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L Figuré 1 shows the approximate band structure for Si and GaAs.
(a) (10 53)They are direct semiconductor or indirect semiconductor?
Figure 1

(b) (5 43)For the effective mass of electron N
Si E  GaAs

my in the conduction band, which one is

larger? \‘/
(c) (547)In the valence band, which hole |

effective mass m, is larger? /Q\ /ﬁ\

2. The Si is doped by 10" B atoms per cm®, and it is known that the intrinsic carrier
density 7; of Si is around 10" cm™, energy gap 1.12 eV, at 300 K. ‘

(2) (10 73)Calculate the carrier densities of electron () and hole (p) at 300K.

(b) (10 43) IF the effective density of states in valence band for Si, Ny, is 10" cm'3v,
calculate the energy (in unit of eV) between Fermi level and the top' of valence band,
Er —Eyv, at 300 K. (Boltzmann’s constant: 8.625 x10° eV/K, In10~ 2.3)

(©) (10 ﬁ)Caiculate the energy shift (in unit of eV) between the intrinsic Fermi level E
and the Fermi level Ef, E; — Ey, at 300 K.

(d) (10 43)If the mobility of Si is 1000 cm?/Vs, estimate the resistivity of Si at 300 K

(charge on electron; 1.6x10™° C)

3. Combine a Si film/ doped by 10" As atoms per cm® with that prevxously descrlbed in
Problem 2 to perform a p-n diode. :
| (a) (10 43)Calculate the built-in potential ¥ in it at 300 K in a thermal-equilibrium state. ‘
. , (b) (10 43)This diode is applied to a solar cell, and illuminated by a light with wavelength

A nm. What is the maximum value of A needed to induce the photo-electric current?
(Planck’s constant: 6.63x10°* Js, light speed: 3x10® m/s)

4. (10 %3)Plot a diagram to describe the Zener diode V-I (voltage — current)
characteristics with the Zener current I and Zener voltage V7 clearly pointed.

5. (10 43)Explain the origins of (a) light-emitting diode and (b) Laser diode, and describe

~ the difference between them. (You can draw pictures and answer this problem in

Chinese.) .
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