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e Dielectric function and reflectance
« Kramers-Kronig relations
» EXxcitons
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e Mott-Wannier exciton

« Raman spectroscopy




Dielectric function, reflectivity r, and reflectance R

Response of a crystal to an EM field is characterized
by e(k,m), (k=0 compared to G/2)

Experimentalists prefer to measure reflectivity r
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Kramers-Kronig relations (1926)

examples of j,=s W)E, Ohm’slaw
response function: P, =c(wW)E, oolarization

~

E,=r(w)E, reflective EM wave

KK relation connects real part of the response function
with the imaginary part

Example: Response of charged (independent) oscillators

For the j-th oscillator (atom or molecule with bound charges),
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Figs from http://www.physics.uc.edu/~sitko/LightColor/10-Opticsl/opticsl.htm
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Some properties (1) x(o») has no pole above (including) x-axis.

of x(w): (2) de c(w) = along (upper) infinite semi-circle
W
(3) ¥'(w) Is even in o, ¥ (®) is odd Iin .
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From (1), (2), we have a(w) ——P ' @ds / \
pi F¥s-w

(o can be y, or o, or...) / \
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Also a''(w)=- 2WJ¥ 4 (5)2 ds (3) Offers a compatibility check
, PRSI for experimentalists

A few sum rules: _J a' (s) ds=a'(0) Anexample of
“fluctuation-dissipation” relation
From (1) and (2), y 1 o Z2%e?
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and many more..., e.g., j s'(s)ds=
(4)+(5) (next page)
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Apply the KK relation to E, =r(w)E,

Inr(w) =InRY?(w) +iq(w)

w ¥ InNR(S)
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Conductivity of free electron gas (w;=0, with little damping)
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Energy (eV)

Dielectric function and the semiconductor energy gap (prob.5)

band gap absorption (due to
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nonzero €’) can be very 5
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Interband absorption Excitons (e-h pairs)

for GaAs at 21 K In insulators
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Tight bound Frenkel exciton:
(excited state of a single atom)
o alkali halide crystals

e crystalline inert gases




Weakly bound Mott-Wannier excitons
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Similar to the impurity states in
doped semiconductor:
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Raman effect in crystals
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