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Photoelectrical and current transient properties of TIBr were investigated in the tem-
perature region from 243 K up to 293 K, where the ionic conductivity effect changes
significantly. A nonmonotonous conductivity variation with temperature has been identi-
fied, demonstrating a mobility-related maximum superimposed on a band-to-band genera-
tion conductivity growth. This maximum could be caused by the recharge of the scattering
center at about 1.65 eV. Presence of such center was confirmed by the photocurrent
spectra. From spectral dependences defect-related transitions at 0.55; 0.83, 1.1; 1.32 and
1.65 eV were identified, being dependent on sample prehistory, i.e., its excitation by light
and/or voltage. The transient photocurrent kinetics have demonstrated a complex behavior
that could be explained by the combined influence of electron generation/recombination
processes superimposed upon the effect of ionic conductivity. The results indicate that
ionic conductivity can take place also at 243 K, though its influence is less because of the
thermally activated character.

WccnemoBaHbl IepexogHble (DOTOdJIEKTPUUECKHE U TOKOBBIE cBoiicTBa 1IBr B Temmeparyp-
"ot obsactu ot 243 mo 293 K, rae spdexT MOHHOM MPOBOAMMOCTU 3HAUUTEJIHLHO M3MEHSeT-
ca. OOHapyKeHO HEeMOHOTOHHOe W3MeHeHMHe IIPOBOIMMOCTHU C TeMIIepaTypoii, BKJIOUAIoIIlee
CBSIBAHHBIM C MOABUIKHOCTHI0O MaKCUMYM, HAKJAALIBAIOIIUNICA HA POCT IMIPOBOAUMOCTU, O0Y-
CJIOBJIEHHBIII ME)K30HHOII reHepalueii. 3TOT MAKCUMYM MOJKET OBITh OOYCJIOBJIEH Iepe3aps-
KOl IIeHTPOB paccenBaHUA C dHeprueil mpudnusurTeabHo 1,65 sB. IIpucyrcTBre TaKUX I[EHT-
POB IOATBepKAaeTcs cheKTpaMu (PoToToka. IIo cIeKTpaJbHBIM 3aBUCUMOCTAM YCTAHOBJIEHO
HaJuune CBASAHHBLIX ¢ medektamu nepexomgos npu 0,55; 0,83; 1,1; 1,32 u 1,65 »B, 3aBucs-
MUX OT IMpPeAbICTOPUU 00pasia, T.e. OT ero BO30OYKAeHUs CBETOM U/UJU HAIPAKEHUEeM.
Kunerunka mepexomuHoro (oToTOKA MMeeT CJIOMKHBINA XapaKTep, YTO MOMKHO OOBACHUTHL cCoue-
TaHWeM BJUAHUSA MIPOIECCOB reHepalni/peKoMONHAIINN 2JIEKTPOHOB, HAKJAALIBAIOIINXCA Ha
apdexT MOHHOM mpoBoAuUMOCTH. I[lollyuyeHHBIE PE3yJbTATHI CBUAETEJIBLCTBYIOT, UTO HOHHAS
TIPOBOAUMOCTL MOXKET MMeTh MecTo Tak:ke npu 243 K, xoTsa ee BausHUe ociIabIeHO BCJIEICT-
BUE ee TepPMHUUECKH aKTUBUPOBAHHOI'O XapaKTepa.
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1. Introduction

Thallium bromide (TIBr) is an attractive
and promising material for X- and y-ray
spectroscopy because of its wide bandgap
(2.68 eV), high density (7.56 g/cm3) and
high atomic numbers (TI:81 and Br:35) [1-
3]. Such properties ensure a high photon

stopping efficiency. The pixelated TIBr y-ray
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detectors had demonstrated energy resolu-
tions of 6.7 keV and 22.3 keV for 122 and
662 keV y-rays, respectively [2, 3]. Never-
theless, one of the main problems still hin-
dering practical applications of TIBr is its
ionic conductivity, which is appreciably
temperature-dependent [4] and causes insta-
bility of the device characteristics. This
causes, e.g., degradation of spectroscopic
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performance because of the polarization
phenomena if the devices are operated at
the room temperature [2].

2. Experimental

TIBr crystals were grown by the Bridg-
man-Stockbarger method. The samples of
about 4x3x1 mm3 size provided with the
evaporated gold contacts were investigated
in the temperature region from 253 K up to
293 K, where the ionic conductivity effect
changes significantly [4]. In order to pre-
vent the long-living sample polarization and
its degradation, low electric fields of less than
150 V/em were applied. At 293 K, the
sample conductivities were (3—4)-10710 Q~lem™1.
The IV curves of the samples were symmet-
rical and linear, evidencing the suitability
of the Au contacts.

3. Resultls and discussion

In the temperature region of 258-
278 K, the conductivity demonstrated a
sharp maximum (Fig. 1). It was superim-
posed on the conductivity growth due to the
band-to-band generation having the activa-
tion energy of about E;/2. This maximum
could be mobility-related, as it is evidenced
in Fig. 1. A similar conductivity behavior
was revealed by impedance spectroscopy in
[5], though we have not observed it in the
samples with lower thermal activation en-
ergy of about 0.78 eV [6]. The maximum
height and position were dependent on the
sample prehistory (Fig. 2). Nevertheless,
the maximum, once reached, did not vanish
with time (inset in Fig. 2), though long cur-
rent relaxations took place. Such relaxa-
tions might be due to either persistent con-
ductivity in disordered materials [e.g., 7, 8]
or ionic conductivity of TIBr.

The thermal activation energy of this
mobility-related maximum was up to
1.6510.15 eV in different samples, evidenc-
ing that it was rather caused by the re-
charge of the scattering center and not by
weakening ionized impurity scattering.

The defect levels were investigated by
the photocurrent spectra (Fig. 3). They were
analyzed using Lucovsky photoionization
model [9]:

I ~ npyAEQS(RY — AER)V-5/ ()3, (1)
where AE,;, is the optical activation energy
of the deep trap, and nj,; is density of the

trapped carriers. A band-to-band generation
starts at about 2.75 eV. The current drop at
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Fig. 1. Temperature dependences of the sam-
ple current and Hall mobility.
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Fig. 2. Change of the current maxima posi-
tion and height during subsequent cooling cy-
cles. Inset: relaxation of the dark current at
different temperatures as marked by the let-
ters A—-C.
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Fig. 3. Photocurrent spectra at 253 K. Inset:
fitting of curve 3 by Eq.(1). Curve 1 was
obtained after relaxation of the unbiased
sample in the dark for 20 h. Curves 2 and 3
were measured after keeping the sample at
60 V bias at room temperature for 6 hs, fol-
lowed by cooling it down and scanning spec-
tra in different directions. Measurement di-
rections are indicated by the arrows.
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Fig. 4. Current transients at different tem-
peratures, after the onset of the light excita-
tion corresponding to the photoconductivity
maximum. Curves are shifted in time for the
sake of convenience. Inset: model curve, rep-
resenting reciprocal number of atoms diffus-
ing from a limited source depending on time
— Eq.(2).

the high-energy side is associated with the
increasing absorption and intensifying sur-
face recombination. The fitting of the
curves has revealed the following photoioni-
zation energies: 0.55; 0.83, 1.1; 1.32 and
1.65 eV. The latter value coincides with
that obtained from Fig. 1, confirming pres-
ence of the defect level that can be neutral-
ized, causing mobility growth. Typically,
the defect bands in the region between 1 eV
and 2.5 eV were dependent on sample pre-
history. The defect-related shoulders at
about 0.83 and 1.1 eV appear usually if the
spectra were scanned starting from the
higher quantum energies. Meanwhile, influ-
ence of the levels at 1.832 and 1.65 eV de-
crease usually as the sample was kept biased
for several hours.

A similar complex defect structure was
also revealed by photoluminescence in [10].
The luminescence in the range 1.5-2.0 eV
was observed under X-ray excitation and
was attributed to several recombination cen-
ters [10], meanwhile, the absorption band at
1.1 eV was observed in the short-living ab-
sorption spectra under pulsed electron beam
excitation in [11] and it was explained to be
due to hole trapped at cation wvacancy
(TI2*Vc™). This center may arise if a hole is
trapped at a pre-irradiation vacancy, as well
as a result of the radiation-induced Frenkel
pair formation (TI?*Vc™ and interstitial TI,-O).
Our results indicate that such a vacancy can
also be light-induced, even though the light
intensity from monochromator is low.
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Fig. 5. Dependences of the averaged time con-
stants t; and 14, describing current decrease
and the following growth, respectively.

Therefore, we have investigated the pho-
tocurrent transient effects.

The photocurrent kinetics were measured
at different temperatures using excitation
by the best absorbed light. Fig. 4 represents
general and repeatable tendencies. A similar
behavior, though less pronounced, was also
observed without light excitation. A notable
feature is the presence of two different
trends. When the light is turned on, after
the sharp jump, the current decrease starts,
which is followed by the growth until satu-
ration. These thermally activated processes
followed the exponential dependences with
the single time constants (Fig. 5). Though
the time constants of current decay and its
growth were differing by about two orders
of magnitude, their thermal activation en-
ergy values of about 0.24-0.27 eV were the
same within the experimental accuracy.
Therefore, the photocurrent kinetics can be
supposed to be caused either by two differ-
ent competitive processes or by a single
complex process. In the first case, the cur-
rent decrease could be ascribed to the faster
electronic process, i.e., trapping and/or re-
combination of light-generated carriers at
the defect centers. This process could be
similar to the known thermal quenching
mechanism. The following current increase
might be attributed to the growing ionic
conductivity of TI* ions, as observed in [5].

Nevertheless the similar thermal activa-
tion energies of both time constants point
that they might be attributed to a single
process. The similar non-monotonous behav-
ior is typical of the diffusion from a limited
material source [12]. In such case, the total
number of extraneous atoms at a certain
point is given by:

N = At 0-exp(-B/t), (2)
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where A and B are diffusion- and material-
related constants.

A model curve in Fig. 4 depicts the in-
verse value of N. This can be explained,
assuming that the transport is governed by
electron and/or ion mobility, which is lim-
ited by a varying number of scattering cen-
ters as p~ 1/N.

4. Summary and conclusions

We had investigated photoelectrical and
current transient properties of TIBr in the
temperature region from 253 K up to
293 K, where the ionic conductivity effect
is pronounced. The sample conductivities at
293 K were about (3-4)-10719 O-1ecm™1.

The following peculiarities were revealed
that could stand for both electronic and
ionic conductivities. The non-monotonous
conductivity wvariation with temperature
was identified, demonstrating a mobility-re-
lated maximum that was superimposed on
an intrinsic conductivity growth. This
maximum could be caused by the recharge
of the scattering center at about 1.65 eV.
The presence of such a center was con-
firmed by the photocurrent spectra.

From the spectral dependences, several
defect-related transitions at 0.55; 0.83, 1.1;
1.32 and 1.65 eV were identified, being de-
pendent on sample prehistory, i.e., its exci-
tation by light and/or voltage. The defect-
related shoulders at about 0.83 and 1.1 eV
intensify wusually if the spectra were
scanned starting from the higher quantum
energies. Meanwhile, influence of the levels
at 1.32 and 1.65 eV usually decreases if the
sample is kept biased for several hours.

The photocurrent kinetics had demon-
strated a complex structure where its de-
crease was changed by the growth. The
thermal activation energy of the time con-
stants for both processes was found to be
0.24-0.27 eV. Such a complex behavior
could be explained either by the combined
trapping and/or recombination of light-gen-
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erated carriers to the defect centers fol-
lowed by the growing ionic conduction, or
by the variation of the ion diffusion-related
scattering in time. Our results, in contrast
to [4], demonstrate that the ionic conductiv-
ity may take place also at 253 K, though its
influence is less because of the thermally
activated nature. Moreover, even low inten-
sity intrinsic light excitation might be ef-
fective in capacitating ionic conductivity.
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TIBr: Boaus gedexris Ta mirpanii ionis TI
Ha TPAHCIOPT HOCIiB

B.Kaxcyraycrkac, A.3umuncoxuil,
I'.Jaeuodwx, B.Boxro, I' Muponuyxk

Hocaimxkeno mepeximui doroenmexkrpuuni Ta ToKoBi BaactusBocti TIBr y remmeparypaoMy
miamasoui Bim 243 mo 293 K, me edext ioHHOI mposizHocTi 3HAuHO 3MiHIOETHCsA. BusiBiaeHo
HEMOHOTOHHY 3MiHY IIpPOBiZHOCTI 3 TeMIIepaTypoio, dKa BKJIOUAE IIOB’SIBaHUII 3 PyXOMiCTIO
MaKCHMyM, IO HAKJAZA€TbCA HA B3POCTAHHS IIPOBiAHOCTI, 3yMOBJIEeHE MiK30HHOIO TI'€He-
pamieto. Ileit makcumyMm MosKe OyTu O0OyMOBJIEHUU Ilepes3sapsagKOI0 IeHTPiB PO3CiIOBaHHSA IIPU
ereprii mpmbausuo 1,65 eB. IlpucyTHicTh TAKMX IEHTPIB MiATBEPIKYEThCSI CIIeKTPamMu (o-
TOCTPYMY. I3 CHEKTpalbHMX 3aJI€KHOCTEHl BCTAHOBJIEHO HAABHICTH 3B’A3aHMX 3 JeeKTaMu
nepexoxis mpu 0,55; 0,83; 1,1; 1,32 ta 1,65 eB, sanexHux Bij mepexicropii spaska, To0TO
Bixg fioro s0ym:KeHHs cBiTiiom Ta/abo Hampyroio. Kinermka mepexigaHoro ¢orocTpymy Mae
CKJAQIHUN XapaKTep, IO MOMKHA IIOACHUTH IIOETHAHHAM BILUIMBY NOpOIeciB reHeparii/pe-
KoMmOiHaril eseKTpoHiB, AKI HaKIamaoTbCa Ha edeKT ioHHOI mposigzHocTi. Omep:xani pesyib-
TaTH CBiguaTh, 110 i0OHHA IPOBiZHicTL Moxe mMaTu Mmicue Tako:x npu 243 K, xoua ii Biius
nocaabyieHuil BHACHIZOK ii TepMiuHO aKTHBOBAHOIO XapakTepy.
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