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In this paper, the electronic and optical properties of the most effective KMgFs material are studied,
thin films of which are used as a solid-state vacuum ultraviolet phosphor. At the first stage, we obtained
wave functions in the framework of the electron density functional GGA. In the second stage, we calculated
the improved value of the band gap using the Green's function (approximation GW), constructed on the
wave functions calculated in the GGA approximation. We found that the band gap evaluated within the
GGA method is about 4.73 eV less than the experimental value. At the third stage the absorption spectrum
of the material was calculated on the basis of data obtained in the previous steps. For the first time, qua-
siparticle electron energies and the absorption spectrum on their basis are found.
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1. INTRODUCTION

Fluoro-perovskite crystal KMgFs exhibits attractive
properties such as high thermal stability, high optical
transparency and low melting point. KMgF3 has been
extensively studied as promising material for radiation
dosimetry when it was doped with rare earth ions [1].
Due to its short emission spectrum KMgFs has been
identified as possible material for scintillators [2].
Doped KMgFs crystals are expected to be photocata-
lysts under visible light [3]. Recently, the study of vac-
uum-ultraviolet fluorescence from KMgFs and BaLiF3
crystals has been reported. These perovskite fluoride
materials can be useful for developing light emitting
diodes in the vacuum ultraviolet region [4]. The reflec-
tivity of KMgF3 has been investigated over a wide en-
ergy range as well as XPS spectra. The dominant exci-
tonic structure has been predicted in 10-12 eV region
[5].

Theoretical investigations of KMgF3 have also been
performed. Structural, electronic and optical properties
of KMgF3 have been calculated within local density
approximation (LDA) using FP-LAPW method [6]. De-
pendence of the electronic structure, elastic properties
and related parameters, mechanical stability, dielectric
functions on hydrostatic pressure was presented for
KMgFs crystal. The calculations were performed using
general gradient approximation functionals (GGA-PBE,
GGA-PBE-sol) by means of FP-(L)APW+lo framework
[7]. Structural, electronic, elastic and dielectric proper-
ties of KMgFs have been studied using GGA as ex-
change-corelation functional within PAW method. The
phonon dispersions in KMgFs crystal have been calcu-
lated [8]. Earlier, the electronic structure and density
of states of KMgFs were performed within the local
density approximation (LDA) as implemented in the
VASP package and with the ultrasoft pseudopotentials
provided with the VASP. The calculated indirect band
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gap is 7.27 eV which is lower then the experimental
value of 10.8 eV [9]. Recently it was successfully
demonstrated a VUV emitting lamp by employing a
KMgFs thin film as a phosphor [10]. The thin film was
grown in vacuum atmosphere by applying pulsed laser
deposition. The fluorescence performance of the thin
film was nearly equal to that of a single crystal. The
quasiparticle electron energy bands and excitonic prop-
erties of the KMgFs until now have not yet been stud-
ied. So, the following paragraphs of this work are de-
voted to solving this problem.

2. CALCULATION

At the first stage the electron energy spectrum &,

and eigenfunction ¢  are searched in the local electron
n

density approximation (LDA, GGA) from the Schro-
dinger equation (1) [11, 12]:
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where —V?is the kinetic energy operator, Vgyt denotes
the ionic pseudopotential, Vi and Vy. are the Hartree

and exchange-correlation potential, respectively. Here
n and k denote a band index and a wave vector in the
Brillouin zone, respectively. The quasiparticle energies

E/k and eigenfunctions ) can be obtained from the
quasiparticle equation (2) [13, 14]:
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where X is the non-local self-energy operator. The wave
functions can be expanded as follows:

Vink (= %ann'wn,k (r). 3

From Egs. (1) — (3) the perturbative quasiparticle
Hamiltonian is obtained in the form

H.w (E) = 6Oy + < (pnk [Z(E) =V, | wn’k >, (4

where the second term in Eq. (4) represents a perturba-
tion.

3. RESULTS AND DISCUSSION

The results obtained on the basis of equation (1) are
shown in Figs. 1, 2. As can be seen from Fig. 1, the up-
per part of the valence band is built of p-electrons of
fluorine. Deeper states in the valence band are populat-
ed with p-electrons of potassium and s- electrons of fluo-
rine, respectively.
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Fig. 1 — Partial densities of the electronic states in the crystal
KMgF'; obtained within the GGA approach
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Fig. 2 —Total density of the electronic states in the
crystal KMgF's obtained within the GGA approach

In Fig. 3 is presented the total density of electronic
states, calculated in the quasiparticle GW approach
using equation (3). It is obvious that the densities of the
electronic states, depicted in Fig. 2, 3, differ in quantita-
tive and qualitative characteristics. So far, in the ABIN-
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IT program, the energy eigenvalues within the GW for-
malism can not be evaluated at an arbitrary point in the
Brillouin zone. Therefore, it is not possible to calculate
the density of electronic states within the GW approxi-
mation. Nevertheless, we calculated the full density of
states, depicted in Fig. 3, by means of broadening of the
energy levels obtained in the GW approach [15]. The
difference between the energies corresponding to the top

of the valence band £y and the bottom of the conduction

band g is determined on the basis of the data found

within the GW (Fig. 3) and GGA (Fig. 2) approaches, by
the following equations: & (GW)-¢, (GGA) ~ —4.0 eV,

£, (GW) — £.(GGA) ~ 1.7 eV.
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Fig. 3 — Total density of the electronic states in the
crystal KMgF3 obtained within the GW approach
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Fig. 4 — The imaginary part of the dielectric constant evaluated
from the Bethe-Salpeter equation

The dielectric constant &(F) shown in Fig. 4 has
been evaluated from the Bethe-Salpeter equation, as
implemented in the ABINIT code [16]. The label {96 17
4 4} means that the self-consistent calculation is made
with 96 bands, and a cutoff energy defining the plane
waves basis equals 17 Ha (34 Ry). The transition space
includes 4 valence and 4 conduction band states.

As can be seen from the comparison of black and red
curves in Fig. 4, they are almost identical, although they
are obtained with values of the cutoff energies of 34 and
48 Ry, respectively. We also see that the energy of the
first excitonic peak of these curves is much higher than
the experimental energy of fundamental absorption.
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CALCULATION OF THE QUASIPARTICLE ENERGIES OF ELECTRONS...

Now consider the curve, evaluated with electron-hole
transition space composed of 7 valence and 7 conduction
band states. Consequently, the expansion of the space of
the electron-hole transitions from {4, 4} to {7, 7} led to
the energy of the first excitonic peak, which is quite close
to the experimental value. Taking into account the space
of states used to construct the transition space {8, 8} re-
veals a better comparison of the energy of the first exci-
ton maximum with the experiment (see Fig. 4).
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4. CONCLUSIONS

The quasiparticle energies of the material KMgFs,
which is intensively used in science and industry, have
been calculated here for the first time. For the first
time, the the absorption spectrum in the region of the
fundamental absorption edge has been evaluated. The
theoretical results show a good comparison with the
experimental data.

Pacyer kBa3dn4aCTUYHBIX JHEPIUH JIEKTPOHOB U CIIEKTPA IKCUTOHOB B 00JIaCTH Kpas

(pyHImaMeHTAIBLHOrO MOIJIONIeHNd B Kpucrauie neposckura KMgFs3

C.B. Cupotior, B.M. IlIsexn, }0.B. Kabicko

Hauuornanvrwiii ynusepcumem “JIvsosckasn nonumexnura’”, yn. C. Banodepot, 12, 79013 Jlveos, Ykpauna

B nacrosiieit paborte u3ydaTcst 9JIEKTPOHHBIE U OIITUYECKUe CBOMCTBA HawboJiee apheKTUBHOIO B HACTO-
siiee BpeMsi marepuana KMgFs, ToHKMe IUIeHKH KOTOPOTO HCIIOJIB3YIOTCS B KAYECTBE TBEPIOTEJIFHOIO BaKY-
YMHOTO yJbTpaduoseToBoro jromuHodopa. Ha mepBom arame MBI IOJIydniv BOJIHOBHIE (DYHKIIHH B paMKax
dyurmmronasa mwiorHocty asekTpoHoB GGA. Ha BTopoMm arame MbI paccuynTanu yiydIeHHOe SHAYEHWEe IITUPHU-
HBI 3aIIPEIeHHON 30HHI ¢ UCII0JIb30BaHueM (yukiuu ['puna (mpubimxerne GW), mocTpoeHHOM HA BOJHOBBIX
dyHRIMIX, BraucieHHBIX B npubiamireHnn GGA. Mer obHapyskunim, yro HatinenHas B metone GGA mwupuaa
3amperneHH o 30HbI Ha 4,73 9B MeHbIlle 9KCIIepUMEHTAIBHOTO 3HAYeHUs. TpeTuit aTar ObLIT IOCBAIIEH BBIYKC-
JIEHUIO CIIEKTpPA IIOIJIONIEHUs MaTeprasia Ha OCHOBE JAHHBIX, II0JyYeHHBIX Ha IPEJBIAYIINX dTanax. Brepsoe
HaWeHbl KBA3UYACTUIHbIE SHEPI'UH JIEKTPOHOB U CIIEKT IIOIJIOIIEHUS Ha MX OCHOBE.

Knrouessie cinosa: @roporeposckut, Meton GGA, Kpasuuactuiier, JHeprus axcuroHa, CIIEKTp MOTIIONEHMS.

Po3spaxyHok KBa3iYaCTHHKOBHX €HEPriil eJIEKTPOHIB 1 cCIeKTpa eKCUTOHIB B 00s1acTi Kpaio ¢y-

HIAMEHTAJIBHOTO NOTJIMHAHHSA B KpucTtasi nepoeckutry KMgF;
C.B. Cupotior, B.M. IlIsen, }0.B. Kancko

Hauionanvruii ynisepcumem “Jlvsiscoka nonimexnirka”, gyn. C. Bandepu, 12, 79013 JIvsis, Vipaina

V mani¥ mpallli BUBYAITHCS €JIEKTPOHHI Ta ONTHUYHI BJIACTUBOCTI HAMOLIBIN e(peKTUBHOIO B JaHUI dac
marepiasy KMgF3, ToHK] IIIBKU AKOT0 BUKOPUCTOBYIOTHCA B STKOCTI TBEPAOTLIIBHOTO BAKYYMHOI0 yabTpadi-
osretoBoro Jiominogopa. Ha mepmromy erammi Mu oTpuMaJiu XBUJIBOBI (PYHKITT B paMKax QyHKITIOHAIA IIiIb-
HocTi esnektpoHiB GGA. Ha apyromy eram mMu pospaxyBaJii TOUHINIE 3HAYEHHS IIUPUHU 3a00POHEHOI 30HU
3 BukopuctaHuaM yHkiii ['pina (mabnmrerans GW), mobymoBaHol Ha XBUILOBUX (DYHKI[ISAX, 00YHUCIEHUX B
mabamkenni GGA. Mu Bussmin, mo suaiigena B meroai GGA muprHa 3aboponenoi 3ouu Ha 4,73 eB men-
ma 3a eKCIepuMeHTaJIbHe 3HadeHHs. Tperiit eran OyB HpUCBAYEHUN OOYMCIIEHHIO CIEKTPA [IOTJIMHAHHS
MaTepiaJly Ha OCHOBI JaHUX, OTPUMAHUX Ha IIOMEePeIHIX eTamnax. Brepie sHaliaeHi KBa3iuacTUHKOBI €Heprii
€JIEKTPOHIB 1 CIIEKTP IIOTJIMHAHHS Ha 1X OCHOBI.

Knrouosi cirosa: @iyopomeposckutr, Merorg GGA, Ksasivactunukn, Enepria excurona, CrieKTp IOrITMHAHHS.
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