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PaccunTaHbl 30HBI, INIOTHOCTU COCTOSHHN M CHEKTPHI JHICKTPUIECKOH NPOHUIAEMOCTH C y4eTOM M 0e3 ydeTra MaTpHUIHBIX
2JIeMEHTOB TepexooB MetogoM LAPW kpucramia ¢gropuna kagmus. Pe3yiabraTel cOmocTaBiIeHbl ¢ paHee MOJTyYeHHBIMA METOJIOM
FP-LMTO u paccuuTaHHBIMH Ha OCHOBE 3KCIIEPUMEHTAJIbHBIX CIIEKTPOB OTPA’KCHUS KPUBBIMHU JUAIEKTPUYECKON INPOHUIIAEMOCTH.
YcTaHOBIIGHBI OCHOBHBIE OCOOCHHOCTH ONTHYECKHX CBOMCTB ()TOpUIA KaAMHs, IPAHULIBI IPUMEHUMOCTH TEOPETHUECKUX MOJeei,

HUX JOCTOMHCTBA U HEJOCTATKH.

The electronic structure of solids has been
extensively investigated for several decades within the
density functional theory. The great success is achieved.
However the many problems are appeared. One of them,
the problem of correct calculation of the transition matrix
elements, is very important to calculate the optical
properties of crystals. In many papers the results are
obtained without taking into account the probabilities of
transitions. Recently, for the CdF, crystals we calculated
the band structure, the densities of states N(E), and the
dielectric function &,(E) with the FP-LMTO method [1].
It seems to be more appropriate to say that we have
determined the joint density of states because the
probabilities of transitions are not taking into account.
The goal of this work is the calculation of the &, spectrum
with and without taking into account the matrix elements
within the LAPW method [2] and determine the
influence of matrix elements on the optical properties of
cadmium fluoride. Also we calculated the localizations of
transitions in Brillouin zone (BZ).

Cadmium fluoride CdF, is a very promising in
optoelectronic  materials. The crystal CdF, is
characterized with a large gap energy. It is a crystal
structure the same the fluorite CaF,. However the optical
properties of two compounds are strongly distinguished
due to the high-lying valence band origined from the 3d
states of cation in the CdF,; in the case of CaF,, these
states are formed the bottom of lowest conduction band
(LCB). The band structure of cadmium fluoride is
showed on fig.1. The energy gap E, equals 3.9 eV. This
is less than experimental data on ~ 4.2 eV. The top of
highest valence band (HVB) has been set to zero of
energy. The HVB consists from six subbands formed
generally by 2p states of F". But the contribution of the
3d states of Cd*" is also large, especially in the highest

subband. The full width of HVB equals 3.4 eV. This is
very well agreed with the experimental results [3]. The
next five subbands are formed from the 3d states of the
cadmium ion and lied about 0.9 eV below HVB. The
location of these bands is overestimated by 0.8 eV as
compared with the photoemission data [3]. The partial
spectra of densities of states show the contributions of 2p
states of F~ to the second valence band are significance
(fig.2). More detail investigation of the band origin into
whole volume of BZ shows that the occupied states of the
anion and cation are comparatively strong mixed for the
top of HVB (0 — 1 eV) and the bottom of second valence
band (4.5 — 5.3 eV). The core band, almost fully formed
by 2s states of fluorine, lies on about 20 eV below the top
of HVB. The conduction bands structure is more complex.
In the range 4 — 20 eV they are formed from the 4s states
of cadmium and 3p states of fluorine. Generally, these
results are very well agreed with our previous FP-LMTO
data. The our theoretical results for the &)(E) spectra
calculated with the LAPW method with (curve 1) and
without (curve 2) taking into account the matrix elements
of transitions, the FP-LMTO method without taking into
account the matrix elements (curve 3), and the spectrum of
&, calculated in paper [4] on the base of experimental R(E)
spectrum of paper [3] (curve 4) are shown on fig.3. The
curves 2 and 3 are shown in an arbitrary units and
normalized on the maxima of theoretical curve 1.

The theoretical spectra 2 and 3 are well agreed
between them in the 820 and 30 — 40 eV energy range. In
the range 16 — 30 eV the structure of the spectra is due to
transitions from the 3d valence bands to conduction bands.
Hence, the discrepancies of two curves appear due to
different methods to describe the localized states in LAPW
and FP-LMTO methods.
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Fig. 1. The band structure of cadmium fluoride

Fig. 2. The densities of states of cadmium fluoride

Fig. 3. The &(E) spectra of cadmium fluoride, calculated
theoretically with (1) and without (2, 3)
accounting of the matrix elements within the
LAPW (1, 2) and FP-LMTO (3) methods and from
the experimental R(E) spectra of paper [3] (4)

The significant changes are observed with taking into
account the matrix elements. The theoretical spectrum 1
and calculated one 4 also strongly appreciates. The longest
wavelength maximum of spectra 4 has an exciton nature
and, of course, it is disappeared in the one-electron spectra
1 — 3. The second intensive peak with maximum at 10.3
eV (curve 4) is well obtained in the curve getting without
the matrix elements, but it is a very small in spectrum 1.
The third peak with the maximum at 15 eV is obtained in
all theoretical spectra. However in the spectra 2 and 3, it is
a very complex and wider than experimental-calculated
one. But it is underestimated in the spectra 1. The analysis
of the results shows that the second and third peaks may
have an metastable exciton origin. At the higher energy
range (17-20 eV) the very intensive wide peak is observed
in the theoretical spectra. In the spectrum 4 it is absent.
The three comparatively weak peaks of the spectra 4 in the
20 — 35 eV energy range have analogs in the spectrum 1.
Therefore, the accounting of the matrix elements for the
CdF, crystals improves the accordance of the theoretical
results with the experimental-calculated data. However
this agreement may be random due to obscurity of strong
localized d states of cadmium.

Besides the integral spectra of g,(E), we calculated the
localizations of optical transitions into the volume of BZ.
Earlier we obtained that the optical transitions in CdF, are
happened generally in the volume of BZ [1], but not at the
points of symmetrical directions as it common accepted.
The calculations with the accounting of the matrix
elements are affirmed this conclusion. Moreover, the
localizations for the most intensive transitions appearing in
both spectra 1 and 2 are almost independent from the
matrix elements.

So, in present work the new interesting information
about the electronic structure of cadmium fluoride is
obtained. It can be useful to discussion of the known
physical and chemical properties of CdF,.
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