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ELECTROLUMINESCENCE OF LAYERED MONOCRYSTALS Of A3;Bs<RE>
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Baku State University,
Az 1148, Z. Khalilov str., 23, Baku, Azerbaijan Republic

The brightness characteristics and spectral distribution of an electroluminescence, and also its dependence on the temperature, prehistory
and initial dark resistivity of a sample, on the frequency and duration of a pulse field in specially not alloyed and alloyed by rare-earth
elements as gadolinium, holmium and dysprosium with various percentage Np;»=10°+10"" at. %) in layered monocrystals of InSe and GaSe
are investigated at various temperatures (from 77 K) in a wide range of constant, sine wave and pulse electric fields of applied intensity. It is
established, that at 7<100K brightness of electroluminescence (B, does not depend almost on the temperature, and further with increasing of
T sharply decreases (exponentially). At 7=200K and 160K the luminescence absolutely disappears in crystals p-GaSe and n-InSe - there is a
temperature suppression of an electroluminescence. With increasing of Nyp brightness of a luminescence firstly (at Nge<10™ at. %) decreases
a little, and further increases (in crystals not alloyed specially). Thus non-monotone dependence B, on prehistory of a sample varies also. It is
established, that the structure of spectral distribution of B,does not depend almost on the Nge. With change Nge brightness of separate strips of
radiation only varies. Change of the chemical nature of the entered impurity in investigated crystals does not influence an electroluminescence.

It is shown, that the most stable values of electroluminescent parameters are provided in crystals with Ngg 102+107" at. % .

It is supposed, that dependence of an electroluminescence on the doping level by rare-earth elements is caused by change of interlaminar
connections depending on the Ngg in investigated crystals.

The electroluminescence in layered crystals of As;Bg is  type (unidirectional pulse and sinusoidal-variable) with
found out enough for a long time [1, 2]. However by present  intensity, the greater some E,. The value of £, under other
time some interesting its aspects (dependence of brightness  identical conditions depends on temperature (7), initial dark
on the temperature, initial dark resistivity and prehistory of  resistivity (o) and prehistory of a sample, and also on the
sample, and also dependence of radiation spectrum on the  doping level (Nke).
direction concerning a «C» axis of crystal) are not
investigated almost. Influence of alloying by rare-carth
elements (RE) as gadolinium (Gd), holmium (Ho) and
dysprozium (Dy) on an electroluminescence of crystals GaSe
and InSe which considerably changes their photoelectric and
photoluminescent properties [3—5] is not investigated also.

The present work is devoted to complex investigation of
the above-stated questions.

Investigated samples with thickness of 0.100<d<1.000
mm and cross-section size of (2+3)x(4+6)mm’® were cut off
from large monocrystals of InSe and GaSe, grown by a
method of slow cooling at a constant gradient of temperature 70 95 120 145 170 195 220
along ingot [6]. Current contacts have been created by
soldering metals as In, Ga, Sn, or drawing of silver paste in
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open air on fresh-chipped surfaces of samples. Measurements g 1 b)
were carried out in the temperature range of (77<7<300K) e
under action of an electric voltage of various types & 87 —=1

8

(sinusoidal-variable and rectangular-impact) with a various 6
voltage, frequency and duration (up to 350V, 5-10*Hz 1 10 x5 4+ —3
respectively. ~ The  spectral  distributions of an 2
electroluminescence and photoconductivity, dependence of 0
brightness of electroluminescence (5,) and photocurrent (Iyh) 70 90 110 130 150 170
on the temperature, the dark volt -ampere characteristic and
the volt - brightness characteristic of an electroluminescence,
and also dependence of brightness of an electroluminescence ) _
on frequency and duration of a stimulating electric voltage Fig. 1. Temperature dependence of brightness of an
were removed on the same sample under various conditions. electroluminescence in not alloyed specially (1), and
Samples with various percentage of entered impurity Nge=0; also alloyedﬁby RE (2. 3) CWS@S p‘Gan; (a) and n-InSe
10, 10%; 5:10% 10%; 5-10%; 10 10" at. % were used (0). Mg, t%: (@) 1-0;2- 107 3107 () 1-0;

> 1Y o B 5 5 - /0 . ) 2_10-4;3_10-1

It is established as a result of the measurements carried

out by us, that electroluminescence (EL) as in specialiy no} The value of E, increases with increasing of pyo and T and
alloyed, in alloyed by Gd, Ho and Dy with Np3»~107+10 with increasing of MAgg- varies non-monotone. In particular,

at.% crystals p-GaSe and n-InSe is raised at rather low  {he value of E, with increasing of Nk firstly (at Nre<10at.%)
temperatures (7i<200K for 7i<160K for GaSe and InSe,  increases a little, and then (at 10*<Nge<10"at.%) decreasing
respectively) under action of an electric current of the various  .omes nearer to value having places in not alloyed specially
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low-ohmic crystals (~5-10* and 10°V/em at 77 K for p-GaSe
and n-InSe, accordingly). With increasing of Nze dependence
of parameters and characteristics of an electroluminescence
on pro and prehistory of a sample, firstly (Nge<10™ at.%)
amplifies a little, and brightness of luminescence (B)) - is
weakened concerning initial. Further (at 10'4<NRESIO'1at.%)
with increasing of Mg besides a degree of stability of
electroluminescent characteristics and the parameters,
appreciable image increases also B, The electroluminescent
radiation in crystals p-GaSe<RE> and n-InSe<RE> with
Meex102+10"at.% is characterized with the greatest
brightness, and also the highest degree of stability and
reproducibility of parameters and characteristics.

The electroluminescence with the least £, and the greatest
B, is observed at 77K in specially not alloyed crystals. With
the further increase of temperature firstly (at 7<100K)
brightness of a luminescence does not vary (fig. 1, curve 1),
and further exponentially decreases sharply and at 75200K
and 7=160K for p-GaSe and n-InSe accordingly there is a
temperature suppression of electroluminescent radiation.
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Fig.2. Spectral distribution of brightness of an
electroluminescence in crystals p-GaSe<RE> (a) and n-
InSe<RE> (b) at the various chemical nature of the

entered impurity Ngg, at.% :
1,2,3-10% 1',2", 3'- 10" RE: 1, 1'- Gd; 2,2" -Ho; 3, 3" - Dy.

In both groups of crystals at rather small Age with
increasing of temperature B, all over again (up to 100 K)
increases concerning having a place at 77K, and further a
little as well as in a case of specially not alloyed crystals
decreases exponentially (fig.2, curve 2).

It is established, that spectral distribution of brightness of
electroluminescent radiation in p-GaSe has more complex
structure, than in n-InSe. In particular, on EL spectrum of
crystals p-GaSe besides the bright basic, a number of weaker
maximums is observed also. Besides in both materials the EL
spectrum at excitation along layers almost on ~0.leV is
displaced aside longer waves concerning a spectrum
corresponding to a case of excitation to perpendicularly
natural layers. However at increase of Nze this displacement
gradually decreases and at 10710 at.% sometimes becomes
not appreciable. For both semiconductors the structure of
B,(4) curves does not depend almost on the doping. With
increasing of ANge only on EL spectrum of crystals p-GaSe
additional strips of radiation are shown by more clearer -
their contrast increases. It is necessary to note, that at all us

the considered conditions electroluminescent properties of
investigated crystals appeared dependent only from
percentage of the entered impurity, and their dependence on
the chemical nature of an impurity is not found out almost
(fig.2).

Also it is established, that as in crystals not alloyed
specially, in p-GaSe<RE> and n-InSe<RE> too dependence
of B,(U) has sedate, and dependence B,(I) - linear character.
The energy determined on the basic maximum of the
electroluminescence spectrum, allows telling, that process of
radiation thus is caused by recombination of injected no basic
current carriers through the slow r-centers of recombination
[7].

It is shown, that the range of temperature EL suppression
in samples investigated by us well coincides with a range of
temperature clearing own photoconductivity, and also with a
temperature  range of  supervision of  negative
photoconductivity and IR  clearing of intrinsic
photoconductivity. If at excitation modes of an
electroluminescence simultaneously to illuminate a sample
also with light, creating negative photoconductivity, or IR
clearing of intrinsic photoconductivity then EL radiations it is
not observed. With change MVgzg though non-monotone, but
weak displacement of red border of EL nevertheless is
observed, that most likely, can is caused by influence of
doping on the energetic depth (&) of bedding of the r-centers.
These results too testify that the electroluminescence in
investigated crystals is directly caused by recombination of
no basic carriers of a current through the r-centers of slow
recombination.
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Fig. 3. Temperature dependence of dark (1-3) and quasidark
(4-6) conductivity in crystals p-GaSe<RE> (a) and n-
InSe<RE> (b). Neg, at.%: 1,4-0;2,5-10% 3,6-10".
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The uniform positions of dependences of EL on the pro,  supposed, that at RE doping because of growth of number
prehistory of a sample, temperatures, and doping level is  covalent connections of RE ions taking place in the next
possible to explain in view of partial disorder of crystals layers, the general share ionic-covalent connections
GaSe and InSe [7]. Apparently, thus existing recombination ~ concerning weak molecular between natural layers [9]
barriers interfere the recombination of no basic carriers increases also. Therefore with increasing Mge the value of Ag.
through located in high-resistance inclusions of the slow r- and the found out displacement of spectral distribution
centers of recombination. decreases is weakened.

Within the framework of this model, dependence of an The thermostimulated conductivity measurement carried
electroluminescence on the RE doping level can speak out by us (fig.3) testify that entered RE impurity enter into
dependence of a degree of disorder of investigated samples investigated crystals as levels of sticking for the basic carriers
on the Nge [3-5]. instead of as the r-centers of slow recombination. As to

As to displacement of spectral distribution B, aside longer ~ influence of these impurity on energetic depth of the r-
waves of a spectrum at excitation in a direction of natural ~ centers it is possible to assume, that it is appears by change of
layers, most likely, it is caused with presence of potential ~donor-acceptor interaction pairs that sometimes appears
barrier Ap.~0.1eV between next natural layers [8]. It is appreciable in investigated semiconductors.
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LAYLI A3Be<NTE> MONOKRISTALLARINDA ELEKTROLUMINESSENSiYA

Qadolinium, holmium va disprozium tipli, nadir torpaq elementlari ile agqarlanmis indium va gallium selen monokristallarinda
elektroliminessensiya tadqiq edilmisdir. Miayyanlasdiriimisdir ki, T<100K oldugda stialanmanin parlaghigi (B, temperaturdan
asili deyil, sonra ise temperaturun artmasi ile eksponensial gqanunla azalir. T~200K ve 160K-de uygun olaraq p-GaSe [s n-
InSe kristallarinda elektroliminessensiyanin temperatur sdnmasi bas verir. Ny7e-nin artmasi ile avvalce (NNTES‘IO'4 at. %
olduqda) isiglanmanin parlaghgi bir gader azalir, sonra isa artir. Nyre-nin deyismasi ile ayri-ayri sialanma zolaglarinin parlaghigi
da dayisir. Daxil edilon asqarin kimyavi tabistinin deyismasi ise ektroliminessensiyaya tosir gdstermir. Nnrex102:10™ at. %
olduqgda elektroliminessensiya parametrlari an stabil giymatlarini alir.

A.lLIl. A6aunoB, P.®. BaGaeBa, A.T. baruposa, P.M. P3aeB

SJEKTPOJIOMUHECHEHIUA CJIOUCTBIX MOHOKPUCTAJLJIOB A;Bs<P39>

HccnenoBana 31eKTPOTIOMHHECHEHIUS B JIETHPOBAHHBIX PEIKO3EMEIBHBIMH JJIEMEHTAMH THIIA TaJOJHMHHS, TOJIBMUS WM IHCIIPO3US,
KPHCTAUIAX MOHOCEJICHU/IA UHIWS U TajuIus. YcTaHoBiIeHo, uTo mpu 7<100K spKocTh a5eKTpostoMrHecieHInH (/B,) IOUTH HE 3aBUCUT OT
TeMITepaTypsl, a naiee ¢ pocroM 7 ymensmaercs. [Ipu 7=200K u 160K B xpucTaniax ceixeHua HHANS U TaJUIAS COOTBETCTBEHHO, CBEUCHUE
COBCEM HCYE3aeT - MPOMCXOAUT TEeMIIEpaTypHoe TylleHHue 3iekTpoiroMuHecueHmu. C pocToM Nps; spkocTh cBedeHHs cHavana (Ipu
Np3p<10™ aT.%) HECKOJIbKO YMEHBIIACTCS, a Jajiee YBEIUYMBACTCS OTHOCHUTENHbHO HcxonHoro. C m3MeHeHHEeM Npj; MEHSETCS Tarke
SIPKOCTh OT/ENbHBIX T10JI0C U3Iy4eHHs. FI3MeHeHHe XUMHYECKOH NPUPO/Ibl BBEICHHONW IPUMECH Ha 3JIEKTPOJIIOMHHECLICHIIMIO B H3y4aeMbIX
kprcTantax He Bauset. [Ipu Np3=1072:107" at. % obecreunBaoTcs caMple CTAGHIBHEIC 3HAYCHHS YIEKTPOMOMUHECICHTHEIX apaMETPOB.
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