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OPTICALPROFERTIES OF PrSb, THIN FILMS OF DARK BLUE COLORING
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A processes has been developed for the growth of thin crystalline PrSb, films different coloring by
thermal evaporation using Pr and Sb separate sources. The room-temperature optical spectra (reflec-
tivity, absorption coefficient, loss funqtion, real and imaginary parts of dielectric permittivity, opti-
cal conductivity) of PrSb, films dark blue coloring have been studied at phonon energy from 0.05 to
5.5 eV. The behavior and energy position of features in the spectra have been analyzed.
Keywords: film, substrates, intermediate valence, absorption, refraction, loss function, optical con-
ductivity.

ONTUYECKHUE CBOMCTBA TOHKHUX IUIEHOK PrSb, TEMHO-CUHEM
OKPACKH
3.Y. J:xaoya, U.JI. KynpeumBuau, A.B. 'urunenmsuian

PaspaboTana TeXHOJIOTHsI IPUTOTOBIIEHUS TOHKKMX IUIEHOK PrSb, pasnu4nol okpacku METOJI0M Ba-
KYYMHO-TEpPMHUECKOTO HCIIApPEHUS U3 JBYX HE3aBHCHMBIX McTOYHHKOB Pr u Sb. Ilpu xomHaTHOM
TeMIIepaType U3MEPEHBI ONITUYECKUE CIIEKTPHI (OTpaXkeHHe, HMorIonieHne, QyHKIUS MOTepb, ACHCT-
BUTEJIbHBIE U MHUMBIE YaCTH AUIIEKTPUYECKON TPOHUIIAEMOCTH, ONITHYECKasi MPOBOJIUMOCTb) TOH-
KuX WIEHOK PrSb, TémHo-cunel okpacku, B o6nactu sueprun Gpotonos 0.05 —5.55B. poananusu-
POBaHbI CTIEKTPaIbHbIE 3aBUCUMOCTH 3KCIIEPUMEHTAIBLHO MOTyUYEHHBIX pe3yabTaToB.

KuaroueBsble ciioBa: miéHka, IOI0KKa, TEpEeMEHHAs BAJICHTHOCTB, TIOINIOLIEHHE, OTPaXKeHHE, PyHKIIHUSI
MOTeph, ONTHYECKAas TPOBOJUMOCTb.

OIITUYHI BJIACTUBOCTI TOHKHUX IIJIIBOK PrSb, TEMHO-CUHbBOTI'O
3ABAPBJIEHHS
3.Y. [:ka0ya, I.JI. Kynpeimgini, A.B. Tirineimsini

Po3p006eHO TEXHONIOTII0 TPUIOTYBaHHsS TOHKHX IUIiBOK PrSb, pisnoro 3abapBieHHs MeTOI0M
BaKyyMHO-TEPMIYHOTO BUIIEPOBYBaHHS i3 ABOX HesanexxHux jkepen Pr i Sb. Ilpu kimHaTHIH
TEeMIIepaTypi BUMIPSHI ONTUYHI CTIEKTPH (BIIOUTTS, TOTIMHAHHS, (DYyHKITisS BTpaT, iiCHA Ta MHIMA
YaCTHHH JIIEJEKTPUYHOI MPOHUKHOCTI, ONTUYHA MPOBIJHICTB) TOHKUX IUIiBOK PrSb, Temuo-cune
3abapBiieHHs, B oOsacti eHeprii gortoni 0.05 — 5.5 eB. IIpoananizoBaHi crieKTpalibHI 3aJI€KHOCTI
EKCIIEpUMEHTAIbHO OTPUMAaHUX PE3YNIbTaTiB.

Kuarouosi ciioBa: mriBka, miaKIaInHKa, 3MiHHA BAJICHTHICTb, TOTIMHAHHS, BiAOWUTTS, QYHKIIiS BTPAT,

ONITUYHA MTPOBIIHICTE.

INTRODUCTION

Rare-earth antimonides continue to receive a
great deal ofattention owing to their interesting
properties, which have not yet been studied in suf-
ficient detail and are the subject of controversy [1
—11]. The effect of the oxidation state of rare-earth
ions in antimonides on their physical properties is
high current interest because the rare-earth ions
are not always in their typical oxidation state and
this materials involves the so-called phenomenon
ofintermediate valence [10, 11]. Thus using X-ray
L, —edge absorption spectroscopy was shown that
oxidation state of the Yb ion in YbSb, thin films of
blue coloring is +2.2 and + 2.5 in films of brown
coloring.

In this work are presented results of investigation
of optical properties of PrSb, thin films of dark blue
coloring.

EXPERIMENTAL
Crystalline PrSb, films 0.4 — 1.8 um thickness, were
grown by evaporation from Pr and Sb sources. The
source materials used were 99,9% PrM-1 pra-
seodymium and 99.9999% antimony. As substra-
tes, we used glass-ceramic, fused silica, alpha-alu-
mina, and (111)— oriented single crystal Si plates.
During the growth processes, the vacuum in the
deposition chamber was — 107 Pa. Pr was depo-
sited by electron-beam evaporation at 910 K, and
Sb by thermal evaporation between 910 and
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960 K. In all the growth runs, the substrate
temperature was maintained at 1020 K. The source
substrate separation was 35 mm for Pr and 25 mm
for Sb. The axis of the Pr and Sb evaporation made
angle of —20° and —25°, respectively, with the
normal to the substrate surface. The deposition rate
of the films was varied from 45 to 70 A/s. The phase
composition and structural perfection of the films
were determined by X-ray diffraction (XRD) and
electron diffraction. The surface morphology of the
films was imaged using characteristic X-rays
(Camebax Microbeam system). The elemental
composition of the films was determined by electron
probe microanalysis. Auger electron spectroscopy
was used to obtain composition-depth profiles. The
films deposited at a fixed praseodymium source
temperature (1910 K) and fixed substrate tempe-
rature (1020 K), but at different antimony source
temperatures in the range 910-960 K varied
in color from goldish ([LD10 —925 K) to black ([LH25
— 940 K) and to dark blue ([P40 — 960 K). The
reproducibility of results was [775 — 80%. The
reflection and transmission spectra, in the photon
energy range 0.05 — 5.5 eV at room temperature,
of the PrS films of goldish and black we studded
elsewhere [12, 13]. In this work we studied the ref-
lection and transmission spectra ofthe dark blue
coloring films, in the photon energy range 0.05 —
5.5 eV atroom temperature on an IKS-21 spect-
rometer. Spectra of optical constants were obtained
by processing reflectivity data using the Kramers-
Kronig relations.

We also measured the electro resistivity, Hall
coefficient, Hall mobility, and Seebeck coefficient
of'the films at 300 K.

RESULTS AN DISCUSSION

Analysis of the XRD and electron diffraction data
led us to conclude that the films were single phase
and had an orthorhombic structure (LaSb, typg) with
lattice parameters a = 6.24 A, b = 6.06 A, and
c¢=17.91 A, in good agreement with those of bulk
PrSb, crystals [14].

According to X-ray microanalysis data, the com-
position of the PrSb, films was 33.1% Pr +66.9%
Sb. X-ray maps of the film surface showed that the
films were rather uniform in composition. As shown
by Auger depth profiling, the films were
homogeneous in the depth direction. At a substrate
temperature of 1050 K or above, the films contai-
ned additional phases, which was probably caused

by Sb revaporization. The substrate material had an
insignificant effect on the crystallinity, phase com-
position, and color of the films.

The room temperature electrical properties of
the films are typical of the many mixed valence com-
pounds [ 11]: resistivity, 2[10° Qldm, Hall coefficient,
10 to 107 cm?/C, Hall mobility, 12 cm?/(VS),
and Seebeck coefficient 1.5 pV/K.

The data in the tabl. 1 and fig. 1 — 5 illustrate the
optical properties of the PrSb, films of dark blue

coloring,
Table 1
Data on position of features in spectra of
PrSb,. Note: E' and E" are the energy of the
zero crossing in the spectrum of the real part of
permittivity, € (w) =0 with negative and
positive slope, respectively; E'and £, E, are
the energy positions of the minima in parameters;
and E| — E are the energy positions of the

maxima (eV)
Parameter E! E, | E' | E" | E, | E,
R — - 048 — 145 -
a, 10, cm™ — [ 013 | 058 — — | 435
o, Q" cm™ - - | 061 - - | 289
g, — [ =05 — [119] -
g 0057012 - [o035] — | —
Ime? — — - 0.39 — -

Everyone spectral dependence can be divided
into two sites — area where, the contribution of
plazmon (Aw<0.5eV), itis obviously essential,
and the area, which spectral dependences should
will be defined by electronic transitions. Existence
of one, wide strip of reflection (fig. 1), covering a
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Fig. 1. Reflection spectra.
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power interval 0.5 — 5 eV, indicates very powerful

contribution transitions of fundamental character (at
high value of force of an oscillation of transitions)
which absorbs more and more thin features of a
structure of power zones. It proves to be true
regional nature of spectral dependence of factor of
absorption, since 0.58 eV value 0 changes from
90° cm™ to 300° cm™. This last size o forms an
absorption maximum at4.35 eV (fig. 2).
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Fig. 2. Absorption spectra.
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The absolute minimum and all other parameters
describing processes of absorption (k, €, 0) is
observed also at 0.60 eV (fig. 3 — 5). However,
power provisions of their short-wave maxima differ
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Fig. 3. Spectra of the real (¢,) and imaginary part (€,) of
permittivity.
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Fig. 4. Spectra of optical conductivity.

—1.75¢V for €, 2.83 €V for 0. Thus specified
maxima of optical conductivity and factor of ab-
sorption are dominant in their ranges. Absorption in
low-energy area is shown in the form of monoto-
nously increased £, €,, 0 and in a range of factor of
absorption the strip with the center of gravity is for-
med at 0.16 eV, value in which 10 times less, than in
a short-wave maximum. Zero crossing by depen-
dence € (w) takes place (fig. 3) at 0.057 eV (with
anegative inclination) and 0.35 eV (with positive).
The maximum of function of losses also settles
down near this energy (0.38 eV, fig. 5). Well created
negative and positive extreme of the valid part of

dielectric permeability it is observed, respectively,
at0.12eV and 0.78 eV.
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Fig. 5. Loss function spectra.
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Data on position of features in spectra are
summarized in the tabl. 1.

CONCLUSION

The first process has been developed for the growth
of thin crystalline PrSb, films of different coloring
(orthorhombic symmetry,oLaszstructureé lattice
parameters a = 6.24 A, b = 6.06 A, and
c=1791A).

We have studied the room-temperature optical
spectra (reflectivity, absorption coefficient, loss
function, real and imaginary parts of dielectric
permittivity, optical conductivity) of PrSb, films of
dark blue coloring at phonon energy from 0.05 to
5.5 eV. The main features, power position of the
revealed structures in all ranges are considered.

We are grateful to L.V. Gazina, R.S. Iakubova
for their assistance in the experimental work.
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