CHFEN 5960 Silicon Chip Processing

Prof. T. A. Ring


Crystallization Homework

1) In the RF-fusion of Silicon, Silicon is heated by an RF heater to its melting point at (C.  Then it is allowed to cool slowly, giving rise to large crystals.  The three principle exposed crystal surfaces have the following surface energies, (100=125, (110=276.3 and (111=277.2 ergs/cm2, where the crystallographic plane [hkl] is identified as (hkl.  Determine the equilibrium crystal morphology of this material.

2) In the zone refining of silicon, an RF-heater is used to remove trace amounts of Fe and O from the silicon.  If the silicon has 0.0001 atom % Fe and 0.001 atom % O in it what is the purity of the leading edge after one pass of the zone refiner?  After two passes?  Assume that liquid is an ideal solution at these low impurity concentrations and that there are no interactions between Fe and O in the silicon melt and crystal.  You should recognize that this is clearly a bad chemical assumption!

3) With the Czochralski Crystal Growth of Silicon, the growth rate of the 110 crystal face is determined by heat transfer into the melt with a temperature difference of 1(C and at 10 RPM rotation rate.  What is the crystal growth rate?  What is the resulting production rate for a 20 cm diameter boule?

Silicon Data: Viscosity of the melt=0.1 poise, Density =2.33 gm/cm3 both melt and crystal, Mole weight = 28 gm/mole, Melting Point 1685 K, Heat of fusion = 5.05 kjoule/mole, thermal conductivity =1.48 watt/(cm K), Heat capacity= 0.71 joule/(gm K), self diffusion coefficient for silicon in the melt = 8x10-4 cm2/s.

4) Compare the results of questions 3 to the results you predict when bulk diffusion is responsible for the growth rate of the 100 crystal face.  Note that the axis of the silicon seed used and the resulting silicon boule is different than that in question 3.  Does it make a difference?

