Homework-Oxidation/Diffusion/Implantation

1.
Determine the time necessary to achieve a B concentration of 0.00004 atom% at a position of 4 mm into a Si wafer if B deposited at the surface of the wafer is allow to diffuse into the wafer which already has a B concentration of 0.00002 atom% B.  The diffusion furnace is set at 1100C.  Assume that the diffusion coefficient for B in single crystalline Si is 4.3x10-11 m2/s.

2. The diffusion coefficient for Ni in Si is given at two temperatures:

T(K)

D(m2/s)

1473

2.2x10-15

1673

4.8x10-15

a) Determine the value of the pre-exponential and activation energy for diffusion.

b) What is the value of the diffusion coefficient at 1300C?

3. At approximately what temperature would a Si wafer have to be held for 2 hours to allow diffusion of Ni into it that would be equivalent to diffusing at 1100C for 6 hours?  Please use the data from problem 2 for the diffusion coefficient.

4. Determine the thickness of an oxide layer that is produced in the oxidation furnace when a Si wafer is heated at 1000C in 0.1 atm O2 for 1 hour.  

a. Assume that the rate-determining step is mass transfer with a mass transfer coefficient of 3.3x10-7 m/s.

b. Assume that the rate-determining step is O diffusion in the SiO2 where the diffusion coefficient is 2.33x10-11 m2/s at this temperature.

c. Assume that the rate-determining step is the thermal conduction of the SiO2 layer.

Use an appropriate correlation for the gas phase mass transfer coefficient.

5. For the Implantation of P in Silicon

a. Determine the energy needed for implantation of P to a depth of 100 nm.  For this implantation what is the projected straggle?  

b. If the beam current is 1 A for 10 min, what is the maximum concentration of P in a 30 cm wafer.  

c. Determine the minimum mask thickness needed for this implantation assuming the mask is made of SiO2? Si3N4?

6. Using a numerical technique determine the profile of P dopant that would result if the implanted profile produced as a result of problem 5b were to be annealed at 900C.  The diffusion coefficient for P in Si for 900C is 1.3x10-11 m2/s.

