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Abstract 

By taking advantage of,the progress of new A, Cadmium Telluride 
semiconductor Y-ray counters working at room 
Wmperature, we dsvelopped a compact and sensi­
tive; Individual safeguard system using CdTe and 
HgL, uensors. Pstalls of the electronic» .ire pre­
sentee'. Two methods of overcoming the time 
dépendons polarization effect ore presented. 

Introduction 

During the last ten years, nuclear radiation 
spectroscopy has progressively shifted from 
detectors based on o. gaseous or vacuum tube 
structure (scintillator + phoiomul tip lier, Gciger-
NSiller, ionization chamber...) to those of a 
solid absorption medium, especially silicon and 
germanium. However, the field of safeguard 
equipments has not followed this general trend 
and, today, is still completely served by the 
older censors. Tills results fr?m the low detec­
tion efficiency of silicon for y-rays and from the 
nccci-tiy cf c3olir :; i\o Ge(Lt) and H.P.Gc de­
tectors. These were the only solid state detectors 
readily available up to now. 

We wish to demonstrate here that with the 
availability of new high atomic nimiber compound 
semiconductors (CdTe, ttgl ) , progress in 3tnalt 
volume safeguard and activity control equipments 
is possible. Furthermore, tt should be mentioned 
that the amplitude of the signals from these 
devices is much more adapted to integrated 
circuitry. In this short paper, we first dsacrlbe 
the properties of these new detector»» and tben 
describe the realization of an individuiL'radia -
meter. 

The dotectora 

The fundamental properties of CdTe and 
HgL spectrometers have been analysed elsewhere 
*"" and only the parameters of Interest here will 
be considered. Thegtneral characteristics of 
these detectors i as compared to silicon (until 
recently the only solid state counter operating at 
room temperature), are summarized in Table I. 
Due to the high Z of the compound materials, an 
appreciable increase In efficiency Is observed 
and consequently small volume sensors can be 
used. Only scintillators are more efficient (due 
to the larger volume), but need a larger space 
because they must be coupled to a photoinultipllcr 
ana a high voltage is requested. Gas counter 
have a low density absorption medium and in ge­
neral a ratîitr high noise level. 

Different growing techniques, combined 
with the various compensation dopants lead to 
three different categories of crystals, each ha­
ving specific properties : 

a) N-type, resistivity 10 -10** tl.cn, grown by 
the Brtdgmnn technique, with indium compensa­
tion of the cadmium vacancies. 

b) P-type, resistivity 10 -10 8 O.cai, grown by 
the travelling hvatcr ntithod (THM) with chlorine 
compensation. 

c) P-type, resistivity ÎO^-IO^ n.cm, grown by 
the THMprocess, without special chemical com­
pensation. 

After cutting nnd standard surface lapping 
followed by cleaning, several surface treatments 
were ur,c<l be-o; .i metallic contacts were deposi­
ted cïï the opposite faces. Several contacts have 
been used : aluminium, clectroless gold, electro-
less platinum, aquadag,.,}. The simplest proco-

. dure consists in depositing by vacuum evapora­
tion two aluminium contacts on the polished 

; surfaces (no chemical treatment). Finally, the 
detectors made were encapsulated in Q T05 
holder,. Ot is expected that the coat of such a. 
solid s .̂ate device will be low). 

Detectors of the type described in b , which 
are tho.se that have bee.» mainly investigated up 
to now,, show a typical time dependent polariza­
tion *iffi>ct. This produces a gradual decrease in 
both (counting rate and signal amplitude a J a func­
tion lîf time the detector has been biased. Seve­
ral methods will be proposed to suppress elccvro-
nlcally this effect (below). 

B. nbrciiric Iodide 

••-•'- Twi> main techniques are used to prepare 
single crystals of red Hgl , both performed at 
law temperature (< 127° C7, namoly the vapour 
phaae' transport and the solvent methods. Crys­
tals form«d by the latter technique can be used 
directly fîïr the detector manufacturing (thin 
platelet?) ; crystals from the former have to he 
either cleaved (easy along a plane perpendicular 
to the [OOl^axis) or sliced and etched. 

"The contacts, which have to be chemically 
inactive with respect to thc.material components 

• «re either prepared hy applying aqundag (emulsi­
fied graphite) or by vacuum deposition of palla-
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dluro sir germanium. 
After mounting lit a holder, tho counter are 

completely scaled by a teflon spray (Hgls i.s 
corrosive and has a relatively high vapour pres­
sure at room temperature2 The advantages and 
drawbacks of these two materials are given in 
Tabic II. 

The electronics 

To demonstrate the possibility of using such de­
tectors, we built a safeguard ratemeter. 

The block diagram of the electronics is 
shown in figure 1-2. 
- Detector Biasing : The whole radiometer ha­
ving "tcTôpërôte"with standard 4.5 V batteries, the 
detector btaalng was achieved by an asymmetrie 
static converter. The transformer is spooled on 
a ferrite coil to reduce the radiant field back­
ground. A voltage dcvbler delivers the 100 V bUs 
required ot a total consumption of 3 rnA at 4,5 V. 
- Amplification : The detector is directly coupled 
to'the'PET U'„~on fig. 2) Input stage of the pre-
nraplif • . Thé bipolar transistor Tobiases and 
protects the FET". At the preamplifier output, 
further amplification is made through the first 
two stages of an MC 93 IS P integrated circuit. 
Standard pulses arc obtained efîer triggering the 
r.l^nols at on adjustable lower levai. The last 
two stages of the l .C . are used as a monostable 
puiser, which signals are used either in the 
audiofrequency amplifier or in the scaler, 
- Scaler : The counting of the puiser Is performed 
by'mëânâ of two MC I4tiT8 I .C, 
- Display : The counting rate is displayed by 
liquid crystals, the different segments being 
driven by three MC 14543 I.C., which analyze 
The liquid crystal device is a . c . bLased t t 30 Ha 
by a multivibrator 1C MC 9818, 

The aiesuring cycle, which consists of rco-
ding and erasing the memorized information!! is 
monitored by a time base (unijonction oscillator 
followed by a ring counter). 

The total ^ower required is delivered by a 
scBTnîârd 4.5 V, whose volta;»e is continuously 
checked on the liquid crystals display. The total 
consumption Is around 14 mA, allowing about 
100 hours of uninterrupted use. This low power 
requirement results directly from the choice of 
a liquid crystal display and the use of C. MOS. 
I .Ç. 

Other displays haYt-been, tested, especially 
GaAs LED. They are more readable, especially 
in dark, but the higher power needed (20 times ' 
more than for liquid crystaD di'iistically reduces 
the battery lifetime. 

Polarization effect, in ÇdTe counters 
When chlorine doped CJTe detectors are 

used, it becomes necessary to eliminate the po­
larization effect which modifies the cyunting rate, 
Two methods have been tested : ' 

- Illumination of the detector by a sma'il 
GoAs LED. This procedure does not increase 
the noise level of the j'ounterV ' The mechanism 
responsible for the suppression of polarization 

i3 related to the saturation of the deep traps by 
light having «xactly (by chance) the right wave­
length. The drawback of this method is a reduc­
tion in efficiency of the sensor, 

- A.c,biasing of the detector. Since the 
effect od polarization can be greatly attenuated 
by suppressing for a short period the applied 
voltage, w* fabricated an a. c. detector biasing 
working at the frequency oT the liquid crystal 
display. The informatioq signal coming out of 
the time base (fig. 3) is split in two with one 
part biasing a transistor which suppresses the 
detecior biasing and the other part t _jieniainly 
blocking the monostable so as not to count pa-a-
sitic events due to the detector short circuits. 

The overall dimensions of the instrument 
depend on the display mode used (Jig. 4). They 
can start at the size of a large watch. In case 
of Hgla sensor, the low energy detection level 
is very small for Y ° r X-rays (s 5 kcV). When 
CdTe counters are used, the device is sensitive 
not only to y or X-rays, but also to thermal 
neutrons through the nuclear reaction H3Cd(n,v) 
i l 4 C d which has a 20.000 b crosa section 
( I3 r 2 % of the cadmium isotopes are of mass 113). 

.- As we pointed out in the beginning, the 
main objective of this report was to show the 
present capabilities of these new detectors. 
Many other applications are possible, especially 
around the nuclear realtors or In nuclear 
médecine. 
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Fjfiure Captions 

Fig. 1- Schematic of the electronic set-up. 

Fis. 2 Blcsck dingrùm of the electronic circuitry. 

Fig. 3 AlC. Mû3ins ùf the detccsor in case of 
polarization. 

Fig. 4 View of the radiometer with liquid crys­
tals display. 
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TABLE I 

ROOM TEMPERATURE OPERATING SEMICONDUCTOR DETECTORS 

SILICON CADMIUM TELLUSIDE MERCURIC IODIDE 

- Atomic Number 
- Bandgap (eV) 
- Photoe lec t r i c absorpt ion 

coef. for 500 keV v - r a y s 
(normalized) ' 

- Energy p e r e lec t ron hole 
CeV) 

- Chare?, c a r r i e r speed 
( c W s K e = 104v/cra) 

e lec t ron 
holes 

14 
1.12 

1 

- 3 . 6 2 

1 0 7 

1 0 7 

48-52 
1 . 5 0 " 

: 6 5 

4 . 4 2 

1 0 7 

i o 6 

53-80 
2 . 1 0 

250 

4 . 1 5 

10° 
4 . 2 0 4 

P R E S E N T CHARACTERISTICS 

Maximum thickness (mm) 
Typical cu r r en t (nA) 
Typical voltage (V) 
Lower detection energy 
level (keV) 

rr _i 

10-100 
100-300 
s 20 

2 
10 
100-500 
= 15 

I 
0 , 1 
20-500 
s 5 
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TABLE II 

, ADVANTAGES DRAWBACKS 

GdTe Large energy domain 
U 5 k e V - 1.5 MeV) 

Stable mater ia l 

l a r g e r volume 

Higher noise leve l ( °" 20 keV) 

H g l 2 
- Low noise Small energy domain C < 200 keV) 

- Sensi t iv i ty to low energy photons 
( < 5 keV) 

- Small energy pe r e lec t ron-hole 
pa i r with r e spec t to bandgap 

Stabi l i ty problems if not p ro tec ted 

Cor ros ive mater ia l 

Small volume 

... (I 
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