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Description 

Tit le of  Invention 

 POLYCRYSTAL SILICON ROD, POLYCRYSTAL SILICON 

ROD PRODUCTION METHOD, AND POLYCRYSTAL SILICON 

THERMAL PROCESSING METHOD 5 

 

Technical Field  

[0001] 

 The present invention relates to a polycrystal l ine 

si l icon rod, a method for producing the polycrystall ine 10 

si l icon rod, and a method for thermally treating 

polycrystal l ine si l icon.  

 

Background Art  

[0002] 15 

 As a method for producing polycrystal l ine sil icon, the 

Siemens method (bell  jar method ) is known. In the Siemens 

method, a raw material  gas containing a chlorosilane 

compound and hydrogen is fed into a reactor while a core 

wire for sil icon deposition (hereinafter,  "sil icon core wire")  20 

inside the reactor is heated by causing an electric current to 

pass through the sil icon core wire.  This causes 

polycrystal l ine sil icon to be deposited on a surface of the 

si l icon core wire. Patent Literature 1 discloses a technique 

for reducing distort ion of polycrystal l ine sil icon by thermally 25 
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treating the polycrystal l ine si l icon after deposition of the 

polycrystal l ine si l icon by the Siemens method.  

 

Citation List  

 [Patent Literature]  5 

[0003] 

 [Patent Literature 1]  

 Japanese Patent No. 3357675 

 

Summary of Invention 10 

 Technical Problem 

[0004] 

 However,  in a technique disclosed in Patent Literature 

1, a polycrystal l ine si l icon rod is heated unti l  a surface 

temperature of  the polycrystall ine si l icon rod reaches a high 15 

temperature of 1030 degrees or higher. Therefore,  there is a 

possibil ity that a concentration of impurities may increase 

in the polycrystall ine si l icon rod, particularly in a portion in 

the vicinity of the surface of the polycrystal l ine si l icon rod. 

In other words, particularly, the portion in the vicinity of  the 20 

surface of the polycrystall ine si l i con rod has a low purity.  

The term "purity" refers to how low a content of  impurit ies 

is in a certain portion of the polycrystal l ine si l icon rod.  

[0005] 

 An aspect of  the present invention has been attained 25 
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in view of the above problem. An object of  an asp ect of  the 

present invention is to improve the purity of  an entirety of  a 

polycrystal l ine sil icon rod by improving the purity of a 

portion in the vicinity of a surface of  the polycrystal l ine 

si l icon rod.  5 

 Solution to Problem 

[0006] 

 In order to solve the above problem, a polycrystall ine 

si l icon rod in accordance with an aspect of  the present 

invention has: an outer -side total concentration of 100 pptw 10 

or less, the outer-side total  concentration being obtained by 

summing up respective concentrations of iron,  chrome, and 

nickel in a portion of up to 4 mm in depth in a radial  

direction from a surface paral lel  to a center axis; and a ratio  

of  the outer-side total  concentration to an inner -side total  15 

concentration of 1.0 or more and 2.5 or less, the inner -side 

total  concentration being obtained by summing  up respective 

concentrations of the iron, the chrome, and the nickel in a 

portion farther than 4 mm in the radial  direction from the 

surface.  20 

[0007] 

 In order to solve the above problem, a method, in 

accordance with an aspect of  the present invention, for  

producing a polycrystall ine si l icon rod includes the steps of:  

depositing polycrystal l ine sil icon on a surface of  a sil icon 25 
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core wire by heating the si l icon core wire in the presence of 

a chlorosi lane compound and hydrogen; and thermally 

treating, in the presence of at least one gas selected from the 

group consisting of  gases of  hydrogen, argon and hel ium, the 

polycrystal l ine sil icon having been deposited in the step of  5 

depositing the polycrystal l ine sil icon, the polycrystall ine 

si l icon, in the step of thermally treating the polycrystal l ine 

si l icon, having a surface temperature T2 of (T1 + 30°C) or 

higher and (T1 + 100°C) or lower for a period of time, the 

surface temperature T2 being lower than 1030°C, where T1 10 

represents a surface temperature of  the polycrystal l ine 

si l icon at a t ime point at which a value of  an electric current 

caused to pass through the si l icon core wire in heating the 

si l icon core wire starts to be decreased in the step of 

depositing the polycrystall ine si l icon.  15 

[0008] 

 In order to solve the above problem, a method, in 

accordance with an aspect of  the present invention, for  

thermally treating polycrystal l ine sil icon includes the step 

of thermally treating the polycrystal l ine si l icon inside  a 20 

straight barrel  part of  a reactor in the presence of at least 

one gas selected from the group consisting of gases of  

hydrogen, argon and hel ium, the step of thermally treating 

the polycrystall ine si l icon including a period in which a 

value of  F1/S is 20 Nm3/hr/m2  or more, where F1 represents 25 
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a f low rate of a f irst annealing gas which is the gas that f lows 

into the reactor,  and S represents a cross sectional area of 

the straight barrel  part.  

 Advantageous Effects of Invention  

[0009] 5 

 An aspect of  the present invention makes it possible to 

improve the purity of  an entire polycrystall ine si l icon rod.  

 

Brief  Description of Drawings  

[0010] 10 

 Fig. 1 is a view schematical ly i l lustrating a 

polycrystal l ine si l icon rod in accordance with an embodiment 

of  the present  invention.  

 Fig. 2 is a view i l lustrating a sample in accordance of 

an embodiment of the present invention.  15 

 Fig. 3 is a f low chart i l lustrating an example of  a 

method for producing the polycrystall ine si l icon rod 

il lustrated in Fig. 1.  

 Fig. 4 is a graph showing an example of a hydrogen 

flow rate etc.  in each of steps in the method i l lustrated in 20 

Fig. 3.  

 Fig. 5 is a view schematical ly i l lustrating a reactor that 

is used for producing the polycrystall ine si l icon rod 

il lustrated in Fig. 1.  

 25 
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Description of Embodiments 

[0011] 

 The fol lowing wil l  discuss an embodiment of  the 

present invention. Note that,  in the present specif ication, 

with regard to a numerical value X and a numerical value Y 5 

(where X < Y) other than reference signs of members, the 

expression "X to Y" means "X or more and Y or less".  

[0012] 

 [Polycrystall ine sil icon rod]  

 The fol lowing wil l  discuss a polycrystal l ine si l icon rod 10 

1 in accordance with an embodiment of  the present 

invention, with reference to Fig. 1.  As il lustrated in Fi g.  1,  

the polycrystal l ine sil icon rod 1 is formed of a si l icon core 

wire 10 and polycrystal l ine si l icon 20 which is deposited 

around the si l icon core wire 10. Further, the polycrystal l ine 15 

si l icon rod 1 has a cyl indrical outer shape. Such a 

polycrystal l ine si l icon rod 1 can be produced by, for example, 

the Siemens method.  

[0013] 

 Fig. 1 shows, as an example, the polycrystal l ine si l icon 20 

rod 1 that is obtained by cutting, to a predetermined length, 

the polycrystall ine si l icon 20 which has been deposited 

around the si l icon core wire 10. The diameter of  the 

polycrystal l ine si l icon rod 1 is not particularly l imited. The 

polycrystal l ine sil icon rod 1 may have a large diameter of ,  25 
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for example, 100 mm or more.  

[0014] 

 In a case where the diameter of  a polycrystal l ine 

si l icon rod becomes 100 mm or more, a typical 

polycrystal l ine si l icon rod is l ikely to have a larger impurity 5 

content in an outer portion than in an inner portion. 

However,  in the polycrystal l ine sil icon rod 1, the impurity 

content in the outer portion can be eff iciently decreased. 

This can ult imately improve the purity of an entirety of  the 

polycrystal l ine si l icon rod 1. In addition, in the case where 10 

the diameter of a polycrystal l ine si l icon rod becomes 10 0 mm 

or more, a typical polycrystall ine si l icon rod tends to have a 

high internal distort ion rate and further tends to have a high 

col lapse rate.  However,  the polycrystal l ine si l icon rod 1 can 

have a lower internal distort ion rate and therefore a lower 15 

col lapse rate than a conventional polycrystal l ine si l icon rod. 

Note that an upper l imit of  the diameter of the polycrystall ine 

si l icon rod 1 is not particularly l imited. The upper l imit is 

preferably 200 mm or less, and 150 mm or less. Furthermore, 

the length of the polycrystal l ine sil icon rod 1 is also not 20 

particularly l imited. However,  the length is preferably 

approximately 150 cm to 250 cm.  

[0015] 

 The polycrystal l ine sil icon rod 1 has an outer -side 

total  concentration C1 of 100 pptw  or less. The outer-side 25 
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total concentration C1 is obtained by summing up respective 

concentrations of iron, chrome, and nickel in a portion 

(hereinafter,  "portion in the vicinity of surface 21") of up to 

4 mm in depth in a radial direction from the surface 21 

paral lel  to a center axis AX of the polycrystal l ine si l icon rod 5 

1. The center axis AX of the polycrystall ine si l icon rod 1 

coincides with a center axis of  the si l icon core wire 10 as 

i l lustrated in Fig.  1.  In the present specification, the "radial  

direction" refers to a direction orthogonal to or substantial ly 

orthogonal to the center axis of  the polycrystal l ine si l icon 10 

rod 1. Iron, chrome, and nickel are al l  impurit ies  that are 

contained in the polycrystall ine si l icon rod 1. Hereinafter,  

these iron, chrome, and nickel may be  col lectively referred 

to as " impurit ies".  Note that,  from the viewpoint of  further 

improving the purity in the portion in the vicinity of the 15 

surface 21, the outer -side total  concentration C1 is 

preferably 80 pptw or less, and more preferably 60 pptw or 

less.  

[0016] 

 Further,  the polycrystall ine sil icon rod 1 has a ratio of  20 

the outer-side total  concentration C1 to an inner -side total  

concentration C2, that is, C1/C2 of 1.0 to 2.5. The inner -

side total concentration C2 is a value obtained by summing 

up respective concentrations of iron, chrome, and nickel in 

a portion (hereinafter, "portion on a center axis AX side")  25 
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that is farther than 4 mm in the radial  direction from the 

surface 21 of the polycrystal l ine sil icon rod 1. The inventors 

of  the present invent ion have found that the outer -side total  

concentration C1 tends to be higher than the inner -side total  

concentration C2. As a result of  di l igent studies based on 5 

this f inding, the inventors of  the present invention have 

found the above numerical value range. 

[0017] 

 In the polycrystall ine si l icon rod 1, C1/C2 is set to 1.0 

to 2.5. This makes it  possible to improve the purity of  the 10 

entirety of the polycrystall ine sil icon rod 1. Note that,  from 

the viewpoint of further improving the purity of  the entirety 

of  the polycrystall ine si l icon rod 1, C1/C2 is preferably 2.0 

or less, and more preferably 1.5 or less. For a similar reason, 

the inner-side total  concentration C2 of the polycrystal l ine 15 

si l icon rod 1 is preferably 60 pptw or less, and more 

preferably 40 pptw or less.  

[0018] 

 The polycrystal l ine si l icon rod 1 has an internal 

distortion rate of less than 1.0  × 10 -4  cm -1  in the radial  20 

direction. Therefore, i t is possible to reduce the col lapse rate 

of  the polycrystal l ine sil icon rod 1 as compared to a 

conventional polycrystall ine si l icon rod. The internal 

distortion rate can be defined by a well -known definit ion and 

can be calculated by a well -known method. For example, the 25 
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internal distort ion rate can be calculated by a method 

disclosed in Patent Literature 1, page 6, l ine 20 to page 7, 

l ine 10. Furthermore, the definit ion disclosed in Patent 

Literature 1, page 7, l ines 11 to 30 is used as the def inition 

of the internal distort ion rate. Note that in a case where the 5 

polycrystal l ine sil icon rod 1 is used as a raw  material  for 

pulling up a single crystal by recharging or the like, the 

polycrystal l ine sil icon rod 1 preferably has an internal 

distortion rate of  9.0 × 10 -5  cm - 1  or less so that even when 

the polycrystal l ine sil icon rod 1 is directly supplied to the 10 

reactor 100 (described later),  rod cracking is unlikely to 

occur.  

[0019] 

 <Method for calculating outer -side total  concentration 

and inner-side total concentration of polycrystal l ine sil icon 15 

rod> 

 Next,  the fol lowing wil l  discuss a method for 

calculating the outer-side total  concentration and the inner -

side total concentration of the polycrystal l ine si l icon rod 1,  

with reference to Figs. 1 and 2. The outer -side total  20 

concentration C1 and the inner -side total  concentration C2 

of the polycrystal l ine sil icon rod 1 can be calculated, for 

example, by the fol lowing method.  

[0020] 

 First, a core rod 30 i l lustrated in Fig. 1 is extracted 25 
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from the polycrystall ine si l icon rod 1. Specif ically,  the core 

rod 30 is extracted from the polycrystal l ine si l icon rod 1 

substantial ly perpendicularly to the center axis AX from a 

predetermined posit ion in a height direction . The 

predetermined position is  based on a first end surface 211 5 

or a second end surface 212. Examples of the "predetermined 

posit ion in the height direction" of  the above description 

include a posit ion at the center in the height direction of the 

polycrystal l ine si l icon rod 1.  

[0021] 10 

 The core rod 30 has a cyl indrical outer shape, and 

includes a portion 11 of the si l icon core wire 10. It is 

possible to employ a well -known method as an extraction 

method. The core rod 30 is extracted according to,  for 

example, a method that is described in ASTM F1723-96 15 

"Standard Practice for Evaluation Si licon Rods by Float -Zone 

Crystal Growth and Spectroscopy".  

[0022] 

 Note that,  in the present embodiment, a part that 

conforms to the method described in ASTM F1723 -96 is only 20 

a part that is used to extract the core rod 30 from the 

polycrystal l ine sil icon rod 1. Specifical ly, f irst,  a hole is 

dri l led in the polycrystall ine si l icon rod 1 that has been 

obtained by deposit ing the polycrystal l ine sil icon 20 on the 

si l icon core wire 10. Then, a cylinder (core rod 30) having a 25 
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diameter of  20 mm is extracted.  

[0023] 

 Both end surfaces 31 of the core rod 30 are portions of 

the surface 21 of the polycrystall ine si l icon rod 1, and each 

of the end surfaces 31 is curved in accordance with the shape 5 

of  the surface 21. The diameter of  the core rod 30 is not  

particularly l imited, and can be arbitrarily set. In the 

present embodiment, the core rod 30 has a diameter of  

approximately 20 mm. 

[0024] 10 

 Next,  as i l lustrated in Fig.  2,  a substantial ly disc -

shaped rod piece having a maximum thickness of  

approximately 4 mm is cut from an end surface 31 side of 

the core rod 30 and substantial ly perpendicularly to a center 

axis (not i l lustrated) of  the core rod 30. A surface of  this rod 15 

piece on a side opposite to a cut surface of the rod piece is 

the end surface 31 of the core rod 30. Further,  the rod piece 

has a maximum thickness that corresponds to the shortest 

distance from the most protruding apex of the end surface 

31 to the cut surface. Hereinafter,  the rod piece including 20 

the end surface 31 will  be referred to an "outer skin rod piece 

32".  

[0025] 

 Furthermore, three disc -shaped rod pieces each having 

a thickness of  approximately 4 mm are cut,  in the same  25 
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manner as described above, from a cut surface side of  the 

core rod 30 after the outer skin rod piece 32 has been cut.  

Hereinafter, the three rod pieces are referred to as " f irst rod 

piece 33, second rod piece 34, and third rod piece 35" in 

order corresponding to the order in which the rod pieces were 5 

cut. Further,  the outer skin rod piece 32 and the f irst rod 

piece 33, the second rod piece 34 and the third rod piece 35 

are collectively referred to as "measurement rod pieces 32 to 

35". Note that the number of the measurement rod pieces is 

not particularly l imited except that the measurement rod 10 

pieces includes the outer skin rod piece 32.  

[0026] 

 Examples of  a tool used to prepare the measurement 

rod pieces 32 to 35 by cutting the core rod 30 include a 

diamond cutter.  The diamond cutter has a blade that has a 15 

thickness of,  for example, 0.7 mm to 1.2 mm and therefore 

requires a margin of cut of  approximately 1.5 mm.  

[0027] 

 The outer skin rod piece 32 corresponds to a portion 

of the polycrystall ine si l icon rod 1 from the surface 21 to a 20 

depth of 4 mm in the radial  direction (the center axis 

direction of the core rod 30) of the polycrystal l ine sil icon rod 

1. Furthermore, the f irst rod piece 33, the second rod piece 

34 and the third rod piece 35 each are a portion of the 

polycrystal l ine sil icon rod 1 and correspond to a portion 25 
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farther than 4 mm in the radial  direction of the 

polycrystal l ine si l icon rod 1 from the surface 21. No te that 

the maximum thickness of  the outer skin rod piece 32 and 

the thicknesses of the first rod piece 33, the second rod piece 

34, and the third rod piece 35 need not be approximately 4 5 

mm. As these thicknesses, a thickness of  3 mm to 10 mm is 

sufficient,  and a thickness of 4 mm to 6 mm is preferable.  

[0028] 

 In the present embodiment, the outer -side total 

concentration C1 of the polycrystal l ine si l icon rod 1 10 

corresponds to a total  concentration of respective 

concentrations of  the impurities that are contained in the 

outer skin rod piece 32. The following wil l  discuss in detail  

a reason why the outer skin rod piece 32 is specif ied to be a 

portion (hereinafter, abbreviated as "portion of up to 15 

approximately 4 mm in depth") of  up to approximately 4 mm 

in depth in the radial  direction of the polycrystal l ine si l icon 

rod 1 from the surface 21.  

[0029] 

 The outer skin rod piece 32 is curved such that a 20 

surface of  an outer skin-side portion protrudes outward.  

Therefore, the outer skin rod piece 32 is obtained by cu tting 

at a depth of approximately 4 mm with reference to a point 

(a center portion in the radial direction of the outer skin rod 

piece 32) that protrudes outward most in the outer skin -side 25 
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portion. Thus, the thickness (maximum thickness) of  the 

center portion in the radial  direction of the outer skin rod 

piece 32 is approximately 4 mm.  

[0030] 

 The outer skin rod piece 32 is prepared by cutting in a 5 

direction parallel to the center axis of the polycrystall ine 

si l icon rod 1. Therefore, the outer skin rod pie ce 32 

decreases in thickness from the center portion in the radial  

direction of the outer skin rod piece 32 toward the periphery 

of  the outer skin rod piece 32 ( in a direction toward a 10 

circumference of the polycrystall ine sil icon rod 1).  For 

example, in a case where the core rod 30 having a diameter 

of  20 mm is extracted from the polycrystall ine si l icon rod 1 

having a diameter of  100 mm (radius of 50 mm), the outer  

skin rod piece 32 has an end portion having a thickness of 15 

approximately 3 mm. Furthermore, s ince the polycrystall ine 

si l icon rod 1 has an outer surface that is not smooth, i t  is 

necessary to consider surface roughness (Ra). Normally, the 

outer skin of the polycrystal l ine si l icon rod 1 has a surface 

roughness (Ra) of approximately 1 mm. In other words, the 20 

outer skin rod piece 32 has an uneven thickness that varies 

by approximately 1 mm.  

[0031] 

 In view of the shape of the polycrystal l ine si l icon rod 

1 and cutting by the blade of the diamond cutter as described 25 
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above, i t  is possible to stably and accurately determine the 

outer-side total  concentration C1 by specifying the outer 

skin rod piece 32 as a portion of up to approximately 4 mm 

in depth. For example, in view of a protruding form of the 

surface of  the outer skin-side portion of the polycrysta l l ine 5 

si l icon rod 1 and the surface roughness (Ra) of  the surface,  

i f  the outer skin rod piece 32 were specif ied as a portion of 

up to approximately 2 mm or less in depth, the outer skin 

rod portion 32 would be easi ly chipped or damaged when cut 

by the diamond cutter.  This would make it  impossible to 10 

stably prepare the outer skin rod piece 32. On the other 

hand, for example, i f  the outer skin rod piece 32 were 

specif ied as a portion of up to approximately 6 mm or more 

in depth, the impurity content of  the outer skin-side portion 

that is contaminated would be lower than a true value due 15 

to di lution. Therefore,  such an outer skin rod piece 32 would 

not be suitable for quality evaluation. In view of the above, 

the outer skin rod piece 32 is specif ied as a porti on of up to 

approximately 4 mm in depth in the present embodiment.  

[0032] 20 

 After those measurement rod pieces 32 to 35 as 

described above are prepared, the concentration of the 

impurities is measured for each of the measurement rod 

pieces 32 to 35. The fol lowing description wil l  discuss, as an 

example, a method for measuring the concentration of the 25 
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impurities that are contained in the outer skin rod piece 32.  

The first rod piece 33, the second rod piece 34 and the third 

rod piece 35 are also subjected to concentration 

measurement in the same manner.  

[0033] 5 

 First,  an entire surface of  the outer skin rod piece 32 

is etched and removed by approximately 100 μm with use of  

a nitric hydrofluoric acid solution. This suppresses 

processing contamination at the time  when the core rod 30 

is extracted and at the t ime when the outer skin rod piece 10 

32 is cut.  Next,  the outer skin rod piece 32 is washed with 

water and dried. Thereafter,  a mass of the outer skin rod 

piece 32 is measured. Next, a total  amount of  the outer s kin 

rod piece 32 is dissolved in a predetermined amount of the 

nitric hydrofluoric acid solution (e.g.,  200 ml of  nitr ic acid 15 

and 200 ml of  hydrof luoric acid) . Thereafter,  respective 

masses of  iron, chrome, and nickel that are contained in a 

resultant solution are measured by an inductively coupled 

plasma mass spectrometer (ICP-MS) that is well -known. Such 

analysis by ICP-MS is carried out, for example, in accordance 20 

with JIS General Rules (JIS K 0133 2007JIS General Rules 

for High Frequency Plasma Mass Spectrometry).  

[0034] 

 Next, with use of  a measurement result thus obtained, 

the concentration of  the impurit ies that are contained in the 25 
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outer skin rod piece 32 is calculated. Specif ically,  each of 

the respective concentrations of iron, chrome, and nickel a re 

calculated by dividing a corresponding one of the respective 

masses of  the iron, the chrome and the nickel by the mass 

of the outer skin rod piece 32. Then, the concentration of the 5 

impurities of the outer skin rod piece 32 is calculated by 

summing up the above concentrations  

[0035] 

 The concentration of the impurit ies which is thus 

calculated is,  in other words, the total concentration 10 

obtained by summing up the respective concentrations of 

iron, chrome, and nickel that are contained in the outer skin 

rod piece 32. In other words, such an impurity concentration 

in the outer skin rod piece 32 is the outer -side total  

concentration C1. In l ine with this idea, in the present 15 

embodiment, the inner-side total concentration C2 is defined 

to be a value that is obtained by averaging respective 

impurity concentrations of the f irst rod piece 33, the second 

rod piece 34, and the third rod piece 35. Note that, in a case 

where the respective impurity concentrations of the f irst rod 20 

piece 33, the second rod piece 34 and  the third rod piece 35 

are substantial ly equal to each other,  any one of the impurity 

concentrations of the first rod piece 33, the second rod piece 

34 and the third rod piece 35 may be regarded as the inner-

side total  concentration C2.  25 
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[0036] 

 [Method for producing polycrystal l ine sil icon rod]  

 Next,  the fol lowing wil l  discuss a method for producing 

the polycrystal l ine si l icon rod 1 in accordance with an 

embodiment of  the present invention, with reference to Figs. 5 

3 to 5. As il lustrated in Figs. 3 and 4, the method for  

producing the polycrystal l ine si l icon rod 1 includes a 

deposition step S1, a thermal treatment step S2, and a 

cooling step S3.  

[0037] 10 

 Note that with reference to a point t1 at which the 

deposition step S1 is completed, in other words, a point t1 

at which the thermal treatment step S2 starts,  operation 

points (points t2 to t9)  before and after the point t1 are 

plotted on the horizontal ax is in a graph shown in Fig. 4. The 15 

horizontal axis represents, in unit of [min.] (minutes), an 

elapsed t ime t from a t ime at which the deposition step S1 

starts. In production of f irst to third samples and production 

of comparative sample, ( i )  respective f eed rates of  a raw 

material gas and f irst and second hydrogen gases and ( i i )  a 20 

value of  an electric current are control led as shown in the 

graph of Fig. 4.  This allows a surface temperature of the 

polycrystal l ine sil icon 20 in each of the above steps to be  

adjusted as shown in the graph of Fig. 4.  The f irst to third 

samples, the comparative sample, the raw material  gas, and 25 
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the first and second hydrogen gases wil l  be described in 

detai l  later.  

[0038] 

 Further,  in the present embodiment, the deposit ion 

step S1 and the thermal treatment step S2 are carried out in 5 

series. Therefore, the point t1 in the graph of Fig. 4,  that is,  

a time point at which the feed rate of the raw material gas 

starts to be decreased is a time point at which the deposit ion 

step S1 ends and also is a t ime point at which the thermal 

treatment step S2 starts.  Furthermore, in the present 10 

embodiment, the point t9 in the graph of Fig. 4, that is, a 

time point at which application of the electric current to the 

si l icon core wire 10 is stopped is a t ime point at which the 

thermal treatment step S2 ends and also is a t ime point at 

which the cool ing step S3 starts.  15 

[0039] 

 <Deposit ion step> 

 First,  in the deposit ion step S1, the polycrystal l ine 

si l icon 20 is deposited by the Siemens method that is  wel l-

known. In the Siemens method, the reactor 100 as i l lustrated 20 

in Fig.  5 is typical ly used. The reactor 100 is composed of a 

straight barrel  part 101 and a hemispherical surface part 

which is formed on an upper side of  the straight barrel  part 

101. The sil icon core wire 10 is heated in the presence of a 

chlorosi lane compound and hydrogen inside the straight  25 
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barrel  part 101. This causes the polycrystal l ine si l icon 20 to 

be deposited on the surface of  the sil icon core wire 10. 

Hereinafter,  a gas containing a chlorosilane compound and 

hydrogen wil l  be referred to as a "raw material  gas".  Note 

that the straight barrel  part 101 has a cross sectional area 5 

that is,  specif ical ly, an area S of a region which is 

surrounded by an inner wall  surface (see the broken l ine in 

Fig. 5)  of the straight barrel  part 101 when the straight 

barrel part 101 is cut along a virtual plane orthogonal to the 

center axis AX in the height direction of the polycrystall ine 10 

si l icon rod 1, as i l lustrated in Fig. 5.  

[0040] 

 More specifical ly,  the si l icon core wire 10 is provided 

in an inverted U shape inside the straight barrel  part 101,  

and then the reactor 100 is f i l led with the raw material  gas. 15 

Specif ically,  the raw material gas is fed into the reactor 100 

by opening a valve 51 il lustrated in Fig.  5,  so that the inside 

of  the reactor 100 is f i l led with the raw material  gas. In the 

present embodiment, a f low rate of  the raw material gas 

which f lows into the reactor 100, in other words, a feed rate 20 

F of the raw material  gas, is kept at a pr edetermined rate 

until  the end of the deposit ion step S1. Then, in this state,  

the si l icon core wire 10 is heated by causing an electric 

current to pass through the si l icon core wire 10, so that the 

polycrystal l ine si l icon 20 is deposited on the surface of  the 25 
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si l icon core wire 10. The f irst and second hydrogen gases 

(described later)  and the raw material  gas (the " fed gases" in 

Fig. 5)  that have been fed into the reactor 100 are used for 

a desired application, and are then discharged from the 

reactor 100 to the outside as i l lustrated in Fig.  5.  5 

[0041] 

 Note that Fig. 5 i l lustrates merely an example of  a 

structure of the reactor 100, and the structure of  reactor 100 

is not particularly l imited. Furthermore, reaction condit ions 

in the deposition step S1 are not particularly l imited. The 10 

reactor 100 can be any of various well-known reactors, and 

the polycrystal l ine si l icon 20 can be deposited under various 

well-known reaction conditions in the deposition step S1. 

[0042] 

 The deposit ion step S1 is completed at a  time point 15 

when an amount of the polycrystall ine si l icon 20 that is  

deposited on the surface of  the si l icon core wire 10 has 

reached an amount that is  sufficient to obtain the 

polycrystal l ine sil icon rod 1 having a desired size. Then, a 

time point (point t1)  at which the feed rate F of the raw 20 

material gas starts to be decreased from a normal deposition 

condit ion is defined as a t ime point at which the deposition 

step S1 is completed. In the present embodiment, as shown 

in Fig.  4,  a t ime period from the start of  deposit ion of the 

polycrystal l ine si l icon 20 to the end (point t1)  of  the 25 
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deposition step S1 is not particularly l imi ted. The time 

period should be a t ime period that is taken, unti l  the 

polycrystal l ine si l icon rod 1 having a desired size is  

obtained, in accordance with, for example, the feed rate F of  

the raw material gas and a temperature at the t ime when the 5 

polycrystal l ine sil icon 20 is deposited . The time period is 

typically 100 hr to 200 hr. The f irst to third samples 

(described later)  and the comparative sample (described 

later)  are adjusted so that al l  polycrystall ine sil icon rods 

thus obtained have the same size.  10 

[0043] 

 <Suitable handling in deposition step/preparation 

before thermal treatment step>  

 (Surface temperature of  polycrystall ine si l icon and 

value of an electric current in deposit ion step)  15 

 The end of the deposition step S1 is  def ined to be a 

time point  (point t1)  at which the feed rate F of the raw 

material  gas is decreased. Here, in a case where the feed rate 

F of  the raw material  gas is decreased while the electric 

current to be caused to pass through the si l icon core wire 10 20 

is kept constant, the sur face temperature of  the 

polycrystal l ine si l icon 20 deposited on the si l icon core wire 

10 may excessively increase as the feed rate F of the raw 

material gas is decreased. In order to avoid this  

phenomenon, it  is preferable to start decreasing the value of 25 
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the electric current to be caused to pass through the sil icon 

core wire 10 from the point t2 that is a time point earlier 

than the t ime point (point t1)  at which the deposition step 

S1 is completed. In other words, i t is preferable to gradually 

decrease the surface temperature of the polycrystal l ine 5 

si l icon 20 by gradually decreasing the above value of the 

electric current after deposition of the polycrystall ine si l icon 

20 under constant condit ions.  

[0044] 

 In the present embodiment, the surface temperature  of  10 

the polycrystal l ine si l icon 20 before decreasing the value of 

the electric current is represented by T1, and hereinafter wil l  

be simply referred to as "surface temperature T1". The 

surface temperature T1 corresponds to the surface 

temperature of the polycrystall ine si l icon 20 when the 15 

polycrystal l ine si l icon 20 is deposited under normal 

condit ions. Deposit ion of the polycrystall ine si l icon 20 under 

normal condit ions refers to deposit ion of the polycrystal l ine 

si l icon 20 under condit ions in which the feed rate F of  the 

raw material  gas is constant and the value of the electric 20 

current is also constant.  

[0045] 

 Further,  in the present embodiment, i t is important to 

carry out, in the thermal treatment step S2 that is performed 

next,  an annealing treatment ( thermal treatment)  at a 25 
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temperature which is 30°C to 100°C higher than the surface 

temperature T1 and which is lower than 1030°C. Note that 

the surface temperature T1 is not particularly l imited. The 

surface temperature T1 should be less than 1000°C, and b e 

any temperature at which the polycrystal l ine si l icon 20 can 5 

be deposited. However, i t is preferable that the surface 

temperature T1 be 800°C or higher and lower than 1000°C. 

In view of productivity of  the polycrystall ine sil icon 20, it is 

more preferable that the surface temperature T1 be 900°C or 

higher and lower than 1000°C.  10 

[0046] 

 Further,  in the present embodiment, the value of  the 

electric current to be caused to pass through the si l icon core 

wire 10 starts to be decreased  from the point t2.  Meanwhile ,  

the surface temperature of  the polycrystal l ine si l icon 20 also 15 

starts to be decreased from the point t2. The surface 

temperature of  the polycrystall ine si l icon 20 at the time 

point ( the point t1)  at which the feed rate F of  the raw 

material  gas is decreased is not particularly l imited. 

However,  from the viewpoint of improving the productivity of  20 

the polycrystal l ine sil icon 20 and avoiding excessive heating 

of  the polycrystal l ine si l icon 20, it  is preferable that the 

surface temperature of  the polycrystal l ine si l icon 20 at the 

point t1 be lower than the surface temperature T1 by 0°C 

(the same temperature as T1) to 100°C, and more preferably 25 
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lower than the surface temperature T1 by 10°C to 80°C.  

[0047] 

 Furthermore, the point t2 is also not particul arly 

l imited. In view of the productivity,  quality,  and the like of 

the polycrystall ine si l icon 20, i t is preferable that the point 5 

t2 be a t ime point that is approximately 10 minutes to 120 

minutes earl ier than the point t1, and more preferably a time 

point that is approximately 20 minutes to 100 minutes 

earlier than the point t1. Note that in the cases of the first 

to third samples (described later)  and the comparative 10 

sample (described later) , the point t2 is set to a time point  

that is 60 minutes earl ier than the point t1. Note also that 

the point t2 is set for preventing an excessive increase in 

surface temperature of the polycrystal l ine sil icon 20 , and it  

is thus not necessary to set the point t2 i f  there is no 15 

possibil ity that the surface temperature of  the 

polycrystal l ine si l icon 20 may excessively increase.  

[0048] 

 (Preceding feeding of annealing gas in deposition step)  

 Further,  in the deposition step S1, i t is possible to  20 

start feeding, into the reactor 100, the f irst hydrogen gas 

that serves as a f irst annealing gas, from the point t3 earlier 

than the end (point t1)  of  deposition of the polycrystal l ine 

si l icon 20. The fol lowing wil l  discuss, as an example, a case 

where the f irst annealing gas is hydrogen gas. However,  the 25 
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f irst annealing gas may be  at least one gas selected from the 

group consisting of  gases of hydrogen, argon, and helium.  

[0049] 

 The f irst hydrogen gas is used as part of  hydrogen that 

is supplied for the annealing treatment in the thermal 5 

treatment step S2. The f irst hydrogen gas is fed separately 

from the hydrogen gas that is a constituent of  the raw 

material gas. The first hydrogen gas is fed into the reactor 

100 together with the raw material  gas by opening the valve 

52 i l lustrated in Fig.  5.  The point t3 is set to the same t ime 10 

point as the point t1 or to a t ime point earl ier than the point 

t1. Note however that in order to reli ably feed the first 

hydrogen gas by making it  easy to adjust t iming of the 

feeding of  the hydrogen gases, it  is preferable that the point  

t3 be set to a time point earl ier than the point t1. 15 

Furthermore, the point t3 should be set as appropriate in 

consideration of,  for example, various devices that are used 

to produce the polycrystall ine sil icon rod 1, a desired size of  

the polycrystall ine si l icon rod 1, and deposition ef f ic iency. 

Normally,  the point t3 is set to a time point that is 5 minutes 20 

to 1 hour earl ier than the point t1.  

[0050] 

 In the graph of Fig.  4,  the f irst hydrogen gas is 

arranged to be fed such that the feed rate of  the f irst  

hydrogen gas is gradually increased so that a peak feed rate 25 
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f1 of the f irst hydrogen gas is reached. However, the fe ed 

rate can be increased to the peak supply rate f1 at once from 

a supply rate of 0 (zero) . In this case, the point t4 does not 

exist.  In other words, the point t4 is replaced by the point 

t3. Note that in production of the f irst to third samples 5 

(described later)  and production of the comparative sample 

(described later) ,  the point t3 was set to a t ime point 30 

minutes earl ier than the point t1, and the feed rate of  the 

first hydrogen gas was gradually increased unti l the point t4 

over 20 minutes. Further,  the feed rate of the f irst hydrogen 10 

gas after the point t4 was kept at the peak feed rate f1. Note 

however that respective values of  peak feed rates f1 for the 

first to third samples and the comparison sample were 

arranged to be different from each other.  

[0051] 15 

 Further,  in the deposition step S1, i t is possible to  

start feeding the second hydrogen gas into the reactor 100 

from the point t5 earlier than the end (the point t1)  of  

deposition of the polycrystal l ine si l icon 20. The following wil l  

discuss an example in which hydrogen gas is used as the 20 

second hydrogen gas.  However,  this gas may be at least one 

gas selected from the group consisting of  gases of  hydrogen, 

argon, and hel ium.  

[0052] 

 The second hydrogen gas is used as part of hydrogen 25 
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which is fed for the annealing treatment in the thermal  

treatment step S2. The second hydrogen gas is preferably 

used as the second annealing gas in the cool ing step S3, and 

is fed separately from the hydrogen gas that is a constituent 

of  the raw material  gas. The second hydrogen gas is fed into 5 

the reactor 100 together with the raw material gas by 

opening the valve 53 i l lustrated in Fig.  5.  

[0053] 

 The point t5 can be set to the same t ime point as the 

point t1 in Fig. 4 or to a time point earl ier than the point t1. 10 

Note however that in order to rel iably feed the second 

hydrogen gas by making it  easy to adjust the t iming of 

feeding the hydrogen gases, i t  is preferable that the point t5 

be set to a time point earl ier than the point t1. Furthermore, 

the point t5 should be set as appropriate in consideration of,  15 

for example, various dev ices that are used to produce the 

polycrystal l ine si l icon rod 1, a desired size of  the 

polycrystal l ine si l icon rod 1, and deposition ef f ic iency. 

Normally,  the point t5 is set to a t ime point that is 1 minute 

to 30 minutes earl ier than the point t1.  20 

[0054] 

 It  is preferable that the feed rate of  the second 

hydrogen gas be lower than the feed rate of  the f irst hydrogen 

gas. Then, in order to further improve operabili ty related to 

the feeding of the second hydrogen gas, i t  is preferable that 25 
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the feed rate of  the second hydrogen gas fed in the deposition 

step S1 be the same as a feed rate of  the second annealing 

gas fed in the cool ing step S3. In the present embodiment, a 

peak feed rate f2 of  the second hydrogen gas fed in the 

deposition step S1 is equal to a fl ow rate F2 of the second 5 

annealing gas fed in the cooling step S3, as shown in Fig.  4.  

[0055] 

 In this case, in the thermal treatment step S2, a total  

amount of  the peak feed rate f1 of  the f irst hydrogen gas and 

the peak feed rate f2 of  the second hydrogen gas is equal to 10 

a flow rate F1 of the f irst annealing gas. Then, in the cool ing 

step S3 which is carried out continuously from the thermal 

treatment step S2, only the feeding of the first hydrogen gas 

is stopped. The feed rate of  the second annealing gas  thus 

becomes a desired rate F2 (= f2)  in the cooling step S3.  15 

[0056] 

 In the graph of Fig.  4,  in the feeding of the second 

hydrogen gas, the feed rate reaches, from a feed rate of  0 

(zero) , the peak feed rate f2 at once. For example, the feed 

rate of  the second hydrogen gas can be gradually increased 20 

until  the peak feed rate f2 is reached. However,  since the 

feed rate of the second hydrogen gas is general ly lower than 

that of  the first hydrogen gas, i t is preferable in terms of 

work eff iciency and the l ike  that the peak feed rate f2 be 

reached at once. Note that in the cases of the production of 25 
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the first to third samples (described later)  and the 

production of the comparative sample (described later) , the 

point t5 was set to a time point that is 5 minutes earl ier than 

the point t1. Further,  the peak feed rate f2 of  the second 

hydrogen gas is set to be the same as the f low rate F2 of the 5 

second annealing gas.  

[0057] 

 <Thermal treatment step>  

 Next,  as i l lustrated in Figs. 3 and 4, the thermal  

treatment step S2 is carried out after the deposit ion step S1 10 

is completed. In the thermal treatment step S2, the 

polycrystal l ine sil icon 20 that has been deposited in the 

deposition step S1 is annealed in the presence of an 

annealing gas ( f irst annealing gas) that has been fed, 

separately from the raw material  gas, into the straight barrel  15 

part 101 of the reactor 100. The annealing treatment is a 

thermal treatment in which residual stress that has been 

generated in the polycrystall ine si l icon 20 is removed  by 

heating the polycrystall ine sil icon 20 that has been 

deposited in the deposition step S1.  20 

[0058] 

 In the present experimental embodiment, the 

composit ion of the f irst annealing gas and the flow rate of  

the f irst annealing gas can be varied with t ime. H owever, as 

described above, the f irst annealing gas used in the thermal 25 
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treatment step S2 does not contain hydrogen gas that is 

contained in the raw material  gas. In other words, the f irst 

annealing gas is a combination of annealing gases which are 

fed into the reactor 100 separately from the raw material  gas.  

[0059] 5 

 The thermal treatment step S2 is a thermal treatment 

step in which the polycrystal l ine si l icon 20 that has been 

deposited in the deposit ion step S1 is thermally treated in 

the presence of the f irst annealing gas. In the thermal 

treatment step S2, a surface temperature T2 of the 10 

polycrystal l ine sil icon (hereinafter,  abbreviated as "surface 

temperature T2") is adjusted so as to be (the surface 

temperature T1 + 30°C) or higher and (the surface 

temperature T1 + 100°C) or lower for a period of time and 

also to be lower than 1030°C. Note that the fol lowing 15 

description wil l  discuss an example in which hydrogen gas 

is used as the first annealing gas. However,  it  is possible to 

obtain the same result by using, as the f irst annealing gas, 

at least one gas selected from the group consisting of gases 

of  hydrogen, argon, and hel ium.  20 

[0060] 

 In the thermal treatment step S2, in order to adjust  

the surface temperature T2, the feed rate of the first 

annealing gas, the value of the electric current to be caused 

to pass through the si l icon core wire 10, and the l ike are 25 
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adjusted. Since the surface temperature T2 is ( the surface 

temperature T1 + 30°C) or higher, it  is possible to reduce the 

internal distort ion rate of the polycrystal l ine sil icon 20 that 

has been deposited in the deposit ion step S1 as compared to 

a conventional method. Further, i t is possible to reduce the 5 

col lapse rate of the polycrystal l ine si l icon rod 1 as compared 

to the conventional method, and therefore,  it  is possible to  

improve a yield in production of the polycrystal l ine si l icon 

rod 1. Further, the surface temperature T2 is ( the surface 

temperature T1 + 100°C) or lower for a period of t ime, and is 10 

lower than 1030°C. This makes it  possible to r educe a 

phenomenon in which impurit ies enter the surface of  the 

polycrystal l ine si l icon 20 in the thermal treatment step S2. 

As a result,  it  is possible to improve the purity of  the 

polycrystal l ine sil icon 20 after the thermal treatment step 15 

S2. This ultimately makes it  possible to improve the purity 

of  the entirety of  the polycrystal l ine si l icon rod 1.  

[0061] 

 In the production of the f irst to third samples 

(described later)  and the production of the comparative 20 

sample (described later),  the surface temperature of the 

polycrystal l ine sil icon 20 was increased from the point t1 

and was adjusted so as to be the surface temperature T2 at 

the point t6 in t ime (see Fig.  4) . I f  the surface temperature 

of  the polycrystal l ine sil icon 20 becomes T2, the surface 25 
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temperature T2, in any case, is ( the surface temperature T1 

+ 30°C) or higher and (the surface temperature T1 + 100°C)  

or lower for a period of t ime, and is lower than 1030°C. 

However,  in practice,  before the surface temperature of  the 

polycrystal l ine si l icon 20 reaches T2, the surface 5 

temperature of  the polycrystal l ine sil icon 20 is (the surface 

temperature T1 + 30°C) or higher and (the surface 

temperature T1 + 100°C) or lower for a period of t ime, and is 

lower than 1030°C.  

[0062] 10 

 Note that a time period from the point t1 to the point 

t6, in other words, a time period that is taken until  the 

surface temperature of  the polycrystal l ine sil icon 20 reaches 

T2 in the thermal treatment step S2 , is not particularly 

l imited. However, in order to obtain a high -quality 15 

polycrystal l ine sil icon rod 1 having a higher purity,  i t  is 

preferable that the t ime period described above be as short 

as possible.  Specif ically,  i t  is preferable that the time  period 

be in a range of 1 minute to 30 minutes, and more preferably 

in a range of 1 minute to 10 minutes. In the production of 20 

the first to third samples (described later)  and the 

production of the comparative sample (described later) , the 

time period was set to 5 minutes.  

[0063] 

 In the present embodiment, the cooling step S3 that is 25 
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performed next starts at a time point (point t9)  at which 

application of the electric current to the sil icon core wire 10 

is stopped. In this case, a time period (t ime period from the 

point t6 to the point t9) which includes a period having a  

surface temperature T2 of  ( the surface temperature T1 + 5 

30°C) or higher and (the surface temperature T1 + 100°C) or 

lower and in which the surface temperature T2 is lower than 

1030°C is not particularly l imited. Note, however, that in 

order to obtain the polycrystal l ine sil icon rod 1 having a 

higher collapse rate and a higher purity as compared to a 10 

conventional method, it  is preferable that the t ime  period be 

10 minutes to 180 minutes. Alternatively,  the t ime  period is 

more preferably 20 minutes to 150 minutes, and more 

preferably 60 minutes to 120 minutes. In the production of 

the first to third samples (described later)  and the 15 

production of the comparati ve sample (described later) , the 

time period was set to 90 minutes.  

[0064] 

 It  is at the point t7 in t ime that feeding of the raw 

material gas is stopped in the thermal treatment step S2, as 20 

shown in Fig.  4. When the feeding of the raw material gas is  

stopped, for example, only feeding of the chlorosi lane 

compound may be stopped. Then, the hydrogen gas 

constituting the raw material  gas can be used as part of  the 

first annealing gas. However,  there is a possibi l ity that  25 
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advanced feeding control  may be requir ed and a possibi l i ty  

that the quality of  the polycrystal l ine sil icon rod 1 may 

deteriorate.  Therefore,  when the feeding of the raw material 

gas is stopped, i t is preferable that both of the chlorosi lane 

compound and the hydrogen gas be reduced and the both  be 5 

completely stopped.  

[0065] 

 Note that a time period from the point t1 to the point 

t7 is not particularly l imited. However, in a case where the 

feeding of the raw material gas is instantaneously stopped, 10 

there is a possibil i ty that a defect such as an appearance, 

quality,  and/or the l ike of  the polycrystall ine sil icon rod 1 

may occur. On the other hand, when the above time period 

is too long, the deposit ion of the polycrystal l ine si l icon 20 is  

not completely f inished. Therefore,  it  is preferable that th e 15 

time period be 1 minute to 60 minutes, and more preferably 

3 minutes to 30 minutes. In the production of the f irst to  

third samples (described later)  and the production of the 

comparative sample (described later) , the time  period was set 

to 15 minutes.  20 

[0066] 

 <Suitable treatment method in thermal treatment step; 

feeding of f irst annealing gas>  

 The following wil l  discuss a suitable treatment method 

in the thermal treatment step S2. First,  i t is preferable that :  25 



- 37 - 

TKY21369/PCT 

just before the deposit ion step S1 completes, the feed rate of  

the first hydrogen gas be set to the peak feed rate f1 and the 

feed rate of  the second hydrogen gas be set to the peak feed 

rate f2; and while the first hydrogen gas and the second 

hydrogen gas are being fed at the aforesaid feed rates into 5 

the reactor 100, the thermal treatment step S2 be started 

continuously from the deposit ion step S1 . 

[0067] 

 Then, it  is preferable that the therma l treatment step 

S2 satisfy the following condit ions. Specifical ly,  in a case 10 

where F1 represents the f low rate of the f irst annealing gas 

and S represents the cross sectional area of the straight 

barrel part 101 of the reactor 100 (see Fig. 5) , the therma l 

treatment step S2 preferably includes a period in which a 

value of  F1/S is 20 Nm3/hr/m2  or more. In a time period 15 

from the point t1 to the point t8, the flow rate F1 of the first  

annealing gas is a total amount of the peak feed rate f1 and 

the peak feed rate f2.  In other words, in the t ime period from 

the point t1 to the point t8, the flow rate F1 of the f irst 

annealing gas becomes the maximum total amount of  the feed 20 

rate of  the first hydrogen gas and the feed rate of  the second 

hydrogen gas.  

[0068] 

 As described above, since the value of  the F1/S is 20 

Nm3/hr/m2  or more, it is possible,  in the thermal treatment 25 
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step S2, to quickly discharge, to the outside of  the reactor 

100, impurity components that have been generated from 

parts etc. inside the reactor  100. Therefore, i t is possible to  

have an improved purity of  the polycrystal l ine sil icon 20 

after the thermal treatment step S2. Note that an upper l imit 5 

of  the value of F1/S is not particularly l imited. Therefore,  

even if  hydrogen gas that has been conta ined in the raw 

material  gas remains inside of the reactor 100, the gas wil l  

not cause any adverse effect.  However,  in order to reduce a 

cost that is necessary for carrying out the thermal treatment 10 

step S2 by reducing an amount of  the f irst annealing gas 

used, it  is preferable to set the upper l imit such that the 

value of  F1/S is less than 130 Nm 3/hr/m2 .  

[0069] 

 Note that in practice,  in order to ef f iciently use the 15 

first annealing gas, the feed rate of  the first hydrogen gas is 

reduced from a t ime point earlier than the point t8 in the 

thermal treatment step S2. However,  even in this case, in the 

thermal treatment step S2, there is a period in which the 

total  amount of  the peak feed rate f1 and the peak feed rate 20 

f2 is the flow rate F1 of the f irst annealing gas. The thermal  

treatment step S2 thus includes a period in which the value 

of  F1/S is 20 Nm 3/hr/m2  or more.  

[0070] 

 Furthermore, a t ime period (time period from point t1 25 
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to point t8)  in which the value of  F1/S is 20 Nm 3/hr/m2  or 

more is not particular ly l imited. However, in a case where 

this t ime period is too short,  i t  would be impossible to  

sufficiently obtain an impurity reduction ef fect and a 

col lapse rate reduction ef fect.  In l ight of  the above, the t ime 5 

period is preferably 10 minutes or more, and more preferably 

30 minutes or more. On the other hand, in consideration of 

ef f ic ient use of  the f irst annealing gas, an upper l imit of  the 

time period is 120 minutes.  

[0071] 10 

 In the present embodiment, the feed rate of  the first 

hydrogen gas is decreased from the peak feed rate f1 from 

the point t8 in t ime as shown in Fig.  4. Here, at and after  

the point t8 in t ime, the total  amount of hydrogen gas to be 

fed into the reactor 100 decreases. Therefore,  there is a 15 

possibil ity that the surface temperature T2 may increase. 

Therefore, the amount of an electric current to be caused to 

pass through the si l icon core wire 10 should be adjusted so 

that the surface temperature T2 is (the surface temperature 

T1 + 30°C) or higher and (the surface temperature T1 + 20 

100°C) or lower for a period of t ime and that the surface 

temperature T2 is lower than 1030°C.  

[0072] 

 In the production of the f irst to third samples 

(described later)  and the production of the comparative 25 
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sample (described later) ,  the t ime period from the poin t t1 to 

the point t8 was set to 60 minutes and the feed rate of the 

first hydrogen gas was decreased from the peak feed rate f1 

to 0 (zero)  over 30 minutes. The time point at which the feed 

rate of  the f irst hydrogen gas was set to 0 (zero)  is the t ime 5 

point at which the thermal treatment step S2 was completed, 

specif ically,  the point t9 that is a time point at which the 

value of the electric current to be caused to pass through the 

si l icon core wire 10 was set to 0 (zero).  The point t9 is,  in 

other words, a start point of the cool ing step S3.  10 

[0073] 

 As described above, in the thermal treatment step S2, 

the f low rate F1 of the f irst annealing gas is l imited to a 

predetermined numerical value range, so that the 

polycrystal l ine si l icon rod 1 having a value of  C1/C2 of 1.0 15 

to 2.0 can be obtained.  

[0074] 

 The present embodiment has described, as an example, 

a preferable method for feeding the f irst annealing gas in the 

thermal treatment step S2. However, a treatment method in 20 

the thermal treatment step S2 is not l imited to this method. 

For example, only the f irst hydrogen gas can be used as the 

first annealing gas. Further,  for example, in a case where 

only hydrogen gas is fed by a means identical to a feeding 

means of the raw material  gas after the feeding of the raw 25 
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material  gas is stopped, this hydrogen gas can be part of  the 

first annealing gas. Furthermore, although advanced feeding 

control is required, the feeding of the f irst annealing gas may 

be started from the t ime point (point t1)  at which the thermal 

treatment step S2 starts.  5 

[0075] 

 <Cooling step> 

 Next,  as i l lustrated in Figs. 3 and 4, the cool ing step 

S3 is carried out after the thermal treatment step S2 is 

completed. In the cool ing step S3, the polycrystal l ine si l ico n 10 

20 which has been subjected to the annealing treatment in 

the thermal treatment step S2 is cooled down. In the present 

embodiment, the polycrystal l ine si l icon 20 described above 

is naturally cooled. Natural cool ing is a thermal treatment 

in which the electric current caused to pass through the 15 

si l icon core wire 10 is stopped and the polycrystal l ine si l icon 

20 is left , as it  is,  inside the straight barrel  part 101 of the 

reactor 100.  

[0076] 

 However,  in order to remove the gases staying inside 20 

the reactor 100, it  is preferable to feed the second annealing 

gas into the reactor 100 also in the cool ing step S3. The 

second annealing gas is a gas which is fed into the reactor 

100 in order to carry out a purge process. The second 

annealing gas may be at least one gas selected from the 25 



- 42 - 

TKY21369/PCT 

group consisting of gases of hydrogen, argon, and hel ium. 

The fol lowing description will  discuss, as an example, a case 

where the second annealing gas is hydrogen gas. However, it  

is possible to obtain the same effect with any of the other 

gases. Further,  the second annealing gas is also considered 5 

to function to completely discharge the raw material  gas to 

the outside of  the reactor 100.  

[0077] 

 In the present embodiment, the cooling step S3 starts 

from a time point at which the value of  the electric current 10 

to be caused to pass through the si l icon core wire 10 is set  

to 0 (zero) , that is, from the point t9 in t ime, as shown in 

Fig. 4.  Further, in the present embodiment,  the cool ing step 

S3 is carried out continuously from the thermal treatment 

step S2, and at the point t9 in t ime at which the value of  the 15 

electric current becomes 0 (zero) ,  the feed rate of  the f irst 

hydrogen gas also becomes 0 (zero) .  Note however that t his  

timing is merely an example. The t ime point at which the 

value of  the electric current becomes 0 (zero)  and the t ime 

point at which the feed rate of  the first hydrogen gas becomes 20 

0 (zero)  may be dif ferent from each other.  Note that in the 

production of the f irst to third samples (described later) and 

the production of the comparative sample (described later) ,  

the time point at which the value of the electric current 

became 0 (zero)  was arranged to be the same as the t ime 25 
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point at which the feed rate of  the first hydrogen gas became 

0 (zero) .  

[0078] 

 The cooling step S3 preferably satisf ies the fol lowing 

condit ions. Specif ically,  in a case where F2 represents the 5 

flow rate of the second annealing gas, the cool ing step S3 

preferably includes a period in which F2/S is 0.4 Nm 3/hr/m2  

or more. A suitable method for feeding the second annealing 

gas includes, for example, a method in which, as shown in 

Fig.  4,  the f low rate F2 of the second hydrogen gas is kept at 10 

a constant value by simply continuing , from the thermal 

treatment step S2,  feeding of the second annealing gas at the 

peak feed rate f2.  

[0079] 

 A particularly suitable method for feeding the second 15 

annealing gas includes, for example, a method in which the 

second hydrogen gas is fed continuously in the deposit ion 

step S1 and the thermal treatment step S2. Here, the second 

hydrogen gas has the peak feed rate f2 that is the same as 

the f low rate F2 of the second annealing gas. In the present 20 

embodiment, as shown in Fig. 4, the second hydrogen g as is 

fed at the peak feed rate f2 continuously from the point t4 

in time in the deposit ion step S1. It  is possible to reliably 

and easi ly feed the second annealing gas into the reactor 100 

by employing the above method.  25 
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[0080] 

 Note that an upper l imit of  the f low rate F2 of the 

second annealing gas is not particularly l imited. However,  

the upper l imit is preferably set such that the flow rate F2 

is less than 4 Nm3/hr/m2 .  Employing such an upper l imit 5 

value makes it  possible to prevent the polycrystal l ine si l icon 

20 after the thermal treatment step S2 from being rapidly 

cooled by the second annealing gas, and to reduce the 

internal distort ion rate of the polycrystall ine sil icon 20 after  

the cooling step S3, as compared with a conventional 10 

method. This makes it  possible to reduce the collapse rate of  

the polycrystal l ine si l icon rod 1 as compared to the 

conventional method, and thus to improve a yield in 

production of the polycrystall ine sil icon rod 1.  

[0081] 15 

 Further, in the cool ing step S3, a period in which  the 

value of  F/2S is 0.4 Nm3/hr/m2  or more is not particularly 

l imited. The period is,  for example, a time period that is  

taken until  the surface temperature of  the polycrystal l ine 

si l icon rod 1 reaches substantial ly normal temperature (e.g. ,  20 

30°C or less ).  Note that in the production of the f irst to third 

samples (described later) and the production of the 

comparative sample (described later) ,  the cool ing step S3 was 

completed at the time point when the surface temperature of  

the polycrystall ine si l icon rod 1 had reached 30°C. 25 
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[0082] 

 <Post-processing step> 

 After the natural cooling and the purge process as 

described above, the cool ing step S3 is completed at the t ime 

point when the polycrystall ine si l icon 20 inside the straight 5 

barrel part 101 is cooled down to substantially room 

temperature. After completion of the cooling step S3, the 

valve 53 il lustrated in Fig.  5 is closed so as to stop the 

feeding of the second hydrogen gas. As a result,  the hydrogen 

gas inside the reactor 100 is replaced by nitrogen  gas. The 10 

polycrystal l ine sil icon 20 which has been cooled down to 

substantial ly normal temperature after the completion of the 

cooling step S3 is the polycrystall ine si l icon rod 1 serving as 

a f inal product.  

[0083] 15 

 <Variation> 

 The above-described processes of  the deposit ion step 

S1, the thermal treatment step S2, and the cooling step S3 

are simply examples. Various variations can be adopted. For 

example, each of numerical values at the points t1 to t9, the 20 

flow rate F1 of the first annealing gas, and the  f low rate F2 

of the second annealing gas can be arbitrari ly changed 

within ranges in which it  is possible to achieve an 

improvement in purity of the entirety of the polycrystall ine 

si l icon rod 1 and a reduction in the col lapse rate.  25 
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[0084] 

 Furthermore, in a change in composit ion and flow rate 

of  the annealing hydrogen gas over t ime in the thermal 

treatment step S2, each of the numerical values at the points 

t1 to t9 can be changed provided that it  is st i l l  possible to 5 

achieve the improvement  in purity of  the entirety of  the 

polycrystal l ine si l icon rod 1 and the reduction in the col lapse 

rate.  It  is also possible to change the f low rate F1 of the f irst 

annealing gas and the flow rate F2 of the second annealing 

gas. Furthermore, the cool ing step S3 is not an essential  step 10 

in producing the polycrystal l ine sil icon rod 1, and the 

cooling step S3 can be omitted.  

[0085] 

 Furthermore, in the thermal treatment step S2 and the 

cooling step S3, a gas which is caused to flow into the reactor 15 

100 need not  be hydrogen gas as used in the present 

embodiment. In the thermal treatment step S2 and the 

cooling step S3, it  is possible to cause at least one gas 

selected from the group consisting of  gases of  hydrogen, 

argon, and hel ium to f low into the reactor 100.  20 

[0086] 

 Aspects of  the present invention can also be expressed 

as fol lows:  

 A polycrystall ine si l icon rod in accordance with an 

aspect of  the present invention has: an outer -side total 25 
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concentration of 100 pptw or less, the outer -side total  

concentration being obtained by summing up respective 

concentrations of iron, chrome, and nickel in a portion of up 

to 4 mm in depth in a radial  direction from a surface parallel  

to a center axis;  and a ratio of  the outer -side total  5 

concentration to an inner-side total  concentration of 1.0 or  

more and 2.5 or less, the inner -side total  concentration being 

obtained by summing up respective concentrations of the 

iron, the chrome, and the nickel in a portion farther than 4 

mm in the radial  direction from the surface.  10 

[0087] 

 According to the above configuration, in the 

polycrystal l ine si l icon rod in accordance with an embodiment 

of  the present invention, the outer-side total  concentration 

is 100 pptw or less. Therefore, it is possible to have a lower 15 

concentration of impurit ies ( iron, chrome, and nickel)  in a 

portion of the polycrystal l ine si l icon rod in the vicinity of  the 

surface of the polycrystall ine si l icon rod, as compared to a 

conventional polycrystal l ine si l icon rod. In other words, i t  is 

possible to improve the purity of  the portion of the 20 

polycrystal l ine si l icon rod in the vicinity of  the surface of the 

polycrystal l ine si l icon rod.  

[0088] 

 Further,  in the polycrystal l ine si l icon rod in 

accordance with an aspect of  the present invention, the ratio 25 
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of the outer-side total  concentration to the inner -side total  

concentration is 1.0 or more and 2.5 or less. Therefore, it is 

possible to improve the purity of the entirety of  the 

polycrystal l ine si l icon rod.  

[0089] 5 

 The polycrystal l ine si l icon rod in accordance with an 

aspect of  the present invention may have an internal 

distortion rate of less than 1.0 × 10 -4  cm -1  in the radial  

direction. According to this configuration, the internal 

distortion rate in the radial  direction of the polycrystall ine 10 

si l icon rod in accordance with an aspect of  the present 

invention (hereinafter,  also abbreviated as "internal 

distortion rate")  is lower than an internal dis tortion rate of  

a conventional polycrystal l ine sil icon rod. Therefore,  the 

col lapse rate in production of the polycrystal l ine si l icon rod 15 

(hereinafter,  abbreviated as "col lapse rate")  can be reduced 

more than that of a conventional polycrystal l ine si l icon rod. 

Therefore, i t  is possible to achieve both an improvement in 

purity of the entirety of  the polycrystal l ine sil icon rod and a 

reduction in col lapse rate.  20 

[0090] 

 The polycrystal l ine si l icon rod in accordance with an 

aspect of  the present invention may have a diameter of 100 

mm or more. In general, the larger the diameter of  the 

polycrystal l ine si l icon rod is,  that is, the thicker the 25 
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polycrystal l ine si l icon rod is,  the larger the internal 

distortion becomes. Such a larger internal distort ion 

increases the risk of  col lapsing. Further,  the thicker the 

polycrystal l ine si l icon rod is,  the higher the concentration of 

impurities becomes in the portion in the vicinity of  the 5 

surface. In this regard, according to the above configuration, 

even in the case of  a polycrystal l ine si l icon rod which has a 

thick diameter of 100 mm or more, which generally has a 

high concentration of impurities in a portion in the vicinity 

of  a surface and which also has a high col lapse rate,  i t  is 10 

possible to improve at least the concentration of the entirety 

of  the polycrystall ine si l icon rod. Furthermore, even in the 

case of a polycrystal l ine si l icon rod which has a large 

diameter as described above and which general ly has a high 

concentration of impurit ies and a high collapse rate,  it  i s 15 

possible to produce the polycrystall ine si l icon rod whose risk 

of  col lapsing is lower as compared to a conventional 

polycrystal l ine si l icon rod.  

[0091] 

 A method, in accordance with an aspect of the present 20 

invention, for producing a polycrystall ine si l i con rod 

includes the steps of:  depositing polycrystal l ine si l icon on a 

surface of a sil icon core wire by heating the si l icon core wire 

in the presence of a chlorosilane compound and hydrogen; 

and thermally treating, in the presence of at least one gas 25 
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selected from the group consisting of  gases of  hydrogen, 

argon and helium, the polycrystal l ine si l icon having been 

deposited in the step of deposit ing the polycrystal l ine 

si l icon, the polycrystall ine si l icon, in the step of thermally 

treating the polycrystall ine si l icon, having a surface 5 

temperature T2 of (T1 + 30°C) or higher and (T1 + 100°C) or 

lower for a period of time, the surface temperature T2 being 

lower than 1030°C, where T1 represents a surface 

temperature of the polycrystal l ine si l icon at a time point at 

which a value of an electric current caused to pass through 10 

the si l icon core wire in heating the sil icon core wire starts 

to be decreased in the step of depositing the polycrystal l ine  

si l icon.  

[0092] 

 According to the above configuration, the surface 15 

temperature T2 of the polycrystal l ine sil icon in the above 

thermal treatment step is T1 + 30°C or higher. This makes it  

possible to lower the internal distortion rate of the 

polycrystal l ine si l icon that has been deposited in the above 

deposition step as compared to a conventional method. This 20 

makes it  possible to reduce the col lapse rate of  the 

polycrystal l ine sil icon rod as compared to a conventional 

method. Therefore,  i t  is possible to improve a yield in 

production of the polycrystall ine sil icon rod.  

[0093] 25 
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 Further,  the surface temperature T2 of the 

polycrystal l ine si l icon in the thermal treatment step is T1 + 

100°C or lower and is lower than 1030°C. This makes it  

possible to reduce a phenomenon in which in the thermal  

treatment step, the surface of  the polycrystall ine si l icon 5 

takes in. Therefore,  i t  is possible to improve the purity of  the 

polycrystal l ine si l icon after the thermal treatment step, and 

consequently to improve the purity of the entirety of  the 

polycrystal l ine si l icon rod.  

[0094] 10 

 In other words, conversely, in a case where the surface 

temperature T2 of the polycrystall ine si l icon is lower than 

T1 + 30°C, an annealing ef fect of  removing the internal 

distortion of the polycrystal l ine si l icon becomes insufficient,  

and consequently,  the col lapse rate becomes high. As a 15 

result, the yield in the production of the polycrystal l ine 

si l icon rod is l ikely to decrease. On the other hand, in a case 

where the surface temperature T2 of the polycrystal l ine 

si l icon is higher than T1 + 100°C and is 1030°C or higher,  

the concentration of the impurit ies in the vicinity of the 20 

surface of the polycrystall ine si l icon increases, and thus the 

concentration of the impurities of  the polycrystal l ine sil ic on 

obtained is l ikely to increase.  

[0095] 

 The method in accordance with an aspect of  the 25 
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present invention may be configured such that:  the step of 

depositing the polycrystal l ine si l icon and the step of 

thermally treating the polycrystal l ine si l icon are c arried out 

inside a straight barrel  part in a reactor;  and the step of 

thermally treating the polycrystal l ine sil icon includes a 5 

period in which a value of  F1/S is 20 Nm 3/hr/m2  or more, 

where F1 represents a f low rate of a f irst annealing gas which 

is the gas that f lows into the reactor,  and S represents a 

cross sectional area of the straight barrel  part.  

[0096] 10 

 According to this configuration, the value of  F1/S is 

20 Nm3/hr/m2  or more, so that,  in the thermal treatment 

step, i t  is possible to quickly discharge, to the outside of  the 

reactor,  the impurity components generated by parts  etc.  

which are present inside the reactor. Therefore, it  is possible 15 

to improve the purity of  the polycrystall ine si l icon after the 

thermal treatment step.  

[0097] 

 Note that,  in a case where hydrogen gas is used as the 

first annealing gas, the f irst annealing gas does not include 20 

hydrogen gas that is a component of  the raw material gas  

which is fed with trichlorosilane (chlorosilane compound).  

Further,  an upper l imit of  the flow rate F1 of the first 

annealing gas is not particularly l imited. However, the value 

of  F1/S is preferably set  to less than 130 Nm3/hr/m2  in order 25 
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to reduce an amount of  the first annealing gas used.  

[0098] 

 The method in accordance with an aspect of  the 

present invention may further include the step of cooling the 

polycrystal l ine si l icon after the step  of  thermal ly treating the 5 

polycrystal l ine si l icon, the step of cool ing including a period 

in which a value of  F2/S is 0.4 Nm 3/hr/m2  or more, where 

F2 represents a f low rate of a second annealing gas which is 

the gas that f lows into the reactor.  

[0099] 10 

 According to this configuration, the value of  F2/S is 

0.4 Nm3/hr/m2  or more, so that,  in the above cool ing step, 

it  is possible to quickly discharge, to the outside of  the 

reactor,  the impurity components generated by the parts  etc.  

which are present in the reactor.  Therefore,  i t  is possible to 15 

improve the purity of  the polycrystal l ine sil icon after the 

cooling step.  

[0100] 

 Note that an upper l imit value of the f low rate F2 of  

the second annealing gas is not particularly l imited. 20 

However,  i t is preferable that the value of  F2/S be less than 

4 Nm3/hr/m2 .  Sett ing the value of  the F2/S to less than 4 

Nm3/hr/m2  makes it  possible to prevent the polycrystall ine 

si l icon after the thermal treatment step from being rapidly 

cooled by the second annealing gas, and consequently to 25 
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reduce the internal distort ion rate of  the polycrystal l ine 

si l icon after the cool ing step, as compared with a 

conventional method. This makes it possible to reduce the 

col lapse rate of  the polycrystall ine si l icon rod as compared 

to a conventional method, and consequently to improve the 5 

yield in production of the polycrystall ine si l icon rod.  

[0101] 

 A method, in accordance with an aspect of the present 

invention, for thermally treating polycrystal l ine sil icon 

includes the step of thermally treating the polyc rystall ine 10 

si l icon inside a straight barrel  part of  a reactor in the 

presence of at least one gas selected from the group 

consisting of gases of  hydrogen, argon and hel ium, the step 

of thermally treating the polycrystal l ine si l icon including a 

period in which a value of  F1/S is 20 Nm 3/hr/m2  or more, 15 

where F1 represents a f low rate of a f irst annealing gas which 

is the gas that f lows into the reactor,  and S represents a 

cross sectional area of the straight barrel  part.  

[0102] 

 [Addit ional Remark]  20 

 The present invention is not l imited to the 

embodiments and variations described above, but may be 

altered in various ways by a ski l led person within the scope 

of the claims. Specif ically,  any embodiment based on a 

proper combination of technical means dis closed in dif ferent 25 
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embodiments and variations described above is also 

encompassed in the technical scope of the present invention.  

[0103] 

 [Examples]  

 The fol lowing will  discuss Examples of  the present 5 

invention. Note that, in the following description, the term 

"f irst production condit ion" refers to a condit ion in which the 

surface temperature T2 in the annealing treatment is ( the 

surface temperature T1 + 30°C) or higher and (the surface 

temperature T1 + 100°C) or lower for a period of time and 10 

also is lower than 1030°C. Further,  the term "second 

production condit ion" refers to  a condition in which the 

value of  F1/S is 20 Nm3/hr/m2  or more, and preferably less 

than 130 Nm3/hr/m2 .  Furthermore, the term "third 

production condit ion" refers to a condition in which the 15 

value of F2/S is 0.4 Nm3/hr/m2  or more, and preferably less 

than 4 Nm3/hr/m2 .  

[0104] 

 <Sample production> 

 First,  respective polycrystal l ine sil icon rods 1 in 20 

accordance with Examples 1 to 3 of the present invention 

were produced by a production method similar to that in the 

above-described embodiment of the present invention, with 

use of  a reactor 100 and other production faci l i t ies that are 

similar to those in the above -described embodiment of the 25 



- 56 - 

TKY21369/PCT 

present invention. Hereinafter, the polycrystall ine si l icon 

rods 1 in accordance with  respective  Examples 1 to 3 of  the 

present invention will  be abbreviated as "f irst to third 

samples.  

[0105] 5 

 Specif ically,  as shown in Table 1 below, the surface 

temperature T1 at the point t2 in time in the deposit ion step 

S1 was set to 970°C for each of the f irst to third samples. 

The surface temperature T2 at the point t6 in t ime in the 

thermal treatment step S2 was set to 1010°C for each of the 10 

first to third samples. On the other hand, F1/S and F2/S in 

the thermal treatment step S2 were made dif ferent between 

Examples 1 to 3.  

[0106] 

 Specif ically,  the first sample was produced in a stat e 15 

in which only the f irst production condit ion was satisfied 

and the second and third production condit ions were not 

satisf ied. The second sample was produced in a state in 

which the f irst and second production condit ions were 

satisf ied and the third production condit ion was not  20 

satisf ied. The third sample was produced in a state in which 

al l of the first to third condit ions were satisf ied. 

Furthermore, each of the f irst to third samples and the 

comparison sample was arranged to have a diameter of  120 

mm. 25 
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[0107] 

 The polycrystal l ine sil icon rod (not shown) in 

accordance with Comparative Example of  the present 

invention was also produced by fol lowing the steps similar 

to those in the embodiment of  the present invention. 5 

Hereinafter,  the polycrystal l ine si l icon rod in accordance 

with Comparative Example of  the present invention will  be 

abbreviated as "comparative sample".  Further,  as shown in 

Table 1 below, the comparative sample was produced under 

the same condit ions as the third sample except for the f irst 10 

production condit ion. The surface temperature T1 of the 

polycrystal l ine sil icon 20 at the point t2 in the deposition 

step S1 was set to 970°C as in the cases of the first to third 

samples.  

[0108] 15 

 [Table 1]  
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 <Sample evaluation> 

 Next,  the outer-side total  concentration C1, the inner -

side total concentration C2, C1/C2, and the internal 

distortion rate were calculated for each of the first to third 

samples and the comparison sample by a method similar that 5 

in the embodiment of  the present invention. Table 1 above 

shows each calculation result.  Note that, in Table 1 above,  

an overal l evaluation "good" indicates a case where good 

results were obtained for both of the C1/C2 and the internal 

distortion rate.  In contrast, the overal l  evaluation "poor" 10 

indicates a case where a poor result was obtained for at least  

one of the C1/C2 and the internal distort ion rate.  

[0109] 

 The expression "good result of C1/C2" refers to a case 

where C1/C2 takes a value within a numerical value range 15 

of 1.0 to 2.5. Therefore,  a case where C1/C2 takes a value 

outside the numerical value range of 1.0 to 2.5 is expressed 

as a "poor result of  C1/C2". Further,  the expression "good 

result of internal distortion rate" refers to a case in which 

the internal distort ion rate is less than 1.0 × 10 -4  cm -1 .  20 

Therefore, a case where the internal distort ion rate is 1.0 × 

10 -4  cm -1  or more is expressed as a "poor result of  internal 

distortion rate".  

[0110] 

 First, for the f irst to third samples, the numerical 25 



- 59 - 

TKY21369/PCT 

value range of C1/C2 was found to be better (overall  

evaluation "good") than that of a conventional polycrystall ine 

si l icon rod. On the other hand, as for the comparative 

sample, the outer-side total  concentration C1 was in a 

signif icantly higher numerical range (400 pptw t o 600 pptw) 5 

than the outer-side total  concentration C1 of the f irst to  

third samples. Therefore,  the comparative example was 

evaluated to be a poor result (overal l evaluation "poor").  

Next,  with regard to the inner -side total concentration C2, 

al l of the f irst to third samples and the comparison sample 10 

were in the same numerical range. From this,  it  was found 

that the production condit ions had substantial ly no ef fect on 

the inner-side total  concentration C2 . 

[0111] 

 On the other hand, as for the outer-side total  15 

concentration C1, di f ferent calculation results were obtained 

respectively for the f irst to third samples and the 

comparative sample. In particular, the outer -side total 

concentration C1 of the comparative sample was in a 

signif icantly higher numerical range (400 pptw to 600 pptw) 20 

than the outer-side total  concentrations C1 of the f irst to 

third samples. It  is considered that this result is mainly due 

to the fact that the value of  the surface temperature T2 of 

only the comparative sample is 1100°C dur ing the annealing 

treatment and that the value is higher than the surface 25 
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temperature T2 (1010°C) of  the f irst to third samples during 

the annealing treatment.  

[0112] 

 As for the first to third samples, although the 

production conditions other than the surface temperature T2 5 

during the annealing treatment are dif ferent from each other,  

a dif ference in the numerical value range of the outer -side 

total  concentration C1 is smaller than a dif ference from the 

comparative sample. From this, i t can be inferred that the 

surface temperature T2 during the annealing treatment 10 

greatly affects the outer-side total  concentration C1.  

 

Reference Signs List  

[0113] 

 1 polycrystal l ine si l icon rod  15 

 10 si l icon core wire  

 20 polycrystal l ine sil icon  

 21 surface 

 100 reactor  

 101 straight barrel  part  20 

 C1 outer-side total  concentration  

 C2 inner-side total  concentration  

 F1 f low rate of  f irst annealing gas (f low rate of at lea st 

one gas selected from the group consisting of gases of  

hydrogen, argon and helium)  25 
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 F2 f low rate of  second annealing gas (f low rate of  at 

least one gas selected from the group consisting of  gases of  

hydrogen, argon and helium)  

 f1 peak feed rate of  f irs t hydrogen gas 

 f2 peak feed rate of  second hydrogen gas  5 

 T1 surface temperature (surface temperature of  

polycrystal l ine si l icon at t ime point when amount of  

chlorosi lane compound and hydrogen starts to be decreased)  

 T2 surface temperature (surface temperature of  

polycrystal l ine si l icon in thermal treatment step)  10 

 S cross sectional area  

 AX center axis  
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Claims 

 [Claim 1]  

 A polycrystal l ine si l icon rod having:  

 an outer-side total  concentration of 100 pptw or less, 

the outer-side total concentration being obtained by 5 

summing up respective concentrations of iron, chrome, and 

nickel in a portion of up to 4 mm in depth in a radial  

direction from a surface parallel  to a center axis;  and  

 a ratio of  the outer -side total  concentration to an 

inner-side total  concentration of 1.0 or more and 2.5 or less,  10 

the inner-side total concentration being obtained by 

summing up respective concentrations of the iron, the 

chrome, and the nickel in a portion farther than 4 mm in the 

radial  direction from the surface.  

 15 

 [Claim 2]  

 The polycrystal l ine sil icon rod according to claim 1, 

having an internal distort ion rate of less than 1.0 × 10 -4  cm -

1  in the radial  direction.  

 20 

 [Claim 3]  

 The polycrystall ine si l icon rod according to claim 1 or 

2, having a diameter of 100 mm or more.  

 

 [Claim 4]  25 
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 A method for producing a polycrystal l ine sil icon rod, 

comprising the steps of:  

 depositing polycrystal l ine si l icon on a surface of  a 

si l icon core wire by heating the si l icon core wire in the 

presence of a chlorosi lane compound and hydrog en; and 5 

 thermally treating, in the presence of at least one gas 

selected from the group consisting of  gases of  hydrogen, 

argon and helium, the polycrystal l ine si l icon having been 

deposited in the step of deposit ing the polycrystal l ine 

si l icon,  10 

 the polycrystal l ine sil icon, in the step of thermally 

treating the polycrystall ine si l icon, having a surface 

temperature T2 of (T1 + 30°C) or higher and (T1 + 100°C) or 

lower for a period of time, the surface temperature T2 being 

lower than 1030°C, where T1 represents a surface 15 

temperature of the polycrystal l ine si l icon at a time point at 

which a value of an electric current caused to pass through 

the si l icon core wire in heating the sil icon core wire starts 

to be decreased in the step of depositing the polycrystal l i ne 

si l icon. 20 

 

 [Claim 5]  

 The method according to claim 4, wherein:  

 the step of deposit ing the polycrystal l ine si l icon and 

the step of thermally treating the polycrystal l ine si l icon are 25 
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carried out inside a straight barrel  part in a reactor;  and  

 the step of thermally treating the polycrystall ine 

si l icon includes a period in which a value of  F1/S is 20 

Nm3/hr/m2  or more, where F1 represents a flow rate of  a 

f irst annealing gas which is the gas that f lows into the 5 

reactor, and S represents a cross sectional area of the 

straight barrel part.  

 

 [Claim 6]  

 The method according to claim 5, further comprising  10 

the step of  

 cooling the polycrystall ine si l icon after the step  of  

thermally treating the polycrystal l ine sil icon,  

 the step of cooling including a period in  which a value 

of  F2/S is 0.4 Nm3/hr/m2  or more, where F2 represents a 15 

flow rate of  a second annealing gas which is the gas that  

f lows into the reactor.  

 

 [Claim 7]  

 A method for thermally treating polycrystall ine si l icon, 20 

the method comprising the step of  

 thermally treating the polycrystal l ine si l icon inside a 

straight barrel  part of  a reactor in the presence of at least 

one gas selected from the group consisting of gases of  

hydrogen, argon and helium,  25 
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 the step of thermally treating the polycrystall ine 

si l icon including a period in which a value of F1/S is 20 

Nm3/hr/m2  or more, where F1 represents a flow rate of  a 

f irst annealing gas which is the gas that f lows into the 

reactor, and S represents a cross sectional area of the 5 

straight barrel part.  


