/W Development of X-ray
@% spectral CT using photon
counting Hybrid Pixel
detectors
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Hybrid Pixels for X-ray cone beam CT (CBCT)

Electronics
for 1 pixel

2 million
transistors

electromcs
or CdTe .|~_ etector bonding

Detector:

hotor

» Noise suppression

high
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)

@ Optimized efficiency
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XPAD3: Si and CdTe Hybrid Pixels for X-ray

80 columns of 120 pixels

(Y]
SULEIL |pmipe

SYNCHROTRON | [l el 0 000 0-25 IJm IBM CMOS
R Analog part technology

Local DAC (130 x 130) |.,I|"T'12 pixels
sl © 80 x 120 = 9600 pixels

CSA,
OTA

12 bit counter +
overflow

Matrix of 9600 pixels

Count rate up to

Comparator

Threshold 106 ph/plXEI/S

< 1 ms readout time

Column Bias,

/(Dec?upling.(;ap;;:lcitors 5'35 keV ad_]UStab|e
analog + digital
o thresholds

1 bit write-in conveyor
(SR1)
4 bits readout conveyor

Temperature Sensor,
Test Pulse,
Bias Generator

__I0s
(45 digital + 36 analog)
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XPAD3: Si and CdTe Hybrid Pixels for X-ray detection
5 keV SOLEIL 14 keV
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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, Eg) + Kneg(En, Eop)
r‘p(EthIEO) = N(EOIAEO) r]cs(EthlEO) ~ 1/E0

Charge sharing probability: k = 0.75 (measured), 0.76 (simulated)
eff,(pixel) = 1/(1-eff) eff.. = k (Epo/2-E,)/Eq
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X-ray photon counting versus “"charge integration” CBCT

"
"

8% et t"c.'a-.
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CT values[HU]

5000

4500

4000

3500

3000

2500

2000

1500

1000

500

-500
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Detectable difference of CT nhumber [HU]

Ouamara et al., in Proc. of IEEE NSS/MIC 2012 Mi2h

AG GDR MI2B, 2013, Strasbourg

Micro-CT phantom QRM-HA

120 :
0 e XPAD3
i 1Img/ ml I
100 * 1 mg/ml = CCD
%0
80
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50 0.4 mg/ml =
0.4 mg/ml e
40 0:3-mg/mt--#&-
30
0.2 mg/ml e
20
10
0 50 100 150 200 250

Dose [mGy]
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X-ray spectral CT:
from black & white to colour
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X-ray spectral CT using XPAD3
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X-ray spectral CT using XPAD3

Spoctrum 1 (40 kKV)

Basmmaon) | Silver lodine
E1Ag: 21 keV E“: 255 keV

fhwashold 1. 21.0 waV
hwashold 2: 25 5 waV
fhwashold 3

i 3330 eV

Eppng=25.5keV  Ey=33keV

Esng=33keV  Ey=40/50 keV

TDM classique Imagerie au K-edge de l'iode et de I'argent

(EZI_E3I) - (E11_E21) (EZAg_E3Ag) - (ElAg_EZAg)
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X-ray spectral CT using XPAD3
TDM classique Imagerie au K-edge de l'iode et de I'argent

0.0248 0.0269 0.0248

AgNO,

0.0000 0.0000

e
(E21_E31) - (E11_E21) (EZAg_EBAg) - (ElAg_EZAg)
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X-ray spectral CT using XPAD3

TDM classique Imagerie au K-edge de l'iode
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« Injection de 200 pL d’ioméron Filtre 100 pm Cu
« Tube a anode de molybdéene Temps d’exposition 5 s/images
« 50 kVp, 30 W 360 projections
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ChiPSpeCT & CALIPSO: XPAD3-2/CdTe camera

o R = <~ » HighZpad (FP7 ELISA)

» « Survey » de I'état de I'art en
matiére de capteurs a Z élevé
et des moyens de les hybrider
sur des circuits pixel pour
obtenir des capteurs de la plus
grande dimension possible

120

100

80

60

40

20

Thal » 3 circuits pixel considérés
N Medipix 2, Pilatus, XPAD3
XPAD3 Quad Medipix II Quad (Medipix 2, Pilatu )

» Un « hybrideur » : XIE, techno
indium

» Capteurs CdTe (Acrorad),
ohmique — dimension pour
faire un « Quad »

» Pour tous les circuits
considérés: problemes
d’hybridation ou dommages
aux capteurs — taches et
courant de fuite élevé

o=
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Concurrent Hybrid Pixel designs

MEDIPIX @ CERN

PILATUS and EIGER @ PSI
(Switzerland)

| + XPAD3 @ CPPM/IN2P3

(France)
55],!.11’1
Num. of Pixel Count Counter Readout Energy CMOS
pixels size rate depth time range techn.
[wm’] [ph/px/s] [keV] [pm]
PILATUS 1l 62,;(287 172 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
MEDIPIX2 | 220 X250 | 55, 55 108 13 bits inserial | g0 [0
65536 266 us
in parallel
80 x 120 6 12 bits
XPAD3 9/600 130 x 130 10 4 OVF 1ms 5-35 0.25

@mzps
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MEDIPIX2 Collaboration
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Spin-off activity on Hybrid Pixels

2003 2006 2010
PV DecTRIS® mXPAD .2
WWW.dxray.com www.dectris.com www.imxpad.com Pf)("Fad—
T = 2006 pixirad.pi.infn.it
° E§g Ss z ‘™
S 85 2% oz, & _, g, X R A YW
: Bz B: 55 i5 i: f: I: |MATEK
FUNCTIONS o4 on o v o< on g & Lo Pixelated X-Ray Detectors
Noise suppression X XX X X X X X Www.xray-imatek.com
Energy selection X XX XX XX XX XX
Dose reduction XX XXX | XXX X 2 O 1 1
Large dynamic range XX XXX X X X X
No readout dead time X X
On the fly readout X X XX
Frame rate = 1 kHz X X X X X www.amscins.com
Accurate time window XX
2003 2007 2012 2011
kromek™ _/ mars NDVACAM X-RAY
e et o /" IMAGING THE UNSEEN IMAGING
EUROPE

defect image identify

www.kromek.com  www. marsb|0|mag|ng com www.advacam.com  WWW.Xi-europe. com
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