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Dielectric Function € (w, K)

& optical spectroscopy
At IR, Visibleand UV, K dependence is normally ignored
Real and Imaginary part of ¢ (w)

Derives £ (w) from experimentally accessible
measurements of R(w), n(w) and K(w)




“Reflectance/Reflectivity

Reflectivity Coefficient r(w )
(1)

r(w) at normal incidence

(2)

Complex Refractive Index: N(w )

©)

Reflectance: R(w)

©)




*Obtain Dielectric Function from
Experimental measurements

R can be measured,

KK relations (1) (2)

Obtain dielectric function from n(w ) and K(w)

By Eq. (3)
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Kramers-Kronig Relation

The KK relations establish a link between the real and
Imaginary part of the frequency-dependent complex
“response function” of alinear system.




Takeln(w) of r(w)

Apply KK relationsto obtain € (w) from above equation:




JElectronic Interband———
Transitions







Band structure
Density of states (DOS)

Energy-dependent DOS

The number of transitions contributing to the absorption
coefficient at photon eneryg 2 v




JElectronic Interband—
Transitions

Modulation Spectroscopy—derivatives of the reflectance
with respect to wavelength, electric field, temperature,
presure, or uniaxial stress, etc.

Singular/critical points

Pseuopotential calculation of band structure and band-
band energy difference













PEXCIIONS  ca—igyboun

Mott Wannier
Both can travel through lattice

Figure 4a An exciton is a bound electron-hole pair,
usually free to move together through the ervstal. In
s respects it is similar to an atom of positronium,
formed from a positron and an electron. The exciton
shown is a Mott-Wannier exciton: it is weakly bound,
with an average electron-hole distance large in com.
parison with the lattice constant.

Figure 4b A tightly-bound or Frenkel exciton shown local-
ized on one atom in an alkali halide crystal. An ideal Frenkel
exciton will travel as a wave throughout the crystal. but the
electron is abwayvs close to the hols.




»Binding energy of excitons In
some examples

Table 1 Binding energy of excitons, in meV

14.7 BaO 56. RbCl 440.
4.15 InP 4.0 LiF (1000}
4.2 InSb (0.4) AgBr
35 K1 480. AgCl ,

29. KCl 400. TICI 11.

15. KBr 400. TIBr 6.

Data assembled h}' Frederick C. Brown and Armold Schmidt.




VExciton Energy levels——

The energy required to create an exciton is lower by the
exciton binding energy than that of a electron and a hole.

This energy difference will reflect in the absorption
Spectra.
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P2, con ansorption speciu

- Exciton absorption
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Absorption with formation
of free electron-hole pairs

=
=
=
a3
=
£
é
x
z
g
£
2
£

152 15 154
Photon energy in eV




JAbsorption spectrumof sofid
Kr at 20K




" Frenkel exciton

Derivation of the
energy states of
Frenkel exciton




Transmission spectrum (log).in CuO at 77K
»“showing exciton spectral lines—
Example of aweekly bound (Mott-Wanier) Exciton

Use the derivation below and the figures on the right to
obtain the energy gap
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(as of unpaired electrons and holes
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Average concentration, all phases, pairs/cm’
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Electron Spectroscopy with X-Rays
XPS and UPS

5 0

Binding energy, eV




