




















































































- 43 - 

 

CLAIMS 

 

1.  A method for maintaining a volume of liquid semiconductor product material in a main 

crucible, the method comprising:  

a. providing the main crucible that contains liquid semiconductor product material, 

the semiconductor product material having an equilibrium melting temperature; 

b. providing a supply crucible, and a fluid couple, which couples the supply crucible  

to the main crucible; 

c. providing in the supply crucible, semiconductor product material in both liquid 

phase and solid phase;  

d. maintaining the supply crucible so that both a liquid phase of semiconductor 

product material and a solid phase of semiconductor product material are present in the 

supply crucible, such that a temperature of the liquid phase semiconductor product material in 

the supply crucible remains 90 
o
C or less above the semiconductor product material 

equilibrium melting temperature;  

e. removing from the main crucible, at least one aliquot of semiconductor product 

material, one aliquot at a time, over a period of time; and  

f. after at least one aliquot of semiconductor product material has been removed from 

the main crucible, adding liquid semiconductor product material to the main crucible from the 

supply crucible via the fluid couple;   

wherein the step of maintaining comprises maintaining the supply crucible so that 

both the liquid phase of semiconductor product material and the solid phase of semiconductor 

product material are always present in the supply crucible during steps e and f. 

2.  The method of claim 1, the step of maintaining the supply crucible so that both a liquid 

phase of semiconductor product material and a solid phase of semiconductor product material 

are present in the supply crucible comprising adding solid semiconductor product material to 

the supply crucible. 

 

3.  The method of claim 2, further comprising repeating steps e and f at least one more time 

to remove from the main crucible at least one additional aliquot of semiconductor product 

material. 
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4.  The method of claim 2, preceding the step of adding solid semiconductor product material 

to the supply crucible, the step of choosing additional solid semiconductor product material 

so that upon addition of the additional solid semiconductor product material to the supply 

crucible, the temperature of the liquid phase semiconductor product material in the supply 

crucible remains within an advantageously small range of difference above the 

semiconductor product material equilibrium melting temperature, wherein the 

advantageously small range of difference is 90°C or less. 

 

5.  The method of claim 4, preceding the step of adding solid semiconductor product material 

to the supply crucible, the step of choosing a volume of solid semiconductor product material 

so that the temperature of the liquid semiconductor product material in the supply crucible 

remains within the advantageously small range of difference above the semiconductor 

product material equilibrium melting temperature.  

 

6.  The method of claim 4, preceding the step of adding solid semiconductor product material 

to the supply crucible, the step of choosing solid semiconductor product material having an 

average particle size so that the temperature of the liquid semiconductor product material in 

the supply crucible remains within the advantageously small range of difference above the 

semiconductor product material equilibrium melting temperature. 

 

7.  The method of claim 1, the step of removing at least one aliquot of semiconductor product 

material from the main crucible comprising forming a semiconductor wafer directly from the 

liquid semiconductor product material in the main crucible by contacting a porous forming 

member to the liquid semiconductor product material and applying a pressure differential 

across the porous forming member to form the semiconductor wafer on the porous forming 

member, and removing the formed semiconductor wafer formed on the porous forming 

member from the main crucible. 

 

8.   The method of claim 1, the supply crucible being arranged gravitationally above the main 

crucible, so that the supply fluid couple between the supply crucible and the main crucible is 

gravitational, achieved by pouring liquid semiconductor product material from the supply 

crucible to the main crucible. 
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9.  The method of claim 8, the step of adding liquid semiconductor product material to the 

main crucible from the supply crucible via the fluid couple comprising providing heat to the 

supply crucible to melt solid semiconductor product material, thereby raising the level of 

liquid semiconductor material in the supply crucible so that liquid semiconductor material 

flows out of the supply crucible. 

 

10. The method of claim 1, the step of adding liquid semiconductor product material to the 

main crucible from the supply crucible via the fluid couple comprising pumping liquid 

semiconductor material from the supply crucible via the fluidic couple to the main crucible.  

 

11. The method of claim 2, the step of adding solid semiconductor product material 

comprising providing solid semiconductor product material continuously. 

 

12. The method of claim 2, the step of adding solid semiconductor product material 

comprising providing solid semiconductor product material in batches. 

 

13. The method of claim 2, the step of adding solid semiconductor product material 

comprising providing solid semiconductor product material via a conveyor system. 

 

14.  The method of claim 2, the step of adding solid semiconductor product material 

comprising providing a hopper containing solid semiconductor product material, the hopper 

having a first, relatively large opening and a second, relatively smaller opening, the hopper 

arranged so that the smaller opening is adjacent the liquid phase semiconductor product 

material in the supply crucible.  

 

15.  The method of claim 14, the hopper comprising a funnel. 

 

16.  The method of claim 14, further comprising the step of adding solid semiconductor 

product material to the hopper while previously provided solid semiconductor product 

material remains in the hopper.  

 

17.  The method of claim 1, the semiconductor product material comprising silicon. 

 

18.  The method of claim 2, the semiconductor product material comprising silicon. 
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19.  The method of claim 18, further comprising, preceding the step of adding semiconductor 

product material to the supply crucible, the step of choosing additional semiconductor 

product material so that the difference between the temperature of the liquid phase 

semiconductor product material in the supply crucible remains less than 0.05 times the 

semiconductor product material equilibrium melting temperature plus the semiconductor 

product material equilibrium melting temperature.  

 

20.  The method of claim 18, further comprising, preceding the step of adding semiconductor 

product material to the supply crucible, the step of choosing additional semiconductor 

product material so that the difference between the temperature of the liquid phase 

semiconductor product material in the supply crucible remains less than 0.04 times the 

semiconductor product material equilibrium melting temperature plus the semiconductor 

product material equilibrium melting temperature.  

 

21.  The method of claim 18, further comprising, preceding the step of adding semiconductor 

product material to the supply crucible, the step of choosing additional semiconductor 

product material so that the difference between the temperature of the liquid phase 

semiconductor product material in the supply crucible remains less than 0.034 times the 

semiconductor product material equilibrium melting temperature plus the semiconductor 

product material equilibrium melting temperature.  

 

22.  The method of claim 4, the semiconductor product material equilibrium melting 

temperature being 1414°C, the advantageously small range of difference being 6°C -90°C.  

 

23.  The method of claim 4, the semiconductor product material equilibrium melting being 

1414
o
C, the advantageously small range of difference being 6°C -75°C. 

 

24.  The method of claim 4, the semiconductor product material equilibrium melting being 

1414°C, the advantageously small range of difference being 6°C -50°C. 

 

25.  The method of claim 1, the semiconductor product material being selected from the 

group consisting of n-doped germanium and p-doped germanium. 
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26.  The method of claim 1, the semiconductor product material being selected from the 

group consisting of n-doped silicon and p-doped silicon. 

 

27.  The method of claim 2, the step of adding solid semiconductor product material 

comprising adding particles having a diameter of at least 40 mm. 

 

28.  The method of claim 2, the step of adding solid product material comprising adding 

particles having a diameter of at least 15 mm. 

 

29.  The method of claim 2, the step of adding solid product material comprising adding 

particles having a diameter of at least 10 mm. 

 

30.  A method for maintaining a volume of liquid silicon in a main crucible, the method 

comprising:  

a. providing the main crucible that contains liquid silicon, the silicon having an 

equilibrium melting temperature; 

b. providing a supply crucible, which is selectively fluidically coupled to the main 

crucible; 

c. providing in the supply crucible, silicon in both liquid phase and solid phase;  

d. maintaining the supply crucible so that both a liquid phase and a solid phase of 

silicon are present in the supply crucible such that a temperature of the liquid phase of silicon 

in the supply crucible remains 90 
o
C or less above the 1414 

o
C equilibrium melting 

temperature of silicon;  

e. removing from the main crucible, at least one aliquot of silicon, one aliquot at a 

time, over a period of time; and  

f. after at least one aliquot of silicon has been removed from the main crucible, adding 

liquid silicon to the main crucible from the supply crucible via the fluid couple;  

wherein the step of maintaining comprises maintaining the supply crucible so that both the 

liquid phase and the solid phase of silicon are always present in the supply crucible during 

steps e and f. 


