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Macroscopic Properties

Studiesof the dielectric function (K, . ) by optical spectroscopyare very
useful in the determination of the overall band structure of a crystal, and
optical spectroscopyhas developedinto the most important experimental
tool for band structure determination In the infrared, visible,and ultraviolet
spectralregionsthe wavevectorof the radiationis very small(Ké 0) compared
with the shortest reciprocallattice vector, and therefore it may usually be
takenaszera We are concernedthen with the real &nhdimaginaryparts €
of the dielectricfunction at zerowavevector (- )= (Q) +A (.- § However,
the directly accessible functions from optical measurements are the
reflectanceR(- ), the refractiveindexn(- ), andthe extinctioncoefficientK(. ).
Ourfirst objectiveis to relate the experimentallyobservablequantitiesto the
real andimaginaryparts of the dielectricfunction. Thereflectivity coefficient
r(- ) is a complexfunction defined at the crystal surfaceas the ratio of the
reflectedelectricfield Hrefl) to the incidentelectricfield Hinc):

E(refl)/E(inc) = r(w) = p(w) explif(w)]

Here, "(- ) and — ) are the amplitude and phase components of the
reflectivity coefficient,respectively



At normalincidence the reflectivity r andreflectanceRin the crystalcanbe
expresseds
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By definition,n(- ) andK(. ) are related to the dielectric functior(- ) by
Ve(w) =n(w) + iK(w) = Nw) , WhereN(. ) is the complex refractive index.

€(w)=n*>— K ; €"(w) = 2nK

The transmitted wave in the medium is attenuated because, by the
dispersion relation for electromagnetic waves, the wavevector in the
mediumis relatedto the incidentwavevectork in vacuumby (n +iK)k:

Ey(trans) o< exp {[i[(n + iK)kx — wt]} = exp(—Kkx) expli(nkx — wt)]

Fromthe experimentalwe can measurethe intensity of the reflected wave,
whichis termed the reflectanceR(- ) =r*(. )r(- ). We alsoneedto knowthe
phase— ) of the reflected wavein order to obtainn(. ) and K(- ), but It is
difficult to measure— ). We showbelow that it canbe calculatedfrom the
measuredreflectanceR(. ) if thisisknownat all frequencies



KramersKronigRelations

The KramergKronig relations are bidirectional mathematical relations,
connecting the real and imaginary parts of any complex function that
IS analyticin the upper half-plane Therelationsare often usedto compute
the real part from the imaginary part (or vice versa) of response
functionsin physicalsystems Theresponseof any linear passivesystemcan
be representedas the superpositionof the responsesof a collection of |
dampedharmonicoscillatorswith massesV;. Letthe responsefunction® (. )
=h @) +A N. 9 of the collectionof oscillatorsbe definedby

x, = a(w)F, "', F isthe applied force and the displacement.
From the equation of motionM(d*/dt* + p,d/dt + w})x; = F
f; w? — w* + iwp,
Then _ / =N ’
a(w) 2]: 0)]'2 — = Z.ij 2]3 <w]~g _ w2)2 + a)zpf

(a) Thepolesof h (. ) areall belowthe real axis

(b) Theintegralof (. )/. vanishesvhentakenaroundaninfinite semicircle
iIn the upper half of the complex . -plane It sufficesthat "(.) O
uniformlyas -~ K .

(c) Thefunctionh @) isevenandh € )isoddwith respectto real. .



Consider the Cauchy integral in the form

a(w) = 77% P i Sa_(s()u

ds

where P denotesthe principalpart of the integralandthe right-handsideis
to integrate over the semicircleat infinity in the upper half-plane We
equatethe real parts of the equationto obtain

: 1, [” a"(s) 1 © (s
a<w>:Eijs—wdszﬁP[fo S— pr—wdp]

Substitutep for bsand use property (c) that & & T &)Hhen

0 arr<p> o0 a"(s)
J p—wdp =J, S-I-a)dS

The segments(1) and (3) are by definition the
principal part of the integral betweent kandk .
Becausethe integral over(1) +(2) +(3) + (4) must
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