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(a)

L
Figure 30.11
(a) The band structure of KI as inferred by J. C. Phillips (Phys. Rev. 136, A1705 (1964) from its

" Optical density

Hl ® eo 0 80 90 100
&(eV)

Ashcroft and Mermin

Optlcal absorption spectrum. (b) The exciton spectrum associated with the various valence and
>conductlon band maxima and minima. (After J. E. Eby, K. J. Teegarden, and D. B. Dutton,
Phys. Rev. 116, 1099 (1959), as summarized by J. C. Phillips, “Fundamental Optical Spectra of
* Sollds,” in Solid State Physics, vol. 18, Academic Press, New York, 1966.)
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Dielectric function of BaTiO,
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Dielectric function of silicon Vé(@) =n(@)+iK(w)
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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

Harmonic dependence V= V(a))ei“’t, X = x(a))eiwt, E-E (a))eia)t

7 (o) = = V(w)=iox(o)

—ionex (o)

E(w) E(w) E(w)

log,

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

J,=0.,E v, = u, E <«— Steady state solution

nm—m

The differential equation that describes how the velocity changes in time is:

m dv(t) N ev(t) _ _eE(1)
dt u
Inertial term

The impulse response function :

m 4m

g(t)=Lexp(_—6tj t>0

ozl




Diffusive metal

The differential equation is:

m dv(t) N ev(t) _ _eE(1)
dt u

Assume a harmonic solution E(m)e'?, v(wm)el

(_ia)_m_ljv(a)) = E(w) | II:
——

o : —04p N
V(@) _(_iom 1 =—u(l+iwz) = _”(l_zmir)
E (C()) e U l+o°t

j(o) V(o) ( l-ior j T =ﬂ<—Scatterin i
_ _ V(o) 1-lor g time
O'(a)) —E (a)) ne (a)) neu 1+ w2r? €
-2
o (low @) =neu o (high @) = ——

wm



Diffusive metal

—nev(w) o(@) neu ( l-iwr j
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Take the limit as t goes to infinity
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Optical properties of a diffusive metal

It is assumed that electrons in a diffiisive metal scatter 5o often that we can average over the scatering events. The differential ecquation that describes the motion of the
electrons s,

—

odv e
mdt—i-#— ek

Here m s the mass of an electron, ¥ s the velocity of the electron, —eis the charge of an electron, and E is the electric feld. When a constant electric field is applied,
the solution s,

%= —pE.
Thus the {negatively charged) electrons mowe 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,
dg eg
mgp + o = —ed(t).
When the electric field is pulsed on, the electrons suddenly start moving and then their velocity decays exponentially to zero in a time 7 = mpu /e.
g(t) = — - exp(—t/7).
The scattering time 7 and the electron density n are the only two parameters that are needed to describe many of the optical properties of a diffusive metal The form
below can be used to mput 7 and 12 and then a sonipt calculates and plots the wnpulse response funchion, the Founer transform of the wnpulse response fanction, the

mohdlity, the de conductivity, the frequency dependent cotmplex conductivity, the electric susceptibiity, the dielectric fanction, the plasma frequency, the index of
refraction, the extinction coefficient, and the reflectance.

T=|1E-11 |[s] »=|1E28

o

Mobility p = 1.76 w2 V1 571
DC conductivity o5 = 2.82e+9 L !
Plasma frequency op = 5 6de+15 radls,  wpt=1564e+4.

Impulse response function 050

I ﬁ Microsoft PowerPoi. . . [ B lamp.tu-graz.ac.at. .. [ : outline C :_'u 12:17 PM

) Optical properties ...



Reflectivity
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e(k) (Ry)

1Ry =13.6 ev

Intraband transitions

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

ho =E.(K)-E,(K)

"

Intraband (d-band) absorption

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

s

L

Werner (TU Vienna) APL 89 213106 (2006)
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The optical properties of SiO, (glass)

nanophotonics. csic es

Dielectric function
The relative dielectric constant describes the relationship between the electric displacement D and the electric field E, D = ¢, B = P+ e E

[
|zt
5 M I
4
3
en ()
2
1
i}
i} 3 10 15 20 25 a0

w [10% radss]

There are two conventions for dielectric fanction. Either it is assumed that the titne dependence of f) 13 and E is exp(—iwt) and the plot of the dielectric fimction
looks as it is shown above, or it 15 assumed that the time dependence of D, P, and E is exp(iwt) and the imagnary part of the has the opposite sign as in the plot
above. Here we will assume a time dependence of exp(—éet).

Flectiic susceptibihty
The electric susceptibility ¥ g describes the relationship between the polarization P and the electric field E, P = gy x gE.

Xgp=¢r—1

M e



