a small width, The inner portion P of the wafer 1 to be
support ed byPeFEienppér therwater i bnks 1N0Y 25 RRPRF kA BYH|She FMRRSF teoncent ri ¢
about the center |a,of tgfmigfer 1, and is preferably arranged or spaced
fromthe cenPEPIEStIPNEN 1 by 50-90% nore preferably 65-85% of the
radius of the wafer 1. Therefore the periphery portion of the wafer 1 is
not supported by the support projections 11,12." The support projections
11,12 are pref abI dis

manner t hat the §I8 RPBE%V\B #th?e% I%aeﬁrﬁggfé%[%fgﬁ ﬁii%ﬁ‘bu&e ‘3 a

Lkt o, e 5}RBRAEeRRRLERL 6Lk d&-Rln I 458H 7 MR TRARC a8 Sghiea
formed between the wafer insertxng direction X and a line
linking the support projection 12 of the rear support member 4
to the center la of the wafer 1 is 75-180 degrees, more _
preferably 95-140 degrees. On the other hand the angle B formed
between the wafer inserting derection X and a line linking the
support projection 11 of the front support member 3 to the
center la of the wafer 1 is preferably 30-120 degrees, mére

preferably 30-80 degrees.

The support projections 11,12 can be distributed in the
otﬁer manner that.ﬁhe two projections 11,1l of the front support
members 3,3 and the two projection# 12,12 of the rear support
members 4,4 are symmetrical with respect to a line M and a line
N shown in Fig. 3. The line M passes through the center la of
the wafer 1 and is parallel to the wafer inserting direction X,
while the line N passes through the center la of the wafer 1 and
is perpendicular to the wafer inserting direction X. 1In this
‘manner the load of the wafer 1 is distributed equally among four

suppor¥ projections 11,12 thereby-the wafer 1 can be supported

in a good balanced manner. -
' ‘This Sheet Has Been Rerlaced
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degrees.. On the other hand the angle B between the wafer | NS@LLINGierT HAS BEEN |
direction X and a line |linking the support - 15 - projectiion lgemhcide
fromt support menber 3 to the canter la of the wafer 1 is preferably 30-120
degrees, nore preferably 30-80 degreesT 3he-support projections 11,12 can

be distributed in any other manner. For exanple, the two projections 11,11
of the front support nenbers 3,3 and the two projections 12,12 of the rear
support nenbers 4,4 can be symmetrical with respect to the line€ Mand the -
line N showmn in Fig. 3. The line M passes through the center la of the

wafer 1 and is pgrallel to the wafer ipserting directigon X, while the |ine
N passes througrﬁi?les‘b%?ﬂ'é‘? "l%F"B?‘tiéaa‘F’é?_ secand ePbodipent shown o Pigs.
waf er insert%n direction 4( Ig hi f?nngr the | oad of the wafer 1 is

i stribut od Seha9% BeoREeduEed st ol Lon bie anaes -1 Fizstnar @ipe emhere:
1 can be sugforled In_a good gannced nner. The supporﬁ menber 3 of the
second enbodiHEHY9 sAokRLIARIERE 1aEge meter Jhuredtifalhy FYt 87 A5 to

manner. First_a pipe er Vi n relativel y | arge di anpgter ,i s
vertically difde a Tﬁo‘# e:ﬂ?’%‘?@' p‘%t"@’%ﬁé?gs section is

approximately quarter-circular arc. The pipe member has, for

example, an outer radius Rl of 40mm and an inner radius R2 of
34mm. The long plate member extends circumferentially over, for

example, 100 degrees around the center Ol in cross section.

Next a series of first slit portions 7a are formed at the
interval D1, for example 12.7mm, on the plate member. The first
slit portions 7a has a width of Wl, for example 7mm, and ;xtends
circumferéntially over 60-80 degrees around the center Ol, which
is corresponding to a length Ll in Fig. 4. Thellength Ll is.for
example 30mm. The first slit portion can formed by a laser
(beam) machine, a high pressure jet, a milling cutter, a lathe,
a diamond cutﬁer and so on. Both 16ngitudinal side walls 3b,3c
are remained as shown in Figs. 6(A),6(B). The side wall 3¢ is
thicker than the other side wall 3b so as to acts as a column.
The thinner wall 3b extends circumferentially over several

degrees around the center Ol.

Then a series of second slit portions 7b are formed on the

. side-wall 3b.by & diamone cutter, "The second slit 7b has a
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having a cross section in the shape of an approxi mately quarfer—ei-rettat
arc. The pipe nenber has, for exanple, an outer radius Rl of{ HO#SHEETCHSSBEEN

i nner radius R2 of 34mm The |ong pl ate nenber extends circunfer iFPHAGEDy
over, «for exanple, 100 degrees around the center 01 in cross~SECtT UM —Next

ok P M

a series of first slit portions 7a are2Borned at the interval D1, for
exanple 12.7mm on the plate nenber. The first slit portions 7a have a

wi dth of W,

for exanple 7mm and extend circunferentially over® 60-80

degrees around the center 01, which corresponds to the length L1 in Fig. 4.
The length L1 is for exanple 30nm The first slit portion can be forned by
a | aser beam machine, a high pressure jet, a mlling cutter, a |ather,

di amond cuttewidt®h w2 of 3Bk, 660 éudmpab si @aewaééén&bsm %&Eﬁrﬂ ﬂ?cis

as shown in Figs. 6A and 6B. The side wa

3c is thicker than the ot

side wall 3b gatafriom ahle odterasuefhddnNib solhS tbNbé@nne¥ldd & the

ext ends . - 16 - circunferentially over several degrees around the center
01. Further, gostespondingetopgdtssiitpportion 78.arrThéfdpch Qerity dtfdarms
wal | 3b by a dianond cutter. The '

each having a support projection 11 at the end thereof are
defined by the first slit portions 7a and the second slit
portions 7b as shown in Figs. 7(A),7(B). The support projection

‘11 has a height of H, for example 1.9mm, and has a small support

surface.

The other support m;mber 4 iﬁ Pigs. 3-9 can be produced in a
folldwing manner. First a pipe member having a relatively small
diameter is vertically cut so as to provide a long plate member
of which cross seétion is approximately semi-circular arc. For
example, the pipé member has an outer radius R3 of 17.5mm and an
inner radius R4 of 10mm. .And the long plate membeér extends
circumferentially over, for example, 225 degrees around the

center 02 in cross section.

Next a series of first slit portions 8a are formed at the
interval D2, for éxample 12.7mm, corresponding to the interval
D1 of slit 7 on the plate member 3. The first slit portions 8a
has a width of W3, for example 7mm, and extends
circumferential]y over 180 deqrees around the center 0l. The

- -~ o,
ode

first slit portion can formed by a laser (beam) machine, a high
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‘second slit 7b has a wdth W of 3.2mm for exanple. The se
portion 7b is cut fromthe outer surface 3b so as to be conngt®g-Ed
corfesponding first slit portion 7a. A series of arms 200 each h#ff
‘support projection 11 at the end theregf are defined by the H STit
portions 7a and the second slit portio ¢ 7 as shown in Figs. 7A and 7B.
The support projection 11 has a height of H for exanple 1.9mm and has a
smal | support surface. The other support nenber 4 in Figs. 3-9°can be
produced in the foll owi ng manner. First a pipe nmenber having a relatively
smal | diameter is vertically cut so as to provide a |ong plate nenber
havi ng a cr pressacte getnf a michling rantiter ,arac.laEherexangiemohdecptpernander
has an outer radius R3 of 17.5mm and an inner radius R4 of 10nm And
the long soplodt.e Batdniverticad eridte slaldnfid.dt azlel yemainedf as shawpl én
225 degrees around the center 02 in cross section. Next a series of first
slit porti o¥igsa SlAX.H (R atTheside maldl 4o isf shickarpthanothenether
corresponding to the interval DL of the slit 7 on the plate nenber 3. The
first slit §3de WadlgAhAR a8 Biactof ama caluwmpanplbe7ihinawallxébnds
circunferentially over 180 degrees .around the center al. The first slit
portion cane$&engs st naumte 13d¥moveEhi2%: degrregnapeund thej genter 02,

_nllllng CUt%%EIeaJﬁgIvﬂfcfiégfyn%yjég 2% S %Q%,S%oogégrees.

géieBEEN

a )

Then a series of second slit portions 8b are formed at
intervals D2, for example 12.7mm, on the side wall 4b by a
diamond cutter. The second slit portion 8b has for instance a
width W4 of 3.2mm. The second slit portion 8b is cut from the
outer surface 4a so as to be connected to the corresponding
first sli£ portion 8a. Thereby a series of arms each having a
support projection 12 at the end thereof are defined by the
first slit portions 8a and the second slit portions 8b as shown
in Pigs. 9(A),9(B). The support projection 12 has, for example
a height of 1.9mm, and a width W5 of 3mm.

Four support members 3,4 and the slits 7,8 are symmetrical
with respect to the plane including the central axis of the boat
and parallel to the wafer inserting direction X. However they

can be pdsitioned in other manners.

- Pig. 10 shows the third embodiment according to tite present

This-Sheet Has _-Be.en,-RTlaced;
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Both vertical side walls 4b,4c are retained as shown in Figs. -

The side wall 4c is thicker than the other side wall 4b so as{ﬁ-ﬂ‘sgﬁET&H\SaBEEN
colunh. The thin wall 4b extends circunferentially over 20 degreesEai RERd
the center 02, while the thick wall 4c_e?'egds over 40 degrees.—A-settesof
second slit. portions 8b are fornmed at intervals D2, for exanple 12. 7nm on
the side wall 4b by a dianpnd cutter. The second slit portion 8b has for

- 17 - instance a width W of 3.2mm The second slit portion 8b Is cut from
the outer surface 4a so as to be connected to the corresponding first slit

P end ther HhoSERLEERT] rééu”r’ﬁﬁf%e-eﬁ’%‘gé‘é‘l%&&aht?t’#’e@vﬂéérgz&ﬁhﬁfa’%%:%é%f%&lly
s os : . s B T '
bhs For ' brnrin €8 509 fhd ledd HemBerd"s Iouared dt Rt L%h&:}h‘élzm tom
i 7 tEi ] t to e ane
el udi g t hSbHIE ettfedt bR, DTS Fife dhadodd Waberh 108 1 ReatRd, g0
direction X ¢kweyffes "Fe &AMy £L84 IAPE Sl aOld iy TAINE §: ineters for

forming a space large enough to insert and to take out the

wafers, whereas two rear support members 104 located on the rear
side have relatively small diameters for realizing a
light-weight construction. However all support ﬁembers 104 can
have the same diameter. On the other hand, the thicknesss of
the support members can pe varied taking into éécount

mgchanical strength. In any case section modﬁius of the support
member 104 is preferably 0.3-3.0 cubic centimeter, more

preferably 0.5-2.5 cubic centimeter.

| The support members 104 have a series of slits 108 formed at
the same interval. The slits 108 can be formgd in a following
manner. First two series of first slit portions are formed at
the same interval from both sides on the pipe member 5. The
first slit portion extends over 2/3, 3/4 of the diameﬁer of the
pipe member 5 in case the front and the rear support members,

respectively. Thereby two side walls are remained in each case.

Next a series of second slit poritons are formed on one of -~

-

- - . wd, -~ -
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“Fig. 10. shows the third enbodi nent of the present invention.
pi pe- shaped support nenmbers 104 are vertically nounted on twortes8HFR D @§§
| ocated at the top and the bottom of the vertical boat. Two?froﬁﬁ?yﬁi ort
“menbers 104 are |l ocated on the wafer inserting side and have a-retratively
| arge di aneter for form ng a space |a?§% enough to insert and to take out
the wafers, whereas two rear support nenbers 104 are | ocated on the rear
side and have a relatively small dianeter for realizing a |ight-weight.
constructi on. However all support nenbers 104 can have the sane di aneter.
On the other hand, the thickness of the support nenbers can be varied by

Sooport menbRe CgghLs (EE EHe" Bans' 33%%%%8%?@”%éﬁsﬁesntéfsé#ift"ﬁbé%dx‘é'fﬂgf 4{%@‘ h
0.5- 2.5 i ] . T : : ' it
108 for rregiua;%%‘ﬁgatsgﬁrrg%g%f er\?gfiu%%gkgfir?q?gga%an@)&;a’}%rcraroe'g’eefdﬁeet%nceto Sthle >

fol | owi ng éspbndthg! $2rse! s33e0poktish, Sl e BRI B13'te TR Has! 1°

sanme interva on the"pl pe nenber I rst sl1t portion

extends ovegmgi PeA'@didtA Chahhend E'I'E_E‘ErsQittTﬁmng&ﬁ 'seednd iG¢f I ONt

and the rear support nenbers, respectively. side walls are retal ned.
Next a serigér©iofchagddaswitRObE 302mAl C£6L dhfhple ONaher ey a'\ddry edt ofthe

sane interval as the first slit : _
arms each having a support projection 112 formed at the end

portion near the central axis of the vertical boat are defined
by the first and second slit portions. In this case the end

portion is not a free end but a middle end portion.

The support projection 112 has a small support surface

formed at the top thereof. It has the area of for example 5-50
square millimeters. The wafer is supported in such a manner
that the inner portions of the ﬁafer are supported by the
support projectioné 112 whereas the periphéry of the wafer is

. not contact with the arms defined by the slits 108. The inner
portions are preferably concentfic about the center la of the
wﬁfer 1 and spaced from the center la by 50-90% of the radius of
the wafer so that the ée:iphety of the wafer does not supported

by the support projections 112 of the arms.

The circumferential positioning of the support projections

112 is the same as. the auppgrt.prnfections 11,12 of the secwnd

- » -

. L) PR RS POy
embodiment.

This Sheet Has Béen Re,placed

fb ]

-~ i



- 18 - portions by a dianond cutter. Each second slit portifan.l ﬂg@%g@‘
to the corresponding first slit portion. The second slit p ?PF&%;E;%EQ _

)

smal'l er width than the first slit portion. The second slit ;portion has..a

- width of 3.2mm for exanple. A series- &7 arns 200 each having a support

projection 112 forned at the end portion near the central axis of the
vertical boat are defined by the first and second slit portions. The
support projection 112 has a small support surface formed at the top
thereof. 1t has the area of for exanple 5-50 square millineters. The

wafer is suppor tigd grivduéithg® vH HMipgdt If3nar, 4Pebki O t My
supported by the s&%port pﬁﬁjectiogg 112ik%gfggsgtﬁqugrigﬁg§§ g§t$?é8mépgr

d t t ' 119 kRO ' '
oes not COiale g9 2 g8 i Uh Bhd 51 atldS15 kb &eml‘sgﬁgl ngﬁjé a,‘;?%%‘)@eﬁ%ar

the wafer is preferably positioned about the center

arranged or capaged £ixed it ShRNIGE dra Boe P GhPénel mbhiBef$0anE ©heh henyaf er
so that the periphery of the wafer is not supported by the support

proj ecti ons sktdndf sllie Porriohde ciin B Fradd 3n RAR plaverlik@menbetst he
support projections 112 is the same as that of the support

In this method, the slits can be formed with good accuracy.

On the other hand after forming the first slit portions on
the plate-like members, the plate-like members can be impregnated
with Si and then the second slits can be formed. 1In this

manner, the second slit portions can be easily machined. .

Example

A vertical boat for 8 inches wafers was formed from
monocrystal silicon. The boat had the same construction as the
boat shown in Figs. 3-9. also, a conventional vertical boat

having four support members was prepared for comparative tests.

A value of deflection of the wafer was calculated by a
computer-assisted simulation and actuai values were detected by
a laser micrometer in cases of the inventive boat and the
conventional boat, respectively. The results are shown in
following table 1. As shown in Table 1, the wafe; held on the

conventionul boat was deflecgéd'bv.3ﬂ iicrons or more,

This Sheet Haé Been Replaced
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—— e 3.

i st sl e e mme

menbers 3, 4, 104 after the first slit portions are formed on taeebi ke
menbers, all plate nmenbers can be fixed on one of or both of ithe

fmenbers and then the second slit portions can be fornmed on the plate-like
menbers. In this nethod, the slits caﬁ'ﬁﬁ3fbrned wi th good accuracy. On the
ot her hand after the first slit portions are fornmed on the plate-1like
menbers, the plate-like nenbers can be inpregnated with Si and then the
second slits can be fornmed. In this manner, the second slit portions can be
easily machi ned. Exanple A vertical boat for 8-inch wafers was formed from
nonocrystal silicon. The boat had the sane construction - 19 - as the

boat shown i nyhegeas3tBe whksp hal@osrerheOnaleneivé Chbath @ty ?a% gg okour
support nenbers was prepared for conparative tests. A value o efl ection

of the wafer yggscal enust ¢f BHediAVBRYECe BoatSHEL] &¢vibmicOtmndrafedrualas
val ues were detected by a | aser mcroneter in cases of the boat of this

invention andmhbh emaldeki enah baather prhect arely.

.projectians 11,12 of the second enbodi nent. In producing the %HERQE&THASBEBQ
t

Next values of curvature during a heat treatment were
detected. The results are shown in Tables 2. The heat
treatment was an oxidation process at the temperature of 1000
degrees celsius for 100 hours. Valuesof curvature were detected

by a laser micrometer.

Also,the number of the slips and the length thereof daused
during heat treatments 1)-3) were detected. The results are
shown in Table 3. The heat treatments 1)-3) were operated

according to Table 4.

As shown in tables 2,3, in case of the inventive boat the

curvature was smaller than in the prior art and slips rarely

occurred.

Thus, by using a vertical boat according to the present
invention, deflection and curvature of the wafer was decreased,

and slip was effectively inhibited during heat treatments. It

. is mainly because the inner portions of the warex were¢ supparted

by the support projections of the arms whereas periphery portion

of the wafer did not contact to the arms of the support members.

Sheet Has Been Replaced -
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"The test results are shown in Table 1. As shown in Table 1,
boat was defl ected by 30 mi crons or
waf er«hel d on the boat of the invention was deflected by 5 n
t he defl ection of _the wafer was mnuch

on the conventi onal

Thus in the invention,
that in the prior art.

. am b —

Next val

ues of cCurd?

1 he wafer—hetd
nor g, THeSHEETHASREEN
i Cr oREPIYCEDes s,

)
v irdrl

nald
S Tar 1T Tl

ajure during a heat treatnent

; were detected. The results are shown in Table 2. The heat treatnent was an

Val ues of cur
of the slips

R

case of the invention, the curv
art. In thisdwvention <slips

m cr onmet

Th

ht ur e S t han
ar pLg/:Y)‘%r UL pdﬂ:tl'huq

P?QBL'

ng to Table 4. As shown in Tables 2,3,

oxi dation process at the tenperature of 1000 degrees cel sius for' 100 hours.
re detected by a | aser
ength thereof caused during heat treatments (1) -(3)
were detected. The results are shown in Table 3.
(1)-(3) were carried out accordi

er. Al so, the nunber

e heat treatnents

in
iehe) st Addngion

'

i ! :

{ boat accordlg&még%%pe_gggffgédl
eased,

!waf er was decr and slip w

"treatnents. |tgimul®éby becaus
{ supported by i

acely-soflifed—
OB DS i b

b the inner portions g
ions of the arns wher

nd cur re.of the
ed dgr¥gg¥ﬁé§t

f the wafer were
eas the ppri phpry

=he—sHppoti—prolec
. portion of thely@éLrmikEométesrO

1186t miBoaEMs Of the

supp9eks™BHRA’ % microns

[{Table 2]
i
the prior art the present invention
500 microns less than 5 microns
{Table 3]
number of number of wafers length
) wafers having slips of the slip
heat treatment(l) 70 0 | -
| (70) (70) (10)
heat treatment(2) 70 0 -
(70) (20) (5)
heat treatment(3) 70 0 -
‘ (70) (6) (1)

(

) designates the prior art
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- o cme— ort ——

than 5 m crons Tabl e 3 nunber

havi ng sli ps

(70)
- (70)
0 (70)

heat(éggatmenttl)

(rate degree/min)

the present |nventlonLHMSSHEErhASBEE“
5 microns Si mul BEPHATED

- 20 - Table 1 the prior. art

conput er - assi st ed 30- 180 m crons

| aser” nicroneter 150 m crons | ess than &-m-cTONS Tabl e
2 the prior art t he present .i ggenti on 500 m crons | ess

of nunber ef wafers |length of the wafers

slgp heat treatnment (1) 70 0 (70)
[TABLE (4h) heat treatnment (2) "0

inseréggaigggqééggﬁégaﬁgdggéeﬁsﬁb};ngegrees.
| celsius celsiqs celsius
10 6 3
~»1250degrees—>1100degrees—>800degrees
celsius celsius celsius
3 5

d>aischarge

heat treatment(l)

(rate degree/min)

insert-b800de§rees->lOOOdegree54>11006egrées
celsius celsius celsius |
10 3 2
;>12SOdegrees-bll006egrees-600degrees
' celsius celsius celsius
2 3

~> discharge _.

heat treatment(l)

(rate degree/min)

insert—asoodegrees->10006egrees—>11006egrees
celsius celsius - celsius

' 5 2 1
-»1250degrees—>1100degrees—>800degrees
celsius celsius celsius

1 .3

-»discharge

* the heat treatment was performed with

an atmosphera of N2 4 12
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': 21 - Table 4 - 22 CLAIMS. 1. A vertical boat for supportlng a

plurality®of sem conductor wafers, each wafer having a perlphe.;iLhS Edr M BEEN
| and an inner portion therein, the boat having a top portion ank agii

portlon conprising: two end nmenbers placed at the top portion_Land th
bottom portion of the vertical boat; andybﬁplurallty of - support nenbers
;vertically extendi ng between the end menbers for supporting the wafers
leach of the support nmenbers having a series of slits forned a

ipredeternined interval thereon, a plurality of suppor !mumlm&“'m the
]slits, the support arns having support projections in

I n use, the inner portion of the wafer contacts and is supported by the
support proj eCLABMS:projecting fromthe arns of the support nenbers, and
tthe inner portion of the wafer is supported by the support projections
'spaced froma center of the wafer by 50% 90% of the radius of the waf er,

the vertical boat being nade of silica glass, silicon
1. A vertical boat for holding a plurality of semxconductor

wafers comprising:

Bty —ans oot

two end members (2) positioned at the top and the bottom of
the vertical boat; and

[

a plurality of support members (3,4,5,6,104) verticelly

mounted on the end membeés (2) for supporting the wafers,

wherein each support member (3,4,5,6,104) is formed by a
plate-like member having a series of slits (9,10,7,8,108) formed
thereon in such a manner that a plurality of support arms are

. defined by the slits (9,10,7,8,108) at a predetermined interval,
each support arm having a support projection (11,12,13,14,112)

formed at the end thereof,

and wherein the inner portions (P) of the wafer (1) is to be
supported by the support projections (11,12,13,14,112) whereas
the periphery of the wafer (1) is non-contact with the arms of

the support members (3,4,5,6,104).

;- This Sheet Has Been Replaced

- [ B

1



| ‘car bi de,
' carbide inpregnated with silicon, the support arms and the SuppEISSHEET HAS BEEN
~ proj ections of the support nembers being integral wth each ofther BEPLA§ERo

1

-|vvafer (1)

4

< RINRT SN

carbon, nonocrystal silicon, polycrystal silicon or gHieen

constitute a nonobl ock body and havi ng no coupling, joining or—cormecting
portion to each other. 2. A vertical boat 3%ctording to claim1, wherein the
llnner portions (P) of the wafer (1) to be supported by the support

. projections (11,12,13, 14,112) are, in use, spaced frﬂm"m"mlmam'"mf ‘of

ithe wafer (1) by 65%85%of the radius of the wafer

;vertical

boat according to any preceding claim wherei’nh ttheti nher? pd‘rtlons

(P) of the wafer (1) to be supported by the support projections
(11,12, 13,14,112) are, in use, concent r*@ about_ the centr

f.th
4. 2. /A ERTEIGAL RRat AQKREAINg (%P SR LS deel ﬁgeiPa}'ﬁg \htﬂ&%& n

h | d 2/ 3 f_th th . of th
LW Verti cal bodOREESRE: 1) (OF HiE MAfennELive it <berE Bl Bk BdcRupgrs,
more of the "V'egdﬁft‘;l Ol e L0 SUPYE, 19/ L6115 ard sfilcdeaC 3ol OPhe 266RELE"9109 of

iclaim5, wher

b

the wafer (1) by 508-90% of the radius of the wafer (1).

3. A vertical boat according to claim 2, wherein the inner
portions (P) of the' wafer (1) to be supported by the support
projections (11,12,13,14,112) are spaced from the center (la) of

the wafer (1) by 65%3-85% of the radius of the wafer (1).

4. A vertical boiat according to any preceding claim, wherein the inner
portioné (P) of the wafer (1) to be supported by the support

| projections (11,12,13,14,112) are concentric about the center

{la) of the wafer (l).

5. A vertical boat according to any preceding claim, wherein the slits

extend over 2/3 or more of the width of the plate-like member.

6. A vertical boat according to claim 5, wherein the slits_

extend over 3/4 or more of the width of the plate-like member.

7. A vertical boat according to claim 6, wherein the sl:.ts
extend over 4/5 or more of the width of the plate-: 11.ce member. - .

//
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slits extend over 4/5 or nore of the width of the support nenber 7
vertical boat according to any preceding claim wherein the sﬁ—hgmnmﬁémﬁéﬁ§aq\
have a cross section selected fromthe group consisting of a l'ong Rrﬁfffz___ﬂJ
rectangl e, a wedge, a pipe, a circular. ghc,_ an L- shape, a J-shape;—#&

C-shape and a V-shape. 8. A vertical boat according to any preceding

claim wherein the support nenbers (3,4,5,6) consis Imulm |“1_Eport
menbers (3,5) and two rear support nenbers (4,6), L““ HJMI nbers
(3,4,5,6) being symmetrical with respect to a plane *ncFudt nd t fe &entral

axis of the vertical boat and parallel to the wafer inserting direction

(xX). 9. A vertical boat according to claim8, wherein the support

portions (P)8ef Atvmmlemq)acpgrch@qstrppwtmecwng claipy wherein phejpletediike
(11,12,13,14,112) are distributed in circunferential direction in such a
manner t hat @ﬂ@bahgh%s(i»Creﬁﬁeﬁebylpnesﬂéeetedr@tﬂm|hﬁf(snonnlcanﬁQtzngicf
line Iinking the support projection (12,14) of the rear support nenber

 (4,6) to thedckoRg resednglenacwedy® i 3 DEPQA(R RIFUEAT ANE  [atltshapegla

(B) fornmed Qy t he mafer
-shape, a C-shape and a V-shape.

9. A vertical boat according to any preceding claim, wherein the support
members (3,4,5,6) consist of two front support members (3,5) and
-~ two rear support members (4,6), the fouf support members
(3,4,5,6) being symmetrical with respect to a plane including
the central axis of the Qertical boat and parallel to.the'ﬁafer

inserting direction (X).

10. A vertical boat according to claim 9, wherein the support
portions (P) of the wafer (1) to be supported by.the projections
(11,12,13,14,112) are distributed in circumferential direction
in such a manner that the angle (A) formed by the wafer
ihserting direction (X) and a line linking the support
projection (12,14) of the rear support member (4,6) to the
center (la) of wafer (1) is 75-180 degrees, and that the angle
(B) formed by the wafer inserting derection (X) and a line
linking the support projection (11,13) of the front support
mgmber (3,5) to the center (la) of the wafer (1) is 30-120

degrees, .

e
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!

-inserting direction (X) and a line |inking the support prOJFﬁmggqgéﬂﬂﬂgggmq

of the front support nenmber (3,5) to the center (la) of the! pLAGED S
30- 120 degrees. 10. A vertical boat according to claim8, mhe{e'n the

*support portions (P) of the wafer (1)_tgabe supparted by the projections

(11,12, 13,14,112) are distributed in C|rcunferent|al direction in such a

manner that the angle (A) forned by the wafer |ns "'IMHIEMﬁMI,‘) (X) and a
l'ine linking the support projection (12,14) of th nber

(4,6) to the centre (la) of wafer (1) is 95-140 degrees and thaf the angle
(B) formed between the wafer inserting direction (X) and a line linking the

support projg¢t BORelrklichl) vdfat! *&%Jdr@ltngs%@@ﬂax'ﬁa@e%hége% tRel H8pHEPE €T
(la) of the wafer (1) is 30-80 degrees. "11. A vertical boat according to

ei ther one Qorelidn® @) flGheRRIRIXN (1he vy diupporeed bf) tﬁé pbe; 88t Eéns
(1) to be supported by the support projections are symetrical wth respect

to a plane i(ngl, 0@ 13,1 QN atle @iilstrdbuted U9 (dizrumbesréneDdl direction
per pendi cul ar to the wafer inserting direction (X). 12. A vertical boat

accordi ng t dnagycl & adinn@rclthat thecrangld NA)SEdrmed betweas Ohetwefer

support nmenber (3,4,5,6,104) is 0.3-3.0 cubic centineters.
.inserting direction (X) and a line linking the support
projection (12,14) of the rear support member (4,6) to the
center (la) of wafer (1) is 95-140 degrees, and that the angle
(B) formed between the wafer inserting derection (X) and a . line
linking the support projection (11,13) of the front support
member (3,5) to the center (la) of the wafer (1) is 30-80

degrees.

12. a vertical boat according to either one of claims 9 to 11, wherein the

inner portions (P) of the wafer (l) to be supported by the support

projections are symmetrical with respect to a plane including
. the central axis of the vertical boat and perpendicular to the

wafer inserting direction (X).

13. A vertical boat according to any preceding claim, wherein the section
modulus of the support member (3,4,5,6,104) is 0.3-3.0 cubic

centimeters.

14. A vertical boat according to claim 13, wherein the section

modulus of the support member (3,4,3,6,104) is 0.5-2.5 cubic

centimeters. ' _—
heet Has Been Replaced
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-~ 25 - 13. A vertical boat according to claim12, wherein th '
modul us of the support menber (3,4,5,6,104) is 0.5- 2.5 cubi triaesHEReY
14. A vertical boat as clainmed in any preceding claimin which th@*%ﬁﬁ ort
menber is fornmed in the shape of a plate gg slit-tube. 15. A" or

producing a vertical boat according to any.one of thepreceding crains

conprising the steps of: forming a series of first ' ' f
support nmenber at a predeterm ned interval al ong thg Mlﬂmm“&lﬂm‘?ection
thereof so as to | eave two side walls of the support L, &N ormng a
series of second slit portions on one of the side walls at the same
interval so as to connect_each second slit portion to the carres ondigg
first slit pbYtibrmetlod £okiPERdUetRI of nfet bicahhaafs acgeEsdng (Nt 3Ny [re
slit portions_are forned a cutting device, selected fromthe group

consi sting o®f at%tBFe?%?grrﬁ%h?ru%}mﬁ F%@@F‘%&%iﬁéﬁ s}er‘:isgﬁ"ftiressure j et
machine, a mlling cutter, -a lathe, and a dianond cutter. 17. A nethod
according to claim15 or 16, wherein the second slit portions are forned by
a di anond cutter

wherein after fofﬂ%‘ﬁb“?h?%?fg?ggﬂ g%%ﬁ?%hggg%%ﬁ?uog%o%? aitm ﬁatt%—]fike

member at a predetermined interval along the longitudinal

direction thereof so as to remain two side walls of the

plate-like member; and

forming a series of second small slit poftions on one of the
side walls at the same interval so as to connect each second
slit portidn to the corresponding first slit portion.
16. A method according to claim 15,-wherein the first slit
portions are formed by a cutting devices selected from the group
consisting of a water jet machine, a laser machine, a high
pressure jet machine, a milling cuttef, a lathe, and a diamond

cutter.

17. A method according to claim 15 or 16, wherein the second slit

portions are formed by a diamond cutter.

18. A method according to any one of claims 15 to 17, wherein after

forming the first slit portions the plate-like members are mounted one or

two end members (2), after that the second slit portions are

' . formed.

A
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menbers are nounted to one or two end nenbers (2), after that the se
slit portions are forned. - 26 - 19. A nethod according to qgﬁsgﬂnghSBan
cl.aims 15 to 18, wherein after formng the first slit portion g§nummnt
menbers are inpregnated with Si, after thaP the second slit port
formed. 20. A vertical boat substantia Fy as hereinbefore described
with reference to Figures 1 and 2, or to Figures 3 to QMﬁ& t o !ﬂure 10 of

t he acconpanying drawi ngs. 21. A nethod of form ng a ver Hy lllj yllz

substantially as herei nbefore described with reference t
or to Figures 3 to 9, or to Figure 10 of the acconpanying dramnngs

19. A method according to any one of claims 15 to 18,
wherein after forming the first slit portions the plate-~like
members are impregnated with Si, after that the second slit

portions are formed.

20. A vertical boat substantially as hereinbefore described
with reference to Figures 1 and 7, or to Figures 3 to 9, or

to FPigure 10 of the accompanying drawings.

21. A method of forming a vertical boat substantially as
hereinbefore described with reference to Figures 1 and 2, or
to Figures 3 to 9, or to Figure 10 of the accompanying

drawings.
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