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Question 1: (4 marks)

For a non-degenerate semiconductor material:
a) Derive an expression of the energy levels at which the carrier distribution is maximum in both valence and

conduction bands.

b) Expressed as a fraction of the electron population at the peak energy, what is the electron population in
a non-degenerate semiconductor at E = Ec + 5KT.

c) Explain how changing the impurity concentration of n- and p-type extrinsic materials would change the
energy levels at which the carrier distribution is maximum in both valence and conduction bands.

Question 2: (4 marks)

A non-degenerate n-type silicon semiconductor sample has E.-Ef= 4KT at room temperature.
a) Calculate the donor concentration Np and the material resistivity.

b) To make this sample become degenerate, the temperature or dopant concentration must be changed:
i Calculate the required donor concentration Np at room temperature.
ii. Calculate the required temperature assuming that Np calculated in (a) is fixed.

Question 3: (7 marks)
For the Silicon sample with the band diagram shown in Figure, answer the following questions:
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a) Sketch the electrostatic potential (V) inside the semiconductor as a function of x

b) Sketch the electric field (E) inside the semiconductor as a function of x.

c) Roughly sketch carrier concentrations n and p versus x inside the sample.

d) This structure is called pin diode. Using the depletion layer approximation, calculate the
depletion region widths and the built-in potentials of the diode at room temperature.

Good Luck
Examiner: Dr. Mohammed Morsy
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Key Equations, Constants, and Curves

Table 2.4 Carrier Modeling Equation Summary. Table 3.3 Carrier Action Equation Summary.
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W Planck constant, h = 4.14x10-"% eV's, h = h/2n
M Free electron mass, m, = m;, = my=9.1x10-3" kg
® Thermal energy, kT = 0.02586 eV (at 300 K)

B Thermal voltage, kT/q = 0.02586 V (at 300 K)

M Silicon energy band gap, Eg=1.12eV
M Intrinsic Si carrier concentration n=1x707% cm (at 300 K)
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