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A theoretical study of the surface phonon-polaritons spectra in GeSe has been

made for the most conventional geometry of experiment when the normal 1 to the
surface is perpendicular to the cleavage plane, and the wavevector k is oriented
along either & or b axes which both lic in the cleavage plane. It has been
concluded that in the case of k|| b, there are two branches of the surface phonon-
polariton dispersion curve, and each branch has cither virtual or real excitation
character in dependence on difTerent frequency regions. In the case when kJ|& there
are two real excitation branches, one virtual excitation branch, and one mixed
branch which has either virtual or real excitation character in dependence on
frequency.

1. Introduction

Germanium selenide, like the 1V-VI semiconductors GeS, SnS and
SnSe, belongs to the group of layered crystals. Vibrational spectra of these
crystals were studied in a number of publications [1-4]. In particular, it has
been established that infrared spectra have one active phonon mode for

polarization E||b and three phonon modes for each of polarizations Ella
and E||& which is in agreement with the selection rules and symmetry of

these crystals (here both the axes & and b lie in the cleavage plane
perpendicular to axis ¢). Unfortunately, there are no experimental
investigations on the surface phonons in the IV-VI layered semiconductors.
Such investigations would be interested because the non-trivial peculiarities
can be expected as a result of large anisotropy and the richness of phonon
spectra in these crystals.

In the present paper the calculation of the surface phonon-polariton
spectra for GeSe has been made in order to stimulate the experimental
investigations. The calculation has been done on the basis of theory
developed in the references [5-8]. The study has been made for the most
conventional geometry of experiment when the normal n to the surface is
perpendicular to the cleavage plane, and the wavevector k is oriented along

cither & or b axes. It has been concluded that in the case of kHB, there are
two branches of the surface phonon-polariton dispersion curve, and each
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branch has either virtual or real excitation character in dependence on
different frequency regions. In the casec when klla there are two real
excitations branches, one virtual excitation branch, and one mixed branch
which has either virtual or real excitation character.

2. Basic Formulae.

We study the surface phonon-polaritons in the half infinite GeSe
crystal placed in vacuum. Let the wavevector k and the surface normal n
be oriented along the principal axes of the dielectric tensor &. For
simplificity, we ignore the dielectric loss. As it is known, the basic features
of the surface polaritons are revealed even if damping is not taken into
consideration. In this case the dielectric tensor has diagonal form and its
components are real functions of frequency only.The dispersion relation for
the surface waves propagating along the crystal-vacuum interface and
exponentially attenuating in the direction perpendicular to the interface, is
given by [5-8]

& (w)-1

K (w) = (w]c) &, (w) 6))

£ (wle,(w)-1

Here @ is the frequency of surface phonon-polariton, ¢ is light
velocity, £, and &, arc the components of diclectric tensor for electric
vector E polarized along n and k, respectively.

We shall consider only non-radiative modes, i.e. the case when
@ < kc. A necessary condition of the existence of surface polaritons is
&, < 0. Under this condition the dispersion equation (1) yields two types of
surface polaritons. The first type occurs when &, < 0. This type is known as
‘real excitation’ or ‘type I’ surface polariton. The second type occurs when
€, is positive and reduced wave number & = kc/w is less than \/;n— . This
type is known as ‘virtual excitation’, or ‘type II' surface polariton. At the
point & = JE; (so-called ‘endpoint’) the dispersion curve of the virtual
excitation surface polariton coincides with that of the bulk polariton. As it
follows from equation (1), at this point the component &, equals to zero.

According to ref. 9, the component of the dielectric tensor may be
expressed in the terms of the transverse optical phonon frequency @,, and
the longitudinal optical phonon frequency @,

g (@) = ngff(a)) 2
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where €, is high frequency dielectric constant, [] is the product sign, 1 is
the number of phonon modes, and

(W) —@°
f‘E - LO/1 3
; (@) o ©)

It follows from (2) and (3) that thc component ¢, has poles at
w = (wr), and zeroes at o =(w;,);. In the frequency range
(wr,), < w < (wr,), the component &, is negative.

3. Results and Discussion.

The GeSe crystals cleave very easily in the plane perpendicular to the &
axis, thus suggesting a weak inter-layer bonding. On the basis of the
dispersion relation (1), and formulae (2) and (3), we have theoretically
studied the surface phonon-polaritons on GeSe for the most conventional
geometry of experiment when the normal to the surface is perpendicular to
the cleavage plane (i.e. n||c), and the wave vector k is oriented along

cither & or b axes which lie in the cleavage plane. We have used the values
of the LO and TO phonon frequencies and the high frequency dielectric
constant of GeSe given in table 1. As it is seen from table 1, there are three
phonon modes (i = 1...3) for ecach of the polarizations E|la and E||C,

and only onc phonon mode (1 = 1) for the polarization E||b.

Table 1.
The LO and TO phonon frequencies and diclectric constant of GeSe. All phonon
frequencies are given in units of cm-! . Data taken from ref. 1.

Ella E|lb Ellc

(@r0); 88.0 150.0 83.0
(@,,); 91.5 210.5 86.0
(@), | 1750 172.0
(0,5), | 1780 194.0
(), | 1860 198.0
(@,,), | 2240 215
&, 18.7 219 14.4
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3.1. The Case of k|| b.

From fig. 1, it is seen that in the case when k]lf) the surface phonon-
polariton dispersion curve has two branches. Fig. 2 makes it possible to
establish the nature of these branches. In fig. 2 we have plotted the diclectric
tensor components and the squared wave number as function of frequency.

As one can seen from fig. 2, in the range from (w)),=150 cm* to
(w7,),=210 em-! the component &, is negative. The component g, <0in
the frequency ranges (wy,),=172 cm- to (®@7,),=194 cm!, and (wZ),=198
cm! to (wy,),=221.5 cm-. In the frequency ranges o <(wj ), and
194.2 < w < (wy,),, the component &, is positive and greater than °.

The wave number extends to infinity at the frequency values @=194 cm-!
and @=210.1 ecm-! (where £_¢, = I).

00 1000 1500 2000 2500 3000
k (1/cm)

Fig. 1. The surface phonon-polariton dispersion curve for GeSe in the case
when zl|é and k|| 5. Roman numerals stand for the frequency regions

where (I) the real excitation and (II) the virtual excitation surface
phonon-polaritons occur.

Therefore cach of the surface phonon-polariton branches has either
virtual or real excitation character in different frequency regions. The lower
branch is virtual excitation surfacc phonon-polariton in the range

k bed v . .
(W), <@ < (wy,), where &, > @, and is a rcal cxcitation surface
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Fig. 2. The frequency dependences of the dielectric tensor components &,

(curve 1) and &, (curve 2), and squared wave number & (dashed
curves) in the case when a||é and k|| b. The wave number has poles at
®=193.979 cm-! and @=210.127 cm-! (where &, &, =1).The dotted

lines correspond to the poles of ¢, at @=172 cm! and ®=198 cm-.

n

phonon-polariton in the range (w;,), <@ < (®},), where &, <0. The
upper branch has virtual character in the frequency range
194.2cm™ <w < (®f,), and real character in the range
(wp), <w<210.1 cm™.

3.2. The Case of k||a .

Fig. 3 shows the dispersion curve in the case of k||a. The curve has
four branches. The lowermost branchis the virtual excitation surface

phonon-polariton becausc in the frequency range (@) ),=88 cm! to
(a)fo );=91.5 cm-! the component &, is negative and ¢, > &’. The frequency
(wr,), corresponds to so-called ‘endpoint’ where &,=0, &, = 2° and k is
limited to the value k, =2388 cm-l. In the frequency ranges (a)fo)l to
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Fig.vj’. The dispersion curve for GeSe in the case n||é and k|la. Roman
numerals stand for the frequency regions where (I) the real excitation
and (II) the virtual excitation surface phonon-polaritons occur.

(a);fo)2= 175 ecm! and (a)fo)2=178 cm-! to ((u;.‘o)32186 cm!, the component
&, 1s positive and there are no surface phonon-polaritons. The real
excitation  surface  phonon-polariton  occurs in  the  ranges
(Wp,), < ® < (@y,), and (o), < < (@), where &, <0 and &, <0. In
fig. 3 the uppermost branch is the virtual excitation surface phonon-
polariton in the range 194.2cm™” <@ < (wr,),, and is the real excitation
surface phonon-polariton in the range (@), <@ <220.2 cm™. The
wave number extends to infinity at the frequencics 178, 194 and 220.2 cm-!.
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F.M. Hagimzado, D.O. Hiiseynova, N.B. Mustafayev
GeSe KRISTALLARINDA SOTH FONON-POLYARITONLARI

Magalodo GeSe kristallarinda soth fonon-polyaritonlar tedqiq edilir. Nozeri
hesablamalar tecriibede asanligla olde olunan hal Ggin aparilir: kristalin sethi
onun par¢alanma miustevisine, dalga vektoru ise bu mistevi uzerinde yerloson &
vo b oxlarindan birine tesadif edir. Dalga vektoru b oxuna paralel olduqda dis-
persiya asihilig1 iki garigiqtobiotli oyridon ibarotdir. Bu eyilor mixtolif tezlik diapa-
zonlarinda hoaqiqi, ya da ki virtual soth fonon-polyaritonlarina mexsusdur. Dalga
vektoru & oxuna paralel oldugda dispersiya asilihg: iki hoqiqi, bir virtual ve bir
qarisigtobiotli ayriden ibarotdir.

®. M. IN'amumsane, JI.A. I'yceiinosa, H.b. Mycradaen
MOBEPXHOCTHBIE IMOJIIPUTOHDI B GeSe

TeopeTHdecKH MCCIIEIOBaH CIICKTP MOBEPXHOCTHLIX (DOHOH-TMOISIPUTOHOB B
GeSe s Hauboliee MPUEMIMMOI ¢ 9KCIIEPUMEHTAILHOM TOYKH 3PEHHS TEOMET-
PHH, KOIJIa HOPMaJlb K MOBEPXHOCTH TMEPICHHKYISPHA TUIOCKOCTH CKoja (T.e.
n||& ), a BOIHOBOI BeKTOp X OPUEHTUPOBAH WIIN BJIOJIb OCH & , WM BIOIIb OCH b,
JIEXANMX B 9TOM TUIOCKOCTH. YCTAaHOBICHO, YTO B cTydac ki|b aucriepcHoHHas
KpUBasi MOBEPXHOCTHBIX (JOHOH-MOISIPUTOHOB COCTOMUT HX JIBYX BETBCH, KaXJas
U3 KOTOPHIX B PA3IIMYHBIX 00JIACTAX 9aCTOT UMEET MM BUPTYAJbLHBIH, A XKE pe-
aJLHBIA XapakTep. B ciaydae ki|& quicnepcHoHHAas KpHUBas COCTOMT M3 IBYX peaib-
HBIX, OHOM BUPTYallbHOW H OJHOIT cMEIaHHOH BETBH, COOTBETCTBYIOLIEH, B 3a-

BHCHMOCTH OT YaCTOTBI, HIIM BUPTYaIbHOMY, WIH ¢ peallbHOMY ()OHOH-TIOISAPH-
TOHY.
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