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The re sults of en gi neer ing an in tel li gent preamplifier for high pu rity germanium gamma-de -
tec tors are pre sented. An in tel li gent preamplifier is a low-noise, high speed re sis tive feed back
charge-sen si tive preamplifier with a built-in microcontroller and ad di tional units that en able
con trol of preamplifier and de tec tor pa ram e ters. It also al lows the per for mance man ag ing of
the in ter nal test ing pulser, sen sor of liq uid ni tro gen level in a Dewar, hu mid ity, pres sure and
tem per a ture sen sors in a sealed preamplifier sec tion. In tel li gent preamplifier op er a tion,
set-up, and pa ram e ter mea sure ments are con trolled by a soft ware.
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IN TRO DUC TION

Charge-sen si tive preamplifiers (CSPA) are widely
used in ion iz ing ra di a tion spec trom e ters with semi con -
duc tor de tec tors (SCD) based on high pu rity ger ma nium
(HPGe) and other semi con duc tor ma te ri als [1-4]. The
main pur pose of the preamplifier is to con vert a charge
formed in the SCD as a re sult of ion iza tion, into an elec -
tri cal volt age sig nal, whose am pli tude is pro por tional to
the en ergy of the ion iz ing ra di a tion. The the ory of con -
struct ing the CSPA is well de vel oped [1-3, 5] and CSPA
are pro duced by many in stru ment-mak ing firms.

In the last de cade, due to prog ress in dig i tal nu -
clear elec tron ics, the de mands on CSPA ca pac i ties
have in creased sig nif i cantly. First of all, this re lates to
the pos si bil ity of real-time re mote con trol of
preamplifier and de tec tor pa ram e ters, and to the abil -
ity to dis play the mea sured data in a re port. In ter est in a 
deeper in te gra tion of the CSPA with other de vices con -
sist ing of the gamma spec trom e ter, for ex am ple, a
mul ti chan nel an a lyzer (MCA), a liq uid ni tro gen level
sen sor, etc., has also grown.

In [6], Can berra In dus tries/Mirion pres ents the
char ac ter is tics of an in tel li gent preamplifier (iPA) for
HPGe de tec tors, ca pa ble of con trol ling the tem per a -
ture of the de tec tor and its leak age cur rent, along with
the op er at ing volt ages at check points. Made in the
form of a sep a rate unit con nected to the de tec tor, the
in tel li gent preamplifier has an in ter nal test pulser, an

in te grated flash mem ory for pa ram e ters and sta tus log -
ging. The in cluded “iPA Con trol Panel” soft ware
al lows the con trol of pa ram e ters of the preamplifier
and the de tec tor [4]. How ever, no tech ni cal as pects of
preamplifier de vel op ment are pre sented. 

In [7], an other ap proach is pro posed: a sin gle in tel -
li gent sys tem com bin ing the de tect ing unit, the de tec tor
high volt age (HV) con trol mod ule and the mul ti chan nel
an a lyzer. The de scribed tech nol ogy by Ortec/Ametek
was named SMART-1. This tech nol ogy al lows the con -
trol of a num ber of pa ram e ters of the spec tro met ric sys -
tem (de tec tor tem per a ture, preamplifier sup ply volt age,
de tec tor HV value, etc.). The an a lyzer checks the con di -
tion of the de tec tor be fore mea sure ment starts and con -
stantly mon i tors it dur ing the mea sure ment. In case of pa -
ram e ter de vi a tion from the es tab lished norm, a warn ing
mes sage is dis played on the screen of the an a lyzer
equipped with the Mae stro soft ware. The sys tem works
only with Ortec-branded an a lyz ers. The au thors also do
not re port on the tech ni cal as pects of the de vel op ment.

This pa per is de voted to the de vel op ment and re -
search of char ac ter is tics of our pro pri etary in tel li gent
preamplifier's ver sion with con trol and pa ram e ter set -
ting func tions use ful for spec tro met ric mea sure ments.
From the very be gin ning, we have been fo cused on de -
sign ing an in tel li gent preamplifier that can work as
part of HPGe gamma-spec trom e ters with mul ti chan -
nel an a lyz ers by any man u fac turer. The en gi neered in -
tel li gent preamplifier is con struc tively an elec tronic
mod ule dimensioned 55 mm ´ 63 mm ´ 23 mm, in -
stalled un der the cover of the elec tronic sec tion of the
stan dard Bal tic Sci en tific In stru ments (BSI) cryostat
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in stead of a con ven tional CSPA, and is de signed to en -
sure the pro duc tion of spec tro met ric equip ment based
on HPGe de tec tors [8].

FUNC TIONAL DI A GRAM OF THE
IN TEL LI GENT PREAMPLIFIER

The in tel li gent preamplifier SHP-01 (State-of-
Health Preamplifier, here in af ter re ferred to as
SHP-01) is a low-noise, high speed re sis tive feed back
CSPA with a built-in microcontroller and ad di tional

units that en able con trol of the de tec tor and CSPA pa -
ram e ters, as well as al low per for mance man ag ing of
the in ter nal test pulser and sen sor of the liq uid ni tro gen 
level, hu mid ity, pres sure and tem per a ture in the
preamplifier sealed sec tion. The SHP-01 in tel li gent
preamplifier is de signed to work as a part of X-ray and
gamma-ra di a tion de tec tors based on HPGe and other
spec tro met ric de tec tors.

A struc tural di a gram of the SHP-01 in tel li gent
preamplifier is shown in fig. 1. The core of the SHP-01 
is a microcontroller that con trols all op er at ing modes
of the preamplifier, pro cesses the mea sured pa ram e -
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Fig ure 1. Block di a gram of the SHP-01 in tel li gent preamplifier 



ters and pro vides com mu ni ca tion with a per sonal com -
puter via the USB 2.0 port. The com plex of tasks
which are solved by SHP-01 im poses cer tain re quire -
ments on the type of con trol ler used. It must have suf fi -
cient pro cess ing power; low level of elec tro mag netic
in ter fer ence; a wide range of pe riph eral equip ment;
low power con sump tion and be able to switch from the 
op er at ing mode to the stop mode and vice versa.

As a re sult of re search, for en gi neer ing an in tel li -
gent preamplifier the STM32L433 microcontroller by
STMi cro elec tron ics was cho sen [9]. The 32-bit
microcontroller ar chi tec ture al lows for the nec es sary
amount of com pu ta tion, op er at ing at a low fre quency
and en sur ing a min i mum level of elec tro mag netic in -
ter fer ence. The 12-bit an a log-to-dig i tal con vert ers of
the microcontroller al low tak ing mea sure ments with
suf fi cient ac cu racy, and the com pre hen sive port sys -
tem makes it pos si ble to con trol ad di tional SHP-01
mod ules.

The an a log cir cuit of the CSPA for am pli fy ing
the de tec tor sig nals is built ac cord ing to the clas si cal
scheme and con tains a cooled In put Stage with di ode
pro tec tion against break down of the in put field-ef fect
tran sis tor (FET), the Main Sec tion of the CSPA and the 
Buffer Stage [1-3]. The Buffer Stage has two an a log
sig nal out puts: an out put for am pli tude anal y sis and an
out put for tim ing mea sure ments. To en sure the
preamplifier's high in put count rate, a Differentiator
with a Pole-Zero Com pen sa tion is in stalled be tween
the Main Sec tion and the Buffer Stage.

An im por tant char ac ter is tic of the de tec tor that
af fects the en ergy res o lu tion is the leak age cur rent [10, 
11]. The DC com po nent of volt age from the CSPA
Main Sec tion out put is used to mea sure the de tec tor
leak age cur rent in the ab sence of an in put count rate, as 
well as to mon i tor the base line shift at the Main Sec -
tion out put when in creas ing the in put count rate. When 
chang ing the de tec tor leak age cur rent, the change in
volt age at the Main Sec tion out put is quite sig nif i cant.
Thus, with a feed back re sis tor of 1.0 GW and a de tec tor 
leak age cur rent of 20 pA, the ad di tional base line shift
is 20 mV, which al lows it to be fed di rectly to the in put
of the microcontroller's an a log-to-dig i tal con verter. In
the pro cess of tun ing the preamplifier with a de tec tor –
the de tec tor's bias volt age be ing low, the bias volt age
at the Main Sec tion out put is mea sured and stored in
the microcontroller's mem ory. The leak age cur rent
level cal cu lated from this bias volt age is taken as zero
de tec tor leak age cur rent. With a rise of the de tec tor's
bias volt age, its leak age cur rent in creases and, ac cord -
ingly, the bias volt age of the base line at the CSPA Main 
Sec tion out put rises as well.

The bias volt age is also used to con trol the CSPA
in put count rate. With an in crease of the de tec tor's in put
count rate, sig nals are over lap ping and, as a con se -
quence, the base line at the Main Sec tion out put is
shifted. At a high in put count rate, the base line shift can
ex ceed the dy namic range of the out put sig nals and, as a

re sult, make it im pos si ble to reg is ter the sig nals. The
max i mum in put count rate of the CSPA for the HPGe
de tec tor, with a sup ply volt age of +/– 12V, Coc = 1 pF,
Roc = 1 GW and a gamma-quanta en ergy of 662 keV, is
(450-480) ´ 103 cps. The sig nal am pli tude is 35.3 mV,
or 53.3 mV (MeV)–1. The base line shift over the pre set
lim it ing thresh old is dis played in the cor re spond ing
win dow of the SHP Con trol soft ware (see the next
sub-sec tion) and an ex ter nal LED in di ca tor.

A small am pli tude of sig nals at the preamplifier
out put im poses stricter noise re quire ments for the rest
of the CSPA spec tro met ric chain. To in crease the sig -
nal am pli tude, an ad di tional CSPA buffer stage with a
gain of from 3 to 5 times is in stalled in the CSPA,
which makes it pos si ble to in crease and nor mal ize sig -
nal am pli tude. The de cay time con stant of the out put
sig nal is se lected in the range of 40 µs to 60 µs, which
al lows work ing with al most all types of mul ti chan nel
an a lyz ers.

With the buffer stage, the Main Sec tion is con -
nected through a differentiator with a pole-zero com -
pen sa tion. The scheme of the dif fer en ti at ing cir cuit
with pole-zero com pen sa tion is shown in fig. 2. The
cir cuit con tains a CdRd dif fer en ti at ing cir cuit, where an 
ad di tional Rk re sis tor is con nected in par al lel to the ca -
pac i tor through a volt age di vider based on a dig i -
tal-to-an a log con verter (DAC). Chang ing the turn-on
ra tio of this re sis tance pro vides overswing com pen sa -
tion at the out put of the dif fer en ti at ing cir cuit. The re -
sis tance turn-on ra tio is con trolled us ing the soft ware,
by chang ing the code at the DAC dig i tal in put.

The SHP-01 in tel li gent preamplifier also con -
tains a num ber of mod ules that con trol the de tect ing
unit's pa ram e ters.

De tec tor tem per a ture. The an a log part of the de -
tec tor  tem per a ture  sen sor  is built  based  on  a clas si -
cal  scheme  [12]. A  con stant cur rent of about 0.3-1.0
mA is passed through the PT-100 tem per a ture sen sor
mounted on the de tec tor holder. The volt age drop
across the sen sor re sis tance is am pli fied by the op er a -
tional am pli fier and fed to the in put of the
microcontroller's an a log-to-dig i tal con verter. Once
the tem per a ture sen sor has been cal i brated, its data is
dis played in the SHP Con trol op er a tor pro gram win -
dow and is used to gen er ate a sig nal to pro hibit the
high bias volt age of the de tec tor. The HV in hibit out -
put pro vides a HV in hibit sig nal if the tem per a ture of
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Fig ure 2. Pole-zero com pen sa tion in SHP-01



the de tec tor ex ceeds a thresh old level. The thresh old
level of the de tec tor tem per a ture is set at to the man u -
fac ture phase and is (–175 - –185) °C. The HV in hibit
sig nal is a TTL logic sig nal, where the high-level sig -
nal al lows to switch the HV.

The In ter nal Test Pulser gen er ates test pulses to
con trol the am pli fy ing chain of the spec trom e ter. The
microcontroller pro vides reg u la tion of the am pli tude
(0-1000 mV) and fre quency (5-2500 Hz) of the pulses, 
and also stores the set pa ram e ters in the SHP-01
non-vol a tile mem ory. The pulser pa ram e ters are con -
trolled from the cor re spond ing win dow of the SHP
Con trol op er a tor soft ware.

Liq uid ni tro gen level sen sor. The prin ci ple of a
liq uid ni tro gen level sen sor's op er a tion is based on mea -
sur ing the ca pac ity of the sen sor im mersed in liq uid ni -
tro gen. The ni tro gen level sen sor can be ini ti ated at the
cus tomer's re quest dur ing the pro duc tion phase. Once
the sen sor is ini ti ated, it can be turned on or off at any
time at the op er a tor's com mand. The ni tro gen level
value is dis played in the SHP Con trol win dow as a per -
cent age. The sen sor has an alert sys tem for a crit i cally
low level of ni tro gen in the Dewar. The alarm thresh old
is set by the op er a tor and can be changed at any time.

The SHP-01 in tel li gent preamplifier also con tains 
ad di tional mod ules that pro vide con trol of tem per a ture,
hu mid ity and pres sure in the sealed preamplifier hous -
ing, con trol of preamplifier sup ply volt ages, as well as
volt age on the in put field-ef fect tran sis tor sub strate. 

The SHP Con trol Soft ware

The SHP-01 in tel li gent preamplifier pa ram e ters
are con trolled by a spe cial ized SHP Con trol soft ware.
The soft ware does not need to be in stalled in the Win -
dows op er at ing sys tem, but is sim ply in stalled on the
op er a tor's com puter run ning un der its con trol. The
pro gram of fers to re view the CSPA and the de tec tor
data, mon i tor their pa ram e ters in real time, as well as
con trol the test pulser and dif fer ent built-in sen sors.
All mea sured pa ram e ters are saved in sep a rate files on
the com puter at the op er a tor's dis cre tion.

   The SHP Con trol soft ware can op er ate in two
modes. The ba sic mode of op er a tion is Ini tial iza tion
on de mand. In this mode, af ter the ini tial set ting of all
pa ram e ters, the preamplifier con trol ler is turned off.
The op er a tor can at any time use the slider in the soft -
ware win dow to es tab lish a SHP-01 con nec tion with
the com puter, read the pa ram e ters and turn it off again. 

An other mode of the soft ware is the Con stant mon i -
tor ing of pa ram e ters. In this mode, the preamplifier con -
trol ler is con stantly in op er a tion, mea sur ing var i ous pa -
ram e ters. The choice of the pro ces sor op er at ing mode is
car ried out by the op er a tor at his own dis cre tion at any time 
us ing the slider in the soft ware win dow. The list of con -
trolled and settable pa ram e ters of the SHP-01 in tel li gent
preamplifier is given in tab. 1.

IN TEL LI GENT PREAMPLIFIER
PER FOR MANCE RE SEARCH AND
ANAL Y SIS OF RE SULTS 

Cur rently, pro vi sion of CSPA spec tro met ric
char ac ter is tics in ac cor dance with mod ern re quire -
ments [13] is not a prob lem for pro fes sion als. How -
ever, em bed ding a sig nif i cant num ber of dig i tal de -
vices into the an a logue CSPA cir cuit can af fect its
op er a tion and lead to de te ri o ra tion of mea sure ment
char ac ter is tics, first of all – the en ergy res o lu tion.
There fore, dur ing de vel op ment and re search, much at -
ten tion has been given to con trol ling the in flu ence of
the dig i tal part of the in tel li gent preamplifier over the
an a log one.

To per form spec trom e try per for mance re search,
the SHP-01 in tel li gent preamplifier was con nected to
the GCD20180 and GCD50190 co ax ial HPGe de tec -
tors hav ing known spec tro met ric char ac ter is tics, mea -
sured with a BSI se rial ref er ence CSPA. For the spec -
tra ac qui si tion and their sub se quent anal y sis, we used
an MCA Boson equipped with the GammaPro soft -
ware pack age [14]. The spec tra were ac quired in dif -
fer ent en ergy ranges with the Microcontroller turned
on and off. Mea sure ment re sults are shown in tab. 2,
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Ta ble 1. The list of con trolled and settable pa ram e ters of
the SHP-01 in tel li gent preamplifier

Main set tings SHP-01

De tec tor leak age cur rent Mea sure ment

Charge loop DC level Mea sure ment

Out put stage DC level Mea sure ment

FET back-gate volt age Set ting

FET drain volt age Set ting

De tec tor tem per a ture Mea sure ment

Am bi ent tem per a ture Mea sure ment

Am bi ent hu mid ity Mea sure ment

Am bi ent pres sure Mea sure ment

+12V sup ply Mea sure ment

–12V sup ply Mea sure ment

Liq uid ni tro gen level sen sor +

In ter nal test pulser +

Abil ity to stop the microcontroller +

Con nec tion to the com puter USB 2.0

Sig nal out put for am pli tude anal y sis +

Sig nal out put for tim ing anal y sis +

Sig nal HV in hibit out put +

Ex ter nal in di ca tor of pro hi bi tion of
HV switch ing +

Ex ter nal over load in di ca tor +

De tec tor se rial
num ber/au then ti ca tion code +

Power sup ply
+12 V, 60 mA

–12 V, 25 mA



and the spec tra of 241Am and 60Co, reg is tered by the
GCD50190 de tec tor with the de signed SHP-01 in tel li -
gent preamplifier, are shown in fig. 3. 

As can be seen from tab. 2, the en ergy res o lu tion
of both de tec tors does not de te ri o rate when us ing an
in tel li gent preamplifier with the con trol ler be ing both
on and off. No dis tor tions of the spec tra shape caused
by par a sitic sig nals from the dig i tal part, or their in flu -
ence on other pa ram e ters of the CSPA, were no ticed,
ei ther.

CON CLU SION

Thus, em bed ding a microcontroller into the
HPGe de tec tor CSPA leads to a new qual ity and an in -
crease in the func tion al ity of such an in tel li gent
preamplifier. The built-in microcontroller al lows the
op er a tor to con trol pa ram e ters of the de tec tor and the
preamplifier it self, as well as the op er a tion of the in ter -
nal test pulser, liq uid ni tro gen level sen sor and other
built-in units. As our re sults have shown, the dig i tal
part of the in tel li gent preamplifier does not have a vis i -
ble ef fect on the char ac ter is tics of the CSPA it self and
the spec tro met ric char ac ter is tics of the HPGe de tec tor. 
The in tel li gent preamplifier op er a tion is con trolled by
the ap pro pri ate soft ware.
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Ta ble 2. En ergy res o lu tion of HPGe de tec tors with SHP-01 con trol ler switch on and off

Ra di a tion en ergy [keV] Ref er ence CSPA FWHM [keV] SHP-01, con trol ler off, FWHM [keV] SHP-01, con trol ler on, FWHM [keV]

GCD20180 GCD50190 GCD20180 GCD50190 GCD20180 GCD50190

Pulser 0.612 0.598 0.612 0.598 0.646 0.617

59.6 (241Am) 0.688 0.685 0.688 0.683 0.698 0.681

122.0 (57Co) 0.727 0.728 0.727 0.728 0.731 0.733

662.0 (137Cs) 1.203 1.198 1.203 1.198 1.204 1.204

1332.5 (60Co) 1.617 1.676 1.617 1.676 1.631 1.669

2614.0 (238Th) 2.256 2.299 2.256 2.299 2.243 2.300

Fig ure 3. The 241Am and 60Co spec tra, reg is tered by
the GCD50190 de tec tor with the SHP-01
in tel li gent preamplifier
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RAZVOJ  INTELIGENTNOG  PRETPOJA^AVA^A
ZA  POLUPROVODNI^KE  DETEKTORE

Predstavqeni su rezultati projektovawa inteligentnog pretpoja~ava~a za HPGe
gama-detektore. Inteligentni pretpoja~ava~ je pretpoja~ava~ niskog {uma, otporan na povratne
sprege, osetqiv na puwewe velikom brzinom, sa ugra|enim mikrokontrolerom i dodatnim
jedinicama koje omogu}avaju kontrolu parametara pretpoja~ava~a i detektora. Omogu}eno je
tako|e upravqawe performansama internog testiraju}eg pulsera, senzora nivoa te~nog azota u
Devaru, senzora vla`nosti, pritiska i tem per a ture u zape~a}enom odeqku pretpoja~ava~a. Rad
intligentnog pretpoja~ava~a, pode{avawe i merewe parametara kontroli{e softver.

Kqu~ne re~i: inteligentni pretpoja~ava~, pretpoja~ava~ osetqiv na puwewe,
                         HPGe detektor


