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RESEARCH OF CRITICAL POINTS IN THE ENERGY SPECTRUM TlInSe,

S.T. KAGRAMANOVA, F.A. MUSTAFAYEV, N.A. DJAVADOV
Institute of Physics of Academy of Sciences of Azerbaijan
370143, Baku, H. Javid av., 33

The present work is devoted to detail study and improvement of the band structure TlInSe,. With this purpose we analyzed the spectroel-
lipsometric measurement results of imaginary and real parts of dielectric function in an energy range E = 1,2- 3,02 eV for detection of Van-
Hove singularitjes. The classification of the found structures, identification to their transitions in the earlier designed band structure TlInSe,
is carried out. The correlation energy position of structures observed in TiInSe, with the energy-position of structures found in base crystal

TiSe is found.
INTRODUCTION

Halcogenids of the elements of the third group of a peri-
odic table crystallize in chain and layer structures. TiSe,
TiInSe,, TIGaTe, TlInTe crystallizes in a chain structure.
Many physical properties of these compounds reveal an ani-
sotropy. In connection with the interest to low dimensional
systems the big attention is given to their electron spectra,
which determine the above mentioned singularities of physi-
cal properties. The band structure TlInSe, are carried out by
the authors [1-5]. So in [1] the spectral dependence of the
absorption coefficient is investigated and the conclusion, that
E = 1,18 eV and the intrinsic absorption edge is stipulated by
direct transitions. In work [2] the opposite conclusion that
TlInSe, -indirectband semiconductor with £ = 1,14+0,02eV
is done and the energy of phonons participating in the optical
transitions0,08eV is estimated. The authors [3] analyzing a
spectral dependence of an absorption coefficient have re-
vealed in the energy range 1,45-1,6 eV direct solved transi-
tions with a minimum energy 1,44 eV. In work [4] investiga-
tions of a long-wave length absorption edge are shown, that
T1InSe, - indirectband semiconductor with E= 1,21 eV and it
is stipulated by phonons with an energy E = 0,045 - 0,005¢eV,
and also, that the weak absorption bands with £ = 1,16 eV
and £E=1,08 eV at T= 80 K and T =300 K accordingly are
connected with indirect exiton transitions. In same work the
spectra of photoconductivity TlInSe, are investigated. It is
shown, that the crystals have high photosensitivity in the en-
ergy range 0,95-1,7 eV. A position of a long-wave length
maximum at the energy 1,2-1,25 eV the authors assign to
indirect optical transitions. Spectroellipsometric measurement
in the energy range E = 1,2-3,02 eV, which allow to obtain
the imaginary and real parts of dielectric function from ex-
periment are carried out.

CLASSIFICATION OF YAN-HOVE
SINGULARITIES

To improve the band structure TlInSe, we analyze the
critical points. For data processing the analytical expression
for dielectric function is used

gw) = C - Aexp(ip) (w — E + iI")"

where @ - phase frequency of an incident radiation; n - pa-
rameter defining dimension of Van-Hove singularity;
@ - phase angle, defining type of Van-Hove singularity;
I" - half-width of researched peak; A - amplitude of a bell of
researched peak; E - energy of Van-Hove singularity.

Case n = -1 corresponds to exiton state (Fig.1).
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Fig.1. A real and imaginary part smoothed dielectric function in
polarization ELc.

Case n = -1/2 corresponds to one-dimensional case. There
are two such singularities: a minimum (1D min) and maxi-
mum (1D max). The value of a phase angle ¢=n/2 corre-
sponds to a minimum and a value ¢ = 0 (Fig.2) - to maxi-
mum.

Two-dimensional case corresponds to n = 0. The depend-
ence (1) has the logarithmic function form. The value of a
phase angle ¢ = 0, corresponds to a minimum (2Dmin),
@=nr/2-saddle point (2D sed) and ¢=x - maximum (2Dmax)
(Fig.3).

For three-dimensional case n = 1/2 the value of a phase
angle @=37/2 corresponds to minimum (M0), ¢ = 0 - to
saddle point (M1), p=n/2 - to saddle point (M2) and ¢=n
- to maximum (M3) (Fig.4).
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RESULTS
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For the correct definition of the energy position of Van- &
Hove singularities, and also their classification it is necessary
to investigate the second derivatives of an imaginary and real
part of dielectric function. On (Fig.4) the second derivative of
a smoothed real part of dielectric function in polarization
Elc is represented. On (Fig.5) the second derivative of a
smoothed real part of dielectric function in polarization E|| ¢
is represented. On (Fig.6) and (Fig.7) the second derivatives
of smoothed imaginary part of dielectric function in two po-
larization ELc and E|| ¢ accordingly are represented.

As result the energy position of Van-Hove singularities
was found, and their classification is made.
The results are shown in a table (1).

Table 1.
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) . . . L : Energy (eV) Classification | Polarization | Identification
Fig. 2. A real and imaginary part of dielectric function in polari- 1.51(7) 3D(M0+M1) Fle . P5 - (P1+P4)

zation £ [l c. 1.64(3) | Exiton Elc -
TnSe, E L C 1.72(1) 2Dmin Elc T3 -T10
1.92(8) 2Dmin Elc T6 — T4
2.17(0) | 3D Ml Elc -
2.39(0) 2Dmin Elc N4 - N5
2.51(1) 3D(MO0+M1) . Ele -
L 2.67(1) 1D(min+max) Elc 3 -
A 2.31(2) 2Dmin Elc - i
V\] 2.92(7) 2D (min+c) Efc N4-N8
' 1.55(3) 3D MI 1 Elle P5 - (P1+P4)
1.792) . | 3D(M2+M3) | - £ llo - T3-TI0 |
1.84(7) iDMI elle D G- Gl
225(0) | 3D(MO+MI) [ Elfe o
2.46(8) 2D min Elle T N4-N§5-
'-sod—‘ o o : 2.68(2) 2D(max + ¢) YE'”‘?""' i -
"2 SR A 2.2 27 732 2.84(7) 2Dmin @ .| "Elle | N4-N8
' : : ' Eev 1 2.90(5) 1D min T Elle 1+~ —«
Fig.3.Second derivative of a smoothed real part of dielectric BRI ,
function in polarization ELc. ‘ DISCUSSION
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The presence of correlation between singularities ob-
served in base crystal TISe [6] and TlInSe, is very interesting.
Let's consider in the beginning singularities observed in
TlInSe; in polarization ELc and compare them transitions in
calculated band structure [5].The singularity at the energy
E = 1,51 (7) eV, being superposition of a three-dimensional
mixed minimum with a saddle, is interpreted by us as transi-
tion P5-P1 + P4, i.e. in polarization ELc only one component
of a doublet registered in T1Se. The exiton state at the energy
1,64 (3) eV is observed. Observed by us in TISe exiton peak
at energy E = 1,35 (1) eV is shifted respect of above men-
tioned one approximately on 0,3 eV. It is stipulated by that
] \ forbidden band width TlInSe, almost on 0,3eV more than in
. TISe. The energy position of a two-dimensional minimum at
] v E=1,92 (8) eV will be well agreed with the energy position
"501 AR P Y RE 1 AR S of critical point being mixing of a two-dimensional minimum

' ' o T T b ey with a saddle at £ = 1,84 (7) eV in TISe. We have compared
transition T3-T10 and transition T6-T4 to singularities at

Fig.4.Second derivative of a smoothed real part of dielectric E=1,72 (1) eV and E = 1,92 (8) eV accordingly. It is estab-
function in polarization E | c. lished that the structure observed at £ = 2,17 (0) eV is a
three-dimensional saddle, and at £ = 2,39 (0) eV it is a two-
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dimensional minimum and corresponds to transition N4-N5,
This structure will be well agreed with the two-dimensional
minimum at E=2,36(2) eV in TlSe. It is possible to confirm,
that the singularity at E = 2,67 (1) eV is mixing of one-
dimensional minimum with a maximum, and the structure at
E =281 (2) eV is a two-dimensional minimum. The structure
at E =2, 92 (7) is identified as transition N4-N8. Let's con-
sider now the singularities observed in TiInSe, in polarization
Ell c. Structure at E=1,55 (3) eV being a three-dimensional
saddle M1 is interpreted as the transition P5-P1 + P4. As the
energy position of this singularity disposes near of the critical
point according to superposition” of a three-dimensional
mixed minimum and a saddle in polarization E|| c then it is
reasonably to assume, that it is the same structure. The singu-
larity exhibiting as a mixing of a three-dimensional saddle
with a maximum at E = 1,79 (2) eV we are identified the
transitions T3-T10, and three-dimensional saddie M1 corre-
sponds to transition G4-G1. The energy position of this sin-
gularity also well correlates with a singularity observed in
TISe at energy E = 1,83 (1) eV in the same polarization. It is
established, that the structure at £ = 2,25 (0) eV is superposi-

tion of a three-dimensional minimum with a saddle M1 and
can be identified as:transition on a line of a symmetry D1-D1.
Two-dimensional minimum observed at E = 2,46 (8) eV cor-
responds to transition N4-N8. The energy position, and also
classification of this singularity will be well agreed to the
observed critical point at £ = 2,36 (7) eV in the same polari-
zation. It is established, that the structures at £ = 2,68 (2) eV
and E = 2,84 (7) eV are two-dimensional minima, and to a
last structure there corresponds to the transition N4-N8. It is
possible unequivocally to confirm, that the singularity found
at B= 2,90 (5) eV is superposition of one-dimensional mini-
mum and maximum. '

CONCLUSIONS

Obtained as result of investigations of structures, and also
their found identification allow to improve of the band struc-
ture TlInSe,. Transitions between electronic levels univalent
thallium are observed both in TISe, and in TlInSe, almost at
the same values of an energy and represent Van-Hove singu-
larities of one type and dimension.
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TlinSe: ENERJI SPEKTRIND® BOHRAN NOQTOLORIN TODQIQi

Bu is1 TlInSez-nin qurulusunun deqiq 6yrenilmesi ve ta’yinine hasr olunmugdur. Bu megsedle Van-Xov xiisusiyyetlorini askar
etmak magsedi ilo £=1,23,02 eV enerji intervalinda dielektrik funksiyasinin haqiqi ve mévhumi hisselerinin spektroellipsometrik
Slglilorinin neticelari analiz edilmisdir. Tapilan strukturlarin klassifikasiyas: aparilmig, TlInSe2-do gabaqcadan hesablanmis zona
qurulusundaki kegidlere aidliyine baxilmigdir. Baza kristalh TiSe-de miigsahide edilen strukturlarin enerji veziyyeotlori ilo T1InSez-de
goriilen strukturlarin enerji voziyyetlorinin korrelyasiyasi miisahide edilmisdir.

C.T. KarpamaHoBa, ®.A. Mycradaes, H.A. xkaBaaos
HCCIEAOBAHUE KPMTHYECKHNX TOYEK B DHEPTETUYECKOM CHEKTPE TlInSe,

Hacroswas pa6oTta nocssuleHa A€TaNbHOMY H3YUEHHIO H YTOUHEHHIO 30HHOM cTpykTyph! TlInSe,. C 3To# uensio HaMu G npoaHany-
3HPOBaHbl PE3Y/BTAThl CMIEKTPOIUIUNCOMETPHUECKUX H3MEPEHNH MHUMON M AeHCTBUTENBLHOM YacTeil AMINEKTpHUECKo# GYHKUNK B UHTED-~
Baje 2Hepruit £=1,2-3,02 3B na npenmer suigBncHUs ocobeHHoctel Ban-XoBa. [TpoBeaeHa knaccupukauns HalAeHHBIX CTPYKTYp, HAEH-
THdHUKalLNg KX nepexoaM B paHee paccuMTaHHOH 30HHO# cTpykType TlInSe,. Boina o6HapyxeHa koppensiuns SHEPreTHUECKOTro NONOXKEHUS
CTpYKTYp, HabmozaaeMsix B TlInSe, ¢ sHEpreTHYECKUM NONIOXKEHHEM CTPYKTYP, 06HapyxeHHbIX B 6a3oBoM kpuctanne TlSe.
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