Les pixels hybrides : des expériences
du LHC a la tomodensitomeétrie
spectrale de petit animal
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Detector characteristics
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Hybrid Pixels for X-ray Cone-Beam CT

Electronics
for 1 pixel

2 million
transistors

electronics 4 /
e
*Si (n type) - Bump
or C dTe‘.f‘lﬁ. Detector bonding

Detector: i i
" photon “high . > Noise suppression
1 pixel of resistive )
the detector | n type Si > Energy selection

» Very high dynamics
@ Very fast data acquisition

@ Choice of the sensor

(Si, CdTE, AsGa) Reduce radiation dose
@ Optimized efficiency Improve contrast

Perform spectral analysis
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Research & Development on Hybrid Pixels at CPPM

Start of:
the hybrid

pixel
project

XPAD1: first hybrid
pixel detector for

DELPHI: X-ray applications

World premiere

. 2 i
Delpierre, JINST 9 (2014) CO5059 XPAD3 : 130 x 130 ym? pixels
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XPAD3: Si and CdTe Hybrid Pixels for X-ray

80 columns of 120 pixels

SULEIL

SYNCHROTRON

Analog part

Local DAC

||||||||||

Bump pad

CSA,

OTA
Matrix of 9600 pixels

Comparator
Threshold

Column Bias,
Decoupling Capacitors

1 bit write-in conveyor (analog + digital)

(SR1)
4 bits readout conveyor

Temperature Sensor,
Test Pulse,
Bias Generator

10s
(45 digital + 36 analog)

Global configuration
. registers (“fake” pixels) . o L
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0.25 ym IBM CMOS
technology

(130 x 130) pm? pixels
80 x 120 = 9600 pixels

12 bit counter +
overflow

Count rate up to
10% ph/pixel/s

< 1 ms readout time

5-35 keV adjustable
thresholds
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XPAD3 pixel architecture
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Gain : 89 nA/keV Power consumption : 40 pW/pixel

Noise : 127 e- rms Threshold adjustment resolution : 57 e-

Linearity : < 10% @ 35 keV Minimum threshold: < 4 keV
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XPAD3: Si and CdTe Hybrid Pixels for X-ray detection
5 keV SOLEIL 14 keV
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X-ray spectral CT:

from black & white to colour
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N ’so' fion, 3 mg/mIAg
— O_ solution, 22 mg/ml Ag
— AgNO3 solution, 11 mg/mi Ag [
CuSQ, solution, 0.5 M

Attenuation coefficlent [cm™
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X-ray spectral CT using XPAD3

Spectrum 1 (40 KV)

somnmaia) | Silver lodine
Eiag= 21 keV E, = 25.5 keV

counts [a.u.)

Esng=25.5keV  Ey=33keV

Espg=33keV  Ey=40/50 keV

50 58
anergy [weV]

Iodine and Silver K-edge imaging

(EZI_E3I) - (ElI_EZI) (EZAg_E3Ag) - (ElAg_EZAg)
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X-ray spectral CT using XPAD3
Standard CT Iodine and Silver K-edge imaging
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X-ray spectral CT using XPAD3
Standard CT Iodine K-edge image
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Injection of 200 yL Iomeron 100 um Cu filtering
Molybden anode X-ray tube 5 s/image
50 kVp, 30 W 360 projections
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X-ray spectral CT using XPAD3

Injection of 200 uL Iomeron
Molybden anode X-ray tube
50 kVp, 30 W

100 um Cu filtering

5 s/image

360 projections




Concurrent Hybrid Pixel designs

Pixel . Maximum  Maximum count Power per
. . Energy  Peaking . . . CMOS
Name Matrix side thresholds time (ns) count rates rates Electronics Noise or energy resolution channel node
(um) (Mcps/pixel)  (Mcps/mm?) (uw)

Medipix3 (FPM-SPM)! 256x256 55 2 120 2.5 826.5 1.37keV FWHM @ 10KeV 7.5 0.13um
Medipix3 (FPM-CSM)2 256x256 55 1+1 120 5.0E-01 163.5 2.03keV FWHM @10KeV 9.3 0.13um
Timepix3 (CERN)3 256x256 55 10bits 30 1.6E-03 0.53 4.07kev FWHM at 59.5keV 15.2 0.13um
Pixirad Pixie 11* 512x476 55.6 2 300 5.0E-01 161.5 1.45keV FWHM @ 20keV 12.5 0.18um
Samsung PC> 128x128 60 3 NS NS NS 68 e-r.m.s. 4.6 0.13um
Pixirad Pixie 11 512x402 62 2 125 1.0 260.1 6.6% FWHM @ 60keV 34 0.16um
Eiger’ 256x256 75 1 30 4.2 711.1 121e- r.m.s. (low noise settings) 8.8 0.25um
PXD23K (AGH)® 128x184 75 2 48 8.5 1519.5 89e-r.m.s. 25 0.13um

X-Counter PC (PDT25- 8.3keV FWHM @20keV
DE)?® 256x256 100 2 NS 1.2 120 10keV FWHM @60keV NS NS
PXD18K (AGH)3 96x192 100 2 30 5.8 580 168e-r.m.s. 23 0.18um
FPDRI0 (AGH)? 40x32 100 2 28 8.5 854.7 106e- r.m.s. 42 90nm
AGH_Fermilab20 18x24 100 2 48 NS NS 84e- (Single pixel), 168e” (Charge summing) 34  40nm
Medipix3 (SM-SPM)11  128x128 110 8 120 4.5 375.7 1.43keV FWHM @ 10keV 30 0.13um
Medipix3 (SM-CSM)12  128x128 110 4+4 120 3.4E-01 28.1 2.2keV FWHM @10keV 37.2 0.13um
XPAD313 80x120 130 150 2.0 118.3 127e-r.m.s. 40 0.25um
Pilatus 214 60x97 172 1 110 6.0 202.8 1lkeV FWHM @ 8keV 20.2 0.25um
Pilatus 31> 60x97 172 1 110 15.0 507.0 1keV FWHM @ 8keV 20.2 0.25um
Telesystems 16 40x40 200 4 300-500 8.0E-01 20 5.36keV FWHM @ 122keV 94.4 0.25um
Dosepix (CERN)Y? 16x16 220 16 287 1.6 33.9 150 e- r.m.s. 14.6 0.13um
Siemens PC!8 64x64 225 2 20 40.0 790.1 NS NS NS
Hexitec!® 80x80 250 14bits 2000 1.0E-03 0.016 800eV FWHM @ 60keV, 1.1keV @ 141keV 220 0.35um
Philips Chromaix 20 4x16 300 4 20 38.0 422.2 4.7keV @60keV (1 channel) 3000 0.18um
Ajat-0.35 (PC)2* 32x64 350 1 1000 2.2 18.0 4keV FWHM @122keV 390.6 0.35um
Ajat-0.35 (ADC)22 32x64 350 64 1000 4.9E-05 4.0E-04 4keV FWHM @122keV 390.6 0.35um
CIX 0.2 (Bonn)23 8x8 353.6 1 NS 12.0 96 330e- r.m.s. (counting channel) 3200 0.35um
KTH Lin_SPD 24 160 ch. 447.2 8 10-20-40 272.0 1360 1.09keV @ 15keV (measured at 40kcps) 80000 0.18um
DxRay-Interon?> 16x16 500 4 10 13.3 53 7keV FWHM @60keV, Min TH20keV NS NS
Ajat-0.526 44x22 500 2 1000-2000 NS NS 4.7keV @122keV (1 channel) 413.2 0.35um
Hamamatsu?’ 64 ch. 6325 5 NS 5.5 13.75 12keV FWHM @ 120keV NS NS
IDEAS?8 64 ch. 894.4 6 50 4.0 5 7keV FWHM @60keV 4200 0.35um

4.75% at 122keV, CZT, 5pF Cin (1 Channel
GE-DxRay %° 128 ch. 1000 2 30 11.6 11.6 noise= 4.8keV FWHM) 2100 0.25um

40-80-160- 5.5keV at 40ns peaking time/2.15keV at
BNL 30 64 ch. 1241.0 5 320 4.0 5.5 320ns peaking time 4700 0.25um
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Concurrent Hybrid Pixel designs

- MEDIPIX @ CERN

 PILATUS and EIGER @ PSI
(Switzerland)

- XPAD3 @ CPPM/IN2P3

(France)
S5um
Num. of Pixel Count Counter Readout Energy CMOS
pixels size rate depth time range techn.
[um’] [ph/px /s] [keV] [pm]
PILATUS Il 62,:;237 172 x 172 2 x 100 20 bits 2.85 ms 3-30 0.25
256 x 256 6 12 bits 85 us )
EIGER 65536 XTS5 1 16X 10° |4 g 49 mode) | 8-bit mode 0.25
8.5 ms 0.25
256 x 256 6 - in serial '
MEDIPIX2 65536 55 x 55 10 13 bits 266 s 5-300
in parallel
80 x 120 6 12 bits
XPAD3 97600 130 x 130 10 4 OVF 1ms 5-35 0.25
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Spin-off activity on Hybrid Pixels

; 2011
P DeECTRIS® ImXPAD
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Single chip XPAD3 Si et CdTe detector characterisation

Noise Power Spectrum Detective Quantum Efficiency

XPAD3-S/Si, threshold 5 keV
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Study of charge sharing with XPAD3 Si and CdTe

Beam of E; = 26 keV N(Ew,Eo) = (1-K)N,(Eyn,Eq) + Kneg(En, Eop)
np(EthlEO) = N(EOIAEO) r‘cs(EthlEO) ~ 1/EO

Charge sharing probability: k = 0.75 (measured), 0.76 (simulated)
eff,(pixel) = 1/(1-eff) eff.. = k (Eo/2-E,)/Eq
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Effect of charge sharing on spectral contrast

Simulation of Si sensors (full marker: 0,630 M, empty marker: 0,315 M)
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Comparison of K-edge imaging between Si and CdTe hybrids

AE = -4.5 keV

AE = +4.5 keV

AE = -4.5 keV

AE = +4.5 keV
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The CHiPSpeCT project (PhysiCancer 2012)

« Sensor type: hole collection with

counts

__Diffraction on Cr, O

0

Schottky contacts ><|3AD
« CdTe sensor thickness: 700 pm 5000
« Sensitive area: 150.9 x 77.6 mm?
« Total number of pixel: 537 600 SOLEIL 2°°

SYNCHROTRON

e Dead area: < 23%

« Defective pixels: < 0.17 % ‘ ‘
~ i | n % 400 |

neurosciences
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X and gamma imaging team

Physics, instrumentation, and informatics : Biology :
Alain Bonissent e Franck Debarbieux
Yannick Boursier Electronics and microelectronics :
Jean-Claude Clémens e Kevin Arnaud
Franca Cassol e Patrick Breugnon
Pierre Delpierre (-> imXPAD) e Frédéric Bompard (-> imXPAD)
Mathieu Dupont (PhD 2014 -> IR AMU) e Benoit Chantepie (PhD 2008 -> INVIA Aix)
Pierre-Yves Duval Arkadiusz Dawiec (PhD 2011 -> SOLEIL)
Thomas Fabiani Bernard Dinkespiler
Jonathan Graber-Bolis Stéphanie Godiot-Basolo
Margaux Hamonet (PhD student) Mohsine Menouni
Rana Khoury (PhD 2008) e Patrick Pangaud
Carine Kronland-Martinet (PhD 2015) e Jérbme Royon
Christophe Meessen Mechanics :
Christian Morel e Thibault Gastaldi
Hector Perez Ponce (postdoc -> imXPAD) e Jean-Philippe Logier
Stan Nicol (PhD 2010 -> HMR Montréal) e Mathieu Niclas
Hamid Ouamara (PhD 2013 -> EQOS Paris) e Eric Vigeolas
Loriane Portal (PhD student)

Sﬁ XIIIe Congrés Général, Strasbourg, 26 aolt 2015 (A'X Marseille @,szg
wsiie CPPM




