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Diamond Detector Applications
at CEA-Saclay
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Le diamant a Saclay: de la synthese aux dispositifs

gl 10
By T 1? '.;:f; dép6t Chimique
' ‘.,'i“.g;,-!- par plasma

L sous ray!, traite
Contacts, litho, défau

PECVD microonde:
Non-dopeé : 3 batis, O5cm
Dopage : 2 bétis - 2003

Développement de dispositifs

pour applications spécifiques
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industrie

(semiconducteur e |
grand gap) danté/ dosimétrie détecteurs de rayonnements
Bio-capfeur's (Z=6 : équivalence tissus) (iner:l'es Chifn.iquemem:
(biocompatibilité) compatibles milieux hostiles)
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Diamond device fabrication at CEA

¢ Growth (3 reactors)
¢ Laser cut

¢ Device processing

¢ Defect 'passivating'

+ Contacts

¢ Packaging

COGEMA Fast pulse metrology
(Defence)

Corrosion hard alpha detectors
(COGEMA)
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< CVD

The role of defects

materials, as well as high quality IIa type diamonds

inherently exhibit defect levels

- of interest for TL dosimetry
- stable at RT
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cey Non-uniformity of the sensitivity

- X-ray microbeam : = Comm. Avail. 300pm Det. Grade
5 keV (Volume) 500
att. length : 150 pm (1/e) 10 nA
~|.4 107 ph/s
beam spot <| ym 400
resolution : | ym
; um\

Biased, raster scanned 200
CVD diamond detector,

Aperture \

Zone plate
Crystal objective lens—,
monochromator

Wi

|\

Keithley 487 ‘$‘ O 4
L e 0 100 200 300 400 500um

| Strong Non-uniformities observed

<Y

= Detrimental for beam metrology

—
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. Electric Field Influence

100 V 200V 400 V 800 V
3.3 kV/em 6.6 kV/cm 3.3 kV/ecm 26.6 kV/cm

(Identical grey scale : | to 28 nA — log)

=>Velocity of saturation can be reached locally (likely from 10 kV/cm)
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o Evidence of charge build-up

At 200V, after one scan at 800V
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Defects in natural SC diamonds

Similar measurement performed on high quality detector grade lla type

under 24! Am alpha particles :
100% cool. efficiency,
ideal response

Luminescence response

Counts (a.u)

|Collab. Triniti, Moscow

20 40 60 80 100(%)
X-ray sensitivity : micro beam analysis

4
=
E3 0.5-3 A
% 2
g 3- 50 uA
D i

% 1 2 3 4

Distance (mm)

Defects here mostly associated with N
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High quality natural diamond detectors
e=9 gnq y

Alpha detection spectra

Counts (a.u)

S -

20 40 60 80 100
Collection efficiency (%) BUT

» global detection :
collection efficiency reaches 100 %

» localised variation of the detection
properties : blind zones vs high collection
efficiency zones

0 60 . .80 100
Icy (%)
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Material optimisation from growth

Impurities : effect on the response time
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cenObserved non-uniformity of the sensitivity

X-ray microbeam : =» 150 pm thick + smaller grains (CEA)
6 keV (Volume)

att. length : 150 pm (l/e) 400
~5 108 ph/s

beam spot <| ym
resolution : | ym 300

100

3.5 nA

50

um
‘.
f

100 200 300 400

Image may appear more uniform
= But what about charging-up effects ?

50 100
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Temperature effects on the sensitivity maps

Sample mount equipped with resistive heater

I [ l ]  Alumina
Diamond

Mica
Heater
Mica
Alumina
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=) Effect of the temperature

- /o

RT 50°C 80°C 100°C

.4 nA

1,330
1,260
1,190
1,120
1,050
0,9800
0,9100
0,8400
0,7700
0,7000
0,6300
0,5600
0,4900
0,4200
0,3500
0,2800
0,2100
0,1400
0,07000

10 20 30 40 50 60 73 10 20 30 40 50 60 70 10 20 30 40 50 60

m

sample on

heating stage
Bias is 0.4 V/pm

5 108 photons/s, @ 6keV

=» Hardly any influence of the temperature is observed
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Effect of the thermal detrapping

After each scan, the sample is kept under heat before mearsurement T

Wl

after 10 min after 40 min

after 20 min

-ﬂ ﬁr -

05 10 15 20 25 30 35 40 45 50 55 60 657 75 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75
um
. (o]
Temperature is kept at 100°C

Bias is 0.4 V/pm
5 108 photons/s, @ 6keV

=>» Hardly any effect observed
=» Thermal detrapping not significant ? Or immediate « re-pumping ? »
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Effect of high temperature annealings (300°C)

Bias is | V/pm
yun 5 108 photons/s, @ 6keV

100 Before annealing

after 300°C annealing

1.5nA 100

1500
1450
1400
1350
1300
1250
1200
1150
1100
1050
1000
950.0
900.0
850.0
800.0
750.0
700.0
650.0
600.0

100 pm 0o

Hardly any effect of the temperature is visible :
In fact, dose calculations = typ. 10> Gy/s at the focal point
=>»Pumping is instantaneous during measurement...
whatever the temperature...

=>» Trapping / Detrapping : not a real problem for synchrotron applications ?
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=) Dynamics of the photoresponse

Back to RT,
The response is probed dynamically (Beam On/Off) under p-beam

A————
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< 0 500 1000 1500 2000 2500 3000 observed
Time
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Specific detectors for very hostile environments

¢ In-core nuclear reactors (EDF) : EUF
o, n, and intense 7y fluxes monitoring de France

* Nuclear waste processing (COGEMA): A
corrosion hard o. counters COGEMA

¢ Synchrotrons (ESRF):
High transparency to low energy Xrays " o0 pp1
Heat and flux resilient ESRF — svcworon

* Medical dosimetry :
tissue equivalence

¢ Fast pulse metrology (defence) .=
lasers (UV, VUV), synchrotrons, X-ray flash pulses
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= Alpha particle detection

Device optimisation :
- stable ot detection
(no polarisation)
- thin (20 to 30 pm) is best

- pumped (typ. 10Gy)

o 241 Am after 24h
after 12h

start

A
Counts

0 20 40 60 80 100
Collection efficiency (%)
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= Neutron Detection (EDF) ('°B) EDF

Electricita
it Frarmds

Aiming at probing neutron fluences in core of nuclear reactors :

Pros : naturally exhibiting high neutron to gamma selectivity + radiation hard

Neutrons are probed via o detection

eg.:  n+B — 7L (0.84 MeV) + *He (1.47 MeV)

neutron

B diamond ; _
10Boron 10000 F 2 no boron E
— . 0.5um B | ]
'\cf), 1000fF = 1um B -
The neutron flux appears : © : 2um "B |
- as a 'continuum’ T woop | \ 3
T — JEPTI
(angular distribution of the energy) S S
- the integral of the area above the no-boron 8 R oL -,
gives the neutron counts 1o T ==
(Wlth hlgh neUtron to Y SeIeCtIVItY) 20-0 I 4(I)0 I 6(I)O I 8(I)O I 10IOO I 12I00 I 14I00 I 16I00 I 18IOO I 2000
Pulse Height (a.u)
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= Neutron Detection (EDF) ('°B)

EDF

Elec Ericebd
it Frarmds

Mapping the neutron flux profile (Ulysse facility -exp. nuclear reactor, Saclay)

- Here device in-core (few 10 cm) :
- Linearity with the flux

- The overall efficiency is low
(typ. 3% due to '°B conversion)

- Higher efficiencies have been
obtained using 2*°U converter
but... Uranium
... turns into Plutonium...

Count rate (c/s)

10k

100 Lo

—
T T T TT

T

100k |

T

| 1 L1l

1 10 100

Reactor Power (W)
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Neutron Detection (EDF) (amps)

EDF

Elec Ericebd
it Frarmds

At higher neutron energies, the fluence can be measured
from the induced current caused by the carbon recoil

No convertion layer needed

- Each '2C atoms ‘receives’ |/12%
of the neutron energy

- Only possible at high flux and

neutron energies (fission neutrons)

! ! ' 10 KW
I ]
5kW ]
] ~ |Rod Drop]
ik J
1kW | ‘ .
500W |
100W
10w /
| | ) | )
2000 2500 3000 3500
Time (s)
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ey Neutron Detection (EDF) (amps) |z

ElecEricrba

—— it Frarmds

At higher neutron energies, the fluence can be measured
from the induced current caused by the carbon recoil

No convertion layer needed

T T TTTTIT T T T TTTIT T T TTTTT T T TTTTIT T T T TTTIT T T T TTTIT

10pé /

10° 10° 10° 10" 10° 10" 10"
Neutron Fluence (neutrons/cm™.s)

- Each '2C atoms ‘receives’ |/12%
of the neutron energy

- Only possible at high flux and

neutron energies (fission neutrons)

Current (A)
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Nuclear Detection Applications : Nuclear wastes

€S

6000
oL detection in corrosive liquid sources '
Nuc!ear reprgcessing plants (France + Japan) 24030 | 239p, 40I<Bq/g-
Devices used in Rokkasho-Mura plant K
. 2000
No alternative from CVD :
Requires large area and thin material B .
o ! 500
thresholdchannel
— Amplifier
M PA

Counter

12}

” WIM

T

\\\U T \w

Signal (V)

l\)Ol\)-bO\OO

-1000 500 0.0 .500 100.0
Time (us)

70.000 cts/s ; 2h < | week real conditions

COGEMA
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Nuclear Detection Applications : Nuclear wastes

€S

6000
oL detection in corrosive liquid sources '
Nuc!ear repro.cessing plants (France + Japan) 24030 I 239p, 40I<Bq/g-
Devices used in Rokkasho-Mura plant K
No alternative from CVD : 2000
Requires large area and thin material B .
o ! 500
thresholdchannel
— Amplifier
Y PA
1L Counter
10f
81 i
Z o i
* 2 4r ]
2 LU LU L
éGEMA %ﬁ ‘—“ O_ | \‘\ ! ‘ \H \\‘ ‘\ H‘! [ il
1T P —
] ,‘\‘L‘ -100.0 -50.0 0.0 50.0 100.0

Time (us)
70.000 cts/s ; 2h < | week real conditions
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Diamond for synchrotron beam monitoring

Aiming at probing the beam characterisitics (position, intensity,
profile) at low energies and with a semitransparent material ESRF
- in front end (white light, high fluences — 10'” ph./s)
- in beam lines (monochromatic light, 108 — 10'3 ph/s)

I~ !

Ly : N

X-rays : T | g |\I
Control |.5-20keV "~ :
1

; Experimental hutch __
OPUES  hutch e

Diamond

Monitoring devices must exhibit :

- high transparency (low Z)

- fluence hardness

- temperature hardness

- mechanically resilient,

Realisations have included

- Intensity monitors

- Beam position monitors (2 ym resol.)

- Beam Profile monitors
P. Bergonzo — CEA - Saclay- France
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Probing the beam instabilities

€S

4 quadrant semitransparent BPM

I I I 15
40 -
- Square beam _ 10
-200pum x 200pm 29 | s~
_4keV ~ ol _ g
] 0 &
~ I <=
g 20 -5 A
% S
s 0r 10 £
<
S >
.g -60 | A -15
T 7 '
- , ] , ] , ] , -20
00:00 10:00 20:00 30:00 40:00
/ . . IDI2A : 17/01/98
emps (min:s) T,:22h:42:51

Beam gmobal feedback

causes the observed instabilities Resolution well beyond 2um
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(¢ Measured 3D scan response

- square beam
-200pm x 200um
- 4 keV X-ray

0.8

0.6

0.4

Normalised current

0.2

Y (m;n)
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Normalised current

1.0

0.8 |
0.6 |
0.4 |
0.2 |

0.0

scan direction

- square beam

A=————F8 - 200um x 200pum
D— ¢ - 4 keV X-ray
-ll.O -OI.5 | 010 | 015 110

Distance from center (mm)
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(¢ Dispositif 4 quadrants :

Position du faisceau X : resolution < 2 ym , semi transparence

Distance inter-¢lectrode : 500 pm

——200p x 200
—600p x 600
£
=
S
& .
% —> Mais la résolution
'\/ dépend de la taille du faisceau
' ' ' —> nouveau concept : dispositif résistif
-250 0 250

Distance au centre (um)
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Ce Capteurs a couche résistive:

Principe :

une couche résistive d’eépaisseur et de résistivité ajustée est déposée sur le diamant
— division des courants entre les quatre contacts
— Le courant total reste constant

couche de a-Si:H , type p, p = 10° Q.cm

Contact O . X
ontact Or < L s = xX/L o< (L-x)/L

a-Si:H,ptype —H—————l
Diamant CVD S QWI(A)

Contact arriére — 1 Voc [ 1

¥ Faisceau X
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CE’N

Capteur a couche résistive : parfaite linéarite du détecteur

1.0

0.8

=
@)
1

Courant (u.a.)
=
~

Faisceau X T\T
6.2 keV
‘\\Q'\A balayage
T T T T T T T T T I T T T T 0.7
plot gauche plot droit

02 ——"—

faisceau 500 x 500 wm {

-05 -04 -03 -02 -01 00 01 02 03 04 05

faisceau 200 x 200 pm/

0.0

Distance au centre (mm)

40

-20

0
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Beam Profile Monitors

E— May efficiently be coupled with BPM

8 lines,
width : 15um
pitch : 20 um

1.0 |
0.9
0.8

Signal (u.a.)
oS o
W (@)

S ¢
~

contacts Y

Position (um)
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Cceol

Ultra-fast pulse metrology

Diamant = matériau rapide pour détection d’impulsions |

© : + Faible durée de vie des porteurs
Forte mobilité des porteurs

L 4

®:

1.0}

0.8+

Normalised output

Faible sensibilité

0.6
0.4}
02}

0.0 +

E<1keV

(ASTARTE)|]

FWHM <70 ps

0

500 1000 1500 2000
Time (ps)

& <70ps|

Intérets : mesure distribution

temporelle faisceau
synchrotron (ESRF)

Seule électronique :
un detecteur + | oscillo
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=) Ultra-fast pulse metrology

Application to synchrotron machine diagnostics
(e.g., LURE, ESRF)

......

synchrotron : | keV I-l, I!IE izgct;s:r8n3: 6S-é()I_II(eZV | ES"];?

. rep. rate 83 MHz ({——r S
0.10} _ % 40_' _
. 0.08) éo 30 |
S 0.06:— i 20:.
0.04 1 & 10
oo} & T
0 20 40 60 80 100 120 140 160 180 200 0 50 100
Time (ns) Time (ns)
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Output voltage (V)

2.8 ns

W W |

]
()

[N
S
T

N
S

[\
(e

ESRF (2/3" filling)

ALY

Time (ns)
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=N Flash X-Ray radiography diagnosis tool (defence)

image AIRIX (Accélérateur a Induction
imploding  plate de Radiographie pour I'lmagerie X)
object l

l

linac = pulsed X-ray source

Demanding specifications

¢ typ. = | MeV

¢ Dose (<5 krad (Si)/flash)

¢ Duration : typ. 50ns FWHM

¢ 500 shots / yr / 15 yrs (> 15Mrad)

* Resilient (EMC and schock 10g)
¢ High transmission (< 0.1 g/cm? (W))

1000g
? //
n
= ;
° [
O 10:
© z
< i
+1 back side O 1-

10" 10° 10° 10* 10°
Dose (rads Si)
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=) Conclusions

" Detectors :
- Controlling the electronic characteristics with respect to the
growth conditions is necessary for radiation detector fabrication

- Pre-optimisation of the devices is necessary
(defects priming etc)

¢~ Devices :
- for neutron detection in the core of nuclear reactors
- for alpha activity monitoring in acids
- ultra-fast pulse monitoring

¥~ BUT : to date diamond detection :
mostly addressing small markets ...
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