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In situ ap pli ca tions re quire a very high level of por ta bil ity of high-res o lu tion spec tro met ric
equip ment. Us age of HPGe de tec tors for ra dio ac tiv ity mea sure ments in the en vi ron ment or
for nu clear safe guard ap pli ca tions, to com bat il licit traf fick ing of nu clear ma te ri als or ura -
nium and plu to nium mon i tor ing in nu clear wastes, has be come a norm in the re cent years.
Por ta ble HPGe-based radionuclide spec trom e ter with elec tri cal cool ing has lately ap peared
on the mar ket for in situ ap pli ca tions. At the same time de te ri o ra tion of en ergy res o lu tion as -
so ci ated with vi bra tions pro duced by cryocooler or high weight of the in stru ment, short time
of au ton o mous op er a tion and high price of these spec trom e ters are lim it ing their us age in
many cases.
In this pa per we pres ent de vel op ment re sults of ul tra com pact hand held all-in-one spec trom -
e ter for in situ mea sure ments based on HPGe de tec tor cooled by liq uid ni tro gen with out list -
ing the above dis ad van tages.
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IN TRO DUC TION

Us age of HPGe de tec tors for ra dio ac tiv ity mea -
sure ments for en vi ron men tal and nu clear safe guard
ap pli ca tions has be come a ne ces sity. Dif fer ent kinds
of so lu tions are avail able to fight against il licit traf -
fick ing of nu clear ma te ri als or ura nium and plu to nium
mon i tor ing in nu clear wastes. HPGe de tec tors with ex -
cel lent en ergy res o lu tion and high in trin sic reg is tra -
tion ef fi ciency have iden ti fi ca tion ac cu racy ad van -
tages over spec tro met ric scin til la tion and room
tem per a ture com pound semi con duc tor de tec tors.
How ever, HPGe de tec tors have to be cooled down to a
tem per a ture be low 100 K [1]. 

Ul tra com pact hand-held HPGe de tec tor cooled 
by liq uid ni tro gen has been de vel oped by us ear lier
for in situ ap pli ca tions [2]. The in stru ment was
equipped with pla nar HPGe de tec tor with sen si tive
area of 500 mm2. Its per for mance was show ing ex cel -
lent en ergy res o lu tion, better than 580 eV at 122 keV,
an ex tremely short cool down time, less than 1.5
hours, long hold ing time, more than 20 hours and low
weight, less than 2.6 kg.

Hand-held de tec tor was com bined with a small
multi-chan nel an a lyzer [3] pow ered by bat tery, a

mini-lap top for spec tra pro cess ing and vi su al iza tion of 
the mea sure ment re sults. De spite a com pact de sign of
all the com po nents of the sys tem, ap pli ca tion of the so -
lu tion in the field proved in con ve nient due to a ne ces -
sity of car ry ing all com po nents sep a rately.

Re cently, por ta ble HPGe-based radionuclide
iden ti fi ers/spec trom e ters with elec tri cal cool ing for in
situ ap pli ca tions [4, 5] have ap peared on the mar ket.
De spite many ad van tages, such so lu tion still have sev -
eral dis ad van tages like de te ri o ra tion of en ergy res o lu -
tion as so ci ated with vi bra tions pro duced by cryo-
cooler, high weight of the in stru ment, short time of au -
ton o mous op er a tion and high price.

Cur rent doc u ment pres ents re search and de vel -
op ment re sults of ul tra com pact hand held all-in-one
spec trom e ter for in situ mea sure ments based on HPGe
de tec tor cooled by liq uid ni tro gen. A newly de vel oped
sys tem solves all dis ad van tages men tioned above. Up -
graded de tec tion, cool ing and spec tro met ric parts
were im ple mented. 

SPEC TROM E TER DE SIGN

Hand-held HPGe spec trom e ter was de signed
and de vel oped to meet re quire ments be ing placed on
ra dio iso tope iden ti fi ers [6] and was called Ni tro SPEC 
fig. 1. 
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Spec trom e ter cool ing sys tem is based on the
Dewar ves sel (1) of the same de sign as in [2], but its
vol ume was en larged from 0.6 to 0.8 litres to pro vide a
pos si bil ity to in stall HPGe de tec tors of larger vol ume.
Dewar ves sel could be fully filled with liq uid ni tro gen
in less than 10 min utes by means of a fill ing fun nel at
nor mal pres sure. To keep di men sions of spec trom e ter
as small as pos si ble Dewar ves sel has one valve (2) for
liq uid ni tro gen fill ing and ni tro gen evap o ra tion. De -
pend ing on the lo ca tion of the valve the spec trom e ter
can be used ei ther in a hor i zon tal and up right or in a
hor i zon tal and down right ori en ta tion.

Dewar ves sel vol ume en large ment al lows in -
stall ing in cryostat (3) co ax ial HPGe de tec tors with ef -
fi ciency up to 20 % and pla nar de tec tors with sen si tive
area up to 2000 mm2. Nev er the less, the in stru ment still 
has short cool ing time of the HPGe de tec tor within 1.5
hours af ter liq uid ni tro gen fill ing and pro vides more
than 20 hours of au ton o mous non-stop op er a tion time
be tween liq uid ni tro gen re fill ing. Re fill ing of liq uid
ni tro gen once a day is con ve nient enough for the rou -
tine mea sure ments on a day-by-day ba sis.

All elec tronic com po nents are her met i cally
sealed in a sep a rate sec tion (4) un der the Dewar ves sel. 
Her metic sec tion for bat ter ies (5) is lo cated be hind the
Dewar ves sel. Dis play (6) is made as a fold ing unit.

Some ap pli ca tions re quire de tec tor to be
shielded from ex ter nal in ter fer ence. Ini tially 10 mm
thick lead cap and collimators of dif fer ent di am e ters
were de vel oped. 7 mm thick tung sten al loy cap hav ing
smaller di men sions with re mov able collimators have
been de vel oped and fab ri cated es pe cially for ura nium
en rich ment mea sure ments. Caps (7) could be eas ily at -
tached to the Dewar ves sel flange through spe cial
holes by means of 3 tung sten screws. Collimators have 
dif fer ent di am e ters: 40 mm, 25 mm, 10 mm, and 5 mm, 
re spect fully, and could be screwed into a cap. In or der
to de crease X-ray flu o res cence from tung sten, both

cap and collimators have 1 mm thick tin in ter nal lin ing
cov ered with 1.5 mm thick cop per lin ing.

Di men sions   of   the   spec trom e ter   are   only 
330 mm ́  140 mm ́  210 mm. To tal weight of the spec -
trom e ter based on 20 % ef fi ciency HPGe de tec tor
with out liq uid ni tro gen is 4.950 kg.

ELEC TRON ICS AND SOFT WARE

Preamplifier with re sis tive feed back is her met i -
cally sealed in a sep a rate sec tion un der the Dewar ves-
sel along with dig i tal sig nal pro cess ing (DSP) elec -
tron ics (16 k) [7] with in te grated high volt age power
sup ply for de tec tor (up to ±3.6 kV) and preamplifier
power sup ply (±12 V, 60 mA). Linux based minia-ture
PC al lows the con trol of all op er a tion modes of the
spec trom e ter, elec tronic health sta tus di ag nos tic as
well as trans fer of the ac cu mu lated spec tra. The
built-in mi cro pro ces sor has non-vol a tile mem ory up
to 32 Gb, what al lows the stor age of prac ti cally un lim -
ited ac quired spec tra and the re sults of their pro ces -
sion.

All spec trom e ter set tings could be set in the
menu. Spec trum ac qui si tion could be made both in
live and real time modes as well as with out time lim i ta -
tion. Prac ti cally un lim ited ex ten sion of nuclides lib-
rary base is pos si ble as well as the load ing of a new
mea sure ment ge om e tries in clud ing sim u la tion by a
Monte Carlo method. 

 With a help of the fold ing built-in dis play, the
user is able to make pre cise anal y sis and ob tain re sults
in on-line mode with au to matic GPS po si tion data in -
di ca tion.

Vi su al iza tion of mea sure ment re sults and con -
trol of spec trom e ter pa ram e ters is made by means of
color built-in touch screen dis play hav ing res o lu tion
of 800 ´ 400 pix els and 4" di ag o nal. Ap plied Super
Amoled dis play pro vides high bright ness and con trast
of im age, thus en abling com fort op er a tion even at
bright sun light. Com plex cal cu la tions in real time and
re sults dis play are pro vided by high fre quency (1
GHz) pro ces sor and video ac cel er a tor.

The con nec tion to an other PC for data ex change
could be made by a USB con nec tion or by a wire less
WiFi net work. Por ta ble spec trom e ter is fully sup -
ported and con trolled by ex pert soft ware of
SpectraLine fam ily [8], which pro vides its ap pli ca tion
with fa cil i ties of pre ci sion lab o ra tory spec trom e try. 

In easy mode of spec trom e ter op er a tion a user
can se lect con tin u ous or pre set time of mea sure ment
and de fine de sir able time in ter val in sec onds. Con tin u -
ous mea sure ment of spec trum starts by push ing only a
sin gle but ton. In for ma tion is up dated ev ery sec ond.
For ex am ple, fig. 2 shows the part of the spec trum in
the en ergy range of (50 keV-400 keV) for the point
source Eu-152, placed on the dis tance of 10 cm from
the cryostat cover.
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Fig ure 1. De sign of all-in-one hand-held HPGe
spec trom e ter NitroSPEC
1 – Dewar ves sel, 2 – liq uid ni tro gen fill ing valve,
3 – cryostat with HPGe de tec tor,
4 – elec tron ics sec tion, 5 – power sup ply sec tion, 6 – touch
screen dis play,  7 – re mov able shield ing cap with collimator



 Man ual en ergy cal i bra tion from touch screen is
per formed se lect ing au to mat i cally iden ti fied spec tral
lines with count rates above back ground level and set -
ting cor re spond ing en er gies us ing li brary of ra dio-
nuclides. The spec trom e ter screen in ta ble col umns
shows the en er gies of the de tected peaks, their area,
en ergy res o lu tion on 1/2, 1/10 peak height, count rate
and radionuclide name (fig. 3).

In search mode of op er a tion a dose rate is cal cu -
lated from in te gral spec trum and is vi su al ized on a dis -
play in µSv/h. In case of ex cess of a dose rate over the
user de fined thresh old the in stru ment pro duces vi sual
and acous tic alarm. Iden ti fi ca tion of radionuclides is
per formed ac cord ing to li brary of radionuclides au to -
mat i cally. The cal cu la tion for the pres ent spec trum
(fig. 2) dem on strates (fig. 4), that the radionuclide
Eu-152 from the med i cal radionuclides group with
30009 Bq ac tiv ity is de tected. The cal cu la tion er ror is
±136 Bq. The radionuclide pro vides the in put of 
89.1% into the com mon de tected dose. The
radionuclide K-40 from the group of Nat u ral
radionuclides with ac tiv ity of 10775 Bq is de tected
also in the spec trum. The radionuclides, which pro -
vide  the  in put  of  10.9%  into  the  com mon  dose 
(1.88 µSv/hour) were not de tected.

In ex pert mode of op er a tion the user can se lect a
re gion of in ter est or a ra tio of re gions of in ter est on the
spec trum. This op tion is con ve nient for ex am ple for U

en rich ment mea sure ments in UF6 cyl in ders. User
could se lect type of spec tra ac qui si tion be tween real
time, live time or in te gral (the mea sure ment will con -
tinue un til a cer tain net area of a peak is reached) as
well as se lect re peated ac qui si tion mode of mea sure -
ments. Spec trom e ter can be con nected in par al lel to
lap top via wire less data trans fer in ter face in ex pert
mode of op er a tion. This op tion is con ve nient for cal -
cu la tion of ac tiv i ties of radionuclides.

Ad di tion ally a spec trom e ter equipped with two
bat ter ies (type Li-Ion) pro vides power sup ply of all
spec trom e ter elec tronic dur ing more than 8 hours
with out re-charg ing. Field re place ment (hot swap-
ping) of bat ter ies to achieve 16 hours con tin u ous op er -
a tion time is pos si ble. When ac cu mu la tors are dis -
charged the soft ware will is sue ap pro pri ate mes sage. 
If it is ig nored, HV will be shut down automatically
when crit i cal low bat tery charge is achieved to pre vent
pos si ble dam age of the de tec tor.

CON CLU SIONS

De spite that the pre sented spec trom e ter re quires
liq uid ni tro gen for op er a tion, this in stru ment is well
suited for in situ ap pli ca tions such as a bor der mon i tor -
ing of il licit traf fick ing of ra dio ac tive ma te ri als or nu -
clear safe guards mea sure ments. Pre ven tion of il licit
traf fick ing of nu clear ma te ri als re quires re li able and
fast radionuclides iden ti fi ca tion. This is guar an teed by 
the given spec trom e ter by means of ex cel lent pa ram e -
ters of en ergy res o lu tion and high in trin sic reg is tra tion 
ef fi ciency of HPGe de tec tor.

Visu ali sa tion of the mea sure ment re sults and
iden ti fi ca tion of radionuclides is re al ized in the cur -
rent spec trom e ter on the ba sis of au to mated soft ware
al go rithms. Con trol of spec trom e ter pa ram e ters and
data eval u a tion is avail able for op er a tor from a color
built-in touch screen dis play in im me di ate vi cin ity to
HPGe de tec tor.

For those nu clear safe guards ap pli ca tions where
op ti mal en ergy res o lu tion at low en er gies is of ad van -
tage, for ex am ple U and Pu mon i tor ing in nu clear
wastes, ap pli ca tion of liq uid ni tro gen cooled HPGe
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Fig ure 2.  Spec trum of the point source Eu-152, placed
on the dis tance of 10 cm from the cryostat cover

Fig ure 3. Nu mer i cal val ues of the de tected spec trum
pa ram e ters

Fig ure 4. Cal cu la tion of the radionuclides ac tiv ity



de tec tors is still more ef fec tive then those cooled elec -
tri cally  be cause of the neg a tive im pact of microphonic 
ef fects on the en ergy res o lu tion of the lat ter ones.

In the mean time pos si bil ity to avoid both lim i ta -
tions i. e., us age of liq uid ni tro gen as well as avoid vi -
bra tions pro duced by the cryocooler, main tain ing
com pact de sign of the in stru ments in tended for in situ
mea sure ments, is still a good per spec tive for fu ture de -
vel op ments in the field.

Di men sions of de vel oped spec trom e ter are only
330 mm ´ 140 mm ´ 210 mm, the max i mum weight
with out liq uid ni tro gen is 4.950 kg (with 20 % ef fi -
ciency de tec tor) and the time of au ton o mous op er a tion 
is at least 8 hours be fore charg ing or re place ment of
bat ter ies.
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RAZVOJ  PRENOSIVOG  HPGe  SPEKTROMETRA  ZA  IN SITU  MEREWA

Primena in situ  merewa  zahteva veoma visok nivo prenosivosti spektrometrijske opreme
visoke rezolucije. Upotreba HPGe detektora za merewe radioaktivnosti u `ivotnoj sredini, ili
primena u nuklearnoj bezbednosti, na primer, borbi protiv nezakonitog transporta nuklearnih
materijala ili monitoringa uranijuma i plutonijuma u nuklearnom otpadu, postala je obavezna
posledwih godina. U posledwe vreme, na tr`i{tu su se pojavili prenosivi spektrometri
radionuklida za in situ merewa zasnovan na HPGe detektoru sa elektri~nim hla|ewem. Ono {to
limitira wihovu primenu u mnogim slu~ajevima je pogor{awe energetske rezolucije usled
vibracija kriohladioca, velika te`ina instrumenata i kratko vreme autonomnog rada.

U ovom radu predstavqen je rezultat razvoja ul tra kompaktnog, ru~nog celovitog
spektrometra za in situ merewa zasnovanog na HPGe detektoru sa hla|ewem te~nim azotom bez ranije
navedenih nedostataka.

Kqu~ne re~i: HPGe spektrometar, in situ merewe radioaktivnosti


