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The ar ti cle pres ents the re sults of the de vel op ment of the scin til la tion gamma spec trom e ters,
based on NaI(Tl), LaBr3 or SrI2(Eu) scin til la tors, in tended for aero sol mon i tor ing over a
wide tem per a ture range. The sta bi li za tion of the char ac ter is tics is pro vided by ap ply ing var i -
ous sta bi li za tion meth ods of the spec tro met ric chain. The es ti ma tion of the im pact of those
meth ods on the sta bil ity of the char ac ter is tics of the de vel oped ra di a tion spec trom e ter is pro -
vided. 
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IN TRO DUC TION

Scin til lat ing ma te ri als (or ganic, in or ganic, plas -
tic, etc.) are the ba sis of a wide range of de tec tors used
to de tect gamma and X-ray ra di a tion, neu trons and
charged par ti cles. With a di verse va ri ety of char ac ter -
is tics (atomic num ber, light out put, lu mi nes cence
time, etc.), scin til lat ing ma te ri als can pro vide suit able
so lu tions for nu mer ous tasks in sci en tific stud ies and
med i cine, atomic en ergy and en vi ron men tal mon i tor -
ing, in spec tion con trol and many other ap pli ca tions in
radiochemistry, radiobiology, safety sys tems, and ge -
ol ogy [1-3].

In com par i son to other types of de tec tors, scin til -
la tion de tec tors pro vide better ef fi ciency and sen si tiv -
ity for de tect ing ion iz ing ra di a tion. In ad di tion, many
scin til la tion de tec tors for nu clear ra di a tion op er ate in
the pro por tional re gime with ac cept able en ergy res o -
lu tion. As a re sult, they are broadly used not only in ra -
di om e try but in the spec trom e try of nu clear ra di a tion.

How ever, in ad di tion to their many pos i tive char -
ac ter is tics, scin til la tors may suf fer from tem per a ture-de -
pend ent vari a tions of light out put, lu mi nes cence time, or
other pa ram e ters [1-4]. The gain of photomultipliers,
which reg is ter light flashes from the scintillator, also may 
change with tem per a ture. The re sult is that the con ver -
sion co ef fi cient of these de vices is sus cep ti ble to tem per -
a ture in sta bil i ties. The photomultiplier gain, which en -
ters into the con ver sion co ef fi cient, also may change as a
re sult of other fac tors, such as the am bi ent mag netic field
and the count rate. All these po ten tial causes of vari abil -
ity call for sta bili sa tion of the spec tro met ric chain, es pe -

cially if the de vice is in tended for the so lu tion of a pre -
cisely de fined spec tro met ric task.

Aero sol and io dine mon i tors are de signed to de -
tect and mea sure the ra dio ac tive con tam i na tion
(gamma, al pha, and beta emit ters) in the air, and at
times they must work con tin u ously in harsh out door
con di tions [5-7]. Though the stan dard [8] does not de -
fine strictly the op er at ing tem per a ture range for these
de vices, the real ap pli ca tion con di tions for aero sol
mon i tors re quire that they should func tion re li ably
over a wide tem per a ture range be tween –20 °C and
+50 °C.  Of course, with out tak ing spe cial mea sures, it
is not pos si ble to en sure the sta bil ity of the most crit i -
cal in stru ment pa ram e ters over such a wide range. Fur -
ther more, as pre vi ously men tioned, other fac tors be -
sides tem per a ture could lead to in sta bil ity of the
con ver sion co ef fi cient.

The pur pose of the pres ent work is the de vel op -
ment of the scin til la tion gamma ra di a tion spec trom e -
ters based on NaI(Tl), LaBr3 or SrI2(Eu) scin til la tors
and in tended to op er ate in harsh en vi ron ments, in clud -
ing a wide range of tem per a tures. In or der to achieve
the nec es sary sta bil ity, it was nec es sary to ana lyse and
im ple ment var i ous sta bi li za tion meth ods in the spec -
tro met ric chain [9], eval u at ing their im pact on the sta -
bil ity of the rel e vant in stru ment pa ram e ters.

For the first pro to type we used gamma spec trom -
e ter based on NaI(Tl) crys tal with a size of Ø76 mm ´
76 mm, which is able to de tect gamma quanta in the en -
ergy range of 50-3000 keV [10]. The de sign per mits in -
stall ing any of the scin til la tion crys tals listed above in
the spec trom e ter case. Be sides the de tec tor, the case of
the spec trom e ter con tains a preamplifier board, a
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high-volt age (HV) sup ply board, a multi-chan nel
analyser (MCA) board, and a mi cro com puter, which
could trans fer by LAN ca ble not only the ac quired spec -
trum, but also the re sults of the cal cu la tion of the
radionuclide ac tiv ity in ac cor dance with the built-in
cal i bra tion and ap plied cal cu la tion method.

THE DE VEL OP MENT OF THE
THERMOSTABILIZING HOUS ING

The over all sta bi li za tion of the spec tro met ric chain 
could be achieved by im ple ment ing a ther mally sta bi -
lised hous ing. To pro vide a sta ble op er a tion of the spec -
trom e ter, the thermostabilizing hous ing TSH-L with au -
to mated tem per a ture con trol in the am bi ent tem per a ture
range from –20 °C to +50 °C was de vel oped. The de sign
of the spec trom e ter in the thermostabilizing hous ing is
pre sented in fig. 1. 

The spec trom e ter case it self is lo cated in side the
thermostabilizing hous ing, which pro vides pro tec tion
against dust and hu mid ity as well as ther mal iso la tion
against abrupt am bi ent tem per a ture changes. In ad di tion, 
the thermostabilizing hous ing TSH-L is equipped with
an au to mated heat ing sys tem that main tains the tem per a -
ture of the crys tal in the ap prox i mate range of (17-20) °C, 
also in the case of am bi ent tem per a tures be low freez ing.
The max i mum over all di men sions of the in su lat ing
hous ing are Ø170 mm ´ 440 mm.

The thermostabilizing hous ing TSH-L has the
bot tom part on which the en tire de vice can be as sem -
bled see fig. 1(b). The in ner part of the hous ing is made 
from the ther mally in su lat ing ma te rial en closed by a
light alu minium case. On the side of the scin til la tion
crys tal, the alu minium case has a car bon win dow to al -
low de tect ing low-en ergy gamma ra di a tion. Two ca -
bles pen e trate the hous ing through feed-through con -
nec tors in the up per part of the case: the power sup ply
ca ble (+12 V) and the data trans fer ca ble. The spec -
trom e ter can be con trolled via LAN and RS-485 in ter -
faces.

The spec trom e ter can be heated us ing three re -
sis tors that are in stalled on the heat ex change ring. The
same ring has a tem per a ture sen sor, which pro vides
feed back ac cord ing to which the heat ing sys tem can be 
ac ti vated and de ac ti vated.  One ad di tional tem per a ture 
sen sor is in stalled on the case of the scin til la tion crys -
tal for ad di tional tem per a ture con trol. The ther mal
hous ing's au to mated heat ing sys tem was tested both in
re frig er at ing (Tamb =+5 °C) and in freez ing cham bers
(Tamb = –20 °C).  The set-point be low which the heater
is turned on was ad justed at dif fer ent times. Ta bles 1
and 2 show the tem per a tures of the crys tal, Tdet, as a
func tion of time along with the set-point value of the
heat ing sys tem (Ton/off).

Ta bles 1 and 2 how that the heat ing au to mat i -
cally started when the tem per a ture of the heat ex -
change ring reached +14 °C and stopped when its tem -
per a ture reached +19 °C. In this way, the tem per a ture
of the crys tal re mained within the range +(17-19) °C.
Thus, the heat ing sys tem re acted ap pro pri ately to the
low am bi ent tem per a ture, main tain ing the tem per a ture 
of the scin til la tion crys tal at a con stant level.

STA BI LI ZA TION US ING THE 241Am
AL PHA PEAK AS A REF ER ENCE

As an other method for sta bi li za tion of the spec -
tro met ric chain, we im ple mented a sta bili sa tion
scheme based on a 241Am source [11-13]. The 59 keV
gamma peak was used at the lower end of the en ergy
range, whereas the peak cor re spond ing to the en ergy
de posit of the al pha par ti cle was used at the up per end
of the range. The al pha peak has the ad van tage of fall -
ing near the up per end of the en ergy range and of not
hav ing an en ergy dis tri bu tion due to Compton scat ter -
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Fig ure 1. Photo (a) and cross-sec tion (b) of the
spec trom e ter in thermostabilizing hous ing TSH-L



ing. The am pli fi ca tion co ef fi cient of the MCA could
be ad justed with a pre-set pe ri od ic ity, say once per
min ute, with the aim of lo cat ing the cen troid of the ref -
er ence peak in a given chan nel. In this way, the sta bil -
ity of the spec tro met ric chain can be as sured with con -
fi dence.

The fol low ing tests were per formed to eval u ate
the im ple mented so lu tion. The spec trom e ter's in ter nal
in stru ment pro gram is al ready ca pa ble of sta bi lis ing the
spec tro met ric chain based on the 662 keV peak of 137Cs
and main tain ing it in its ini tial chan nel for the en ergy
range up to 3 MeV. For the test, the crys tal tem per a ture
was low ered from +18 °C to +14 °C, then raised to +28
°C, and fi nally low ered again to +18 °C.  For the pur -
pose of the ex per i ment, the ref er ence peak dy nam ics of
the 241Am al pha peak for the case when 137Cs peak is
fixed (i. e., the in ter nal in stru ment pro gram cor rects the
am pli fi ca tion and holds the po si tion of the 137Cs peak in
the fixed chan nel) should be cleared up. Know ing the
vari a tion of the 241Am cen troid as a func tion of tem per -
a ture for the fixed 137Cs peak po si tion [Cen troid

(241Am, 137Cs =>const.) = f(T)] and solv ing the in verse
prob lem, we could de ter mine the amount by which the
po si tion of the 241Am peak should be shifted (by mod i -
fy ing the am pli fi ca tion co ef fi cient) for the given tem -
per a ture so that the 137Cs peak is saved in the com puter
mem ory in the same fixed chan nel. With the spec i fied
pe ri od ic ity, the spec trum was saved in the com puter
mem ory and af ter the tests, all de pend ence di a grams of
ref er ence peak po si tion on tem per a ture were as sem bled 
into one fig ure (see fig. 2). 

Fig ure 2 shows that the 241Am al pha ref er ence

peak changes its po si tion from chan nel 920 to chan nel

970 while the 137Cs po si tion is sta ble to within ±1

chan nel. A small in sta bil ity of the de tected in ten sity of

the 137Cs peak is con nected with the fact that the mea -

sure ment con fig u ra tion has changed slightly due to the 

spec trom e ter be ing re moved from the cool ing cham -

ber and later re placed. Based on the ob tained re sults

the de sired rec ti lin ear de pend ence has been de ter -

mined, and it is shown in fig. 3.
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Ta ble 1. Test re sults of the ther mal sta bi li za tion of the de tec tor in the re frig er at ing cham ber
(Tamb = +5 °C; heat ing phase ­; cool ing phase ¯)

Heat ing time [min] 13.08 13.10 13.11 13.13 13.13 13.14 13.14 13.15 13.16

Tdet, [°C] 18.2 18.2 17.5 17.4 17.6 17.8 18 18.2 18.2

Ton/off, [°C] 17¯ 15 ¯ 14¯ 15­ 16­ 17­ 18­ 19­ 18¯

Heat ing time [min] 13.08 13.19 13.20 13.22 13.23 13.24 13.24 13.25 13.26

Tdet, [°C] 18.0 17.7 17.4 17.4 17.8 18.1 18.2 18.2 18.0

Ton/off, [°C] 16¯ 15 ¯ 14¯ 15­ 17­ 18­ 19­ 18­ 17¯

Ta ble 2. Test re sults of the ther mal sta bi li za tion of the de tec tor in the freezing cham ber
(Tamb = –20 °C; heat ing phase ­; cool ing phase ¯)

Heat ing time [min] 13.50 13.52 13.53 13.54 13.55 13.55 13.56 13.56 13.57

Tdet, [°C] 18.2 17.2 17.0 17.0 17.1 17.5 17.7 17.8 18.0

Ton/off, [°C] 18¯ 16 ¯ 15¯ 16­ 17­ 18­ 19­ 20­ 20¯

Heat ing time [min] 13.57 13.158 13.59 14.00 14.01 14.01

Tdet, [°C] 17.9 17.8 17.6 17.3 17.0 16.9

Ton/off, [°C] 19¯ 18¯ 17¯ 16­ 15­ 16­

Fig ure 2. All mea sured spec tra ob tained dur ing the tests dis played on one plot
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The  hys ter esis  vis i ble  in  fig.  3  is caused by the  
ther mal  in er tia of  the  large-vol ume  crys tal (76 mm ́
76 mm) dur ing heat ing and cool ing. The test was re -
peated af ter the cor rec tion func tion ob tained from fig.
3. was in cluded in the spec trom e ter's in ter nal soft ware 
(SW). How ever, this time, the pro gram was in structed 
to main tain the al pha ref er ence peak in a spe cific
chan nel in such a way that the 137Cs peak also re mains
in a fixed chan nel. Thus, the pro gram de ter mines the
tem per a ture, T, for the nor mal op er at ing con di tions,
then, based on fig. 3, it de fines the chan nel num ber in
which the al pha peak ref er ence should be set up for
the tem per a ture, T, to main tain the 137Cs peak in its
fixed chan nel. Fi nally, it cor rects the am pli fi ca tion co -
ef fi cient so that the al pha peak ref er ence ap pears in
that chan nel.  As a re sult, the whole en ergy range is
cor rected ap pro pri ately. Fig ure 4 shows the typ i cal
plot of a spec trum in which again the dy nam ics of the
ref er ence peak po si tion are seen, but the ref er ence
peak po si tion nev er the less is sta ble.

Fig ure 5 shows the po si tion of the 137Cs peak as 
the crys tal tem per a ture is changed from +14 °C to
+32 °C. The peak po si tion in sta bil ity was only 0.36
%, which shows the high sta bil ity of the im ple -
mented so lu tion [14].

STA BI LI ZA TION SYS TEM WITH
AP PLI CA TION OF LIGHT DI ODE

To ex clude im ple men ta tion of radionu- clide
source for sta bi li za tion of spec trom e ters where it is
not de sir able, we de signed an al ter na tive on line sta -
bi li za tion method based on a light-emit ting di ode
(LED) [15-18]. Fig ure 6 shows a sche matic di a gram
of the LED sta bili sa tion sys tem.

Be tween the scin til la tion crys tal and
photomultiplier, there is a glass in sert that con tains
an Optocoupler (LED + photo di ode). The op ti cal
pa ram e ters of the optocoupler have been se lected to
pro vide an op ti mal match with the flashes of the
scintillator and LED in the range of op er a tion of the
photomultiplier. The optocoupler is placed in a
black, lightproof case with an ap er ture of 0.8 mm di -
am e ter. The ap er ture's lo ca tion and ori en ta tion are
op ti mised to pro vide the most uni form ex po sure of
the glass in sert. Thus, the flashes of the scintillator
and LED to gether reach the cath ode of the
photomultiplier for fur ther am pli fi ca tion and pro -
cess ing by the spec tro met ric de vice.

The LED pulses are sta bi lised by means of a pro -
por tional reg u la tor with feed back. The LED flashes are 

Fig ure 3. Plot of the ref er ence peak po si tion as a func tion of tem per a ture 

Fig ure 4. The draw ing of all mea sured spec tra dur ing the tests



reg is tered by a photo di ode, the sig nals of which are am -
pli fied by the photo di ode preamplifier. The am pli fied
pulse's am pli tude is fixed by a peak de tec tor and dig i tized 
by an an a log-to-dig i tal con verter (ADC). The
microcontroller (MCU) then reg u lates the LED cur rent
to sta bi lise the bright ness of the light pulses.

The microcontroller con trols the whole sta bi li -
za tion pro cess. It shapes the pulses that drive the LED
with the switch. The bright ness of the flashes is de -
fined by the cur rent that passes through the LED. The
cur rent value is reg u lated by the pre ci sion cur rent
source and is spec i fied by the microcontroller through
a dig i tal-to-an a log con verter (DAC). The LED flashes 
pass through the ap er ture to the photomultiplier and
are con verted into a sig nal spec trum af ter the am pli fi -
ers in the spec tro met ric chain. Si mul ta neously with
the LED pulse, the MCU shapes the strobe sig nal
GATE, which al lows LED flashes to be dis tin guished
from scin til la tion light pro duced by ra di a tion prior to
fur ther pro cess ing in the MCA. By ad just ing the LED
cur rent, one can shift the po si tion of the LED ref er ence 
in the spec trum.

Be cause the MCA can dis crim i nate the in com ing 
pulses through co in ci dence with the GATE pulse there 
are two spec tra: the real ra di a tion spec trum and the ref -
er ence spec trum. Prior to the mea sure ment, the po si -
tion of the sta bi lised LED ref er ence peak can be ad -
justed so to be in the cen tre of the spec trum and fixed in 
the mem ory. Dur ing the mea sure ments, the in stru ment 

SW con trols the ref er ence peak po si tion and once a
min ute com pen sates the cen troid drift by ad just ing the
am pli fi ca tion co ef fi cient in the MCA. Our ex per i -
ments dem on strated that the drift of the 662 keV 137Cs
peak po si tion was less than ±2% over the en tire range
of am bi ent tem per a tures from –20  to +50 °C.

SOFT WARE

Aero sol mon i tors are the hard ware-soft ware
com plexes which pro vide the radionuclides de tec tion
and their ac tiv ity mea sure ment in the air. They en able
the mea sure ment re sults in real time mode what is the
best so lu tion for the am bi ent mon i tor ing of un con trol -
la ble ra dio ac tive emis sions in the en vi ron ment. Usu -
ally such mon i tors are united in the sys tems dis trib uted 
over the vast ter ri to ries. The Com pre hen sive Nu -
clear-Test-Ban Treaty (CTBT) Or ga ni za tion has the
larg est mon i tor ing global sys tem [19]. In that sys tem,
the sep a rate aero sol mon i tors should pro vide not only
the mea sure ments at a con sid er able dis tance from each 
other but also the in ter ac tion among them and se cure
the dis tance con trol, test and ser vice, pos si ble ad just -
ment, reg u la tions, etc. To or ga nize the op er a tion and
mod i fi ca tions in the sys tem var i ous SW prod ucts are
re quired for its proper op er a tion. 

Dur ing the de vel op ment and test ing of the sta bi -
lised spec trom e ter – ra di om e ter, three types of SW
have been de vel oped:
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Fig ure 5. Po si tion sta bil ity of peak 662 keV of radionuclide 137Cs 

Fig ure 6. Block di a gram of the sta bi liser of the spec tro met ric chain with the ap pli ca tion of LED



– the in stru ment SW Airsoft pro grammed in C++ for 
Linux;

– the user check out demo SW AirSpec-con trol, pro -
grammed in Delphi for Win dows;

– the multifunctional spec tro met ric SW GammaPro
for Win dows [20].

The SW Airsoft al lows for re mote con trol of the
spec trom e ter via Ethernet or an RS-485 in ter face. It
can start a mea sure ment, con trol the ad just ments of the 
built-in mi cro MCA, read spec tra, and trans fer the data 
via the se lected in ter face. Fur ther more, the SW Airsoft
sta bi lises the spec tro met ric sec tion and cal cu lates the
ac tiv i ties (spe cific or vol u met ric) based on the im ple -
mented cal i bra tion.  Fi nally, the SW Airsoft can ob tain
data via an RS-232 in ter face from the pres sure sen -
sors, flow me ters, and other sen sors that are im ple -
mented in the spe cific aero sol mon i tor.

The user check out demo SW AirSpec-con trol ex -
e cutes the in ter face func tions of the spec trom e ter con -
trol panel. Launched on the user's PC, it al lows re mote
con trol of all func tions of the spec trom e ter (start, stop,
read ing of the spec tra, and cal cu la tion of the ac tiv ity re -
sults, etc.), send ing and re ceiv ing the com mands over
the Internet.

The spec tro met ric SW GammaPro pro vides not
only con trol and ba sic ad just ment func tions for the de -
vel oped sta bi lized ra di a tion spec trom e ter but also car -
ries out all of the prin ci pal spec tro met ric tasks, in clud -
ing the mea sure ment of the vol u met ric ac tiv ity of the
radionuclides in the air and aero sols.

AC KNOWL EDGE MENT

The re sults pre sented here were ob tained in the
course of re search pro ject No.17 De vel op ment of aero -
sol mon i tor for the con trol of ra di a tion pol lu tion in the
air, sup ported by Eu ro pean Re gional De vel op ment
Fund (con tract No.1.2. 1.1/16/A/008 be tween the Com -
pe tence Cen tre for Smart En gi neer ing Sys tems, Trans -
port and Power En gi neer ing (http://vitekc.lv/) and the
Cen tral Fi nance and Con tract ing Agency of Lat via
(http://www.cfla.gov.lv/lv/). We ex press our thanks to
these in sti tu tions for the sup port of our in ves ti ga tions.

AU THORS' CON TRI BU TIONS

 The sta bili sa tion method de vel op ment ap ply ing
the built-in source was made by F. V. Finkel while the
de vel op ment of the thermostabilising hous ing was
made by I. A. Krainukovs. V. S. Litvinsky ex e cuted the 
de vel op ment of the sta bili sa tion method with LED and 
V. V. Gostilo pro vided the de vel op ment of the soft -
ware and the test of the method.
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STABILIZACIJA  PERFORMANSI  SCINTILACIONIH
SPEKTROMETARA  ZA  MONITORING  AEROSOLA

U ovom radu prikazani su rezultati razvoja scintilacionih gama spektrometara
zasnovanih na NaI(Tl), LaBr3 ili SrI2(Eu) scintilacionim materijalima namewenim monitoringu
aerosola u  {irokom temperaturnom opsegu. Stabilizacija karakteristika je obezbe|ena
primenom razli~itih stabilizacionih metoda spektrometrijskog lanca. Tako|e, procewen je
uticaj ovih metoda na stabilnost karakteristika razvijenog spektrometra.

Kqu~ne re~i: mon i tor aerosola, scintilacioni detektor, stabilizacija performanse


