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(57) ABSTRACT 

An upper side heater 10 is configured so that a current passage 
width becomes larger at a heater lower part than at a heater 
upper part. Thus, the upper side heater 10 has a current 
carrying cross-sectional area which becomes larger at the 
heater lower part than at the heater upper part, a resistance 
value becomes accordingly smaller at the heater lower part 
than at the heater upper part, and a heat generation amount 
becomes relatively smaller at the heater lower part than at the 
heater upper part. Meanwhile, a lower side heater 20 is con 
figured so that the current passage width becomes larger at the 
heater upper part than at the heater lower part. Thus, the 
current-carrying cross-sectional area of the lower side heater 
20 becomes larger at the heater upper part than at the heater 
lower part, a resistance value becomes accordingly smaller at 
the heater upper part than at the heater lower part, and a heat 
generation amount becomes relatively smaller at the heater 
upper part than at the heater lower part. 
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SINGLE CRYSTAL SEMCONDUCTOR 
MANUFACTURINGAPPARATUS AND 

MANUFACTURING METHOD 

TECHNICAL FIELD 

0001. The present invention relates to an apparatus for 
manufacturing a single crystal semiconductor and a manu 
facturing method. 

BACKGROUND ART 

0002 FIG.3 shows an example of a structure of a conven 
tional single crystal pull-up device 1. 
0003) A quartz crucible 3 is disposed in a single crystal 
pulling vessel 2, namely a CZ furnace 2. Polycrystalline 
silicon (Si) is heated and melted in the quartz crucible 3. After 
the melting is stabilized, a single crystal silicon 6 is pulled up 
from a silicon melt 5 in the quartz crucible 3 by a pull-up 
mechanism 4 by a CZ method. When pulling up, the quartz 
crucible 3 is rotated by a rotation shaft 9. 
0004. During a single crystal pull-up process (single 
batch), various types of vaporized materials are generated in 
the vessel 2. Accordingly, argon (Ar) gas is Supplied into the 
single crystal pulling vessel 2 and exhausted together with the 
vaporized materials out of the vessel 2 to remove the vapor 
ized materials from the vessel 2, thereby cleaning it. A Supply 
flow rate of the argon gas is determined for each process of the 
single batch. 
0005. A heat shielding plate 8a (gas rectifying tube) is 
provided above the quartz crucible 3 and also around the 
single crystal silicon 6 to rectify the gas in the single crystal 
pulling vessel 2 so as to guide it to a surface 5a of the melt 5 
and to shield the single crystal silicon 6 from a heat Source. A 
distance of the gap between the bottom end of the heat shield 
ing plate 8a and the melt surface 5a is determined appropri 
ately. 
0006. Oxygen is in a state of non-solid solution in the 
pulled-up and grown single crystal silicon 6. The oxygen 
dissolves from the quartz crucible 3 into the silicon melt 5 and 
is taken into the single crystal silicon 6 when it is pulled up. 
The oxygen concentration in the single crystal silicon 6 has a 
significant influence on the element and device characteris 
tics and also has significant influence on the yield in the 
element and device manufacturing process. The element and 
device have various oxygen concentrations which are 
required depending on their types. Therefore, the manufac 
turing of single crystal silicon requires a process capable of 
coping with various oxygen concentrations. At the same time, 
when the oxygen concentration is more uniform in a growing 
direction of the crystal, the portion conforming to the oxygen 
concentration required for the element and device become 
larger. Therefore, when the control range of the oxygen con 
centration is increased for the entire crystal, it becomes pos 
sible to improve the yield of the single crystal silicon. 
0007. A single heater 10 is disposed in a ring shape around 
the quartz crucible 3. The heater 10 has a positive electrode 11 
and a negative (ground) electrode 12 and generates heat when 
a voltage is applied between the electrodes to heat the melt 5 
in the quartz crucible 3. The electric power supplied to the 
heater 10 is adjusted to change a heat generation amount of 
the heater 10, so that the temperature of the quartz crucible 3 
is changed to change a behavior of oxygen, which is eluted 
from the quartz crucible 3 and taken into the single crystal 
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silicon 6. Thus, the heat generation amount of the heater 10 
has an influence on the oxygen concentration in the single 
crystal silicon 6. 
0008 But, when the single heater 10 shown in FIG. 3 is 
used, the distribution of the heat generation amount in the 
vertical direction of the heater 10, namely the temperature 
distribution of the quartz crucible 3, cannot be changed 
largely. Therefore, mere adjustment of the electric power 
supplied to the single heater 10 is virtually hard to provide a 
uniform oxygen concentration in the growing direction of the 
single crystal silicon 6 because the control width of the oxy 
gen concentration in the single crystal silicon 6 is very Small. 
0009. Accordingly, there are conventionally known inven 
tions that provide a plurality of heaters vertically at individual 
positions around the quartz crucible 3 to increase even some 
what the control width of the oxygen concentration in the 
single crystal silicon 6 as described in the following Patent 
Literatures. 
0010 Patent Literature 1 discloses a heater apparatus that 
a heater is vertically disposed at two stages along a side 
Surface of a quartz crucible. 
0011 Patent Literature 2 discloses a heater apparatus that 
a heater is disposed at a side Surface and a bottom of a quartz 
crucible. 
0012 Patent Literature 3 discloses an invention that a 
heater is vertically disposed at two stages along a side Surface 
of a quartz crucible and a ratio of electric power Supplied to 
the individual heaters is limited to a prescribed range to 
control an oxygen concentration in the single crystal silicon. 
0013 Patent Literature 4 discloses an invention that a 
heater is vertically disposed at three stages along a side Sur 
face of a quartz crucible, the individual heaters are deter 
mined to have a different electric resistance, electric power is 
Supplied from a common power source to the individual heat 
ers, and heat generation amounts generated by the individual 
heaters are made different to control the oxygen concentra 
tion in the single crystal silicon. 
0014 Patent Literature 1: JP-A 62-153.191 
(0015 Patent Literature 2: Japanese Patent No. 2681 115 
(0016 Patent Literature 3: Japanese Patent No. 3000923 
0017 Patent Literature 4: JP-A 2001-39792 
0018 And, the methods described below, that control the 
oxygen concentration by means other than the heater, have 
been put into practice and known. 
0019 1) Method that controls the oxygen concentration in 
the single crystal silicon by a crucible rotation speed, a pres 
Sure in the furnace and a gas flow rate in the furnace. 
0020 2) Method that controls the oxygen concentration in 
the single crystal silicon by providing a magnetic field gen 
eration device and applying a magnetic field to the melt in the 
quartz crucible by the magnetic field generation device. 

SUMMARY OF THE INVENTION 

Problems to be Solved by the Invention 

0021. According to the above method 1), the control width 
of the oxygen concentration in the single crystal silicon is 
narrow, and the yield of the single crystal silicon is low. 
0022. According to the above method 2), the cost for intro 
duction of the magnetic field generation device and the cost 
for its maintenance and management are very high, so that it 
is hard to manufacture semiconductor products at a low cost. 
0023. Meanwhile, the method of controlling the oxygen 
concentration in the single crystal silicon by the plural heaters 
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can make the control width of the oxygen concentration in the 
single crystal silicon somewhat larger than the above method 
1) and can improve the yield of the single crystal silicon 
though only slightly. And, the cost does not become as high as 
that for the above method 2). 
0024. The method of controlling the oxygen concentration 
in the single crystal silicon by the plural heaters adjusts the 
ratio of electric power Supplied to the plural heaters to change 
actively the temperature distribution in the vertical direction 
of the quartz crucible. Thus, a dissolving rate of the quartz 
crucible as an oxygen Source is changed, or the convection of 
the melt for transporting the dissolved oxygen to the single 
crystal silicon is changed. As a result, the temperature distri 
bution in the growing direction of the single crystal silicon is 
changed, and the oxygen concentration in the single crystal 
silicon can be changed. 
0025. The method described in Patent Literature 3 is a 
method that limits a ratio of electric power supplied to the 
individual heaters to a prescribed range. And, a change range 
of the temperature distribution in the growing direction of the 
single crystal silicon is naturally defined by the electric power 
ratio in its prescribed range, so that the temperature distribu 
tion cannot be changed largely. Therefore, the control width 
of the oxygen concentration in the single crystal silicon is not 
large enough, and the yield of the semiconductor products is 
not satisfactory. 
0026. The method described in Patent Literature 4 causes 
each heater to have a different resistance value and a different 
heat generation amount, and a range of temperature distribu 
tion in the growing direction of the single crystal silicon is 
defined by the height of each heater and the quantity of the 
heaters, and the temperature distribution cannot be changed 
largely. Therefore, the control width of the oxygen concen 
tration in the single crystal silicon is not large enough, and the 
yield of the semiconductor products is not satisfactory. 
0027. The present invention has been made in view of the 
above circumstances and improves the yield of semiconduc 
tor products by enabling to change the temperature distribu 
tion of the quartz crucible when the oxygen concentration of 
the single crystal silicon is controlled by plural heaters and 
increasing the control width of the oxygen concentration in 
the single crystal silicon to be larger than before. 

Means for Solving the Problems 
0028. A first invention is a single crystal semiconductor 
manufacturing apparatus, provided with a chamber having 
therein a crucible in which material for a single crystal semi 
conductor is melted and heaters which are provided around 
the crucible and heat the material in the crucible, and a pull-up 
mechanism which immerses a seed crystal into the melted 
material and pulls up a single crystal, wherein: 
0029 the heaters are a plurality of heaters disposed at 
respective positions in a vertical direction of the crucible; 
0030 the individual heaters are separately supplied with 
electric power and configured of a conductor which generates 
heat when electric power is applied; and 
0031 the heater positioned at an upper part has a resis 
tance value at respective parts of the heater adjusted to have 
relatively a smaller heat generation amount at a heater lower 
part than at a heater upper part. 
0032. A second invention is a single crystal semiconductor 
manufacturing apparatus, provided with a chamber having 
therein a crucible in which material for a single crystal semi 
conductor is melted and heaters which are provided around 
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the crucible and heat the material in the crucible, and a pull-up 
mechanism which immerses a seed crystal into the melted 
material and pulls up a single crystal, wherein: 
0033 the heaters are a plurality of heaters disposed at 
respective positions in a vertical direction of the crucible; 
0034 the individual heaters are separately supplied with 
electric power and configured of a conductor which generates 
heat when electric power is applied; and 
0035 the heater positioned at a lower part has a resistance 
value at respective parts of the heater adjusted to have rela 
tively a smaller heat generation amount at a heater upper part 
than at a heater lower part. 
0036. A third invention is a single crystal semiconductor 
manufacturing apparatus, provided with a chamber having 
therein a crucible in which material for a single crystal semi 
conductor is melted and heaters which are provided around 
the crucible and heat the material in the crucible, and a pull-up 
mechanism which immerses a seed crystal into the melted 
material and pulls up a single crystal, wherein: 
0037 the heaters are a plurality of heaters disposed at 
respective positions in a vertical direction of the crucible; 
0038 the individual heaters are separately supplied with 
electric power and configured of a conductor which generates 
heat when electric power is applied; 
0039 the heater positioned at an upper part has a resis 
tance value at respective parts of the heater adjusted to have 
relatively a smaller heat generation amount at a heater lower 
part than at a heater upper part; and 
0040 the heater positioned at a lower part has a resistance 
value at respective parts of the heater adjusted to have rela 
tively a smaller heat generation amount at a heater upper part 
than at a heater lower part. 
0041. A fourth invention is the single crystal semiconduc 
tor manufacturing apparatus according to the first invention, 
the second invention and the third invention, wherein the 
heaters have a different current-carrying cross-sectional area 
between the heater upper part and the heater lower part. 
0042. A fifth invention is the single crystal semiconductor 
manufacturing apparatus according to the fourth invention, 
wherein the current-carrying cross-sectional areas of the 
heaters are adjusted depending on a current passage width or 
a current passage thickness. 
0043. A sixth invention is the single crystal semiconductor 
manufacturing apparatus according to the first invention, the 
second invention, the third invention, the fourth invention and 
the fifth invention, wherein the plurality of heaters are two 
heaters which are disposed at respective positions in a vertical 
direction of the crucible; the upperheater is formed to enterits 
current passage partly into a position lower than the position 
corresponding to the upper end position of the lower heater; 
and the lower heater is formed to enter its current passage 
partly into a position higher than the position corresponding 
to the lower end position of the upper heater. 
0044. A seventh invention is a single crystal semiconduc 
tor manufacturing method using a single crystal semiconduc 
tor manufacturing apparatus, provided with a chamber having 
therein a crucible in which material for a single crystal semi 
conductor is melted and heaters which are provided around 
the crucible and heat the material in the crucible, and a pull-up 
mechanism which immerses a seed crystal into the melted 
material and pulls up a single crystal, wherein: 
0045 the heaters are a plurality of heaters disposed at 
respective positions in a vertical direction of the crucible; 
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0046 the individual heaters are separately supplied with 
electric power and configured of a conductor which generates 
heat when electric power is applied; and 
0047 the heater positioned at an upper part has a resis 
tance value at respective parts of the heater adjusted to have 
relatively a smaller heat generation amount at a heater lower 
part than at a heater upper part to manufacture a single crystal 
semiconductor. 
0048. An eighth invention is a single crystal semiconduc 
tor manufacturing method using a single crystal semiconduc 
tor manufacturingapparatus, provided with a chamber having 
therein a crucible in which material for a single crystal semi 
conductor is melted and heaters which are provided around 
the crucible and heat the material in the crucible, and a pull-up 
mechanism which immerses a seed crystal into the melted 
material and pulls up a single crystal, wherein: 
0049 the heaters are a plurality of heaters disposed at 
respective positions in a vertical direction of the crucible; 
0050 the individual heaters are separately supplied with 
electric power and configured of a conductor which generates 
heat when electric power is applied; and 
0051 the heater positioned at a lower part has a resistance 
value at respective parts of the heater adjusted to have rela 
tively a smaller heat generation amount at a heater upper part 
than at a heater lower part to manufacture a single crystal 
semiconductor. 
0052 A ninth invention is a single crystal semiconductor 
manufacturing method using a single crystal semiconductor 
manufacturing apparatus, provided with a chamber having 
therein a crucible in which material for a single crystal semi 
conductor is melted and heaters which are provided around 
the crucible and heat the material in the crucible, and a pull-up 
mechanism which immerses a seed crystal into the melted 
material and pulls up a single crystal, wherein: 
0053 the heaters are a plurality of heaters disposed at 
respective positions in a vertical direction of the crucible; 
0054 the individual heaters are separately supplied with 
electric power and configured of a conductor which generates 
heat when electric power is applied; 
0055 the heater positioned at an upper part has a resis 
tance value at respective parts of the heater adjusted to have 
relatively a smaller heat generation amount at a heater lower 
part than at a heater upper part; and 
0056 the heater positioned at a lower part has a resistance 
value at respective parts of the heater adjusted to have rela 
tively a smaller heat generation amount at a heater upper part 
than at a heater lower part to manufacture a single crystal 
semiconductor. 
0057. A tenth invention is the single crystal semiconductor 
manufacturing method according to the seventh invention, 
the eighth invention and the ninth invention, wherein the 
heater has a different current-carrying cross-sectional area 
between the heater upper part and the heater lower part. 
0058 An eleventh invention is the single crystal semicon 
ductor manufacturing method according to the tenth inven 
tion, wherein the current-carrying cross-sectional area of the 
heater is adjusted depending on a current passage width or a 
current passage thickness. 
0059 A twelfth invention is the single crystal semicon 
ductor manufacturing method according to the seventh inven 
tion, the eighth invention, the ninth invention, the tenth inven 
tion and the eleventh invention, wherein the plurality of 
heaters are two heaters which are disposed at respective posi 
tions in a vertical direction of the crucible; the upper heater is 
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formed to enterits current passage partly into a position lower 
than the position corresponding to the upper end position of 
the lower heater; and the lower heater is formed to enter its 
current passage partly into a position higher than the position 
corresponding to the lower end position of the upper heater. 
0060. The oxygen in the single crystal is the oxygen which 

is eluted from the quartz crucible into a silicon melt and taken 
into the crystal, but it is generally known that it depends 
mainly on the eluted amount from the bottom inner surface of 
the quartz crucible. Namely, the eluted amount increases as 
the temperature of the quartz crucible bottom becomes 
higher, and the oxygen concentration which is taken into the 
single crystal becomes high, and when the temperature low 
ers, the oxygen concentration which is taken into the single 
crystal becomes low. 
0061 The present invention is described with reference to 
the drawings. As shown in FIG. 2, the upper side heater 10 is 
configured so that the width of the current passage is deter 
mined to have width c2 of a heater lower part larger than width 
c1 of a heater upper part. Thus, the upper side heater 10 has a 
current-carrying cross-sectional area which is larger at the 
heater lower part than at the heater upper part, a resistance 
value which is accordingly smaller at the heater lower part 
than at the heater upper part, and a heat generation amount 
which becomes relatively smaller at the heater lowerpart than 
at the heater upper part. 
0062 Meanwhile, a lower side heater 20 is configured so 
that the width of the current passage is determined to have 
width c2 of a heater upperpart larger than width c1 of a heater 
lower part. Thus, the lower side heater 20 has a current 
carrying cross-sectional area which is larger at the heater 
upper part than at the heater lower part, a resistance value 
which is accordingly smaller at the heater upper part than at 
the heater lower part, and a heat generation amount which 
becomes relatively smaller at the heater upper part than at the 
heater lower part. 
0063 As a result, it is seen as shown in FIG. 8 according to 
the present invention that when electric power is Supplied at a 
prescribed electric power ratio (the ratio between approxi 
mately 1 and 3 in the figure) to the lower side heater 20 and the 
upper side heater 10, the temperature distribution range at the 
bottom of the quartz crucible 3 becomes larger than the prior 
art. Therefore, by adjusting the electric power ratio, the 
expansion of the temperature distribution at the respective 
positions in the vertical direction of the quartz crucible 3. 
namely at the respective positions in the growing direction of 
the single crystal silicon 6, is increased more than before, and 
the control width of the oxygen concentration in the single 
crystal silicon 6 is expanded more. 
0064. As shown in FIG. 9(a), when the heaters of the 
present invention are used, an oxygen concentration control 
width B1-B2 of the single crystal silicon 6 is large, so that a 
length of a constant diameter portion of the crystal, which 
meets an oxygen concentration standard E. is increased. As a 
result, a range of the yield of the single crystal silicon 6 is 
increased when the heaters of the present invention are used 
as shown in FIG. 9(b). 
0065. Thus, the use of the heaters of the present invention 
for the single crystal silicon manufacturing apparatus pro 
vides an effect of improving the yield of the single crystal 
silicon 6 being pulled up. 
0.066 For only the upper heater 10 according to the first 
invention and for only the lower heater 20 according to the 
second invention, the resistance value is adjusted to have a 



US 2009/O 133617 A1 

different heat generation amount between the heater upper 
part and the heater lower part. Referring to, for example, FIG. 
5 according to the first invention, for only the upper side 
heater 10, the resistance value at the respective parts of the 
heater is adjusted so that the heat generation amount becomes 
relatively smaller at the heater lower part than at the heater 
upper part, and for the lower side heater 20, the resistance 
value is adjusted so that the heat generation amount becomes 
same between the heater upper part and the heater lower part 
similar to FIG. 4. 
0067 For only the lower side heater 20 according to the 
second invention, the resistance value at the respective parts 
of the heater is adjusted so that the heat generation amount 
becomes relatively smaller at the heater upper part than at the 
heater lower part, and for the upper side heater 10, the resis 
tance value is adjusted so that the heat generation amount 
becomes same between the heater upper part and the heater 
lower part similar to FIG. 4. 
0068. The heat generation amount at the respective parts 
of the heater is adjusted by adjusting the current-carrying 
cross-sectional areas of the heater (the fourth and fifth inven 
tions). 
0069. As shown in FIG. 2 according to the sixth invention, 
the upper heater is configured to enter its current passage 
partly into a position lower than the position corresponding to 
the upper end position of the lower heater, and the lower 
heater is configured to enter its current passage partly into a 
position higher than the position corresponding to the lower 
end position of the upper heater. 
0070 Thus, the heat generation amount at the middle area 
of the heaters 10, 20 as a whole can be decreased in compari 
son with the heat generation amount at the upper areas of the 
heaters 10, as a whole and the heat generation amount at the 
lower area of the heaters 10, 20 as a whole. 
0071. The seventh to twelfth inventions are inventions of a 
method of manufacturing a single crystal semiconductor 
using the single crystal semiconductor manufacturing appa 
ratuses of the first invention to the sixth invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0072 FIG. 1 is a sectional side view showing a structure of 
a single crystal semiconductor manufacturing apparatus in 
which heaters of an embodiment is incorporated. 
0073 FIG. 2 is a sectional view showing a structure of a 
heater of Example 1. 
0074 FIG.3 is a sectional side view showing a structure of 
a single crystal semiconductor manufacturing apparatus in 
which a conventional heater is incorporated. 
0075 FIG. 4 is a sectional view showing a structure of 
heaters of a reference example. 
0076 FIG. 5 is a sectional view showing a structure of 
heaters of Example 2. 
0077 FIG. 6 is a sectional view showing a structure of 
heaters of Example 3. 
0078 FIG. 7 is a sectional view showing a structure of 
heaters of Example 4. 
007.9 FIG. 8 is a comparison diagram of temperature dis 
tribution ranges of a quartz crucible bottom when the heaters 
of the present invention and a conventional heater are used. 
0080 FIG.9 (a) is a graph showing a relationship between 
a length of a constant diameter portion of a crystal and an 
oxygen concentration of a single crystal silicon, and FIG.9(b) 
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is a diagram showing a length of a yield in a growing direction 
of a single crystal silicon in correspondence with FIG. 9(a). 

EXPLANATION OF REFERENCE NUMERALS 

I0081) 10: Upper side heater 
0082) 20: Lower side heater 
0083 30: Middle side heater 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

I0084 Embodiments of a single crystal semiconductor 
manufacturing apparatus of the present invention and aheater 
used therefor will be described with reference to the figures. 
I0085 FIG. 1(a) shows a sectional view of a side of a 
structure of a single crystal pull-up device 1 of an embodi 
ment. Heaters of the embodiment are incorporated into the 
single crystal pull-up device 1. 
I0086. As shown in FIG.1, the single crystal pull-up device 
1 of the embodiment is provided with a CZ furnace (chamber) 
2 as a single crystal pulling vessel. 
I0087. The CZ furnace 2 has therein a quartz crucible 3 in 
which a material for polycrystalline silicon is melted and 
stored as a melt 5. The quartz crucible 3 has its exterior 
covered with a graphite crucible 7. An upper side heater 10 
and a lower side heater 20 are provided to surround the 
crucibles 3, 7 to heat and melt the polycrystalline silicon 
material in the quartz crucible 3. The upper side heater 10 and 
the lower side heater 20 are vertically arranged at upper and 
lower positions along the side Surface of the quartz crucible 3. 
I0088 FIG. 1(b) is a diagram of the upper side heater 10 
and the lower side heater 20 viewed from above, and the upper 
side heater 10 and the lower side heater 20 are formed to have 
a circular shape around the outer circumferential Surface of 
the quartz crucible 3. 
I0089. It is not shown in FIG. 1, but a ring-shaped bottom 
heater may be provided below the lower side heater 20 and 
under the bottom surfaces of the crucibles 3, 7. 
0090 FIG. 2 is a sectional view (A-A sectional view) of 
the upper side heaters 10, 20 taken along line A-A of FIG. 
1(b), showing a structure of the heaters of Example 1. 
(0091. The upper side heater 10 and the lower side heater 
20 are separately supplied with electric power and configured 
of a conductor which generates heat when electric power is 
applied. In other words, separate power Sources are provided 
for the individual heaters 10, 20 and provided with positive 
electrodes 11, 21 and negative (ground) electrodes 12, 22 for 
the individual heaters 10, 20. Voltages applied to the indi 
vidual heaters 10, 20 are separately adjusted to independently 
adjust heat generation amounts, namely heating amounts to 
the quartz crucible 3. 
0092. Application of voltage from the power source for the 
upper side heater 10 between the positive electrode 11 and the 
negative electrode 12 of the heater 10 flows electric current to 
the upper side heater 10 to generate heat. Voltage of the power 
source for the upper side heater 10 is varied to adjust the heat 
generation amount of the upper side heater 10 and to control 
the heating amount of an upper side of the quartz crucible 3. 
0093. Application of voltage from the power source for the 
lower side heater 20 between the positive electrode 21 and the 
negative electrode 22 of the heater 20 flows electric current to 
the lower side heater 20 to generate heat. Voltage of the power 
source for the lower side heater 20 is varied to adjust the heat 
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generation amount of the lower side heater 20 and to control 
the heating amount of a lower side of the quartz crucible 3. 
0094 For example, the upper side heater 10 and the lower 
side heater 20 are configured of graphite (carbon). A material 
for the heaters 10, 20 may be any type other than graphite if it 
is conductive, generates heat when electric power is applied, 
and does not become a pollutant source. For example, it may 
be a C/C composite (carbon fiber reinforced carbon compos 
ite material). 
0095. A heat-retaining tube 8b which is made of a heat 
insulating material is provided between the upper side and 
lower side heaters 10, 20 and the inner wall of the CZ furnace 
2. 
0096. A pull-up mechanism 4 is provided above the quartz 
crucible 3. The pull-up mechanism 4 includes a pull-up shaft 
4a and a seed crystal 4b. 
0097. When the melting in the quartz crucible 3 is stabi 
lized, the pull-up shaft 4a is moved in a vertical direction to 
immerse the seed crystal 4b into the melt 5, and a single 
crystal silicon ingot 6 is pulled up from the melt 5 by a CZ 
method. When pulling up, the quartz crucible 3 is rotated by 
a rotation shaft 9. A shaft hole 49 through which the rotation 
shaft 9 is inserted is formed in the bottom of the CZ furnace 2. 
0098. The interior of the CZ furnace 2 is maintained 
vacuum (e.g., about 20 Torr) by shielding from outside air. 
Namely, argon gas is Supplied as an inert gas into the CZ 
furnace 2 and pumped out through an exhaust opening of the 
CZ furnace 2. Thus, the interior of the furnace 2 is decom 
pressed to a prescribed pressure. 
0099. During the single crystal pull-up process (single 
batch), various types of vaporized materials are produced in 
the CZ furnace. Therefore, the CZ furnace 2 is cleaned by 
Supplying the argon gas into the CZ furnace 2 and discharging 
it together with the vaporized materials out of the CZ furnace 
2 to remove the vaporized materials from the interior of the 
CZ furnace 2. A Supply flow rate of the argon gas is deter 
mined for each step in the single batch. 
0100. A heat shielding plate 8a (gas rectifying tube) is 
disposed above the quartz crucible 3 and around the single 
crystal silicon 6. The heat shielding plate 8a is supported by 
the heat-retaining tube 8b. The heat shielding plate 8a guides 
the argon gas, which is Supplied as a carrier gas into the CZ 
furnace 2 from above, to the center of a melt surface 5a, 
allows to pass along the melt Surface 5a and guides to the 
peripheral portion of the melt surface 5a. The argon gas 7 is 
discharged together with the gas evaporated from the melt 5 
through an exhaust port formed at a lower part of the CZ 
furnace 2. Therefore, oxygen evaporated from the melt 5 can 
be kept in a stable state, and a gas flow rate on the melt Surface 
can be stabilized. 
0101 The heat shielding plate 8a insulates and shields the 
single crystal silicon 6 from radiant heat generated from the 
heat sources such, as the quartz crucible 3, the melt 5 and the 
heaters 10, 20. And, the heat shielding plate 8a prevents that 
the impurity (e.g., silicon oxide) and the like generated within 
the furnace adhere to the single crystal silicon 6 to impair the 
growth of the single crystal. The gap between the bottom end 
of the heat shielding plate 8a and the melt surface 5a can be 
adjusted by Vertically moving the rotating shaft 9 to change 
the vertical position of the crucible 3. 
0102. By changing the vertical position of the quartz cru 
cible 3, the vertical positional relation between the crucible 3 
and the upper and lower heaters 10, 20 is also changed rela 
tively. 
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(0103 FIG. 4 shows a structure of the heaters of a reference 
example. The heaters of Example 1 shown in FIG. 2 and the 
heaters of the reference example shown in FIG. 4 are 
described in comparison with each other. 
0104. In the reference example shown in FIG. 4, width c 
and thickness d of the current passage of the upper side heater 
10 are equal at each part of the heater, and a heat generation 
amount is not different between the heater upper part and the 
heater lower part. Similarly, width c and thickness d of the 
current passage of the lower side heater 20 are equal at each 
part of the heater, and the heat generation amount is not 
different between the heater upper part and the heater lower 
part. 
0105 Meanwhile, the upper side heater 10 of the heaters 
of Example 1 as shown in FIG. 2 is configured so that the 
width of the current passage is determined to have width c2 of 
aheater lower part larger than width c1 of a heater upper part. 
Thus, the upper side heater 10 has a current-carrying cross 
sectional area which is larger at the heater lower part than at 
the heater upper part, a resistance value which is accordingly 
Smaller at the heater lower part than at the heater upper part, 
and a heat generation amount which becomes relatively 
smaller at the heater lower part than at the heater upper part. 
0106 The lower side heater 20 is configured so that the 
width of the current passage is determined to have width c2 of 
aheater upperpart larger than width c1 of a heater lower part. 
Thus, the lower side heater 20 has a current-carrying cross 
sectional area which is larger at the heater upper part than at 
the heater lower part, a resistance value becomes accordingly 
Smaller at the heater upper part than at the heater lower part, 
and a heat generation amount becomes relatively smaller at 
the heater upper part than at the heater lower part. 
0107 The upper side heater 10 of Example 1 shown in 
FIG. 2 is configured to enter its current passage partly into a 
position lower than the position corresponding to the upper 
end position of the lower side heater 20 of the reference 
example shown in FIG. 4, and the lower side heater 20 of 
Example 1 shown in FIG. 2 is configured to enter its current 
passage partly into a position higher than the position corre 
sponding to the lower end position of the upper side heater 10 
of the reference example shown in FIG. 4. Thus, when the 
heaters 10, 20 of Example 1 shown in FIG. 4 are viewed as a 
whole, the heat generation amount of the middle region of the 
heaters 10, 20 as a whole becomes small in comparison with 
the heat generation amount of the upper region of the heaters 
10, 20 as a whole and the heat generation amount of the lower 
region of the heaters 10, 20 as a whole. 
0108. It is desirable that heat generating portion height X 
of a main heat generating portion of each of the upper side 
heater 10 and the lower side heater 20 is determined to be 
1/2.5 times or less with respect to height Y of the entire heater. 
0109 The upper side heater 10 is desired that a current 
carrying cross-sectional area ratio of the heater lower part to 
the heater upper part is 1.5 times or more to make the heat 
generation amount of the heater lower part Smaller than the 
heater upper part. Similarly, the lower side heater 20 is 
desired that a current-carrying cross-sectional area ratio of 
the heater upper part to the heater lower part is 1.5 times or 
more to make the heat generation amount of the heater upper 
part smaller than the heater lower part. For example, the width 
c1 of the heater and the width c2 of the heater are desired to 
meet a relation of c221.5xc1. 
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0110. To configure the heaters of Example 1 shown in FIG. 
2, the number of slits is not limited but may be determined in 
accordance with a desired heater resistance value. 
0111 For example, it is desired that an interval (slit width 
a) of the current passage configuring the heater is determined 
to be about 5 to 30 mm, and an interval b between the upper 
heater 10 and the lowerheater 20 is determined to be about 10 
to 30 mm. When the intervals a, b are increased, heat escapes 
through the gap in a large amount, and it becomes hard to 
obtain the effects of the present invention, and when the 
intervals a, b are decreased conversely, a possibility of electric 
discharge is increased, and the process itself might not be 
established. 
0112 FIG. 8 is a diagram comparing temperature distri 
bution ranges of quartz crucible bottoms when the heaters of 
the present invention and the conventional heaters are used. 
0113. In FIG. 8, the heaters of the present invention are the 
upper and lowerheaters 10, 20 of FIG. 2, and the conventional 
heaters are the upper and lower heaters 10, 20 of FIG. 4. 
0114. In the figure, the horizontal axis represents an elec 

tric power ratio (between approximately 1 and 3 in the figure) 
obtained by dividing an electric power output of the lower 
heater by an electric power output of the upper heater, indi 
cating that when the electric power ratio is larger, the output 
of the lower heater 20 becomes larger than that of the upper 
heater. The vertical axis represents the temperatures of the 
center portion of the bottom of the quartz crucible 3 by any 
value. There are also shown a temperature distribution range 
H1 of the present invention and a conventional temperature 
distribution range H2 when the electric power ratio is 
between 1 and 3. 
0115. It is seen from FIG. 8 that the temperature distribu 
tion range of the bottom of the quartz crucible 3 according to 
the present invention is larger than the conventional one. 
Therefore, by adjusting the electric power ratio, the expan 
sion of the temperature distribution at the individual positions 
in the vertical direction of the quartz crucible 3, namely, at the 
individual positions in the growing direction of the single 
crystal silicon 6 is made larger in comparison with the refer 
ence example, and the control width of the oxygen concen 
tration of the single crystal silicon 6 is made larger. 
0116 FIG. 9(a) shows a graph of the control width of the 
oxygen concentration in the single crystal silicon 6, and FIG. 
9(b) shows a yield range of the single crystal silicon 6 (ingot) 
in the growing direction in correspondence with FIG. 9(a). 
The horizontal axis of FIG. 9(a) represents a length (%) of a 
constant diameter portion of a crystal, and the vertical axis 
represents an oxygen concentration (any value) of the single 
crystal silicon 6. 
0117. In FIG. 9(a), the oxygen concentration in the single 
crystal silicon 6 when the heaters of the reference example are 
used is indicated by a broken line, and the oxygen concentra 
tion in the single crystal silicon 6 when the heaters of the 
present invention (Example 1) are used is indicated by a solid 
line. 

0118. As shown in FIG. 9(a), when the heaters of the 
reference example are used, the upper limit value of the 
oxygen concentration in the single crystal silicon 6 is A1 and 
the lower limit value is A2. And, the width between the upper 
limit value A1 and the lower limit value A2 indicates the 
oxygen concentration control width of the single crystal sili 
con 6 when the heaters of the reference example are used. 
0119 Meanwhile, when the heaters of the present inven 
tion (Example 1) are used, the upper limit value of the oxygen 

May 28, 2009 

concentration in the single crystal silicon 6 is B1 and the 
lower limit value is B2. And, the width between the upper 
limit value B1 and the lower limit value B2 indicates the 
oxygen concentration control width of the single crystal sili 
con 6 when the heaters of the present invention (Example 1) 
are used. 
0.120. It is seen that when the heaters of the present inven 
tion (Example 1) are used, the oxygen concentration control 
width B1-B2 of the single crystal silicon 6 is larger than the 
oxygen concentration control width A1-A2 of the single crys 
tal silicon 6 when the heaters of the reference example are 
used. 
I0121. In FIG. 9(a), E represents an oxygen concentration 
standard. Conformity of the oxygen concentration with the 
oxygen concentration standard E is a condition for the yield of 
the single crystal silicon 6. 
I0122) When the heaters of the present invention (Example 
1) are used, the oxygen concentration control widths B1 and 
B2 of the single crystal silicon 6 are large, so that a length of 
a constant diameter portion of a crystal which meets the 
oxygen concentration standard E is increased in comparison 
with the case of using the heaters of the reference example. As 
a result, a range of the yield of the single crystal silicon 6 
when the heaters of the present invention (Example 1) are 
used is increased in comparison with that of the single crystal 
silicon 6 when the heaters of the reference example are used 
as shown in FIG. 9(b). 
I0123 Thus, when the heaters of the present invention (Ex 
ample 1) are used for the single crystal silicon manufacturing 
apparatus, there is provided an effect of increasing the yield of 
the single crystal silicon 6 to be pulled up. 
0.124. The above-described structure of the heaters of 
Example 1 shown in FIG. 2 is merely one example, and the 
heaters configured as shown in FIG. 5, FIG. 6 and FIG. 7 are 
also applicable. 
(0.125 FIG.5 shows a structure of the heaters of Example 2. 
0.126 The heaters of Example 2 are configured in the same 
manner as the heaters of Example 1 of FIG. 2 except that the 
lower end position of the upper side heater 10 and the upper 
end position of the lower side heater 20 are at the same 
position as the lower end position of the upper side heater 10 
and the upper end position of the lower side heater 20 of the 
reference example shown in FIG. 4. 
I0127. Namely, the current passage width of the upper side 
heater 10 is determined such that a width c2 of the heater 
lower part is larger than a width c1 of the heater upper part. 
Thus, the upper side heater 10 has a current-carrying cross 
sectional area which is larger at the heater lower part than at 
the heater upper part, a resistance value which is accordingly 
Smaller at the heater lower part than at the heater upper part, 
and a heat generation amount which becomes relatively 
smaller at the heater lower part than at the heater upper part. 
I0128. Meanwhile, the lower side heater 20 is configured so 
that the width of the current passage is determined to have a 
width c2 of the heater upper part larger than a width c1 of the 
heater lower part. Thus, the lower side heater 20 has a current 
carrying cross-sectional area which is larger at the heater 
upper part than at the heater lower part, a resistance value 
which is accordingly smaller at the heater upper part than at 
the heater lower part, and a heat generation amount which 
becomes relatively smaller at the heater upper part than at the 
heater lower part. 
I0129. It is desirable that heat generating portion height X 
of a main heat generating portion of each of the upper side 
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heater 10 and the lower side heater 20 is determined to be 
1/2.5 times or less with respect to heighty of the entire heater. 
0130. And, the upper side heater 10 is desired that a cur 
rent-carrying cross-sectional area ratio of the heater lower 
part to the heater upper part is 1.5 times or more to make the 
heat generation amount of the heater lower part Smaller than 
the heater upper part. Similarly, the lower side heater 20 is 
desired that a current-carrying cross-sectional area ratio of 
the heater upper part to the heater lower part is 1.5 times or 
more to make the heat generation amount of the heater upper 
part smaller than the heater lower part. For example, the width 
c1 of the heater and the width c2 of the heater are desired to 
meet a relation of c221.5xc1. 
0131 When the heaters of Example 2 are used and the 
electric power ratio operation range is determined constant 
similar to the case that the heaters of Example 1 of FIG. 8 are 
used, the temperature distribution range of the bottom of the 
quartz crucible 3 is increased in comparison with the conven 
tional one. Therefore, similar to the case that the heaters of 
Example 1 are used, the oxygen concentration widths B1 and 
B2 of the single crystal silicon 6 are increased (FIG. 9(a)). As 
a result, the yield of the single crystal silicon 6 is improved 
(FIG. 9(b)). 
0132 FIG. 6 shows a structure of the heaters of Example 3. 
0.133 Similar to the above-described heaters of Example 2 
of FIG. 5, the heaters of Example 3 have the lower end 
position of the upper side heater 10 and the upper end position 
of the lower side heater 20 at the same position as the lower 
end position of the upper side heater 10 and the upper end 
position of the lower side heater 20 of the reference example 
shown in FIG. 4. 
0134) But, different from the heaters of the Example 2 of 
FIG. 5, aheat generation amount is changed by changing not 
the current passage width c but the current passage thickness 
d. 
0135 Namely, the upper side heater 10 is configured so 
that the current passage thickness is determined to have thick 
ness d2 of the heater lower part larger than thickness d1 of the 
heater upper part. Thus, the upper side heater 10 has a current 
carrying cross-sectional area which is larger at the heater 
lower part than at the heater upper part, a resistance value 
which becomes accordingly smaller at the heater lower part 
than at the heater upper part, and a heat generation amount 
which becomes relatively smaller at the heater lower part than 
at the heater upper part. 
0136. Meanwhile, the lower side heater 20 is configured so 
that the current passage thickness is determined to have thick 
ness d2 of the heater upper part larger than thickness d1 of the 
heater lower part. Thus, the lower side heater 20 has a current 
carrying cross-sectional area which is larger at the heater 
upper part than at the heater lower part, a resistance value 
which becomes accordingly smaller at the heater upper part 
than at the heater lower part, and a heat generation amount 
which becomes relatively smaller at the heater upper part than 
at the heater lower part. 
0.137 It is desirable that heat generating portion height X 
of the main heat generating portion of each of the upper side 
heater 10 and the lower side heater 20 is determined to be 
1/2.5 times or less with respect to heighty of the entire heater. 
0138 And, the upper side heater 10 is desired that a cur 
rent-carrying cross-sectional area ratio of the heater lower 
part to the heater upper part is 1.5 times or more to make the 
heat generation amount of the heater lower part Smaller than 
the heater upper part. Similarly, the lower side heater 20 is 
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desired that a current-carrying cross-sectional area ratio of 
the heater upper part to the heater lower part is 1.5 times or 
more to make the heat generation amount of the heater upper 
part smaller than the heater lower part. For example, the width 
c1 of the heater and the width c2 of the heater are desired to 
meet a relation of d221.5xd1. 

(0.139. When the heaters of Example 3 are used and the 
electric power ratio operation range is determined constant 
similar to the case that the heaters of Example 1 of FIG. 8 are 
used, the temperature distribution range of the bottom of the 
quartz crucible 3 is increased in comparison with the conven 
tional one. Therefore, similar to the case that the heaters of 
Example 1 are used, the oxygen concentration widths B1 and 
B2 of the single crystal silicon 6 are increased (FIG. 9(a)). As 
a result, the yield of the single crystal silicon 6 is improved 
(FIG. 9(b)). 
0140 
0.141. The heaters of Example 4 are different from those of 
Example 1. Example 2 and Example 3 and configured of not 
vertically disposed two heaters but vertically disposed three 
heaters. 

0.142 Namely, an upper side heater 10, a middle side 
heater 30 and a lower side heater 20 are vertically disposed in 
series from above at individual positions of the quartz cru 
cible 3. 

0143. The upper side heater 10 is configured so that the 
current passage width is determined to have width c2 of the 
heater lower part larger than width c1 of the heater upper part. 
Thus, the upper side heater 10 has a current-carrying cross 
sectional area which is larger at the heater lower part than at 
the heater upper part, a resistance value which becomes 
accordingly smaller at the heater lower part than at the heater 
upper part, and a heat generation amount which becomes 
relatively smaller at the heater lower part than at the heater 
upper part. 
0144. The lower side heater 20 is configured so that the 
current passage width is determined to have width c2 of the 
heater upper part larger than width c1 of the heater lower part. 
Thus, the lower side heater 20 has a current-carrying cross 
sectional area which is larger at the heater upper part than at 
the heater lower part, a resistance value which becomes 
accordingly smaller at the heater upper part than at the heater 
lower part, and a heat generation amount which becomes 
relatively smaller at the heater upper part than at the heater 
lower part. 
0145 Meanwhile, the middle side heater 30 is configured 
so that the current passage width is determined to be equal to 
the width c2 of the individual parts of the heater. The current 
passage width of the middle side heater 30 is made equal to 
the maximum width (c2) of the current passages of the upper 
side heater 10 and the lower side heater 20 so that the middle 
side heater 30 has a heat generation amount which is smaller 
than the upper part of the upper side heater 10 and the lower 
part of the lower side heater 20, but the width may be further 
increased to a larger size to further decrease the heat genera 
tion amount. 

0146 In addition to the setting of the current-carrying 
cross-sectional area of the heaters, it is desirable that electric 
power supplied to the middle side heater 30 is determined to 
be 33% or less of the total power of all the three-staged 
heaters. Thus, the heater upper part of the upper side heater 10 
and the heater lower part of the lower side heater 20 can be 

FIG.7 shows a structure of the heaters of Example 4. 
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made to have a heat generation amount which is relatively 
larger in comparison with the heat generation amount of the 
other heater portion. 
0147. It is preferable that heat generating portion height X 
of the main heat generating portion of each of the upper side 
heater 10 and the lower side heater 20 is determined to be 
1/2.5 times or less with respect to heighty of the entire heater. 
0148. The upper side heater 10 is desired that a current 
carrying cross-sectional area ratio of the heater lower part to 
the heater upper part is 1.5 times or more to make the heat 
generation amount of the heater lower part Smaller than the 
heater upper part. Similarly, the lower side heater 20 is 
desired that a current-carrying cross-sectional area ratio of 
the heater upper part to the heater lower part is 1.5 times or 
more to make the heat generation amount of the heater upper 
part smaller than the heater lower part. For example, the width 
c1 of the heater and the width c2 of the heater are desired to 
meet a relation of c221.5xc1. 

0149. In Example 4 of FIG. 7, the width c of the current 
passages at the individual parts of the heater is changed to 
change the heat generation amount of the individual parts of 
the heater, but similar to FIG. 6, the thickness d of the current 
passages at the individual parts of the heater may be changed 
to change the heat generation amount at the individual parts of 
the heater. 

0150. When the heaters of Example 4 are used and the 
electric power ratio operation range is determined constant 
similar to the case that the heaters of Example 1 of FIG. 8 are 
used, the temperature distribution range of the bottom of the 
quartz crucible 3 is increased in comparison with the conven 
tional one. Therefore, the heat generation area of the upper 
side heater 10 and the heat generation area of the lower side 
heater 20 have a clearly separating temperature distribution, 
and similar to the case that the heaters of Example 1 are used, 
the oxygen concentration widths B1 and B2 of the single 
crystal silicon 6 are increased (FIG. 9(a)). As a result, the 
yield of the single crystal silicon 6 is improved (FIG. 9(b)). 
0151. In the above-described example, for the upper 
heater 10, the resistance value at the respective parts of the 
heater is adjusted so that the heater lower part becomes to 
have relatively a smaller heat generation amount than the 
heater upper part, and for the lower heater 20, the resistance 
value at the respective parts of the heater is adjusted so that the 
heater upper part becomes to have relatively a smaller heat 
generation amount than the heater lower part. But the present 
invention can also adjust the resistance value to have a differ 
ent heat generation amount between the heater upper part and 
the lower part for only the upper heater 10 or for only the 
lower heater 20. For example, in Example 2 shown in FIG. 5, 
for only the upper side heater 10, the resistance value at the 
respective parts of the heater can be adjusted (e.g., to make the 
current passage widths c1 c2 different) so that the heat gen 
eration amount becomes relatively smaller at the heater lower 
part than at the heater upper part, and for the lower side heater 
20, the heat generation amount can be determined same (e.g., 
to make it same as the current passage width c) between the 
heater upper part and the lower part similar to the reference 
example of FIG. 4. 
0152 Conversely, for only the lower side heater 20, the 
resistance value at the respective parts of the heater can be 
adjusted so that the heat generation amount becomes rela 
tively smaller at the heater upper part than at the heater lower 
part, and for the upper side heater 10, the heat generation 
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amount can be also determined same between the heater 
upper part and the heater lower part similar to the reference 
example of FIG. 4. 
0153. Example 4 has the vertically disposed three heaters, 
but the heaters may be disposed vertically in four or more 
stages at the respective positions of the quartz crucible 3. In 
Such a case, the heater at the top stage has, for example, the 
resistance values at the respective parts of the heater adjusted 
so that the heat generation amount becomes relatively smaller 
at the heater lower part than at the heater upper part, and the 
heater at the bottom stage has the resistance values at the 
respective parts of the heater adjusted so that the heat genera 
tion amount becomes relatively smaller at the heater upper 
part than at the heater lower part. Others can also be per 
formed according to Example 4, so that the description 
thereof is omitted. 

INDUSTRIAL APPLICABILITY 

0154 The present invention is not limited to the silicon 
single crystal only but can also be applied to an apparatus for 
manufacturing a compound semiconductor Such as gallium 
arsenide. 

1. A single crystal semiconductor manufacturing appara 
tus, provided with a chamber having therein a crucible in 
which material for a single crystal semiconductor is melted 
and heaters which are provided around the crucible and heat 
the material in the crucible, and a pull-up mechanism which 
immerses a seed crystal into the melted material and pulls up 
a single crystal, wherein: 

the heaters are a plurality of heaters disposed at respective 
positions in a vertical direction of the crucible; 

the individual heaters are separately supplied with electric 
power and configured of a conductor which generates 
heat when electric power is applied; and 

the heater positioned at an upper part has a resistance value 
at respective parts of the heater adjusted to have rela 
tively a smaller heat generation amount at a heater lower 
part than at a heater upper part. 

2. A single crystal semiconductor manufacturing appara 
tus, provided with a chamber having therein a crucible in 
which material for a single crystal semiconductor is melted 
and heaters which are provided around the crucible and heat 
the material in the crucible, and a pull-up mechanism which 
immerses a seed crystal into the melted material and pulls up 
a single crystal, wherein: 

the heaters are a plurality of heaters disposed at respective 
positions in a vertical direction of the crucible; 

the individual heaters are separately supplied with electric 
power and configured of a conductor which generates 
heat when electric power is applied; and 

the heater positioned at a lower part has a resistance value 
at respective parts of the heater adjusted to have rela 
tively a smaller heat generation amount at a heater upper 
part than at a heater lower part. 

3. A single crystal semiconductor manufacturing appara 
tus, provided with a chamber having therein a crucible in 
which material for a single crystal semiconductor is melted 
and heaters which are provided around the crucible and heat 
the material in the crucible, and a pull-up mechanism which 
immerses a seed crystal into the melted material and pulls up 
a single crystal, wherein: 

the heaters are a plurality of heaters disposed at respective 
positions in a vertical direction of the crucible; 
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the individual heaters are separately supplied with electric 
power and configured of a conductor which generates 
heat when electric power is applied; 

the heater positioned at an upper part has a resistance value 
at respective parts of the heater adjusted to have rela 
tively a smaller heat generation amount at a heater lower 
part than at a heater upper part; and 

the heater positioned at a lower part has a resistance value 
at respective parts of the heater adjusted to have rela 
tively a smaller heat generation amount at a heater upper 
part than at a heater lower part. 

4. The single crystal semiconductor manufacturing appa 
ratus according to claim 1, wherein the heaters have a differ 
ent current-carrying cross-sectional area between the heater 
upper part and the heater lower part. 

5. The single crystal semiconductor manufacturing appa 
ratus according to claim 4, wherein the current-carrying 
cross-sectional areas of the heaters are adjusted depending on 
a current passage width or a current passage thickness. 

6. The single crystal semiconductor manufacturing appa 
ratus according to claim 1, wherein the plurality of heaters are 
two heaters which are disposed at respective positions in a 
vertical direction of the crucible; the upperheater is formed to 
enter its current passage partly into a position lower than the 
position corresponding to the upper end position of the lower 
heater; and the lower heater is formed to enter its current 
passage partly into a position higher than the position corre 
sponding to the lower end position of the upper heater. 

7. A single crystal semiconductor manufacturing method 
using a single crystal semiconductor manufacturing appara 
tus, provided with a chamber having therein a crucible in 
which material for a single crystal semiconductor is melted 
and heaters which are provided around the crucible and heat 
the material in the crucible, and a pull-up mechanism which 
immerses a seed crystal into the melted material and pulls up 
a single crystal, wherein: 

the heaters are a plurality of heaters disposed at respective 
positions in a vertical direction of the crucible; 

the individual heaters are separately supplied with electric 
power and configured of a conductor which generates 
heat when electric power is applied; and 

the heater positioned at an upper part has a resistance value 
at respective parts of the heater adjusted to have rela 
tively a smaller heat generation amount at a heater lower 
part than at a heater upper part to manufacture a single 
crystal semiconductor. 

8. A single crystal semiconductor manufacturing method 
using a single crystal semiconductor manufacturing appara 
tus, provided with a chamber having therein a crucible in 
which material for a single crystal semiconductor is melted 
and heaters which are provided around the crucible and heat 
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the material in the crucible, and a pull-up mechanism which 
immerses a seed crystal into the melted material and pulls up 
a single crystal, wherein: 

the heaters are a plurality of heaters disposed at respective 
positions in a vertical direction of the crucible; 

the individual heaters are separately supplied with electric 
power and configured of a conductor which generates 
heat when electric power is applied; and 

the heater positioned at a lower part has a resistance value 
at respective parts of the heater adjusted to have rela 
tively a smaller heat generation amount at a heater upper 
part than at a heater lower part to manufacture a single 
crystal semiconductor. 

9. A single crystal semiconductor manufacturing method 
using a single crystal semiconductor manufacturing appara 
tus, provided with a chamber having therein a crucible in 
which material for a single crystal semiconductor is melted 
and heaters which are provided around the crucible and heat 
the material in the crucible, and a pull-up mechanism which 
immerses a seed crystal into the melted material and pulls up 
a single crystal, wherein: 

the heaters are a plurality of heaters disposed at respective 
positions in a vertical direction of the crucible; 

the individual heaters are separately supplied with electric 
power and configured of a conductor which generates 
heat when electric power is applied; 

the heater positioned at an upper part has a resistance value 
at respective parts of the heater adjusted to have rela 
tively a smaller heat generation amount at a heater lower 
part than at a heater upper part; and 

the heater positioned at a lower part has a resistance value 
at respective parts of the heater adjusted to have rela 
tively a smaller heat generation amount at a heater upper 
part than at a heater lower part to manufacture a single 
crystal semiconductor. 

10. The single crystal semiconductor manufacturing 
method according to claim 7, wherein the heater has a differ 
ent current-carrying cross-sectional area between the heater 
upper part and the heater lower part. 

11. The single crystal semiconductor manufacturing 
method according to claim 10, wherein the current-carrying 
cross-sectional area of the heater is adjusted depending on a 
current passage width or a current passage thickness. 

12. The single crystal semiconductor manufacturing 
method according to claim 7, wherein the plurality of heaters 
are two heaters which are disposed at respective positions in 
a vertical direction of the crucible; the upper heater is formed 
to enter its current passage partly into a position lower than 
the position corresponding to the upper end position of the 
lower heater; and the lower heater is formed to enter its 
current passage partly into a position higher than the position 
corresponding to the lower end position of the upper heater. 

c c c c c 


