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SPECTRUM OF SURFACE POLARITONS ON GaSe CRYSTALS

NADIR B. MUSTAFAEV
Institute of Physics, Azerbaijan National Academy of Sciences,
Baku Az-1143, H.Javid av., 33, Azerbaijan

The spectrum of surface vibrations on GaSe exited by the optical method of attenuated total reflection (ATR) has been studied
theoretically. The ATR spectra have been calculated for the geometry when the normal to the crystal surface is perpendicular to the cleavage
plane. The frequency-wavevector dispersion determined by positions of the ATR spectrum minima at various angles of incident light within
frequency range 214<1<254 cm™ consists of two branches. The lower branch (<245 cm™) corresponds to the surface mode of type I (real
mode) or type 11 (virtual mode) depending on the wavevector value. The upper branch (¥>245 cm™) corresponds to the type 11 surface mode.
The results of the calculation have been compared with experimental data obtained by other methods. The calculated dispersion relation at
small and large values of the wavevector agrees with experimental data of infrared and Raman spectroscopy.

1. Introduction

In papers [1,2], spectra of the Raman scattering (RS) in
GaSe films were investigated. In high-frequency region
(240<1<320cm™), the RS peaks were observed at the
frequencies of »,=245cm™, ,=254cm™ and 1,=309cm™. For
the peaks at v and 15, the RS intensity decreases with the
film thickness, whereas the intensity of the peak at 1 remains
almost invariable. It was explained by a great contribution of
surface vibrational states to the RS cross-section at the
frequency of 245cm™. In papers [3,4], the peak near of
245cm™ in the spectra of infrared absorption was observed
owing to thin metal (Al) layer evaporated on GaSe films.
Generally, the study of surface modes by Raman and infrared
spectroscopy methods is difficult because of weak intensity
of the scattering [5]. A sensitive and relatively easy technique
to study the surface phonon-polaritons on crystals is the
method of attenuated total reflection (ATR). By the ATR
method a measurement is made of the reflection spectrum of
electromagnetic wave incident on the boundary surface of
two media (prism-spacing layer) which is a plane of total
internal reflection. The presence of a crystal at a distance
from this plane involves a violation of the total reflection
condition. As a result, the reflection spectrum has sharply
defined minima which correspond to the light absorption due
to surface phonon-polaritons [5].

For the present, the ATR spectroscopy of surface modes
in GaSe has not been done. Theoretical study made in the
present paper shows that the ATR spectroscopy method can
substantially supplement the results of papers [1-4]. In GaSe,
the ATR method will also allow observations of the surface
modes of type Il (so-called ‘virtual excitation' surface
polaritons having no analogue in isotropic crystals).

2. Reflection Spectra

The reflection coefficient of light R has been calculated
by the method used in paper [6] for uniaxial crystals in
accordance with conventional experimental set-up. The prism
region and the region of the crystal involved are assumed to
be semi-infinite along the z-axis (this axis is perpendicular to
the crystal surface and the prism base). The x-axis is brought
into coincidence with the plane of light incidence. The case
of p-polarized light (i.e. when light is polarized in the plane
of incidence) has been considered because the interaction
with surface phonons does not occur in s-polarization [5].

The light absorption only by the crystal has been taken into
account.
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Fig.1. The frequency dependence of the light reflection
coefficient R when the light incidence angle is equal to
(1) 20°, (2) 23°, (3) 25° and (4) 28°.
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Fig.2. The frequency dependence of the light reflection
coefficient R when the light incidence angle is equal to
(1) 30° (2) 32°, (3) 40° and (4) 60°.

An expression for R has been found from the solution of a
system of equations for the electric field vectors of incident
and reflected waves on the prism-spacing and spacing-crystal
boundaries. The expression for R has very comber some form
(it is similar to that obtained in paper [6]). Numerical
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calculations of the ATR spectra have been made for the most
conventional geometry of experiments when the normal to
the crystal surface is perpendicular to the cleavage plane. It is
known that the GaSe crystals are easily cleaved parallel to the
layers (the C axis of the highest symmetry is perpendicular to
the cleavage plane). For calculations, the values of the
transverse 1o and longitudinal 1o optical phonon
frequencies, the damping constant y and the high-frequency
dielectric constant &,, of GaSe given in Table 1 have been used.

Table 1.
Values of the transverse v and longitudinal v, o optical phonon
frequencies, the damping constant y and the high-frequency
dielectric constant ¢, for the directions parallel and perpendicular to
the optical axis C of the GaSe crystals [7].

Ic 1C
vio (cm™) | 237 2135
vio(em?) | 2455 254.7
y (cm™) 2.8 3
£ 5.76 7.44

A thickness of air spacing between the prism and the crystal
surface is taken to be 2.5 um. The dependence R(v) has been
calculated for various angles of light incidence ¢. In
experiments, a set of silicon prisms (&s; =11.6) with different
base angles is often used to obtain the ATR spectra over a
range from 18 to 60° [8]. The calculated reflection spectra are
shown in figures 1 to 2.

3. Discussion

In figure 1, it is seen that the reflection spectrum has two
minima if @<30°. When the angle of light incidence ¢
increases, then the depth of minima changes, and their
position shifts towards the region of higher frequencies. At
@=28° these minima have comparable depth. If ¢>30°, the
R(v) dependence has one minimum (fig. 3).

Points on figure 3 corresponds to the position of the R(v)
minima depending upon the reduced wavevector of surface
polariton x=q,/2nv. The relation between x and the angle of
light incidence ¢ is expressed by the formula

K:\/gsingo

In figure 3, it is seen that there are two dispersion
branches. If x<1.5, the lower branch corresponds to a surface
mode of type Il (virtual mode) because within the frequency
range 214<1<237 cm™ the dielectric constant component &, is
positive and greater that x* (the z-axis is parallel to the C
axis). If xk>1.5, the lower branch corresponds to a surface
mode of type | (it is a real mode because &<0): at x=2 its
frequency reaches the value of 244cm™ (the further change of
the frequency is small). The upper branch corresponds to the
type 11 surface mode (&<#* within the frequency range from
246 to 254cm™): if x>1.6, the vibrations corresponding to this

branch vanish (according to [5], the point where &=« and
&=0 is a stop point for the vibrations). The region of small
wavevectors (x<1) corresponds to the radiative surface
modes studied in papers [3,4]. In figure 3, the frequency
value of 245cm™ is shown by dashed line. When &<1, the
dashed line corresponds to the film mode observed in paper
[3]. At x>>1 (in papers [1,2] the measurements were made
for this region), the dashed line corresponds to the peak 1,
observed in the RS spectra. From figure 3, it follows that the
calculated dispersion curve agrees well with the experimental
data available at small and great values of x. The present
paper to be a stimulus for setting up experiments on GaSe by
the ATR metod. Results of such experiments will make the
comparison in intermediate region of the wavevector values
possible.
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Fig. 3. The dispersion curve of surface polaritons. The points
correspond to minima of the R(v) dependence given in
figures 1 and 2. Solid lines show the frequencies of
transverse vro and longitudinal v, g optical phonons in
the directions parallel and perpendicular to the optical
axis C of the GaSe crystals. The dashed line corresponds
to the experimental data available at small (k<1) and
great (x>>1) values of the reduced wavevector «.

4. Conclusion

The spectrum of surface vibrations on GaSe excited by
the optical method of attenuated total reflection has been
calculated. It is shown that the dispersion curve has two
branches. One of the branches corresponds to the surface
mode of type Il (virtual mode). The other branch corresponds
to the surface mode of type Il or to the surface mode of type |
(real mode): it depends on the wavevector value of surface
polaritons. Results of the calculation agree well with
experimental data obtained by other optical methods.
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Nadir B. Mustafaev
GaSe KRISTALINDA SOTHi POLYARITONLARIN SPEKTRI

Layh GaSe kristallarinda isidin tam daxili qayitmasini pozma metodu ile hayacanlandiriimis sath ragslerinin spektri nazari
cehatden tadqiq olunub. Spektrin hesablanmasi, kristal sathinin pargalanma mustavisine tasaduf etdiyi hal Gg¢lin apariimisdir.
isigin diisms bucadinin miixtalif giymatlerinde qayitma spektrinde miisahide olunan minimumlarin veziyystine gére miisyyan
edilmis dispersiya asiliigi 214<v254 sm-1 tezlik diapazonunda iki ayriden ibaratdir. Alt ayri (v<245 sm-1), dalga vektorundan
asili olaraq ya | tip (real), ya da ki, Il tip (virtual) ssth modasina miivafiqdir. Ust syri (v>245sm-1), Il tip seth modasina aiddir.
Alinan naticsler bagqa metodlarla aparilmis tecriibslerin nsticeleri ile miigayise edilmisdir.

Hagup b. Mycradaes
CIHHEKTP NOBEPXHOCTHBIX HOJISIPUTOHOB B KPUCTAJJIAX GaSe

Teoperuuecku UcceOBaH CIEKTP MOBEPXHOCTHBIX KosebaHuii B GaSe, BO30yxJaeMbIX ONTHYCCKUM METOIOM HapyIICHHOTO MOJIHOTO
BHyTpeHHero orpaxenusi (HIIBO). Pacuer cnextpo HIIBO mnpoBeneH [yisi reOMETPHH, KOT[a HOPMalb K TOBEPXHOCTH KpHCTAJLIa
MEPIEeHIUKYJISIPHA TIIOCKOCTH CKola. JIMCIepcHOHHAsl 3aBHCHMOCTb, OIPEACNICHHAs IO TOJIOXKEHHI0 MHHHMyMoB cnekrpa HIIBO mpm
pa3nMYHBIX YIJax MaJeHusl CBeTa, B JAuana3oHe dyacTor 214<1<254 em? cocrout u3 IByX BeTBed. HipkHss BeTBb (1<245cm™)
COOTBETCTBYET, B 3aBUCHMOCTH OT BEJIMYMHBI BOJIHOBOTO BEKTOpA, IOBEPXHOCTHOW Moze Tma | (peanbHas Mmopa), wiam ke tuma |l
(BupTyanmsHas moma). Bepxmss BetBb (v>245 cM') OTHOCHTCS K TMOBepXHOCTHOH Moze Tuma |l. PesysnbTaThl pacdera COMOCTABICHEI C
9KCTIEPUMEHTAIBHBIMH JAHHBIMH, TOJIyYeHHBIMHI APYTUMH METOAaMU.
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