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The work deals with the comparison of voltage dividers with different wiring of resistors and
capacitors. The voltage divider reccommended by the manufacturer of the used photomultiplier
(ET Enterprises, GB) was used as a reference. The aim was to assess the influence of different
voltage dividers together with the large volume scintillation detector on detection parameters
such as the efficiency of the measurement and dose rate linearity using 24!Am, 137Cs, and %°Co
gamma sources. The experiments showed relatively great differences between 15_10(_C) volt-
age divider (R1 and R2-R11, 15 MQ and 10 MQ) and the rest. Furthermore, it was confirmed
that the voltage divider recommended by the manufacturer of the used photomultiplier showed
the best results, but some of the measured dividers exhibited similar results and therefore can be

used in radiation portal monitors as well.
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INTRODUCTION

Safety and security throughout the world have
been constantly increasing, especially since the terror-
ist attacks on the 11" of September 2001 [1-4].
Radiation detectors have become a common part of the
law enforcement authority, firefighters, rescuers, and
other governmental and non-governmental agencies'
work. Because of automation and fast screening meth-
ods of radiation detection, the radiation portal moni-
tors (RPM), both for pedestrians and large vehicles
(including ships and trains) have been employed [5-7].
Nowadays, two concepts are usually used; the first
concept is based on the advanced spectroscopic portal
(ASP) program, where high purity germanium portal
monitors were evolved. The HPGe, having signifi-
cantly better energy resolution than Nal(TI), allows
rather a precise measurement of the isotopes contribut-
ing to gamma-ray spectra [8, 9]. However, due to very
high costs and major constraints such as cryo-cooling
requirements, the use of these portals is very limited to
special needs. Instead of HPGe detectors in portal
monitors for radiation spectrometry, detectors based
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on more modern scintillation crystals as LaB,;, CrBrs,
Srl, [10] could already be used. Due to significantly
better energy resolution (3-4 % for '37Cs) than the tra-
ditional Nal (T1) crystals, these crystals are already be-
ginning to replace semiconductor detectors (HPGe,
CdZnTe, SiC) in some spectrometric applications [11,
12]. However, their use in portal monitors is also con-
strained until now by their high cost.

The second and the most widespread concept of
RPMs is based on organic scintillators, especially
plastic scintillators. These detectors, contrary to semi-
conductor detectors, provide limited information on
the energy of detected photons, thus are unable to dis-
tinguish gamma-rays originating from nuclear sources
and from gamma-rays originating from NORM mate-
rials causing false alarms. This disadvantage was re-
cently suppressed using advanced discrimination al-
gorithms [13-15]. Due to the ability to detect fissile
materials, the portal monitors are sometimes equipped
with neutron detectors based on the He-3 tube [16, 17]
or B-10 (Li-6) loaded ZnS: Ag detectors [18, 19].

As can be seen, there has been great effort to im-
prove the detection media, PMT, MCA, and detection
algorithms, but little has been improved on voltage di-
viders. Users usually work with PMT-dividers sup-
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Table 1. Overview of the compared voltage dividers

RI1[MQ] [R2...R7[MQ]| R8[MQ] | R9 [MQ] [R10 [MQ] R11[MQ] | Cl [nF] | C2 [nF] \ C3 [nF] | C4 [nF]| Label
0.66 033> - - - |ETE_STD"
0.66 0.33 0.66 1 1.2 1 - - - - |ETE HPL?
0.82 « 0.56 —> - - — - 0.82 0.56

1 «—0.56 - - - 10 > 22 1.0.56
1.5 «1- —~ - — - 151
22 15> 22 22 22 1 2215
15 « 10> —~ - - - 1510
15 « 10> - « 10> 22 15 10 C

D represented configuration recommended by the manufacturer of the used PMT

? represented high-pulsed linearity tapered type of voltage divider

plied by the manufacturers of the detectors without
the assurance of the proper PMT-divider matching,
which greatly influences the quality of the read-out
signal. The literature relating to the problematics of
voltage dividers and their combination with PMT is
very few [20, 21]. The choice of voltage divider de-
pends on the use of the detector (continuous mode,
pulse mode) and the measurement requirements
(gain, linearity, timing, stability). The recommended
arrangement of voltage dividers is usually deter-
mined by their manufacturer.

The purpose of this paper was to evaluate the in-
fluence of different voltage dividers in connection
with the large volume polystyrene scintillation detec-
tor on detection parameters such as the efficiency of
the measurement and dose rate linearity.

MATERIAL AND METHOD
Device and equipment

The 25 L plastic detector with a dimension of
100 cm x 50 cm x 5 cm (Nuvia, CZ) was chosen. The
composition of the detector was as follows — polysty-
rene matrix with p-terphenyl (PTP) as a primary fluor
and  1,4-bis(5-phenyl  oxazole-2-yl)  benzene
(POPOP) as a wavelength shifter. The 2" PMT with
circular photocathode type 9266KB50 (ET Enter-
prises, GB) was used. The SCA-T analyzer (Nuvia,
CZ) was used as read-out electronics using GamWin
(Nuvia, CZ) spectrometric software for spectra eval-
uation. The time of the measurement was set to 100
seconds and each measurement was three times re-
peated. Since the magnitude of the high voltage of
portal monitors is set automatically using the pro-
gram HVSet, the magnitude of the HV was set the
same way for each voltage divider before each mea-
surement. The logic of this program is based on the
creation of two ROI (region of interests), one in the
low-energy and the other in the high-energy part of
the spectrum. Their ratio gives a certain value, which
changes with the change of the high voltage. The
ideal spectrum gives value, which was mathemati-

cally computed and statistically evaluated. The

HVSet program increases the high voltage and com-
pares the ratio of the selected ROI with the ideal value
until these two values are equal. This procedure ensures
the proper spectrum position, i. e., that the Compton
edge always corresponds to the same channel. This
should maintain the same gain for all voltage dividers
used.

The 2 Am, ¥Cs, and *°Co radionuclide sources
type EG3 (Eurostandard, CZ) of activities of Ay,04 =
=539.6 kBq, A¢g 37 =306.5 kBq and A, ¢ =235.7 kBq
were used to evaluate the detection characteristics.

The motivation of this work was to investigate the
effect of different resistors and capacitors on detector
efficiency, the shape of the spectrum, linearity, and
other parameters overall of eight different voltage di-
viders listed in the tab. 1, where the resistance and ca-
pacitor values are given as well. The positions of differ-
ent resistors and capacitors are shown in fig. 1.

The voltage dividers were selected to cover the
range of resistances from the smallest to the largest, tak-
ing into account the manufacturer's recommendation to
maintain the ratio between the first and second dynodes
and the high voltage source used in the SCA.

Measurement set-up

The detector center was marked and then was fas-
tened to the stand in height of 1 m above the ground. The
measurements were carried out according to the same pro-
cedure for all radionuclides; the selected radionuclide was
placed at a certain distance varying from 1 mup to 5 m di-
rectly opposite to the marked center of the detector. After-
ward, the measurement was three times repeated at the

Figure 1. Schematic diagram of a voltage divider circuit
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Table 2. Power functions and coefficients of determination for selected voltage dividers obtained from measured data

points at different distances for selected radionuclides
241Am 137CS 6OCO
Voltage - : -
divider Power Coefficient of Power Coefficient of Power Coefficient of
function y determination R2 function y determination R2 function y determination R2
ETE STD 1361.9x 7 0.9984 3796.2x % 0.996 5074.7x 168 0.9979
ETE_HPL No fit 3236.4x ! 0.9673 4670.5x 1% 0.9996
0.82 0.56 1530x 217! 0.9865 3706.8x 7! 0.9932 4999 8x717% 0.9968
1 0.56 1665.8x 3 0.9538 3678.9x 7% 0.9954 4758.7x 1716 0.9957
151 1757.1x % 0.8797 3695.7x 17 0.9961 4941 1x 77 0.9945
2215 1515.2x20% 0.9419 3698.3x 7% 0.995 4671.6x" 0.9954
15 10 No fit 3360.4x 0.9871 5494 2x ! 0.9663
1510 C 1530 27| 0.9865 4801453 0.9237 4987x" 80 0.9924
same distance to a preset time (live time) of 100 seconds. 10000
The background was measured in the same way. The net
spectrum was calculated by subtracting the average %
background from the average spectrum at each distance. < 1000 ¢
The procedure was repeated for all radionuclides and = <
voltage dividers. The count rate (measured in counts per é 3 .
second — cps) at the different positions was calculated as £ 100 : 4
. . ] X
the net integral of pulses in each channel (1-1024) = e g o
divided by live time (100 seconds). 3 . . o
The detection efficiency was calculated by 1 =
N 0 1 2 3 4 5 6 7
Nt =—- 100 (1) Measurement distance [m]
At ®ETE_HPL OETE STD =0.82 0.56%1_0.56 41.5_1 x2.2 1.5¢15_10015_10_C

where 4 — source activity calculated to the date of
measurement [Bq], N — net integral of pulses in each
channel of spectrum over time ¢, and 7 absolute
efficiency [%].

RESULTS AND DISCUSSION
Efficiency measurement

In the case of the 2*! Am- measurement, the count
rate against distance was plotted and is shown in fig. 2.
The best fit was observed for the standard voltage divider
circuit suggested by ET Enterprises (ET_STD) followed
by the 15 _10_C voltage divider. Contrary to that, the
worst fit was observed for the voltage divider labeled as
15_10, together with the lowest sensitivity, tab. 2.

As for 137Cs, the worst fit exhibited voltage divider
labeled 15 10 C followed by ET HPL and 15 _10. All
other voltage dividers showed excellent quadratic fit from
which the ET _STD exhibited the best result, especially,
when a low count rate was measured, fig. 3.

In the case of high-energy photons, here
represented by photons emitted from ®°Co source, the
best quadratic fit of count rate at different distances
was observed using ET HPL voltage divider reaching
almost the absolute value. All other voltage dividers
showed excellent quadratic fit except for voltage diver
labeled 15 10, which is seen in fig. 4.

Figure 2. The dependence of the measured count rate on
! Am source distance
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Figure 3. The dependence of the measured count rate on
3Cs source distance
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Table 3. The detection efficiencies of studied voltage dividers at different source-detector distances.
To each detector-source distance, the dose rate (D) was calculated

Detection efficiency of ' Am [107 %]

Distance [m] | ETE STD | ETE HPL | 0.82 0.56 1 0.56 1.5 1 22 1.5 15 10 15 10 CD | D [nSvh ]
1 258 232 245 240 244 246 215 267 2.1
2 76 55 68 70 66 71 47 60 0.52
3 35 25 30 33 56 30 4 34 0.23
4 22 28 13 15 30 20 NA 12 0.13
5 14 12 9 9 5 15 NA 10 0.08
6 12 NA 3 3 4 4 NA 5 0.05

Detection efficiency of B7Cs [%]
1 1.162 1.196 1.153 1.129 1.149 1.123 1.136 1.094 23
2 0.367 0.403 0.374 0.352 0.368 0.365 0.365 0.332 5.8
3 0.183 0.198 0.191 0.185 0.188 0.192 0.184 0.153 2.6
4 0.107 0.134 0.123 0.11 0.122 0.112 0.114 0.081 1.4
5 0.07 0.13 0.084 0.066 0.071 0.068 0.071 0.034 0.92
6 0.043 0.115 0.048 0.044 0.05 0.046 0.077 0.009 0.64

Detection efficiency of “Co [%]
1 2.07 1.97 1.99 1.92 1.96 1.93 1.87 1.92 72.2
2 0.69 0.69 0.67 0.64 0.62 0.65 0.57 0.64 17.9
3 0.36 0.36 0.34 0.32 0.32 0.34 0.26 0.32 7.9
4 0.23 0.24 0.21 0.19 0.19 0.23 0.14 0.19 4.5
5 0.15 0.17 0.12 0.14 0.12 0.16 0.07 0.11 2.9
6 0.1 0.13 0.09 0.08 0.08 0.1 0.03 0.07 1.9

Since the count rate, as well as dose rate, should
decrease with the square of the distance, all data points
were fitted by power function to obtain the model
function and the coefficient of determination to evalu-
ate how well-observed outcomes were replicated by
the model, tab. 2.

The best fit was observed for high-energy pho-
tons, where almost all voltage dividers, except for
15 10, follow power function fit with a very good co-
efficient of determination. A similar situation can be
seen for medium energies represented by '3’Cs, where
not only the 15 10 voltage divider but also ETE HPL
and 15 10 C did not precisely follow power fit. The
worst situation can be seen at low energies (repre-
sented by Am-241), where only three voltage dividers
reasonably followed the power function. Table 3 rep-

resents a comparison of the detector efficiencies with
individual voltage dividers; the calculation was per-
formed as a simple ratio of the measured pulses to the
used radionuclides activities related to the measure-
ment date. As can be seen, there was a certain pattern
of decreasing efficiency in soft dividers. Overall, the
worst detection efficiencies were observed for the
15 10 voltage divider, especially when a low count
rate was measured.

Signal stability

One of the important factors of RPM is the ability
to provide a steady signal in the case of background
measurement. The steadiest the signal is, the better dis-

10300
102001 } A Y \
10100
10000] 1)/ k
9900
9800} 8)
9700
9600(4).
9500
9400 7) 6)

Count rate [cps]

‘\~"| XY ﬁ\-ﬁ.VJ

2% gaq 1"
% L

Figure 5. Signal stability
within five minutes of

9300- ) '
0 50 100 150

(1) e ETESTD (2) ====+ETE HPL
(5) ——— 1.5_1 (6) 2215 @

200 250 300

(3) ==———0.82_0.56
15_10

background measurement

Time [s]

(@ 1_0.56
(8) 15_10_C




L. Fiserova, et al.: Comparison of the Response of Different Voltage Dividers to ...
Nuclear Technology & Radiation Protection: Year 2021, Vol. 36, No. 3, pp. 249-254 253

tinguishing between background and t7ue signal is pos-
sible. As can be seen in fig. 5, the variance in signals
provided from all voltage dividers within five minutes
was 97.2 £ 4 cps. The only exception was measurement
with the ETE HPL voltage divider, where a high de-
crease in count rate was observed resulting in the signal
variance of 153 cps.

As shown above (figs. 2-4), the worst perfor-
mance was observed at dividers labeled 15 _10(_C).
The possible explanation of the behavior of 15 10
(_C) voltage dividers based on [22] includes a poor
signal-to-noise ratio (SNR) for low energies and at the
same time saturation at high energies. The possible
cause of changing SNR at low energies, here repre-
sented by 59.5 keV of >*Am, is probably related to the
anode load resistor. For positive high voltage applied
to the anode, the load resistance is the parallel combi-
nation of R40 (bias resistor) and R41 (preamplifier in-
put resistor) shown in fig. 6. The stability of the output
pulse amplitude depending on the incoming count rate
is also determined by the ratio of the total current of the
divider concerning the anode current of the PMT. If
the total resistance of the divider is large, the current is
small and the output voltage is weak. For this reason,
the divider with the lowest overall resistance also had
the best properties.

The SCA used for measurement has the magni-
tude of the bias resistor, R,, equal to 100 kQ and input
resistance, R;,, equal to 4.7 kQ2. Using these values, the
load resistance becomes 4489 Q. This low value of
load resistance in combination with the high resistance
of the voltage divider increases the frequency band-
width, which in turn decreases SNR. This can further
lead to low detection efficiency for very low count
rates at low energies.

The problem with saturation at high energies can
be attributed to the high pulse current in PMT caused
by the high incident photon energy, which in this case

45 C34 J6
S
PMT_ANODE C Signal out
K Rat
4K7
C35
POSITIVE HV | AH[F '
| C
o [J5
o |HV
ol

Figure 6. Detail drawing of end part of 15_10 divider,
where Rj.a = R, || RL = R40 || R41

is represented by photons (£, =1173.23 keV and E, =
=1332.51) of ®°Co. With a high pulse current, electron
density near the last dynode also increases and causes
space charge effects, which leads to output saturation
and a decrease of output count rate.

CONCLUSION

The paper is aimed at evaluating the influence of
the different voltage dividers on basic parameters such
as the linearity of measurement, detection efficiency,
and signal stability. The ETE STD voltage divider,
which is recommended by the PMTs manufacturer,
showed the best results obtained throughout all mea-
surements. All other voltage dividers, besides 15 10
and 15 _10_C voltage dividers, exhibited slightly worse
results, which, in particulars at real measurements, can
be neglected. The voltage divider labeled as 0.82_0.56
showed the second-best results, followed by 1 _0.56 and
2.2 1.5. The worst results obtained from the measure-
ment exhibited 15 10_C, but more importantly 15 10
voltage dividers, but even in their cases, the differences
were not found to be critical for their use in industry or
safeguard applications. Furthermore, other conditions
are affecting the output signal, such as a high voltage di-
vider circuit connection. In the configuration used for
measurement, the high voltage divider is connected by a
coaxial cable, which also serves as a high voltage power
supply connection. In this type of connection, espe-
cially in combination with passive high voltage divid-
ers, the parasitic capacitance of the cable should also be
considered. The behavior of this (large) passive resis-
tor-capacitor network also depends on the input charac-
teristics of a connected measurement device. In this
case, every setup should be carefully inspected regard-
ing SNR, resulting in output pulse shape and dynamics
of the resulting circuit.
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Jynuja ®PUITEPOBA, Jupxu JAHIA, ITaex CKOTAK

INOPEBLEILE OA3UBA PA3INYUTUX PA3IEIHUKA HAIIOHA HA
MEPEILE HUCKOI' HUBOA KOPUITKREWEM BEJ/IMKOI IIITACTUYHOTI
CIHUHTUIATOPA HAMEBEHOI 3A IIOPTAJI MOHUTOPE 3PAYEIHA

Pang ce GaBu mopebemeM pa3neNHMKAa HAMOHA ca PA3IUYUTHM OXWYCHEM OTIOpPHHKA U
koHpieH3aTopa. Kao pedepenna ynorpebibeH je pa3felHUK HallOHA KOjH je MPENopydno mpom3Bohau
kopurtrhenor poromyarumiukaropa (ET Enterprises, GB). Llusb je 610 1a ce MpoleHn yTHUIA] PA3THIATHX
pa3feHMKA HAINOHA 3ajeflHO Ca CIUHTHIAIMOHMM JACTEKTOPOM BEJMKE 3allpeMHHE Ha IapaMeTpe
JIeTEKIM]€, KAO IITO Cy e(PUKACHOCT MEPEH-A U IMHEAPHOCT jaukHe 03¢, KopullhemeM raMa nzsopa 24! Am,
137Cs, u °Co. ExcniepuMeHTH Cy IIOKa3anu peaTUBHO Benuke pasinuke usmeby 15_10(_C) pasgennuka
manona (R1 u R2-R11; 15 u 10 MQ) u ocranux. Hagasbe, moTBpheHo je fa je pa3mesHuK HAlOHA KOjH je
IPENopyIro Npou3Bobad KopuirheHOr (hOTOMYITHINIMKATOPA TOKa3a0 HajOoIbe pe3yiTare, ajlu Cy HeKu
OJ1 U3MEPEHUX pa3ieTHAKA IMAJU CIIMYHE PE3YJITaTe ¥ CTOTa ¢ MOTY KOPUCTHTH U Y TIOPTAJ MOHUTOpUMA
3pavema.

Kmwyune peuu: pazoeanux HailoHa, UOPHaA MOHUIIOD 3Payerbd, 2ama 3paderse, OPZaHcKu

UOAUCUUUPEHCKU CUUHIUUAAUIOD



