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Abstract. This article is devoted to the study of the terapee dependencies of the charge
collection efficiency of the GaAs:Cr sensors. Thesasors are widely used in the experiments in
modern physics. The article also shows the depemrdefthe lifetime on temperature.

TEMIIEPATYPHAS 3ABUCUMOCTDb DOPEKTUBHOCTHU CEOPA
3APAA CEHCOPOB HA OCHOBE GAAS.CR CTPYKTYP
Ilaenoe U.I'.

KaoueBnle cioBa: cencopsl Ha ocHoBe GaAs:Cr cTpykryp, TemiieparypHas 3aBUCHMOCTD,
3¢ pekTuBHOCTH cOOpa 3aps0B, BpeMs KU3HH CBOOOIHBIX HOCHUTENEH 3apsia.

AHHoTanua. JlaHHas cTaThs TIOCBAIIEHA HCCIEAOBAHUIO TEMIIEPATypHBIX 3aBUCUMOCTEH
a¢dexTuBHOCTH cOOpa 3apsioB ceHcopoB Ha ocHOBe GaAS:Crerpykryp. JlaHHbIE CEHCOPBI aKTHBHO
UCIIOJIB3YIOTCS TIPU TIPOBEJCHUHM DKCIIEPUMEHTOB B COBpeMeHHO# ¢usuke. Takxke B crarbe
NPHUBEJICHA 3aBICUMOCTh BPEMEHH XKU3HN CBOOOTHBIX 3JIEKTPOHOB OT TEMIIEPATYPHI.

1. Introduction

Semiconductor radiation detectors are widely usedanodern high-energy
physics. Currently, more than 90% of all semicorndudevices are being produced
on the basis of silicon and germanium. However, ubage of sensors based on
these very foundations is limited by low operatiemperatures and low coefficient
of the absorbed radiation at the energies aboviEeX0for germanium and silicon
sensors. Therefore, the compound semiconductorse caimthe forefront, e.g.
gallium arsenide (GaAs), which has a number of sadlantages as a large energy
band gap (1.4 eV), high coefficient of the absortaetiation of gamma-rays (10-60
Kev). However, gallium arsenide has significantwdracks, such as a small value
of the lifetime of charge carriers (10-8 ns) anel tonductivity depth of penetration
of the electric field in the material (1 mm), dwethe presence of intrinsic point
defects (deep EL2-centers) [1]. One of the wayeaduce the influence of EL2
centers is to compensate GaAs with chromium [2].

Charge collection efficiency is the main charastess of the detectors which
depend on the production of mobility and lifetimetlbe charge carriers. In this
project, we study the dependence of charge calledificiency on the temperature
conditions of work of the GaAs sensors.

2. Experimental setup and samples

Structure of the Me-GaAs:Cr-Ni Me andrNi contacts were the studied
samples. The amplitude spectra were taken in tmpdeature range of 25-50°C
when the voltage on the sensor from 10 to 150 Voider to obtain the
dependencies. Temperature control is done by aePelement. Thé*Am was
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used as the gamma radiation source. Measuremeipnegput (figure 1) included a
preamplifier (PA) and the driver amplifier (SA) etldata were transferred to digital
format by ADC and displayed on the computer.
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Fig. 1. The scheme of the experiment

3. Result and discussion
Amplitude spectra, obtained at different tempergland constant voltage (U
=120 V) shown in figure 2.
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Fig. 2. The amplitude spectrum of GaAs:Cr at ddfegrtemperatures T°C and the
voltage applied to the sample 120 V

To calculate CCE of each sample, the ADC chanoeh famplitude spectrum
which corresponded to the maximum of the distriutof events was found. For
GaAs:Cr the channel is determined from the decay the shelf» which
corresponds energy of 60 Kev. Previously was erpartally determined that the
number of the ADC channel which corresponds to 106Barge collection
efficiency, is equal to 319 (1).

CCE = a0 (0. (1)
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Figure 3 shows the temperature dependence of tlagehcollection
efficiency on the electric field in table 1 frometkoltage.
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Fig. 3. The temperature dependence of charge tiolheefficiency on the electric
field: a) for the samplae 1, b) for the samplie 2, c) for the sampl#e 3

For the samplede 1 andNe 3 we can observe increased charge collection
efficiency while the temperature is increasing, abhis clearly visible at low bias
voltages of 10-50 V. For both samples the charastdhe dependency becomes
nonmonotonic at higher voltages. However, for thmgleNe 2 there is no CCE(T)
dependence.

Tab. 2. The temperature dependence of the lifetihtlee charges

o HUeTe , CNT/V
T, *C Ne 1 Ne 2 Ne 3
25 159500 40250 175500
30 173750 39250 164500
35 18400 41750 190250
40 180250 42000 269750
50 211750 42750 279250

Using Hecht equation [1], the mobility-lifetime mhact of electrons (e)
was calculated for the studied samples (table @) tle samplé\e 2 the 1. value
remains constant, i.e. there's no temperature depeer, however, for samplis 1
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andNe 3 with the temperature increase we can clearlgmesthe rise of electron
lifetime.

For

4. Conclusions
Based on everything we said before, the followingatusions can be made.
the samples with a large lifetime (60 - 70 t® dependence of charge

collection efficiency on the temperature is beilgerved, which is connected with

the

increase of theeps value with temperature. But, at the same time thar

samples with a low lifetime (16 ns) the temperatiependence is not observed.

Thus the dependence of charge collection efficiemay complex behavior

and should be studied further.

Cnucok aureparypsl

1. TonbGanoB O.II. JleTrekTopsl HMOHU3UPYIOIIUX HW3IYYCHHH Ha OCHOBE
KOMIICHCUpOBaHHOTO apcenuaa raywus // BectH. Tom. roc-Horo yu-ta. Cepust
«Dwuzuka». — 2005. Ne 285. —C. 155-163.

2. Ayzenshtat G.I. GaAs structures for X-ray imagingtettors // Nuclear
Instruments and Methods in Physics Research. —.200bl. 466,Ne 1. — P.
25-32.

References

1. Tolbanov O.P. Detectors of ionizing radiation basadcompensated gallium
arsenide // TSU «Physics». — 2005Ye285. — P. 155-163.

2. Ayzenshtat G.I. GaAs structures for X-ray imagingtettors // Nuclear
Instruments and Methods in Physics Research. —.200bl. 466,Ne 1. — P.
25-32.

ITaBnoB Unbsa I'puropseBud — cTyAEHT, Pavlov Ilya Grigorievich — student,

nabopant, Jlaboparopus GpyHKIMOHAIEHON laboratory assistant, Laboratory of Functional
anexTponrkn PO®, HanmoHanbHbIH Elecronics RPF, Tomsk National Research
HCCITeTOBATENBCKHUH TOMCKH State University, Tomsk, Russian Federation,
rOCYIapCTBEHHBIN YHUBEPCHUTET, T'. TOMCK, ilya_pavlov_1997@mail.ru

Poccuiickas @enepanus,

ilya_pavlov_1997@mail.ru

148

Received 30.03.2019



