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Contexte: dosimetrie opérationnelle N

L’'existant (IPHC): chips AlphaRad2 et 3

Ce qui reste a faire:
a) systeme complet
b) tests en sources + simulations
| > Qualification
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International norm IEC 1323, 1995
-> Neutron electronic dosemeters mandatory
EVIDOS (Eval. of Individual DOSimetry) EU survey: 2001-2005
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Electronic Personal Dosimetry

Requirements:
— Real-time + high sensitivity
(= alarm @ 20 mSv..)
— Low P consumption - 24h portability
— Cheap (= 65000 workers in UE)

— Smartness ( n/y discrim. OK @ 1/1 *:
what about 1/10 or 1/100..?7 )

— Growing demand;

a) UE recommandations

b) dismantling is just starting..
c) cyclotrons everywhere !
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convertor

slow neutrons ;

* These Ying Zhanqg (19/09/2012)

Amplifier
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Présentateur
Commentaires de présentation
The field of dosimetry is rapidly changing under stronger societal demands for radioprotection. Electronic devices for personal dosimetry of neutrons are still hardly demanded.

General requirements for electronic personal dosimetry are expressed as sensitive, real-time– to show you your level of exposure in time, in order to  be easily carried by people, flexible and low power consumption are required, and a reasonable cost is indispensable for widely application.

Turing to neutrons application, we can duplicated the particle collector and amplifier in two independent matrices, each one being able to deliver separate signals with the adequate convertor for fast neutrons and slow neutrons. Tow thresholds voltages for discriminators are needed owing to the different charge quantity.


Detection of charged particles = neutron converters needed !

Thermal neutrons: n+ 1°B =2 7Li + o

Boron converter

- E
Alphas
Fast neutrons:n+H > n+p i — &
photons
(CH,),, converter e P;'iﬁso o § | .

Silicon

C i
onverter detector

Hydrogen

Wide energy range - two converters of different nature
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AIphaRad 1: dedicated chip for direct o detection (2006)
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Drawbacks
with a single output >Equivalent noise charge (ENC) ~14 000 e-

-> too high for fast neutrons (threshold 50 000 e°)
»>Power consumption ~10 mwW

="l
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| 1 N Nt
LT —_,

32 x 64 diodes in parallel

High detection efficiency for

5 MeV alpha particles (~100%) > needs to be reduced I! 5
- - Fast counting on a large area
achieved without pixellization New chip dedicated to a neutron dosemeter
D.Husson - RaMsEs - These 2014 6

6/36



ntroduction Prev. study Device simui Circuit design Characterization Conclusion

AlphaRad2 (2012)
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Measurements with Am alpha
source at different distances

----------------------------------------------------------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------------------------------------------------------

:

50% < effic < 100%
(..7)

X axis — Comparator threshold voltage
Y axis — Counter value
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Experimental tests (LMDN Cadarache)

Van Gogh: AmBe source (370 GBq), 2°°Cf
Fastn +vy 4.438 MeV
fluences well defined(4%)

detector source

AMANDE facility : mono-E neutrons
(3 keV-20 MeV)
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Cross section [barn]
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Simulation

- GEANT IV

-MCNPX

-(+ comparaisons!!)
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Deposed energy in CMOS sensor calculated by MCNPX 2.6f simulation [nps = 1e6, d“um =15 ecm]

Discrim n/y : Simulations (These M.Vanstalle)
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...and real life !
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Déja réalisé:
Design optimisé de I'électronique intégree:

chip AlphaRad2 (these Ying Zhang).

Simulations+mesure n rapides+lents
+transparence y , MimoV (these Marie Vanstalle)

Sensibilité: ~10 uSv ()
Design AlphaRad3, techno XFAB + ouvertures
SIiO, face avant (Maciej Kachel)

Systeme complet et autonome (PCB multi-chip)
+ACQ mars 2013: M.K.+ S.Higueret

Réponse a et AmBe: juilll3 (stge M2 A.Torres).
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Finalisation du projet (these)...

(o

s

\.

\

Réponse n mono-E, fast+slow A
i Fantomes
et sur spectres etendus \ anthropom.
nfluence n lents diffusés
Réponse angulaire /
Discri n / ydans combinaisons artificielles de

sources mixtes (1/10, 1/100, 1/1000)
Influence T°; radhardness; blindage EM, ...
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