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Photo— and X-rays luminescent properties of the layered CdBr; crystals in the temperature re-
gion of 80...500 K have been investigated. It has been found out that the most effective luminescence
is excited at the temperatures 100...140 K with the ultraviolet light from the exciton absorption
region of crystals (259 nm). The annihilation of excitons autolocalized on the deep acceptors causes
the luminescence in the region 380 nm which is quenched completely at the temperatures above
120 K. Strong exciton—phonon and electron—phonon interactions cause the excitons destruction and
recombination of nonequilibrium electron-holes pairs through the donor—acceptor (DA) complexes
of intrinsic and impurity defects. Nonequilibrium charge carriers generated by the gap light re-
combine more effectivelly in the surface crystal region causing the yellow—green luminescence with
the maximum near 540...570 nm and also diffuse into the sample bulk and are captured on the
traps causing the effective red thermoluminescence at 7' > 200 K. The red photoluminescence with
the maximum near 650 nm has been caused by irradiative recombination of electrons and holes
generated by light long—wave absorption edge at 270...280 nm through DA defect complexes in the
CdBr; crystals bulk. Moreover, in the surface area the nonequilibrium carriers have been captured
and thermoluminescenting with green light with the maximum 510 nm at 7' < 200 K. At the room
temperature the relaxation time of electron—holes pairs created by radiation on the associated DA
light centres has been decreased due to a strong influence of phonon processes which causes the
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fluorescence of the CdBr; crystals with the maximum near 510 nm.
Key words: layered crystals, luminescence, donor-acceptor complexes.
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INTRODUCTION

The CdBrs crystals belong to the group of AsB5" lay-
ered materials taking up an intermediate position be-
tween A By dielectrics and AsBg semiconductors. Their
struture type C19 is based on a dense cubic pack-
ing of the layers in which every fourth layer occupies
the identical position forming Br-Cd-Br “sandwiches—
packets”. There is strong ion—covalent interaction within
the packet and weak Van der Vaals forces between the
packets.

The CdBrs crystals were grown in soldered quartz am-
pules by Bridgeman—Stockbarger method and had a 6R—
polytype modification. For experiments the samples of
the size of 10 x 8 x 2 mm?® were formed. Samples irra-
diation by the X-rays, ultraviolet and visible light has
been carried out directed in parallell to the main crys-
tallographic axis C's of the CdBr; crystals. The measure-
ment of luminescent properties of cadmium bromide has
been carried out simultaneously with the electric mea-
surements within the temperature region of 80...500 K.
The contacts were put on the samples by two orienta-
tions:

— on the opposite basic surfaces of the samples under
investigation, which ensures direction of external
electrical field tension vector (orientation I) paral-
lel to the main crystallographic axis Cf;

— on the illuminated basic surface of the sample,
when the external electrical field is directed per-
pendicularly to the axis Cs (orientation IT).

I. OBTAINED RESULTS

Cadmium bromide crystals are sensitive to the electro-
magnetic irradiation effect with the wave length less than
400 nm. At the room temperature the excitation with the
light from the edge of the fundamental absorption region
(280 nm) causses the slight fluorescence (¢ > 50 ns)
within a wide spectral range with the maximum near
520 nm (Fig. 1, curve 1). With the temperature decreas-
ing of the CdBr» crystals the increasing of phosphores-
cence intensity (t2 > 5 ms) at the temperatures below
180 K has been observed (Fig. 2, curve 1). Moreover, the
most effective excitation of luminescence of pure nonac-
tivated cadmium bromide crystals has been carried out
in the temperature region of 100...140 K by ultraviolet
light from the region of 259 nm (Fig. 1, curve 3), with
the corresponding minimum on the photoconductivity
spectrum (Fig. 1, curve 4). Ultraviolet light quantums
with the indicated wave length at the temperatures near
the liquid nitrogen temperature (NT) cause the intensive
phosphorescence of the CdBr» crystals in the wide spec-
tral range with the maximum near 550 nm, which has the
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properties of donor—acceptor recombination of nonequi-
librium charge carriers. On the integral luminescence ex-
citation spectra (LES) of the CdBr; crystals besides the
most intensive band with maximum near 259 nm cor-
responds to the transition from surface to bulk samples
excitation the maxima in the fundamental absorption re-
gion of cadmium bromide are present (Fig. 1, curve 3).
The excitation of luminescence by ultraviolet light from
these maxima and by X-rays is accompanied at NT by
a phosphorescent light of less intensity being slightly dif-
ferent from the spectrum described above. It was noted
that with the increasing of quantums energy of excit-
ing irradiation the luminescence maximum of the CdBra
crystals moves towards longer waves (lesser energy) from
550 nm (ley = 259 nm) to 570 nm (excitation by X-rays)
(Fig. 1).

In the temperature region below 120 K under the gap
excitation of the CdBrs crystals besides the intensive
yellow—green luminescence the less intensive light in the
violet spectrum region with the maximum near 380 nm
(Fig. 1) is observed. Experimental investigations show
that the intensity of this light is dependent on the irra-
diated surface state and structure perfection of cadmium
bromide crystals.

On the long—wave edge of fundamental absorption of
the CdBr; crystals in the luminescence excitation spectra
the shelf in the region of the wave lengths 270...290 nm
(Fig. 1) has been observed, and its intensity depends on
the samples temperature and defects. The quantums of
exciting light from this spectral range cause a wide asym-
metrical luminescence band of cadmium bromide with
the most intensive maximum in the red spectrum region
at 6560 nm and maximum at 510 nm (Fig. 1).
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Fig. 1. The photoluminescent (1,a,b,c), X-rays lumines-
cent (x), photoconductivity (2,4) spectra and LES (3) of
CdBr; crystals at the temperature 290 K (1,2) and 80 K
(3,4,a,b,c,x).

With the crystals temperature increasing from NT to
the room temperature (Fig. 2, curve 1) the quenching
of the samples phosphorescence above 140 K and de-
creasing of photoconductivity in thus a temperature re-
gion have been observed. Above 180 K cadmium bro-
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mide phosphorescence is slight and on the temperature
dependence of photoconductivity the considerable local
increasing of photocurrent intensity in the temperature
region of 308 K and 232 K has been observed. When con-
tacts are put on the illuminated surface of CdBrs crys-
tals (orientation IT) the narrow intensive maximum near
208 K prevails on the temperature dependence of pho-
toconductivity (Fig. 2, curve 3). At the measurement of
the temperature dependence of photoconductivity in the
samples bulk (orietation I) the maximum near 208 K
is slight, but the most intensive maximum near 232 K
becomes absolutely prevailed (Fig. 2, curve 4). Such a
behaviour of photocurrent is caused by its boosting due
to nonequilibrium carriers which have been released from
the deep traps where they have got during the process
of gap irradiation of crystals at low temperature.
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Fig. 2. Temperature dependences of the luminescent bands
intensity (1,2) with the maximum of light near 555 nm (1)
and 380 nm (2), photoconductivity (3,4) under excitation of
CdBr; crystals with light 235 nm in the contacts orientation
I (4) and II (3) and TSL (5,6) of irradiated crystals at the
temperature 80 K by light 262 nm (5) and 275 nm (6), back-
ground conductivity of CdBr; (7).

The thermostimulated luminescence (TSL) and ther-
mostimulated conductivity methods (TSC) have been
used to probe the local levels in the band gap of the lay-
ered cadmium bromides. That is why the CdBrs crystal
was irradiated at NT during 20 minutes by the X-rays or
optical light. In this case a part of the generated nonequi-
librium electrons and holes recombine radiatively and the
other part is captured on the traps with different depth.
After the irradiation was turned off the crystal was held
in darkness during 5 minutes, the electrical field was ap-
plied to the sample and the linear heating of crystal was
turned on and the thermoluminescences and tempera-
ture dependence of the sample conductivity have been
registered (Fig. 2, curve 3-6).

Under the excitation of cadmium bromide with the
light from the fundamental absorption region the inten-
sive yellow—green luminescence of the surface crystals re-
gion and the capture of charge carriers diffused into the
bulk on the deep traps, causing red thermoluminescence
at the 7' > 200 K have been observed (Fig. 2, curve 5).
Under CdBrs irradiation with the light from the region of
270...290 nm the bulk centres illuminate by the red light
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and diffusion of a part of the generated carriers on the
surfase traps which cause the exceeding green thermolu-
minescence near 7' < 180 K takes place (Fig. 2, curve 6).

I1I. DISCUSSION

The described experimental results and the analysis of
the literature data [1-3] show that the luminescence of
the cadmium bromide crystals in general is caused by ra-
diative recombination of created by high-power irradia-
tion (ultraviolet, X-rays) nonequilibrium charge carriers
through the complex centres of intrinsic and impurities
defects — the associated donor—acceptor pairs. Since the
other cadmium halides (CdJ; and CdCl; [1]) have a sim-
ilar luminescence it means that such light centres contain
cation defects such as cadmium vacansies (V4) as an ac-
ceptor centre or interstitial cadmium (Cy;) as a donor
centre or both of them as an associated donor—acceptor
complex. Such a complex centre can be formed during
the growing of CdBrs crystals or during the shift at high
temperatures of point cadmium into the neighbouring
octahedrical emptiness or interlayers space with the cre-
ation of a (Cg; — Viq) complex.

At the temperatures near the liquid nitrogen boiling
temperature the most intensive luminescence (phospho-
rescence) of the CdBry crystals has been excited by ultra-
violet light from the exciton absorption region (259 nm)
(Fig. 1). The autolocalization of such excitons on struc-
tural defects and their further annihilation are accompa-
nied by violet light of cadmium bromide with maximum
near 380 nm which is quenched completely at the temper-
ature above 120 K. It can be caused by strong exciton—
phonon interactions which cause the excitons destruc-
tion and electrons and holes localization on the donor
and acceptor centres of intrinsic or impurities nature.
As a result the life time of nonequilibrium charge carri-
ers increases. The layered structure of cadmium bromide
which causes anisotropy of its electrical properties, differ-
ent electrons and holes mobility, strong electron—phonon
interaction ensure the relatively rapid localization of the
one of electron—holes pairs components near the place of
their appearance because of crystals excitation and drift
another component into the depth of the sample where
it 1s localized on the traps. As a result the cadmium bro-
mide crystals surface light in the yellow—green spectrum
region and accumulation of carriers in the samples bulk
have been observed.
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HocmimkeHo (poTo— Ta peHTI'eHOJIOMIHECIIEHTHI BJacTUBOCTI IapyBarux Kpuctajiais CdBry B remmeparyp-

HoMmy migamnasoni 80...500 K. YcramossieHo, 1o HalfiedpeKTHBHIINIE JTIOMIHECIEHINA 30y IKYETHCA TIPH TEMIIEPATYPaXx

100...140 K yabrpadiosneToBUM CBITJIOM 3 OIJIAHKK €KCHTOHHOTO HOIVIMHAHHA Kpuctasis (259 um). AHiriasaunia as-

TOJOKAJII30BAHUX Ha TJIMOOKHMX aKIEITopaX eKCUTOHIB 3yMOBJIIOE JIFOMIHECIIEHINIO B MiaAHIN 380 HM, AKa ITOBHICTIO

racuThCs TIpn TeMmmepaTypax suiie Big 120 K. CurbHa ekcnToH—pOHOHHA Ta eJ1eKTPOH—OHOHHA B3a€MOIIS 3y MOB-

JIIO€ PO3IIajl eKCUTOHIB Ta PeKOMOIHAINI0 HEPIBHOBAXKHUX eJTeKTPOHHO—MIPKOBUX IIap 4Yepe3 ITOHOPHO—aKIIeIITOPHI

(JIA) xoMmekcH BJIACHHX Ta HOMINIKOBUX HedeKTis. [ enepoBani 30HHMM CBITJIOM HepiBHOBaxKHI HOCI 3apsmy

HaliepeKTHBHINIE PeKOMOIHYIOTH y IPUIIOBEPXHEBIM MITAHIN KPUCTaJja, 3yMOBJIIOIOYMA XKOBTO—3eJIeHy JIIOMIHEC-

MeHIo 3 MakcumMyMmoM mpu 540 — 570 HM, a TakoX OudyHIAYIOTH B 00’éM 3pa3Ka Ta 3aXOILUIIOIOTHCA Ha PIBHI

[PUJINIIAHHS, BUKJINKAIOYN epeKTUBHY YepBOHY TepMotoMibectentito npu 1 > 200 K. Yepsona dgorosomi-

HECIIEHIA 3 MaKCUMyMoM Ipu 650 HM 3yMOBJI€Ha BHUIIPOMIHIOBAJIBHOIO PEKOMOIHAINEIO I'€HEPOBAHUX CBITJIOM 3

JOBrOXBHJIBOBOTO Kpalo moriauHaHHA mpu 270...280 HM eeKTpOHIB Ta MIpoK dYepe3 [IA-kKomiaekcn medekTiB B

0o6’emi kpuctamis CdBry. [Ipu mpomy B mpumoBepxHeBii mTAHIN “3aMUMatoTh” HEPIBHOBAXKHI HOCI, AKI e(pEKTHUBHO

TEPMOIIOMIHECITIIOIOTH 3eJeHUM CBideHHAM 13 MakcumymoM 510 um mpu T' < 200 K. Ilpu kiMHaTHHX TeMmIepary-

pax 3a paxXyHOK CHJIBHOTO BILIWMBY (POHOHHUX TIPOIECIB 3MEHINYETHCA Fac PeslakCalll CTBOPEHWX OIMPOMIHEHHAM

PeHeTHYIHNX eJIeKTPOHHO—IIPKOBHUX ITap Ha acomitoBanux I|A-1eHTpax CBIYEHHH, IO 3yMOBJIIOE (DJIIOOPECIIEHITIIO

gpucrais CdBrz 3 makcumymom y mimasimi 510 HM.
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