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The ap pear ance of small-sized and pow er ful enough elec tric cryocoolers of var i ous types on
the mar ket, has opened the per spec tive of HPGe de tec tors ap pli ca tion, cooled by such cool -
ers, in ra di a tion por tal mon i tors. The first re sults of a spec tro met ric mod ule based  on HPGe 
de tec tor with rel a tive ef fi ciency of 45% cooled by a Stirling-cy cle cryocooler, are pre sented.
The spec trom e ter has pro vided en ergy res o lu tions of less than 0.95 keV and 1.95 keV at en er -
gies of 122 keV and 1332 keV, re spec tively. The de te ri o ra tion of the en ergy res o lu tion of
HPGe de tec tor cooled by elec tric cryocooler in com par i son to the res o lu tion with liq uid ni -
tro gen cool ing was about 8% at the en ergy of 1332 keV. With the use of ac ti vated fil ters to
sup press pulses pro duced by the me chan i cal vi bra tions, the en ergy res o lu tion of the spec -
trom e ter was 0.8 keV and 1.8 keV, re spec tively, how ever, the de tec tor rel a tive ef fi ciency at the
en ergy of 1332 keV has dropped to 39 %.
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IN TRO DUC TION

The de tec tion of the fis sion able sub stances and
ra dio ac tive ma te ri als at the il licit traf fic has been the
ob ject of in tense stud ies in the re cent years [1-4]. One
of the meth ods to re sist the nu clear and ra di a tion ter -
ror ism is the ra di a tion board con trol by sta tion ary ra di -
a tion por tal mon i tors (RPM) – pas sive de tec tion sys -
tems for g and neu tron ra di a tion from the ra dio ac tive
sub stances and nu clear ma te ri als [5].

RPM based on plas tic scin til la tors are widely ap -
plied, since they are rather in ex pen sive de tec tors, and
they pro vide the non-pro lif er a tion of nu clear and ra -
dio ac tive ma te ri als by be ing in stalled check points
(boarder, air ports, rail way cross ing, etc). The sen si tiv -
ity of these mod ern mon i tors to g ra di a tion is rather
high.

How ever, these RPM, man u fac tured with plas tic 
scin til la tors and hav ing poor en ergy res o lu tion could
only pro vide the pri mary di ag nos tic, i. e., mon i tor ing a 
cer tain level of ra dio ac tive ma te ri als pres ence. The
next phase is a de tailed anal y sis of the ob tained in for -
ma tion with semi con duc tor de tec tors or scin til la tion
spec trom e ters.

Hav ing a per fect en ergy res o lu tion and high ef fi -
ciency of gamma-ra di a tion reg is tra tion, HPGe semi -

con duc tor de tec tors, are over de cades, are the un de ni -
able lead ers amongst all de tec tor types for pre ci sion
gamma spec trom e try [6]. How ever, to pro vide their
per fect per for mance, HPGe de tec tors should be
cooled to liq uid ni tro gen tem per a ture, which re strains
their ap pli ca tion in the set of pas sive RPM. Re cently,
the ap pear ance of small-sized and at the same time
pow er ful enough elec tric cryocoolers (ECC) of var i -
ous types, on the mar ket, has opened the per spec tive of 
the pres ent task so lu tion [7, 8].

The pres ent manu script pro vides the first de vel -
op ment re sults of spec tro met ric mod ule based on
HPGe de tec tor with elec tric cryocooling, which could
be ap plied as in RPM as well as in other spec tro met ric
equip ment based on HPGe de tec tors.

HPGe DE TEC TOR AND
ELEC TRIC CRYOCOOLER

The spec tro met ric mod ule is made as a
monoblock unit of L699 mm ́  W399 mm ́  H520 mm
and is eas ily in stalled into a stan dard cab i net of 19" for
RPM. The spec tro met ric mod ule com prises HPGe de -
tec tor, its elec tric cryocooler (ECC) and elec tron ics.
The ex ter nal view of the mod ule with opened front
cover is shown in fig. 1.

Co ax ial HPGe de tec tor is made by a stan dard
tech nol ogy from p-type crys tal of 80 mm di am e ter and 

V. Kondratjev, et al.: Gamma-Spec tro met ric Mod ule Based on HPGe De tec tor ...
214 Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2015, Vol. 30, No. 3, pp. 214-218

* Cor re spond ing au thor; e-mail: v.gostilo@bsi.lv



35 mm height [9]. Rel a tive ef fi ciency of the de tec tor is
~45 %.  In  tech no log i cal  cryostat,  cooled  by liq uid
ni tro gen,  the  en ergy  res o lu tion of the de tec tor was 0.8 
keV and 1.8 keV at the en er gies of 122 keV and 1332
keV, re spec tively. 

In the mod ule, the de tec tor is in stalled into a
cryostat with alu mi num cap of 100 mm in di am e ter
and thick ness of the front wall of 0.5 mm.  The cryostat 
with the de tec tor is placed in a lead shield of 30 mm 
thick ness  around  the  de tec tor  cap  and with 50 mm on 
the back side of the de tec tor to cut off the back ground
ra di a tion and im prove the back ground per for mance of
the de tec tor.

The Stirling-cy cle cryocooler LSF9340 with
built-in cryocontroller was ap plied for cool ing the de -
tec tor [10]. At the power con sump tion of 170 W, the
cryocooler  pro vides  up  to  9W  of  cool ing power at
80 K. The cryocooler com pres sor is a dou ble-cyl in der
with antiphased bal anc ing and the, max i mum vi bra -
tion level is 6N. The vi bra tion level on the cold fin ger
is less than 1.5N, which is pro vided with a spe cial
com pen sa tor built-in the head. The man u fac turer es ti -
mates the av er age mean time be tween fail ures
(MTBF) of 45 000 hours. It should pro vide 5-6 years
of con tin u ous op er a tion.

ELEC TRON ICS AND SOFT WARE

Elec tron ics com prises the preamplifier of the de -
tec tor sig nals, dig i tal mul ti chan nel an a lyzer (MCA),
and mi cro pro ces sor de vice to con trol the mod ule in the 
set of RPM as well as data trans fer to PC. The in put
stage of preamplifier is placed in the vac uum cham ber
of the cryostat, for cool ing by elec tri cal cryocooler.
Non-cooled part of the preamplifier is out side of the
vac uum vol ume in a sep a rate her met i cally sealed sec -
tion. 

Dig i tal mul ti chan nel an a lyzer (16 K) is based on 
a pro ces sor board MCA-527 [11]. The main prob lem

for ap pli ca tion of ECC with HPGe de tec tors is the in -
flu ence of their me chan i cal vi bra tions to the de tec tors
en ergy res o lu tion. That is why, ad di tion ally to all
means to re duce this in flu ence, in the pres ent de vel op -
ment we have ap plied the spe cial elec tronic-soft ware
fil ter in the set of MCA to sup press the pulses of the
me chan i cal vi bra tions.

Low fre quency re jec tion is a spe cial tri ple dif fer -
en ti at ing spec tro scopic fil ter for the use in en vi ron -
ments  with  strong  low fre quency noise com po nents,
e. g., microphonics with HPGe. Prin ci pally this fil ter
does not only eval u ate the volt age step, but also the
slope of the base line be fore and af ter the volt age step.
Be cause of this, the low fre quency sen si tiv ity is so low
that pole zero ad just ment is not nec es sary. How ever, as 
this fil ter is tri ple dif fer en ti at ing, the amount of high
fre quency noise is in creased, even as this fil ter is op ti -
mized for the low est er ror. The fil ter gives the best re -
sults with twice or tri ple as high shap ing times, so
through put may be a bit lim ited with this. Res o lu tion
can be al most as good as with the stan dard fil ters in a
quiet en vi ron ment. In a noisy en vi ron ment, the low
fre quency fil ter can yield or ders of mag ni tude better
re sults and be in valu able when forced to work in such
en vi ron ments. 

Mi cro pro ces sor de vice based on WAGO
Ethernet con trol ler ECO 750-852 con trols the op er a -
tion of Stirling-cy cle cryocooler in two modes – man -
ual and au to mated with the pro gram "Cool ing con trol" 
soft ware. The rec om mended mode is au to mated one
when the cool ing is made in two stages prompt at in -
creased power of 100-110 W un til the tem per a ture
reaches –190 °C and af ter that, switches to the econ -
omy mode of 50-60 W to main tain the tem per a ture of
–195 °C. 

When the spec i fied ra di a tion level from the
mon i tor ing ob ject is ex ceeded, the spec tro met ric mod -
ule pro duces an alarm sig nal. That sig nal al lows the
op er a tor to stop the ob ject for spec trum ac qui si tion,
the soft ware au to mat i cally iden ti fies radionuclides
and, cal cu lates their ac tiv i ties. The ob tained data pro -
vides clas si fi ca tion of the char ac ter of the de tected ra -
dio ac tive ob ject and def i ni tion of the fur ther ac tions
by the per son nel to op er ate with it. Iden ti fi ca tion is
per formed ac cord ing to soft ware li brary of the
radionuclides. Count rates are cal cu lated au to mat i -
cally with back ground de duc tion. The var i ous com -
mands give the op por tu nity to com pile the sce nar ios,
which re al ize the com plex vari ants for mea sure ment
and data pro cess ing, their trans fer to da ta bases and ex -
ec u tive de vices.

PER FOR MANCE IN VES TI GA TIONS

As it was un der lined in the in tro duc tion, pre -
cisely the abil ity to cool HPGe de tec tors up down to
the work ing tem per a ture with out liq uid ni tro gen has
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Fig ure 1. Spec tro met ric mod ule for RPM (with opened
front cover)



pro vided their ap pli ca tion in the RPM. The time when
HPGe de tec tor achieves its work ing tem per a ture de -
pends on its weight and ECC power. Fig ure 2 shows
the tem per a ture vs. time de pend ence for HPGe de tec -
tor with 45 % rel a tive ef fi ciency, cooled by elec tric

cryocooler Thales LSF9340 in the de vel oped mod ule.
As it is seen from the fig ure, the de tec tor reaches the
work ing tem per a ture in about 12 hours af ter the sup -
ply is turned ON.

Spec tro met ric per for mance of the de vel oped
mod ule was in ves ti gated at work ing tem per a ture of
HPGe de tec tor. Fig ures 3 and 4 show the spec tra of the
radionuclides Co-57 and Co-60, reg is tered by the de -
vel oped mod ule. The test re sults dem on strate that
spec tro met ric mod ule had pro vided en ergy res o lu tion
less than 0.95 keV and 1.95 keV for en er gies 122 keV
and 1332 keV, re spec tively. The de te ri o ra tion of the
en ergy res o lu tion of the de tec tor, cooled by ECC in
com par i son to the res o lu tion at liq uid ni tro gen cool ing 
was about 8 % at the en ergy of 1332 keV.

At the fil ters, ac ti vated in mul ti chan nel an a lyzer, 
to sup press the pulses of the me chan i cal vi bra tions, the 
en ergy res o lu tion of the spec trom e ter was 0.8 keV and
1.8 keV for en er gies of 122 keV and 1332 keV, re spec -
tively, i. e., the same val ues that have been ob tained by
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Fig ure  2. Time de pend ence of the HPGe de tec tor
tem per a ture in the de vel oped mod ule

Fig ure 3. Spec trum of Co-57,
de tected by the de vel oped
mod ule

Fig ure 4. Spec trum of Co-60,
de tected by the de vel oped
mod ule



cool ing with liq uid ni tro gen. How ever, the rel a tive ef -
fi ciency at en ergy 1332 keV has de creased to 39 %.
The nec es sary elec tron ics op er a tion mode – with fil ter
or with out – could be se lected in de pend ence on the
cur rent task and the op ti mum per for mance that should
be pro vided – the best en ergy res o lu tion or higher rel a -
tive ef fi ciency.

CON CLU SIONS

The pre sented re sults dem on strate the ca pa bil ity
to de velop the pre ci sion spec tro met ric equip ment,
based on HPGe de tec tors, with out the liq uid ni tro gen.
En ergy res o lu tion of the spec tro met ric mod ule with
HPGe de tec tor of 45 % rel a tive ef fi ciency cooled by
Stirling-cy cle cryocooler was less than 0.95 keV and
1.95 keV for en er gies 122 keV and 1332 keV, re spec -
tively. The de te ri o ra tion of the de tec tor en ergy res o lu -
tion, cooled by ECC, in com par i son to the res o lu tion
with liq uid ni tro gen cool ing, was about 8 % at the en -
ergy of 1332 keV. The de vel oped mod ule could be ap -
plied in the ra di a tion por tal mon i tors as well as in other 
spec tro met ric equip ment based on HPGe de tec tors.

AC KNOWL EDG EMENTS

The pre sented re sults were ob tained in re search
pro ject No.1.8 “De vel op ment of uni fied spec tro met ric 
mod ule for a Ra di a tion Por tal Mon i tors”, sup ported by 
Eu ro pean Re gional De vel op ment Fund (con tract No.
L-KC-11-0002 be tween the “Trans port Ma -
chine-Build ing Com pe tence Cen tre” (http://tmkc.lv/)
and the Lat vian In vest ment and De vel op ment Agency, 
(www.liaa.gov.lv).  We ex press our thanks for the sup -
port of our re searches and in ves ti ga tions.
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De vel op ment of the elec tron ics and soft ware
was done by V. Kondratjev and technical re al iza tion
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GAMA  SPEKTROMETRIJSKI  MODUL  ZASNOVAN  NA
HPGe  DETEKTORU  ZA  PRENOSIVE  MONITORE  ZRA^EWA

Pojava na tr`i{tu razli~itih tipova elektri~nih kriohladwaka dovoqne snage i malih 
dimenzija, otvorila je mogu}nost primene HPGe detektora u prenosivim monitorima zra~ewa.
Prikazani su prvi rezultati spektrometrijskog mod ula sa HPGe detektorom relativne
efikasnosti od 45 %, hla|enim Stirling sistemom za hla|ewe. Spektrometar ima energetsku
rezoluciju mawu od 0.95 keV i 1.95 keV, na energijama od 122 keV i 1332 keV, respektivno. Slabqewe
energetske rezolucije HPGe detektora hla|enog elektri~nim kriohladwakom u pore|ewu sa
detektorima hla|enim te~nim azotom je oko 8 % na energiji od 1332 keV. Uz upotrebu aktiviranih
filtera za suzbijawe impulsa proizvedenih mehani~kim vibracijama, energetska rezolucija
spektrometra je  0.8  keV i 1.8 keV, respektivno,  me|utim,  relativna  efikasnost  na  energiji  od
1332 keV opada na 39 %.

Kqu~ne re~i: HPGe spektrometrija, merewe zra~ewa, prenosivi mon i tor zra~ewa, elektri~no
..........................kriohla|ewe


