TR

"j '-' |l
IIIIIIIIIII-I'I-IIII'I'IIIIIIII'I-III_IIIIIIIIITIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII.IIIIIIIIIIIIIIIIIIIIIIIIII-IIIllmi]IIIIiIIIIIIIIIIIII IIIII[IflllIIIIIIII.IIIII]IIIflIII-IIIIIIIIIIIIIIIIIIIIIIT 111 III Ifm'ﬁlIIhillllIIIﬂ'IIIﬁIIIIIIInITIﬂI|'IIIIIIIIIIITTIvﬁ(fII'iIIIIi'['-

Experimental Characterization of a Fast X-Ray Spectroscopic Imager
Module for Real-Time Contaminants Detection

Jacopo Quercia, Filippo Mele, Daniele Macera, Benedetta Arcaini,
Giuseppe Bertuccio Bruno Garavelli
XNEXT
POLITECNICO ADVANCED INSPECTION TECHNOLOGY

MILANO 1863

23 International Workshop on Radiation Imaging Detectors 26-30 June 2022, Riva del Garda, IT



Techno|ogy transfer collaboration

XNEXT -l

o

ADVANCED INSPECTION TECHNOLOGY POLITECNICO
MILANO 1863
> Knowledge—intensive high—tech SME = ¢ > Goal: custom detector + electronic read-out
based in Milan : : solutions for XSpectra®

» XSpectra® inspection technology for high and

|ow—density contaminants: "
= -

* Real-time analysis

* X-ray imager + computer vision neural networks

https://www.xspectra.eu/

https://x-next.com/
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https://www.xspectra.eu/
https://x-next.com/

Qutline

>XSpectra® hardware overview and application requirements

>Experimenta| results

> L ow-rate spectroscopic characterization
> High—rate tube test

> Test case: thin p|astic Fragments in yogurt cups
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Principle of operation

Conveyor belt system

(up to T m/s) \

Real time computer vision
algorithm on hyperspectral

image

§
|

Foreign body found!
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Hardware overview

CORE MODULE Off chip ADC + Full Custom DSP
(pulse shaping, pile-up logic, PHA)
X4
8-channel analog read-out 4 modules under test
CMOS ASIC (128 pixel in total)

32-pixel linear CdTe array

Pixel
dimension

750x750 prm? Interpixel gap

pm

Detector thickness

Tmm
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Read-out ASIC application requirements

Read-out ASIC

Parameter Specification (at system level)
Application Requirements Input Capacitance ~1pF
(detector+connection) ='P
Energy range 5-200 keV
. . Equival Noi
> Energy-resolved photon counting (ERPC) capability Ciilrvgeent o15€ <290 el. r.m.s. (3 keV FWHM on CdTe)
with energy 1024 bins. Peaking time <100 ns
> Wide energy dynamic range for both Analog signal
rise time S0ns
low and high—density Foreign body detection.
Linearity error <+1%
> High-speed spectra acquisition (few ms/frame). Somer
. <20 mW/channel
Consumption
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Qutline

>X5pectra® hardware overview and application requirements

>Experimenta| results

> Low-rate spectroscopic characterization
> High—rate tube test

> Test case: thin p|astic Fragments in yogurt cups
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Energy resolution

3.2 T L] L] ' L] L] L] ' II 1 L] l 1 1 L] L] I L] I L] I L] . .
- | o | ] Test condition:
3.1 | | |
/2_\ | MODULE 1 | MODULE 2 | /MODULE 3 | MODULE 4 i T - + 3 O o C
B : | | i 5 )
E O S — T/ - - | i T = 60 ns 6% Relative FWHM
T 29 ket N / o @ 59.5 keV
> e * o, © o'i : -. * i o /
Toasp Ll ROSNR /
% 2.7 el .—. -i ° . : ... \Ki ~~ ) ) | //
S X SIS | el | 241
= L o\ T BT | Am low-rate spectrum — channel 63
(D] ’ i. . " . : i i.. . N o.° ~ 6k T T T & ' T
AP A U R TAE B - /
- 2T \ -t === a —~ I N, L, 595keV ) g -
Q i \ ! LN ! T mean = 2.72 keV |~ 13.95 keV 17.75 keV
— 24 = [ [ N ‘ — ~ ~ Pulser
£ s \ N . max =3 keV s , S 107 keV
23 | | | N — min =245 keV o . 1
. \ 3 3 ~:\ . § 'Zhlzeil;old
2.2 1 1 |\ i 1 1 1 i 1 1 1 i \I\‘I 1 1 | 1 | 1 | 1 é 3k S -
1 \32 64 96 N1 Amy 28 keV
\ N N ol 26.35 keV FWHM 1
\ Channel T | : N Cl : : ;Te escapes -
Module noise dispersion ol BISE CISPETSIon Ik —A i
0.3 keV FWHM (11%) 0.5 i/ FImIY | | , ,
(20 /0) 0 5 20 40 60 80 100

J. Quercia — Experimental Characterization of a Fast X-

Ray Spectroscopic Imager Module for Real-Time

Photon Energy (keV)

23 International Workshop on Radiation Imaging Detectors 26-30 June 2022, Riva del Garda, IT

9 /22

POLITECNICO

120

Contaminants Detection (jacopo.quercia@polimi.it)

MILANO 1863



Linearity
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Qutline

>X5pectra® hardware overview and application requirements

>Experimenta| results

> L ow-rate spectroscopic characterization
> High—rate tube tests

> Test case: thin p|astic Fragments in yogurt cups
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H igh -rate tests

Tungsten anode X-ray tube - V, . = 30 kV X-ray tube high-rate spectra — channel 68
2.40 T T T 1 T T T T 1.75 . ; i . . . ; . i . . ; . . . .
[ ) ] i Tungsten L-shells 1
220+  Estimated ICR - / i 1.50 F -
/ .
D /
3 [ / A Measured OCR ] [ / \ 1
S 200} v 1 125} -
g i ' ) 2 !
5 1.80 F ’// i %’1.00 . |
= A = ICR..,,=2.5 Mcps/channel
= 2075} i I
3 1.60 . 8 . Increasing ICR
5 .
on
0.50 .. } ) ) -
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S .
< 0 0.25 -
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Maximum counting capability (Energy resolved) : 2.2 Mcps/channel - 3.9 /\/\cps/mm2 - 281 Mcps for the total array
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Qutline
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>Experimenta| results
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> High—rate tube tests
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Test case: experimental set up

Top irradiation . .
P decreayngtfnckness

% Viupe = 30 KV )

|l pe = 8 MA
1T mm 0.8 mm 0.2 mm

Yogurt cup thickness
41 mm

Contaminant

/

Sensor plane
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Test case: acquired image

> Raw image (just background calibration applied)

> Exposure time /.5 ms (equivalent conveyor belt speed 0.1 m/s)

0 —
18000

20

16000

40 - '

L 14000
2 60-
5 L 12000
=
(W]

807 3 10000
100 8000
120 4 6000

T T T T T T
980 1000 1020 1040 1060 1080 1100 1120 1140 Counts
Timestamp
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Test case: plastic Fragments

1 mm thick
2 60
5 L 12000
-
[

807 10000
100 8000
120 4 6000

T T T T T
980 1000 1020 1040 1060 1080 1100 1120 1140 Counts
Timestamp
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Test case: plastic Fragments

L
0_ :
18000
20_ iy ’
s 16000
40 1
( s L 14000
_ 0.8 mm thick
2 60
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| |
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Test case: plastic Fragments

40 -

L 14000 .
0.2 mm thick
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5 L 12000
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Conclusion and Outlook

> XSpectra® fast X-ray spectroscopic imager for real-time contaminants detection
- Design of new read-out ASIC

- Testing of 4 core modules (128 channel)

» Performance summary:

-Energy range: 6-275 keV (1% error)

-Electronic noise < 3 keV FWHM (Tpeak = 60 ns) for all 128 channels THAN |< YO U
Couning capabiltyup 022 Mepsichonnel FOR YOUR ATTENTION
|

-Minimal pile-up distortion up to ICR__ =2.5 Mcps/channel

-Thin plastic fragments detectable on raw image (thickness < Tmm).

» Outlook:

-0.4 mm pitch detector

-Increased counting capabi|ities
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Backup Slides
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Correction of background non-uniformities

125 T T T T T
] Compute upper integration
oo L 1 | threshold value for each
Spectrum inside object channel to equalize counts
éms - -
g Spectrum outside object th resho|dup
§ (heavily distorted)
0.50 | \ |
0.25 —
0.00 L L . . ! 1 1 s . ] ,
0 50 100 150 200 250 300
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Additional demonstration images

Shrimp
Carpet . £ & = shells
fragments | '
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