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PHASE ANALYSIS OF GaSe SINGLE CRYSTALS CARRIED OUT BY NEW ELECTRON
DIFFRACTION'S METHOD OF ROTATION

M.G.Kyazumov, F.Kh.Mamedov, L.V.Rustamova
(Presented by Academician of ANAS T.J.Jafarov)

The electron diffraction patterns of GaSe single — crystal films (SCF) obtained by their rotation
around the axis perpendicular to the film's plane which are inclined at an angle ¢ from perpendi-
cular position to the incident electron beam as well as electron diffraction patterns obtained by ro-
tation of SCF around axis « of reciprocal lattice perpendicularly positioned to the electron beam
have been studied. On contrary the electron diffraction patterns of oblique textures in which the
reflection series superimpose and therefore it is impossible to diversify ¢ and g polytypes, we can
clearly determine different polytype modifications on SCF obtained by flaking off the crystal adhe-

sive tape synthesized by Bridgman method. These are & (sp. gr. P6 m2) and f(sp. gr. P6smc) ones
0 0
with lattice parameters: a=3,76 A, c=1595A.
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Introduction

Close-packed prismatic layers filled by
X-M-M-X typed metal atom vapors form the
structures of GaS, GaSe, InSe polytype sets.
Polytype 2H is elementary with chalcogen ar-
rangement (position A,B and C in close pac-
king) and metals (position a,B,y) ~ABBABaoB,
sp.gr.P6s/mmc, 2T, ABBAByyB (P6 m2) poly-
type and 3R, ABBAByyBCoaaC (R3m). There
have been also 4H, 6H, 9R,12R,18R,18R,,21R
polytypes and others [1]. The crystals chosen
from different parts of the same ampoule can be
differed by structure so that different polytype
modifications can co-exist in the same crystal.

Among the well-known diffractometric
methods the electronographic method of obli-
que textures is the most valuable for investigati-
on. But of course there might be some deficien-
cies as well. Primerely textured samples can be
studied by this method. Dispersion can disturb
not only the crystal lattice perfection but lead
also to the phase transitions in some cases.
Electron diffraction patterns of single crystal
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rotation (EDPSCR) have some advantages in
compare with the electron diffraction patterns
of texture. EDPSCR gives the local diffraction
and structural information relating to the indivi-
dual crystals but electron diffraction patterns of
textures give us just only averaged information
about on a number of micro- and nanodimensi-
on crystals. That is why in this paper we have
presented new electron diffraction's method of
crystal rotation which have been used to inves-
tigate GaSe single crystals.

Experimental part and result's discus-
sion

GaSe crystals synthesized by Bridgman
method are cleaved perpendicular to layers into
two parts. Crystal structures of one of them ha-
ve been investigated by method of oblique tex-
ture. Experimental samples were obtained by
microdice deposition from aqueous suspension
(derived by easy crushing with subsequent ult-
rasonic dispersion) in the aqueous form on the
metal gauze covered by celluloid films. Becau-
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se the crystals were layered after depositing
them from the suspension on the film one of the
crystal orientation remained. The experiment
was carried out on a high-voltage electron diffrac-

0
tometer EG-400(V-350kV, 2LA=33,2 mm A).
In Fig.1a there has been shown electron diffrac-
tion pattern from GaSe textures. Even the most
conservative crushing can partially result in a
destruction of crystal structure.

The second part of GaSe crystals was
used to obtain thin single crystal films (SCF)
being appropriated in the electron diffraction
study. Thin SCF have been prepared by adhesi-
ve tape flaking off the heavy crystal and then
investigated by electron diffraction method of
rotation developed by M.G. Kyazumov [2,3].

an
tcga‘éiﬂa
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In Fig.1b there has been shown electron
diffraction pattern of GaSe thin single crystal
film (SCF), where SCF is inclined at an angle
¢ =55° from perpendicular position to the in-
cident electron beam and rotating through
@ =50° around axis perpendicular to the film
plane is made out. As it can seen from the figu-
re the diffraction field is considerably bigger
here than in electron diffraction pattern taken
from textured polycrystalline sample (Fig.1a).

Lattice parameters are: a=3,76 2\ c=15,95 ,&
respectively. At the second (series 11/) and
fifth (series 307) ellipses reflections with add
values of / do not extinguish. This indicates on

presence of ¢ (sp. gr.P6 m 2) polytype modi-
fication of GaSe.

Fig.1. GaSe electron diffraction patterns:
a) of textures; b),c), d) of single crystal nanofilms
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In Fig.1c there has been given electron diff-
raction pattern from GaSe thin single crystal film
(SCF) obtained by SCF rotation around o~ axis of
reciprocal lattice perpendicularly positioned to
the electron beam. Initial position complies with
the hkO plane of the reciprocal lattice (this positi-
on is held well under electron beam and hence
emerges more highly). Thus it is easy to measure
Riko having big value when determining lattice
parameters and establishing three-dimensional
crystal lattice. Lattice parameters agree with:

0 0
a=3,76 A, c= 15,95 A. There has been seen six
symmetry, symmetry plane and sharply seen

| = 2n types of extinctions for reflexes 121 .
Therefore given electron diffraction pattern fits
B- phase of GaSe with space group P6;mc.

In Fig.1d there has been presented oblique-
angled mesh of point reflections. Azimuthal rota-
tion around the normal to the plane of sample hol-
der reveals ellipses system to which point reflexes
belong. These ellipses unite the reflexes which
are representatives of six knots of reciprocal latti-
ce rows parallel to rotation axis and equidistant
from it. As a result, they correspond to hexagonal
basis of elementary cell and are characteristic of
constant values of h?k®+ hk to which small
lengths of their axis are proportional.

Structural disorder of two-layered GaSe
polytype (Fig.1d) manifest itself apparently by
marking continuity section of ellipses where po-
int and ruling maxima indicating the small thick-
ness of coherent scattering regions are denoted.

Conclusions
By surveying the stationary crystal only
the contact or imaging the knot site on Evald's

sphere might be taken place. By rotating the
crystal Evald's sphere passes through the whole
volume taken by each knot site of reciprocal
lattice.

Therefore the obtained information on re-
flexes intensity in electron diffraction patterns
of rotation is closely true if the rotation occurs
uniformly and reflexes are not superimposed
each other.

In suggested patterns tilting angles can be
over 70°. Hence the number of registered knot
sites is rather more than in the case of preces-
sional electron diffraction (PED) where tilting
angle is ~3°.

Unlike the electron diffraction patterns of
oblique textures where the dissimilar series of
reflections superimpose and therefore there is
no possibility to distinguish € and B polytypes
in the electron diffraction patterns obtained by
new methods of rotation, various series emerge
separately. In different SCF obtained by adhesi-
ve tape flaking off the crystal synthesized by
Bridgman method the different polytypic modi-
fications have been determined , i.e. € and B

polytypes.
PACS:61.05.- @, 61.14.-X, 61.66Fn
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YENi FIRLANMA ELEKTRON -DIiFRAKSiYA USULU iLO GaSe MONOKRISTALLARININ
FAZA ANALIZI

M.H.Kazimov, F.H.Mommoadov, L.V.Riistamova

Elektron siiasina perpendikulyar vaziyystdan ¢ bucagi qodor dondarilorak sathina perpendikulyar ox strafinda
firlandirilan GaSe nazik monokristallik tobagalorindan (MT) alinmig elektronogrammalar va hamginin elektron siiasina
perpendikulyar yerlogdirilmis tors gofosin a oxu otrafinda firlandirilan MT-don alinmis elektronogqrammalar Gyranilmis-
dir. Miixtolif siralara aid olan reflekslorin iist-iisto diismasi sabobindan £ va 5 politiplerini bir- birindan forglondirmok
miimkiin olmayan maili teksturadan alinan elektronogrammalardan fargli olarag, yeni firlanma metodlar ilo alinmig
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elektronogrammalarda miixtolif siralara aid olan reflekslor iist-iisto diismiir. Bricmen metodu ils sintez olunmus kristal-
0
lardan alinmis miixtolif MT-lordo miixtalif politip modifikasiyalar, b.s. gofos parametrlori a=3,76 A, c=

0
15,95 Aolan ¢ (f.qr.P 6 m2) vo f (f. qr. P63mC) politiplori askar edilmisdir.

Acar sozlar: yeni firlanma iisullari, elektronlarin difraksiyasi, qeyri-iizvi birlasmalorin strukturu

®A30BBI AHAJIN3 MOHOKPHUCTAJLIIOB GaSe, TPOBEJIEHHBII C TOMOIIbIO HOBBIX
SJIEKTPOHHO-IU®PAKIIMOHHBIX METOOB BPAIIIEHUA

M.I'.Ksa3ymos, ®.X.Mamenos, JI.B.PycramoBa

HW3ydeHsl 351eKTpOHOTrpaMMbl MOHOKpUcTamnaeckux mieHok (MIT) GaSe, nmomyuennslie Bpaernem MII Bokpyr ocH,
TIEPIICHANKYIISIPHOM K IIOCKOCTH IUICHKH, KOTOpas 3apaHee HAKJIOHEHa Ha yroil P OT MepHeHIUKYISIPHOTO MOJOXKEHUS K

TaJIAI0IIEMY JIEKTPOHHOMY ITyUKY, a TaksKe 3JIEKTPOHOTPaMMBI, NOTy4eHHbIe BpamieHrneM MIT Bokpyr ocu o oOpaTHO# pe-
HIETKH, NEPIEHAUKYISIPHO PACHONOKEHHON K 3JIEKTPOHHOMY ITy4Ky. B OT/IMUMe OT 3/IeKTpoHOrpaMM KOCBIX TEKCTYp, TAE
pasnuuHBIe cepun pedieKCoB HAKIAIBIBAKOTCS APYT HA JPYTa, M MOTOMY HEBO3MOKHO PA3MuUTh & U [3 TIOJNUTHILL, HA
passbix MIL, nosydeHHBIX OTCIaMBaHUEM JIMIIKOM JICHTOM OT KpUCTaJlla, CUHTE3UPOBAaHHOIO METOJNOM bpuikmeHa, ycra-

HOBJICHBI Pa3HbIe MOMUTHITHBIC MOM(HKAIHH, T.e. oMUTHIIb € (mp. rp.P6m2) u S (np. rp. P63MC) ¢ napamerpamu kpu-

0 0
cranmueckoii pemerku: a=3,76 A, c= 15,95 A.

Knrouegwie cnosa: nogvie Memoovl spawyenus, Oupakyusi dAeKmMpoHO8, CHPYKIMYPA HEOP2AHUHECKUX COeOUHEHUTL
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