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VERTI CAL WAFER BOAT Backgr ound ofﬂ%@]%ﬂerﬂi on
1. Field of the Invention 5 The present i nventlon_,rehat eﬁe‘i
vertical wafer boat whi ch supports a nunber of sem conddlet s in
order to set the wafers into a fuynace during-a process sypoRas

oxi dation of t he semi conductor wafers, diffusio or vapor phase
grow h, and particularly to a vertical waf er b&Zt which is suitably

used for 10 formng a SiJ errVERTICAIAWEFER BoNTYr] film a poly-Si
film or the like on t he surfaces of seniconductor wafers by a method
such as the LP (Low Pressure)-CvD(Chem cal Vapor Deposition) method.
2.Description of the Related Art 15 Conventionally, as a
vertical wafer boat of thisBackdround ofnale iInventdfosy boat disclosed in
Japanese patent unexam ned publication (JP-A HEl-6-163676) applied by
t he applicant Fikedd of thecImviendidphni cation. In the wafer
boat, as shown in Figs. 15 and 16, four support 20 rods 34 in each of
whi ch & nunber of Whkeepresent inventipnrrebates to BIrexrtcidadr madernboat
edge and which have a triangul ar section shape are di sposed between
upper and whieh seppoatsuatmumber ef Semiodnductod?2waderisaintdrdemfter sebunt
groove portions 33 are respectively directed to the centers of
sen conductbe wafers inteo ahownace ddinge anpuatedsosuchasvaiddationt of
groove portions. The plates 31 and 32, and the support rods 34 are
made of Si €her sénicpnflnpteateaifers, diffusion, or vapor phase growth, and

particularly to a vertical wafer boat which is suitably used for

10 forming a Si0O, £ilm, a Si3N; film, a poly-Si f£ilm, or the like on
the surfaces of semiconductor wafers by a method such as the LP

(Low Pressure)-CVD (Chemical Vapor Deposition) method.

2 .Description of the Related Art
15 Conventionally, as a vértical wafer boat of this kind,
known is a wafer boat disclosed in Japanese patent unexamined
publiéation (JP-A HEI-6-183676) applied by the applicant the
present application.
In the wafer boat, as shown in Figs. 15 énd 16, four support
20 rods 34 in each of which a number of wafer mount groove portions
33 are formed in one edge and which have a triangular section shape
are disposed between upper and lower semi-arcuate plates 31 and
32 so that the wafer mount groove portions 33 are respectively
directed to the centers of semiconductor wafers (not shown) to
25 Dbe mounted on the wafer mount groove portions. The plates 31 and

32, and the support rods 34 are made of SiC or SiC infiltrated
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-2- by Si (Si-SiC). It is also well known that a surface of a wafer
boat is covered by a high purity ceramic filmin order to obtain t he
waf er boat having a high purity. In the wafer boat configured
as descri bed above, since 5 the support rods 34 have a triangul ar section
shape, the buckling | oad is increased and the useful life is extended.
Figs. 17 to 19 show another vertical weder boat of the prior art. In

the waf er Bgaé-i ?§im§§6?9pf€ri§@i£d)%ﬂlr kB8wn thaP! &t SakikEe WAL YaE AN
37 in each of which a slit 35 elongating 10 in the wafer i1nsertion

di rection foR+Fig. cdferd Uy tahﬁigﬁ%rﬁf@eﬁaéniélgitﬂﬁihe&déi':q&) obtafifr med

In the center- of the rear portion , the left side), four

support rogge3%alrer Mhoat haRdmBeh high hrWaler mount groove portions 38
are formed and which have a circCular secCtion shape are di sposed so

that the vafer noufth ¢h8OWEfed bHLE [EHBiATdd Gad AERGHI B YaliveSClslckO
the centers of sem conductor wafers "W to be nounted on the wafer

nount g 00tBe suppPEtiddlls 34 Therd hot Lfavulad stotiti shipes UEE Buckddag39
are nade of a ceram c base material and the outer surfaces of the

vertical loadWalkehnRedlastdehnid thedubgfulemMidee igo\watRmhdad.a high-purity
20 ceramc film(not shown). In the support rods 39, a chanfer 40 S

formed in the |overigeri 2gntal 19dgeow asite®ivdlei okl afafdriBoat of gheove
portions 38. A projection 42 protrudes fromthe front portion (in Fig.

18, the ri phtiox ai)kt.of Ihhehbowefed bdbet 3 between uppéer andelobree Ainghi ch
serves as the reference for automatic 25 transfer of the sem conductor
waf ers "W plateeldke phatée 30and 37 in kach of whixclpos2iti 3B elongating
10 in the wafer insertion direction (in Fig. 18, from the right side
to the left side) is formed in the center of the rear portion (in
Fig. 18, the left side), four support rods 39 in which a number
of wafer mount groove portions 38 are formed and which have a
circular section shape are disposed s‘o that the ;wafer mount groove
15 ©portions 38 are respectively directed to the centers of
semiconductor wafers “W” tobemounted on the wafer mount groove
portions. The plates 36 and 37, and the support rods 39 are made
of a ceramic base material and the outex: surfaces of the vertical
wafer boat constituted by them are covered by a high-purity
20 ceramic film (not shown). In the support rods 39, a chamfer 40
is formed in the lower horizontal edge of each of the wafer mount
groove portions 38. A projection 42 protrudes from the front
portion (in Fig. 18, the right side) of the lower plate 37. A
reference face 41 which serves as the reference for automatic

25 transfer of the semiconductor wafers “W” is formed on the lower

face of the projection..



’3- In the vertical wafer boat, when a sem conductor wafer
"W is to be transferred, the position of the correspondi ng wafer

nount groove portion 38 is obtained on the basis of the reference face
41, thereby enabling the sem conductor wafer "W to be 5 automatical ly
transferred. In the former prior art vertical wafer boat,
since the support rods have a triaﬁgular section shape, the ceramc
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Therefore, this causes™a emin that, during ~a subsequent waf er
transfer process or heat processing, the CVD filmdeposited on the
vertical edges of the support rods and the upper and | ower hori zont al
edges of the wafer nount groove portions nay be peeled off to function
as particles and the 25 sem conductor wafers to be treated may be

adversely affectedrlythe former prior art vertical wafer boat, since the
support rods have a triangular section shape, the ceramic £ilm
10 on the vertical edges are easily broken by a contact with another
member during production or use, or concentration of thermal
stress due to heat cycles duringuse. In such a case, there arises
a problem in that impurities may be emitted from the ceramic base
material and the semiconductor waférs to be treated may be
15 adversely affected by the impurities.
When an 8i0, £ilm, an SisNy; £ilm, a poly-Si film, or the
like is to be formed on the surfaces of semiconductor wafers by
a method such as the LP-CVD method, tye CVD film is formed not
only on the semiconductor wafers but also on the vertical wafer
20 boat itself. Therefore, this causes a problem in that, during
a subsequent wafer transfer process or heat processing, the CVD
film deposited on the vertical edges of the support rods and the
upper and lower horizontal edges of the wafer mount groove
portions may be peeled off to function as particles and the
25 semiconductor wafers to be treated may be adversely affected by

the partigles.



'}he barticles. - 4-

In the latter prior art vertical wafer boat, since the support rods
have a circular section shape, the problens produced in the fornmer

waf er boat do not occur. However, the horizontal : sectional view of the
waf er nmount groove portions form an acute 5 angl e, and hence there arises
a problemin that the ceramc film -4forned on the edges and the CvD

fil mdeposited on jhe edges .ma .

vertical wafer a%% E%?qﬁﬁaﬁVé€€§°Ei8§ |X§r§?883 yafer b&FFerseQSﬁ E?%p
Usual |y, homever a_cl eanin rocess is .10 no erf Led, be ause the
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characterlggdpéglégagfﬂont and rear sets

The vertical wafer boats may undergo a cleaning process
after each step. Usually, however, such a cleaning process is
10 not performed, because the productivity is impaired and a part
of the ceramic film may not be cleaned away.
. Since both the vertical wafexr boats have the four support
rods, the number of portions where semiconductor wafers are
supported is large. Thisproduces aproblem in thata large number

15 of particles may be produced.

Summary of the Invention
It is an object of the invention to provide a vertical
20 wafer boat in which a ceramic film is prevented from being peeled

off and the useful life is extended.

In order to solve the problems, a first aspect of the
vertical wafer boat is characterized in that front and rear sets
25 each consisting of two support rods which are bilaterally

symmetrically arranged are respectively disposed in front and



25 each consisting of two support rods which are bilaterally
symmetrically arranged are respectively disposed in front and

- 5- rear sides between upper and | ower plates, a nunber of wafer nount
groove portions are forned in at |east three of the support rods, t he
pl ates and the support rods are made of.sa ceram c base materi al, out er

surface of vertical wafer boat of the plates and the support 5 rods are

covered byfgabi%iaﬁye%e%% L& bhiMowily b{iﬁgafl‘;"g%tﬁ‘zhmber of WdRb rHAME

portions of right left s ort rods of set are |located

in front 0fr8oG8BEELibAE Y BBrhed RS RENELIL Fhree oft&é‘gug SElrdyl,

di recti on of .sem”™conductor wafers which-are to be nount on t he wafer

mount  gr 00YRe RAL#Nan@h ' PhbgOYE fbds b eSRidd 88% 8brblSc MRl MU, 0r OOVe
portions of the support rods have-a pol ygonal shape, angles of which

are all ano@bb¥SfuSFUbEDE vertical waferbRACBRLIRS paakesfadd @nkesdpsddt
wafer boat is characterized in that, in the first vertical wafer boat,

both ofs  roddPReE aB¥eka¥chy &l I8HhObulrieyebeamIBURY 181, 0¥ €1 L% L e Of
the 15 support rods are chanfered. A.third aspect of the

vertical wabehthPedové pdifidflsc6f 24Ght andi1rzesmhp?b&tt &4 g enaressgond
vertical wafer boat, the plates have a ring plate-like shape in which

a slit el opgatarg Idedted in £rvRt If aNE6hEESNLHid hliichNik pdApdmdl dul &
center of a rear portion, 20 and the wafer nount groove portions of the

ri ght and tefansimppeftion diréskicd dfheehiedhdadtorewafaetSwhiylR d@re to
hori zontal section of a substantially sanme area.

Pr ef er abl ybeimotiheeduppoither wdfepimblnet fgdveansbrebon sedsd horizanttdl i 0 oOf
the area of the horizontal section of the wafer nount
10 sections of the wafer mount groove portions of the support rods
have a polygonal shape, angles of which are all an obtuse angles .

A second aspect of the vertical wafer boat is
characterized in that, in the first vertical wafer boat, both of
upper and lower edges of the wafer méunt groove portions of the

15 support rods are chamfered.

A third aspect of the vertical wafer boat is characterized
in tha.t, in the first or second vertical wafer boat, the plates
have a ring plate-like shape in which a slit elongating in the
wafer insertion direction is formed in a center of a rear portion,

20 and the wafer mount groove portions of the right and left support
rods of the front and rear sets have a horizontal section of a
substantially same area.

Preferably, in the support rods of the front and rear sets,
a ratio of the area of the horizontal section of the wafer mount

25 groove portion of each of the left support rods to the area of

the horizaontal section of the wafer mount groove portion of each



25 droove portion of each of the left support rods to the area of t he
hori zontal section of the wafer nount groove portion of each

- 6- of the right support rods is 1 : 0.95to 1. 1.05. A
fourth third aspect of the vertical wafer boat is - characterized in
that, in the first or second vertical wafer boat, the plates have a

ring plate-like shape in which a slit el-gating 5in the wafer insertion

direction ié?fghgegii t?S ggéggt%édg {8 . 0.9 Qééifn, gq&sone of the rear

right and | eft Suppd rear Set I's Teplated"with a

reinforcing rod havhng?ﬁgtﬂafcggr@é%?%i% of E%}P?O\éﬁe,%{é%g%af?r boat, is A

fifth third aspect of e vertical aracterized Tn
that, in th Lty far . e f ’

port | ons of CPAZUEESRISEU 7 Entl, B hBles chior seccl ox ERUY i8S Hoac
waf er nount i rs . .

r ei nforci ngtira%ﬂ%\:/éé)ggﬁh%p?%%# s%eg?ilé{r? Shagagfgpghé %glgT gn?’ ?:a‘%?‘gn%%tr:rléng
area. 5 in the yaflf'Slolonal ALOLEL I BB 10 o R 200! Blar
sections of the wafer nount groove portions of the support rods of the
front set. gBdedondl hAdObnd o ARA-Ehe I DENOAP A HoEHOI rods BF LHE
waf er nount™groove portion of the rear support rod to t area of the
horizontal sgati 98tQfs LRB1RELAWN G AGdOEH &nly ol BRvikd nd ng_e'r zﬂ%&ﬁ: _
A sixth aspect of the vertical wafer boat iIs characterized in that, in

the first agpgeve pRReLioaNd | Oower edges of said wafer nmount groove
portions of said support rods has

A fifth third aspect of the vertical wafer boat is

10 characterized in thaf, in the fourth vertical wafer boat, the
wafer mount groove portions of the right and left support rods
of the front set, the wafer mount groove portions of the rear
support rod, and the reinforcing rod have a horizontal section
of a substantially same area. |

15 Preferably, a ratio of the areas of the horizontal
sections of the wafer mount groove portions of the support rods
of the front set, and a ratio of the area of the horizontal section
of the wafer mount groove portion of tl:xe rear support rod to the
area of the horizontal section of the reinforcing rod are 1 : 0.95

20 to 1 : 1.05.

A sixth aspect of the vertical wafer boat is
characterized in that, in the first aspect, upper and lower edges
of said wafer mount groove portions of said support rods has
chamfered surfaces, the surface roughness (Ra) of which is 0.3 to

25 500 pm.

In the specification, "front" means the side through



éhanfered surfaces, the surface roughness (Ra) of which is 0.3 to 25 500

[err]m In the specification, "front" neans the side through
-7- whi ch sem conductor wafers are | oaded and.unl oaded.

As the ceram c base material, useful are SiC inpregnated wi th netal
Si(Si- SiC), self-sintered SiCin which Bof 0.1 wt% or less is used

as a sintering auxiliary, Si3N4, and the-like. 5 As the high-purity
OO A er T feo B daBe Gotsra f fordeg pippsaded ' LT ) o
the 11 ke, - 0 ¢ RS R GRRERTEag Ball TaL, £ERELT RS AR Frnreanatiffove
acut o angl'e-0f UTRE HPGHy B30 SBKEFDRAKRRT R IR AN b S8R e

Pret orablyt AT edaps er oot Tt e L A PET Y BN, apd, the dike.
Groovespor ALY Hilth N} dARNAE18, PALKEATLred cTBARECIELES, RS an

obt use angl e of 100[%er ocess may

be perf or reagh.by; 47, Sp08h! astcvp-a1,B; EEES, ¥n h%zlkzg% x@{f%f%@?gx,%%&%x The

chanf ered portions have a surface roughness

chanf er ed yOA¢i Q9 an sic SRYSHK, HAYd autedias fﬁté}ﬁbﬂﬁi%ikﬁ'ﬁﬁm&eed

face and a rounded 20 face. Roughness(Ra) is defined as afithnetic mean
devi ati on g§d the 1iimweloughness prosile, by JI'S B0601(1982).
When the ratio of the areas of horizontal sections of the waf er nount

groove portions ofWHdie KPP td D Kedtichl dleddrafer mount groove
10 portions of the support rods have a polygonal shape which has an
acute angle of 90° or less, a ceramic film or a deposited CVD £ilm
may be peeled off by an impact force or tﬁermal stress.

Preferabiy, all edges of a horizontal section of each

wafer mount groove portion of the su'pport xrods have a polygonal
15 shape which has an obtuse angle of 100° or more.

The chamferiné'process may be performed by a sandblast
process or the like. Preferably, the chamfered portions have a
surface roughness{Ra) of 0.3 to 500 pm? The chamfered portions
may be configured as either of a flat chamfered face and a rounded

20 face. Roughness(Ra) is defined as arithmetic mean deviation of
the roughness prosile, by JIS B0601(1982).

When the ratio of the areas of horizontal sections of the
wafer mount groove portions of the support rods is outside the
range of 1 : 0.85 to 1 : 1.05, the upper and lower plates may be

25 thermally distorted, and the boat is finally deformed or broken.

The reinforcing rod is made of a ceramic base material



range of 1 : 0.95 to 1 : 1. 05, the upper and | ower plates may be 25
thermally distorted, and the boat is finally deforned or broken.

The reinforcing rod is nmade of a ceram c base materi al : whi ch
is simlar to that of the plates and the support rods. The surface of
the reinforcing rod is covered by a high-purity ceramc filmin the
sanme manner as the plates and rods. -8- BRI EF

DESCRI PTI G sy, IEE?%#QQ% that of aifhe\Agg.a%EQ' and tfshé‘ Sl +ViE46 Shayieng a

first enmbodi nment o vertic er boat of the“fnvention

Fig. 2 is gf,586dd 8?'%5We&%@%&c@.h§%& E.g ddierdy éyg% hE%g-pu}Qt}'cermic

Fig. 3 1s a section view taken along the-line B-

Fig. 4'is td Vi) f r Vi ng waf er
mount groﬁe%gr%?i%gés %%ﬂ?h%%%i%algﬁ\g er anté%%o'%fgg' 15 1.

Fig. 5is a cross section view show ng a second enbodi nent of the
vertical wafer boat of the invention. Fig. 6 is a parti al
enl arggd view of a front support rod havi ng waf er nount groove
portions in the wafer boat of Fig. 5. 20 - Fig. 7 is a section
view taken along the |ingrfErADESERIPTIONIGF ¥HE DRAWINGS Fig. 8is a

front view showing a third enbodi nent of the
Fig. 1 is a front view showing a first embodiment of the

vertical wafer boat of the invention.
Fig. 2 is a section view taken along the line A-A of Fig.
10 1.

Fig. 3 is a section view taken along the line B-B of Fig.

Fig. 4 is a cross sectionview of a front support rod having
wafer mount groove portions in the \}ertical wafer boat of Fig.
15 1.
Fig. 5 is a cross section view showing a second embodiment
of the vertical wafer boat of the invention.
Fig. 6 is a partial enlarged view of a front support rod
having wafer mount groove portions in the wafer boat of Fig. 5.
20 Fig. 7 is a section view taken along the line A'-A' of
¥Fig. 6.
Fig. 8 is a front view showing a third embodiment of the
vertical wafer boat of the invention.

Fig. 9 is a section view taken along the line C-C of Fig.

Fig. 10 is a section view taken along the line D-D of Fig.



vertical wafer boat of the invention. Fig. 9 is a section
view taken along the line CGC of Fig. 25 8. Fig. 10 is a
section view taken along the line D-D of Fig.

-9- 8. Fig. 11 is a cross section view of a support rod
havi ng waf er nount groove portions in the vertical wafer boat of Fig.
8. 5 Fig. 12 is a partial F8ngitudinal section view of a wafer
mount grooye portion of a support rod in the vertical wafer boat of
Fig. 8. Fig. 13 is a cross section view showing a fourth

embodi nent of the wgg!tirpl; vaf éioggaée@f:l&:@eviéweéﬁ i20Buppb@t rod hav:.nr?ﬁv g.
14 is a cross section view of a support-rod of cOnpari son exa e of

a verticalyedLmAOH -groove portiond it the wér%ﬁrls%%hvsoat% SV ng a
vertical wafer boat of the prior art. Fig. 16 is a

partial |oggitudinal section view of a wafer 15 nount groove portion of a
support rod in the vertical wafer boat of Fig. 15. Fig.

17 is § perspecti veigi a@ §b@/\§agtaamtir&igﬂamm§i sectio{eéw RiFah rdhe
prior art. 8 is a section view taken along the line E-E

of Fig. ZJfbddt groove port:.oanE a Eupport pal! idl th@Rairdtidanakases iyt Vi ew
of a wafer nmount groove portion of a support rod in the vertical wafer
boat of Fig. 8.
Fig. 13 is a cross section view showing a fourth
embodiment of the vertical wafer boat of the invention.
10 Fig. 14 is a cross section view of a support rod of a
comparison example of a ve;:tical wafer boat.
Fig. 15 is a perspeétive view showing a vertical wafer
boat of the prior art.
Fig. 16 is a partial longitudinal section view of a wafer
15 mount groove portion of a support rod in the vertical wafer boat
of Fig. 15.
Fig. 17 is a perspective view showing another vertical
wafer boat of the prior art.
Fig. 18 is a section view taken along the line E-E of Fig.
20 17.
Fig. 19 is a partial longitudinal section view of a wafer
mount groove portion of a support rod in the vertical wafer boat

of Fig. 17.

25 Description of the Preferred Embodiments

Hereinafter, embodiments of the invention will be



of Fig. 17. 25 Description of the Preferred Enbodi nents

Hereinafter, enbodi ments of the invention will be

-10- described with reference to the acconpanyi ng draw ngs.

Fig. 1is a front view showing a first enbodi nrent of the verti cal

waf er boat of the invention, Fig. 2 is a section view t aken al ong the

line AAA of Fig. 1, and Fig. 3 is a secfg-on view 5 taken along the |ine

> 8 o T Sagderivog, nitn perebiabiCed' A RastuRictpdoRrdaatg, oper a0

| ower pl ates Whi'C S respectively. The
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a high-purity ceram e upper

and Iowﬁr Eéﬁéﬁsaioﬂgftﬂe &mgesgp§05f F%g. ipds 4 in which a nunber of
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3 toward the center of " the plate 2 (1). The“support “rods 4 “are
located i mfiRat2 Havd@a ¢8RGCH14t821Pk@fshape in which a slit elongating
in the wafer insertion direci:ion (in Fig. 3, from the lower side
10 to the upper side) of semiconductor wafers “W”
is formed in the center of the rear portion (in Fig. 3, the upper
side), and are formed from a ceramic base material of Si~-SiC, the
surface of which is covered by a high-purity ceramic film of
cvp-sic. |
15 Between the upper and lower plates 1 and 2, two support
rods 4 in which a number of wafer mount groove portions 3 are formed
so as to horizontally elongate and to be vertically arranged'at
constant intervals are bilaterally (iq Fig. 3, in rightward and
leftward directions) symmetrically disposed, with directing the
20 wafer mount groove po_rtions 3 toward the center of the plate 2(1).
The support rods 4 are located in front of the center line 5 of
the plate 2(1), which is perpendicular to the wafer insertion
direction (in Fig. 3, in downward direction)of semiconductor
wafers “W” -which are to be mounted. A reinforcing rod 8 having

25 no wafer mount groove portion, and another support rod 4’

configured in the same manner as the support rods 4,4'are



the plate 2(1), which is perpendicular to the wafer insertion

direction (in Fig. 3, in dowward direction)of sem conductor waf ers
"W which are to be mounted. A reinforcing rod 8 having 25 no wafer nount
groove portion, and another support rod 4' configured in the sanme
manner as the support rods 4,4 are bilaterally symretrically
di sposed so as to be closer to the rear11- I nner side. In the sanme manner

B ar e f or mi VAL B e tpasal 1y at sppetd e o o B elofef S bhe Sruce
Among the SHBDH EufSds A0 he TaE RRBREF AR AR BIG LY babe 2, HesR giprpre
ho. oot andEiet 't PBR 11 FoLararct e md Ptk Torned frap 2 pRsRRsfbaste
parall ol WEHTREE b HAS ERBronEot iTEat S WHREM a3 cBRESTsHont & on
4 has a5sqqﬁ§h€é‘?%;r€9 éggggic ﬁilm %}fjr.ec ..!_éj;‘&f"t ed so that one side face is

opposed~to I nsertron I"on." In the rear one support rod,
citcle which 15 (g i SuePBER - da0t R i BTG MR 90 g

xt ongs |8 Bave 6 eC AR EEL ARG A RE R N Bl TR B JE T
Uho ver i caT-TRREE BT0F ho Rt prer v nohey B e B ieaved A ™ g =r%s

(i ncluding §ihgeyetid&alarRitte leiQQWé%h@HQEegrﬂeﬁﬁt groove portions

10 3 extend in substantially parallel with the wafer insertion
direction. The rear one suéport rod 4 has a square section shape,
and is located so that one side face is opposed to the wafer
insertion direction. In the rear one support rod, the walls 12
of the wafer mount groove por‘tions_3. extend along a circle which

15 is centered at the center of the plates 1 and 2. The reinforcing
rod 8 has a rectahgular section shape, and one side face extends -
along the circle which is centered at the center of the plates
1l and 2. As shown in Figs. 3 and 4, an oblique chamfer 9 is formed
on the vertical edges of the support rods 4,4’ and the reinforcing

20 rod 8 (including the vertical edges of the wafer mount groove
portions), and the horizontal sections of the wafer mount groove
portions 3 of the support rods 4 and the horizontal section of
the reinforcing rod 8 have a polygonal shape which does not have
an acute angle of 90° or less.

25 In each of the support rods 4, a wall 12 which is to abut

against the side face of a wafer may have either of a rounded face



portions), and the horizontal sections of the wafer nount groove

portions 3 of the support rods 4 and the horizontal section of t he
reinforcing rod 8 have a pol ygonal shape whi ch does not have an acute
angle of 90[err] or less. 25 In each of .the support rods 4, a
wal | 12 which is to abut agai nst tq% side face of a wafer may have

either of a rounded face -12-

corresponding_to the.outgr peripheral shape_of the wafer., and fl at
chape. O e88xs SpbRE1RY £ A5G SRS CpeRERERAT PRERELE nE Madr ; aplia
pl at es fl% agg Zedue to a difference in thermal expansion from
occurring, _E AB®areas of the horizontal sections of the wafer nount
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reinfor Cekéggigﬁs SFhod %hgeﬁihgh% %%‘g ig%g %3 ort & gds tﬁog'n%h% fglpgl:bgéir

respectiv r plates ovl ded

with 15 pgobegibeintiaify’elayingo! ELEHCHERSkACRAC tABTalaabobEAREMRL i ©

waf er transter whic ed on the upper and Tower sides of
waf er insepbi9Roatde: séiﬁ:@@ﬁ&'d@? lthe wafer mount gt8otBSpdPufo kO bBUERE

vertical wafer boat, th hori zontal sectionS of tHe wafer nobunt groove
portions 3r@ir!&@pport rods 4’ and the area of the horizontal section of
10 the reinforced rod 8 are substantially equal to each other. In
other words, the area ratio of the right and left suppc;rt rods
(the reinforced rod)is set to be in the range of 1 : 0.95 to 1 :
1.05, respectively.
The upper and lower plates 1 and 2 are provided with
15 projections 7 and 7' having reference faces 6 and 6' for antomatic
wafer transfer which are formed on the upper and lower sides of
the wafer insertion side, respectively.
In the thus configured vertic_al wafer boat, the
horizontal sections of the wafer mount groove portions 3 of the
20 support rods 4,4’ and the horizontal section of the reinforcing
rod 8 have a polygonal shape which does not have an acute angle
of 90° or less. Even when an impact force or thermal stress acts
on an edge, therefore, a ceramic £ilm or a deposited CVD £film is
hardly peeled off, so that the useful life is extended and

25 particles are prevented from being produced.

The reinforecing rod 8 may be changed into the support rods



20 ‘support rods 4,4' and the horizontal section of the reinforcing

rod 8 have a pol ygonal shape which does not have an acute angle of
90[err] or less. Even when an inpact force or thermal stress acts | on
an edge, therefore, a ceramic filmor a deposited CVDfilmis hardl y
peeled off, so that the useful life is jgxtended and 25 particles are
prevented from being produced. The reinforcing rod 8 may be

changed i bo t UpRoO r _
F150 HR RGeR RR R 808 Four supRoFE Fode #rS vesd wheR
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groove portions 3 are used, and remai ni ng one support

repl acgd YWrAdd vl oritiny Hetused theNpiE8s HuNBf S§Eoove ndPNKe
% d? %e verti cal

portion. cordlng to this configuration, the 10 stren

waf er boalg ﬁoﬁ%%x%c@ﬁé’é@ﬁaéﬁd %@%fora Eﬁfe&%ﬁ%mé 4" Q% ihg CAN
be prevented from bei ng broken. rlng processes of insefting am?

transferriyhe GRELEANSMISE Yroove phRtLhfs VarkMifeq! at:{& Brehgetgd £{n
groove portions 3 in a - step of vapor phase gromﬁ for wafers,”a CvD

filmwhi clzupporteesd il reganeshl it Bhb e 10d ¥ o Iy Ho 8 MMA PR S lv.%%zf'i
rubs wth the wafers and particles are produced. Since the nunber of

the ,4's fdtditl RFoove Pd¥etisd.cr ABBUBHiIAGOBYECtRLE! cOREigurateduGegnly one,

t he productlon of particles can be suppressed by the degree

corresponditigngtDE the vauitieall wafe# boat 5 can be ensured and hence
the other support rods 4,4’ can be prevented from being broken.
During processes of inserting and transferring semiconductor
wafers “W” into or from the wafer mount groove portions 3 in a
step of vapor phase growth for waferé, a CVD £ilm which has been

15 deposited on the wafer mount groove portions 3 rubs with the wafers
and particles are produced. Since the number of the ,4’s 4 having
the wafer mount groove portions 3 is reduced by one, the production
of particles can be suppressed by the degree corresponding to one
support rod 4’.

20 The upper and lower plates 1 and 2 which have the
substantially same shape have the configuration in which the
projections 7 and 7' having reference faces 6 and 6' for automatic
wafer transfer are formed at the most front position of the
insertion side of the semiconductor wafers “W” and on the upper

25 and lower sides of the wafer insertion side, respectively.

Thereby the boat can be used in a same manner, in the case that



20 The upper and | ower plates 1 and 2 which have the
substantially sane shape have the configuration in which the

projections 7 and 7' having reference faces 6 and 6' for automatic

waf er transfer are forned at the nost front position of the i nsertion
side of the sem conductor wafers "W ggg_on t he upper 25 and | ower sides
of the wafer insertion side, respectively. Thereby the boat can be
used in a sane._nan
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the life wat er 0 expire. 10 ven when such™a case occurs,
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waf er boat nded I'nverting the vert

boat 5 ; . . ; . d
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wafers in t he waf er groove portions

a Cross seghd as{i1aMmsLe 'a%iéléﬁ%faaﬁgém the senﬁfc&r{&d@fz[vja cdaf er

boat of the invention, Fig. 6 1s a partia enl arged view o ront

support r o&:@aéﬁgéw,f SheFEHY loaH<ARPthe 1iH06F ik WaFRHLIRE o HQHM rOf
Fig. 5, and Fig. IS a section view

10 Even when such a case occurs, the above~mentioned configuration
allows the life of the vertical wafer boat 5 to be largely extended
by inverting the vertical wafer boat 5 and then performing the
antomatic mounting of semiconductor.wafers into the wafer mount
groove portions 3. |

15 Fig. 5 is a cross section view showing a second embodiment
of the vertical wafer boat of the invention, Fig. 6 is a partial
enlarged view of a front support rod having wafer mount groove
portion in the wafer boat of Fig. 5, an.d Fig. 7 is a section view
taken along the line A'-A! of Fig. 6.

20 In the vertical wafer boat, chamfers 10a and 10b are
formed on the opening edges, i.e., the upper and lower horizontal
edges of wafer mount groove portions 3 by a sandblast process or
the like, and have a surface roughness(Ra) of 0.3 to 500 pm. In
this embodiment surface roughness (Ra)of the chamfered portions

25 dis 1pum. In the case that a surface roughness (Ra) of the chamfered

portions is less than 0.3 pm, the CVD £ilm deposited thereon is



‘taken al ong the line A-A of Fig. 6. 20 In the vertical wafer

boat, chanfers 10a and 10b are formed on the opening edges, i.e., the
upper and | ower horizontal edges of wafer nmount groove portions 3 by a
sandbl ast process or the Ii ke, and have a surface roughness(Ra) of 0.3
to 500 [err]m In t hi s enbodi nent surface roughness (Ra) of the

chanfered portions 25 is 1l[err]m In-13e case that a surface roughness
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enbodi ment of the vertical wafer boat of the invention, Fig. 9is a
sectigmp view Therefore, the vertical wafer boat can attain the same

effects as those of the first embodiment, and another effects that
a ceramic £ilm of the upper and lowex ﬁorizontal edges of the wafer
mount groove portions 3, anda deposit_ed CVD £ilm are hardly peeled
of:é by an impact force or thermal stress. As a result, the useful

15 1life can be further extended and particles can be prevented from
being produced.

Fig. 8 is a front view showing a third embodiment of the
vertical wafer boat of the invention,_Fig. 9 is a section viev.r
taken along the line C-C of Fig. 8, and Fig. 10 is a section view

20 taken along the line D-D of Fig. 8.

In the same manner as the first and second embodiménts,
upper and lower plates 1 and 2 have a ring plate-like shape in
which a slit elongating in the insertion direction (in Fig. 10,
from the lower side to the upper side) of semiconductor wafers

25 W is formed in the center of the rear portion (in Fig. 10, the

upper side), and are formed from a ceramic base material of Si-SiC



taken along the line GC of Fig. 8 and Fig. 10 is a section view 20

taken along the line D-D of Fig. 8. In the sane manner as the
first and second enbodi nents, upper and lower plates 1 and 2 have a
ring plate-like shape in which a slit elongating in the insertion
direction (in Fig. 10, fromthe | ower side to the upper side) of

sem conductor wafers 25 Wis forned injghe center of the rear portion (in
Fig. 10, the upper side), and are fqrmed froma ceram c base terjal
of Si-Sic the surface of which is covered by a high-purifty ceramif £ edce
of which is_covered by a high-purity ceramc film of CVvD- Si C.

Bet ween th&"d}ip%ﬁ'and | oner plates 1 and. 2, four support rods 4,4" in
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10 each of the pairs, the support rods are bilaterally (in Fig. 10,
in rightward and leftward directions) symmetrical. The support
rods 4 of the front pair are located in front of the center line
of the plates 1 and 2 which horizontally perpendicular intersects
with the insertion direction of semiconductor wafers “W"” which

15 are tobemounted. The support rods 4,4’ are formed from a ceramic
base material of Si-SiC the surface of which is covered by a
high-purity ceramic film of CVD-SiC. As shown in Fig. 11, all
the four support rods have a deformed .pentagonal section shape
in which the front face side has a triangular shape and the rear

20 face side has a rectangular shape. The front face side is directed
to the center of the plates 1 and 2, and the walls 12 of the wafer
mount groove portions 3 extend along a cirxcle which is centered
at the center of the plates 1 and 2. In each of the support rods
4,4’ , chamfers 10, 11, 10a, and 10b are formed on the opening edges,

25 i.e., the upper and lower horizontal edges of the wafer mount

groove portions 3 by a sandblast process or the like, the



the four support rods have a deforned pentagonal section shape I n
which the front face side has a triangular shape and the rear 20 face

side has a rectangul ar shape. The front face side js directed to the
center of the plates 1 and 2, and the walls 12 of the wafer nmount
groove portions 3 extend along a circle which is centered at the
center of the plates 1 and 2. In eachd¥~the support rods 4, 4"
chanfers for.nedon th enlnged So
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substantlal y equa 10 each other. In ot the area ratio of
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to sane manner as the first enbodi nent, in
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ref erence faces 6 and for "automatic wafer transfer are forned
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The configurati on of the above-described vertical wafer
10 each other. 1In other words, the area ratio of the right and left
support rods is set to be in the range of 1 : 0.95 to 1 : 1.05.
In the same manner as the first embodiment, in the upper
and lower plates 1 and 2, the projections 7 and 7' having refexrence
faces 6 and 6' for automatic wafer transfer are formed on the upper
15 and lower sides of the wafer insertion side, respectively.
The configuration of the above-described vertical wafer
boat is identical with that of the second embodiment except that
all the support rods 4,4' are configured in the same manner, and
hence the vertical wafer boat can attain effects which are
20 substantially same as those of the second embodiment.
Fig. 13 is a cross section view showing a fourth
embodiment of the vertical wafer boat of the invention.
In the same manner as the first and second embodiments,
in the vertical wafer boat, one of the rear two support rods 4

25 is replaced with the reinforcing rod 8.

The other configuration and the effects are identical



boat "is identical with that of the second enbodi ment except that al

the support rods 4,4' are configured in the sane manner, and hence t he
vertical wafer boat can attain effects which are 20 substantially sane as
t hose of the second enbodi nent. Fig. 13 is a cross section
view showing a fourth enbodi nent aof, the vertical wafer boat of the -

I nventi on. In the same nanner as the first and second

enbodi nent s, in the yertical er,. boat , e of the rear t support
rods 4 25WiEh; EBP&Ee&Q\Mt;{’ﬁ érﬁegﬁé’Bﬁ?ﬂnﬁﬂ rogﬂ%ﬁ same °°mp°nenv¥')sl' St her
configuration,and %nggf ects are i.dentic
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5 SiLicon wafer.s in.whi a thermal oxide film(Sigerr]) of
100 nmis ?B?ﬂgﬁrﬁﬁ PREYGPFaE ‘prepared. Under the LP- D

condltkpns i sted si . con waf er g@ted

' f .
on each’ of the fol g#\é\’an\?gﬁ %%%Iefﬁg‘}'}é%’g%oaat%hemjt h°é‘rf‘dse \E&% F‘s"ozim

(Phosphor oggl, £ 0Red sHOkicsl kORe! LLERLo1R0-0LYBSRLERT Yl Yo (e

surfaces o e verti ca oaf o e second

ebodi MEN! v condPibHE 1EHIAPBLILR! Ho ROBLaSIos B! gl LhocHRRLI L.
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e 000! R EROL AT e e AR VIHAILA silcorlBonbl S L
a P (Phosphorous)-doped polysilicon £film of 150 nm was formed on
10 the surfaces of the wafers:
(1) the vertical wafer boat of the second embodiment;
(2) the vertical wafer boat of the fourth embodiment;
(3) a vertical wafer boat which, in the same manner as these
vertical wafer boats, is formed frozﬁ a ceramic base material of
15 8i-8iC the surface of which is covered by a high-purity ceramic
film of CVD-SiC, and in which the support rods 4,4’ have vertical
edges of an acute angle of 90° or less as shown in Fig. 14, and
the horizontal edges of the wafer mount. groove portions 3 are not
chamfered;
20 (4) a vertical wafer boat which has the shape shown in Fig. 15
and, in the same manner as that of the embodiment, is formed from
a ceramic base material of Si-SiC the surface of which is covered
by a high-purity ceramic £ilm of CVD-SiC; and
{(5) a vertical wafer boat which has the shape shown in Fig. 18
25 and, in the same manner as that of the embodiment, is formed from

a ceramic base material of 8Si-SiC the surface of which is covered



filmof CVD-SiC, and in which the support rods 4,4' have verti cal

edges of an acute angle of 90[err] or less as shown in Fig. 14, and

t he horizontal edges of the wafer nobunt groove portions 3 are not
chanfered; 20 (4) a vertical wafer boat which has the shape shown in Fig.

15 and, in the sane manner as that of the enbodinent, is formed from
a ceram c base material of Si-SiCthe-ggrface of which is covered by a
hi gh- puri cer.am.c_ f| | m of CVD-Si and ( a vertical wafer boat

whi ch hast’%/-% "ﬁe?—‘?‘“b"c %’%?fa%‘@ Q\Cthe sane manner as that

of the enbodi rrent Eﬁ 1:éo(r:me ’e‘if wafer goag a?}.f ba e(é’rPt gcrhere gLogé-nSéC
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new condi t1 ons

silicon V"aél-?é PHYIE S A0S Ofs WMV LIL A when the LP-CVD process was

10 zxepeated 500 times, and cracks were formed in the CVD-SiC £ilm

of the boat when the LP-CVD process was repeated 650 times. All
of the boats (3) to (5) were required to be replaced with a new
one.

LP-CVD conditions:

15 A 50 silicon wafer (on the surface of which a
thermal oxide f£ilm of 100 nm is formed) are mounted on a boat;

B the boat is inserted into an LP-CVD furnace of
the atmospheric pressure and 500°C;

C while N; gas is purged, the pressure is reduced

20 to 0.3 Torr and the temperature is raised to 650°C;

D a mixture of SiH; (monosilane) gas of a
concentration of 80% or higher, He gas, and PH; (hydrogen
phosphide) gas is charged, and a P (phosphorus) -doped poly~-Si £ilm
of a thickness of 150 nm is formed;

25 E the supply of SiH; gas, He gas, and PH; gas is

stopped, and N; gas is purged;



thermal oxide filmof 100 nmis fornmed) are nmounted on a boat;

B the boat is inserted into an LP-CVD furnace of t he at nospheric
pressure and 500[err]C, C while N2 gas is purged, the
pressure is reduced 20 to 0.3 Torr and the tenperature is raised to
650[ err] G D a mxture of SiH4 (nonosilane) gas of a
concentration of 80% or higher, He gas, &3 PH3 (hydrogen phosphide)
gas is charged, and a P (phosphorus) -doped poly- Sl film a

thi ckness of 150 nnfis forngke PEessure is rqturned t?hEh%LﬁﬁﬂﬁﬁRheQiq¢1
as, He gas, and PH3 gas is stopped, ,and N2 gas.is_pu

g20- ) pressureF and th?hﬁeﬁP%E% Véelksr%?ﬁ?ﬁéé ts Fﬁ@agiﬁﬁgbherlc
pressure, and the tenperature i.s lowered to 500 err].C,. .an

the boat is removed®out of Y¢E3§95§3H§ St e ena - C¥Ref%¥%ﬁ%9

will be seen that the veptical oat t.he invention
excel | ent i n usef ul T hll‘??%‘L”re' it "’1 1 be seeﬁs“@i%écﬂ?%éﬁ?rfﬂ(ﬁ?& "5565%‘?%5 to

the first vention, the

hori zontal cFﬁ%n%nﬁ?ntiﬁn fﬁ ﬁﬁ%@i uﬁ? 5?%893 ﬁb?ﬁrons of the support
rods have a pol ygonal shape whi ch does not have an acute angl e of
90[err] or |ess. Even when an inpact force or thernmal stress acts on a
verti cal edge, therefore, a ceramic filmor a deposited CVD filmis
hardly peel ed off, so that the useful life is extended and particles

i s

As described above, according to the first aspect of
vertica;.l wafer boat of the invention, the horizontal sections of
10 the wafer mount groove portions of the support rods have a
polygonal shape which does not have an acute angle of 90° or less.
Even when an‘impact force or thermal stress acts on a vertical
edge, therefore, a ceramic film or a deposited CVD film is hardly
peeled off, so that the useful life is extended and particles is
15 prevented from being produced.

According to the second aspect of vertical wafer boat,
the same effects as those of the first as'pectt can bé attained,
and a ceramic film of the portions and: a deposited CVD £ilm are
hardly peeled off because -the upper and lower horizontal edges

20 of the wafer mount groove portions are chamfered, with the result
that the useful life can be further extended and particles can
be prevented from being produced.

According to the third aspect of vertical wafer boat, the
same effects as those of the first and second aspect canbe attained.

25 Further, difference in thermal expansion among the support rods

is reduced and the plates are prevented from being deformed or



" 15 prevented from bei ng produced. According to the second
aspect of vertical wafer boat, the sane effects as those of the first
aspectt can be attained, and a ceramic filmof the portions and a
deposited CVD filmare hardly peel ed off because the upper and | ower
hori zontal edges 20 of the wafer nount groove portions are chanfered, w'th
the result that the useful life cafibe further extended and particles

can be prevented fSLom bei ng{_jproduced. ) According to the
third aspebEokPycthpEsPY girépnpdag thacusefuldifecifeocts as those of the
first and second agpect ¢an be attained. 25 Further, difference in thernal

expansi on anong t hBCSEEFIRE Fodthe fourth aspecdy ofhyertdcglakases, poat,
prevent ed fyom bei ng_def orned, or ) br.oken, éhereb ext endi ng
the useful thpfgame effects as thage pfjithy £3rphe2PBFERORE AR FapiPeal
waf er boat , . the sane effects as those of the first and secqnd aspects
can be at&?%&?ﬁed?ngnd",’- WHORFOPRGHRE ARy egtts B¢ th Moy tivgnhe

hel d state of sem conductor fers,. the strengt t he vertical wafer
bont o, bELRkE L ST oS A R nt e KRR i Ehe ARHACAL WaTRY ng
broken. F thgrnnre si nce téx%{#: er of thzﬁsup ort rgps having t he
waf er mounPPgFoGeB B eRBR%e SUPBRTAs TRAS G0 Pe Pregented fFEoRS | o
reduced by, ope, th rodycti.on of partjcles.can 0 be_s ressed.b he
ot o corPELRBRFSIT o B SHTBOEE. r SHECS fhe RunbArcof, HH ERprrs tehedhded
According fo the fifth aspect of vertical wafer .hogt, the, sane effects
as those oPSTHBSH RS MREREBLEnE GRORYCROLTHORS WIHEh Fundtion as a'dSurce

of particles is reduced by one, the production of particles can
10 be suppressed by the degree corresponding to one support rod, and
the life can be extended. —

According to the £ifth aspect of vertical wafer boat, the
same effects as those of the fourth aspect can be attained, and
size difference between the support rods and the reinforcing rod,

15 which is caused by a difference between the rate of expansion of
the support rods and that of the reinforcing rod, are reduced so
that the plates can be pre%rented from being deformed or broken,
thereby extending the useful life.

According to the sixth asi‘:ect of vertical wafer boat, the

20 same effects as those of the first aspect can be attained, and
an adhesivity of the deposited CVD £ilm is improved and a deposited
CVD film are hardly peeled off because upper and lower edges of
said wafer mount groove portions of said support rods has
chamfered surfaces the surface roughness (Ra) of which is 0.3 to

25 500 ym, with the result that the useful life can be further extended

and particles can be prevented from being produced.



‘ size difference between the support rods and the reinforcing rod, 15
which is caused by a difference between the rate of expansion of t he
support rods and that of the reinforcing rod, are reduced so that the
pl ates can be prevented from bei ng deforned or broken, t her eby
extending the useful life. According to the sixth aspect of
vertical wafer boat, the 20 sane effects as those of the first aspect can
be attained, and an adhesivity of Re deposited CVD filmis inproved
and a deposited CVWD filmare hardly peeled off because upper and | ower
edges of Weaitd isakcdrimedis:gr oove portions of said support rods has
chanfered surfacés the surface roughness(Ra) of whichis 0.3 to 25 500
[err]mwi ththeresul tthatt-heusefullifecanbefurtherextended and
particles can be prevented from bei ng produced. '

- 22- Bhat QSRCVQFH%EP } yafer bQ?t °°?PAF§ERQ|caJ waf er boat conpri sing:

2 upper and | ower E aJr and front and rear sets
each consi £ing of twFFRESpaPe %ﬂ?zplﬁtﬁh1fwdare bilaterally synmretrically

oo s 1 Sk AR ol AP
fsgr ge [C)II :51'? e?t an 3 ré u%?)iég?e &?aagmé&p%’ 1;L §Og§ra§1gce§!r gﬁecr%%\%eﬂr}g{eg |nal
outer surfage cﬁfsﬂcﬂ%dvfﬁ tiroRk MR 8LaPQabes between upper and lower plates,
6 a number of wafer mount groove portions are formed in at least
7 three of said support rods,
8 wherein said plates ard-said support rods are made of a
9 ceramic base material, outer surface of the vertical wafer boat
10 made of said plates and said support rods are covered by a
11 high-purity ceramic film,
12 at least wafer mount groove portions of r;i.gh-t and left support
13 rods of said front set are located in front of a center line which
14 is perpendicular to an insertion direction of semiconductorx
15 wafexs which are to be mounted on said wafex mount gx:o.ove poxtion,
16 and horizontal sections of said wafer mount groove portions of
17 said support rods have a polygonal shape, angles of which are all

18 obtuse.
1 2. The vertical wafer boat accoxrding to claim 1, wherein

2 upper and lower edges of said wafexr mount groove portions of said

3 support rods are chamfered.

AR



10 made of said plates and said support rods are covered by a 11

hi gh-purity ceramc film 12 at | east wafer nount groove portions of
right and | eft support 13 rods of said front set are located in front of
a center line which 14 is perpendicular to an insertion direction of

sem conduct or 15 wafers which are to b@3nounted on said wafer nount

groove portion, 16 and horizontal sections of said wafer nount groove
portions df 17 sai 3. Shepvertiadsvhfier bpaorgeprding tepelaisany) eheoéimhi ch
are all 18 obtuse. 1 2. The vertical wafer boat according to

claim 1, vhersphd rlafissdravmd Misgarladegdike shappdinhéeh anlit efosgating
portions of said_ 3 support rods are chanfered. .

-23- 1 3 in thgw ferereiar ddrertbomtsafewred ig eocetEizned a wpe¥ ein
2 said plates have arin pL%te-Iike shape in which a slit elgngating 3 in
the wafer 4 nsBPFFbﬂndi?"égﬁa& Yaiqn MouRt GrOPVGRPELLIgNS £ 83id Mighdr &adn,
and said fe unt groove poriions, of said yight an 5 left, sypport_rods
of said frontienl TERFCTEEERAE SAHLEFOBRERT THREEFE MAIE & hATHEPRRE} Al |y
sane area. 1 .. 4ub 'I;_hetvei%i cal é/@‘ er boat according to claim 3,
wherein, © i R8O OB T NITER ALY T°9F SF®%nd rear sets, a ratio of

the 3 area of the horizontal section of said wafer nount groove portion 4
of each of said |eft support rods to the area of the horizontal 5 section

of said wafer mount 0fogxe MAlsical Wlei60a0beBBdinb UY o1 8P IPRALEERTS 15

in said support rods of said front and rear sets, a ratio of the

area of the horizontal section of said wafer mount groove portion

2
3
4 of each of said left supéort xreds to the area of the horizontal
5 section of said wafer mount groove port.ion of each of said right
6

support rods is 1 : 0.95 to 1 : 1.05.

5.The vertical wafer boat according to claim 1, wherein

said plates have a ring plate-like shape in which a slit elongating

Ww N

in the wafer insertion direction is formed in a center of a rear
4 portion, and one of said rear right and left support rods of said
5 rear set is constituted by a reinforcing rod having no wafer mount

6 groove portion.

1 6. The vertical wafer boat accorf:ling to claim 5, wherein
2 said wafer mount groove portions of said xight and left support
3 rods of said front set, said wafer mount groove portions of said
4 rear support rod, and said reinforcing rod have a horizontal

5 section of 'a substantially same area.

Iy i



1 ' 5. The vertical wafer boat according to claim1, wherein 2
said plates have a ring plate-like shape in which a slit elongating 3 in
the wafer insertion directionis formed in a center of a rear 4 portion,
and one of said rear right and |l eft support rods of said 5 rear set is
constituted by a reinforcing rod having no wafer nount 6 groove portion.
1 6. The vertical wafer boat according to claim5b, wherein 2
sai d waf er nmount groove portions of sai<4right and | eft support 3 rods of
said front set, said wafer nopunt groove portions of said 4 rear support
rod, and id reinforgi r i t : i .
st and SR & (o aforF! Rfle RNV F2 508 WA BhcoRui A OBl @ whezgin
7. The ver4i cal oL 4l t Q..Cl ai rei a ratio of the
areas of the %5&%%%%?9%%&% %%néf'gﬁgsh& &Q\ggi?: g}[ 6snenf')tlgr%'t% s QfS? %gv"ea BrETEHs of
sai d suppogt k 4 ﬁ?ggt t] . f e .ar of _t.he
hori zont aIOSr se%??%‘ﬁ@%? §g%?%é \Eﬁg%arf&n%u gr %S\E/Ig d:@%alférf% iogtrlfhso &sgs?i ar%aaifm
support r toe tehe aLe 1| | ZANha i L.d. ki nforcing
rod are 1Qf:j 0.%5 to 1 leﬁ 5% E‘h&g{i * Eecg.ﬁoq%?%égtai 'g%ﬁeslawa&n?g%%b%ﬁ?ove
according 4o glaim.2, : gl [ unt
g0 & 028! Poax &R 280 L8VEle GAARS oFf h8! AoVBI Gled

groove portiohs of said suppo rods aces

surface rqughngss: RYrs ¥aidalQe¥E6Ped fg kot 3290 :PBL 95 to 1 : 1.05.
7 8. The vertical wafer boat according to clai..m 2, wherein
8 upper and lower _edges of said wafer mount groove portions of said
9 support rods has chamfered surxfaces the surface roughness(Ra) of

10 which is 0.3 to 500 um,

R



