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s 2.1. General Properties of Radiation Sensors

sensing solutions

The net result is usually an electric charge from the interaction of a particle, which is

collected through the imposition of an electric field that causes the positive and
negative charges to flow in opposite directions.

In a simplified model, a current flows for a time equal to the charge collection time,
being the integral over its duration equal to the total charge.
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2.1.1. Typical operating modes of radiation detectors

Electronic and Chemical
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Current mode Mean square voltage mode

= A current-measuring device is connected to
the detector, recording the average current, glon L Sauarng Averaging [ Qutout
that depends on the product of the interaction
rate and the charge per interaction.

= There is an statistical uncertainly due to = This type of detector works with a circuit
random fluctuations. capable of blocking the average of the current
signal and passing the fluctuating component.
ift)
— rQ?
‘ 2 _
1 ) GI (I) = -
Time ——=
I = The signal is directly proportional to the event
rate (r) and the square of the charge of each

event.

g It is useful with mixed radiation environment
with charges produced by different types of
radiation.
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2.1.1. Typical operating modes of radiation detectors
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Pulse mode
» = Itis the most commonly used.
it
0 = [t d = Design to record each individual quantum of radiation that
interacts the detector.
= Sometimes it record the time integral of each burst, and other
et *H times it use a simplier approach (pulse counting).

= Falils at very high event rate.

= The pulse produced from an event depends on the circuit to

Case 1: RC c . .
e 1 = which the detector is connected.

Vit) = Ri(t)
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Viax = Q/C = The decay time is determined by the time constant of the

T circuit.
‘:/\ = The amplitude of the pulse is determined by the ratio of the

t total charge created

= The sensitivity is great and each pulse carries some
information.

|
|
IICase 2 RC >> ¢, = The rise time is determined by the detector itself.
|
|
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2.1.2. Radiation detectors
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lonization Chambers Fission Chambers
Used to measure ionizing radiation. = Are ionization chambers with a fissile
Based on ionization and excitation of deposit.
gas molecules along a particle track. = Capable of discriminating a neutron flux
Their normal operation is based on against a gamma one.
collection of all charges created by =  Two coaxial electrodes: the outer one
direct ionization within the gas through (cathode) and the inner one (anode,
the application of an electric field. fissile material).
The fast charged particles ionized Ceutrons
neutral molecules resulting in a A\

positive ion and a free electron. \\“\ ’|l i T > Fission product] 4
The particle must transfer an amount of / |
i

energy equal to the ionization energy
of the gas molecule at minimum, but
often it takes even more due to the

o Filling gas Arfode
energy lost within the gas. Fissile deposit

Cathode
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2.1.2. Radiation detectors

Electronic and Chemical
sensing solutions

Fission Chambers

Generate two charged ions that ionized the Pulse
amplitude

filling gas and get separated due to the bias og scate
voltage applied.

To have the neutron-induced current signal
proportional to the fission rate, it has to work
In saturation regime.

The fissile material is typically either U-235 or
U-238.

|
|
|
|

Geiger—
Mueller
region

|
|
l

|

- U-235 based ones are typically used in the | ot :

detection of thermal neutrons. T oo | reser |

- U-238 works solely with neutrons above a :s;g;;at,.on oo | |
threshold energy level. Applied voltage
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2.1.2. Radiation detectors
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Self-Powered Neutron Detectors (SPNDs)
A Basic background concepts

= The process in which an unstable atomic nucleus loses energy by radiation is the radioactive
decay, which can be, for example, beta or gamma.

= For neutrons, the probability per unit path length is a constant for any of the interaction
mechanism, and it is usually express as the cross section (g) per nucleus for each type of
interaction, which have a macroscopic version when it is multiplied by the number of nucleus
(2).

= The neutrons can have different interactions with the environment, such as:

- Elastic scattering, in which neutrons collides with an atomic nucleus without being
absorbed by.

- Radiative capture, in which the incident neutron is completely absorbed and a
compound nucleus is formed.

0.062 in. dia. 0.040 in. i
. . dia,
‘“203 l /MQO "
W ‘_ }
2. = No & —
C e, —— P
2tc:t = Escatl;:zzr + z:rafu:l.capturfz T / T jv 1
Rhodium wire (emitter) . inconel sheath
Inconel lead wire
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2.1.2. Radiation detectors
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Self-Powered Neutron Detectors (SPNDs)

= SPNDs are neutron detectors that incorporates a material chosen for its relatively high cross section
for neutron capture, leading to beta of gamma decay.

= The first type one operates by measuring the beta decay current directly, being proportional to the rate
at which neutrons are captured in the detector, and no bias voltage is needed.

= In the latter, some of the gamma rays emitted can interact to form secundary electrons through
Compton effect, photoelectric mechanism..., being the current produced the basic detector signal.

= Advantages: small size, low cost and simple electronics.
= Disadvantages: low current level, so it needs high sensitivity, and slow response time.
= Always operate in current mode.
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2.1.2. Radiation detectors
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Self-Powered Neutron Detectors (SPNDs)

Detector based on B decay 100 T T T3
The emitter is made from a material chosen 60 ]
for its relatively high cross section for neutron 40 n

capture. -

The current is measured between the emitter 20r
and the outer shell called the collector (high
purity stainless steel or Inconel).

The interventing space is filled with an
insulator (typically Mg or metalic oxides).
Low cross section leads to low sensitivity,

while a high one result in rapid burnup of the
emitter. N

The beta rays must have enough energy to 0.8
avoid self-absorption and the half-life of the 0.6
induced activity should be as short as posible. 0.4

Most popular options Rhodium and Vanadium.

T, = 3.76 min

V detector response
Rh detector response

Percent of steady—state current

0.2

I(f) = CqoNe(1 -e™) I, = CqoNe 0.1
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2.1.2. Radiation detectors
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Self-Powered Neutron
Detectors (SPNDs)

Detector based on y decay

= The response time is faster, relaying on
the secondary electrons produced by
prompt capture gamma rays.

= Even in Vanadium and Rhodium, there is
a small prompt component of the signal,
much smaller than the beta current.

= Cadmium and Cobalt usually used as a
prompt emitter.

= The response is faster but the sensitivity,
lower.

General considerations of both
detectors

The effect of the cable used can be
significant.

The usual solution is to use twin signal
leads:

- One lead is connected to the emitter

- The other is physically near but
without electrical contact.

With the two signals, the cable
interaction can be nearly cancelled out.

2. Radiation Principles
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3. IFMIF-DONES: Characterization of a

Electronic and Cheical neu t F'on b eam
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IFMIF-DONES stands for International Fusion Materials Irradiation
Facility DEMO Oriented Neutron Source.

Project that aims to build a neutron source, which is expected to generate a
fast neutron flux density of 10> n/s/cm?, producing a temperature close to
550°C.

Based on deuteron - lithium target reaction.

Dedicated mainly to the irradiation of materials (testing and validating
them).

. L “$G.". UNIVERSIDAD
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3.1. STUMM Basics

Test Cell Design

Test Cell Cover
Plate (TCCP)

\ Sealing

Plug (USP) Gasket

Lower - Piping and
Shielding £ Cabling Plugs
\ (PCPs)

HFTM /STUMM

Lithium
Quench
Tank (QT)

One of the modules of the accelerator.
Located about 2 mm from the target.

Very similar to the High Flux Test
Module (HFTM), but during the
commissioning and testing phase.

Its main objectives are:

- Monitor radiation and thermal
conditions during the
commissioning pase.

- Characterize the neutron flux.
- Validate the neutronic modelling

Target TC Surrounding T
(TA)
TC-LS Interface O, 1, 2| n

Cell (TLIC)

., UNIVERSIDAD
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STUMM module in detail

1700 mm

Support trusses

@Lﬂhmenl adap(@

The cooling system

Contajner

Positioning
system

2800 mm

3.1.1. External design and location

The casing structure will be made of
austenistic stainless steel (CrNiMo
17-12-2).

Main parts will be:

Container (with the measuring
systems placed inside).

Support Trusses, to transport the
module.

Attachment Adapter, that guide
the cables and transport the
cooling gas.

Helium Cooling System, which
ensure the proper operation
condition for the sensors.

3. IFMIF-DONES: Characterization of a neutron beam
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3.1.2. Container Basics
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Container design

= The internal structure is divided in 8 rigs.

= The area with the detectors inside the
container is called the active area, in
which the rigs are separated in 5 levels.

= Space divided in:
- Central region, also called the e s s s —
beam footprint area.

- Front area: gives information about
the distribution of neutrons and
gamma flux.

- Rear area: collects information about
radiation conditions similar to the
ones on HFTM. Fomint

Area

., UNIVERSIDAD

3. IFMIF-DONES: Characterization of a neutron beam %L DEGRANADA




3.2. Radiation Detectors and Sensors of the STUMM

Electronic and Chemical
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= The active part of the rig consist of:
- Supporting plates
- Connecting elements
- Eurofer slabs
- Measurement systems
= The expected sensors are:
- A Rabbit System (RS)
- Pairs of Micro Fission Chambers (U-235 and
U-238)
 lonization Chambers
- Gamma Thermometers
- Thermocouples.
- Self-Powered Neutron Detectors (SPNDs).

Rabbit system

Support plate

Detectors

375.5mm

Eurofer slabs

St @
¥ 3
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3.3. Analysis of the sensors behaviour
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Fission Chambers

= In the framework of IFMIF tasks, CIEMAT made some studies for the selection of the
detectors.

= An fission chamber and an ionization chamber were studied, performing the
experiment in the BR2 reactor.

Channel & (nfem? fs) Ppoo1mev (Nfem? [s) GHR (kGy/s)
L120 (1stcycle) 1.0 x 10M 0,12 > 104 1.7
GO (1st cycle) 19 10 0.6~ 104 1.0
F46 (2nd cycle) 2.3 « 10" 0.8 « 10M 3.6

= The gamma rays contribution were measured with the ionization chamber.

= |In BR2 the thermal component dominates, so to make conditions more similar to those
of IFMIF-DONES, the chambers were surrounded by gadolinium (Gd).

S @
<P 3
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3.3. Analysis of the sensors behaviour
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Fission Chambers

= The efficiency of the gadolinium screen is not a problema since it remains constant during
all its lifetime, which is not planned to be exceed.

= The local nuclear heating is negligible, but the gamma rays emitted after the neutron is
caputed not.

= Currents were measured and stored once per minute.

? 0.012 |

§ o o

= ' = The detectors were irradiated
% e during two cycles.

g P = The integrated gamma dose
goom absorbed was about 4x10 1°
. L. Gy, and the fast neutron
E . S fluence, 4x10 2° n/cm 2,

2 .l |

1E09 1E08 1EO7 1E06 1E05 1E04 1E-03 1E-02 1E-01 1.E+00 1E+01 1E+02
Energy(MeV)
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3.3. Analysis of the sensors behaviour
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Fission Chambers

70 50
+«FC . .
60 - Ic g 2™ cycle 40 E :?:C
- 50 o T1cycle . i; M /
3 40 @ H &
= L PPN | ! 3
] .
= 30
5 . .
© 2], b3 .
-
10. _-- £ s P .
N3 s
g P ;
& o oS e® & 0 20 40 60

Irradiation time BR Reactor Power (MW)

= Fission chamber in black diamonds and
the ionization in grey.

= Differences due to the neutron induced
component and the position.

= The different slopes are due to the change
of channels between cycles, and the
neutron and flux levels are also different.
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3.3. Analysis of the sensors behaviour
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Fission Chambers

1.E-04
: :
Sl MW = Another parameter to consider is the isolation
oD -0-0-0-0-0-0-0-0855 MW p
LBOS Hr e W resistance, since it determined the leak
P’ o O—O0—C=D—0—0—0—0—0—0—0—0—0 current.
- 6.1 MW

‘
. . o-o0-0-0-0-0-0+D-0-

Bog = It can drop depending on the radiation field

seen by the detector cable.

. 0.6 MW i = In the experiment, it was about 0.3 GHz,
| ond c{,ﬁ,ﬁ which represent < 2% of the signal of the

1.E-07 4
0 50 100 150 200 detector.

Current (A)

-
o
L=l
D

Polarization voltage (V)

= Current-to-voltage characteristics for different

neutron fluence, showing normal behaviour.
= |lonization chambers results are not displayed.
= Voltage was increased to 400 V to study the

breakdown.

= Influenced by secondary ionization beyond 250 V
and breakdown at 340 V.

. S “§4@&" UNIVERSIDAD
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3.3. Analysis of the sensors behaviour
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1 1 7.E+07
Fission Chambers cyle03z00 | cycleowzoos | —omal
6.E+07 U238
36.0 |1 80E14 F46 ety =
i r 5. E+07
355 | | 1.7T8E14 3 @
F 4 =
35.0 ﬁw 175614 3 g 4.E+07 G60 ;
< 345 1.73E14 g § 3Es07 - y
E T, & SR i
s o - - ®
3 1,.68E14 E — g -
165E14 & e -
Fl 0.E+00 ===
163614 3 0 10 20 30 40 50
1.60E14 = Irradiation time (days)
Time (day 25/04/09) " | | . ‘
= Shows periodic flux variations 124 3 [ —cokuated
= Error of 0.2 % for an absolute current of 0] b : s
35 uA. < s ' 60 oo
= ACAB code for the prediction. T e 2N F R
= Growing fission rate due to Pu. 4. i /’/
. . ¥
= Purely neutron signal obtained by 2 —FQM!‘LF
substracting the currents from each 0 ded e _ ‘ 1
detector. 0 10 20 30 40 50

Irradiation time (days)
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3.3. Analysis of the sensors behaviour
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Self-Powered Neutron Detectors

30000
Ji
= The idea is that SPNDs has the lower o A A1 ke
possible sensitivity to gamma radiation, 20000 ’HI il Mr F I A,
for which the emitter should have a high » r\ | ‘1 l[ ﬂ e |
atomic number while the collector a low = 15000 Iradiation H J h‘ ] B
one. L _ ! 'L'r 1” ! & Exp. Fit
- BTN
= Some groups have made researches in $ 10000~ l¢ ;lJ'f)“ N
neutron fields, with some materials such o : : Y,
as Rh, V and Co. 5000 ‘.\_’,.u ;
= The hardening of the neutron spectrum ,BECkgmund e
greatly reduces the cross section and 0Pty After Shut-down
produces isotopes that reduces the beta Sm"
activity and thus the current. 0 25 50 75 100 125 150 175 200 225 250 275 300 325
= Necessary to perform more tests in other Time (sec)
environments and with other materials.
= Result of Rh showed good agreement,
but neither the Co nor the V did.
3. IFMIF-DONES: Characterization of a neutron beam ;i : UNIVERSIDAD
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4. Proton Dosimetry

Background

The use of protons in radiotherapy treatments has increased in recent years.
It has a large spatial accuracy in the dose delivery.

The relative uncertainties in the absorbed dose distribution must be below
5% in the external beam radiotherapy, according to the ICRU.

Some commercial options are the already explained ionization chambers, or
devices based on semiconductors.

MOSFETS can have an increased sensitivity by having the gate fabricated
under special conditions, thus creating the so-called RADFETSs.

Commercial MOSFETs are presented as dosimetric sensors, using the
threshold voltage as the parameter measured.

It works at a constant current to reduce the thermal effects.

The MOSFET chosen for those initial tests is the 3N163, which has already
been studied by our research group.

¥Z> UNIVERSIDAD
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4. Proton Dosimetry
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Facilities

Tests were carried out in the National
Center of Accelerators (CNA) in Seville,
with the Tandem Accelerator, capable of
generating a proton beam of 5,6 MeV.

. UNIVERSIDAD
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4. Proton Dosimetry
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Reader unit Sensor Module
Irradiation = Composed by the MOSFET and two JFETs, and
chamber has three different states:
MOSFEET - Storing State: all JFETs on and terminals of
reader unit the MOSFET shortcircuited.

Readout State: source to current source and
voltage measured.

Sensing State: gate is biased.

PC to remote
control

MOSFETs

= It was developed by our research group, and
it is capable of measuring with 0,1 mV of
resolution and can bias the transistor with a
current from 10 uA to 1 mA.

., UNIVERSIDAD
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4. Proton Dosimetry
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Results = To prevent the degradation, samples were
irradiated until the source voltage was shifted
= It consist of four voltage 1V from its original value
measurements: forward voltage, = The number of shots performed to each
source voltage and the drain current. sample depended on the bias.

= The housing was removed due to the
low penetration power of the proton
beam used.

= Four sets of three samples were
made with different bias voltage.

= Irradiation sessions of two minutes,
with an average dose of 13.4 Gy,
with a rest period of 8 minutes.

= The parameter analized was the
source voltage without amplification.
—

= Average sensitivity as a slope of the /
accumulated voltage shift, and -
InStant one as the one durlng o] 500 1000 1500 2000 2500 3000 3500 4000
irradiation between dose-rate. t(s)

#4 (1V)

oy
=)

-
=
-

IS
8]
\\

iv(V)

Vs_div
w =
) o

w
=

o
F-S
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Results

AVs (V)

0.9

0.7

0.5

0.3

0.1

4. Proton Dosimetry

- #1 (0V)
- #4 (1V)

#3 (5V)

. #10 (10V)

500 1000

t(s)

1500

2000

= Source voltage increment during three irradiation sessions of four samples biased at different voltages.

4. Proton Dosimetry
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T(AVs) (mV)

4. Proton Dosimetry
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Results
#4 (1V)
1200 15 Sen o_Sen . Avg_Sen o_AvgSen
MOSFET Vbias (V
. # (MV/Gy)  (mV/Gy) M mvey)  (mv/ey)
14
W
1000 * + 13 #1 8.18 0.24
#2 8.66 0.15 0 8.6 0.4
112
800 5 #3 9.08 0.09
nF #4 12.24 0.05
600 o > #5 11.31 0.09 1 11.4 0.9
y=12.245x E #6 10.5 0.3
R*=10.9996 =
5 4 #7 19.2 0.4
400 g #8 13.4 0.4 5 16.2 3.0
© DVs_acum #9 15.81 0.23
7
200 # Sen_Regr(mV/Gy) #10 23.6 0-5
6 #11 25.50 0.05 10 24.8 1.0
0 . , , , , s #12 253 0.3

40 60 80
Dose (Gy)

= Highest sensitivity with the highest bias
voltage.

A linear dependance has been found.

Accumulated source voltage shift as a dose
function.

Instant sensitivity per irradiation shoot.

NIVERSIDAD
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Sen (mV/Gy)

Results

Sen vs Vbias
30

(=
w

y = 1.5569x + 9.0237
R?=0.9921

P
(=]

[uy
(5]
'
@
(=]

Fading (mV)

10

0 | |
2 0 2 4 6 8 10 12 -12.0
Vbias (V)

There is a linear dependence of the sensitivity with the
bias voltage.
It is also important to consider the short-term fading,

which was calculated with four samples at different
bias and 5 minutes after the third irradiation session.

Considering the error due to the fading, the best choice
is the 1 V bias.

-8.0 |

-10.0 |

4. Proton Dosimetry

Fading at 40 Gy vs Vbias

y=-0.7355x - 0.7485
R?=0.9795

0 2 4 6 8 10
Vhias (V)

V bias (V) Fading Dose error (Gy)

0 -0.10 + 0.20
1 -0.09 + 0.11
5 -0.31 * 0.11
10 -0.32 + 0.10

12

4. Proton Dosimetry
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