11/12/08

ECE 495N, Fall’08 ME118, MWF 1130A — 1220P

HW#7: Due Friday Nov.21 in class.

Problem 1: Below is some recent experimental data on a sheet of graphene reported by
one of the leading groups in the field ( http://arxiv.org/abs/0805.1830 ). It plots the

"conductivity" o obtained from the conductance G, using the relation G=ocW/L, W
and L being the width and length respectively.
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FIG. 1: (color online) Conductance of the suspended graphene
sample 51 before (blue line) and after (red line) annealing as
a function of carrier density. Data are shown for 7' = 40 K to
suppress universal conductance fluctuations. Note the change
from near-linear to sub-linear behavior before and after an-
nealing, respectively. The dotted red line is the expectation
for ballistic transport (see text). Inset: atomic force micro-
scope image of the suspended device (S1).

We wish to try to understand this data based on the expressions developed in this course
(you may want to review Problem 1 of HW#3):
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where 4 is the mean free path and 7, (£) = W.
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A. Starting from the approximate dispersion relation (k) ~ fvk , use the relations

D(E) = Za(E—g(lZ))

B} nth(E)\
|\/|(E)=Z§(E—g(k))f
to show that D(E):M |E|2 and M(E):ME
7 (Av) T hv

including a factor of 2 for the two spins and another factor of 2 for the two valleys.

B. Now use Egs.(l) and (2) and assume very low temperatures so that
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Plot o versus n,, assuming L = 4 pm using (a) A= 2 um and with (b) A= 300 nm.
Note that these values of the mean free path are twice those indicated in the paper: we
believe the difference arises from a difference in our definition of mean free path.

Problem 2:
Coherent transport ll,ll

H+U H2
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Basic equations of coherent transport
=iz -2 T,=iZ,-Z,7]
G(E)=[ElI-H-%, -1,
AE)=[G- G']=GI,G" + CGI,G' Density of states
[G"(E)]=[CI,G"1f +[GT,G"1f,  Electron density

1.(E) = %((Trace[ri A f,~Trace[[\G"l)  Currentienergy

I(E) = %Trace[rlerze*]( t(E)—1,(E))  2-terminal current

In general H has to be replaced with H+U, where U has to be calculated self-consistently
from an appropriate “Poisson”-like equation, but you can ignore this aspect in the
following problem.

&
Consider a channel described by a (2x2) Hamiltonian matrix: H= Ll

. . ily, O jl0 0
connection to two contacts are described by X, = ~3lo o and Z, = ~3lo
V2

respectively. Assume g =+0.5eV, ¢,=-05eV,t=1eV, y, = y,=05¢eV, f(E)=1,
f,(E) =0.

(a) Plot the current/energy over the energy range -2 eV < E < +2 eV. The plot should
have two peaks: Compare the location of these peaks with the eigenvalues of [H].

(b) Plot the local density of states A(1,1) and A(2,2) over the same energy range. It

should have two peaks too, but of unequal height. Compare the ratio of the peaks for
U,

A(L1) and A(2,2) with |4/ w| and |y /v where [:{j and (VZJ are the normalized
1 2

eigenvectors
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