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Introduction, Level Spacing
and Density of States

The Schrodinger equation.
E, = hw(n+1/2).

1/hw. (Note that we cannot normalize this
with the length as there is no unique length-
scale in this system.)

The DOS is flat, while for a particle in a box,
it decreases like E—1/2,

L =~ 89.5 - (h/2mw)'/2.

For 1D: kp = mn/2 =~ 1.57/de—..

For 2D: kp = (27n)'/? ~ 2.51/d._..
For 3D: kp = (372n)/3 ~ 3.09/d._..
krp=1.56A"" and Ep = 9.3eV.

The bandstructure consists of cones at the
edges of the Brillioun zone. The effective mass
cannot be calculated using the free-electron
model. When the bandstructure is compared
to the result for relativistic particles, it follows
that they have zero mass.

D(E) _ 2|E—EF\

v%hQ .
A metallic material.

For the 1 nm case: AE = 7.6eV and Ec =
1.4eV.
For the 10 nm case: AE = 0.58¢eV and E¢c =
0.14eV.

krp = 0.6A_17EF = 5.5eV and D(EF) =

16 eV~1 nm—3,

Length scales, transport
regimes and classical con-
duction

Due to the higher electron concentration.
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Phase coherent transport

®y = h/e =4.17-10~1> Wb

BP = (I)[)/i?TdQ.
Bp =53mT for d =1 pum,
Bp =104T for d =20 nm,
Bp=1.04-103T ford=2nm.

In the last case only a small part of the period
can be observed.

Bp = <I>o/i7rd2.

Bp = q)o/i’ﬂdQ
for d;, =0.48 nm —  Bp =23.0mT,
for dous =0.52nm — Bp =19.6mT.

The AB effect is larger at low magnetic fields

The peaks become broadened due to window-
ing.

AF.

The two arms are not identical on the order of
AF.

Always a maximum.

The magnitude of the conductance oscillations
are always e?/h.

R =p/H.
= % :RD% :RDND'

AR~ || AG = 0.39Q = 0.39%.

Ballistic transport

Ap < L < g, le.
R =p/H

R= £k =Ry = RoNg.
AR~ |9E| AG = 0.39Q = 0.39%.

Single electron tunneling
and Coulomb blockade

EC == 62/20.
0.72eV.
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The RC time 7 = RC.

SE = 5.
0F <« E¢.

R< (%)_1.

Ec =80meV,
Ctot =1.0aF.
C, = 0.09aF,
Cd =0.18 aF,
C, =0.72aF.
AV, =0.29V,

AQ,=29-10720C=0.18"e.
Ceoupling = 0.18 aF.

The difference is: U(R) — U(co) = €2/2C,
is positive. This means that is costs energy
to place the electron onto the sphere. When
calculating the potential energy at every lo-
cation of the electron, you find that the first
electron is actually attracted by the sphere:

2 2
U(a) — U(o0) = —2%@21371%2.

C =4meg/R and V = —e/C = —eR/4mey.
U(R) —U(o0) = 3-€2/2C.
U(R) — U(oo) = €2/2C for each electron.



