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The edge emission of undoped monocrystals of CdS and ZnSe was studied. It has been
found that in pulse cathodoluminescence spectra of the crystals at 15 K consist of short-
wave and long-wave series of edge emission bands with the equidistant structure. The
temperature dependence of edge emission intensity in interval of 15—80 K and spectra of
afterglow in interval 1078 to 1072 s were investigated.

WsyueHo KpaeBoe M3JydyeHUe HeJerupoBaHHBIX MoHOKpuctawioB CAS um ZnSe. Vcramos-
JIEHO, YTO B CHEKTPaX WMIIYJbCHON KAaTOAOJIOMWHECIEHINN KPUCTAJJIOB IIPU TeMIlepaType
15 K nabaoopaoTes ABe CepuU I0JIOC KPAEBOTO UBJIYyUEHUs C 9KBUAVCTAHTHON CTPYKTYpPOi —
KOPOTKOBOJIHOBasl cepus ¥ [JINHHOBOJHOBas. VcciegoBaHa TeMIEPATYPHAS 3aBUCHUMOCTD
KpaeBoro msiaydeHus B uHTepBase 15—-80 K u crmexTpsl mociecBeuenus B guamasone or 1078

o 1072 ¢.

I. Introduction

A,Bg compounds are promising materials
in optoelectronics and infrared technologies.
However, the data on luminescence centres
in undoped CdS crystals have not been sys-
tematized, and are rather contradictory. In
particular, one of the most challenging
tasks is the determination of microscopic
nature of the defects causing the edge emis-
sion in A;Bg semiconductors [1-6]. The re-
cent studies of the edge emission have been
mainly focused on spectral response charac-
teristics, which is insufficient for the iden-
tification of its nature. This work summa-
rizes the results of the study of the edge
emission spectral-kinetic characteristics of
undoped cadmium sulphide and zinc se-
lenide with different history.

2. Material and methods

The hexagonal cadmium sulphide and
cubic zinc selenide monocrystals were cho-
sen for the investigation. The bulk crystals
were obtained by Davydov-Markov method
[7]. The CdS samples were in the form of a
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2 mm thick plate, and they were cut from a
block perpendicular to C optical axis. The
cut surfaces were polished by mechanical
means. The luminescence was excited by a
heavy-current electron beam with the fol-
lowing parameters: the electrons average
energy was ~0.3 MeV; half-amplitude dura-
tion ~10 ns. The electron beam energy den-
sity was regulated within 1073-10"2 J/cm?2.
Residual gas pressure in the experimental
chamber was ~10~% Pa; temperature ~15 K.
The sample was set at an angle 45° towards
the electron stream propagation. Lumines-
cence spectra were measured by means of
the pulsing spectrometer in a spectral range
of 450-850 nm. The glow of the sample was
projected to the entrance slit of MDR-204
monochromator by means of a lens, and was
registered by FEU-84 photoelectric multi-
plier and Tektronix TDS 2022 memory oscil-
loscope. Time resolution of the recording
channel was ~ 10 ns, the spectral resolution
was ~ 0.0015 eV.
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3. Results

The study of the large group of undoped
CdS and ZnSe crystals grown from vapour
phase by the sublimation method showed
that the edge emission was observed in ma-
jority of such crystals. The number of series
and the band intensity depended on the his-
tory of crystals. Fig. 1 and 2 show the edge
emission spectra of CdS No.1, measured at
different times after the excitation pulse.
As can be seen on the Figure, the distinct
short wave series is observed within the
range from 50 to 300 ns in the lumines-
cence spectrum of the sample. The series
has the maximum principal zero phonon
line at A = 517 nm, with its 1- or 2-LO pho-
non repetitions at 525 and 534 nm (Fig. 1).
Energy spacing between separate peaks of
the fine structure of the short wave series
is equal to the LO-phonon energy of the
CdS lattice (0.038 eV). Due to the quick
attenuation of the short wave series in the
edge emission spectrum of CdS No.l crys-
tal, the long wave series of equidistant
emission lines is dominating after 1 us, with
the maximum principal line at A = 519 nm and
its 1-, 2-, 3-LO phonon repetitions at
527.5, 536 and 544 nm (Fig. 2). It was dis-
covered, that the long-wave series in this
sample is characterized by a prolonged af-
terglow ~ 10 s.

As is seen on Fig. 1l and 2, the edge
emission lines eventually shift towards
lower energies.

Fig. 8 shows time resolved edge emission
spectra of two zinc selenide crystals of dif-
ferent history: ZnSe No.l and ZnSe No.2.
As is seen on Fig. 38, ZnSe No.1 sample pro-
vides one short-wave series of the edge
emission with the maximum zero phonon
line at A = 461.5 nm, while ZnSe No.2 crys-
tal provides two series of the edge emission:
a long wave series and a short wave series,
with maximum primary lines at A; = 462 nm
and A = 465 nm, accordingly. Energy spac-
ing between separate peaks of the fine
structure of the short wave and the long
wave series is equal to the LO-phonon en-
ergy of the ZnSe lattice (0.031 eV). With
the increase in time, maxima of the long
wave and the short wave series shift to-
wards the long wave region.

The change of the edge emission spec-
trum of ZnSe No.2 indicates that short
wave glow intensity is generally higher,
while the attenuation time is shorter in
comparison with the long wave series. The
logarithmic representation of edge emission
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Fig. 1. Spectra of the short wave series of

CdS No.l1 edge emission; I — 50 ns, 2 —
100 ns, 3 — 200 ns, 4 — 300 ns.
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Fig. 2. Spectra of the long wave series of CdS
No.1 edge emission; I — 1 ps, 2 — 20 ps, 3 — 50 ps.

attenuation curves demonstrated that at-
tenuation kinetics were not exponential,
and can hardly be approximated with expo-
nential segments. It was only possible to
conventionally define the quick primary
segment and the slow subsequent segment.
ZnSe No.2 sample demonstrated the de-
crease in the half width of separate lines of
the edge emission equidistant structure
with time.

We studied the dependence of the edge
emission intensity on temperature. We
found that as the temperature increased,
the edge emission was subject to the strong
thermal quenching (Fig. 4, 5). The quench-
ing activation energy (i,,, ~ 519 nm, CdS
No.1), calculated on the basis of the tem-
perature dependence Inl/t = f(1/T), equals
to 0.03 eV, which corresponds to the donor
level in cadmium sulphide.
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4. Results discussion

All the observed patterns characterizing
the CdS and ZnSe emission bands located
near the edge of fundamental absorption are
typical for the luminescence of donor-ac-
ceptor pairs [4-9], in particular, the pres-
ence of the equidistant structure in the
emission spectrum characterizing the inter-
action with phonons of this lattice; the ki-
netics of donor-acceptor luminescence is not
exponential; the difference of luminescence
spectra measured at different times after
excitation pulse. At starting moments after
the excitation, recombination usually in-
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Fig. 3. Edge emission spectra of ZnSe No.l
crystal (right) and ZnSe No.2 crystal (left)
measured at different times after the excita-
tion pulse at T = 15 K.

volves short-range pairs. Because of the low
possibility of interimpurity transitions,
long-range pairs illuminate later. As a re-
sult, with the time running after the excita-
tion pulse, the short wave series and the
long wave series bands of CdS No.1 shift
towards the long wave (low energy) spec-
trum region for 0.005 and 0.014 eV accord-
ingly, while the short wave series and the
long wave series bands of of ZnSe No.1 and
ZnSe No.2 shift for 0.01 eV. As the tem-
perature grows in the range from 15 to
80 K, the edge emission intensity dramati-
cally decreases (see Fig. 4, 5).
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Fig. 4. Temperature dependence of CdS No.1

edge emission intensity (A, , ~ 519 nm).

The issues of electronic transition mecha-
nisms and the nature of defects responsible
for various series of edge emission in A,Bg
crystals are still a subject of many discus-
sions [3—9]. It is believed that donors are
shallow (for CdS, Ep = 0.024-0.032 eV, for
ZnSe, Ep=0.021-0.023 V), while ac-
ceptors corresponding to both series are
deep (for CdS, E, = 0.14-0.15 eV), and
having the common nature. The donor-ac-
ceptor pair emission occurs in the following
manner. The nonequilibrium electron is cap-
tured by the ionized positively charged
donor without emission, the electron hole is
captured by the ionized acceptor, and then
the emitting transition of the electron oc-
curs from the donor to the acceptor.

The energy of the emitted photon is de-
scribed with the following formula:

hv =E, - (Ep+ Ey) + €2/4e54R, (1)

where Ep, and E, are energy level positions
of donor and acceptor levels relatively to
the edges of nearest areas; R is the interim-
purity distance; ¢ is the dielectric capaci-
tance.

Formula (1) is presented with no account
taken of the infinitesimal summand charac-
terizing the difference between the interim-
purity interaction and the Coulomb interac-
tion for the closest pairs.

No investigations have been carried so
far which would unambiguously describe
the physical and chemical nature of the de-
fects responsible for the various series of
edge emission in undoped A,Bg crystals. It
is supposed that both own defects and
dopant atoms can act as donors and ac-
ceptors. A separate investigation of the na-
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Fig. 5. Temperature dependence of ZnSe No.2

edge emission intensity (A ~ 462 nm).

max
ture of centres responsible for the edge
emission of the crystals is required, which
would surpass the scope of this work.

5. Conclusions

Using the pulse spectrometry method,
we measured the spectral and kinetic pa-
rameters of the edge emission in undoped
cadmium sulphide and zinc selenide crystals
of different prehistory within the range
from 1078 to 1072 s and a temperature of
15 K. It was found out that the number of
edge emission series, their intensity correla-
tion and spectral position are determined by
the crystals prehistory. We measured the
time shift of short wave and long wave se-
ries of the edge emission of actual CdS and
ZnSe crystals after the excitation pulse. It
was demonstrated that, depending on the
crystal type, the maxima of edge emission
lines shift to the long wave spectrum re-
gions for 0.005-0.014 eV. The temperature
dependence of the edge emission was inves-
tigated. It was revealed that when the tem-
perature increases within a range of 15—
80 K, the total intensity of the edge emis-
sion reduces more than by an order of
magnitude. The results of the investigations
support the donor and acceptor model of the
centres responsible for the edge emission of
undoped CdS and ZnSe crystals grown from
the vapour phase by the sublimation
method.
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BunpomiHioBaJibHI XapaKTePHUCTHKH
JTOHOPHO-AKIEeNITOPHUX map y kKpucraaax ZnSe i CdS

B.I. Onewxo, C.C.Binvuuncora, B.M.JIucuyun, B.H.Kopenanos,

BusueHo KpaeBe BHUIPOMiHIOBAaHHS Heneropanmx MoHoKpmcraaiB CdS i ZnSe. Beranosie-
HO, IO y CIeKTpax IMmyJabCHOI KaromoiioMiHecreHI[ii KpucrauaiBs npu temueparypi 15 K
crocrepirarorsecs ABi cepil cMyr KpaeBoro BHIIPOMIHIOBAHHSA 3 €KBiJMCTAHTHOIO CTPYKTY-
pOI0 — KOPOTKOXBMJILOBA cepisi i moBroxBuaboBa. [ocCiimKeHO TeMIlepaTypHY S3aJIeKHIiCThb
KpaeBoro BulpoMmiHooBaHHa B inTepBasi 15-80 K i cuexTpu miciascBiuemHs y giamasoni Bif
1078 10 1072 c.
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