
Metal-semiconductor junction

1. Draw the qualitative band diagram for a junction between metal and n semicon-
ductor (assume qΦM > qΦS), highlighting the most important energy levels and the
energy barriers. Consider the three cases:

(a) thermal equilibrium;

(b) reverse bias;

(c) forward bias with negligible voltage drop on the neutral regions

2. Derive the width of the semiconductor depleted region for a junction between metal
and n semiconductor (assume qΦM > qΦS)

3. Assuming known the expression for the depleted region width, derive the depletion
capacitance as a function of the applied bias voltage for a junction between metal
and n semiconductor (assume qΦM > qΦS)

4. Derive the static characteristic of a junction between metal and n semiconductor
(assume qΦM > qΦS)

5. Derive the expression of the differential conductance for a junction between metal
and n semiconductor (assume qΦM > qΦS), and draw the small signal equivalent
circuit

FET

1. Derive the charge control relation for a JFET or MESFET

2. Assuming known the charge control relation for an FET, derive the general expres-
sion for the device static characteristic

3. Discuss the differences between FET drain current saturation due to channel pinch
off or due to carrier velocity saturation

Heterostructures

1. Derive the heterostructure affinity rule

2. Draw the qualitative equilibrium band diagram for an nn heterostructure, deriving
the expression for the built in voltage (choose freely the order relationship between
the material workfunctions)

3. Draw the qualitative equilibrium band diagram for a pp heterostructure, deriving
the expression for the built in voltage (choose freely the order relationship between
the material workfunctions)

4. Draw the qualitative equilibrium band diagram for an pn heterostructure, deriving
the expression for the built in voltage (choose freely the order relationship between
the material workfunctions)
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