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With the help of a computer and a commercial software package such as Matlab to solve the
following problems:

PARTL
1. Write a Matlab program to confirm that the i (intrinsic carrier concentration) versus 7
(temperature) curve for Ge and Si graphed in Figure 2.20 can be generated by employing
the empirical fit relationships below. Check over the temperature range of 275K < T <
375K,

.,
ni(Si) = (9.15)(10""{%) P eqn. 1

ni(Ge) = (1.76x104 )T e T eqn.2

2. Generate a MATLAB program to compute and plot the Fermi function, f(E), versus AE =
E-Ef for values of AE that is over the range of -0.15¢V < AE < 0.15¢V for varying
temperature settings where Temperature = 50, 150, 250, 350 and 450K. Make sure that
each f(E) versus AE curve at each temperature is superimposed on the same plot. Discuss
what you see in your plots as the Fermi function varies with temperature and energy.

PARTIL.

In Module 5 and 6, we derived quantitatively how the electron and hole concentrations, Fermi
Energy (Ef) and the Intrinsic Fermi Energy (Ei) change as the Temperature and doping
concentration changes.

A. Program Description:
With the help of Matlab or Excel, plot the Fermi level relative to the intrinsic Fermi level
(Ef—Ei) as a function of doping vs. temperature for SiGe and Si

[Er(Np.N,) - Ed vs. T(Kelvin)
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over the sweep of temperatures (300K - intrinsic temperature) for the following doping
scenerios. A) Np=2x10"/em® N4 =0/cm’ ;:B)) Np=2x 10" /em® . N, =0/em’ ;

C) Np=2x10"/em® ,Ny=0/cm’ . D.) Np=2x10"/em® . Ny=0/cm’:E) Np=2x
10" /fem® . Na=1x 10" /em® ; F) Naz2x 10% /em® , Np=0/em’ ; G) Na=2x 10" /em®
Np=0/em’: H) Na=2x10"/em’ .Np=0/em’ .1) Na=2x10"/em’ . Np=0/cm’.
For each concentration scenario, assume the effective masses and the energy bandgap are
constant at room temperature.

(i) Provide Matlab or Excel plots that show [ Ep(Wp.V,,)~ Ei] vs. Temperature. (i)
Note the temperature at which the semiconductor goes intrinsic.
(i) Note for which doping concentration the material is degenerate. Make sure your
program checks for degeneracy.
(iv.) Provide Matlab or Excel plots that show E; vs. Temperature for your assigned
material.
(v.) Make sure to include the commented Matlab code or Excel spreadsheet along with
your plots.
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B. Additional Information to be Included in Write-Up

1. Use the interet and other resources to find the material properties for your assigned material.
Record the following material properties for each - Ne. Nv, effective mass for electrons,
effective mass for holes, Eg at 300K. ni at 300K. dielectric constant, and crystal structure.
Put in a table.

2. Create a flow diagram that describes the major functionality of your program. It should
include all your variables, inputs and outputs, equations and expressions. It should explain to
auser the steps needed to execute your program as you go from your inputs to get to your
outputs.

3. Include any external references in your bibliography. Make sure to use IEEE format.
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