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The five problems are worth 20 points each.
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1. Consider a two-dimensional (2D) film of atoms arranged in a regular
simple cubic lattice. The lattice spacing is 2 A. Let us assume that each
atom contributes one “valence” electron that acts as a free electron in the

2D solid.
a) What is the Fermi-energy (in eV) of this 2D 'solid at T=0? Recall that"
9 o o,
_".Egﬁm = A 45 eV -A -
7 \"\f\(

N = SdE SE) , wheve

AN dNv die
(3"’2”Q\E "2’"@\»( O\E.
| \,\’(1 _ L?“/CZ“
Q. 2D, N (1) = Tase s \z)\,> Vv
wikt o, dE Rk
Em 7 LVV‘\L B Q“’C W\{"
Zk e LZM& - CZC/V\‘?/t
So, DIE)= 25 Tl WAR™ _
L2 wA . N OTh®
M N —_ {YC#\L@EF m\> E(::, - L:L VW
4 k;:w,,z Mwﬂt\f)h
= (m“)z = 0.25 A |
2 A 02
E = TAE 0 ac A (20 3 815V A=
- T poM eV



b) Please calculate the average energy per electron in the 2D film, at T=0.
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c) At room temperature (T=300K, kgT=0.025 eV), what is the probability that a
state 0.05 eV above the Fermi level is occupied by an electron?
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2. The diagram below shows the electronic band structure of some hypothetical
one-dimensional (1D) solid. Will this solid be a metal or an insulator at T=0 if it

has:

a)1 electron/pfimitive unit cell?
b) 2 electrons/primitive unit cell?
c¢) 3 electrons/primitive unit cell?

d) 4 electrons/primitive unit cell?

Please justify your answers!
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3. Please describe recent developments in the field of nanoelectronics.
Please include some current challenges and future goals in your
description, and use a minimum of 4 sentences in your response.
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4. a) Empirically speaking, what is the difference between a metal and an
insulator?
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b) What is the criterion, based on the energy band theory, for distinguishing a
metal from an insulator?
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c) From the point of view of band structure, why are some divalent elements such
as Be or Mg metals rather than-insulators? -
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5. a) What is a semiconductor and how is it distinctive from a metal and from an
insulator? 7
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b) Please sketch n(T) vs. T plot (temperature dependence of the carrier
concentration) for an n-type semiconductor. Indicate and explain the three main

temperature regimes.
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c) Use the Maxwell-Boltzmann approximation to the Fermi-Dirac distribution to
compute the electron concentration as a function of Fermi energy and gap
energy in the intrinsic semlconductor reglme Use
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