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The work deals with the com par i son of volt age di vid ers with dif fer ent wir ing of re sis tors and
ca pac i tors. The volt age di vider rec om mended by the man u fac turer of the used photomultiplier
(ET En ter prises, GB) was used as a ref er ence. The aim was to as sess the in flu ence of dif fer ent
volt age di vid ers to gether with the large vol ume scin til la tion de tec tor on de tec tion pa ram e ters
such as the ef fi ciency of the mea sure ment and dose rate lin ear ity us ing 241Am, 137Cs, and 60Co
gamma sources. The ex per i ments showed rel a tively great dif fer ences be tween 15_10(_C) volt -
age di vider (R1 and R2-R11, 15 MW and 10 MW) and the rest.  Fur ther more, it was con firmed
that the volt age di vider rec om mended by the man u fac turer of the used photomultiplier showed 
the best re sults, but some of the mea sured di vid ers ex hib ited sim i lar re sults and there fore can be 
used in ra di a tion por tal mon i tors as well.

Key word: volt age di vider, ra di a tion por tal mon i tor, gamma-ra di a tion, or ganic-based
poly sty rene scintillator

IN TRO DUC TION

Safety and se cu rity through out the world have
been con stantly in creas ing, es pe cially since the ter ror -
ist at tacks on the 11th of Sep tem ber 2001 [1-4].
Radiation de tec tors have be come a com mon part of the 
law en force ment au thor ity, firefighters, rescuers, and
other gov ern men tal and non-gov ern men tal agen cies'
work.  Be cause of au to ma tion and fast screen ing meth -
ods of ra di a tion de tec tion, the ra di a tion por tal mon i -
tors (RPM), both for pe des tri ans and large ve hi cles
(in clud ing ships and trains) have been em ployed [5-7]. 
Now a days, two con cepts are usu ally used; the first
con cept is based on the ad vanced spec tro scopic por tal
(ASP) pro gram, where high pu rity ger ma nium por tal
mon i tors were evolved. The HPGe, hav ing sig nif i -
cantly better en ergy res o lu tion than NaI(Tl), al lows
rather a pre cise mea sure ment of the iso topes con trib ut -
ing to gamma-ray spec tra [8, 9]. How ever, due to very
high costs and ma jor con straints such as cryo-cool ing
re quire ments, the use of these por tals is very lim ited to
spe cial needs. In stead of HPGe de tec tors in por tal
mon i tors for ra di a tion spec trom e try, de tec tors based

on more mod ern scin til la tion crys tals as LaBr3, CrBr3,
SrI2 [10] could al ready be used.  Due to sig nif i cantly
better en ergy res o lu tion (3-4 % for 137Cs) than the tra -
di tional NaI (Tl) crys tals, these crys tals are al ready be -
gin ning to re place semi con duc tor de tec tors (HPGe,
CdZnTe, SiC) in some spec tro met ric ap pli ca tions [11,
12]. How ever, their use in por tal mon i tors is also con -
strained un til now by their high cost.

The sec ond and the most wide spread con cept of
RPMs is based on or ganic scin til la tors, es pe cially
plas tic scin til la tors. These de tec tors, con trary to semi -
con duc tor de tec tors, pro vide lim ited in for ma tion on
the en ergy of de tected pho tons, thus are un able to dis -
tin guish gamma-rays orig i nat ing from nu clear sources 
and from gamma-rays orig i nat ing from NORM ma te -
ri als caus ing false alarms. This dis ad van tage was re -
cently sup pressed us ing ad vanced dis crim i na tion al -
go rithms [13-15]. Due to the abil ity to de tect fis sile
ma te ri als, the por tal mon i tors are some times equipped
with neu tron de tec tors based on the He-3 tube [16, 17]
or B-10 (Li-6) loaded ZnS: Ag de tec tors [18, 19]. 

As can be seen, there has been great ef fort to im -
prove the de tec tion me dia, PMT, MCA, and de tec tion
al go rithms, but lit tle has been im proved on volt age di -
vid ers. Us ers usu ally work with PMT-di vid ers sup -
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plied by the man u fac tur ers of the de tec tors with out
the as sur ance of the proper PMT-di vider match ing,
which greatly in flu ences the qual ity of the read-out
sig nal. The lit er a ture re lat ing to the problematics of
volt age di vid ers and their com bi na tion with PMT is
very few [20, 21]. The choice of volt age di vider de -
pends on the use of the de tec tor (con tin u ous mode,
pulse mode) and the mea sure ment re quire ments
(gain, lin ear ity, tim ing, sta bil ity). The rec om mended
ar range ment of volt age di vid ers is usu ally de ter -
mined by their man u fac turer.

The pur pose of this pa per was to eval u ate the in -
flu ence of dif fer ent volt age di vid ers in con nec tion
with the large vol ume poly sty rene scin til la tion de tec -
tor on de tec tion pa ram e ters such as the ef fi ciency of
the mea sure ment and dose rate lin ear ity.

MATERIAL AND METHOD

Device and equipment

The 25 L plas tic de tec tor with a di men sion of
100 cm ́  50 cm ́  5 cm (Nuvia, CZ) was cho sen. The
com po si tion of the de tec tor was as fol lows – poly sty -
rene ma trix with p-terphenyl (PTP) as a pri mary fluor
and 1,4-bis(5-phenyl oxazole-2-yl) ben zene
(POPOP) as a wave length shifter. The 2" PMT with
cir cu lar photocathode type 9266KB50 (ET En ter -
prises, GB) was used. The SCA-T an a lyzer (Nuvia,
CZ) was used as read-out elec tron ics us ing GamWin
(Nuvia, CZ) spec tro met ric soft ware for spec tra eval -
u a tion. The time of the mea sure ment was set to 100
seconds and each mea sure ment was three times re -
peated. Since the mag ni tude of the high volt age of
por tal mon i tors is set au to mat i cally us ing the pro -
gram HVSet, the mag ni tude of the HV was set the
same way for each volt age di vider be fore each mea -
sure ment. The logic of this pro gram is based on the
cre ation of two ROI (re gion of in ter ests), one in the
low-en ergy and the other in the high-en ergy part of
the spec trum. Their ra tio gives a cer tain value, which
changes with the change of the high volt age. The
ideal spec trum gives value, which was math e mat i -
cally com puted and sta tis ti cally eval u ated. The

HVSet pro gram in creases the high volt age and com -
pares the ra tio of the se lected ROI with the ideal value
un til these two val ues are equal. This pro ce dure en sures 
the proper spec trum po si tion, i. e., that the Compton
edge al ways cor re sponds to the same chan nel. This
should main tain the same gain for all volt age di vid ers
used.

The 241Am, 137Cs, and 60Co radionuclide sources
type EG3 (Eurostandard, CZ) of ac tiv i ties of AAm-241 =
=.539.6 kBq, ACs-137 = 306.5 kBq and ACo-60 = 235.7 kBq
were used to eval u ate the de tec tion char ac ter is tics.

The mo ti va tion of this work was to in ves ti gate the 
ef fect of dif fer ent re sis tors and ca pac i tors on de tec tor
ef fi ciency, the shape of the spec trum, lin ear ity, and
other pa ram e ters over all of eight dif fer ent volt age di -
vid ers listed in the tab. 1, where the re sis tance and ca -
pac i tor val ues are given as well.  The po si tions of dif fer -
ent re sis tors and ca pac i tors are shown in fig. 1.

The volt age di vid ers were se lected to cover the
range of resistances from the small est to the larg est, tak -
ing into ac count the man u fac turer's rec om men da tion to
main tain the ra tio be tween the first and sec ond dynodes
and the high volt age source used in the SCA.

Measurement set-up

The de tec tor cen ter was marked and then was fas -
tened to the stand in height of 1 m above the ground. The
mea sure ments were car ried out ac cord ing to the same pro -
ce dure for all radionuclides; the se lected radionuclide was 
placed at a cer tain dis tance vary ing from 1 m up to 5 m di -
rectly op po site to the marked cen ter of the de tec tor. Af ter -
ward, the mea sure ment was three times re peated at the
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Table 1. Overview of the compared voltage dividers

R1 [MW] R2…R7 [MW] R8 [MW] R9 [MW] R10 [MW] R11 [MW] C1 [nF] C2 [nF] C3 [nF] C4 [nF] Label

0.66 ¬ 0.33 ® – – – ETE_STD1)

0.66 0.33 0.66 1 1.2 1 – – – – ETE_HPL2)

0.82 ¬ 0.56 ® – – – – 0.82_0.56

1 ¬ 0.56 ® – ¬ 10 ® 2.2 1_0.56

1.5 ¬ 1 ® – – – – 1.5_1

2.2 ¬ 1.5 ® 22 22 22 1 2.2_1.5

15 ¬ 10 ® – – – – 15_10

15 ¬ 10 ® – ¬ 10 ® 2.2 15_10_C

1) rep re sented con fig u ra tion rec om mended by the man u fac turer of the used PMT
2) rep re sented high-pulsed lin ear ity ta pered type of volt age di vider

Fig ure 1. Sche matic di a gram of a volt age di vider cir cuit



same dis tance to a pre set time (live time) of 100 sec onds.
The back ground was mea sured in the same way. The net
spec trum was cal cu lated by sub tract ing the av er age
back ground from the av er age spec trum at each dis tance.
The pro ce dure was re peated for all radionuclides and
volt age di vid ers. The count rate (mea sured in counts per
sec ond – cps) at the dif fer ent po si tions was cal cu lated as
the net in te gral of pulses in each channel (1-1024)
divided by live time (100 seconds).

The de tec tion ef fi ciency was cal cu lated by

h tot = ×
N

At
100 (1)

where A – source activity calculated to the date of
measurement [Bq], N – net integral of pulses in each
channel of spectrum over time t, and htot absolute
efficiency [%].

RESULTS AND DISCUSSION

Efficiency measurement

In the case of the 241Am- mea sure ment, the count

rate against dis tance was plot ted and is shown in fig. 2.

The best fit was ob served for the stan dard volt age di vider 

cir cuit sug gested by ET En ter prises (ET_STD) fol lowed

by the 15_10_C volt age di vider. Con trary to that, the

worst fit was ob served for the volt age di vider la beled as

15_10, to gether with the low est sensitivity, tab. 2.

As for 137Cs, the worst fit ex hib ited volt age di vider

la beled 15_10_C fol lowed by ET HPL and 15_10. All

other volt age di vid ers showed ex cel lent qua dratic fit from

which the ET_STD ex hib ited the best re sult, es pe cially,

when a low count rate was mea sured, fig. 3.
In the case of high-energy photons, here

represented by photons emitted from 60Co 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. 
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Fig ure 2. The de pend ence of the mea sured count rate on
241Am source dis tance

Table 2. Power functions and coefficients of determination for selected voltage dividers obtained from measured data
points at different distances for selected radionuclides

Voltage
divider

241Am 137Cs 60Co

Power
function y

Coefficient of
determination R2

Power
function y

Coefficient of
determination R2

Power
function y

Coefficient of
determination R2

ETE_STD 1361.9x–1.752 0.9984 3796.2x–1.804 0.996 5074.7x–1.668 0.9979

ETE_HPL No fit 3236.4x–1.351 0.9673 4670.5x–1.535 0.9996

0.82_0.56 1530x–2.171 0.9865 3706.8x–1.71 0.9932 4999.8x–1.735 0.9968

1_0.56 1665.8x–2.306 0.9538 3678.9x–1.788 0.9954 4758.7x–1.716 0.9957

1.5_1 1757.1x–2.189 0.8797 3695.7x–1.736 0.9961 4941.1x–1.779 0.9945

2.2_1.5 1515.2x–2.059 0.9419 3698.3x–1.767 0.995 4671.6x–1.605 0.9954

15_10 No fit 3360.4x–1.596 0.9871 5494.2x–2.191 0.9663

15_10_C 1530x–2.171 0.9865 4801x–2.463 0.9237 4987x–1.803 0.9924

Fig ure 3. The de pend ence of the mea sured count rate on
137Cs source dis tance

Fig ure 4. The de pend ence of the mea sured count rate on
60Co source dis tance



Since the count rate, as well as dose rate, should
de crease with the square of the dis tance, all data points
were fit ted by power func tion to ob tain the model
func tion and the co ef fi cient of de ter mi na tion to eval u -
ate how well-ob served out comes were rep li cated by
the model, tab. 2.

The best fit was ob served for high-en ergy pho -
tons, where al most all volt age di vid ers, ex cept for
15_10, fol low power func tion fit with a very good co -
ef fi cient of de ter mi na tion.  A sim i lar sit u a tion can be
seen for me dium en er gies rep re sented by 137Cs, where
not only the 15_10 volt age di vider but also ETE_HPL
and 15_10_C did not pre cisely fol low power fit. The
worst sit u a tion can be seen at low en er gies (rep re -
sented by Am-241), where only three volt age di vid ers
rea son ably fol lowed the power func tion. Ta ble 3 rep -

re sents a com par i son of the de tec tor ef fi cien cies with
in di vid ual volt age di vid ers; the cal cu la tion was per -
formed as a sim ple ra tio of the mea sured pulses to the
used radionuclides ac tiv i ties re lated to the mea sure -
ment date.  As can be seen, there was a cer tain pat tern
of de creas ing ef fi ciency in soft di vid ers. Over all, the
worst de tec tion ef fi cien cies were ob served for the
15_10 volt age di vider, es pe cially when a low count
rate was mea sured.

Signal stability

One of the im por tant fac tors of RPM is the abil ity
to pro vide a steady sig nal in the case of back ground
mea sure ment. The steadi est the sig nal is, the better dis -
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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 241Am [10–3 %]

Distance [m] ETE_STD ETE_HPL 0.82_0.56 1_0.56 1.5_1 2.2_1.5 15_10 15_10_CD &D [nSvh–1]

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 137Cs [%]

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  60Co [%]

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

Fig ure 5. Sig nal sta bil ity
within five min utes of
back ground mea sure ment



tin guish ing be tween back ground and true sig nal is pos -
si ble. As can be seen in fig. 5, the vari ance in sig nals
pro vided from all volt age di vid ers within five min utes
was 97.2 ± 4 cps. The only ex cep tion was mea sure ment
with the ETE HPL volt age di vider, where a high de -
crease in count rate was ob served re sult ing in the sig nal
vari ance of 153 cps.

As shown above (figs. 2-4), the worst per for -
mance was ob served at di vid ers la beled 15_10(_C).
The pos si ble ex pla na tion of the be hav ior of 15_10
(_C) volt age di vid ers based on [22] in cludes a poor
sig nal-to-noise ra tio (SNR) for low en er gies and at the
same time sat u ra tion at high en er gies. The pos si ble
cause of chang ing SNR at low en er gies, here rep re -
sented by 59.5 keV of 24Am, is prob a bly re lated to the
an ode load re sis tor. For pos i tive high volt age ap plied
to the an ode, the load re sis tance is the par al lel com bi -
na tion of R40 (bias re sis tor) and R41 (preamplifier in -
put re sis tor) shown in fig. 6.  The sta bil ity of the out put
pulse am pli tude de pend ing on the in com ing count rate
is also de ter mined by the ra tio of the to tal cur rent of the 
di vider con cern ing the an ode cur rent of the PMT. If
the to tal re sis tance of the di vider is large, the cur rent is
small and the out put volt age is weak. For this rea son,
the di vider with the low est over all re sis tance also had
the best prop er ties.

The SCA used for mea sure ment has the mag ni -
tude of the bias re sis tor, Ra, equal to 100 kW and in put
re sis tance, Rin, equal to 4.7 kW. Us ing these val ues, the 
load re sis tance be comes 4489 W. This low value of
load re sis tance in com bi na tion with the high re sis tance 
of the volt age di vider in creases the fre quency band -
width, which in turn de creases SNR. This can fur ther
lead to low de tec tion ef fi ciency for very low count
rates at low en er gies.

The prob lem with sat u ra tion at high en er gies can 
be at trib uted to the high pulse cur rent in PMT caused
by the high in ci dent pho ton en ergy, which in this case

is rep re sented by pho tons (E1 = 1173.23 keV and E2 =
=.1332.51) of 60Co. With a high pulse cur rent, elec tron 
den sity near the last dynode also in creases and causes
space charge ef fects, which leads to out put sat u ra tion
and a de crease of out put count rate.

CONCLUSION

The pa per is aimed at eval u at ing the in flu ence of
the dif fer ent volt age di vid ers on ba sic pa ram e ters such
as the lin ear ity of mea sure ment, de tec tion ef fi ciency,
and sig nal sta bil ity. The ETE STD volt age di vider,
which is rec om mended by the PMTs man u fac turer,
showed the best re sults ob tained through out all mea -
sure ments. All other volt age di vid ers, be sides 15_10
and 15_10_C volt age di vid ers, ex hib ited slightly worse
re sults, which, in par tic u lars at real mea sure ments, can
be ne glected. The volt age di vider la beled as 0.82_0.56
showed the sec ond-best re sults, fol lowed by 1_0.56 and 
2.2_1.5. The worst re sults ob tained from the mea sure -
ment ex hib ited 15_10_C, but more im por tantly 15_10
volt age di vid ers, but even in their cases, the dif fer ences
were not found to be crit i cal for their use in in dus try or
safe guard ap pli ca tions. Fur ther more, other con di tions
are af fect ing the out put sig nal, such as a high volt age di -
vider cir cuit con nec tion. In the con fig u ra tion used for
mea sure ment, the high volt age di vider is con nected by a 
co ax ial ca ble, which also serves as a high volt age power 
sup ply con nec tion. In this type of con nec tion, es pe -
cially in com bi na tion with pas sive high volt age di vid -
ers, the par a sitic ca pac i tance of the ca ble should also be
con sid ered. The be hav ior of this (large) pas sive re sis -
tor-ca pac i tor net work also de pends on the in put char ac -
ter is tics of a con nected mea sure ment de vice. In this
case, ev ery setup should be care fully in spected re gard -
ing SNR, re sult ing in out put pulse shape and dy nam ics
of the re sult ing cir cuit.
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Fig ure 6. De tail draw ing of end part of 15_10 di vider,
where Rload = Ra || RL = R40 || R41
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PORE\EWE  ODZIVA  RAZLI^ITIH  RAZDELNIKA  NAPONA  NA
MEREWE  NISKOG  NIVOA  KORI[]EWEM  VELIKOG  PLASTI^NOG
SCINTILATORA  NAMEWENOG  ZA  PORTAL  MONITORE  ZRA^EWA

Rad se bavi pore|ewem razdelnika napona sa razli~itim o`i~ewem otpornika i
kondenzatora. Kao referenca upotrebqen je razdelnik napona koji je preporu~io proizvo|a~
kori{}enog fotomultiplikatora (ET En ter prises, GB). Ciq je bio da se proceni uticaj razli~itih
razdelnika napona zajedno sa scintilacionim detektorom velike zapremine na parametre
detekcije, kao {to su efikasnost merewa i linearnost ja~ine doze, kori{}ewem gama izvora 241Am, 
137Cs, i 60Co. Eksperimenti su pokazali relativno velike razlike izme|u 15_10(_C) razdelnika
napona (R1 i R2-R11; 15 i 10 MW) i ostalih. Nadaqe, potvr|eno je da je razdelnik napona koji je
preporu~io proizvo|a~ kori{}enog fotomultiplikatora pokazao najboqe rezultate, ali su neki
od izmerenih razdelnika imali sli~ne rezultate i stoga se mogu koristiti i u por tal monitorima
zra~ewa.

Kqu~ne re~i: razdelnik napona, por tal mon i tor zra~ewa, gama zra~ewe, organski
.........................polistirenski scintilator


