S FRAREI3EFEAEHELANL RS

prglc BMIAELAE I BAA(—&4) #HBFEgas o2 | 75 % | =

AREFREAA?ES ¥ ARALEES (F) NEE

Ls

The lattice constant for Si is 5.43 A.

(a) Find the number of atoms in Si in the (111) plane: (543)
(b) Find the number of atoms in Si per cubic centimeter. (543")

2
Consider an n-type semiconductor at 7' = 300 K with carrier concentration of n, =
10* cm™3, n; = 101° cm =3, and p, = 10* cm™3. In nonequilibrium, assume that the

excess carrier concentrations are dn = dp = 10'® cm™. Calculate the quasi-Fermi
energy levels. kT = 0.026 eV. In(10) = 2.3. (1043")

3

Consider a pn junction with doping concentration of N, in the p-side and N, in the
n-side.

(a) Assume W = z, + z,, where W is the total depletion width, z, is the p-side
depletion width, and z,, is the n-side depletion width. If z, is given by z, = W/(1+ f1)
and z, = W/(1+ f), find f; and f, as functions of N, and Ny. (1053)

(b) Assume Vi; = Viip + Viin, Where V4, is the total built-in voltage, Vi, is the p-side
built-in voltage, and Vi, is the n-side built-in voltage. If Vi, is given by Wiy, =
Vii/(1+ f3) and Vi = Vii/(1+ f4), find f3 and f4 as functions of NV, and Ny (104)

4.
Consider a MOS capacitor with doping concentration of N, in the p-type substrate.
The fixed oxide charge @, (C/cm?) is located at T = .5 /2, where t,, is the oxide-layer
thickness. Assume the threshold voltage Vry is given by

h
C'o:z;

Voo = <t b f5 - QL+ Brng + T
(a) Find f; as a function of N,, f, as a function of ., and ¢y, as a function of N,.
~ Note that Cyz is in F/cm?. (1245)
(b)If the p-type substrate with IV, is changed to the n-type substrate with /V;, modify
the Vry to obtain the Vrp for the n-type substrate. (847')

5.

Consider a MOS capacitor with doping concentration of N, in the p-type substrate.
(a) Sketch and explain the C' — V characteristics of the MOS capacitor under high-
frequency and low-frequency conditions. (1043")

(b) If & minimum capacitance Cy,;, is given by Cp; = €0s/(tos + (%2) - f1), find the
f1 as a function of N,. (1043) ‘

& .

Consider an npn BJT with a base width of zz. The excess electron concentraion is
defined as dng(z) = np(z) — npe. The BJT is biased in active region with Vg > 0
and Ve < 0. Assume the dnp(z) is given by

_0np(0) - f1+dnp(zB) - fo
onp(z) = sinh(zg/Lg) '

(a) Find énp(0), dng(zg), f1, and fr. (1243)
(b) Simplify dng(z) if z << Lg. (843)




