ECE 3080 Microelectronic Circuits

Exam |
September 23, 2004

Dr. W. Alan Doolittle

\
Print your name clearly and largely: 55? / UN ) An :)

Instructions:

answer. Do all work on the paper provided. Turn in all scratch paper, even if it did not lead
to an answer. Report any and all ethics violations to the instructor. Good luck!

Sign your name on ONE of the two following cases:

[ DID NOT observe any ethical violations during this exam:

I observed an ethical violation during this exam:




First 30% Multiple Choice and True/False (Circle the letter of the most correct answer

/ answers)

1.) (2-pointr False: If two of your professors collide in the hallway, there is a finite but
very small'PrSbability that they will pass through each other due to the wavelike nature of
particles. =

2.) (2-points) True, @ A semiconductor material has a wider bandgap than an insulator.

3.) (2-points| @ #€C: A wave function by itself does not have any physically observable
features (eMergy, position, momentum etc...) — Physical observables must have “operators” acting

on the wav tion.

4.) (2-points@r False: Direct bandgap semiconductors have conduction band electron
minima’s at the samgsseementum as the valence band maxima.

5.) (2-points) True o zincblende crystal structure has more atoms in the unit cell than does
the diamond crysta cture.

Select the best answer or answers for 6-10:

6.) (3-points) A “new” semiconductor consists of equal compositions of fictitious group II elements
Dr, Do, Is and group VI elements Go and Od also present in equal composition. To within 1%,
what is the correct reduced semiconductor notation for this remarkable compound?

2. DrDolsGoOd
@ D 1’0.333D00.333150.333G00<5Odo.5
. DrO.ZODO().ZOISO.2OGOO.2()Od0.20

d.) Cannot be determined from the information given.
€.) You cannot have more than 4 elements making up a semiconductor.

7.) (3-points) Given that the energy bandgap of AIN is 6.2 eV, GaN is 3.4 eV and InN is ~0.65 eV, which
Qaalcrial is likely to have the shortest chemical bonds?

CaDAIN

GaN
nN
d.) None of the above
e.) McDonalds is accepting applications for engineers who have no clue

8.) (3-points) If an electron is confined in a small 3D box by infinite potential outside the box,
which of the following are true?
The energy of the electron can take on any value
The energy of the electron can only take on discrete values
he electron wavelengths must be resonant with the box dimensions
d) The wavefunction derivative must be continuous at the box boundaries
he electron wavelengths are quantized

9.) (3-points) What is the miller index of the plane intersecting the major axis at x=10, y=20 and
z=40.

a.) 111
b) 124 L |/ X¥0 = L

421 10 30 Yo
d.) None of the above



'a (reed”
10.) (2-points) Which of the following E-k diagrams results in a b«i&éeffective mass?

VNS
) 0 0

11.)(2 points) Based on the wavefunction shown below, what is the probability of finding an electron

at the point located below? x
+0.5 W5l s
b.) 0.75 /'\’ 25
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c) 1
d.) 0.25
e.) 0.5 \/

Here 025T

12.)(2 points) If all the following atoms have the same lattice constant and are all covalently bonded,
which is likely to have the smallest bandgap? (Hint: think in terms of the geometry factors you

und in your homework).
=2} Simple Cubic
0.) Body Centered Cubic
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13.) (2 points) If a particle has fictitious wavefunction of ¥=Ax from -1<x<1 and 0 for all other x,
what is the value of A?

14 w | ‘
5 C ¢t he=
‘ -
None 0 the above 2 [ 2 | 5 o) q;‘ i
m{ A b + 5 0% = |
- =]

e"s - |

X
-1

2|
A3
2 5
A= 5

—

A= %A



Second 20% Short Answer:

All of the following problems relate to different ways of describing the energy bandgap and
quantization effects. All descriptions should be less than 3 sentences for full credit:

14.)(5-points) Describe what the energy bandgap is in terms of the atomic electron bond model
(NOT the Pauli Exclusion / s-p hybridization model).
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15.) (5-points) When many atoms are brought together to form a crystal, how does the energy
bandgap result (this is the Pauli Exclusion / s-p hybridization) ?
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16.) (5-points) Describe the formation of the energy bandgap
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17.)(5-points) Describe the relationship Energy and momentum

(quantum wells) systems.
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Third 25% Problems (3™ 25%)

15.) (25-points total)

An electron travels through a series of potential steps along the path shown below from region 1 into
region 2, reflecting off of the barrier at region 3 then penetrating the barrier at region 2 where it
travels on it’s way toward negative infinity. The barriers both have a potential energy of, V while the
electron has an energy E=3V.

What is the probability of an electron taking this exact path?
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Third 25% Problems (3" 25%)

15.) (25-points total)

An electron travels through a series of potential steps alon g the path shown below from region 1 into
region 2, reflecting off of the barrier at region 3 then penetrating the barrier at region 2 where it
travels on it’s way toward negative infinity. The barriers both have a potential energy of, V while the
electron has an energy E=3V.

What is the probability of an electron taking this exact path?

1 . 3
/A / { L2 / X 's
Wsse ﬂ; /:4&«45’&’:* /5 f/j";’ 5,7 o
L ! / / - , zu_,
[ 74

’ A0 fg;",,“;i, sl 4y &
Sl vion /6‘6%/‘*5 e WLA? Al 7 Y
‘L) rees  grearer K an
27 /xz,f' ip 1 /

lirdes = o ;/ . / norima /" Z o Lo n > Wb /E’,
: wa £ ,«::} i Pr” ’ ~ ~ 4 e
i &/qg b / l ) % ‘ ou r /7?//7ﬁ i -
i {:5 7 7 ¢ ;
21 (((0/ el /; £ | | o if‘-{ }@
7 T NIy R gl
corre et % .
§/'A ce T*T ’ K /e I I
‘/’)(T e / _ /f_ﬁ. ’:éé— §
jﬂ! * ‘4"’!}'
. Za 45
<’4< 4 5) I /
‘ 2% /56;

Suer Wou
Using  +AIs THT, yhe corfecy e

ol b iy = (0589) (0.100) (0567
— 2900999 | _ o



Pulling all the concepts together for a useful purpose: (4™ 25%)

15.) (30-points total in 2 parts)

. o 1 2.2
In nature, the “harmonic oscillator potential” is Uix) M X
often observed. Specifically, a potential of the
form,

1
V(x)= o @’x’ as shown here

1s often found for oscillation of atoms (phonons)
and electrons around a central point, x=0.

-

W\

a.) (9 points) Write out the Schrodinger equation using this potential.
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b.) (21 points) If one solution (actually one of i
many solution) for the wavefunction is a
Gaussian function given below,

F(x) = Aoe"""2

what is the value of Energy obtained from
the Schrodinger equation?

Hints: The Schrodinger equation must hold for all values of x. Thus, certain choices
of x (i.e. x=0) make for simpler solutions. For full credit, you should eliminate o
from the solution.
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ECE 3080 Microelectronic Circuits

—Take Home Exam | <— 6/‘ om 4O
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September 29, 2004

Dr. W. Alan Doolittle

/ ]
Print your name clearly and largely: §(5 (UL &

Instructions:

Read the problem carefully and thoroughly before you begin working. You are allowed to
use any reference material provided you declare it in the form of a reference as well as a
calculator. YOU ARE TO WORK INDIVIDUALLY. There are 10 total points. SHOW
ALL WORK AND CIRCLE YOUR FINAL ANSWER WITH THE PROPER UNITS
INDICATED. Write legibly. If I cannot read it, it will be considered a wrong answer. Do
all work on the paper provided. Turn in all scratch paper, even if it did not lead to an answer.
Report any and all ethics violations to the instructor. Good luck!

Sign your name on ONE of the two following cases:

I DID NOT observe any ethical violations during this exam:

[ observed an ethical violation during this exam:




(10-points total)

In nature, the “harmonic oscillator potential” is
often observed. Specifically, a potential of the
form,

V(x)= —;—m @’x’ as shown here —

is often found for oscillation of atoms (phonons)
and electrons around a central point, x=0. For the
in class exam, you solved the problem for the
ground state energy using the given ground state
wave function. Now I ask you to solve the
problem for the first excited state energy. Thus,
if one solution (actually one of many solutions)
for the wave function is a function given below,

Y(x)= Al)ce“""‘2

U(x)

1 2.2
=M X
5 M@

What is the value of Energy, E, obtained from the Hamiltonian form of the Schrodinger

equation?

Hints: The Hamiltonian Schrodinger equation must hold for all values of x. Thus,
certain choices of x (i.e. x=0) make for simpler solutions. For full credit, you should

eliminate o from the solution.
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