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1. Short answer questions:

(a) Specify the units for:

i. the permittivity of free space, ε0;

ii. the mobility, µ;

iii. the diffusivity, D;

iv. Planck’s constant, h;

v. potential energy;

vi. potential.

(b) Provide a description of what each of the following represents:

i. fT ;

ii. fmax;

iii. ψ∗ψ, where ψ is the wavefunction;

iv. m∗.

(c) Sketch the one-dimensional dispersion relation for a particle under the effective-mass approxima-
tion.

(d) The drift-diffusion and continuity equations in a bulk semiconductor are:

Jh = α1qpµhE + α2qDh∇p

Je = α3qnµeE + α4qDe∇n

∂p

∂t
= α5

1

q
∇ · Jh + α6U

∂n

∂t
= α7

1

q
∇ · Je + α8U ,

where each α has unity magnitude. What are the signs of each α?

2. Diodes:

Consider three p-n diodes with “long” p and n regions. The doping on the n-side is 1016 cm−3 for each
diode, and their physical dimensions are identical. The doping on the p-side is:

• 1018 cm−3 for Diode A;

• 1017 cm−3 for Diode B;

• 1016 cm−3 for Diode C.
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Without resorting to detailed calculations:

(a) which diode has the highest breakdown voltage, and why?

(b) for a particular on-current, which diode requires the highest applied voltage, and why?

(c) which diode has the shortest time for switching off, and why?

(d) which diode has the largest parasitic series resistance, and why?

(e) sketch the equilibrium energy band diagrams for each diode. Be sure to clearly show any differences
between your diagrams.

3. Option #1—BJTs:

(a) Discuss the effect of vertical and lateral shrinking on fT and fmax in a real BJT.

(b) Discuss basewidth modulation, and whether you would either suppress or enhance this effect in
order to obtain better device performance in a single-stage, linear amplifier. What design choices
could you make in order to achieve this goal? Be sure to indicate any negative side-effects of your
design choices, if any.

4. Option #2—Deep, deep submicron BJTs:

(a) For extremely short basewidth BJTs in the active mode:

i. specify, in words, equations, and/or pictures, appropriate conditions on the electron concen-
trations, velocities, and currents;

ii. under what specific conditions does the final result for the current density reduce to the
familiar Shockley expression?

(b) Sketch the current density as a function of basewidth, and compare it to the predictions of the
Shockley theory.
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