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1. The resistivity of a silicon bulk is reduced by 1.5 Q-cm after doping 5x10' cm™ donor atoms. The
electron mobilities of Si are 1300 and 1100 cm?/V-s before and after the doping process. Calculate the
initial electron density in this material before the donors are added. 7=300 K. (20%)

2. Tungsten (W) has a high melting point and can be used in semiconductor processing. It has body-
centered cubic structure and the density is 19.25 g/em’. Each W atom has a mass of 183.84 amu.
(1 amu = 1.66x107 kg)

- (a) Determine the lattice constant of the cubic unit cell. Express your answer in angstrom.

(b) If the atom in the center just touches the atoms at the corners of the cube, find the volume of each
atom. (10%, 10%)

3. Answer the following questions about an #-p-» transistor.
(a) Write down all the different modes of operation for this bipolar transistor. Describe the biasing

conditions of each junction.
(b) For each of the modes that you write, draw the minority carrier concentration profiles in emitter,

base, and collector regions of the transistor. : (10%, 10%)

4. A p-type GaAs is doped with Ny = 5x10" cm™. Assume for the recombination lifetime of both
electrons and holes are 7, =7, =3x 107"s. The sample is under illumination resulting in a constant

and spatially uniform generation rate of electron-hole pairs G = 2x 10 em? st =300 K.

(a) Calculate the steady-state electron density.
(b) Calculate the change in conductivity due to the illumination. The electron and hole mobilities are

u, =8500 cm?/V-s and p p = 400 cm?/V-s, respectively. (10%, 10%)

5. For an abrupt p*-n silicon diode, the doping concentration in the n-region is 5x10% cm™. The width
of the n-region is 3 um. Assuming this width is much smaller than the hole diffusion length. Calculate
the reverse saturation current at 300 K. The area of the diode is 100pumx 100pum and the hole mobility
is 350 cm*/V-s. _ (20%)




