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DESCRIPTION

PROCESS FOR PRODUCING SILICON SINGLE CRYSTAL

Technical Field
[0001]

The present invention relates to a process for pr
a silicon single crystal from which silicon wafers
substrates of semiconductor devices such as memory
solar cell substrates are cut off. In particular,
invention relates to a method for producing a silic
crystalintowhich carbonisincorporated such that

the like can be controlled for impurity gettering.

Background Art
[0002]

Silicon single crystals fabricated by Czochralski
(CZmethod)containacrystallinedefect,BMD(Bulk
TheBMDhasagetteringabilitythatcapturesconta
such as heavy metals within wafers to enhance prope
substrates. ItisknownthattheBMDinthesilico
goesupbycarbondopingatthetimeofpullingup
crystal ingot.

[0003]
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The silicon single crystals fabricated by CZ metho
containacrystalline defect, aring-like OSF (Oxid
Stacking Fault). The OSF causes malfunctions in su
semiconductor devices, such as increase in leak of
current,andmoreoverimpairssolarcellproperties
substrates. It is known that the OSF in the silico
crystalsisinhibited by carbon doping atthe time
a silicon single crystal ingot.

[0004]

Itisknownthatsilicon single crystalsforthe
ofsubstratesofsemiconductordevicesandsolarce
if no impurities are contained therein, have aredu
andundergodislocation duetothermal stressinth
of the pulling-up operation. Approaches to prevent
dislocation from occurring are allowing oxygen to b
incorporated fromaquartz crucible and the doping
such as carbon and nitrogen thereby enhancing the s
siliconsinglecrystals. Inparticular,incorporat
a small amount ranging from about 0.01 to 1 ppma (a
silicon melt) is effective, because this method wou
increasethestrengthofsiliconsinglecrystalswi
electric properties of the silicon single crystals.
insolarcellsubstrates,thedemandforreducingt
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d also
ationinduced
bstrates of
electric
ofsolarcell
n single

of pullingup

provision
llsubstrates,
ced strength
esecond half
the
e actively
ofimpurities
trength of
ingcarbonat
t a state of
Id highly
thoutimpairing
Meanwhile,
hecostofsolar

ystal



10

15

20

producible at a high yield with lower cost.
[0005]

Recentapproachinview ofthe above is the fabric
silicon single crystals intentionally doped with ca
Proposed methods fordoping crystals with carbonin
ofcarbonpowder(PatentLiteraturel)andtheuse
(PatentLiterature2). Thosedopingmethodswitht
carbon still have problems such as letting carbon n
dissolved float in a silicon melt thereby making th
crystals remain liable to have dislocations, and th
to dope carbon at a necessary concentration with fa
precision. Anotherdisadvantagewasthatasaresu
convectionwith anextremely highconcentration of
bottom of the crucible at an initial stage of the s
material being dissolved within the crucible, the i
the quartz crucible reacts with carbon and this sho
durability of the quartz crucible.

[0006]

Amethodproposedtoaddresstheaboveproblemsis
inPatentLiterature3. Inthisdocument,theincl
atanecessary concentration atafavorable precisi
using, as part of a polycrystalline silicon raw mat
polycrystallinesiliconcontainingcarbonatahigh

of 3 ppma or higher. This method provides the pol

ation of
rbon.
volvetheuse
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heuseofsolid
ot mixed or
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e inability
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silicon containing carbon at 3 ppma or higher in th e form of a
thin plate, and subjects this thin plate to acid et ching before

its use. And yet, no more particular mention is ma de in this
document on the availability of that polycrystallin e silicon.
Thefactisthattheattempttoobtainthepolycrys tallinesilicon
having a high carbon concentration in the form of a thin plate
wouldrequirespecialproductionprocess,whichwil lincreasethe
production cost, and involve the concern for possib le

contamination from other metals than carbon.

[0007]

Also, the polycrystalline siliconinthe shape of thethin
plate is inferior in its flowability and in its ope rability at
the time of its introduction into a crucible. Part icularly in
the production of the silicon single crystals by a process
including pulling up a single silicon single crysta l, allowing
a silicon raw material to be recharged into the cru cible and
dissolved, and thereafter pulling up a silicon sing le crystal
again, namely a multi-pulling process, the polycrys talline
silicon in the shape of the thin plate is inapplica ble as the
siliconrawmaterialtoberecharged,duetoitsin abilitytoflow

downward smoothly within a recharging quartz tube.
[0008]
Furthermore, the inclusioninthe polycrystalline silicon

ofcarbonatahigh concentration of 3ppmaorhigh ercaninvolve
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thefailureforthe carbontobe uniformlymixedin
melttherebylocalizingtheregionswithhighcarbo

possibly causing the single crystals to have disloc

Citation List

Patent Literatures

[0009]

[Patent Literature 1] JP-B-5104437
[Patent Literature 2] JP-A-2012-171822

[Patent Literature 3] JP-A-H11-312683

Summary of the Invention
Technical Problem
[0010]

Asintheforegoing,intheprocessforproducing
single crystal in which carbon is incorporated into
singlecrystaltobepulledupinordertoinhibit
andthereductioninstrength,thesignificantprob
had been to develop a process which easily allows ¢
mixed and dissolved into a silicon meltand allows
be incorporated with low cost and which provides ex
operabilityinintroducingapolycrystallinesilico
into a crucible. In particular, the development of

allowing a necessary concentration of carbon to be

tothesilicon
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dissolved into the silicon melt with great precisio

beneficial and had been demanded.

Technical Solution
[0011]

The presentinventors have repeated their earnest
in view of the above problems and have found that
forproducingthe silicon single crystalby CZ meth
problems can be solved by using, as at least part o
raw material, specific crushed materials derived fr
polycrystalline silicon rod produced by Siemens pro
present invention has been made based on the findin
[0012]

That is, the present invention, which concerns a
forproducingasiliconsinglecrystalinvolvinghe
raw material held in a crucible to provide a silico
allowing a silicon single crystal to grow during th
of a silicon single crystal ingot from the silicon
characterized by using, as at least part of the sil
material, crushed materials of a polycrystalline si
produced by Siemens process, the crushed materials
crushing an end of the rod in the vicinity contacti

core wire holding member.

n would be
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nthe process
od, the above
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Effects of the Invention
[0013]

The process for producing a silicon single crysta
present invention provides a silicon single crystal
which carbonisincorporated, and therefore, the si
crystal ingot has an increased strength with the oc
dislocation favorably suppressed. Since the carbon
intothe siliconmeltwhile beingdissolvedincrus
of the polycrystalline silicon rod produced by Siem
that are obtained by crushing an end of the rod in
contacting a carbon core wire holding member, itis
carbonto be mixed and dissolved, which enables the
incorporated at a necessary concentration with grea
with low cost. In particular, the use of the crush
containing carbon ranging from 0.04 to 2.8 ppma is
terms of fully achieving the effects of increasing

andpreventingthedislocationinreadilyproviding

crystals containing carbon at a favorable concentra

Furthermore, the use of the crushed materials of th

polycrystalline silicon rods produced by Siemens pr
generally have high purity, can give rise to silico
crystals with less metal contamination.

[0014]

In addition, the crushed materials, which are shap

| of the
ingot into
liconsingle
currence of
issupplied
hed materials
ens process
the vicinity
easyforthe
carbontobe
t precision
ed materials
preferred in
the strength
siliconsingle
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granular pieces, are favorable in their flowability
excellent in their operability upon being introduce
crucible. In the production of the silicon single
multi-pulling mode, the crushed materials, capable
downwardsmoothlywithinarechargingquartztube,

favorably as a recharging silicon raw material.

Brief Description of Drawings

[0015]

[FIG. 1] FIG. 1is aschematic view showing a typic

of a CZ furnace.

[FIG. 2] FIG. 2is a schematic view showing a CZ fu

the production of silicon single crystals by CZ met
multi-pulling mode.

[FIG. 3] FIG. 3isaschematic view showing a typic

of a silicon deposition furnace by Siemens process.
[FIG.4]FIG.4isaschematicview showingtherem
including a carbon core wire holding member embedde
end cut off from a polycrystalline silicon rod.

[FIG. 5] FIG. 5 is a graph showing a carbon concent
distributionatarodendofapolycrystallinesili

in Example 1.

Description of Embodiments
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[0016]

The process for producing a silicon single crysta
present invention is to be applied to CZ method, i.
including heating a silicon raw material held in a
provide a silicon melt and allowing a silicon singl
grow while pulling up a silicon single crystal ingo
silicon melt. FIG. 1 schematically shows a typical
of a CZ furnace. A main chamber 1 has a quartz cru
holdingasiliconmelt4andagraphitecrucible 6
the quartz crucible, around which a heater 7 is pro
siliconrawmaterial,heldwithinthequartzcrucib
uptoitsmeltingpointandmolten. Intothesilic
crystalisimmersed. Theseedcrystal,whilebeing
up, is allowed to grow with the temperature of the
controlled by the heater 7, afterwhichasilicons

ingot 3 having a predetermined size is pulled up.

schematically shows a CZ furnace used in the produc

siliconsingle crystal by the CZ methodinamulti-

In this mode, for the pulling-up of the silicon sin
repeated multiple times, the CZ furnace has, above
crucible5,aquartztube2forrechargingasilico
throughwhicharechargingsiliconrawmaterial8i

for its recharge.

[0017]

| of the
e., amethod
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e crystal to
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embodiment
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vided. A
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onmelt,aseed
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ingle crystal
FIG. 2
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nrawmaterial,
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The silicon raw material to be held in a crucible
CZ method is usually polycrystalline silicon. Whil
of polycrystalline silicon including those produced
fluidizationbedmethod, metallurgy, zincreduction
depositionmethod orothermethodsareemployable,
those produced by Siemens process.

[0018]

Siemens process employs a pair of carbon electrod
provided with a silicon core wire viaa carbon core
member, and while allowing electric currentto pass
heating those members, blows a silane raw material
trichlorosilane and monosilane, to cause the surfac
silicon core wire to have polycrystalline silicon v
(deposited) by CVD (Chemical Vapor Deposition) meth
schematically shows atypicalembodimentofasilic
furnace20basedonSiemensprocess. Specifically,
of a carbon electrode 24 is equipped with a member
carbon likewise, for holding the silicon core wire
wireholdingmember). Intotheupperendoftheme
corewire22isinserted. Thosemembers,whichel
is passed through and which are heated, undergo the
the silane raw material gas to allow silicon to be
whereby a polycrystalline silicon rod 23 is obtaine

time, the silicon rod, weighing heavy, is often cau

in the

e any types
by

method, melt

preferredare

es each
wire holding
through and
gas, such as
e of the
apor-grown
od. FIG. 3
ondeposition
theupperpart
21, made of

(carbon core

mber,asilicon

ectriccurrent
blowing of
deposited,
d. At this
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upright without falling down by subjecting a periph
carbon core wire holding member 21, too, to the blo
raw material gas to allow silicon to be deposited t
polycrystalline silicon produced in this way by Sie
hashighpurity,andthusispreferableingivinga

crystal with less metal contamination.

[0019]

Thedepositionofthepolycrystallinesiliconont
of the silicon core wire in this way by CVD method
polycrystallinesiliconrod. Thepolycrystallines
cutoffatits both ends from the carbon electrodes

to besiliconraw materials. The polycrystallines

crushed manually with the use of a hammer or mechan

theuseofacrushersuchasajawcrusher. Thecr
is preferably made of a material less affected by h
contamination,forexamplemadeoftungstencarbide
materials preferably have a particle size classifie
atleast90% by massthereoffalls withinthe range
mmforthelength ofthelongdiameter,more prefer
at least 90% thereof falls within the range from 2
the length of the long diameter.
[0020]

In the production of a polycrystalline silicon by

process, the lower end of the carbon electrode 24 i

ery of the

wing of the

hereon. The
mens process

siliconsingle

hesurface

provides a
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eavy metals
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at the bottom of the silicon deposition furnace (FI
metal electrode not shown in the drawing, and the u
the carbon electrode 24 is provided with the carbon
holding member 21. The structure of the member hol
silicon core wire 22 is not particularly limited, b
theupperendfaceoftheholdingmemberisprovide
aperture, and into the holding aperture, an end of
core wire 22 is inserted to support the silicon cor
carbon core wire holding member 21 usually has a di
to 100 mm and a length of 50 to 200 mm for its body
columnar shaped.

[0021]

ThedepositionofthepolycrystallinesiliconbyC
is not just on the surface of the silicon core wire
stretchesoverthelowerregionofthesiliconcore
the upper outer face of the carbon core wire holdin
with the polycrystalline silicon. The carbon core
member21,atarounditsbasepartcutofffromthe
24bybeingextractedfromthecarbonelectrode 24
has been embedded into the central part of the rod
the polycrystalline silicon rod 23.

[0022]

Itiscommonfortherodendintowhichthecarbo

holdingmember2l1hasbeenembeddedtobecutofff

G.3)witha
pper face of
core wire
ding the
utgenerally
dwithaholding
the silicon
e wire. The
ameter of 30

part, andis

VDmethod
but also
wiretocover
g member 21
wire holding
carbonelectrode
inmostcases,

atthe end of

ncorewire

romthecut-out
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polycrystalline silicon rod 23 and discarded. In t
invention,incontrast,therodendiscrushedand
partofthesiliconrawmaterialintheCZmethod.
inthepresentinvention,atleastpartofthesili

are the crushed materials of the polycrystalline si
producedbySiemensprocessthatareobtainedbycr
endinthevicinitycontactingthecarboncorewire

In detail, since the polycrystalline silicon positi

silicon rod end in the vicinity contacting the carb
holding member 21 has a high carbon concentration,
crushed materials ofthe polycrystalline siliconro
Siemens process that are obtained by crushing the r
vicinity contacting the carbon core wire holding me
(hereinafter also referred to as “the crushed mater
vicinity of the core wire holding member*) as at le
thesiliconrawmaterialinCZ method providescarb
siliconsinglecrystals. Theabove configurationi
effective use of waste materials, but also accompli
effectsinimprovingthestrengthandsuppressingt
Accordingtotheabove process, carbon, while being
the crushed materials in the vicinity of the core w
member, is introduced into the silicon melt, and th
easilymixedanddissolvedwithuniformity. Thisf

to significant effects in improving the strength an

he present
usedasatleast
Inotherwords,
conrawmaterial
licon rod
ushingtherod
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using the
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suppressing the dislocation. The crushed materials
vicinity of the core wire holding member, which are
amorphousgranular pieces, are goodintheir flowab
excellent in their operability upon being introduce
crucible.

[0023]

Therodendofthe polycrystalline siliconrod pr
Siemens process in the vicinity contacting the carb
holding member, whichisinthe vicinity of the car
holding member, represents a region having a high c
concentration, wherein the carbon concentration is
0.04 ppma or more, more preferably 0.1 ppma or more
preferably 2.8 ppma or less, more preferably 2 ppma
[0024]

That is, the crushed materials of the polycrystal
silicon rod produced by Siemens process that are ob
crushing the rod end in the vicinity contacting the
wireholdingmemberpreferablyhaveacarbonconcen
ppma or more, more preferably 0.1 ppma or more, and
2.8 ppma or less or less, more preferably 2 ppma or
[0025]

In the presentinvention, the carbon concentratio
rod end in the vicinity contacting the carbon core

member is a value measured by secondary ion mass sp
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shaped as
ilityandare
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preferably
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or less.
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(SIMS).
[0026]

The crushed materials of the polycrystalline silic
producedbySiemensprocessthatareobtainedbycr
endinthevicinitycontactingthecarboncorewire
have a particle size such that at least 90% by mass
preferably has a length of along diameter which is
andfurther atleast 90% by mass thereof preferably
ofalongdiameterwhichis2to 50 mm. The partic
crushed materials is preferably withinthe abovera
100%bymassofthecrushedmaterials, moreprefera
above range for 95to 100% by mass of the crushed m
most preferably within the above range for 100% by
crushed materials.

[0027]

In order for the silicon single crystal produced
production processofthe presentinventiontofull
reduced dislocation effect, the substantial whole r
straightbodypartofthesiliconsinglecrystalin
hasacarbonconcentrationof0.01tolppma,more
to 0.9 ppma. To provide the silicon single crystal
such acarbon concentration, itis preferred to use
part of the silicon raw material, the crushed mater

vicinity ofthe core wire holdingmember. The subs

on rod
ushingtherod
holdingmember
thereof
210100 mm,
hasalength
le size ofthe
ngefor90to
blywithinthe
aterials, and

mass of the

by the
yexhibitthe
egion of the

gotpreferably

preferably0.025

ingot with
,asatleast
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region of the straight body part of the silicon sin

ingot as used herein refers to an at least 90% of t
covering from the starting position to the lower en
direction of the length of the straight body part.
concentration of the silicon single crystal ingot i
concentrationofasubstitutionalcarbonmeasuredw
transform infrared spectrophotometer (FR-IR). Meas
of the carbon concentration at center positions in
bodypartaredefinedascarbonconcentrationvalue

of the straight body part.

[0028]

Intheproductionprocessofthepresentinvention
partofthesiliconrawmaterialarethe crushedma
vicinity of the core wire holding member, wherein t
materials in the vicinity of the core wire holding
constitutethewholeofthesiliconrawmaterialor
part of the silicon raw material. In the productio
the presentinvention, the crushed materials in the
thecorewireholdingmemberpreferablyoccupy20t
more preferably occupy 50 to 100% by massin 100% b
silicon raw material. The use of the crushed mate
vicinity of the core wire holding member in the abo
preferable in terms of easily enabling the carbon ¢

oftheresultantsilicon single crystalingottofa

gle crystal
he region
d in the

The carbon

ithaFourier
ured values
the straight

sattheheights

,atleast
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above range.
[0029]

When part of the silicon raw material are the cru
materialsinthe vicinity of the core wire holding
siliconraw materialsthanthe crushed materialsin
ofthecorewireholdingmemberarenotparticularl
maybesiliconrawmaterialsconventionallyusedin
of silicon single crystals by CZ method with no par
restriction. Thoseothersiliconrawmaterialsth
materials in the vicinity of the core wire holding
preferably crushed materials of the straight body p
polycrystallinesiliconrodsproducedbySiemenspr
other silicon raw materials than the crushed materi
vicinity of the core wire holding member preferably
carbon concentration, the concentration being prefe
ppmaorless. Thoseothersiliconrawmaterialsth
materialsinthevicinityofthe corewireholding
have a carbon concentration of 0.005 ppma or more.

[0030]

The crushed materials of the straight body part o

polycrystalline silicon rods produced by Siemens pr
carbon concentration significantly lower than 0.04
isapreferredcarbonconcentrationofthepolycrys

rodsinthevicinityofthecorewireholdingmembe

shed
member, other
thevicinity
ylimited,and
theproduction
ticular
anthecrushed
member are
art of
ocess. Those
als in the
have a low
rably 0.02
anthecrushed

memberusually

ocess have a
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tallinesilicon
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concentrationistoosmalltobeeasilymeasurable

this case, a method for measurement of carbon conce
describedinASTMF1723-02 (“Standard Practicefor
Polycrystalline Silicon Rods by Float-Zone Crystal
Spectroscopy”) can be adopted. Specifically, a str
partofasiliconrodiscoredtogiveasamplebar

of 2 cm horizontally running through the center of

body part, and the cored sample bar is subjected to

the sample bar whose surface has been washed is use
asinglecrystalsiliconbyfloatingzonemethod (F

a bulk carbon concentration of that single crystal
measured with a Fourier transform infrared spectrop
(FT-IR). The crushed materials of the straight bod
polycrystalline silicon rod have a carbon concentra
measured by the above method whichis usually 0.02
preferably 0.01 ppma or less.

[0031]

In the present invention, the crushed materials o
polycrystallinesiliconrod produced by Siemens pro
obtained by crushing the rod end in the vicinity co
carboncorewireholdingmemberareobtainablebya
isnotparticularlylimited. Amethodpreferred,a
4,isthatfromarodendcutofffromthepolycrys

rod, a core including both the carbon core wire hol
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embedded into the rod end and the polycrystalline s
surroundingthecarboncorewireholdingmemberis
arodendhollowbody 25, andthe rod end hollowbo

Therod end hollow body, whichis hollow, is prefer
crushable more easily than solid rods.

[0032]

According to the knowledge of the present invento
carbon concentration of the polycrystalline silicon
vicinity ofthe corewire holdingmemberisextreme
surface contacting the carbon core wire holding mem
reduced in proportion to the increase of the distan
in the radial direction and in the upward direction
believedto berelatedto the mechanismthatthe ca
carbon core wire holding member, as the result of i
with the silane raw material gas, is partly gasifie
thenincorporatedto allowsiliconto be deposited,
farther distance from the carbon core wire holding
the less amount of the carbon to be incorporated in
polycrystallinesilicon. Thecarbonconcentration
that are approximate to one another are reproducibl
allthepolycrystallinesiliconrodsproducedinth
deposition furnace under the same deposition condit
moreoveratendsofallthepolycrystallinesilicon

through the above production repeated. The dispers

ilicon
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carbon concentration distributions at the rod ends
polycrystallinesiliconrods,asmeasuredatthe sa
usually falls within the range different by +10% fr
values thereof.

[0033]

Thus, the carbonconcentration ofthe crushed mat
thevicinity ofthe corewire holdingmemberthata
siliconrawmaterialcanbeadjusted, atthetimeo
coreincludingthecarboncorewireholdingmember
rodend, byvaryingthe diameterofthe coreinclud
corewireholdingmembertoberemoved. Specifical
concentration of the silicon single crystal can be
employing a coring drill with a small diameter and
core at a position close to the carbon core wire ho
in the rod end, whereas the carbon concentration of
single crystal can be decreased by employing a cori
alargediameterandremovingthe core atapositio
from the carbon core wire holding member in the rod
preferred for the crushed materials in the vicinity
wire holding member prepared in the above way to be
primarily (95% by mass or more) of the crushed mate
a carbon concentration of 0.04 to 2.8 ppma, and mor
forthecrushedmaterialsinthevicinityoftheco

member to be composed primarily of the crushed mate

of the
me positions,

om average

erialsin
reusedasthe
fremovingthe
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ingthecarbon
ly,thecarbon
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a carbon concentration of 0.1 to 2 ppma. The carbo
the crushed materials of the rod end obtained by th
the total amount in the regions to be used in the ¢
concentrationdistributionoftherod endinthe vi
core wire holding member as shown in FIG. 5 provide
[0034]

Asdescribedabove,thecarbonconcentrationatt
which is lowered at positions farther from the carb
holding member, is lowest at the periphery of the r
some cases contains carbon below the necessary conc
Since the inclusion of a large amount of crushed ma
suchalower carbonconcentrationwouldreduce the

controllingthecarbonconcentrationofthesilicon

the rod periphery may be removed by the removal

larger-diameter core thanthe diameterofthe core
carbon core wire holding member to be removed.
[0035]

Inviewoftheknowledgeasdescribedintheforeg
thecarbonconcentrationdistributionvaluesthata
tooneanotherarereproducibleattheendsofthe
siliconrodsmanufacturedwiththesamesilicondep
underthesamedepositionconditions,itisparticu
in the present invention to produce the silicon sin

in the following manner. The process preferred com

n amount of
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arbon
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measuring a carbon concentration distribution at th
the polycrystalline silicon rod produced by Siemens
thevicinitycontactingwiththecarboncorewireh
varyingadiameterofacoretoberemoved, basedo
carbon concentration distribution, in the productio
above-mentioned process of crushed materialsinthe
thecorewireholdingmemberfromanotherpolycryst
rodproducedinthesamesilicondepositionfurnace
same deposition conditions as the above polycrystal
rod; and using the crushed materials thus obtained
carbonconcentrationadjutsedasatleastpartoft
material. The carbon concentration of the resultan
single crystal is such that the carbon concentratio
substantialwholeregionofthestraightbodypart
singlecrystalingotispreferably0.01tolppma,

0.025 to 0.9 ppma.

[0036]

Particularly in the above process, the crushed mat
inthe vicinity ofthe corewire holdingmemberwit
concentrationadjustedarepreferablyusedasarec
raw materialinthe productionofasiliconsingle
ofmulti-pulling. Thatis,thecrushedmaterialsi
ofthecorewireholdingmember,whichareinthef

pieces, are good intheir flowability and are excel

erodend of
process in
oldingmember;
nthemeasured
n by the
vicinity of
allinesilicon
andunderthe
line silicon
with their
hesiliconraw
t silicon
n at the
ofthesilicon

morepreferably

erials
htheircarbon
hargingsilicon
crystalbyway
nthevicinity
ormofgranular

lentintheir
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operability upon being introduced into a crucible.
suchcrushed materials astherechargingsiliconra
theproductionofthesiliconsinglecrystalbythe
ispreferableinenablingthe crushed materialsto
downward within the recharging quartz tube as well
allowing the pulled-up silicon rods to have a const
concentration.

[0037]

In detail, in multi-pulling, due to the concentra
carbon into the silicon melt by the influence of se
coefficient at the time of silicon solidification,
concentrationinasiliconraw materialto berecha
vary according to a carbon concentration required i
singlecrystal. Theuseofthecrushedmaterialsi
of the core wire holding member with their carbon ¢
believed to be easily adjustable under the above-de
assumptioneasilyenablesthecarbonconcentration
melttobekeptataconstantlevel,achievingthe
effect. Also, in multi-pulling, where a high conce
carbonisalready presentinthe melt, carbontobe
introduced needs to be less in its amount as compar
pulling-up of a single rod. This need is met by th
materialsinthe vicinity of the core wire holding

have a moderate carbon concentration ranging from a

The use of
wmaterialin
multi-pulling
smoothly flow
as in easily

ant carbon

tion of
gregation
the carbon
rged needsto
n a silicon
nthevicinity
oncentration
scribed
inthesilicon
above-described
ntration of
additionally
ed with the
e crushed
member, which

bout0.04 to
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2.8 ppma, and is thus favorable in the introduction

amount of carbon with great precision.

[0038]

Thepolycrystallinesiliconinthepolycrystalline

rodendinthevicinityoftheinterfacewiththec

holding member sometimes contains SiC. The use of

polycrystallinesiliconasthesiliconrawmaterial

dislocationintheresultantsiliconsinglecrystal

the influence of SiC, it is preferred to use a poly

silicon

positioned far at a distance of 1 mm or mor

interface with the carbon electrode, particularly f

distance of 3 mm or more from the interface with th

electrode.

[0039]

The silicon single crystals obtained by the produ

processofthe presentinventionare applicable as

of silicon wafers used for substrates of semiconduc

solarcellsubstratesandotherswithnorestrictio

preferably silicon single crystals for solar cell s

which

are more preferred carbon-containing embodime

EXAMPLES

[0040]

The present invention will be described with refe

of a small

silicon

arboncorewire
such a

easilycauses
. Tominimize
crystalline

e from the

ar at a

e carbon

ction
raw materials
tor devices,
n,andaremore
ubstrates,

nts.

rence to
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examplesingreaterdetailhereinbelow,butthepre sentinvention
is not limited by those examples.
[0041]
In Examples and Comparative Examples, various pro perties
were measured in the following manners.
[0042]
1) Method for measuring carbon concentration distri bution at

polycrystalline silicon rod end

In arod end that had been cut off from a polycrys talline
siliconrod,adisk-shapedpolycrystallinesilicon thinplatewith
a thickness of 2 mm in the horizontal direction was cut out at
aposition10mmbelowtheupperendofacarbonco rewireholding
member that had been embedded into the rod end. In the
polycrystalline silicon thin plate, 5 mm-square sam ples for
measurement centered on positions far radially at a distance of
3 mm, 7 mm, 12 mm, 20 mm and 30 mm from its surface contacting

the carbon core wire holding member were cut out.

[0043]

Those samplesformeasurement (5 mm-square x 2 mmt ), after
theirsurfacesweremirrorpolished,weresubjected tomeasurement
of carbon concentrations at positions far radially from the
surface contacting the carbon core wire holding mem ber by
secondaryionmassspectrometry(SIMS). Withregar dtothesample

for measurement cut at the position far at a distan ce of 3 mm,
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both a carbon concentration atthe position far at
3 mm from the surface contacting the carbon core wi
memberandacarbonconcentrationatapositionfar
of 1 mm therefrom were measured.
[0044]
2) Methodformeasuringcarbonconcentrationatsil
crystal ingot pulled up

The straight body part of a silicon single crystal
that had been pulled up was cut at the starting pos
thelowerendofthestraightbodyparthorizontall
of2.5mm,togiverespectivedisk-shapedpolycryst
thin plates. From the central positions of the pol
siliconthin plates obtained, 15 mm-square samples
whose surfaces were then mirror polished, and subje
measurement of concentrations of substitutional car
Fourier transform infrared spectrophotometer (FR-IR
3) Methodsforstudyingdislocationinsiliconsing
pulled up

Duringthe pulling-up of asingle crystal, the pre
crystal habit line at the periphery of the single c
visually observed through an inspection hole of a C
Specifically, during the observation of crystal hab
appearing on the surface of the silicon single crys

disappearance of the crystal habit line was regarde

adistance of
re holding

atadistance

iconsingle

ingot
ition and at
yatathickness
allinesilicon
ycrystalline
were cutout,
cted to
bon with a
).

lecrystal

sence of
rystal was
Z furnace.
it line
tal,

d as the
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occurrence of dislocation.

[0045]
[Example 1]

ACZfurnacehavingastructureshowninFIG.1lan dequipped
with a quartz crucible with a diameter of 22 inches (56 cm) was
used. Inthequartzcrucible,120kgofcrushedma terialsinthe
vicinity of a core wire holding member was held, an d a silicon
singlecrystalingotwithitsstraightbodypartha vingadiameter
of8inches(20.3cm)waspulledup. The pulling-u poftheingot
was performed such that the carbon concentration in the single
crystal at the starting position of the straight bo dy part was
0.025 ppma. In view of the segregation coefficient of carbon
being 0.07, the carbon concentration atthe time of startingthe
pulling-up of the straight body part was achieved b y adjusting
the carbon concentration of the silicon melt to be 0.35 ppma.
[0046]

A silicon raw material used in the above was crus hed
materialsinthevicinityofthecorewireholding memberproduced
by the following method. Specifically, a silicon d eposition
furnace having a basic structure shown in FIG. 3 an d having
multiple pairs of carbon electrodes to which silico n core wire
was attached was used to perform deposition by Siem ens process
to give polycrystalline silicon rods. One of those

polycrystalline silicon rods was cut off at around the base of
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the carbon core wire holding member. The other rod end was
horizontally cut off at a position 10 mm above the upper end of
thecarboncorewireholdingmemberfromthebodyp artoftherod.

The above operation provided a rod end having a dia meter of 110
mmandalengthof7Ommwhereinthecarboncorewi reholdingmember
(diameter:50mm,lengthofembeddedrod:60mm)ha dbeenembedded

through the lower end.

[0047]

Carbon concentration distribution in the polycrys talline
siliconoftheaboverodendthatsurroundedtheca rboncorewire
holding member was measured by the above-mentioned method, and

results thereof are shown in Table 1.

[0048]
[Table 1]
Distance from surface
contacting carbon core Carbon concentration
wire holding member
mr ppma
1 11.58
3 3.12
7 1.31
12 0.49
20 0.18
30 0.18
The carbonconcentrationwas highestataroundthe surface
contacting the carbon core wire holding member (pos ition far at

adistance of 1L mm),andbecameloweredasthedist ancefromthat
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position increased. A carbon concentration distrib
in FIG. 5 was given.
[0049]

Meanwhile fromtwopolycrystallinesiliconrods
at other pairs of carbon electrodes produced with t
depositionfurnace, rod endswere cutoutsimilarly
rods subjected to the measurement had grown atthe
vicinity of the outer wall of the furnace, atthe r
vicinity of the center of the furnace, and atthe r
vicinity of the middle in the radial directionint
and carbon concentration distribution in the polycr
silicon in those two polycrystalline silicon rods w
by the above method. As a result, the difference i
concentration distribution was small enough that th
concentrationvaluesmeasuredatthosedistancesfr
contacting the carbon core wire holding member was
different by £10% from average values for those thr
Furthermore, from three polycrystalline silicon rod
likewisefromthemultiple polycrystallinesilicon
through the production repeated under the same cond
ends were cut out, and carbon concentration distrib
polycrystalline silicon in those rod ends was measu
result,carbonconcentrationvaluesmeasuredobtain

threerods,too,wereintherangedifferentby+10

ution shown

positioned
he above
(thosethree
regioninthe
egioninthe
egioninthe
he furnace),
ystalline
as measured
n carbon
e carbon
omthesurface
inthe range
ee rods.
s selected
rodsobtained
itions, rod
utioninthe
red. As a
edforthenew

%fromaverage
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values determined fromthe measurementresults for thenewthree
rodscombinedwiththemeasurementresultsforthe previousthree
rods.

[0050]

Measurementofcarbonconcentrationdistribution performed
at positions 30 mm below the upper end oftherod e nd found that
differenceinthemeasuredvalueswasalsosmallen oughthatthose
measuredvalueswereintherangedifferentby+10% fromthevalues

set forth in Table 1.
[0051]

From the measurement results shown in Table 1, an

approximate curve was determined. Totaling the car bon
concentration distribution in the radial direction enables the
relationbetweencarbonconcentrationandmasstob edetermined.
Based thereon, a position at which the rod end shou Id be cored
so as to provide a silicon raw material with the de sired carbon
concentrationwasdetermined. Itwasfoundconsequ entlythatthe
removalofthecoreincludingthecarboncorewire holdingmember
from the rod end with the use of a coring drill wit h an outer
diameter of 64 mm was necessary in order to allow t he resultant
rodendhollowbodytocontain0.35ppmaofcarbon initsentirety.
[0052]

Basedthereon,theoperationofobtainingtherod endhollow

body from the polycrystalline silicon rod produced with the use
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ofthe same silicondepositionfurnace underthe sa
conditions as described above was repeated. Subseq
resultantrod end hollow bodies each havinganinne
64 mm and an outer diameter of 110 mmwere crushed
the length of the long diameter to be in the range
mm by using a tungsten carbide hammer. As a result
materialsinthevicinityofthesiliconcorewire
wereobtained. Itwas estimated thatifthose crus
in the vicinity of the core wire holding member wer
guartz crucible and dissolved in the silicon melt,
meltwould have a carbonconcentrationtotalingto
[0053]

120 kg of the above crushed materials in the vici
thecorewire holdingmemberwasheldinthe quartz
a silicon single crystal ingot was pulled up by CZ
pulling-up was achieved without dislocation. In th
silicon single crystal ingot, carbon concentrations
starting position of its straight body partand at
of its straight body part (solidification degree: 0
measured to be 0.025 ppma and 0.21 ppma, respective
[0054]
[Example 2]

A silicon single crystal ingot was pulled up in th

manner as in Example 1 exceptthatacarbon concent

me deposition
uently, the
rdiameter of
soastocause
from 2 to 50
, crushed
holdingmember
hed materials
e heldinthe
the silicon

be 0.35ppma.

nity of
crucible,and
method. The
e resultant
at the
the lowerend

.9) were

€ same

rationinthe
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singlecrystalatthestartingpositionofthestra
was 0.1 ppma. Inview of the segregation coefficie
being 0.07, the carbon concentration atthe time of
pulling-up of the straight body part was achieved b
the carbon concentration of the silicon melt to be
[0055]

A silicon raw material used in the above was crus
materialsinthevicinityofthecorewireholding
by the following method. First, a rod end cut out
polycrystalline silicon rod, after its periphery wa
using a coring drill having an inner diameter of 74
subjected to the removal of the core including the
wire holding member by using a coring drill having
diameterof56mm. Theaboveoperationgavearod
havinganinnerdiameterof 56 mmand an outerdiam
The rod end hollow body was crushed. It was estima
those crushed materialsinthe vicinity ofthe core
member were held in the quartz crucible and dissolv
silicon melt, in view of the carbon concentration d
determinedintheforegoing,thesiliconmeltwould
concentration totaling to be 1.4 ppma.
[0056]

Those crushed materials in the vicinity of the co

holding member were held in the quartz crucible, an

ightbodypart
nt of carbon

startingthe
y adjusting

1.4 ppma.

hed
memberproduced
from a
sremoved by
mm, was
carbon core
an outer
endhollowbody
eterof 74mm.
ted that if
wire holding
ed in the
istribution

haveacarbon

re wire

d a silicon
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single crystal was pulled up by CZ method. The pul

achieved without dislocation. Carbon concentration

starting position of the straight body partand at

ofthe straight body part were measuredtobe 0.10

ppma, respectively.

[0057]
Subsequently,to12kgofthesiliconmeltremain

quartzcrucible,108kgofanewsiliconrawmateri

silicon single crystal by multi-pulling was introdu

second silicon single crystal ingot was pulled up i

manner as in the pulling-up of the first silicon si

such that a carbon concentration in the single crys

starting position of the straight body part was 0.1

this to occur, it was necessary for 120 kg of the s

after the recharging to have a carbon concentration

be 1.4 ppma. The carbon concentration of the 12 kg

melt remaining in the quartz crucible was calculate

ppma in view of the segregation coefficient, and th

108kgofcrushedmaterialsinthevicinityofthe

membertobenewlyintroducedneededtohaveacarb

of 0.24 ppma.

[0058]
InthesamemannerasinExamplel,therodendw

totheremoval ofthe coreincludingthe carboncor

ling-up was
s at the
the lower end

ppmaand0.83

inginthe
alforthesecond
ced. The
n the same
ngle crystal
tal at the
ppma. For
ilicon melt
adjusted to
of silicon
dtobe11l.9
erefore the
corewireholding

onconcentration

assubjected

ewireholding
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member by using a coring drill with an outer diamet
The rod end hollow body thus obtained having an inn
of 74mmandanouterdiameterof110mmwascrushe
the length of the long diameter to be in the range
mm by using atungsten carbide hammer. Asaresult
materials in the vicinity of the core wire holding
rechargingwere obtained, and heldintoarechargin
2 detached from the CZ furnace. With the bottom co
rechargingquartztubeslowlyopenedtocreateaga
the crushed materials in the vicinity of the core w
member for recharging were introduced into the quar
Thereby, the 108 kg of silicon raw material was int
[0059]

Asiliconsingle crystalingotwas pulled up by C
The pulling-up was achieved without dislocation.
resultant second silicon single crystal ingot,
concentrationsatthestartingpositionofitsstra
and at the lower end of its straight body part were
be 0.10 ppma and 0.84 ppma, respectively.
[0060]

Inthesamemannerasinthesecondpulling-up,th

and fifth pulling-up were performed. Results there
in Table 2.

[0061]

carb

er of 74 mm.
er diameter
dsoastocause
from 2 to 50
,the crushed
member for
gquartztube
ver of the
p.throughwhich
ire holding
tz crucible.

roduced.

Zmethod.
n the
on
ightbodypart

measured to

ird fourth

of are shown
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[Table 2]
Table 2
concentrator Carbon
at startin concent ration
rarting at lower end Dislocation
position of of straight
straight body 9
body part
part
Number of
ppma ppma times
First 0.10 0.83 0
Second 0.10 0.84 0
Example 2 Third 0.10 0.84 1
Fourth 0.10 0.85 1
Fifth 0.10 0.85 0
[Example 3]

ThesameoperationasinExamplelwasperformede xceptthat
thesiliconsinglecrystalingotwas pulledupsuch thatacarbon
concentration in the single crystal at the starting position of
thestraightbodypartwas0.025ppma. Inviewof thesegregation
coefficientofcarbonbeing0.07,thecarbonconcen trationatthe
time of starting the pulling-up of the straight bod y part was

achievedbyadjustingthecarbonconcentrationoft
to be 0.35 ppma.
[0062]

A silicon raw material used in the above was crus
materials from the vicinity of the electrode produc
followingmethod. First,arodendcutoutfroma
silicon rod was subjected to the removal of the cor

thecarboncorewireholdingmemberbyusingacori

hesiliconmelt

hed

ed by the

polycrystalline

e including

ngdrillhaving
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an outer diameter of 58 mm. As aresult, a rod end
havinganinnerdiameterof58mmwasobtained. Th
body was crushed. The crushed materials in the vic
electrode were calculated to have acarbonconcentr
ppma in its entirety in view of the carbon concentr
distributiondeterminedabove. To96kgofthecru

in the vicinity of the electrode, 24 kg of crushed

the straightbody partof a polycrystalline silicon

by Siemens process which had a carbon concentration
inaccordance with ASTM F1723-02 of 0.01 ppma, was
120kgofasiliconrawmaterialforthepulling-up

single crystal ingot. It was estimated that if 120

siliconraw material was held inaquartz crucible

in a silicon melt, the silicon melt would have a ca rbon
concentration totaling to be 0.35 ppma.
[0063]

The raw material mixture was held in the quartz c rucible,
and a silicon single crystal was pulled up by CZ me thod. The
pulling-up was achieved without dislocation. Carbo n
concentrationsatthestartingpositionofthestra ightbodypart
and at the lower end of the straight body part (sol idification
degree: 0.9) were measured to be 0.025 ppma and 0.2 1 ppma,

respectively.

[0064]

hollow body
erodendhollow
inity of the
ationof0.43
ation
shedmaterials
materials of
rodobtained
as measured
mixed to give
ofthesilicon
kg of the

anddissolved
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[Example 4]

ThesameoperationasinExample2wasperformed
thesiliconsinglecrystalingotwaspulledupsuch
concentration in the single crystal at the starting
the straightbody partwas 0.1 ppma. Inview of th
coefficientofcarbonbeing0.07,thecarbonconcen
time of starting the pulling-up of the straight bod
achievedby adjusting the carbon concentration ofa
to be 1.4 ppma.

[0065]

The first silicon single crystal by multi-pulling
performed in the same manner as in Example 2.
[0066]

A silicon raw material used for the second silico
crystal by multi-pulling was a mixture obtained by
of crushed materials in the vicinity of the electro
bythesamemannerasinExample3whichhadacarb
calculated to be 0.43 ppmainits entirety with 49
materials ofthe straightbody partofapolycrysta
rod obtained by Siemens processwhichhadacarbon
as measured in accordance with ASTM F1723-02 of 0.0
wasestimatedthatif108kgofthatsiliconrawma
in the quartz crucible, and dissolved in the silico

siliconmeltwouldhaveacarbonconcentrationtota

exceptthat
thatacarbon
position of
e segregation
trationatthe
y part was

siliconmelt

was

nsingle
mixing 59 kg
de obtained
onconcentration
kg of crushed
llinesilicon
concentration
1 ppma. It
terialwasheld
n melt, the

lingtobe0.24
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[0067]

38

Therawmaterial mixture was heldintoarechargi

tube 2 detached from the CZ furnace. With the bott

therechargingquartztubeslowlyopenedtocreate

ng quartz

om cover of

agap,through

which the crushed materials from the vicinity of th e electrode
forrechargingwereintroducedintothequartzcruc ible. Thereby,
108 kg of the silicon raw material was introduced.

[0068]

After the second pulling-up, third, fourth and fi fth
pulling-up were performed in the same manner as in the second
pulling-up. Results thereof are shown in Table 3.

[0069]
[Table 3]
Table 3
concentrator Carbon
at startin concentration
rarting at lower end Dislocation
position of of straight
straight body bod gart
part yp
Number of
bpma bpma times
First 0.10 0.85 0
Second 0.10 0.84 0
Example 4 Third 0.10 0.86 0
Fourth 0.10 0.85 1
Fifth 0.10 0.83 1
[Comparative Example 1]
The production of a silicon single crystal ingot w as
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performed in the same manner as in the pulling-up o

silicon single crystal ingotin Example 2, exceptt

thesiliconrawmaterialtobeheldinthequartzt

fromthecrushedmaterialsinthevicinityofthec

membertoamixtureobtainedbymixing96.0kgofc

of a high-purity polycrystalline silicon obtained b

processwhichhadacarbonconcentrationasmeasure

waslowerthanthedetectablelowerlimit(lengtho

in the range from 2 to 50 mm) with 24.0 kg of crush

of apolycrystalline silicon having a high carbon ¢

as measured by SIMS of 7.0 ppma (length of long dia

range from 2 to 50 mm).

[0070]
Thepolycrystallinesiliconcrushedmaterialshav

carbonconcentrationasthelatter-mentionedsilico

wasproducedbyacomplicatedmethodasfollows:in

of a silicon single crystal ingot by CZ method, a c

wasintroducedintoahigh-puritysiliconrawmater

concentration within a melt was kept so as to excee

solubilitylimitofcarbon;andtherefromaningot

and the straight body part of the resultant ingot w

Thecarbonconcentrationashighas?7.0ppmaofthe

siliconcrushed materials havingahighcarbonconc

considerably higher than the normal carbon concentr

f the first
hat 120 kg of
ubewaschanged
orewireholding
rushedmaterials
y Siemens
dbySIMSthat
flongdiameter
ed materials
oncentration

meter in the

ingahigh
nrawmaterial
theproduction
arbon piece
ial;thecarbon
d the solid
waspulledup,
as crushed.
polycrystalline
entrationwas

ation
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(normallyrangingfrom0.04to 2.8 ppma)ofthecru
inthevicinityofthecorewireholdingmemberas
1 and 2 (crushed materials of the polycrystalline s
produced by Siemens process that were obtained by c
rod end in the vicinity contacting the carbon core
member).
[0071]

The use of such a silicon raw material, however,
intheoccurrenceofdislocationsixtimesduringt
and was accompanied by repeated need to cause the i
pulleduptobedissolvedandperformpulling-upop
would be because of the failure for carbon to be un
intothemeltandunevendistributionofhighcarbo

regions thereby reducing the durability of the quar

In the resultant silicon single crystal ingot, carb

concentrationsatthestartingpositionofitsstra

and at the lower end of its straight body part (sol

degree: 0.9) were measured to be 0.10 ppma and 0.83

respectively.

[0072]

[Comparative Example 2]
Inthepulling-upofthefirstsiliconsinglecry

in Example 2, 120 kg of the silicon raw material to

the quartz tube was changed from the crushed materi

shedmaterials
usedinExamples
ilicon rod

rushing the

wire holding

resulted
hepulling-up,
ngot being
erations,which
iformly mixed
nconcentration
tz crucible.
on
ightbodypart
idification

ppma,

stalingot
be held in

als in the
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vicinity of the core wire holding member to 120 kg
materials of a high-purity polycrystalline silicon
Siemens process which had a carbon concentration as
SIMS that was lower than the detectable lower limit
longdiameterintherangefrom2to50mm). Meanw
doping source, 0.072 g of carbon granule obtained b
molding agentto a size of 1 to 3mmwas putinac
extrudedintothemainchamberoftheCZfurnace,a

in the atmosphere of 500°C for 3 hours.

[0073]

With the container being rotated, the carbon gran
introducedintothecruciblealittiewhilebefore
polycrystalline silicon crushed materials held in t
cruciblebecamecompletelymoltenduringitsmeltin
the passage of 180 minutes, a silicon single crysta
be pulled up. The above operation, however, result
occurrence of dislocation two times during the pull
was accompanied by repeated need to cause the ingot
uptobedissolvedandperformpulling-upoperation
be because of the failure for the carbon granule to
mixed sufficiently into the silicon melt. In the r
silicon single crystal ingot, carbon concentrations
starting position of its straight body partand at

of its straight body part (solidification degree: O

of crushed
obtained by
measured by
(length of
hile,asacarbon
y crushing a
ontainer, and

ndlefttostand

ule was
thehigh-purity
he quartz
gstep. After
| started to
ed in the
ing-up, and
being pulled
s,whichwould
be uniformly
esultant
at the
the lowerend

.9) were
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measured to be 0.08 ppma and 0.63 ppma, respectivel

List of Reference Signs

[0074]

1. Main chamber

N

. Recharging quartz tube

w

. Silicon single crystal ingot

4. Silicon melt

(2]

. Quartz crucible

»

. Graphite crucible

7. Heater

(o]

. Recharging silicon raw material

20. Silicon deposition furnace

21. Carbon core wire holding member
22. Silicon core wire

23. Polycrystalline silicon rod

24. Carbon electrode

25. Rod end hollow body
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CLAIM

1. A process for producing a silicon single crysta
heating a silicon raw material held in a crucible t
siliconmeltandallowingasiliconsinglecrystal
thepulling-upofasiliconsinglecrystalingotfr
melt,theprocesscomprisingusing,asatleastpar
rawmaterial, crushed materials ofapolycrystallin
produced by Siemens process, the crushed materials
crushing an end of the rod in the vicinity contacti

core wire holding member.

2. The process for producing a silicon single crys
accordingtoclaiml,whereinacarbonconcentratio

materials is from 0.04 to 2.8 ppma.

3. The process for producing a silicon single crys
accordingtoclaim1or 2, wherein asubstantial wh
a straight body part of the silicon single crystal

carbon concentration of 0.01 to 1 ppma.

4, The process for producing a silicon single crys
accordingtoanyoneofclaimslto3,whereinthe

haveapatrticlesizesuchthatatleast90%bymass

| by
0 provide a
togrowduring
omthesilicon
tofthesilicon
esiliconrod
obtained by

ng a carbon

tal

nofthecrushed

tal
oleregion of

ingot has a

tal

crushedmaterials

ofthecrushed
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materials falls within the range from 2 to 50 mm fo

a long diameter.

5. The process for producing a silicon single crys
accordingtoanyoneofclaims1to4,whereinthe
are obtained by removing a core including both the
wireholdingmemberembeddedintotherodendanda
siliconsurroundingthe carbon core wire holdingme
rod end cut off from the polycrystalline silicon ro
rod end hollow body, and thereafter crushing the ro

body.

6. The process for producing a silicon single crys
according to claim 5, comprising:
measuring a carbon concentration distribution at t

endofthepolycrystallinesiliconrodproducedby

ralength of

tal
crushedmaterials
carbon core
polycrystalline
mberfromthe
d to give a

d end hollow

tal

he rod

Siemensprocess

in the vicinity contacting with the carbon core wir e holding
member,

varying a diameter of a core to be removed, based on the
measuredcarbonconcentrationdistribution,inthe productionby
the process according to claim 5 of crushed materia Is in the
vicinity of the core wire holding member from anoth er
polycrystalline silicon rod produced in the same si licon
deposition furnace and under the same deposition co nditions as
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the polycrystalline silicon rod, and
using the crushed materials thus obtained with a ¢
concentration adjutsed as at least part of the sili

material.

7. The process for producing a silicon single crys
according to claim 6, wherein the silicon single cr
produced by multi-pulling, and the crushed material
vicinity of the core wire holding member with a car
concentration adjusted are used as a recharging sil

material in the multi-pulling.

8. The process for producing a silicon single crys
according to any one of claims 1 to 7, which provid

single crystal for producing a substrate of a solar

arbon

con raw

tal
ystal is
s in the
bon

icon raw

tal
es asilicon

cell.



