CHFEN 5960 Silicon Chip Processing

Prof. T. A. Ring


Etching and Deposition Homework – 

1) (50 pts) Plasma etching of poly Silicon is done at 10 Torr in a gas mixture of 95 mole % CF4 and 5 mole % O2 using an Rf plasma with an electric field strength of 20 V/m operating at 200C.  In the plasma only 1% of the oxygen is converted to free radicals, O*, according the reaction:
O2(g) (( 2O*

The oxygen free radicals are the attacking agent responsible for the removal of the poly silicon layer according to the reaction:

poly Si(s) + O(g) (( SiO(g).  

The reaction is first order in oxygen free radicals with a rate constant of 0.9 cm/sec at these conditions.  

A) What is the average temperature of the electrons in the plasma?

B) Do the electrons have sufficient energy to ionize the oxygen free radicals formed?

C) Determine the time needed in the plasma etch process to remove 100 nm thick layer of poly silicon assuming that the surface reaction is the rate-determining step.

DATA: mass of the electron = 9.1x10-31 kg, charge of the electron = 1.6x10-19 Coulombs, oxygen atom momentum cross section, (m(Vel) is inversely proportional to the electron velocity, Vel , i.e. (m(Vel) = {1000 nm2 [m/s]}/Vel, MW Silicon=28 gm/mole, density of poly silicon= 2.33 gm/cm3.

2) (50 pts) The Chemical Vapor Deposition of high-quality SiO2 was achieved by reacting Silane, SiH4, and oxygen, O2, in a CVD reactor
SiH4 (g) + O2 (g) (( SiO2 (s) + H2(g)

On single wafers chemical vapor depositions were carried out at pressures ranging from 2 to 12 Torr and temperatures between 20 and 300C.  At 250C and 3 Torr total pressure, the data suggest that for molar ratio O2: SiH4 = 11:1 the rate is pseudo first order in Silane concentration.

Rate of SiO2 deposition= koexp(-EA/RT) CSiH4
ko= 1000 m/s, EA= 10*kcal/mole

For these operating conditions, predict the behavior of this reaction in a CVD reactor filled with 100 Silicon wafers.  The wafers are 0.2 mm thick and 30 cm in diameter stacked vertically with a gap of 3 mm.  The length and diameter of the reactor is 10% larger than length and diameter of the wafer stack, respectively.  The total flow rate of all feed gasses is 0.03 mole/min.  For this CVD reactor:

A) Determine the conversion of Silane leaving the CVD reactor.

B) If the wafers are left in the CVD reactor for 10 min, what is the thickness of the SiO2 deposit on the outside rim of the first (n=1) wafer?

C) If the wafers are left in the CVD reactor for 10 min, what is the thickness of the SiO2 deposit on the outside rim of the last (n=100) wafer?

D) If the wafers are left in the CVD reactor for 10 min, what is the thickness of the SiO2 deposit at the center of the first (n=1) wafer?

E) If the wafers are left in the CVD reactor for 10 min, what is the thickness of the SiO2 deposit at the center of the last (n=100) wafer?

DATA:  MW SiO2 = 60 gm/mole, Density SiO2 = 2.67 gm/cm3, MW SiH4= 32 gm/mole, Molecular diameter, dA= 0.3 nm, Silane Diffusion Coefficient is given by:
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