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Abstract: The article presents a scintillation detector based on a 2x2 matrix of micropixel avalanche
photodiodes (MAPD) with a total active area of (7.5x7.5) mm? New samples of silicon avalanche
photodiodes of the MAPD-3NK type with a sensitive area of (3.7x3.7) mm? have been used in this work.
The yield of each MAPD in a 2x2 matrix was unified by the gain factor using a voltage divider consisting
of a set of resistors. It has been used as a rectangular LYSO scintillator with a size of (6x6x2) mm? to
study the linearity and energy resolution of the detector. The experiments were carried out at room
temperature using gamma radiation sources in the energy range of 27-1332 keV.
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1. Introduction

In the process of improving detectors, much attention was paid to amplifying weak
signals caused by ionizing radiation. From this point of view, traditional vacuum photoelectronic
multipliers (PEM) have been used for a long time [1-2]. However, the development of
technology required the development of new types of photodetectors with high registration
efficiency, low operating voltage, and high resistance to magnetic fields [3-4]. For scintillation
detectors, the efficiency of scintillation photon collection increases with the increase in the area
of the photodetector. Besides, a higher detector volume has a higher sensitivity for detecting
radioactive radiation [5]. Due to the small active area of micropixel avalanche photodiodes
(MAPD), it becomes necessary to use several photodiodes to increase the efficiency of photon
collection with a larger scintillator. This work is devoted to the study of the spectral
characteristics of a scintillation detector based on a 2x2 matrix of MAPD [6] and inorganic
scintillator LYSO [7].

2. Experimental part

In the experiments, micropixel avalanche photodiodes of the MAPD-3NK type were
used, which have a sensitive area of (3.7x3.7) mm?. A matrix of four micropixel photodiodes
with a total sensitive area of (7.5x7.5) mm? was made to collect a sufficiently large number of
photons. As a scintillator, a LYSO crystal with a size of 6x6x2 mm?® was chosen. To supply
voltage to each photodiode, a circuit of potentiometers was assembled. The voltage divider and a
block diagram of the experiment are shown in Figure 1 (a, b).
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Fig. 1. Voltage distributor circuit (a) and experiment block diagram (b).

A voltage of 93V was applied to the distribution block. For each diode, the optimal
operating voltage was selected using RV potentiometers. RC filters were used in each channel of
the MAPD to eliminate electrical noise.

To amplify the signal, an AM preamplifier with a gain factor of 40 was installed in each
MAPD channel. The signals received from the preamplifiers were recorded and analyzed by a
four channel analog-to-digital converter (ADC) CAEN 5720 with a conversion frequency of 250
MS/s and a signal reception speed of 2000 signals/sec.

3. Results and discussions

An inorganic cerium-doped lutetium orthosilicate crystal (LYSO) with a wavelength of
420 nm was used as a scintillator. The specific light yield of this scintillator is ~32000
photons/MeV, which is 65~75% of the specific light yield for the sodium iodine crystal - Nal
(TD.

The presence of the Lu-176 isotope in the LYSO scintillator created its radioactive detector
background. This background in the energy spectrum was below 300 keV. The LYSO
background spectrum for each MAPD after equalization of their amplification is shown in Figure
2.
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Counts

To analyze the signal received by the CAEN 5720 digital converter, an algorithm was
written for the ROOT software environment. The program analyzed the number of events for
each photodiode in the case of a signal. This approach excluded extraneous signals arising in the

MAPD circuit.

In the experiment, point sources of gamma radiation with different energies were used.
The energy range of gamma rays emitted by these sources was 27-1332 keV. Figure 3 shows the
amplitude distribution spectrum of Co®® (1327, 1332 keV), Am?* (60 keV), Ba®**® (81, 303, 356

80
70

s asasss |

60
50
40

-

30
20
10

H

i 4

[Illllillll[I]]IIII]IHI]IIIIIIIIII]III

P Lot

OO

Ll
200 4

00 6

i 1= (YR ENTE TSRS RN RTINS R
00 800 1000 1200 1400 1600 1800 2000
Channel

Fig. 2. Background LYSO spectrum from each MAPD.
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Fig. 3. The amplitude distribution spectrum of Co® (1327, 1332 keV), Am?*! (60 keV), Ba'* (81, 303, 356
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For gamma radiation with the an energy of 662 keV, the resolution was 13%. The
dependence of the channels of the analog-to-digital converter (ADC) on the energy of the
detected gamma quanta is shown in Figure 4. As can be seen from the graph, this dependence is
linear. This result shows that a matrix based on micropixel avalanche photodiodes with an LYSO
scintillator can be used as a detector of various ionizing radiation.
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Fig. 4. The dependence of the energy on the channel for analog-to-digital converter CAEN
4. Conclusion

A 2x2 matrix was assembled based on MAPD-3NK photodiodes with an active area of
7.5x7.5 mm? with a 0.1 mm gap between crystals. The matrix was tested with an LYSO type
scintillator in the size of 6x6x2 mm?®. The energy resolution for gamma radiation of 662 keV
(Cs*®") was 13%. It is worth noting that the matrix gives a very good linear dependence of the
ADC channels on the energy of the detected gamma quanta in the energy range of 27-1332 keV.
The results show that the assembled matrix can be used in spectroscopic scintillation detectors of
radiation.

References

1. L. Baudis, M. Galloway, A. Kish, C. Marentini and J. Wulf Characterisation of Silicon
Photomultipliers for liquid xenon detectors, Journal of Instrumentation, JINST, 2018, 13,
P10022; https://doi.org/10.1088/1748-0221/13/10/P10022

2. Renker, D., & Lorenz, E., Advances in solid state photon detectors, Journal of
Instrumentation, 2009, 4(04), P04004; doi:10.1088/1748-0221/4/04/P04004

3. M. Grodzicka-Kobylka M.Moszynski T.Szczesniak Silicon photomultipliers in gamma
spectroscopy with scintillators, Nuclear Instruments and Methods in Physics Research
Section A: Accelerators, Spectrometers, Detectors and Associated Equipment, Volume
926, 11 May 2019, Pages 129-147; https://doi.org/10.1016/j.nima.2018.10.065

46


https://doi.org/10.1088/1748-0221/13/10/P10022
https://doi.org/10.1016/j.nima.2018.10.065

4. Carl Jackson, Kevin O’Neill, Liam Wall, and Brian McGarvey High-volume silicon
photomultiplier production, performance, and reliability, Optical Engineering, August
2014, 53(8), 081909; DOI: 10.1117/1.0E.53.8.081909

5. M. Grodzicka, T. Szcze$niak, M. Moszynski, S. Korolczuk, J. Baszak, M. Kapusta
Characterization of TSV MPPC arrays (4x4 ch and 8x8 ch) in scintillation spectrometry,
2014, IEEE Nuclear Science Symposium and Medical Imaging Conference (NSS/MIC)

6. F. Ahmadov, G. Ahmadov, E. Guliyev, R. Madatov et. al New gamma detector modules
based on micropixel avalanche photodiode, Journal of Instrumentation, 2017 JINST 12
C01003; doi:10.1088/1748-0221/12/01/C01003

7. Catherine Michelle Pepin, Philippe Bérard, Anne-Laure Perrot, Claude Pépin et. al
Properties of LYSO and Recent LSO Scintillators for Phoswich PET Detectors, IEEE
TRANSACTIONS ON NUCLEAR SCIENCE, JUNE 2004, VOL. 51, NO. 3, p.789-795;
DOI: 10.1109/TNS.2004.829781

TAMMA-COMHTAJUISAIMOHHBIN JETEKTOP HA OCHOBE KPEMHHWEBOIA
M1 /A-MATPALIBI

C.M. Hypyes

Pe3tome: B cratbe NOpEACTaBICH CUUHTWULILUOHHBIA JIETEKTOpP Ha OCHOBE 2X2 MaTpHLbI
. N o 2
MHUKPOIIMKCENbHBIX JIABUHHBIX (hotomaronos (MJID]T) ¢ obuieit aktuBHOM 30HO# (7,5%7,5) Mmm“. B pabore
WCIOJIb30BaHbI HOBBIE 00pasllbl KPEMHHEBBIX JIaBUHHBIX (oroauonos Tuma MAPD-3NK ¢
N 2

qyBCTBUTENBHOM III0Mmansio (3,7%3,7) Mm“. Berxox kaxxaoro MJI®/] B 2x2 matpuiie ObUT YHH(PHUIIMPOBAH
Mo K03 (UIINEHTY YCHUIIEHUS C MMOMOIIBIO JIENUTENS HaNpsHKeHUH, COCTOSIIETo n3 Habopa pe3rcTOpOB.
Jns  wccnenoBaHWS JIMHEWHOCTH W JHEPIETHYECKOTO pas3pelmieHusl JeTeKTopa OBl MpHMEHEeH
npsiMoyronbHsii crmHTIILIATOp LYSO pasmepoM (6x6x2) Mm>. DKCrepHMeHTHI ObIIH IIPOBEICHBI PH
KOMHATHOM TeMIlepaType C HCIIONb30BaHHEM HWCTOYHMKOB TaMMa W3JIy4deHHS B JHEPTeTHYECKOM
nuamnasone 27-1332 k3B.

Kntouegvle cnosa: MUKpONHMKCENbHBIE TaBUHHBIE QoTomuons MJID/[; CMHTHIUISIIMOHHBIA JIETEKTOP;
K03 (QUITUEHT YCHIICHUS; HICTOYHHK raMMa H3IydeHus; cuuHTHsATop LYSO;

SILIKON MAPD MATRISINO OSASLANAN GAMMA SINTILASiYA DETEKTORU

S.M. Nuruyev

Xiilasa: Mogalodo timumi aktiv sahosi (7,5%7,5) mm? olan, 2x2 soklindo kvadratik yerlosmis dord
mikropikselli selvari fotodiodlar (MSFD) osasinda yigilmis sinsilyasion detektor toqdim edilmigdir.
Sinsilyasion detektor ionlasdirici gamma siialarm geydedilmosi iigiin nozorde tutulmusdur. isdo hossas
sahosi (3,7x3,7) mm? olanMAPD-3NK tipli silisium osash selvari fotodiodlarm yeni niimunslorindon
istifado edilmigdir. D6rd MSFD elementindon togkil edilmis 2x2 matrisasinda hor bir elementin
gliclondirmo amsalina gora ¢ixis1 miigavimatlor sistemindan ibaron gorginlik bolusdiirticiistiniin komayi
ilo idara olunur. Detektorun xattiliyini vo enerjiya gors ayirdetma gabiliyyatini tadqiq etmok tigiin dlgiilori
(6x6x2) mm® olan, diizbucagli LYSO sinsilyatorundan istifado edilmisdir. Taocriibolor otaq
temperaturunda, 27-1332 keV enerji diapazonunu ohato edon gamma siialanma monbalorindan istifado
etmaklo aparilmisdir.

Agar sozlor: mikropikselli selvari fotodiodlar MSFD; sinsilyasiya detektoru; giiclonmo omsali; gamma
stialanma monboi; LYSO sinsilyatoru;
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