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ABSTRACT

TIBr crystals have been grown by the Repeated Rmaly method from commercial TIBr materials and
characterized to be used as radiation detectorshaVe shown that the Repeated Bridgman is effedtve
reduce the concentration of impurities in TIBrwas observed that detectors fabricated from highuity
crystal exhibit significant improvement in perforne@ compared to those produced from low purity tetgs
However, problems still exist in TIBr detectors,edio the low charge carrier collection efficienashich is
probably caused by additional impurities or deféet®rporated during crystal growth and detectbritation
processes.

1. INTRODUCTION

Over the past decade, compound semiconductors &i#naeted considerable attention as
possible alternatives to Si and Ge for charge @artand photon detection [1,2]. The
application of these detectors has been somewstaicted, since Ge detectors provide high-
resolution capabilities only at cryogenic temperesu(77K), because of their low resistivity
at room temperature, and Si detectors exhibittless 20% detection efficiency for gamma
rays for energies above 35 keV because of theimploaton absorption coefficient from these
values [3]. Thus, there has been a great intemesdéveloping semiconductors that have high
photon absorption coefficient and can operateairtemperature, without sacrificing the
advantages of Ge and Si detectors. The main physaoaiconductor properties required for
the fabrication of room temperature semiconducetectors are: (1) high atomic number;
(2) density for high absorption coefficient; (3)band gap large enough to keep leakage
currents low at room temperature and (4) largetelacand hole mobility-lifetime products
for efficient charge collection [2,4,5]. High-Z caund semiconductors such as CdTe,.Cd
«ZhTe (CZT), Hgp, Pbb and TIBr have been investigated as prospectiveenadg for
nuclear radiation detectors feasible to operate@n temperature.

TIBr has emerged among these types of detectoaspasticularly interesting one due to its
wide band gap (2.68 eV) and large density (7.5md/chigh atomic number elements
(Z11=81 and Z=35) and high resistivity (>$8Qcm) ) [1,4,6]. In fact, TIBr detectors have
been the subject of many investigations owing tmesspecific technological features and
their good response to X angrays, at room temperature. The performance ofatioh
detectors is controlled by both intrinsic and exditc factors. Carrier lifetime, mobility and
the atomic number of the material used for radmatietectors represent intrinsic parameters,



while extrinsic factors, such as crystallographecfection and impurity levels, may also, play
a major role in the performance of these dete¢figBs7].

Furthermore, crystal cutting, surface polishing antdsequent etching are, equally, important
processes during the manufacturing of room temperatemiconductor radiation detectors,
such as TIBr, CZT and HglBoth mechanical polishing and chemical etchiny @ffect the
surface leakage. The centers resulting from mechhmolishing may both enhance the
carrier recombination on the surface, by increasngace trapping sites, and affect the
surface leakage current, by providing more condacgtiathways and altered electrical-field
distributions. In some circumstances, the polapaeffects can be introduced by surface
processing and, effectively, removed by approppaieshing and chemical etching [4,7].

The use of TIBr detector has been limited due pwlarization effect, possibly attributed to
ionic conduction [8,9], which reduces the long-testability. Efforts to investigate the
polarization effects and long-term stability of thiBr crystal detector were observed in the
literature [6,10-13]. The phenomena produce a giadharge trapping that reduces the
charge collection, characterized by a pulse heidftrease and bias detector current
reduction, as time passes.

In this work, TIBr crystals have been grown andifpeda by the Repeated Bridgman method
from commercial TIBr materials and prepared as atah detectors. Their radiation
responses were evaluated as a function of theatmggieated growth number.

2. EXPERIMENTAL PROCEDURE

The commercially available TIBr powders (Merck),tivnominal purity of 99.9%, was
used as the starting material for growing crystatended for detector applications. TIBr
crystal was grown by the vertical Bridgman techeiqusing a quartz crucible in vacuum. To
reduce impurities, this material was purified Brydgman methodPreliminary, the crucibles
were submitted to a rigorous chemical treatment andsequent thermal treatment, to avoid
the adherence of the crystals in the tubes waksl us the melting. Afterward, the TIBr
powder was introduced into a treated 50 cm longtguabe of 20 mm diameter, evacuated
to 10° Torr and sealed off. The crucible with TIBr was mtad into the vertical Bridgman
furnace and the TIBr was melted at temperature56fG. A crystal, around 20 mm diameter
and 30 mm long, was obtained with a growth ratel ahm/h. The crystal was sliced in
wafers, cut transversally to direction (110), usiagdiamond saw and lubricated with
glycerine during the cut. From this first growtkot slices of TIBr crystal were cut to be
prepared as detectors.

After that, the remaining crystal was re-grown bg Vvertical Bridgman technique, in order to
purify. Then, more two slices were cut from thigstal and prepared as detectors, by the
same procedure used for the crystal obtained withgrowth. The third growth was carried
out using the remaining crystal and again, two nsbices were prepared as detectors. The
final thickness of the crystals was about 0.65 mm.

The crystalline quality and structural charactdraaof the TIBr crystal were analyzed by X-

ray diffraction (XRD). X-ray diffraction patterns ese obtained in a Siemens (D5005)
Diffactrometer, using Cuiradiation (® ranging from 20° to 60°).
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After each cutting, the TIBr slices surfaces weeatied using the procedures that presented
better results in our previous studies [6,14].tHose works, better results were obtained for
TIBr samples without chemical etching, after palgh and with electrodes made using
colloidal carbon in organic solvent from Viatroni%. Therefore, this procedure was used to
prepare the TIBr surfaces. Fig. 1 shows a schendiigram of the detector and its
connection to the preamplifier.

Incident
radiation

.||—

Fig. 1 — TIBr detector and preamplifier connection.

Fig. 2 shows the measurement schematic diagram.eXperiments were carried with the
detector set inside in a box with silica gel, atnmotemperature. The silica gel was used to
prevent the humidity at the detector surface [6,IBe output from A250F charge sensitive
preamplifier was connected to a 450 EG&G Ortec ReteAmplifier and to 918A EG&G
Ortec Multichannel Analyzer, to obtain the pulséghespectra. The bias was supplied from
459 EG&G Ortec Bias Supply and the current measengsnfor obtaining the crystals
resistivity, with the 619 Keithley Electrometef*Am (59.5 keV, 401 kBq) an&*Ba (81
keV, 175 kBq) radioactive sources were used fonteasurements.
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Fig. 2 — Schematic diagram for the measurements
of a TIBr detector.
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3. RESULTS AND DISCUSSION

Fig. 3 shows the TIBr crystals grown by the Repgdedgman method, once, twice and
three times and the quartz crucible with TIBr seked as a raw material for the growth, only
as an illustration. As it can be observed in figasre, the crystal grown only once by the
Bridgman method (3a) presented a darker color,gogiare accentuated in the upper section.
The crystal grown by the Repeated Bridgman methwadet (3b) and three times (3c)
presented a bright yellow color and was unifornrnglthe whole length. It could be, also,
observed that the crystal grown three times, byRapeated Bridgman method, was visually
more transparent.

T » ; ; ""
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Figure 3 - Tl Br crystal grown only once (a); twi@
(b) and three times ( c) by the Bridgman method. A
quartz tube with TIBr salt was used as raw
material (d).
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Fig. 4 shows the X-ray diffraction pattern of TIBowder and for the first and second
growth, exhibiting yet, a complete set of reflengprespectively. No significant difference
was observed in the diffractograms between thetarysithout purification (a) and that

purified twice, by the Repeated Bridgman (b). Tlesuit shows that the crystals have a
similar structure to the cubic crystalline pattefrthe TIBr (a). The diffractogram (b and c)
indicates that the crystal is, preferentially, otedl in the (110) direction. This result is in

agreement with the literature [1,16].
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Figure 4- X-ray diffractogram of TIBr powder (a),
first growth (b) and second growth (c).
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Figs. 5 and 6 illustrate the pulse height spectalntained for the crystals grown twice and
Figs. 7 and 8, for crystals grown three times, iy Repeated Bridgmarf*’Am and***Ba
gamma sources were used for the crystal excitatidbhe bias used was 400 V and the
spectrum counted for 3000 s.
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Figure 5 - TIBr detector energy spectrum with®***Am
excitation of the crystal grown twice, by the Repead
Bridgman method.
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Figure 6 - TIBr detector energy spectrum with **Ba
excitation of the crystal grown twice times, by the
Repeated Bridgman method.
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Figure 7 - TIBr detector energy spectrum with?*Am
excitation of the crystal grown three times, by the
Repeated Bridgman method.
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Figure 8 - TIBr detector energy spectrum with***Ba
excitation of the crystal grown three times, by the
Repeated Bridgman method.

For the TIBr crystal grown once, it was possibl@bserve the radiation response only in the
current mode. For these detectors, the pulse madenat observed due to a low radiation
response and a high noise signal. At Fig. 6 and8 e seen just one photopeak from
multiple X-ray lines between 30 and 35 keV and ig. F can be seen a photopeak from a
multiple lines fron?*Am, but without resolution enough to observe eawh separated.
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Table 1 summarizes the results of the resistivitg &nergy resolution for the crystals
produced in this work. The slices obtained from thgstal of the first growth, without
purification, were denominated S1 and S2; the slpepared from the crystal of the second

growth were named S3 and S4; and those from thet ghowth, S5 and S6.

Table 1- Resistivity and Energy Resolution Valuefor the slices obtained from the
crystals grown once, twice and three times, by thRepeated Bridgman method.

Growth First Second Third
Sample S1 S2 S3 S4 S5 S6
Thickness 0.55 0.7 0.65 0.65 0.65 0.7
(mm)
Resistivity 0.46 1.8 5.7 3.8 5.2 8.3
(10*°Qcm)
Energy No photo | No photo| 28 keV 34% | 28 keV 38% | 28 keV 38% | 28 keV 27%
Resolution peak peak 59.5 keV 23%| 59.5 keV 25%| 59.5 keV 35%| 59.5 keV 35%
81keV 16% | 81keV17% | 81lkeV22% | 81lkeV 18%
Pulse height 28 keV (71) 28 keV (50) | 28 keV (109) | 28 keV (116)
(channels) 59.5 keV (161)|59.5 keV (135)|59.5 keV (233)| 59.5 keV (255)
81 keV (227) | 81 keV (186) | 81 keV (322) | 81 keV (376)

No significant difference was observed in the testy and energy resolution values of the
crystal re-grown twice and third times, but thegeuheight was improved in the third growth
due better charge collection and allowing obseneddaw energies lines froAt’Am ( Fig. 9).
These detectors showed good performance as nucihation detectors, at room
temperature. However, to obtain a better resolutBomecessary to improve the charge
collection [17]; to aim this goal, more purificatichould be carried out in order to reduce the
impurities and reduce the charge traps. Furthediesushould be made to evaluate the
influence of the crystals impurities in the detegterformance. For this, crystals should be
grown more times by the Repeated Bridgman methddlaimpurities reduction, after each
re-growth, should be determined.

The polarization is still a factor that has limitée TIBr crystal use [11]. This phenomenon is
described in the literature [11] as a gradual r&édocof the detector bias current and a
progressive pulse height reduction along the timehis work, the reduction in the pulse
height values was not observed for a continuoussureaent period of 8-10 hours. For the
samples from the third growth, it was observed,théier some hours without biasing, the
initial bias current detector always returns to fthéial condition. This result can be

explained due to the better crystal structure #ilmws charges de-trapping without bias
application. The detectors from the third growtlvédndbeen used for three months, in this
condition, without showing pulse height reductiéurther studies should be performed to
understand this phenomenon better.

4. CONCLUSION

Concluding, the TIBr crystal purification and gréwby the Repeated Bridgman method
showed to be efficient to improve its performanseaaradiation detector. A significant

improvement in the characteristics of the detectgstal was achieved, when the starting
materials became purer. The resistivity and plésght spectrum were sensitive parameters
to evaluate the detector quality in function of tirgstal growth number, by the Repeated
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Bridgman method. The higher pulse height obtainedthird growth can assure the
methodology and indicates that the process redtleedharge traps improving the charge
collection.
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