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1. The lattice constant of a simple cubic cell is a. (a) (5%) Calculate the distance between
the nearest parallel (110) planes. (b) (5%) Calculate the surface density of atoms on the
plane (110).

2. (10%) Calculate the electron diffusion current density. Assume that the electron mobility
is 1000 cm?/V-s at kT/q = 0.026 V, ¢ = 1.6 x 10~ C, and &~ 1 x 10% cm™*.

3. (10%) In a pn junction, N, is the p-type doping density, Ny is the n-type doping density.
The electric potential ¢(—z,) = 0, and ¢(zn) = Vi, 7, is the p-type depletion width, and
Z, is the n-type depletion width. Both zp and z, are positive. Vj; is the built-in potential.
If ¢(z) = a(z — 2,)2 + V},; for 0 < z < z,, find @ in terms of Ny.

4. (10%) The total forward-bias current in a pn diode is the sum of the recombination
and the ideal diffusion current densities as J = Jree +Jp. Jp = J,(exp(%’,‘:) —1). Jree =
Jro(exp(3%) — 1). Jyo > J;. Sketch In(J) versus ¥ for V, > 0. Show the In(Jo), In(J;) on
your plot.

5. Consider a Schottky barrier diode with n-type silicon doped to Ny. (a) (5%) Find the
theoretical barrier height ¢, in terms of the metal work function ¢,, and the silicon electron
affinity x. (b) (6%) Find the built-in potential barrier Vai in terms of the effective density
of states in the conduction band N,.

6. Consider an npn transistor with a base region from z = 0 to z5. The excess electron
concentration Ang(r) = Ang(0) = Ang; at z = 0. Anp(z) = Ang(zg) = Anp, at z = zp.
Anp; > 0 and Angy < 0 (a) (5%) Plot Ang(z) versus z if zg >> Lg, where Lg is the
electron diffusion length in the base region. (b) (5%) If Ang(z) = my - Ang, +my - Angy
for zp << Lp, find m; and m, in terms of z and zB.

7. (a) (5%) Sketch the basic Ebers-Moll equivalent circuit for an npn bipolar transistor with
the following parameters: ar, ag, Igs, Ics, Vg, and Vae. (b) (5%) The Ebers-Moll model
has four parameters: ar, ap, Igs, and Ios. According the reciprocity relationship, the four
parameters can be reduced to three independent parameters: ap, ag, and Is. Find Is in -
terms of ar and Igg. '

8. (10%) Using superposition, the shift in the fat-band voltage due to a fixed constant
charge distribution p(x) = p; in the oxide region can be given by AVrg = ap;t?,. Find the
expression of a in terms of €,;, where ¢, is the permittivity of the oxide, and ¢, is the oxide
thickness. '

9. (a) (5%) Sketch the C-V characteristics of an MOS capacitor with a p-type substrate
under the low-frequency condition and the high-frequency condition in a same plot. (b)
(5%) Sketch the differential charge distributions under the low-frequency condition and the
high-frequency condition respectively.

10. (10%) Ip = %taCez [3(Vipg — Vi) Vg — V3s] for an n-channel MOSFET in the nonsatura-
tion region. Describe how to determine the inversion carrier mobility u, and the threshold
voltage Vr from the I-V experimental results. For a fixed Vps, Ip = Ip, if Vgg = Vest, and
Ip = Ip;y if Vgs = Vgss.




