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The purpose of the current work is an investigation of possibility of use of silicon
photodiodes for registration alpha, beta radiations and neutrons. Electronic physical prop-
erties of the photodiodes which provide spectrometer characteristics of semiconductor
detectors of nuclear radiations, such as: electronic noise, thickness of a sensitive layer,
thickness of a surface not sensitive layer, are analyzed. It is shown that power permission
for alpha particles is equal to 10—25 keV that which corresponds to resolution of the best
surface-barrier semiconductor detectors. Also photodiodes can be used for measurement of
a stream of beta particles, in spectrometry till energy value of 300 keV and for measure-
ment of streams thermal and the fast neutrons with efficiency of about 1 %. Operational
characteristics of the photodiodes allow use them in industrial platforms of nuclear objects
and in the field conditions.
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HccnemoBana BO3MOKHOCTL TPUMEHEHUS KPEMHUEBBIX (OTOAMOMOB [IJA PETUCTPAIIUNU
anb(a-, OeTa-N3IyueHUA 1 HeNTPOoHOB. IIpoaHaIu3npPOBaHEl JIEKTPOHHO-PUBUUECKNE CBOMICT-
Ba ()OTOIMOLOB, KOTOPEIE 00EeCTIEUNBAIOT CIIEKTPOMETPUUECKIIE XaPAKTEPUCTUKY TTOJYIPOBOJ-
HUKOBBIX J€TEKTOPOB AMEPHBIX U3JTyUeHWUI, TaKMe KaK: 9JeKTPOHHBIE IITYMBI, TOJIIMHA UYB-
CTBUTEJNLHOTO CJOfA, TOJNIMHA TOBEPXHOCTHOTO HEUYBCTBUTEALHOTO ciodA. IlokasaHo, dUTO
9HEPTreTUUECKOEe paspellieHme A anbba-uactuil paBHo 10—-25 KksB, YTO COOTBETCTBYET pAas-
PEeIIeHN0 JYUIITUX TTOBEPXHOCTHO-0APhEPHBIX MOJYMTPOBOIHUKOBEIX AeTeKTOopoB. Taxike ¢o-
TOAWOABI MOTYT OBITH MCTOJBb3OBAHEBI AJA U3MEPEHUS MOTOKA 6eTa-yacTHIl, B CIEKTPOMETPUYN
mo sueprum 300 K3B u Anma M3MepeHUA MOTOKOB TETJIOBBIX U OBICTPHIX HEHTPOHOB ¢ 3ddek-
TUBHOCTHIO 0K0JI0 1 % . DKCIIyaTal[MOHHbIE XaPAKTEPUCTUKU (DOTOAUOOB [OMYCKAIOT MCITOIh-
30BaHMe WX Ha TPOMBIIIJIEHHBIX TIOMIAAKAX SAJEPHBIX OOBEKTOB U B IOJIEBHIX YCJIOBUAX.

IlepenexkTnBu 3actocyBaHHs KpeMmHieBuX ¢oromioniB niasn peecrpauii aabda-, Gera-
BunpominoBanua i meiarponis. €.9.Boporkin, B.B.I'punvos.

BuBuenno MOMKJIMBOCTI 3acTocyBaHHA KpeMHieBux Qoromionis miaa peecrpanii aasda-,
Oera-BunpoMinioBaHb Ta HeliTpouis. IIpoamaniszoBano ejgeKTpoHHO-(isuuHi BiaacTuBocTi GoTo-
miomiB, AKi s3abe3meuyioTh CIEKTPOMETPUYHI XapaKTePUMCTHKN HAiBIPOBITHMKOBOI'O IETEK-
TOpa SALePHUX BUIPOMIHIOBAHB, SK TO: €JEKTPOHHI IIyMH, TOBIIMHA UYTJIHBOTO IIAPYy, TOB-
HIMHA [IOBEPXHEBOI'0 HEUYTJAHBOTO mmiapy. IlokasaHo, 1[0 eHepreTUYHUN H03Bin mis aabda-
yacTUHOK  gopiBuioe 10-25 keB, 1m0 mopiBHAHO 3 [O3BOJOM Yy Kpalqux
IOBEPXHEeBO-0ap’epHUX HaiBHPOBigHMKOBUX meTekropis. Takom dorogiogu moxyrs GyTu
32CTOCOBAHI [Jid BUMIPIOBAHHA IIOTOKY Oera-dyacTUHOK, B cliekTpomerpil xo eHeprii 300 keB
Ta JJi BUMIPIOBAHHS [IOTOKY TeILIOBUX 1 IIBUAKHX HEUTPOHIB 3 edeKTHUBHiICTIO OIM3BKO
1 %. Excnayaraniiiai xapaxrepucTuru hoTONiOAiB MOIIYCKAIOTh 3aCTOCOBYBATH iX HA IIPO-
MUCJIOBUX ILIOMIAAKAX SIePHUX 00 €KTiB Ta y IIOJBOBHUX YMOBAaX.
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1. Introduction

At the moment, there is a wide range of
instruments for radiation contamination
measurement (DP-5V, IMD-1, IMD-12, IMD-
21, MKS-U and MKS-0.5. etc.).

These instruments put forward a number
of requirements:

— measurement of the exposure dose of
10 mR/h to 103 R/h;

— registration of gamma rays in the en-
ergy range from 10 keV to 3 MeV;

— measurement of the flux density of
o-, B-radiation;

— automatic transfer of intelligence in-
formation to the collecting and processing
information point (IMD-31).

Analysis of available dosimetry instru-
ments indicates that for today it does not
exist the universal instruments that provide
measurement of the above characteristics at
the same time with one device and the reg-
istration of neutron radiation at nuclear fa-
cilities, customs checkpoints and radiation
survey.

Industry produces surface-barrier silicon
detectors for alpha spectrometry having the
area from 0.1 to 4 cm?2.

The best samples have a resolution of
energy on the line of plutonium-238 — 10-
12 keV.

It is interesting to investigate charac-
teristics of silicon photodiodes FD337A [1]
as they have the following useful proper-
ties:

* The open surface of p-n junction area
is 1 em?2.

* Manufacturing technology of p-n junc-
tion is diffusion of boron, which allows
counting the increased radiation resistance
[2].

%* The thickness of the p-n junction can
reach 0.3 mm, allowing measurements of
the energy of beta-particles up to 300 keV,
and alpha-particles up to 10 MeV.

* It is characterized by the several times
smaller price due to large-scale domestic
production.

Sufficiently high energy resolution can
be obtained when a value of the p-n junc-
tion have a large resistance, so the photo-
diodes were initially chosen according to the
maximum resistance of the total consign-
ment.

Evaluation of the threshold of resistance
6, was carried out as follows: the standard
deviation of average current noise is esti-
mated as:
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N1 (1)

n Re’

where U — shift on detector; t — time of
drift of carriers between electrodes; R —
detector resistance; e — electron charge.

As the analytical resolution of superfi-
cial and Dbarrier detectors reaches 0.1-
0.3 % when energy of alpha particles is 1-
2 MeV, we set a boundary ratio signal-
noise, equal 1073, then c,W/E = 1073,
where W — energy of formation of elec-
tron-hole pairs, eV; E — energy of an alpha
particle, MeV, and we get a ratio for detec-
tor resistance

2

W\ Ut @
R> (f) ~ 106.

Using tabular values of mobility and
time of life of carriers for silicon the
boundary resistance of the detector was es-
timated in the order of magnitude of
109 Ohm.

Further the detectors, which are selected
by value of sufficiently large resistance
(6:108-7-109 Ohm) were placed in the vac-
uum chamber with an alpha source from the
set of OSAI of plutonium-238, wherein: the
source thickness equivalent (d,,,) equaled
8 keV, angular collimation of the source
added to an equivalent of thickness addi-
tionally 2 keV (d,,;)-

For strengthening of the detector signal
the preamplifier with an equivalent of
noises 7 keV was used.

In Figure it is presented the energy spec-
trum of alpha particles from the plutonium
source where the half-width of peak is
16 keV. Substituting in formula (3) values
of noise characteristics of the preamplifier
and thickness of the source, we get permis-
sion of the detector for the researching
samples AE;,;

AEde‘c = \/Angp - (dsou + dcoll)2 (3)

equal to 10-25 keV, which is comparable to
the characteristics of serially produced sur-
face barrier detectors.

The high wvalue of the detectors energy
resolution, in particular, shows the small
thickness of the surface layer, which is in-
sensitive to alpha radiation. The thickness
of the surface layer was measured under
irradiation of the detector by the protons
flow and helium ions from the accelerator
in the energy range of 20-300 keV. It is
seen that 100 % registration of protons was
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Fig. 1. Energy spectrum of alpha particles of
plutonium-238.

carried out with excess energy more than
35 keV, and registration of helium at the
energy of more than 65 keV. Considering
the energy loss in silicon, the thickness of
the insensitive layer was estimated with an
accuracy of 20 % and ranged from 0.16 to
0.19 um for different detectors. Therefore, it
seems interesting to use the detector for reg-
istration of beta particles of low energy, in
particular for the determination of tritium.
Experiments were carried out at the registra-
tion in counter mode beta radiation from the
tritium source and it was determined that the
detection efficiency reaches 30 %.

The effective thickness of the detector
was measured by registration of beta parti-
cles from the source of cobalt-60 from a set
of OSGI. It was found that the range of
electrons fully consistent in the working
thickness of the detector. This allows us to
use the detectors for beta-particle spec-
trometry with the boundary energy of
300 keV. Also, experiments for recording of
fast and thermal neutrons were conducted.
Fast neutrons were detected by nucleus re-
turn of hydrogen from the polyethylene
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coating on the surface of the detector, and
the thermal neutrons were recorded using
the converters from boron. The efficiency of
detection in the both cases was about 1 %,
wherein the gamma-ray background ex-
ceeded the level of neutron flow in
103 times. Because it is important to meas-
ure the flow of neutrons, beta-particles,
alpha-particles in strong gamma fields it
was investigated the radiation resistance of
the detectors. The investigation was carried
out on a by linear electron accelerator with
the boundary energy of braking gamma-ra-
diation of 10 MeV to the exposure dose of
109 rad.

After irradiation of gamma rays the
spectrometric characteristics of the detec-
tors were investigated. It was revealed that
the signal amplitude decreased by 20 %.
But it almost can be restored by increasing
bias voltage from 20 to 50 V. The energy
resolution of the detector is deteriorated
from 15 to 45 keV.

2. Conclusions

FD337A photo diodes can be used as de-
tectors of nuclear radiations (alpha, beta,
and neutron) at the considerable gamma
background that does them to be attractive
for application in industrial platforms of nu-
clear objects and in the field conditions. As
the diodes are insensitive to gamma radia-
tion, measurement of gamma streams is ef-
fective by telluride — cadmium detectors [3].
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