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AC Conductivity

For constant voltage, conductors conduct and insulators don't.

For low ac voltages in a conductor, electric field and the electron velocity are in-
phase, electric field and electron position are out-of-phase.

For low ac voltages in an insulator, electric field and the electron position are in-
phase, electric field and electron velocity are out-of-phase.

At high (optical) frequencies the in-phase and out-of-phase component of the
response is described by the dielectric function.



Conductivity / Dielectric function
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Below about 100 GHz the frequency dependent conductivity is normally used.
Above about 100 GHz the dielectric function is used (optical experiments).



Diffusive transport (low frequencies)
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Diffusive metal

The current is related to the electric field

Jp=0,E v =—u [E «— Steady state solution
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The differential equation that describes how the velocity changes in time is:
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Diffusive metal

The differential equation is:
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Diffusive metal
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Reflectivity

low frequency metal / high frequency insulator
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) Dptical properties of a diffusive metal - Mozilla Firefox
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Optical properties of a diffusive metal

It is assumed that electrons in a diffusive metal scatter so often that we can average ower the scatering events. The differential equation that descnibes the motion of the
electrons iz,
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Here 1 is the mass of an electron,  is the velocity of the electron, —e is the charge of an electron, and E is the electric field, When a constant electric field is applied,
the solution 13,

v =—ukFE.
Thus the (negatively charged) electrons move in the opposite direction as the electric field.

If the electric field is pulsed on, the reponse of the electrons is described by the impulse response function g(t). The impulse respense function satisfies the equation,
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When the electric field is pulsed on, the electrons suddenly start moving and then their velocity decays exponentially to zero in a time 7 = my /e,
sk 1y
g(t) = — 7 exp(—t/7).

The scattering time 7 atid the electron density n are the only two parameters that are needed to describe many of the optical properties of a diffusive tetal The form
below can be used to mput 7 and 72 and then a scnipt calculates and plots the wmpulse response finction, the Founer transform of the wnpulse response finction, the
mobility, the de conductivity, the frequency dependent complex conductivity, the electric susceptibility, the dielectric function, the plasma frequency, the mdex of
refraction, the extinction coefficient, and the reflectance.
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The optical properties of SiO; (glass)

Dielectric function

nanophotonics csic es

The relative dielectric constant describes the relationship between the electric displacement .ﬁ and the electnc feld E‘ .5 = IE,-EUE' = I—-—" + &g .é'
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There are two conventions for dielectric function, Either it 12 assumed that the time dependence ofD P and E s exp(—iwt) and the plot of the dielectric function
looks as it 1z shown above, or it 18 assumed that the time dependence ofD P and E is explict) and the imaginary patt of the has the opposite sign as in the plot

above, Here we will assume a time dependence of exp(—7wt).

Flectiic susceptibility

The electric susceptibility ¥ p describes the relationship between the polarization Pand the electric field E‘ P= XY EE‘
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Ellipsometry
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Ellipsometry
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Ellipsometry measures the change of polarization upon reflection. The measured
signal depends on the thickness and the dielectric constant.

http://en.wikipedia.org/wiki/Ellipsometry



Ellipsometry
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The ratio of the two reflected polarizations is insensitive to instabilities of light source
or atmospheric absorption.



Intraband transitions

e(k) (Ry)

1 Ry =13.6 ev

When the bands are parallel, there is a peak in the absorption (g")

ho=E (k)-E, (k)
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Intraband (d-band) absorption
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Reflection Electron Energy Loss Spectroscopy

Energy analyzer
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Fast electrons moving through the solid generate and a time dependent
electric field. If the polarization moves out of phase with this field, energy
will be lost. This is detected in the reflected electrons.



Dielectric function of Cu, Ag, and Au obtained from reflection electron
energy loss spectra, optical measurements, and density functional theory

Werner (TU Vienna) APL 89 213106 (2006)




