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1. ( / 13) For GaAs,

(a) ( /8) what is the type of the unit cell? How many Ga and As atoms are there in each unit
cell? Explain the difference between a direct and indirect band gap semiconductor. Does
GaAs have a direct or indirect band gap? Considering band gap of GaAs, what electronic
applications is GaAs used for? Direct
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(b) ( /5) Write the relationship between carrier drift velocity 10°
and electric field and explain why the electron velocity
saturates at high electric field (as shown in figure). Briefly

explain negative differential conductivity and why it
occurs in GaAs.
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2. ( /10) (a) ( /5) Using a schematic, briefly explain the difference between density of
states, bandgaps, and Fermi energy levels for a metal, a semiconductor, and a dielectric.
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(b) ( /5) Using a schematic explain the difference between single crystalline,
polycrystalline and amorphous materials. In which material you expect to have a higher
electron mobility? Explain why. "
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3. ( /10) In the given potential energy U(x), we have an TU(x)
electron with the total energy of E, =+U, /2. 0 e 9 0 e
(a) ( /2) In which region does the electron has the smallest
wavelength? Explain why. — | — +Uo
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(b) ( /5) Which regions have sinusoidal wave function solutions? Find the wavenumber for
wave functions in these regions.
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(c) ( /3) Draw an approximate solution for the wave function of this electron in all regions.
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4. ( /10) A sheet of graphene can be modeled as a three dimensional
(3-D) potential well (U(x, y, z) = 0 inside the box, U(x, y,z) = ©
outside) with sides of L, = L, =100nm and L =1 nm.

(a) ( /7) Write the Schrodinger equation for an electron inside the well =~ ¥—_
and using separation of variables, write the equation for energy of
electron, in terms of quantum numbers as
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(b) ( /3) What is the wavelengths of the photon emitted when the electron makes the transition
Y2 —> Y, Is this photon visible?
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5. ( /7) A semiconductor has an intrinsic carrier density of n, = 10" cm™ and conduction

and valence band densities of N = 4N, =10" cm” at room temperature T=300 K.
(a) ( /3) What is the band gap E, of this semiconductor at room temperature?
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(b) ( /4) Find the intrinsic Fermi energy with respect to the middle of the gap at room

temperature. .
p.- < .
Ni= No © TR _”l"‘","b": &C:f’.g"
Eu- Ex; Lo A
nl.;P;;NV& F'—I—___? L‘,‘,_,-z-‘.——:_E_.l:_—Ei
Ny (=
28 _ Ex®& | Ne | En_eo kT LN
ET 2 Nc 2 Ne




Name: p. 6/12

6. ( / 4) In a piece of semiconductor, the density of Logn, p

electrons and holes and the direction of electric field are A E
shown in the figure. Plot the direction of the diffusion and
drift currents for electrons and holes. =
&
Tn , diffus!
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7. ( /12) For a semiconductor 7, =10"' cm™ at room T, drifr

temperature and u, =2u, = 2000 cm?/Vs.

(a) ( /4) Find the density of majority and minority carriers and the conductivity of a wafer of

this semiconductor if it is doped with a donor density of N, =2x10" cm™.
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(b) ( /4) Find the density of acceptor dopants that is required to be added to the sample in part
(a) (with the donor atoms) to increase its resistivity by 10 times, while keeping the final
semiconductor n-type.

/
SO ’93i —> i = -&' = 2x0"" = Np-MNy—

( ~3
NA =2x1017—2K(o'+a [-8x (o 2 owm

(c) ( /4) If under light illumination a steady density 10" cm? of excess electrons and holes is
generated what is the new resistivity of the two samples in part (a) and (b)? Which sample
is better for building a photodetector?

Nn= no+ﬁ‘ = 2xlo’9+ {o“" _—.2_.};((0'5 5
pP= Fc+ﬁ = 5x00% +(0"* = 0 cw

14 3
N S A BT CEI I
¥

Pepetf = oxtoT 4 (0!t (o' o

muncle
Wgher
s
m 7£‘/ 7 biofe Jéftﬂ)(e/s

{050'08 Sycm



Name: p. 7/12

8. ( /18) A silicon wafer (Si: n, =10'°cm” and £, =12) is used to make a PN junction over
a square area a x a with the side of @ =1 mm. Aluminum is used as a p-type dopant with
density of 10" cm™, and Arsenic as an n-type dopant with density of 10'* cm™.
(@) ( /2) Find the Fermi energies E, and E, in the n-type and p-type regions far from the
junction with respect to the intrinsic Fermi energy Ej; .
Ef.- Erie KT b %_o._ = 797 mel/

Erim Erp = ET b NAsy; = 46 eV

(b) ( /3) Draw the band diagram for the PN junction, and find the built-in voltage V.

V, = i EF: Er-Cer = 313 ¥/

(¢) ( /3) Find the depletion width W, and the maximum electric field & in the depletion
region
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(d) ( /3) Given u,=2u,=1000 cm?/Vs and 7, =7, =1 ps, find the diode reverse saturation
current I, and the diode current at a forward voltage V=05 V.
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(e) ( /2) Draw the band diagram when a negative bias is applied to the junction.

() ( /5) Name the difference mechanisms of breakdown in a PN junction and explain their
difference. Which one occurs in lightly doped junction and which one in highly doped
junctions?
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9. ( /13) A dielectric has N =2x10% atoms per cm’ and an electronic polarizability of
a, =107 Flem®.

(a) ( /4) Explain the electronic polarization mechanism in a couple of sentences using a
schematic. Find the dielectric constant &, of this dielectric at optical frequencies using
Clausius-Mossotti equation. What are the refractive index and the speed of light in this
dielectric.
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(b) ( /5) At very lower frequencies (<1000 Hz) we observe that the dielectric constant
increases to 20. Draw an approximate plot showing £, and ¢ as a function of frequency.
What is the best guess for the mechanism responsible for the change in dielectric constant?
Find the polarizbility associated to each atom for this polarization mechanism based on
Clausius-Mossotti equation.
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(¢) ( /4) If for this dielectric, we have a breakdown field of 10 MV/cm, find the maximum
electrical energy per unit volume that can be stored using this dielectric at a frequency of 60
Hz assuming a safety factor of 1.5. What is the energy loss per unit volume if the loss
tangent is 0.1.
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10. (  /8) (a) ( /5) Explain the difference between a paramagnetic, diamagnetic and
ferromagnetic material. Provide an example for each type of material
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(b) ( /3) On the hysteresis curve on the right show coercive field, and B Field {

retentive and saturation magnetic fields.
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