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Abstract

By taking advantage of.the progress of new
semiconductor Y-ray counters working st room
temperature, we davelopped a compact and scnsi.
tive individual safeguard system using CdTe and
Hgl, sensors. Botatls of the electronics are pre-
sented. Two metheds of overceming the time
deperdent polarization effect are prescated.

Introduction

During the last ten years, nuclear radtation
spectroscopy has progressively shifted from
detecrors Yascd on a gascous or vacuum tubs
structure (seintidlator + photomuliiplier, Geiger-
Miiller, fonization chambar...) to those of n
salld absorptien madium, especially silicon and
germanium, However, the field of safeguard
cquipmenty has not followed this geners! trend
and, today, is still completely served by tha
older sensors. This results from the low detec-
tion efficivncy of silicon for y-rays and from the
necessity of esoling e Ge(LD ard H,P.Ge de-
teciors. These were the only solid state detecters
readily available upg to now,

We wish to demonstrate here that with the
availability of new high gtomic number compound
semiconductors (CdTe, Fgl ), progresd in smail
volume safeguard anid activily control equipments
{s possible, Furthermore, it should be mentionsd
that the amplitude of the signals from these
devices i9 much more adapted to {ntegrated
eircuitry, In this short paper, we first deacribe
the properttcs of these new detecters and then
describe the realization of an individbat-radia-
meter.

The datectors

The funaamental properties of CdTe and
“%, spectrometars have been analysed elsewhere
13%nd only the purameters of {nterest here wiil
Ve considered. The'general characteristics of
these detectois, as compared to silicon (unell
recently the ‘only solld state counter operating at
room temperature), are summurized in Table L.
Due to the high Z of the compound msterials, an
appreciable jncrease in efficieficy is observed
and consequently sinall volume sensors can be
used. Only ccintillators are more efflcient (due
1o the larger volume), but need a larger space
hecause they must be ceupled to a_photomyltipller
and a high voliage ie requasted. Gas counter
have a low density absorpian medium and {n ge-
nersl a rather-high notse Tevel, “ o

¢ surfd

. tion Bf rime the detector has been biased. Sev

-are el

A, Cadmivm Telluride

Differgnt growing techniques, combined
with the various compensation dopants lead to
h~ee different categories of crystals, cach ha-
ving specific properties ¢

a) N-type, resistivity 108,108 Q.em, grown by
the Bridgman lechnique, with indium compensa-
tion of the cadmium vacancies,

b) P-type, restotivity 10®.108 N.em, grown by
the travelling heater nwethod (THM) with chlorine
compensation.

¢) P-type, resistivity 104-108 Q.cm, grown by
1he THM process, without special chemical com-
penantion,

After cutting nnd stzadnrd surface lapping
followed by cleaning, several surface treatments
were nrnd befor s metallle centacts were dehosi-
ted oti the opposite faces. Several contacts kave
been used : aluminiwn, electroless gold, electro-
less platinum, aquadag...). The simplest proze-

..dure consists in depositng by vacuum evapora-

tion tw'o aluminium ecntacts on the polished
Fices (no chemicnd freatment). Finally, (he
detecters made were encapsulated ina TO
holder. (It is expected that the cost of sucha
s0lid siate device will be low),

Detectors of the type described in b, which
are those that have been mainly investigated up
10 now,, show a typical time dependem pelariza-
tion ¢ffoct. This produces a gradual decrease in
both jpounting rate and signal amplitude a4 o fune~

ral !\e(hnds will be proposed to suppress elcciro-
nically thts effect (below).

B. flercurh: Todide

:% Twa» main tochniques are used to prepare”
single crystals of ‘red Hel, , both performed at
tow temperature (< 127°CY, nemely the vapour
phase transport and the solvent methods. Crya-
tals formad by the latter technique can be used
directly for the detector manufactiring (thin
platelets) ; crysials from the former have to be
either cleaved (easy along & plane perpendicular
to the [001]axis) or sliced and etched.,

The contacts, which have 1o be chemically
tnactive with respect to the material components
2{sher prepai‘ed by applying aquadag (emulsi-
fied graphite) or by vasuum deposition of palla-
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dium o¢ germanium.

Alter mouuting n a holder, the counter are
completely sealed by a teflon spray (Mgl s
cariustve and kas a relatively high vapour pres-
sure at Toom lcmpcrumrc) The sdvantoges and
drawbacks of theae two materials are given in
Table 11,

The ¢lectronics

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

The block diagram of the clectrenice ts
shown {n figure 1-2, .
~ Detector Binsing : The whole radicmeter ha-
ving to 6pérafe with standard 4.5 V batteries, the
detector btasing was achieved by an asymmetrie
static coaverter. The transiormer is spooled on
a ferrite cofl to reduce the radiant field back-
ground. A voltage devbler delivars the 100 V bics
required ot a total consumption of 3mA at 4.5V,

-~ Amplification : The detector is dircetly coupled
to the FET (T on fig. 2) laput stage of the pre-
amplif -. Thé bipolar transistor T, blases and
protects the FET. At the preamplificr output,
further amplification is made through the first
two stages of an MC €3 18 P integrated circuir.
Stendard pulses are obtained efiar iriggering thke
sirnols at an adjustable lower leval, The last

two stages of the 1.C. are used as a monostadle
pulser, which sfgnals are used either in the
audiofrequency amplifier or in the scaler.

- Scaler : The counting of the pulser is performed

by means of two MC 14518 1.

- Display : The couaping rate ic displayed by
liquid crystals, the different segments being
driven by three MC 14543 1.C., which analyze
and siore-BCR informations frem Ao sounwTs.
The liquid crystal device is s.c. blased £t 30 Hz
by a mulrivibrator 1C MC 9818, )

The mesutring cycle, which consists of rea-
ding and erasing the memorizad informeations is
monftored by a time beae {unijonction oscillator
followed by & Ting counter),

The rotal power required is deltvered by a
seewdard 4.5 V, whose voltase is continuously
checked on the liquid crystals display, The total
consumpton ks around 14 mA, allowing about
100 hours of uninterrupted use. This low power
requircment results directly from the choice of
o Yquid crystal display and the use of C. MOS,

* Other displays havt been tested, especiclly
GaAs LED, They are more rezdable, especially
1in dark, but the higher power needed (20 times
more than for lquid crystal) digstically reduces
the battery lifetime. |

Polarization effect in C3Te countars

When chlorine doped (uTe detectors are
used, it becomes necessary to eliminate the po-

larization effect which modifics the csunting rate,

Two methods have been tested :

- 1lvmination of the detector by a smail
Ganp LED, This procedure does not increase |
the noise level of the counter, The mechanism *
responsible for the suppréssion of polazization

B it

is reclated to the saturation of the deep traps by
light having exactly (by change) the right wave-
length, The drawback of this method i3 a reduc-
tion in elficlency of the sensor,

- « A,c,blasing of the detector, Since the
effect od polarization can be greatly sttenuated
by suppressing for a_short perlod the applied
voltage, we fabricated an a. ¢. detector bicsing
working at the [requency of the liquid crystal
display, The information signal coming out of
the time base (fig, 3 is split in two with one
part tiasing a transistor which suppresses the
detecior binstng and the other part ¢ _inentainly
blocking the monostable s0 as not 1o count pa=a-
sitle events due to the detector short circuita,

The overail dimensions of the instrument
depend on the display mode uged Uig. &. They
can start at the size of o large watch, In case
of Hgl, sensor, the low energy detection level
ia very small for y or X-rays (s 5 keV). When
CdTe cousnters are used, the device is sensitive
not oxaly to y or X -rays,-btut aisa to thermal
sz‘rons through the nuclear reacrion 113Cdln, v

Cd which has a 20,000 b crosa section
(13,2 % of the cadrium isotopes are of mass 113).
.~ As we pointed out in the beginning, the
matin objective of this report was (o show the
Krcscnt capabilities of these new detactors.
dany other applications are possible, especially
oround the nuclear reactors or n nuclear
medecine.
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:' Fig. 1. Schematlc of the electronic sel-I;P-
o ‘ Fig, 2 Block dingram of the electronic cireultry.,
Fig. 2 A.C. biasing of the detector in case of
- N : polarization. . )
R Fig, 4 View of the radiameter with liquid erys-

'» tals display.
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TABLE 1

ROOM TEMPERATURE OPERATING SEMICONDUCTOR DETECTORS

SILICON CADMUM TELLURIDE MERCURIC IODIDE
- Atomic Number 14 48-52 53-80
- Bandgap (eV) 1.12 1.50° 2.10
- Photoelectric ebsorption D
coef. for 500 keV: y-rays 1 85 250
(ormalized)” . - .
- Energy per electiron hole 3.62 4.42 4,15
eV) :
~ Charga carrler speed
(em/s 104V/ cm) .
electron 10 102 10°
holes 10/ 10 4.20%
PRESENT CHARACTERISTICS
Maximum thlckn\.SS () 5 z 1
Typical current (nA) 10-100 10 C,1
Typical voltage (V) 100-300 106-500 20-500
Lower detection energy =20 2 15 <5
level (keV)
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5o P ADVANTAGES ‘ DRAWBACKS
o 1 caTe ' Large energy domain Higher noise levei {™ 20 keV)
(15 keV- 1,5 MeVD
Stable matévial
‘Larger véiume
Hgl, - Low noise Small energy domain (< 200 keV)
- Sensitivity to low energy photons Stability problems if not protected
( <5 keV) .
Corrosive material
-.Small energy per electron-hole
pair with respect to bandgap Small volume :
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