ECE 565
Semiconductor Electronics
October 22, 2001
Closed Book and Notes
Dr. John F. Vetelino
First Exam

/l./ What are the seven crystal systems? Draw a crystal structure associated with each +~

v
p
o

system.
Calculate the volume of the unit cell in a hexagonal lattice. ./

Calculate the packing efficiency associated with a silicon lattice. i/

-

The RF magnetron sputtering system is used to déposit metal oxide films. Describe how
this system works.

In a germanium crystal obtain an expression for the geometric structure factor. Which of
the following Miller planes will give rise to Bragg diffraction.
(1,1, 1), (1,1,4), (1,0,9) (1,1,19)

Obtain the reciprocal lattice associated with K1

In CsC1 obtain the general equation of the three dimensional surfaces on which Bragg
diffraction 1s possible. What type of figure describes the first Brillion Zone?
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ECE 565
Semiconductor Physics
First Exam
September 30, 2003
Dr. John F. Vetelino
(Closed Book and Notes)

According to symmetry operations there are seven crystal systems. Describe four of
these systems in terms of unit cell dimensions and angles.

Calculate the packing efficiency of a hexagonal lattice.

For a simple cubic lattice show where the Miller planes (4 1 -1) intersect the unit cell.
Also what is the distance between the planes?

Obtain the reciprocal lattice of a hexagonal crystal.

For a body centered cubic lattice obtain the system of equations necessary to describe the
first Brillouin zone boundaries.
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Semiconductor Electronics
October 22, 2001
Closed Book and Notes
Dr. John F. Vetelino
First Exam

What are the seven crystal systems? Draw a crystal structure associated with each
system.

Calculate the volume of the unit cell in a hexagonal lattice.

Calculate the packing efficiency associated with a silicon latfice.

The RF magnetron sputtering sjfstem'i's used to &éliésit metal oxide films. Describe how
this system works.

In a germanium crystal obtain an expression for the geometric structure factor. Which of
the following Miller planes will give rise to Bragg diffraction.

(1,1, 1), (11,4, (1,0,9) (1,1,19)

Obtain the reciprocal lattice associated with KI.

In CsCl1 obtain the general equation of the three dimensional surfaces on which Bragg
diffraction is possible. What type of figure describes the first Brillion Zone?
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ECE 565
Solid State Device Theory
Second Examination
November 6, 2003
Dr. John F. Vetelino
{Closed Book and Notes)

For a planar face-centered lattice obtain the Madelung constant. In your calculations
consider contributions up to at least 5 nearest neighbors.

The short range forces between the ith and jth atom in an ionic crystal is given by the
following relation,

. 9

If the bulk modulus of this material is given by, Bo, obtain an expression for the
Madelung constant for this crystal in terms of the near neighbor distance, the electronic
charge and Bo.

A monatomic chain of atoms consists of 10,000 atoms. For this chain answer the
following questions,

a. How many modes of vibration are possible?
b. For a wave vector equal to 7 /8a draw the associated mode configuration.
c. Obtain an expression for the specific heat of this lattice. Define all terms.

A three-dimensional crystal is known to have the following distribution of allowed
frequencies, z(®w),

AN
Zw) Zy|- - -

Zy|l------

~

w4 OB @C @

Obtain an expression for the specific heat of this crystal.



1]

5. For a linear diatomic chain of atoms answer the following questions,

: What is the group velocity associated with the optic and acoustic phonons of the
‘ shortest allowed wavelength?

b. A photon of frequency, fo, creates a phonon. Obtain an cxpression for the wave
vector associated with the created phonon.

C. For an interatomic spacing of a, draw the mode configuration associated with an
optical phonon with a wave vector equal to 7 /8a.



--\‘ ' Second Exam
' Closed Book/Notes

1. In a2 monatomic chain of atoms of mass, m, nearest neighbor force
constant, 3, and interatomic spacing, a, answer the following questions:

"3 (a) Draw the vibrational configuration for the gh )mode
corresponding to a wavelgifgth, k, equal to Ttm.o

4 h
K e
'%(b) What is the vibrational frequency of a phonon of wavelength,

10a.
g(c If a phonon of wavelength 12a decays into two phonons and one
phonon has a frequency of - —_—
_ : Tl oz L
_14/B -
(D-—Z m

what is the frequency of the other phonon.

%(d) If a phonon mode has a frequenéy of vibration

0=11/B

Y 4

what is the phase and group velocity of this mode.

Before elaborate lattice dynamical models were developed, the
frequency distribution function of a solid was approximated by one
Debye distribution for the acoustic modes and ome Einstein distribution

for the optic modes. On the basis of this model derive an expression for
the specific heat.’

3. For the infinite triatomic lattice shown below
’\),7 € a—l¢— a——)l\& a—yl
- o e 2/ EVAR
- -~ - 0 . ) 0 - 0 0 -- - -
m;  m m3 TR s

Assume that each particle can have only nearest and next nearest
neighbor interactions. Obtain the dispersion relation and define each
type of mode possible in this lattice.
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ECE 565

w . Second Exam
g Part I (1 Hour {5 Minutes)
t Closed Book and Nofes
November 17, 1999
i Prove that the reciprocal lattice of a body centered cubic lattice is a face ¢enlered cubie
i lattice.
1 -

quation which would describe

Space where Bragg diffraction is possible.
i 3. For the two dimensionaj hexagonal lattice draw the first Brillouin Zone.
l /Qaiculatc the Madelung constant for a planar hexagonal artice,

5. Obtain a relationship between the

elastic constant for a one dimensional continuum such
4s a string and the force constant of a one-dimensional monatontic chain of atoms.
Define all terrns.
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~the specific heat of the crystal.

ECE 565
Second Exam
Part 2 (I Hour {5 Minutes)
Open Book and Notes
November 17, 1999

- . . . . . . Pl
A photon of frequency w; is known to excite a phonon in an ionic crystal. [i the S fwi_
frequency of the reflected photon is w, calculate the following quantities,wmﬁ_y/
a. Frequency of the excited phonon w = wi — w, NO
b. wavelength of the excited phonon o
c. phase velocity of the excited phonon

For a three dimensional diatomic crystal assume that the acoustic modes can be described

by the Debye model and the optic modes by three distinctly different quantum harmonic
oscillators of frequencies, @y, m, and ;. If the maximum frequencies of the transverse
and longitudinal agoustic modes are @,;, Wy, @, respectively, develop an expression for

In a linear diatomic ionic chain of atoms assume that both short range and long range
forces exist. Assuming only near neighbor short range forces and long range forces up to
six nearest neighbors obtain an expression for the dispersion relation for this [attice.

e, 11

For a body centered cubic lattice with a nearest neighbor distance of “a’draw the
configurations for the transverse acoustic and optic modes of wavelength 10a propagating
in the <[ I [> direction.







