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A modified surface on a-ZnSe heterolayers was prepared by chemical treatment in H2SO4:H20: etchant. Vis-
ual observation with microscope magnification 150 and AFM-topograms made it possible to determine the geo-
metrical surface structure which is composed of nanocrystals — pyramids of various size from 20 to 100 nm. Pho-
toluminescence studies revealed high quantum efficiency 7= 15+ 20 % and two radiation spectrum components.
In the range of photon energies hw > Eg (E;= 2.89 eV at 300 K) the wide band with a maximum at Awm = 3.24 eV
is attributable to quantum size effects. The component at Zwm = 2.72 eV is formed by radiation on pyramids of
large size and determined by interband transitions of free charge carriers and the dominant annihilation of
bound excitons. The properties are characterized by temporal and temperature stabilities.
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1. INTRODUCTION

Zinc selenide remains one of the promising materials
of solid-state electronics. Its crystals serve the basis for
manufacturing various types of radiators and detectors.
The basic material in them is crystal lattice of cubic (f)
modification. At the same time, it is known that in semi-
conductors transition from cubic to hexagonal modifica-
tion causes a change in the energy gap and contributes to
formation of basically different properties. They change
essentially due to formation of geometrically structured
surface. Under these conditions, properties caused by
quantum-dimensional processes become apparent. Essen-
tial increase in the quantum yield of luminescence can be
important for practical application. Hence, of great cur-
rent interest is preparation of ZnSe layers of hexagonal
() modification, as well as formation of surface
nanostructure thereupon.

2. SAMPLES AND RESEARCH METHODS

The a-ZnSe heterolayers were obtained by isother-
mal annealing of the substrates of a-CdSe single crys-
tals in saturated zinc vapour. The process took place in
a specially evacuated to 10 -4 Torr quartz ampoule. The
weighted amount of Zn and a-CdSe substrate of stand-
ard size 4X4X1 mm3 were arranged on different ends
thereof. It allowed isovalent substitution to be per-
formed according to reaction [1]

a - CdSeg, + 2N s & - ZNSeg, +Cd gy 1)

where indices "Sol" and "Gas" correspond to the solid and
gaseous states of matter.

Formation of a-ZnSe heterolayer on the surface of o-
CdSe is confirmed both visually and by integrated investi-
gations of the optical properties — transmission, reflection,
photoluminescence [2]. Their important advantage is the
nondestructive interaction with matter. For this purpose
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use is made of MDR-23 diffraction instrument, photomul-
tiplier and standard synchronous detection system. The
resulting optical characteristics are corrected with the aid
of spectral sensitivity of integrated research installation.
It allows you to conduct research both in classical tech-
niques and using A-modulation [3]. The luminescence was
excited by Ne-laser with the wavelength Am = 0.337 mkm.

To obtain a modified surface, the a-ZnSe hetero-
layers were specially treated in chemical etchant
H2S04H20:2 = 3:1 [4]. Variation of time and tempera-
ture modes allowed changing the geometrical structure
of the surface. This provides for the possibility of a sig-
nificant change in the luminescent properties of isova-
lent-substituted layers of basic zinc selenide of hexago-
nal modification.

3. RESULTS AND DISCUSSIONS

Formation by isovalent substitution method of ZnSe
layers of hexagonal modification is vividly confirmed by
the research of A-modulated spectra. On the correspond-
ing differential curves one can observe peculiarities typi-
cal for the band structure of hexagonal lattice, Fig. 1.
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Fig. 1 — Differential optical reflection spectrum of a-ZnSe
heterolayers. On the inset — the band structure of semiconduc-
tors with a hexagonal modification
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They are determined by splitting of valence band into
subbands due to the effect of crystalline field Aer = 0.07 eV
and spin-orbit interaction As=0.37eV. The value
E;=2.89 ¢V is in good agreement with the reported val-
ues for ZnSe hexagonal lattice [5]. Note that the hexago-
nal structure of layers obtained by isovalent substitution
method is stable and not subject to phase transition of the
type wurtzite — sphalerite that takes place when ZnSe
single crystals are obtained by known classical techniques
[6]. So, it becomes possible to study the possibilities of
obtaining surface nanostructure of -ZnSe heterolayers
and to investigate their luminescent properties.

Surface modification was obtained as a result of chem-
ical treatment. Visual observation with microscope magni-
fication 150 revealed the formation of typical geometric
structuring.

It is clearly observed experimentally on the AFM-
topogram, Fig. 2. The thus obtained surface is composed of
randomly arranged grains the lateral dimensions of which
vary within 20-70 nm. Their shape reminds pyramids. To
find out possible nature of such changes, special research
is needed that goes beyond the scope of this work.

N

0.4

A

/ x 0.200 um/div
0.6um z100.000 nm/div

Fig. 2 — AFM-topogram of a-ZnSe layers with a modified sur-
face

Research on the photoluminescence of a-ZnSe lay-
ers with a modified surface revealed some specific fea-
tures. Let us consider the main ones. The radiation
spectrum is composed of two bands conventionally des-
ignated by symbols A and B, Fig. 3.
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Fig. 3 — Photoluminescence spectra of basic (1) and modified
(2) a-ZnSe layers

They are arranged in the region of photon energies
hw larger than Eg;=2.89 eV and lower values. High-
energy radiation (Aw> E;) cannot be caused by for-
mation of substance of different chemical composition.
This is evidenced by the research on optical reflection
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R, of both types of samples. In conformity with it, the
energy gap value does not change and corresponds to
the obtained «-ZnSe layers.

It can be assumed that luminescence in the Aiw > Eg
region is due to quantum-dimensional structure which
is formed as a result of chemical treatment of o-ZnSe
heterolayers. The respective self-organization processes
cause the influence of geometric structuring on the
character and nature of radiation. One of the provi-
sions of this may be formation of dimensional quantiza-
tion of the resulting nanostructures.The change in
transition energy a result of dimensional quantization
can be represented as [7]

AE =T [ 1 +LJ, @

- 2 * *
2d° (mg;  my,

where m; and mj are effective masses of electron and

hole, and d are dimensions of nanoobjects.

This is confirmed by the estimates of possible di-
mensions of nanoobjects with a change in transition
energy [7]. From the empirically known potential well
depth AE = hwn — Eg=0.35eV the calculated dimen-
sions make d = 50 nm. They correspond to the values of
pyramid vertices, and their possible reduction causes
the presence in the spectra of photons with the ener-
gies Aiw exceeding Awm = 3.24 eV.

Note that the dominant in intensity band A is
caused by radiation from the large nanocrystals
(d =60-100 nm). Its properties are formed by the base
layer of a-ZnSe. Prior investigations have shown [8]
that photoluminescence spectra are determined by in-
terband recombination of free charge carriers and an-
nihilation of bound excitons, Fig. 4. The respective
bands with the maxima of photon energy Ao~ 2.90 eV
and Awm = 2.645 eV become apparent in experience,
especially when studying A-modulation, curve 2, Fig. 4.

The exciton character of dominant radiation is con-
firmed by the following properties: a) maximum is
shifted towards lower energies with increasing photoexci-
tation level L; b) intensity I depends on L by the law
I~ L'5, Interband recombination is confirmed by the in-
dependence of maximum position from L and the
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Fig. 4 — Conventional (1) and A-modulated (2) photolumines-
cence spectra of a-ZnSe heterolayers. On the inset — depend-
ence of position of maximum /wn (3) and intensity I (4, 5) on
the excitation level L; the low I ~ L5 (4) and I ~ L2 (5)
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dependence of I on L by the law I ~ L2. The above peculiar-
ities are identical to the base a-ZnSe layers prepared by
isovalent substitution method. Note that quantum effi-
ciency of the luminescence of modified layers exceeds that
of the initial samples and makes 7 ~ 15-20 % (against 10-
12 %).

4. CONCLUSIONS

Isovalent substitution method is used to obtain a-ZnSe
heterolayers on the base substrates a-CdSe. The method
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of growing allows manufacture of material with a stable
hexagonal structure ensuring the possibility of formation
of surface nanostructure. It is characterized by intensive
photoluminescence in photon energy region Aon = 3.24 eV
which is caused by dimensional quantization of charge
carriers energy. The dominant radiation is in the energy
region of photons close to Eg value. It is determined by the
radiative transitions of free charge carriers and the anni-
hilation of bound excitons. Creation of surface nanostruc-
ture on a-ZnSe expands the spectral region of radiation
and increases its quantum yield to 7= 15-20 %.

OTpuMaHHA Ta JIOMiHECIEHTHI BJIAaCTUBOCTI rerepomapis a-ZnSe 3 mnoBepxXHEBOI0 HAHOCTPY K-

TYpPOIO
M. M. Canoros, O. C. I'asaiemxo, O. B. Kinsepcbra

Yepuiseupkull HauioHanbHUL yHisepcumem imeni KOpis @edvrosuua, 8ys. Kouoburcokozo 2,
58012 Yeprisui, Yrpaina

OrpuMaHo MOAU(IKOBAHY IIOBEpPXHIO Ha rerepomapax o-ZnSe XIMIYHOKW OOpOOKOI y TPABHUKY
H2S04:H20:. Bisyanbhe crocrepeskenHs mpu 30iabinenH] Mikpockona 150% ra ACM-tomorpamMu 103BOJIMIN
BCTAHOBUTHU I'€OMETPUYHY CTPYKTYPOBAHICTH TOBEPXHI, IKA CKJIATAEThCS 3 HAHOKPUCTAJIIB — IipaMij PisHUX
poamipis Bim 20 mo 100 am. ocmimkenHs ¢OTOTIOMIHECIIEHINI BUABUJIN BUCOKY KBAHTOBY e€(eKTUBHICTH
n=15+20% 1 1Bl CKJIANOBI y CIEKTpax BUIIPOMIHIOBAHHs. Y Jianas3oHi eHeprii ¢orToHiB hw > K
(Eg=2,89eB mpu 300 K) mwupora cmyra 3 mMakcumymoMm Ha hwn= 3,24 eB moscHIOETbCI KBaHTOBO-
poamipaumu ederramu. Criaanosa upu hon = 2,72 eB dbopmyeTbess BUIPOMIHIOBAaHHSAM Ha [IipaMifiax BeJiu-
KOT0 PO3MIPY 1 BUSHAYAETHCSA MIK30HHIMU [I€PEX0IaMH BUIBHUX HOCIIB 3apsi/y Ta JOMIHYIOYOK0 aHITLISIIE0
3B’sI3aHMX eKCUTOHIB. B1acTHBOCTI XapaKTepU3yTHCS YaCOBOIO 1 TEMIIEPATYPHOK CTA01IBHOCTSIMU.

Knrouosi ciiosa: CeseHiy IMHKY rekcaroHasibHOI momudikariii, Onruune BigOmBauusa, JlooMiHecIleHITI,
A-MOIYJISAIIisA.

Ilonyyenne u JIIOMUHECIEHTHBIE CBOMICTBA reTEPOCIOEB a-ZnSe ¢ MOBEPXHOCTHOM HAHOCTPY K-

TYypPOi
M. M. Cnéros, A. C. 'aBanemxko, O. B. Kunsepckasa

Yeprosuukuti HauuoHAIbHbIL yHusepcumem umenu Opus @edvrosuua, yn. Koywobuncroeo 2,
58012 Yeprosupt, Yipauna

[TosyueHo MOAMQUIIMPOBAHHYIO IIOBEPXHOCTH HA TeTEPOCIOAX a-ZnSe XUMUYIECKO 00paboTKOM B TPABU-
teste HoSO4:H202. Busyansroe Habmonenue npu yseamdeHnn Mukpockona 150% u ACM-tonmorpaMsr 1moa-
BOJIMJIA YCTAHOBUTH IeOMETPUYECKYI0 CTPYKTYPHPOBAHHOCTH IIOBEPXHOCTH, KOTOPAsl COCTOUT M3 HAHOKPU-
CTAJJIMKOB — IUpaMuy] pasHeix paamepos ot 20 mo 100 um. VccnenoBauust GoTOTIOMUHECIIEHIINY BBISABUIIHN
BBICOKYIO KBAaHTOBYIO adpeKkTrBHOCTE 77 = 15 + 20 % u IBe COCTABJISAOIINE B CIEKTpax uaiaydeHus. B quamna-
30He aHepruii potoHoB hw > Eg (Es = 2,89 9B mpu 300 K) muporas mosoca ¢ MmakcumyMmoMm Ha hom = 3,24 B
00BsACHAETCA KBAHTOBO-pasMepHbIMEU adderramu. Cocrapisawomas mpu hom = 2,72 0B dopmupyerca uamy-
YeHHEeM Ha MUPaMUIaX OOJIBIIOr0 pasMepa U OIPeIeJisieTcsl MesK30HHBIMY [IePeX01aMu CBOOOJHBIX HOCHUTE-
Jlell 3apsama U JOMAHUPYIOUIEeH aHHUTHWIAINEN CBA3aHHBIX dKCUTOHOB. CBOMCTBA XapaKTepHU3yIOTCA YaCOBOM
¥ TEMIIePATyPHOU CTAOMIIBHOCTIMU.

Knouessie cnosa: CeneHnn MUHKA TeKCArOHAJIBbHOM Momudukanmu, Onrudeckoe orpaskenne, Jloomunec-
LeHIIN, A-MOIy AL,
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