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DESCRIPTION 

 

PROCESS FOR PRODUCING SILICON SINGLE CRYSTAL 

 

Technical Field 5 

[0001] 

  The present invention relates to a process for pr oducing 

a silicon single crystal from which silicon wafers used as 

substrates of semiconductor devices such as memory and CPU and 

solar cell substrates are cut off.  In particular, the present 10 

invention relates to a method for producing a silic on single 

crystal into which carbon is incorporated such that  BMD, OSF and 

the like can be controlled for impurity gettering. 

 

Background Art 15 

[0002] 

  Silicon single crystals fabricated by Czochralski  Method 

(CZ method) contain a crystalline defect, BMD (Bulk  Micro Defect).  

The BMD has a gettering ability that captures conta minant elements 

such as heavy metals within wafers to enhance prope rties of 20 

substrates.  It is known that the BMD in the silico n single crystal 

goes up by carbon doping at the time of pulling up a silicon single 

crystal ingot. 

[0003] 
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 The silicon single crystals fabricated by CZ metho d also 

contain a crystalline defect, a ring-like OSF (Oxid ation induced 

Stacking Fault).  The OSF causes malfunctions in su bstrates of 

semiconductor devices, such as increase in leak of electric 

current, and moreover impairs solar cell properties  of solar cell 5 

substrates.  It is known that the OSF in the silico n single 

crystals is inhibited by carbon doping at the time of pulling up 

a silicon single crystal ingot.  

[0004] 

  It is known that silicon single crystals for the provision 10 

of substrates of semiconductor devices and solar ce ll substrates, 

if no impurities are contained therein, have a redu ced strength 

and undergo dislocation due to thermal stress in th e second half 

of the pulling-up operation.  Approaches to prevent  the 

dislocation from occurring are allowing oxygen to b e actively 15 

incorporated from a quartz crucible and the doping of impurities 

such as carbon and nitrogen thereby enhancing the s trength of 

silicon single crystals.  In particular, incorporat ing carbon at 

a small amount ranging from about 0.01 to 1 ppma (a t a state of 

silicon melt) is effective, because this method wou ld highly 20 

increase the strength of silicon single crystals wi thout impairing 

electric properties of the silicon single crystals.   Meanwhile, 

in solar cell substrates, the demand for reducing t he cost of solar 

photovoltaic generation calls for silicon single cr ystal 
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producible at a high yield with lower cost.  

[0005] 

 Recent approach in view of the above is the fabric ation of 

silicon single crystals intentionally doped with ca rbon.  

Proposed methods for doping crystals with carbon in volve the use 5 

of carbon powder (Patent Literature 1) and the use of solid carbon 

(Patent Literature 2).  Those doping methods with t he use of solid 

carbon still have problems such as letting carbon n ot mixed or 

dissolved float in a silicon melt thereby making th e single 

crystals remain liable to have dislocations, and th e inability 10 

to dope carbon at a necessary concentration with fa vorable 

precision.  Another disadvantage was that as a resu lt of silicon 

convection with an extremely high concentration of carbon at the 

bottom of the crucible at an initial stage of the s ilicon raw 

material being dissolved within the crucible, the i nner wall of 15 

the quartz crucible reacts with carbon and this sho rtens the 

durability of the quartz crucible.  

[0006] 

 A method proposed to address the above problems is  described 

in Patent Literature 3.  In this document, the incl usion of carbon 20 

at a necessary concentration at a favorable precisi on is done by 

using, as part of a polycrystalline silicon raw mat erial, a 

polycrystalline silicon containing carbon at a high  concentration 

of 3 ppma or higher.   This method provides the pol ycrystalline 
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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.  

The fact is that the attempt to obtain the polycrys talline silicon 5 

having a high carbon concentration in the form of a  thin plate 

would require special production process, which wil l increase the 

production cost, and involve the concern for possib le 

contamination from other metals than carbon.    

[0007] 10 

 Also, the polycrystalline silicon in the shape of the thin 

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 15 

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 

silicon raw material to be recharged, due to its in ability to flow 20 

downward smoothly within a recharging quartz tube.  

[0008] 

  Furthermore, the inclusion in the polycrystalline  silicon 

of carbon at a high concentration of 3 ppma or high er can involve 
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the failure for the carbon to be uniformly mixed in to the silicon 

melt thereby localizing the regions with high carbo n concentration, 

possibly causing the single crystals to have disloc ation.  

 

Citation List 5 

Patent Literatures 

[0009] 

[Patent Literature 1] JP-B-5104437 

[Patent Literature 2] JP-A-2012-171822 

[Patent Literature 3] JP-A-H11-312683 10 

 

Summary of the Invention 

Technical Problem 

[0010] 

  As in the foregoing, in the process for producing  a silicon 15 

single crystal in which carbon is incorporated into  a silicon 

single crystal to be pulled up in order to inhibit the dislocation 

and the reduction in strength, the significant prob lem to be solved 

had been to develop a process which easily allows c arbon to be 

mixed and dissolved into a silicon melt and allows the carbon to 20 

be incorporated with low cost and which provides ex cellence in 

operability in introducing a polycrystalline silico n raw material 

into a crucible.  In particular, the development of  the process 

allowing a necessary concentration of carbon to be mixed and 
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dissolved into the silicon melt with great precisio n would be 

beneficial and had been demanded.  

 

Technical Solution 

[0011] 5 

  The present inventors have repeated their earnest  studies 

in view of the above problems and have found that i n the process 

for producing the silicon single crystal by CZ meth od, the above 

problems can be solved by using, as at least part o f a silicon 

raw material, specific crushed materials derived fr om a 10 

polycrystalline silicon rod produced by Siemens pro cess.  The 

present invention has been made based on the findin g. 

[0012] 

  That is, the present invention, which concerns a process 

for producing a silicon single crystal involving he ating a silicon 15 

raw material held in a crucible to provide a silico n melt and 

allowing a silicon single crystal to grow during th e pulling-up 

of a silicon single crystal ingot from the silicon melt, is 

characterized by using, as at least part of the sil icon raw 

material, crushed materials of a polycrystalline si licon rod 20 

produced by Siemens process, the crushed materials obtained by 

crushing an end of the rod in the vicinity contacti ng a carbon 

core wire holding member.   
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Effects of the Invention 

[0013] 

  The process for producing a silicon single crysta l of the 

present invention provides a silicon single crystal  ingot into 

which carbon is incorporated, and therefore, the si licon single 5 

crystal ingot has an increased strength with the oc currence of 

dislocation favorably suppressed.  Since the carbon  is supplied 

into the silicon melt while being dissolved in crus hed materials 

of the polycrystalline silicon rod produced by Siem ens process 

that are obtained by crushing an end of the rod in the vicinity 10 

contacting a carbon core wire holding member, it is  easy for the 

carbon to be mixed and dissolved, which enables the  carbon to be 

incorporated at a necessary concentration with grea t precision 

with low cost.  In particular, the use of the crush ed materials 

containing carbon ranging from 0.04 to 2.8 ppma is preferred in 15 

terms of fully achieving the effects of increasing the strength 

and preventing the dislocation in readily providing  silicon single 

crystals containing carbon at a favorable concentra tion.  

Furthermore, the use of the crushed materials of th e 

polycrystalline silicon rods produced by Siemens pr ocess, which 20 

generally have high purity, can give rise to silico n single 

crystals with less metal contamination. 

[0014] 

 In addition, the crushed materials, which are shap ed as 
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granular pieces, are favorable in their flowability  and are 

excellent in their operability upon being introduce d into a 

crucible.  In the production of the silicon single crystal in a 

multi-pulling mode, the crushed materials, capable of flowing 

downward smoothly within a recharging quartz tube, are employable 5 

favorably as a recharging silicon raw material.  

 

Brief Description of Drawings 

[0015] 

[FIG. 1] FIG. 1 is a schematic view showing a typic al embodiment 10 

of a CZ furnace. 

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

the production of silicon single crystals by CZ met hod in a 

multi-pulling mode. 

[FIG. 3] FIG. 3 is a schematic view showing a typic al embodiment 15 

of a silicon deposition furnace by Siemens process.  

[FIG. 4] FIG. 4 is a schematic view showing the rem oval of a core 

including a carbon core wire holding member embedde d into a rod 

end cut off from a polycrystalline silicon rod. 

[FIG. 5] FIG. 5 is a graph showing a carbon concent ration 20 

distribution at a rod end of a polycrystalline sili con rod obtained 

in Example 1. 

 

Description of Embodiments 
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[0016] 

  The process for producing a silicon single crysta l of the 

present invention is to be applied to CZ method, i. e., a method 

including heating a silicon raw material held in a crucible to 

provide a silicon melt and allowing a silicon singl e crystal to 5 

grow while pulling up a silicon single crystal ingo t from the 

silicon melt.  FIG. 1 schematically shows a typical  embodiment 

of a CZ furnace.  A main chamber 1 has a quartz cru cible 5 for 

holding a silicon melt 4 and a graphite crucible 6 for supporting 

the quartz crucible, around which a heater 7 is pro vided.  A 10 

silicon raw material, held within the quartz crucib le 5, is heated 

up to its melting point and molten.  Into the silic on melt, a seed 

crystal is immersed.  The seed crystal, while being  slowly pulled 

up, is allowed to grow with the temperature of the silicon melt 

controlled by the heater 7, after which a silicon s ingle crystal 15 

ingot 3 having a predetermined size is pulled up.  FIG. 2 

schematically shows a CZ furnace used in the produc tion of a 

silicon single crystal by the CZ method in a multi- pulling mode.  

In this mode, for the pulling-up of the silicon sin gle crystal 

repeated multiple times, the CZ furnace has, above the quartz 20 

crucible 5, a quartz tube 2 for recharging a silico n raw material, 

through which a recharging silicon raw material 8 i s flown downward 

for its recharge.  

[0017] 
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  The silicon raw material to be held in a crucible  in the 

CZ method is usually polycrystalline silicon.  Whil e any types 

of polycrystalline silicon including those produced  by 

fluidization bed method, metallurgy, zinc reduction  method, melt 

deposition method or other methods are employable, preferred are 5 

those produced by Siemens process. 

[0018] 

  Siemens process employs a pair of carbon electrod es each 

provided with a silicon core wire via a carbon core  wire holding 

member, and while allowing electric current to pass  through and 10 

heating those members, blows a silane raw material gas, such as 

trichlorosilane and monosilane, to cause the surfac e of the 

silicon core wire to have polycrystalline silicon v apor-grown 

(deposited) by CVD (Chemical Vapor Deposition) meth od.  FIG. 3 

schematically shows a typical embodiment of a silic on deposition 15 

furnace 20 based on Siemens process.  Specifically,  the upper part 

of a carbon electrode 24 is equipped with a member 21, made of 

carbon likewise, for holding the silicon core wire (carbon core 

wire holding member).  Into the upper end of the me mber, a silicon 

core wire 22 is inserted.   Those members, which el ectric current 20 

is passed through and which are heated, undergo the  blowing of 

the silane raw material gas to allow silicon to be deposited, 

whereby a polycrystalline silicon rod 23 is obtaine d.  At this 

time, the silicon rod, weighing heavy, is often cau sed to stand 
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upright without falling down by subjecting a periph ery of the 

carbon core wire holding member 21, too, to the blo wing of the 

raw material gas to allow silicon to be deposited t hereon.  The 

polycrystalline silicon produced in this way by Sie mens process 

has high purity, and thus is preferable in giving a  silicon single 5 

crystal with less metal contamination. 

[0019] 

 The deposition of the polycrystalline silicon on t he surface 

of the silicon core wire in this way by CVD method provides a 

polycrystalline silicon rod.  The polycrystalline s ilicon rod is 10 

cut off at its both ends from the carbon electrodes , and crushed 

to be silicon raw materials.  The polycrystalline s ilicon rod is 

crushed manually with the use of a hammer or mechan ically with 

the use of a crusher such as a jaw crusher.  The cr ushing instrument 

is preferably made of a material less affected by h eavy metals 15 

contamination, for example made of tungsten carbide .  The crushed 

materials preferably have a particle size classifie d such that 

at least 90% by mass thereof falls within the range  from 2 to 100 

mm for the length of the long diameter, more prefer ably such that 

at least 90% thereof falls within the range from 2 to 50 mm for 20 

the length of the long diameter. 

[0020] 

  In the production of a polycrystalline silicon by  Siemens 

process, the lower end of the carbon electrode 24 i s connected 
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at the bottom of the silicon deposition furnace (FI G. 3) with a 

metal electrode not shown in the drawing, and the u pper face of 

the carbon electrode 24 is provided with the carbon  core wire 

holding member 21.  The structure of the member hol ding the 

silicon core wire 22 is not particularly limited, b ut generally 5 

the upper end face of the holding member is provide d with a holding 

aperture, and into the holding aperture, an end of the silicon 

core wire 22 is inserted to support the silicon cor e wire.  The 

carbon core wire holding member 21 usually has a di ameter of 30 

to 100 mm and a length of 50 to 200 mm for its body  part, and is 10 

columnar shaped.      

[0021] 

 The deposition of the polycrystalline silicon by C VD method 

is not just on the surface of the silicon core wire  but also 

stretches over the lower region of the silicon core  wire to cover 15 

the upper outer face of the carbon core wire holdin g member 21 

with the polycrystalline silicon.  The carbon core wire holding 

member 21, at around its base part cut off from the  carbon electrode 

24 by being extracted from the carbon electrode 24 in most cases, 

has been embedded into the central part of the rod at the end of 20 

the polycrystalline silicon rod 23.  

[0022] 

  It is common for the rod end into which the carbo n core wire 

holding member 21 has been embedded to be cut off f rom the cut-out 
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polycrystalline silicon rod 23 and discarded.  In t he present 

invention, in contrast, the rod end is crushed and used as at least 

part of the silicon raw material in the CZ method.  In other words, 

in the present invention, at least part of the sili con raw material 

are the crushed materials of the polycrystalline si licon rod 5 

produced by Siemens process that are obtained by cr ushing the rod 

end in the vicinity contacting the carbon core wire  holding member.  

In detail, since the polycrystalline silicon positi oned at the 

silicon rod end in the vicinity contacting the carb on core wire 

holding member 21 has a high carbon concentration, using the 10 

crushed materials of the polycrystalline silicon ro d produced by 

Siemens process that are obtained by crushing the r od end in the 

vicinity contacting the carbon core wire holding me mber 

(hereinafter also referred to as “the crushed mater ials in the 

vicinity of the core wire holding member“) as at le ast part of 15 

the silicon raw material in CZ method provides carb on-containing 

silicon single crystals.  The above configuration i s not just an 

effective use of waste materials, but also accompli shes the 

effects in improving the strength and suppressing t he dislocation.  

According to the above process, carbon, while being  dissolved in 20 

the crushed materials in the vicinity of the core w ire holding 

member, is introduced into the silicon melt, and th erefore is 

easily mixed and dissolved with uniformity.  This f avorably leads 

to significant effects in improving the strength an d in 
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suppressing the dislocation.  The crushed materials  in the 

vicinity of the core wire holding member, which are  shaped as 

amorphous granular pieces, are good in their flowab ility and are 

excellent in their operability upon being introduce d into a 

crucible. 5 

[0023] 

  The rod end of the polycrystalline silicon rod pr oduced by 

Siemens process in the vicinity contacting the carb on core wire 

holding member, which is in the vicinity of the car bon core wire 

holding member, represents a region having a high c arbon 10 

concentration, wherein the carbon concentration is preferably 

0.04 ppma or more, more preferably 0.1 ppma or more , and is 

preferably 2.8 ppma or less, more preferably 2 ppma  or less.   

[0024] 

  That is, the crushed materials of the polycrystal line 15 

silicon rod produced by Siemens process that are ob tained by 

crushing the rod end in the vicinity contacting the  carbon core 

wire holding member preferably have a carbon concen tration of 0.04 

ppma or more, more preferably 0.1 ppma or more, and  preferably 

2.8 ppma or less or less, more preferably 2 ppma or  less.   20 

[0025] 

  In the present invention, the carbon concentratio n at the 

rod end in the vicinity contacting the carbon core wire holding 

member is a value measured by secondary ion mass sp ectrometry 
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(SIMS).   

[0026] 

 The crushed materials of the polycrystalline silic on rod 

produced by Siemens process that are obtained by cr ushing the rod 

end in the vicinity contacting the carbon core wire  holding member 5 

have a particle size such that at least 90% by mass  thereof 

preferably has a length of a long diameter which is  2 to 100 mm, 

and further at least 90% by mass thereof preferably  has a length 

of a long diameter which is 2 to 50 mm.  The partic le size of the 

crushed materials is preferably within the above ra nge for 90 to 10 

100% by mass of the crushed materials, more prefera bly within the 

above range for 95 to 100% by mass of the crushed m aterials, and 

most preferably within the above range for 100% by mass of the 

crushed materials.   

[0027] 15 

  In order for the silicon single crystal produced by the 

production process of the present invention to full y exhibit the 

reduced dislocation effect, the substantial whole r egion of the 

straight body part of the silicon single crystal in got preferably 

has a carbon concentration of 0.01 to 1 ppma, more preferably 0.025 20 

to 0.9 ppma.  To provide the silicon single crystal  ingot with 

such a carbon concentration, it is preferred to use , as at least 

part of the silicon raw material, the crushed mater ials in the 

vicinity of the core wire holding member.  The subs tantial whole 
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region of the straight body part of the silicon sin gle crystal 

ingot as used herein refers to an at least 90% of t he region 

covering from the starting position to the lower en d in the 

direction of the length of the straight body part.  The carbon 

concentration of the silicon single crystal ingot i s a 5 

concentration of a substitutional carbon measured w ith a Fourier 

transform infrared spectrophotometer (FR-IR).  Meas ured values 

of the carbon concentration at center positions in the straight 

body part are defined as carbon concentration value s at the heights 

of the straight body part.  10 

 [0028] 

 In the production process of the present invention , at least 

part of the silicon raw material are the crushed ma terials in the 

vicinity of the core wire holding member, wherein t he crushed 

materials in the vicinity of the core wire holding member may 15 

constitute the whole of the silicon raw material or  may constitute 

part of the silicon raw material.  In the productio n process of 

the present invention, the crushed materials in the  vicinity of 

the core wire holding member preferably occupy 20 t o 100% by mass, 

more preferably occupy 50 to 100% by mass in 100% b y mass of the 20 

silicon raw material.   The use of the crushed mate rials in the 

vicinity of the core wire holding member in the abo ve range is 

preferable in terms of easily enabling the carbon c oncentration 

of the resultant silicon single crystal ingot to fa ll within the 
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above range. 

[0029] 

  When part of the silicon raw material are the cru shed 

materials in the vicinity of the core wire holding member, other 

silicon raw materials than the crushed materials in  the vicinity 5 

of the core wire holding member are not particularl y limited, and 

may be silicon raw materials conventionally used in  the production 

of silicon single crystals by CZ method with no par ticular 

restriction.   Those other silicon raw materials th an the crushed 

materials in the vicinity of the core wire holding member are 10 

preferably crushed materials of the straight body p art of 

polycrystalline silicon rods produced by Siemens pr ocess.  Those 

other silicon raw materials than the crushed materi als in the 

vicinity of the core wire holding member preferably  have a low 

carbon concentration, the concentration being prefe rably 0.02 15 

ppma or less.  Those other silicon raw materials th an the crushed 

materials in the vicinity of the core wire holding member usually 

have a carbon concentration of 0.005 ppma or more.   

[0030] 

  The crushed materials of the straight body part o f 20 

polycrystalline silicon rods produced by Siemens pr ocess have a 

carbon concentration significantly lower than 0.04 ppma, which 

is a preferred carbon concentration of the polycrys talline silicon 

rods in the vicinity of the core wire holding membe r.  Such a lower 
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concentration is too small to be easily measurable with SIMS.  In 

this case, a method for measurement of carbon conce ntration 

described in ASTM F1723-02 (“Standard Practice for Evaluation of 

Polycrystalline Silicon Rods by Float-Zone Crystal Growth and 

Spectroscopy”) can be adopted.  Specifically, a str aight body 5 

part of a silicon rod is cored to give a sample bar  with a diameter 

of 2 cm horizontally running through the center of the straight 

body part, and the cored sample bar is subjected to  etching, and 

the sample bar whose surface has been washed is use d to produce 

a single crystal silicon by floating zone method (F Z method), and 10 

a bulk carbon concentration of that single crystal silicon is 

measured with a Fourier transform infrared spectrop hotometer 

(FT-IR).  The crushed materials of the straight bod y part of the 

polycrystalline silicon rod have a carbon concentra tion as 

measured by the above method which is usually 0.02 ppma or less, 15 

preferably 0.01 ppma or less. 

[0031] 

  In the present invention, the crushed materials o f the 

polycrystalline silicon rod produced by Siemens pro cess that are 

obtained by crushing the rod end in the vicinity co ntacting the 20 

carbon core wire holding member are obtainable by a ny manner which 

is not particularly limited.  A method preferred, a s shown in FIG. 

4, is that from a rod end cut off from the polycrys talline silicon 

rod, a core including both the carbon core wire hol ding member 
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embedded into the rod end and the polycrystalline s ilicon 

surrounding the carbon core wire holding member is removed to give 

a rod end hollow body 25, and the rod end hollow bo dy is crushed.  

The rod end hollow body, which is hollow, is prefer able in being 

crushable more easily than solid rods. 5 

[0032] 

  According to the knowledge of the present invento rs, the 

carbon concentration of the polycrystalline silicon  in the 

vicinity of the core wire holding member is extreme ly high at the 

surface contacting the carbon core wire holding mem ber, and is 10 

reduced in proportion to the increase of the distan ce therefrom 

in the radial direction and in the upward direction .  This is 

believed to be related to the mechanism that the ca rbon from the 

carbon core wire holding member, as the result of i ts reaction 

with the silane raw material gas, is partly gasifie d, which is 15 

then incorporated to allow silicon to be deposited,  and thus the 

farther distance from the carbon core wire holding member means 

the less amount of the carbon to be incorporated in to the 

polycrystalline silicon.  The carbon concentration distributions 

that are approximate to one another are reproducibl e at ends of 20 

all the polycrystalline silicon rods produced in th e same silicon 

deposition furnace under the same deposition condit ions and 

moreover at ends of all the polycrystalline silicon  rods obtained 

through the above production repeated.  The dispers ion of the 
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carbon concentration distributions at the rod ends of the 

polycrystalline silicon rods, as measured at the sa me positions, 

usually falls within the range different by ±10% fr om average 

values thereof. 

[0033] 5 

  Thus, the carbon concentration of the crushed mat erials in 

the vicinity of the core wire holding member that a re used as the 

silicon raw material can be adjusted, at the time o f removing the 

core including the carbon core wire holding member from the cut-off 

rod end, by varying the diameter of the core includ ing the carbon 10 

core wire holding member to be removed.  Specifical ly, the carbon 

concentration of the silicon single crystal can be increased by 

employing a coring drill with a small diameter and removing the 

core at a position close to the carbon core wire ho lding member 

in the rod end, whereas the carbon concentration of  the silicon 15 

single crystal can be decreased by employing a cori ng drill with 

a large diameter and removing the core at a positio n a little far 

from the carbon core wire holding member in the rod  end.  It is 

preferred for the crushed materials in the vicinity  of the core 

wire holding member prepared in the above way to be  composed 20 

primarily (95% by mass or more) of the crushed mate rials having 

a carbon concentration of 0.04 to 2.8 ppma, and mor e preferred 

for the crushed materials in the vicinity of the co re wire holding 

member to be composed primarily of the crushed mate rials having 
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a carbon concentration of 0.1 to 2 ppma.  The carbo n amount of 

the crushed materials of the rod end obtained by th e coring is 

the total amount in the regions to be used in the c arbon 

concentration distribution of the rod end in the vi cinity of the 

core wire holding member as shown in FIG. 5 provide d later. 5 

[0034] 

  As described above, the carbon concentration at t he rod end, 

which is lowered at positions farther from the carb on core wire 

holding member, is lowest at the periphery of the r od, which in 

some cases contains carbon below the necessary conc entration.  10 

Since the inclusion of a large amount of crushed ma terials with 

such a lower carbon concentration would reduce the efficiency of 

controlling the carbon concentration of the silicon  single crystal, 

the rod periphery may be removed by the removal of a 

larger-diameter core than the diameter of the core including the 15 

carbon core wire holding member to be removed.  

[0035] 

 In view of the knowledge as described in the foreg oing that 

the carbon concentration distribution values that a re approximate 

to one another are reproducible at the ends of the polycrystalline 20 

silicon rods manufactured with the same silicon dep osition furnace 

under the same deposition conditions, it is particu larly efficient 

in the present invention to produce the silicon sin gle crystal 

in the following manner.  The process preferred com prises: 
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measuring a carbon concentration distribution at th e rod end of 

the polycrystalline silicon rod produced by Siemens  process in 

the vicinity contacting with the carbon core wire h olding member; 

varying a diameter of a core to be removed, based o n the measured 

carbon concentration distribution, in the productio n by the 5 

above-mentioned process of crushed materials in the  vicinity of 

the core wire holding member from another polycryst alline silicon 

rod produced in the same silicon deposition furnace  and under the 

same deposition conditions as the above polycrystal line silicon 

rod; and using the crushed materials thus obtained with their 10 

carbon concentration adjutsed as at least part of t he silicon raw 

material.  The carbon concentration of the resultan t silicon 

single crystal is such that the carbon concentratio n at the 

substantial whole region of the straight body part of the silicon 

single crystal ingot is preferably 0.01 to 1 ppma, more preferably 15 

0.025 to 0.9 ppma.  

[0036] 

 Particularly in the above process, the crushed mat erials 

in the vicinity of the core wire holding member wit h their carbon 

concentration adjusted are preferably used as a rec harging silicon 20 

raw material in the production of a silicon single crystal by way 

of multi-pulling.  That is, the crushed materials i n the vicinity 

of the core wire holding member, which are in the f orm of granular 

pieces, are good in their flowability and are excel lent in their 
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operability upon being introduced into a crucible.  The use of 

such crushed materials as the recharging silicon ra w material in 

the production of the silicon single crystal by the  multi-pulling 

is preferable in enabling the crushed materials to smoothly flow 

downward within the recharging quartz tube as well as in easily 5 

allowing the pulled-up silicon rods to have a const ant carbon 

concentration.    

[0037] 

  In detail, in multi-pulling, due to the concentra tion of 

carbon into the silicon melt by the influence of se gregation 10 

coefficient at the time of silicon solidification, the carbon 

concentration in a silicon raw material to be recha rged needs to 

vary according to a carbon concentration required i n a silicon 

single crystal.  The use of the crushed materials i n the vicinity 

of the core wire holding member with their carbon c oncentration 15 

believed to be easily adjustable under the above-de scribed 

assumption easily enables the carbon concentration in the silicon 

melt to be kept at a constant level, achieving the above-described 

effect.  Also, in multi-pulling, where a high conce ntration of 

carbon is already present in the melt, carbon to be  additionally 20 

introduced needs to be less in its amount as compar ed with the 

pulling-up of a single rod.  This need is met by th e crushed 

materials in the vicinity of the core wire holding member, which 

have a moderate carbon concentration ranging from a bout 0.04 to 
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2.8 ppma, and is thus favorable in the introduction  of a small 

amount of carbon with great precision. 

[0038] 

 The polycrystalline silicon in the polycrystalline  silicon 

rod end in the vicinity of the interface with the c arbon core wire 5 

holding member sometimes contains SiC.  The use of such a 

polycrystalline silicon as the silicon raw material  easily causes 

dislocation in the resultant silicon single crystal .  To minimize 

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

silicon positioned far at a distance of 1 mm or mor e from the 10 

interface with the carbon electrode, particularly f ar at a 

distance of 3 mm or more from the interface with th e carbon 

electrode.   

[0039] 

  The silicon single crystals obtained by the produ ction 15 

process of the present invention are applicable as raw materials 

of silicon wafers used for substrates of semiconduc tor devices, 

solar cell substrates and others with no restrictio n, and are more 

preferably silicon single crystals for solar cell s ubstrates, 

which are more preferred carbon-containing embodime nts. 20 

 

EXAMPLES 

[0040] 

  The present invention will be described with refe rence to 
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examples in greater detail hereinbelow, but the pre sent invention 

is not limited by those examples.   

[0041] 

  In Examples and Comparative Examples, various pro perties 

were measured in the following manners.   5 

[0042] 

1) Method for measuring carbon concentration distri bution at 

polycrystalline silicon rod end 

 In a rod end that had been cut off from a polycrys talline 

silicon rod, a disk-shaped polycrystalline silicon thin plate with 10 

a thickness of 2 mm in the horizontal direction was  cut out at 

a position 10 mm below the upper end of a carbon co re wire holding 

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 15 

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 samples for measurement (5 mm-square × 2 mmt ), after 

their surfaces were mirror polished, were subjected  to measurement 20 

of carbon concentrations at positions far radially from the 

surface contacting the carbon core wire holding mem ber by 

secondary ion mass spectrometry (SIMS).  With regar d to the sample 

for measurement cut at the position far at a distan ce of 3 mm, 
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both a carbon concentration at the position far at a distance of 

3 mm from the surface contacting the carbon core wi re holding 

member and a carbon concentration at a position far  at a distance 

of 1 mm therefrom were measured.  

[0044] 5 

2) Method for measuring carbon concentration at sil icon single 

crystal ingot pulled up 

 The straight body part of a silicon single crystal  ingot 

that had been pulled up was cut at the starting pos ition and at 

the lower end of the straight body part horizontall y at a thickness 10 

of 2.5 mm, to give respective disk-shaped polycryst alline silicon 

thin plates.  From the central positions of the pol ycrystalline 

silicon thin plates obtained, 15 mm-square samples were cut out, 

whose surfaces were then mirror polished, and subje cted to 

measurement of concentrations of substitutional car bon with a 15 

Fourier transform infrared spectrophotometer (FR-IR ). 

3) Methods for studying dislocation in silicon sing le crystal 

pulled up 

 During the pulling-up of a single crystal, the pre sence of 

crystal habit line at the periphery of the single c rystal was 20 

visually observed through an inspection hole of a C Z furnace.  

Specifically, during the observation of crystal hab it line 

appearing on the surface of the silicon single crys tal, 

disappearance of the crystal habit line was regarde d as the 
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occurrence of dislocation.  

[0045] 

[Example 1] 

  A CZ furnace having a structure shown in FIG.1 an d equipped 

with a quartz crucible with a diameter of 22 inches  (56 cm) was 5 

used.  In the quartz crucible, 120 kg of crushed ma terials in the 

vicinity of a core wire holding member was held, an d a silicon 

single crystal ingot with its straight body part ha ving a diameter 

of 8 inches (20.3 cm) was pulled up.  The pulling-u p of the ingot 

was performed such that the carbon concentration in  the single 10 

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 at the time of  starting the 

pulling-up of the straight body part was achieved b y adjusting 

the carbon concentration of the silicon melt to be 0.35 ppma.    15 

[0046] 

  A silicon raw material used in the above was crus hed 

materials in the vicinity of the core wire holding member produced 

by the following method.  Specifically, a silicon d eposition 

furnace having a basic structure shown in FIG. 3 an d having 20 

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 

the carbon core wire holding member from the body p art of the rod.  

The above operation provided a rod end having a dia meter of 110 

mm and a length of 70 mm wherein the carbon core wi re holding member 5 

(diameter: 50 mm, length of embedded rod: 60 mm) ha d been embedded 

through the lower end.   

[0047] 

  Carbon concentration distribution in the polycrys talline 

silicon of the above rod end that surrounded the ca rbon core wire 10 

holding member was measured by the above-mentioned method, and 

results thereof are shown in Table 1. 

[0048] 

[Table 1] 

 15 
Distance from surface 

contacting carbon core 
wire holding member 

Carbon concentration  

mm ppma 
1 11.58 
3 3.12  
7 1.31 

12 0.49  
20 0.18  
30 0.18 

 

 The carbon concentration was highest at around the  surface 

contacting the carbon core wire holding member (pos ition far at 

a distance of 1 mm), and became lowered as the dist ance from that 
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position increased.  A carbon concentration distrib ution shown 

in FIG. 5 was given. 

[0049] 

  Meanwhile, from two polycrystalline silicon rods positioned 

at other pairs of carbon electrodes produced with t he above 5 

deposition furnace, rod ends were cut out similarly  (those three 

rods subjected to the measurement had grown at the region in the 

vicinity of the outer wall of the furnace, at the r egion in the 

vicinity of the center of the furnace, and at the r egion in the 

vicinity of the middle in the radial direction in t he furnace), 10 

and carbon concentration distribution in the polycr ystalline 

silicon in those two polycrystalline silicon rods w as measured 

by the above method.  As a result, the difference i n carbon 

concentration distribution was small enough that th e carbon 

concentration values measured at those distances fr om the surface 15 

contacting the carbon core wire holding member was in the range 

different by ±10% from average values for those thr ee rods.  

Furthermore, from three polycrystalline silicon rod s selected 

likewise from the multiple polycrystalline silicon rods obtained 

through the production repeated under the same cond itions, rod 20 

ends were cut out, and carbon concentration distrib ution in the 

polycrystalline silicon in those rod ends was measu red.  As a 

result, carbon concentration values measured obtain ed for the new 

three rods, too, were in the range different by ±10 % from average 
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values determined from the measurement results for the new three 

rods combined with the measurement results for the previous three 

rods.    

[0050] 

  Measurement of carbon concentration distribution performed 5 

at positions 30 mm below the upper end of the rod e nd found that 

difference in the measured values was also small en ough that those 

measured values were in the range different by ±10%  from the values 

set forth in Table 1.     

[0051] 10 

  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 

relation between carbon concentration and mass to b e determined.  

Based thereon, a position at which the rod end shou ld be cored 15 

so as to provide a silicon raw material with the de sired carbon 

concentration was determined.  It was found consequ ently that the 

removal of the core including the carbon core wire holding member 

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 20 

rod end hollow body to contain 0.35 ppma of carbon in its entirety.   

[0052] 

  Based thereon, the operation of obtaining the rod  end hollow 

body from the polycrystalline silicon rod produced with the use 
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of the same silicon deposition furnace under the sa me deposition 

conditions as described above was repeated.  Subseq uently, the 

resultant rod end hollow bodies each having an inne r diameter of 

64 mm and an outer diameter of 110 mm were crushed so as to cause 

the length of the long diameter to be in the range from 2 to 50 5 

mm by using a tungsten carbide hammer.  As a result , crushed 

materials in the vicinity of the silicon core wire holding member 

were obtained.  It was estimated that if those crus hed materials 

in the vicinity of the core wire holding member wer e held in the 

quartz crucible and dissolved in the silicon melt, the silicon 10 

melt would have a carbon concentration totaling to be 0.35 ppma. 

[0053] 

  120 kg of the above crushed materials in the vici nity of 

the core wire holding member was held in the quartz  crucible, and 

a silicon single crystal ingot was pulled up by CZ method.  The 15 

pulling-up was achieved without dislocation.  In th e resultant 

silicon single crystal ingot, carbon concentrations  at the 

starting position of its straight body part and at the lower end 

of its straight body part (solidification degree: 0 .9) were 

measured to be 0.025 ppma and 0.21 ppma, respective ly.  20 

[0054] 

[Example 2] 

 A silicon single crystal ingot was pulled up in th e same 

manner as in Example 1 except that a carbon concent ration in the 



 
32 

 

single crystal at the starting position of the stra ight body part 

was 0.1 ppma.  In view of the segregation coefficie nt of carbon 

being 0.07, the carbon concentration at the time of  starting the 

pulling-up of the straight body part was achieved b y adjusting 

the carbon concentration of the silicon melt to be 1.4 ppma.   5 

[0055] 

  A silicon raw material used in the above was crus hed 

materials in the vicinity of the core wire holding member produced 

by the following method.  First, a rod end cut out from a 

polycrystalline silicon rod, after its periphery wa s removed by 10 

using a coring drill having an inner diameter of 74  mm, was 

subjected to the removal of the core including the carbon core 

wire holding member by using a coring drill having an outer 

diameter of 56 mm.  The above operation gave a rod end hollow body 

having an inner diameter of 56 mm and an outer diam eter of 74 mm.  15 

The rod end hollow body was crushed.  It was estima ted that if 

those crushed materials in the vicinity of the core  wire holding 

member were held in the quartz crucible and dissolv ed in the 

silicon melt, in view of the carbon concentration d istribution 

determined in the foregoing, the silicon melt would  have a carbon 20 

concentration totaling to be 1.4 ppma. 

[0056] 

  Those crushed materials in the vicinity of the co re wire 

holding member were held in the quartz crucible, an d a silicon 
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single crystal was pulled up by CZ method.  The pul ling-up was 

achieved without dislocation.  Carbon concentration s at the 

starting position of the straight body part and at the lower end 

of the straight body part were measured to be 0.10 ppma and 0.83 

ppma, respectively.  5 

[0057] 

  Subsequently, to 12 kg of the silicon melt remain ing in the 

quartz crucible, 108 kg of a new silicon raw materi al for the second 

silicon single crystal by multi-pulling was introdu ced.  The 

second silicon single crystal ingot was pulled up i n the same 10 

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

such that a carbon concentration in the single crys tal at the 

starting position of the straight body part was 0.1  ppma.  For 

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

after the recharging to have a carbon concentration  adjusted to 15 

be 1.4 ppma.  The carbon concentration of the 12 kg  of silicon 

melt remaining in the quartz crucible was calculate d to be 11.9 

ppma in view of the segregation coefficient, and th erefore the 

108 kg of crushed materials in the vicinity of the core wire holding 

member to be newly introduced needed to have a carb on concentration 20 

of 0.24 ppma.   

[0058] 

  In the same manner as in Example 1, the rod end w as subjected 

to the removal of the core including the carbon cor e wire holding 
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member by using a coring drill with an outer diamet er of 74 mm.  

The rod end hollow body thus obtained having an inn er diameter 

of 74 mm and an outer diameter of 110 mm was crushe d so as to cause 

the length of the long diameter to be in the range from 2 to 50 

mm by using a tungsten carbide hammer.  As a result , the crushed 5 

materials in the vicinity of the core wire holding member for 

recharging were obtained, and held into a rechargin g quartz tube 

2 detached from the CZ furnace.  With the bottom co ver of the 

recharging quartz tube slowly opened to create a ga p, through which 

the crushed materials in the vicinity of the core w ire holding 10 

member for recharging were introduced into the quar tz crucible.  

Thereby, the 108 kg of silicon raw material was int roduced.    

[0059] 

  A silicon single crystal ingot was pulled up by C Z method.  

The pulling-up was achieved without dislocation.  I n the 15 

resultant second silicon single crystal ingot, carb on 

concentrations at the starting position of its stra ight body part 

and at the lower end of its straight body part were  measured to 

be 0.10 ppma and 0.84 ppma, respectively. 

[0060] 20 

 In the same manner as in the second pulling-up, th ird, fourth 

and fifth pulling-up were performed.  Results there of are shown 

in Table 2. 

[0061] 
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[Table 2] 

Table 2 

  

Carbon 
concentration 

at starting 
position of 

straight body 
part 

Carbon 
concent ration 
at lower end 
of straight 

body part 

Dislocation  

  ppma ppma 
Number of 

times 

Example 2 

First 0.10 0.83 0 
Second 0.10 0.84 0 
Third 0.10 0.84 1 

Fourth 0.10 0.85 1 
Fifth 0.10 0.85 0 

  

[Example 3] 

 The same operation as in Example 1 was performed e xcept that 5 

the silicon single crystal ingot was pulled up such  that a carbon 

concentration in the single crystal at the starting  position of 

the straight body part was 0.025 ppma.  In view of the segregation 

coefficient of carbon being 0.07, the carbon concen tration at the 

time of starting the pulling-up of the straight bod y part was 10 

achieved by adjusting the carbon concentration of t he silicon melt 

to be 0.35 ppma.     

[0062] 

  A silicon raw material used in the above was crus hed 

materials from the vicinity of the electrode produc ed by the 15 

following method.  First, a rod end cut out from a polycrystalline 

silicon rod was subjected to the removal of the cor e including 

the carbon core wire holding member by using a cori ng drill having 
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an outer diameter of 58 mm.  As a result, a rod end  hollow body 

having an inner diameter of 58 mm was obtained.  Th e rod end hollow 

body was crushed.  The crushed materials in the vic inity of the 

electrode were calculated to have a carbon concentr ation of 0.43 

ppma in its entirety in view of the carbon concentr ation 5 

distribution determined above.  To 96 kg of the cru shed materials 

in the vicinity of the electrode, 24 kg of crushed materials of 

the straight body part of a polycrystalline silicon  rod obtained 

by Siemens process which had a carbon concentration  as measured 

in accordance with ASTM F1723-02 of 0.01 ppma, was mixed to give 10 

120 kg of a silicon raw material for the pulling-up  of the silicon 

single crystal ingot.  It was estimated that if 120  kg of the 

silicon raw material was held in a quartz crucible and dissolved 

in a silicon melt, the silicon melt would have a ca rbon 

concentration totaling to be 0.35 ppma.      15 

[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 

concentrations at the starting position of the stra ight body part 20 

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] 
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[Example 4] 

  The same operation as in Example 2 was performed except that 

the silicon single crystal ingot was pulled up such  that a carbon 

concentration in the single crystal at the starting  position of 

the straight body part was 0.1 ppma.  In view of th e segregation 5 

coefficient of carbon being 0.07, the carbon concen tration at the 

time of starting the pulling-up of the straight bod y part was 

achieved by adjusting the carbon concentration of a  silicon melt 

to be 1.4 ppma. 

[0065] 10 

  The first silicon single crystal by multi-pulling  was 

performed in the same manner as in Example 2. 

[0066] 

  A silicon raw material used for the second silico n single 

crystal by multi-pulling was a mixture obtained by mixing 59 kg 15 

of crushed materials in the vicinity of the electro de obtained 

by the same manner as in Example 3 which had a carb on concentration 

calculated to be 0.43 ppma in its entirety with 49 kg of crushed 

materials of the straight body part of a polycrysta lline silicon 

rod obtained by Siemens process which had a carbon concentration 20 

as measured in accordance with ASTM F1723-02 of 0.0 1 ppma.  It 

was estimated that if 108 kg of that silicon raw ma terial was held 

in the quartz crucible, and dissolved in the silico n melt, the 

silicon melt would have a carbon concentration tota ling to be 0.24 
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ppma. 

[0067] 

  The raw material mixture was held into a rechargi ng quartz 

tube 2 detached from the CZ furnace.  With the bott om cover of 

the recharging quartz tube slowly opened to create a gap, through 5 

which the crushed materials from the vicinity of th e electrode 

for recharging were introduced into the quartz cruc ible.  Thereby, 

108 kg of the silicon raw material was introduced. 

[0068] 

  After the second pulling-up, third, fourth and fi fth 10 

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 15 

  

Carbon 
concentration 

at starting 
position of 

straight body 
part 

Carbon 
concentration 
at lower end 
of straight 

body part 

Dislocation  

  ppma ppma 
Number of 

times  

Example 4 

First 0.10 0.85 0 
Second 0.10 0.84 0 
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 f the first 

silicon single crystal ingot in Example 2, except t hat 120 kg of 

the silicon raw material to be held in the quartz t ube was changed 

from the crushed materials in the vicinity of the c ore wire holding 

member to a mixture obtained by mixing 96.0 kg of c rushed materials 5 

of a high-purity polycrystalline silicon obtained b y Siemens 

process which had a carbon concentration as measure d by SIMS that 

was lower than the detectable lower limit (length o f long diameter 

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

of a polycrystalline silicon having a high carbon c oncentration 10 

as measured by SIMS of 7.0 ppma (length of long dia meter in the 

range from 2 to 50 mm). 

[0070] 

  The polycrystalline silicon crushed materials hav ing a high 

carbon concentration as the latter-mentioned silico n raw material 15 

was produced by a complicated method as follows: in  the production 

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

was introduced into a high-purity silicon raw mater ial; the carbon 

concentration within a melt was kept so as to excee d the solid 

solubility limit of carbon; and therefrom an ingot was pulled up, 20 

and the straight body part of the resultant ingot w as crushed.  

The carbon concentration as high as 7.0 ppma of the  polycrystalline 

silicon crushed materials having a high carbon conc entration was 

considerably higher than the normal carbon concentr ation 
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(normally ranging from 0.04 to 2.8 ppma) of the cru shed materials 

in the vicinity of the core wire holding member as used in Examples 

1 and 2 (crushed materials of the polycrystalline s ilicon rod 

produced by Siemens process that were obtained by c rushing the 

rod end in the vicinity contacting the carbon core wire holding 5 

member).  

[0071] 

  The use of such a silicon raw material, however, resulted 

in the occurrence of dislocation six times during t he pulling-up, 

and was accompanied by repeated need to cause the i ngot being 10 

pulled up to be dissolved and perform pulling-up op erations, which 

would be because of the failure for carbon to be un iformly mixed 

into the melt and uneven distribution of high carbo n concentration 

regions thereby reducing the durability of the quar tz crucible.  

In the resultant silicon single crystal ingot, carb on 15 

concentrations at the starting position of its stra ight body part 

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

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

respectively.     

[0072] 20 

[Comparative Example 2] 

  In the pulling-up of the first silicon single cry stal ingot 

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

the quartz tube was changed from the crushed materi als in the 



 
41 

 

vicinity of the core wire holding member to 120 kg of crushed 

materials of a high-purity polycrystalline silicon obtained by 

Siemens process which had a carbon concentration as  measured by 

SIMS that was lower than the detectable lower limit  (length of 

long diameter in the range from 2 to 50 mm).  Meanw hile, as a carbon 5 

doping source, 0.072 g of carbon granule obtained b y crushing a 

molding agent to a size of 1 to 3 mm was put in a c ontainer, and 

extruded into the main chamber of the CZ furnace, a nd left to stand 

in the atmosphere of 500°C for 3 hours.   

[0073] 10 

  With the container being rotated, the carbon gran ule was 

introduced into the crucible a little while before the high-purity 

polycrystalline silicon crushed materials held in t he quartz 

crucible became completely molten during its meltin g step.  After 

the passage of 180 minutes, a silicon single crysta l started to 15 

be pulled up.  The above operation, however, result ed in the 

occurrence of dislocation two times during the pull ing-up, and 

was accompanied by repeated need to cause the ingot  being pulled 

up to be dissolved and perform pulling-up operation s, which would 

be because of the failure for the carbon granule to  be uniformly 20 

mixed sufficiently into the silicon melt.  In the r esultant 

silicon single crystal ingot, carbon concentrations  at the 

starting position of its straight body part and at the lower end 

of its straight body part (solidification degree: 0 .9) were 
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measured to be 0.08 ppma and 0.63 ppma, respectivel y. 

 

List of Reference Signs 

[0074] 

1. Main chamber  5 

2. Recharging quartz tube  

3. Silicon single crystal ingot  

4. Silicon melt  

5. Quartz crucible  

6. Graphite crucible  10 

7. Heater  

8. Recharging silicon raw material  

20. Silicon deposition furnace  

21. Carbon core wire holding member  

22. Silicon core wire  15 

23. Polycrystalline silicon rod  

24. Carbon electrode  

25. Rod end hollow body  

 



 
43 

 

CLAIM 

 

 1. A process for producing a silicon single crysta l by 

heating a silicon raw material held in a crucible t o provide a 

silicon melt and allowing a silicon single crystal to grow during 5 

the pulling-up of a silicon single crystal ingot fr om the silicon 

melt, the process comprising using, as at least par t of the silicon 

raw material, crushed materials of a polycrystallin e silicon rod 

produced by Siemens process, the crushed materials obtained by 

crushing an end of the rod in the vicinity contacti ng a carbon 10 

core wire holding member. 

 

 2. The process for producing a silicon single crys tal 

according to claim 1, wherein a carbon concentratio n of the crushed 

materials is from 0.04 to 2.8 ppma. 15 

 

 3. The process for producing a silicon single crys tal 

according to claim 1 or 2, wherein a substantial wh ole region of 

a straight body part of the silicon single crystal ingot has a 

carbon concentration of 0.01 to 1 ppma. 20 

 

 4. The process for producing a silicon single crys tal 

according to any one of claims 1 to 3, wherein the crushed materials 

have a particle size such that at least 90% by mass  of the crushed 
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materials falls within the range from 2 to 50 mm fo r a length of 

a long diameter. 

 

 5. The process for producing a silicon single crys tal 

according to any one of claims 1 to 4, wherein the crushed materials 5 

are obtained by removing a core including both the carbon core 

wire holding member embedded into the rod end and a  polycrystalline 

silicon surrounding the carbon core wire holding me mber from the 

rod end cut off from the polycrystalline silicon ro d to give a 

rod end hollow body, and thereafter crushing the ro d end hollow 10 

body. 

 

 6. The process for producing a silicon single crys tal 

according to claim 5, comprising:  

 measuring a carbon concentration distribution at t he rod 15 

end of the polycrystalline silicon rod produced by Siemens process 

in the vicinity contacting with the carbon core wir e holding 

member,  

 varying a diameter of a core to be removed, based on the 

measured carbon concentration distribution, in the production by 20 

the process according to claim 5 of crushed materia ls 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 c arbon 

concentration adjutsed as at least part of the sili con raw 

material. 

 5 

 7. The process for producing a silicon single crys tal 

according to claim 6, wherein the silicon single cr ystal is 

produced by multi-pulling, and the crushed material s in the 

vicinity of the core wire holding member with a car bon 

concentration adjusted are used as a recharging sil icon raw 10 

material in the multi-pulling. 

 

 8. The process for producing a silicon single crys tal 

according to any one of claims 1 to 7, which provid es a silicon 

single crystal for producing a substrate of a solar  cell.15 


