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Alpha particle detector based on micro pixel
avalanche photodiodes
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The main goal of this work is a study of possibility to detect alpha particles by
micro-pixel avalanche photodiode (MAPD) which has very thin active volume (4 um) and
by micro-pixel avalanche photodiode in combination with Lutetium Fine Silicate (LFS)
scintillators (500 um thickness). The obtained results show that alpha detectors based on
MAPD are expected to be useful in many applications: public security (Associated Particle
Imaging for explosives and drugs detection), radioactive contamination monitoring in
various environments and detection of charged particles from nuclear reactions.

W3yyeHbl BOBMOMKHOCTY PETHCTPAIINN afb(}a-JyacTul] ¢ MOMOMIHI0 MUKPOIUKCEILHOTO Jia-
BuHHOTO (hoToguoma (MJIDI) ¢ ouens ToHKOI aKTuBHOII o0nacthio (4 um) u MJIDI B
KOMOUHAIIMN €O CIUHTUJIJIATOPOM OpPTOCHIANKATAa JioTenua rtoamuuaoit 500 um. ITomyuen-
HbIEe Pe3yJIbTAThl OKA3BIBAIOT, 4YTO OocHOBaHHble Ha MJIDP]] anbdha-geTeKTOPHl MOryT OBITH
IMOJIE3HBIMU B CJAEYIONIUX obsacTaAXx: oblrecTBeHHAs 0e30macHOCTL (O0HApysKeHHe B3PhLIBUA-
TBIX ¥ HAPKOTHMUYECKUX BEI[€CTB), MOHUTOPUHI PAAVOAKTHBHOIO 3arpA3HEHUA OKPYyKaroueil
cpenbl 1 O0HADYIKEHME 3apPSAKEHHBIX YACTHUI[ OT SAJEPHBIX PEaKIUil.

Jemexmopu anvha-1acmunox Ha OCHOGI MIKPONIKCeNbHUX RAGIHHUX (omodiodis.
D.Axmedos, I''Ab0inos, I''Axmedos, H.Anpimos, A.Il'apibos, E.I'yaies, 3.Kpymwmeiin, P.Ma-
damos, A.Onvwescvruil, B.1llseyos, A.Caduzos, 3.Caduzos, A.Timoa, B./Kexucep.

BuBueno mokauBocTi peectparllili anba-uacTUHOK 3a JOIOMOTOI0 MiKpOHTiKCceJIbHOro Ja-
BuHHOTO (hoTomiony (MJID/) 3 my:ke TOHKOW aKTUBHOO objgacTio (4 um) i MJI®/ B Kombi-
Hanii 8l cumETHIATOPOM OpTocmMiaikaTy JroTeriio TopiuHO 500 um. Orpumani pesyasTaTé
HOKAasyITh, 110 3acHoBaHi Ha MJID anbha-geTeKTOoOpU MOKYTH OYyTH KOPUCHUMHU Y HACTYII-
HUX 00JacTsIX: rPOMaAChKa GesmeKa (BUusBJeHHS BUOYXOBUX I HAPKOTHMYHUX PEUOBUH), MOHI-
TOPUHT PalioaKTUBHOTO 3a0pyLHEHHS HaBKOJIUIIHBOI'O CEPEeIOBUINA i BUABJIEHHA 3apaliKe-
HUX YaCTHHOK BiJ SAIepHUX pPeaxriiii.

390 Functional materials, 20, 3, 2013



F.Ahmadov et al. /| Alpha particle detector based ..

1. Introduction

Challenges of the last decade have made
detection of explosives and drugs in bag-
gage and large cargoes an important task.
Neutron based detection techniques have
shown to be very promising in detection and
identification of those (Associated particle
imaging). Neutrons can penetrate deeply
into luggage and cargo and interact with
nuclei in the materials producing charac-
teristic gamma spectra [1].

The main idea of this method is creation
of neutrons in the generator as a result of
deuterium beam interaction with tritium
target. The interaction is accompanied by
emission of alpha particles flying in oppo-
site to the neutrons direction. Capture of
neutrons within a given nucleus produces a
specific for the resulting isotope gamma
spectrum. Analysis of the gamma spectrum
allows one to determine atomic composition
of the substance and identify it. Detection
of the alpha particle allows one to deter-
mine the neutron direction and generate a
trigger signal. This helps to detect the nec-
essary signal even in a presence of a large
background. Therefore development of fast
alpha particle detectors has a growing interest.

It is well known that MAPD has good
timing characteristics and radiation hard-
ness. Therefore the most challenging task in
this work is the registration of alpha parti-
cles by the MAPD which has very thin
(4 um) active volume in regular APD mode
and by Geiger mode MAPD in combination
with the LFS scintillator.

2. Experimental

Design and operation principles of the
MAPD were described in [2, 3]. Tested de-
vices MAPD-3N (regular APD mode) and
MAPD-3N1P (Geiger mode) had 8x8 mm?
active area, the thickness of active layer
was 4—7 um and pixel density — 15000 pix-
els/mm2. Gains of MAPD-3N and MAPD-
3N1P diodes were 60 and 5.5-10%, respec-
tively, at operating voltage. Capacitance of
the MAPD diodes reached up to 120 pF.
Maximum photon detection efficiency of the
MAPD-3N1P was more than 30 % around
450-525 nm photon wavelengths. Dark cur-
rents of MAPD-3N and MAPD-3N1P diodes
were 4 nA and 77 nA, respectively, at oper-
ating voltage.

The LFS crystal of LFS-8 type was used
as a scintillator. The size of the LFS-8 was
3x3x0.5 mm3. The decay time of LFS-8 was
19 ns. LFS-8 was coupled to the MAPD-
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3N1P with silicone optical grease. The
tested MAPD samples and LFS scintillator
were developed in collaboration with Ze-
cotek Photonics Singapore Pte. Ltd. [4].

241Am radionuclide was used as a source
of alpha particles with energy 5.486 MeV.
Distance between the MAPD diode and the
alpha particle source was 1 cm, therefore,
alpha particle energy loss in the air was
about 1 MeV and remaining energy was
about 4.5 MeV.

Fig. 1 shows block diagram of the experi-
ment setup. High voltage power supply
Keithley 6487 was used for MAPD biasing.
The spectrum measurements were per-
formed with linear amplifiers, CAEN N-48
shaping discriminator and LeCroy 2249W
ADC. Amplified and delayed signal was fed
into the ADC. CAEN N-48 shaping discrimi-
nator was used to form a gate signal for the
ADC. All measurements were carried out at
room temperature.

3. Results and discussion

The MAPD-3N operating in regime of
convenient APD was used for direct detec-
tion of alpha particles from 24'Am source.
When alpha particle penetrates into the
diode it generates electron-hole pairs. Alpha
particle loses about 700 keV (for 0° incident
angle) in the 4 um thick depletion region.

The alpha spectra were taken at MAPD
bias voltages in the range of 50-126.5 V.
The spectra obtained at all bias voltages dif-
fered substantially from the spectrum ob-
tained with a conventional semiconductor
detector. The first major difference was ob-
servation of two peaks (50-115 V) corre-
sponding to the same particle energy
(Fig. 2a). Positions of the primary (left)
peak depended strongly on the bias voltage
(or gain) while dependence on the voltage of
the secondary peak was much weaker. With
further increasing voltage and gain the sec-
ondary peak became wider and proportion
between peak areas changed (Fig. 2b). The
possible explanation of this is following. In
the case of small incident angles, most of
electrons (several hundred thousands) pro-
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Fig. 2. Set of alpha spectra recorded by MAPD-3N avalanche photodiode: a) bias voltage 50-115 V

and amplifier gain 83 and b) bias voltage 125.8-126.5 V and amplifier gain 23.

duced by alpha particle hit the same pixel
or area between two or four adjacent pixels
within very short time (several ns). Due to
gain saturation in the first case the pixel
does not work in normal mode (or does not
multiply electrons in normal mode) while in
the second case (hitting area between two or
four adjacent pixels) charge is spread be-
tween the pixels and that does not cause
such saturation.

In order to measure alpha spectra by LFS
scintillator, the later was placed on top of
the MAPD-3N1P surface with a thin layer
of optical grease between them under the
source of 2'1Am. The alpha spectrum from
LFS scintillator was taken at MAPD bias
voltage 94 V (Fig. 8). When alpha particle
penetrates into the scintillator, it deposits
its entire energy. The deposited energy con-
verts into scintillation light which is isot-
ropically emitted from the alpha particle
track. The scintillation light was detected by
the MAPD-3N1P. Edges of the scintillator
were covered by 5 um thick aluminum foil.

Two peaks are well seen in Fig. 8. It is
known that 24'Am source emits 59.6 keV
gamma rays as well. To confirm that the
first peak was due to the gamma ray thick
aluminum layer was placed between the
241Am source and the scintillator. Alpha
particles absorbed in the aluminum and sin-
gle gamma ray peak was observed in the
spectrum. Energy resolution for 4.5 MeV
alpha particles was 8.6 %.

The obtained results show that MAPD-
3N1P in combination with LFS scintillator
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Fig. 3. Amplitude spectrum of 24'Am source
obtained by MAPD-3N1P coupled with LFS
scintillator (signal amplified 30 times).

can be used as fast alpha particle detectors
for public security (Associated Particle Im-
aging for explosives and drugs detection).
In addition, these kinds of detectors can be
used for monitoring radioactive contamina-
tion in various environments and charged
particles detection from nuclear reactions.
Behavior of the MAPD-38N requires further
investigation which is planned in the near-
est future.
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