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Abstract

The optical absorption and the dielectric functions of Pbl2 and Sh,Bi,,l; have been investigated
experimentally by means of absorption measurements and spectroscopic ellipsometry respectively,
and theoretically by a full-potential linear muffin-tin-orbital method. These materials have been
recognized as very promising detector materials with large technological applicabilities. The
calculated band-gap energies, optical absorption and the dielectric functions were found to bein a
very good agreement with the experimental results. The electron-energy-loss functions are also
obtained for both experiment and theory for comparison. The band-gap energy as a function of
temperature, for Pbl, has also been measured by optical absorption. The temperature dependence
has been fitted by a new relation, and a discussion of thisfitting is given.

I ntroduction

Lead iodide (Pbl,) and antimony-trii odide (Sb,Bi1..l3) compounds have large bandgap energies and are therefore
very promissing materials for future room temperature devices [1,2]. Both materials have hexagonal structures,
were grown by the Bridgman method, charaderized by transmission spedroscopy and spedroscopic
ellipsometry (Pbl,) as well as be the temperature dependence of the measured bandgap energy, Eg, (Pbl,).
Theoreticdly they were investigated by a full-potential linea muffin-tin-orbital method (FPLMTO) [1]. The

eledron-energy-loss(EEL) function which isafunction of the dieledric functionsis also oltained.

Experimental Setup

Figure 1 showsthe experimental setup.

Results and Discussions

The imaginary part of the dieledric function, €x(w) = Im € (g = 0, w), has been obtained using the joint density-

of-states and the optica matrix overlap [1]. It iswritten as
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In Eg. (1), e is the dedron charge, m its mass Q is the aysta volume and fy, is the Fermi distribution.
Moreover, |knc > isthe aystal wave function corresponding to the n eigenval ue with crystal momentum k and

spin o.

The red part of the dieledric function, €;(w), was caculated from the Kramers-Kronig dispersion relatios. The
eledron-lossenergy function (EEL) is obtained from the relation

ELF=-1m{ 1/ ey(w) +i gx(w) ] } 2

The measured temperature dependence of the band-gap energy, Eg, is extraded from a more acarately relation
compared to that of Varshni [1]

Eg(T) = Eg(0) - S<(hw2m> [ coth (<hw/2re/2KsT) - 1] A3)

Where Sisadimensionlesscoupling constant, and <hw/21e> is an average phonon energy. For Pbl, we obtain
Eg(0)=2.485¢eV , S=3.60, and < haY2r> = 13.1 meV. For absorption measurement Eg(10K)=2.484 eV. At room
temperature we obtain Eg(300K)=2.345%V from absorption measurement and Eq(3) as well.. For photoamustic
and transmisson spedroscopies at 300K ,we obtain the values Eg(300K)=2.320 eV and 2.319 eV respedively.

The dedron-energy-loss (EEL) is shown in Fig.2 with the dieledric functions obtained from spedroscopic
ellipsometry and in Fig. 3 from our cdculations. From Figures 2 and 3 we notice onsets of absorption around
2.4 eV (corresponding to Eg) and around 3.0 and 35 eV. In order to have amore reliable identification of the
plasma pek, further investigation of the opticd transitions at higher photon energy is necessry.
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Figure 4 gives both Eg (0 K) and Eg (300K) from absorption measurement and the fitting equation 3. Figure 5
gives Eg (Theory) OEg (Exp.) around 212 eV.
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experimental results obtained with the use of Eq.(3)

Conclusions
We have investigated the optica properties of Pbl, and Sb,Biy4l3. The experimental and theoreticd results
present areasonable agreement between them.
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