DESCRIPTION SEED RETAINING MEMBER AND METHOD OF MANUFACTURING
POLYCRYSTALLINE SILICON USING THE SEED RETAINING MEMBER TECHNICAL FIELD
5[0001] The present invention relates to a seed retaining member, disposed in a furnace for
manufacturing polycrystalline silicon by a Siemens method, for retaining a lower end portion of a
silicon core material (seed) serving as a seed rod, and a method of manufacturing polycrystalline
silicon using the seed retaining member. 10 BA¢KGROYHNE ART [0002] Conventionally,
high-purity polycrystalline silicon, which serves as a semiconductor material, is mainly produced by a

Siemens methedy(sqepRalpQIRECUNIENTE BROVANTPCHE¥ M P UEHIY 9F iNeratyehered Silicon

core materials 15 (hereinafter referred to as "seed"s) each serving as a seed rod are provided upright

in a reactionpiyinpeRips PAdupns alyeuNalionTiTes My RiendinaRiensieivhsraged are

supported on electrodes at the furnace bottom portion via seed retaining members. Electric current is
applied to thergeggia theigleptrodes and the seed retaining members. By applying electric current
through the seed in this way, the seed is heated to a high 20 temperature, and chlorosilanes and
hydrogen infifisniyrnace are caused to react with each other to deposit polycrystalline silicon on the
surface of the seed. This reaction proceeds, resulting in growth of polycrystalline silicon rods.

Thus, after depositinghthgreeiyciystating giligen ithe seeddalainineeigrebeikFse-rakemimiake the
seed on which polycrystalline silicon has been deposited out of the 25furnace, and thereafter, a

separating Werkhatwesnihe ssecvetainegimemhers sishibe Agabirictaliarisiiconisecanied out to
obtain the polycrystalline silicon. CITATION LIST [PATENT DOCUMENTS]
portion of a silicon core material (seed) serving as a seed rod, and a method of
manufacturing polycrystalline silicon using the seed retaining member.
10 BACKGROUND ART
[0002]
Conventionally, high-purity polyerystalline silicon, which serves as a
semiconductor material, is mainly produced by a Siemens method (see Patent Document
1 below). Specifically. a plurality of inverted-U shaped silicon core materials
15 (hereinafter referred to as “seed”s) each serving as a seed rod are provided upright in a
reaction furnace for producing polycrystalline silicon, and both end portions of the seed
are supported on electrodes at the furnace bottom portion via seed retaining members.
Electric current is applied to the seed via the electrodes and the seed retaining members.
By applying electric current through the seed in this way, the seed is heated to a high
20 temperature, and chlorosilanes and hydrogen in the furnace are caused to react with each
other to deposit polycrystalline silicon on the surface of the seed. This reaction proceeds,
resulting in growth of polycrystalline silicon rods.
Thus, after depositing the polycrystalline silicon, the seed retaining members are

broken to take the seed on which polycrystalline silicon has been deposited out of the

25  furnace, and thereafier, a separating work between the seed retaining members and the



[0003] 5[Patent Document 1] Japanese Patent No. 2867306 SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION [0004] 10As described above, the work of
breaking the seed retaining member is necessary aftér depositing polycrystalline silicon. However, the
breaking load required for breaking the seed retaining member is very high because the strength of the
seed retaining member is high. In addition, because of the risk of contamination to the deposited
polycrystalline silicon, breaking-and-separating work using an impact of hurling 15 something cannot
be employed®odertrtaliing siliconds eastesh antimligtigim drrapoverpstalise Bbiceis reason, the
breaking-and-se arating work of the seed retaining member has been a heavy burden on the
manufacture@éff{gﬂ(ﬁffI ISTThe present invention has been accomplished in view of the foregoing
circumstances. It is an object of the invention to provide a seed retaining member that enables the
breaking-and-separe{ﬁﬁg X ENMRMSd load than conventional and can reduce the workload by
forming a recessed portion for breaking and separating at an arbitrary location in a seed retaining
member surf988Yo that stress concentration is caused at the recessed portion when applying a
breaking load, and tg_provide a method of 25manufacturing polycrystalline silicon using the seed
retaining member. FMERNSEBRBEOLVING THE PROBLEMS

Japanese Patent No. 2867306
SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0004]

10 As described above, the work of breaking the seed retaining member is necessary
after depositing polycrystalline silicon. However, the breaking load required for
breaking the seed retaining member is very high because the strength of the seed retaining
member is high. In addition, because of the risk of contamination to the deposited
polycrystalline silicon, breaking-and-separating work using an impact of hurling

15 something cannot be employed, so the work is conducted manually by hand, one by one.
For this reason, the breaking-and-separating work of the seed retaining member has been
a heavy burden on the manufacturers.

[0005]
The present invention has been accomplished in view of the foregoing
2¢  circumstances. It is an object of the invention to provide a seed retaining member that
enables the breaking-and-separating work with a smaller load than conventional and can
reduce the workload by forming a recessed portion for breaking and separating at an
arbitrary location in a seed retaining member surface so that stress concentration is caused
at the recessed portion when applying a breaking load, and to provide a method of

25 manufacturing polycrystalline silicon using the seed retaining member.



[0006] In order to accomplish the foregoing object, the present invention provides a seed
retaining member, made of graphite and attached to an electrode portion disposed at 5 a bottom
portion of a furnace for producing polycrystalline silicdn by a Siemens method, for retaining a lower
end portion of a seed serving as a seed rod, characterized by having a recessed portion for breaking
and separating, formed at an arbitrary location in an outer peripheral surface thereof. Herein, the term
"outer peripheral surface" means a side face of the seed retaining member under the situation in which
a seedis ret%ﬁé‘é“&ﬁﬁ@&w%%ﬁﬁiﬁ&%ﬁ%ﬁ By forming the recessed portion, a portion with a
low strength can be formed intentionally at a desired location. Herein, the term "recessed portion"
means a corg(éggﬂncluding recess, hole, and groove. The number and size of the recesses or holes
may be determined as needed in order to obtain a desired strength. The strength of the seed retaining
member can be reddBetr 5l Pedt PP LD AL A reRisstedIa AHeSE B O PRRAIES i possible

to cause stress concentration at the r cezsed ortion,when applying a breaking load, and to carry out
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preferably, the recessed portion may be formed by a groove for, breaking 20and separating. By
forming the §r %%%%o?%@é’kﬂ%ﬁ@%% Aty ‘fﬁ%&e‘%&‘éﬁﬁ%?&f% égfeﬂ?@%@a ining
member as described aboyve, stress concentration js caused at the gropve when applying a breaking
load, so it isqr%ra%éabnéggiBlieo%eég?ry %rflﬁ{’egt%rr%gf(? gs-eéﬁal-geﬁgﬁéﬁ%rﬁfgr%ﬁﬁtgrﬁp%%%grgﬁ‘éfaghan

conventional, 25[0008] 4 . The shape of the seed retaining member is not particularly limited. The
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applying a breaking load so the advantageous effects of the invention may not be obtaine
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the seed retaining member. The reason is that 1t Is rare to carry out the deposition work until the

deposited palyeryaiallipe RHGOM Y Sk IS IBAREE D88 Miesired strength.  The strength of

the seed retaining member can be reduced to a required value by forming recesses and
15 holes. This makes it possible to cause stress concentration at the recessed portion when
applying a breaking load, and to carry out the breaking-and-separating work with a
smaller load than conventional.
[0007]
More preferably, the recessed portion may be formed by a groove for breaking
20 and separating,

By forming the groove for breaking and separating in the outer peripheral
surface of the seed retaining member as described above, stress concentration is caused at
the groove when applying a breaking load, so it is made possible to carry out the
breaking-and-separating work with a smaller load than conventional.

25 [0008]



15retaining member more than 30 mm. [0009] In addition, the groove for breaking and separating
may extend along the circumference of the seed retaining member (in other words, the groove for
breaking and separating may exist within a plane incftned with respect to the axial center of the seed
20 retaining member), or more preferably, the groove for breaking and separating may exist within a
plane perpendicular to the axial center of the seed retaining member. The reason is that this is easiest
to carry out the formation process of the groove for breaking and separating. For example, as a
method of the formatidh FrReSE Be tre G FeRRS M EREhY SAtrsahskkhgmikedroolRer8FsEaking
and separating can _be formed by a 25simple process work of pressing a cutting tool against the seed
retaining mefiBEF At LS EPEhE g%fr%ﬁiﬁ%ﬁ‘%%%‘%‘é‘?.fgr brgingh Ao RRERRIGRE TS DOt
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causing a crack,. The crack propagates along the groove. By designing the location of the groove for
breaking angh getf)% a%}%ana?l%ﬁg gﬁ% igﬁeﬁng\?vsﬁllc ﬁwrenarpo%\%‘e eé%n%@rgﬁrc"hrg%s 3 rlﬁa{Pc t’slgé%cfi‘ﬁc

stuations, Ui INRARICBIANS AARAAENAIEL.IP00ACL oo The SGIEIENCE5C focpation

region of the groove for breaking and separating m he entire circum e or a portion

thereof. Genﬁréaﬁlﬁ ﬁﬁgg@p%@g&gﬁ%%gr% etgl% gi,equrceé%isréi(g‘% ér]’reierr?l er sq, ép it is brokfn ina

. . ¢ ZroQve 107, .
certain direction IS reason, w oove for brea Ing s%paratlng IS Ol’l%eg only20ina

portiony f s BEfeIRbl: hakihe areduelaling membiers sdiapphed Atitah e AgRiesxfsIzon the.
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for breaking and separating and the seed retaining member can be broken with a smaller load than
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when the outer
below the tip of the seed retaining member. The reason is that it is rare to carry out the
deposition work until the deposited polycrystalline silicon crystal grows to cover the seed
15 retaining member more than 30 mm.
[0009]

In addition, the groove for breaking and separating may extend along the
circumference of the seed retaining member (in other words, the groove for breaking and
separating may exist within a plane inclined with respect to the axial center of the seed

20 retaiming member), or more preferably, the groove for breaking and separating may exist
within a plane perpendicular to the axial center of the seed retaining member. The
reason is that this is easiest to carry out the formation process of the groove for breaking
and separating. For example, as a method of the formation process of the groove for

breaking and separating, the groove for breaking and separating can be formed by a

25 simple process work of pressing a cutting tool against the seed retaining member and



6 diameter of the seed retaining member is small. Forming the groove for breaking and separating only
partially serves to maintain the strength of the seed retaining member and at the same time to prevent
the portion where the groove for breaking and separéting has been formed from excessive voltage
when electric current is passed therethrough, 5 preventing the problem of overheating. If the strength
of the seed retaining member is lowered excessively by fowling the groove, it may be fractured by an
unintended impact In addition, if overheating takes place in a portion of the seed retaining member, the
heat may ca@@%é@ﬁ%’fﬁ‘i%‘%ﬁ%ﬂ] 10lt is preferable that a tip of the seed retaining member
be formed in a conical frustum shape. Such a structure makes the work of taking the seed retaining
member out of the sittcbh BFsEATCEEARY toEeals o Kl SERATREN NG ThethbbF e S856r FRIBHIRR the
amount of the graphite is less than that in the case where the tip is kept in a columnar shape. It is
possible thamwﬁf‘a»%?t 8FAGPhetd 8&%&%&@%8}‘«%@%3&} BHIRRGH 18° fRaT i p it where

the groove for breaking and separating.has been formed, but the overheating problem does not arise
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has been deposited out
10 breaking and separating on the surface of the seed retaining member, stress concentration
occurs at the groove when applying a breaking load, causing a crack. The crack
propagates along the groove. By designing the location of the groove for breaking and
separating and the direction in which the groove extends such as to match specific
situations, the existing problems can be alleviated.
15 [0010}
The circumference-wise formation region of the groove for breaking and
separating may be either the entire circumference or a portion thereof. Generally, a
breaking load is applied to the seed retaining member so that it is broken in a certain
direction. For this reason, when the groove for breaking and separating is formed only
20 in a portion, it is preferable that the seed retaining member 1s disposed so that the groove
exists on the side of the direction in which the breaking load 1s applied (i.e., the load
moment). The reason is that when applying a breaking load, the stress concentration can
be utilized most effectively at the groove for breaking and separating and the seed

retaining member can be broken with a smaller load than conventional. Forming the

25 groove for breaking and separating only partially is especially effective when the outer



5 the furnace: and performing a separation work of the seed retaining member and the polycrystalline
silicon from the seed that has been taken out of the furnace. It is preferable that recessed portion be a
groove for breaking and separating. [0013] Another %ethod, according to the invention, of
manufacturing polycrystalline 10 silicon comprises the steps of: attaching a seed retaining member to
an electrode portion disposed at a bottom portion of a furnace for manufacturing polycrystalline silicon,

the seed retgining member haying a recessed portion for breaking and separatjng that has been
formedt in acUAFEIFA0 BAPS LS EOEsio F o0 ST o TR 8 R RON S S PR g iomber
for etaining a lower end portion of a seed serving as a seed rqd: 15 depositing polycrystalline silicon
on & Surfacc SPHLTEEH, ATEPHRE SESGS T BT DOl SEAMAE D RS e CBAT Bbdining
member retaitn}'lﬂ% theeste%d {Bom th% telgctrolglte oréi‘on %d takinggwe seed. retaining member retaining
the seed oufof th& TUrnac ;ar%eg er‘iaffd%% the SS&H Y %i%ﬁﬂ%v %l?éef ARG THESEEE 58F of the
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breaking-and-separating wor e carried out with'a's conventiona

DESCRIPTIBM@%@J&'% P\%ﬁlWA%%%ﬂﬁLg%gée in a portion of the seed retaiming member, the heat
may cause silicon crystal to melt.
[0011]

10 It is preferable that a tip of the seed retaining member be formed in a conical
frustum shape. Such a structure makes the work of taking the seed retaining member out
of the silicon crystal covering the tip of the seed retaining member easier because the
amount of the graphite is less than that in the case where the tip is kept in a columnar
shape. It is possible that the tip portion of the seed retaining member may be thinner

15 than the portion where the groove for breaking and separating has been formed, but the
overheating problem does not arise because electric current flows to the seed when
applying electric current.

10012]
In addition, in order to accomplish the foregoing object, the present invention

20 also provides a method of manufacturing polycrystalline silicon as described below.
The method, according to the invention, of manufacturing polyerystalline silicon
comprises the steps of: attaching a seed retaining member to an electrode portion
disposed at a bottom portion of a furnace for manufacturing polycrystalline silicon, the
seed retaining member having a recessed portion for breaking and separating that has

25  been formed in advance at an arbitrary location in an outer peripheral surface of a seed



[Fig. I] Fig. 1 is a schematic view illustrating a manufacturing apparatus used for the method of
manufacturing polycrystalline silicon according to the present invention. [Fig. 2] Fig. 2 is a plan
view illustrating a seed retaining member used for thé 10manufacturing apparatus of Fig. 1. [Fig. 3]
Fig. 3 is a cross-sectional view taken along line Al-Al in Fig. 2. [Fig. 4] Fig. 4 is a view illustrating a
crack condition when breaking the seed retaining member. [Fig. 5] Fig. 5 is a view illustrating the

configuration of an experiment example. 15[Fig. 6] Fig. 6 is a graph illustrating the relatiopshi
between ngSVérﬂ%%ﬂg%{HHeBr kIRGHBYgE. 2 le“ﬁige.“g ?‘i’@t.‘?risoz &chéhmatt iew il dstidting the

condition in which fragments coptaining the seed retaining member_and silicon crystal are produced
when breakiiPaStiNR BRRISRATRLLE IS ASHHAET S0 ISR eI SR SR EAISBTSIHES [0016)
Hereinbelow, the resg}r%{ invention.will be descriqed bt sed o%the. referre%lgmbo%'l{fnlents. Itghould
be noted that t&hi%% fio iR I hitE T e F6 35 SeSHTBBR SRS Al o1 oS

portion and taking the seed on which the polyerystalline silicon has been deposited out of
5  the furnace; and performing a separation work of the seed retaining member and the
polycrystalline silicon from the seed that has been taken out of the furnace. It is
preferable that recessed portion be a groove for breaking and separating.
[0013]
Another method, according to the invention, of manufacturing polycrystailine
10 silicon comprises the steps of: attaching a seed retaining member to an electrode portion
disposed at a bottom portion of a furnace for manufacturing polycrystalline silicon, the
seed retaining member having a recessed portion for breaking and separating that has
been formed in advance at an arbitrary location in an outer peripheral surface of a seed
retaining member for retaining a lower end portion of a seed serving as a seed rod;
15 depositing polycrystalline silicon on a surface of the seed; after the depositing of
polycrystalline silicon, removing the seed retaining member retaining the seed from the
electrode portion and taking the seed retaining member retaining the seed out of the
furnace; and after taking the seed retaining member retaining the seed out of the furnace,
breaking the seed retaining member retaining the seed at the recessed portion to perform a
20  separation work of the seed retaining member and the polycrystalline silicon. It is
preferable that recessed portion be a groove for breaking and separating.
ADVANTAGES OF THE INVENTION
[0014]
According to the present invention, the groove for breaking and separating is

25 formed at an arbitrary location of the outer peripheral surface of the seed retaining



(Embodiment 1) Fig. 1 is a schematic view illustrating a manufacturing apparatus used for the
method of manufacturing polycrystalline silicon according to the present invention, Fig. 2 is a plan view
illustrating a seed retaining member used for the mafufacturing apparatus 5 of Fig. 1, and Fig. 3 is a
cross-sectional view taken along line Al-Al in Fig. 2. As illustrated in Fig. I. a reaction furnace 1 is
provided with a bell jar 3 so as to cover a furnace bottom 2, and the interior thereof is hermetically
sealed. In the furnace, a plurality of inverted-U shaped silicon core materials 4 (hereinafter referred to
as "seed"s) BANSEviINg 8 sS8ETo S pHVIgR duipiagRtdant BStheserypo aPR3E oft the 10
seeds 4 are supported on electrode portions 5 at the furnace bottom portion via seed retaining
members 6. &f Afdatedes disnkipemBrhBeE N ok grap e @rch by ik aitsetiebtropic
graphite or anisotropic graphite) is fitted at the tip of the electrode portion 5, and a lower end portion of
the seed 4 id9ALEPEICAREHEPed retaining member 6. A nozzle 7 for supplying a source gas toward

the seeds 4ﬁ#gﬁgf%€§§&[and@rﬁl15 exhaust port 8 for discharging the emission gas in the furnace
are provide BotEnOr W@M&Qﬂ%e numeral 20 indicates a portion where silicon

has been de %é: d on the surface of the seed 4. [0018] There are various kinds of shapes of the
seed retsainir% ber 6, such as the one as shown in Fig. 3, in which the electrode fitting portion

(which corresponds t%.a I?&Ee -Qeljcribed ase portion 6a) is thick, and the one as shown in Fig. 5 and
used in the later-destriBe e%e meAt Wi Had'8ts aeﬂ%ﬁﬁ@/‘\%%' AU BRI ERF The
present embodiment illustrates.the one with the %Pa esly)wn in.Fig. 3. Spegifically, the seed retaining
member 6 cf?nrrﬁ}?seesngl@é)ge (E?orﬁlgr?%%cﬁlg\i/ﬂgg B |¥§§)fﬁ}ﬁi é’ﬁol@lﬁfi‘%?n BEHE etiI§e Portion 5
is inserted, alrpv%cril){i Ig.)rtion 6b jointed to the base portion 6a, 10 and a tip portion 6c joined to the body

portion 6b. It'is préferable that the base portion 6a, the body portion 6b, and the tip portion 6c of the

seed retaining memZ?r n a£olumnar shap .than mezé]%{smatlc shf:{%e or thdefllke because

i 6 #1 ¥, fls a.rlan Vig elﬂ?l‘gpl'gl a S¢ aimnin < C1 USE T .
of the reason of the réng h of the eAtire member in addition 1o the TEaSon that Voltage ¢ nﬂt}S applied

5 unifolr(gnly &ﬁ&@g&@ﬁg%%gm%%quﬁng electric current therethrough. It is more preferable that
Istance from

the minimum e axial ceftter of the body portion 6b of the seed retaining member 6 to

the outer peripheral gHffase iiereRl bedse ARBh AR RAR ARG eI fgtance be within ®

cm. It is more prefer e tip portion 6¢ have a conical frustum shape. ﬁ%eir%ason is that, in the

e . e AP e o Ul e
retaining member.
[Fig. 5] Fig. 5 1s a view illustrating the configuration of an experiment example.
15 [Fig. 6] Fig. 6 is a graph illustrating the relationship between groove depth and
breaking ioad.
[Fig. 7] Fig. 7 is a schematic view illustrating the condition in which fragments
containing the seed retaining member and silicon crystal are produced when breaking a
conventional seed retaining member.
20 DESCRIPTION OF EMBODIMENTS
[0016]
Hereinbelow, the present invention will be described based on the preferred
embodiments. It should be noted that the present invention is not limited to the

following embodiments.

25 [0017]



A gas vent hole 11 is formed in the base portion 6a. A second fining hole 13 in which the lower end
portion of the seed 4 is inserted is formed in the tip portion 6¢. The 15 second fitting hole 13 has an
opening in the tip end face and extends along the axtl center of the seed retaining member 6. A
through hole 14 is formed in the tip portion 6¢. A securing screw 15 for securing the seed 4 inserted in
the second fitting hole 13 is screwed into the through hole 14. [0020] 20What should be noted here is
that the seed retaining member 6 has a groove for breaking and separating 16 formed in its outer
peripheral st . e the groove 16 for breaking and separating is formed, a weak point in
strength is allowed tQ. exist, For this reason, when breaking the seed retaining member 6, stress
concentration occurs 4t theGPot R REN0 MiTRak é@ﬂ&%@pﬁ%ﬂ#@cﬂg’&%mﬁ&%aﬁﬁ%@fh@e
25breaking-and-separating work, becomes possible with a smaller load than conventional. 11 Also, the
developed cf%%ﬁ?%%é) é@%ﬁ%@g{fﬁug%ﬂ ' C@f% 1B SR aRe Bgé"l%’?d?rﬁsf‘@g&m@f’%th‘&lsglﬁa%ting. As

a result, the seed.retaining, member can be broken while the cragck can be prevented from propagating
i undosiod BIRSCHGH THKSH s 5P AU RO LBt L s BT LTS FAFHBLR ant the

polycrystalline. silicon can be Sprevented, so the breaking-gnd-separating o&%can e lighteped.
[0021] St Ir?%r%gca{;eaggt é"pgeéséﬁt%% bsgl%lgﬁ?l,i i‘ﬁl?/v%?%%?ﬁ’eazér)%%égliéx\éd réglfﬁ% hd Separating
is formed bel W ttrrg? I(ﬁ\{\r/ie{:enq of the §eed 4 that |?n|nserted in, the eegeiﬁt%}nmg member 6, the

resulting crack condition 1S %is Sﬁoﬁ%clhoﬁi&'ﬂ?fﬁ I%%r%‘élsdé:(i l\tlli ore grjoc“)?/ea‘cléO 61 %?Egking and

separalting isghove (e awer eng glihe seed dihals,nseriedin e sepd retpining memberd (ie., in
the case of the Tater-describéd experimenta examp(l)e), the resulting crack condition is as Skown in Fig.

4(2). In etheg GRaf o IR EREKCEATS RLFIOS (N AT 430 ses siaiing merbs gan be

prevented from oping a crac ocation in which t ycrystalline silicon crys

deposied on b sse sulagsas e SN IIPNNES IO UG RSTRINNG memheragshonn in

Fig. 7 and from pro g fragments containing gra silicon, w e workload in the

separatipn watgbetween e, seg brelp T $a1ABHA M R MY REIAING SlliGeRiSAN e deduced
remarkably. [0022]

retaining members 6. Specifically, a seed retaining member 6 made of graphite (which
may be either isotropic graphite or anisotropic graphite) is fitted at the tip of the electrode
portion 5, and a lower end portion of the seed 4 is inserted into the seed retaining member
6. A nozzle 7 for supplying a source gas toward the seeds 4 in the furnace and an
15 exhaust port 8 for discharging the emission gas in the furnace are provided in the furnace
bottom 2. In Fig. 1, reference numeral 20 indicates a portion where silicon has been
deposited on the surface of the seed 4.
[0018]
There are various kinds of shapes of the seed retaining member 6, such as the
20 one as shown i Fig. 3, in which the electrode fitting portion (which corresponds to a
later-described base portion 6a) is thick, and the one as shown in Fig. 5 and used in the
later-described experiment, which has a columnar shape with a constant diameter. The
present embodiment illustrates the one with the shape shown in Fig. 3.  Specifically, the
seed retaining member 6 comprises a base portion 6a having a first fitting hole 10 in

25 which the electrode portion 5 is inserted, a body portion 6b jointed to the base portion 6a,



20Next, specific details of the groove 16 for breaking and separating are given regarding the groove
depth, the groove shape, the height direction-wise location at which the groove is formed, and the
circumference-wise location at which the groove is féfned. [0023] (1) The groove depth of the groove
16 for breaking and separating 25The groove depth is not particularly limited, and the depth of the
groove may be 12 determined corresponding to the outer diameter of the seed retaining member 6 by

calculating the Joad based on the stress concentration when breaking. [0024] (2) The groove shape of
the groove 1%‘#0? BRBRIFGLACISSRS Atk PPAE GPSHOR QRapd hsréifﬁl?sr%lf} féliﬁh‘gf:mé%@.oﬁ&n

example, it is possible to employ any of a circular round groove, an angular groove and a V-shaped
groove. [00 @S REVHER ?}Hi?gc%ﬂﬂ-%f’sél}?&%&? Wﬁéhetﬁée&r() G e BRIk §alia®
separating is formed 10lt is preferable that the groove 16 for}?\re ing and separating be formed below
a grown portiSr e’ dfifto s%ﬁﬁgﬁlggsﬂ‘g‘éthc R PohSthe SAEEPLH AL LS G SLiEE on the

f fth ini b . In.other words, it is preferable that the height directjon-wise
(ocation at WHIEHUNe 31 SO0 CHIR ToP SIEGHg A Lifeldas ELrouod ehadLPEe s FEgHbblow e

portion in whigh e polvervataline silcondenosited op.the seed surface has, giown s g ie cove
the tip portion surface of the see

preferable that the minimum distance from the axial center of the body portion 6b of the
seed retaining member 6 to the outer peripheral surface thereof be 1.5 ¢cm or greater, and
that the maximum distance be within 5 em. It is more preferable that the tip portion 6¢
have a conical frustum shape. The reason is that, in the separation work between the
10 seed retaining member 6 and the polycrystalline silicon, the seed retaining member can be
taken out easily because the amount of the graphite is smaller.
[0019]
A gas vent hole 11 is formed in the base portion 6a. A second fitting hole 13 in
which the lower end portion of the seed 4 is inserted 1s formed in the tip portion 6¢. The
15 second fitting hole 13 has an opening in the tip end face and extends along the axial
center of the seed retaining member 6. A through hole 14 is formed in the tip portion 6c.
A securing screw 15 for securing the seed 4 inserted in the second fitting hole 13 is
screwed into the through hole 14.
[0020]
20 What should be noted here is that the seed retaining member 6 has a groove for
breaking and separating 16 formed in its outer peripheral surface. Because the groove
16 for breaking and separating is formed, a weak point in strength is allowed to exist.
For this reason, when breaking the seed retaining member 6, siress concentration occurs
at the groove 16 for breaking and separating by a breaking load, so the

25 breaking-and-separating work becomes possible with a smaller load than conventional.



retaining member 6. It is more preferable that the groove 16 for breaking and separating be
formed more than 30 mm below the tip of the seed retaining member 6. The reason is that it is rare to
carry out the deposition work until the deposited poly}érystalline silicon crystal 20grows into a state in
which it covers the seed retaining member 6 more than 30 mm from the tip thereof. Moreover,
when the groove for breaking and separating is above the through hole 14 for inserting the securing
screw 15, the work will be easier at the time of taking the seed retaining member 6 out of the silicon
crystal. [00267504) & YRARTE HATE-RIRRARSRION At SRR tHEGoBV &' P8BS 685N dRdfeEparating
is formed he circumference-wise locatjon at which the groove for breaking and separating is
formed maytff&%i’ﬂ%?‘?ﬁegeéﬁﬁ?gr@rcuﬁﬁér@%b’iﬂqﬁ@?ﬁiﬂgﬁaﬂé‘ﬁﬁﬁ’éﬁ%ﬂﬁﬁ’&é’%?fﬂ]éegs‘@@&er%ining
member 6 or a portion thereof. E(ﬂ{w It should be noted that the groove_16 for breaking and
separating ni5 &xh ARG Hiet RUnRISPASEETSF R& BB ISt e bel B fin BIRANA RS, the

groove 16 for breaking and.se ar ting may exist within a plang inclined with respect to the axial center
10 of the sedtf FESINInG AL B, B Ere BIRRMERESha HloBePth t5 KPR A8 S2Ratating

may exist within a plane perpendicular to the axial center of the.seed retaining member 6. [0028] Next,
o methon of PR S A BRI ek 0 SR

[0021]

In the case of the present embodiment, in which the groove 16 for breaking and
separating is formed below the lower end of the seed 4 that is inserted in the seed
retaining member 6, the resuiting crack condition is as shown in Fig. 4(1). In the case

10 where the groove 16 for breaking and separating is above the lower end of the seed 4 that
is inserted in the seed retaining member 6 (i.e., in the case of the later-described
experimental example), the resulting crack condition is as shown in Fig. 4(2). In either
case of the crack conditions of Figs. 4(1) and 4(2), the seed retaining member can be
prevented from developing a crack in the location in which the polycrystalline silicon

15 crystal deposited on the seed surface has been grown so as to cover the seed retaining
member as shown in Fig. 7 and from producing fragments containing graphite and silicon,
whereby the workload in the separation work between the seed retaining member and the
polycrystalline silicon can be reduced remarkably.

[0022]

20 Next, specific details of the groove 16 for breaking and separating are given
regarding the groove depth, the groove shape, the height direction~wise location at which
the groove is formed, and the circumference-wise location at which the groove is formed.
[0023]

(1) The groove depth of the groove 16 for breaking and separating

25 The groove depth is not particularly limited, and the depth of the groove may be



15 apparatus having the above-described configuration will be described. The polycrystalline silicon is
manufactured basically in the same manner as used in the conventional example. Specifically, electric
current is applied to the seed 4 through the electrodé? and the seed retaining member 6 to heat the
surface to 1000C or higher so as to become red-hot. The source gas supplied into the furnace is
brought into contact with 20 the surface of the seed 4 that has become red-hot and is thermally
decomposed or hydrogen-reduced, to deposit polycrystalline silicon on the surface of the seed 4. This
reaction prof8EFRIREd S TRANBREN S SR AliBetHc6h HBeisathI9RaIS JRFRRSAIfinBYsilicon
has been de(ga%:si ed isg%I; n out of the furnace. At this time of hreaking in which a breaking load is
applied to th&" &R Pétal ii?tj‘ PBE PIESS AMCERSR Bhen Y -groove 16 for breaking and
separating, T8Q§j‘i6| breaking-and-separating work can be carried out with a smaller load than
conventionat. oreover, the crack propagates along the groove. As a result, the seed retaining

member can revented from deyelopin rack in the location in where the polycrystalline silicon
crystal depo(sl :@gr%eé’dﬁ5@860?1%\{1[?1%%3%21:% %11}}1'8 88 Rt HEmber has been grown and

from producing fragments containing graphjte and silicon, and the workload in the separation work
between the seed ré?g%iﬁrgo?ﬁigrﬁg%‘%an&gﬁtéeﬁ%}o&i r@sﬁ ER%P&"CgN RO edﬁééép?é?ibal\?kgbly.
[0030] In thle above- escriqed exam%Ie of manufa(ituring after e\geﬁ)osit'on of the

1343 8] -5

polycrystallir?e Elﬁ)ébafll},}i[ﬁe t&ed rg{gﬁﬁﬁg hember 6 1S Broken <E’gl‘i(?h%:-ngr“(i)ove L3 ogrnggking and

separating, ?ﬁ&g]en the seed 4 on which the polycrystalline silicon has been 15 deposited is taken
out of the furnace. However, it is also possible that after the deposition of polycrystalline silicon, the

seed retaining,mgmperQ relaining the Sl%‘%?t% Ay, he removed from the electrode portion 5.and taken
out of the furr%%lce, andét}ﬁerea!le?er, the see rletrg}lninglr%emggrr%oygtg?nf% eéﬁgélgda@cprrsl%a e Broken at
the groove 16 for breaking and separating, to perform the separation work of the seed retaining

member and 20the polycrystalline silicon. [0031] (Experimental Example) Three types of seed

retaining members s usaiRd ifif 2HVE ABRIEGITYIIET ARt AR SRIRL § M. the

groove 16 for breaking and separating was formed along the entire cifcu , and the groove
depths weregghat foeom! & Gk dndcrystal that has been grown from the seed surface and

deposited on the surface of the seed retaining member 6.  In other words, it is preferable
that the height direction-wise location at which the groove 16 for breaking and separating
is formed should be in a region below the portion in which the polycrystailine silicon

15 deposited on the seed surface has grown so as to cover the tip portion surface of the seed
retaining member 6.

It is more preferable that the groove 16 for breaking and separating be formed
more than 30 mm below the tip of the seed retaining member 6. The reason is that it is
rare to carry out the deposition work until the deposited polycrystalline silicon crystal

20  grows into a state in which it covers the seed retaining member 6 more than 30 mm from
the tip thereof.

Moreover, when the groove for breaking and separating is above the through
hole 14 for inserting the securing screw 15, the work will be easier at the time of taking
the seed retaining member 6 out of the silicon crystal.

25 [0026]



15 cm, respectively. A load was applied to each of the seed retaining members 6 to determine the
breaking load The results are shown in Table 1 and Fig. 6. The seed retaining members 6 used in
the present experiment was ones having no base polr{ion 6a and a columnar shape with a constant
diameter as shown in Fig. 5. In 5 the present experiment, the samples without the through hole 14
were also subjected to the same experiment as the samples with the through hole 14. The results are
also shown in Table 1 and Fig. 6. In Fig. 6, the triangular marks represent the measurement values of
breaking loalHorth& SAMEEDGGHY i errbag FtHsic 4?3&6%‘@&&?@?@%%@@&@%@% 15
measurement values of breaking load for the samples without the through 10hole 14. [0032] [TABLE 1]
Diameter of?ﬂ%gdy portion 6b of the seed retaining member (cm) Groove depth (cm)

The circum{erence-wise location at which the groove for breaking and separating
is formed may be either the entire circumference in the outer peripheral surface of the
5  seed retaining member 6 or a portion thereof.
0027}
1t should be noted that the groove 16 for breaking and separating may extend
along the circumference of the seed retaining member 6 (in other words, the groove 16 for
breaking and separating may exist within a plane inclined with respect to the axial center
10 of the seed retaining member 6), or more preferably, the groove 16 for breaking and

separating may exist within a plane perpendicular to the axial center of the seed retaining

member 6.
[0028]
Next, a method of manufacturing polycrystalline silicon using the manufacturing
15 apparatus having the above-described configuration will be described. The
polycrystalline silicon is manufactured basically in the same manner as used in the
conventional example. Specifically, electric current is applied to the seed 4 through the
electrode 5 and the seed retaining member 6 to heat the surface to 1000°C or higher so as
to become red-hot. The source gas supplied into the furnace is brought into contact with
20 the surface of the seed 4 that has become red-hot and is thermally decomposed or
hydrogen-reduced, to deposit polycrystalline silicon on the surface of the seed 4. This
reaction proceeds, resulting in growth of polycrystalline silicon rods.
{0029]
Then, after the deposition of the polycrystalline silicon, the seed retaining

25 member 6 is broken at the groove 16 for breaking and separating, and the seed 4 on which



Diameter of the seed retaining member at the portion where the groove is formed (cm) Load span (cm)

Breaking load (Kr)  With 14

polycrystalline silicon has been deposited is taken out of the furnace. At this time of
breaking in which a breaking load is applied to the seed retaining member 6, stress
concentration occurs at the groove 16 for breaking and separating, so the
breaking-and-separating work can be carried out with a smaller load than conventional.
5 Moreover, the crack propagates along the groove. As a result, the seed retaining
member can be prevented from developing a crack in the location in where the
polycrystalline silicon crystal deposited and adhered onto the surface of the seed retaining
member has been grown and from producing fragments containing graphite and silicon,
and the workload in the separation work between the seed retaining member and the
10 polycrystalline silicon can be reduced remarkably.
[0030]

In the above-described example of manufacturing, after the deposition of the
polycrystalline silicon, the seed retaining member 6 is broken at the groove 16 for
breaking and separating, and then the seed 4 on which the polycrystalline silicon has been

15 deposited 1s taken out of the furnace. However, it is also possible that after the
deposition of polycrystalline silicon, the seed retaining member 6 retaining the seed 4
may be removed from the electrode portion 5 and taken out of the furnace, and thereafter,
the seed retaining member 6 retaining the seed 4 may be broken at the groove 16 for

breaking and separating, to perform the separation work of the seed retaining member and

20 the polycrystalline silicon.
[0031]
(Experimental Example)
Three types of seed retaining members 6 as illustrated in Fig. 5 were prepared, in
which the load span was set at 1 m, the groove 16 for breaking and separating was formed

25 along the entire circumference, and the groove depths were set at 0 cm, 1.0 cm, and 1.5



through hole 14 1Without through hole 14 05 10040355 11.0 3100 12

10

15

20

15

cm, respectively. A load was applied to each of the seed retaining members 6 to
determine the breaking load. The results are shown in Table 1 and Fig. 6.

The seed retaining members 6 used in the present experiment was ones having
no base portion 6a and a columnar shape with a constant diameter as shown in Fig. 5. In
the present experiment, the samples without the through hole 14 were aiso subjected to
the same experiment as the samples with the through hole 14. The results are also
shown in Table 1 and Fig. 6. In Fig. 6, the triangular marks represent the measurement
values of breaking load for the samples with the through hole 14, and the square marks

represent the measurement values of breaking load for the samples without the through

hole 14.
[0032]
{TABLE 1]
. i Diameter of the seed Breaking load
Diameter of the body Groove | retaining member at | Load (Kgh
portion 6b of the seed . -
iy depth the portion where span With .
FEAINING Member | . | the oroove is formed | (em) | through hol Without
(cm) & rough ole i . sugh hole 14
(cm) 14
5 0 5 100 40 35
5 . 3 100 12 15
5 1.5 2 100 4 5
f0033]
[Experiment Results]

As clearly seen from Table ! and Fig. 6, as for the samples with the through hole
14, the sample having a groove depth of 0 cm (i.e., the sample in which the groove 16 for
breaking and separating was not formed) showed a breaking load of 40 kgf, the sample
having a groove depth of 1.0 cm showed a breaking load of 12 kgf, and the sample having
a groove depth of 1.5 cm showed a breaking load of 4 kgf.  As for the sampies without

the through hole 14, the sample having a groove depth of 0 cm (i.e., the sample in which




1551.52100 [0033] [Experiment Results] ISAs clearly seen from Table 1 and Fig. 6, as for the
samples with the through hole 14, the sample having a groove depth of 0 cm (i.e., the sample in which
the groove 16 for breaking and separating was not formed) showed a breaking load of 40 kgf, the
sample having a groove depth of 1.0 cm showed a breaking load of 12 kgf, and the sample having a
groove depth of 1.5 cm showed a breaking load of 4 kgf. As for the samples without

the groove 16 for breaking and separating was not formed) showed a breaking load of 35

kef, the sample having a groove depth of 1.0 cm showed a breaking load of 15 kgf, and

the sample having a groove depth of 1.5 cm showed a breaking load of 5 kgf. In the

samples having a groove depth of 0 cm, a crack developed in the tip portion. In the
5  samples having a groove depth of 1.0 cm and 1.5 cm, a crack developed from the groove

16 for breaking and separating with a smaller load than that required by the samples in

which the groove 16 for breaking and separating was not formed.

{0034}

[Analysis of the Experiment Results]

10 (1) From the above-described experiment results, it is observed that because the
groove 16 for breaking and separating was formed, stress concentration occurred at the
groove when applying a breaking load, and the crack developed at the groove with a
smaller load than conventional. Moreover, it is observed that the advantageous effect of
the present application was obtained that the crack propagates in a certain direction along

15 the groove, so the breaking-and-separating work can be performed while the propagation
of the crack in an unexpected direction in the seed retaining member.

(2) 1t is observed that when the outer diameter of the seed retaining member 6 at
the location where the groove 16 for breaking and separating is formed is smaller, the
breaking load is smaller. Therefore, if the groove 16 for breaking and separating is

20  formed with such a groove depth that the outer diameter of the seed retaining member 6
becomes extremely small at the location where the groove is formed (for example, if the
groove depth exceeds 1.5 ¢m in the above-described experiment), the strength of the seed
retaining member 6 is so weak that the seed retaining member 6 may break with an
unintended impact. Moreover, when applying electric current, it 1s likely that excessive

25  voltage may be applied to the portion where the groove is formed and the overheating



20 the through hole 14, the sample having a groove depth of 0 cm (i.e., the sample in which 16 the
groove 16 for breaking and separating was not formed) showed a breaking load of 35 kgf, the sample
having a groove depth of 1.0 cm showed a breakingllaad of 15 kgf, and the sample having a groove
depth of 1.5 cm showed a breaking load of 5 kgf. In the samples having a groove depth of 0 cm, a
crack developed in the tip portion. In the 5 samples having a groove depth of 1.0 cm and 1.5 cm, a

k developeg, from th 16 for breaking and ting wit ller load than that required
oy the sampE AT g S AR A BobAFAINY GlaL wEktoFR A F8CeT halyeis of

the Experlmgpt[hlgeﬁglglfég 12 From.Ehe above-described ex erlnglent res%llts, it i ogglgr\{ﬁéjtth%t

ause suicon crvstal..to melf. ccqrainely. 1t is' prete
because the'groove i breaking and separating was formea, stieds CohcERtration octurréd at the

groove when, aR0lYig,g breakingload abdl the rack developer at e roove with o small oad than
conventlona% oreover, itis‘observed %a? fhe a%ﬁvantageous e?‘fc‘a/c of the presen apﬁllcaﬁlon was

obtained thahe ¢iack B90RGAIGE 1A S8 A ATGClion long 150G ATRRYE SIS worended

breaking-and-separating work can be performe he propagation of the crack in an unexpected

drecion n i EPIPRIA DEMRSTue p BUA OISR IELRLE Qi daEir gl

seed retaining ' member the location Where t reaking and separating Is formed is

smaller, the peakingdeadsiamaliglHietsione. [ 0raaKe.LHLOLRISAKNT ARd cePAIngyE 20

I
formed with such a groove depth that the outer diameter of the seed retaining member 6 becomes

extremely small afihe iocalian W RSt IRGAIaYE S armes (oL RXamp gL ineArogyRaenih greeeds

1.5 cm in theé above-described experiment); the strength of the seed retaining member 6 is $0 weak

that the seed,(eLaINIRG HETRERA MAKREEALAN AR WRREHeiNRAR (MRGANRhI¥REN ARRYING
electric current, it is likely that excéssive 25voltage may be applied to the portion where the groove is
foiwed and the AuEIMERLRGhe groove 16 for breaking and separating is formed and moreover the
16 crack propagates along the groove so that the breaking-and-separating work can be
performed while the crack is prevented from propagating in an unintended location of the
seed retaining member 6. For example, it is preferable that the groove depth be about
1.0 cm in the case of the above-described experiment, in which the outer diameter of the
seed retaining member 6 is setat 5 cm. It is more preferable that the depth of the groove
15 be from about 0.7 cm to about 1.5 cm.
[0035]
it is also observed from Table 1 and Fig. 6 that there was almost no difference in
breaking load between the samples with the through hole 14 and the samples without the
through hole 14. Therefore, it is believed that the through hole 14 has no influence on
20 the fracture strength.
[0036]
(Other Embodiments)
In the foregoing embodiment, the seed retaining member 6 comprises the base

portion 6a, the body portion 6b, and the conical frustum-shaped tip portion 6c¢, but the

25 shape of the seed retaining member 6 is not limited thereto. For example, it is possibie



17 problem is caused. If overheating takes place in a portion of the seed retaining member 6, the heat
may cause silicon crystal to melt. Accordingly, it is preferable that the groove depth be set within a
certain range if it is necessary that the seed retainind fnember should have at least a strength to such
a degree that it does not break with an unintended 5 impact and that the overheating problem in
applying electric current, which results from the excessive voltage applied to the portion where the
groove is foinied, should be prevented, in addition to obtaining the advantageous effect of the present
application, thathentimewden RSB GThBAYE St CaM ot iR AhsRrallar BaptrasheariRIHsRal, at the

location Wheé%%tlé? g@) ve 16 for preaking and separating is formed and moreover the 10 crack
propagates Ai8hf'th é%d?i%‘% L trispied Rmyes SR LR VYARERST-be performed while the

crack is pre Zfé%n rQ ting in an unintended location of the seed retaining member 6. For
example, it ﬁ# é@ﬁ%ﬁﬁ %mgpth be about 1.0 cm in the case of the above-described
experiment,h@ \g?ich the outer diameter of the seed retaining member 6 is set at 5 cm. It is more
preferable t P depth of the groove 5be from about 0.7 cm to about 1.5 cm. [0035] It is also
observeg from Tablel% and Fig. 6 that there was almost no diffeience in preaking load between the
samples with the througH RS A ST e Bl I P ORI thRSH BT g BTEner it sfaraaing
believed tha%}h& ti&;{%hlgh holeul4 1hag n influence on %Oghe racture strength. [0036] (Qther
Embodiments? n tﬁes%?earoir?& em agd?r%%‘?let? Ra%elt rg{g?ﬁ'ﬁgg%%rr% yer 6°Co (2 ﬁ?éi base
portion 6a. trslg gpa(gg}ge%{tionag)bm%nd}ghe ﬁ)%r}icacl fréjesg rrgls-ssga Ced ttg.gorth%g 6¢c, but theh?ha e of the
seed retainingpmem roisnot Iln%/iteaat%ere o For exampl%, frilsrpcl)s%i% 18 M3t the f%r?)ajr?fOn 6c
tlgwe tlgl%dy Iportion

may vt v SO SIS B TR SRS AL betRRTeng

(gn is{heextended
upward with a cohstant diameter. |

breaking-and-separating work to be performed while preventing the cracks at unintended

10 locations in the seed retaining member. The present invention is applicable to a seed
retaining member and a method of manufacturing polycrystalline silicon using the seed
retaming member.

DESCRIPTION OF REFERENCE NUMERALS

{0038}
15 1 -- Reaction furnace
4 -- Seed
5 -- Electrode portion
6 -- Seed retaining member
6a -- Base portion
20 6b -- Body portion

6¢ -- Tip portion
10 -~ First fitting hole
13 -- Second fitting hole

14 -- Through hole

25 15 -- Securing screw



[0037] 5The present invention makes it possible to perform the breaking-and-separating work with a
smaller load than conventional by forming a groove for breaking and separating at an arbitrary location
to cause stress concentration at the groove. Moreovef, the present invention allows a crack to
propagate along the groove and the breaking-and-separating work to be performed while preventing
the cracks at unintended 10 locations in the seed retaining member. The present invention is
applicable to a seed retaining member and a method of manufacturing polycrystalline silicon using the
sggd retaining memﬂgr '[?E%‘gﬁ'ﬁfﬁ% £ BELERENRE NUMERAI?Sp[O)C;Sg] 151 -- Reaction fu?nace

4 -- Seed 5 -- Electr% e portion 6,-- Seed retaining member 6a -- Base portion 206b -- Body portion 6¢
-- Tip portion 10 -- Fitst" M’ﬁ%@%@%é’&manﬁning hole



14 -- Through hole 2515 -- Securing screw 19 16 -- Groove for breaking and separating 20 -- Silicon
deposition portion 20 CLAIMS 1. Aseed retairg’ g member, made of graphite and attached to an
electrode portion disposed at a bottom portion of a flirnace for producing polycrystalline silicon by 5 a
Siemens method, for retaining a lower end portion of a seed serving as a seed rod, characterized by
having a recessed portion for breaking and separating, formed at an arbitrary location in an outer
peripheral surface thereof. 2. The seed retaiping.member according to claim I. wherein the
recessed portion 10is a groove for breaking and separating. 3. The seed retaining member
according to claim 2, wherein the groove for breaking and separating is formed in an entire
circumference of the seed retaining member or a portion of the circumference. 15 4. The seed

retaining member accorigfp B A SRS ORAN ferPINNG AN sepelgiTa e

along the circumference of the outer era sur ce of ’seed retaining member. e seed

retaining meﬂ&%&rﬁﬁ&%@@a@a%ﬁ?& 8(1%?1'Wﬁazfﬁpﬁgé@?og’producmg polyerystalline silicon by

5 a Siemens method, for retaining a lower end portion of a seed serving as a seed rod,
characterized by having a recessed portion for breaking and separating, formed at an

arbitrary location in an outer peripheral surface thereof.

2. The seed retaining member according to claim 1, wherein the recessed portion

10 1is a groove for breaking and separating.

3. The seed retaining member according to claim 2, wherein the groove for
breaking and separating is formed in an entire circumference of the seed retaining

member or a portion of the circumference.

4. The seed retaining member according to claim 2 or 3, wherein the groove for
breaking and separating extends along the circumference of the outer peripheral surface

of the seed retaining member.

20 5. The seed retaining member according to any one of claims 2 through 4,
whereimn the groove for breaking and separating is formed below a grown portion of the
silicon crystal that has been grown from the seed surface and deposited on the surface of

the seed retaining member.

25 6. The seed retaining member according to any one of claims 1 through 5,



wherein the groove for breaking and separating is formed below a grown portion of the silicon crystal
that has been grown from the seed surface and depgsited on the surface of the seed retaining
member. 21 wherein a tip of the seed retaining mermber is formed in a conical frustum shape. 7.
A method of manufacturing polycrystalline silicon by a Siemens method, comprising the steps of:
pre-forming a recessed portion for breaking and separating at an arbitrary location of an outer

peripheral sur. aecglgf a_s%? retaiainé member for retafinin Jower end portion of a seed serving as a
seed rod, and Staching e Setd T SEATHLE MEmBET! {he feLe e%’ﬁ%ﬁ?cﬁ?ms been formed to
an electrode portion disposed at a bottom portion of a furnace for manufacturing polycrystalline silicon;

10depositing polycrystalline silicon on a surface of the seed; after depositing polycrystalline

silicon on the surfac okthee%%e(fi,o?re%ki{llg Ct eigeedo etairgitg .Erlr%egnlber at the recessed éE‘)éortio and
taking the seed on which the po ycryxsl%a]i’lme sificen MadHeen depoéli‘éo ol Jf tHERIHa Eftg?l ‘

performing 1Qn, W f%ue seed retaining member and the 15polycrystalline silicon from the
seed that hscsggg)e%fr’}gt}g%hﬁ gﬂé@)gfg the furnace. 8. A method of manufacturing polycrystalline silicon

oy a Siemens methad cRppHang [0g.steks o RI-fRIING.AEcERRed pAN fal ieaking. and

separating at an arbitrary 20 location of an duter periphera Surface of a'see aining member for

retairing a lawetend PORGRA" AApAd SRR s AR tkiARd AagBing heasm AN

member in which the recessed portion has been fowled to an eleétrode portion dispo d at & bottom

portion of 2 g igh Mevleaighpolyarvelaling, shaen:daaecidaanieaialngliganen 2
surface of the seed; 25after the depositing of polycrystalline silicoli, removing the seed retaining
which the recessed portion has been formed to an electrode portion disposed at a bottom
portion of a furnace for manufacturing polycrystalline silicon;
10 depositing polycrystalline silicon on a surface of the seed;
after depositing polycrystalline silicon on the surface of the seed, breaking the
seed retaining member at the recessed portion and taking the seed on which the
polycrystalline silicon has been deposited out of the furnace; and

performing a separation work of the seed retaining member and the

15 polycrystalline silicon from the seed that has been taken out of the furnace.

8. A method of manufacturing polycrystalline silicon by a Siemens method,
comprising the steps of:

pre-formimg a recessed portion for breaking and separating at an arbitrary

20 location of an outer peripheral surface of a seed retaining member for retaining a lower

end portion of a seed serving as a seed rod, and attaching the seed retaining member in
which the recessed portion has been formed to an electrode portion disposed at a bottom
portion of a furnace for manufacturing polycrystalline silicon;

depositing polycrystalline silicon on a surface of the seed;

25 after the depositing of polycrystalline silicon, removing the seed retaining



22 member retaining the seed from the electrode portion and taking the seed retaining member
retaining the seed out of the furnace; and after.taking the seed retaining member retaining the
seed out of the furnace, breaking the seed retainingmember with the seed being retained at the
recessed portion to 5carry out a separation work of the seed retaining member and the polycrystalline

silicon. 9. The method of manufacturing polycrystalline silicon according to claim 7 or 8, wherein
the recesse%l%orggrnije rOO T fcs)cr:e 9 km ﬁe”%}%?@aé"é‘t'ggmon and taking the seed retaining

member retaining the seed out of the furnace; and
after taking the seed retaining member retaining the seed out of the furnace,
breaking the seed retaining member with the seed being retained at the recessed portion to

5 carry out a separation work of the seed retaining member and the polycrystalline silicon.

9. The method of manufacturing polycrystalline silicon according to claim 7 or 8,

wherein the recessed portion is a groove for breaking and separating.



