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Presenter Notes
Presentation Notes
Images 1,2,4 from Jimenez 2018 ‘xOpt’ presentation: “Machine and Deep Learning Exploration for Spectral X-ray Computed Tomography Classification Applications”
Image 3 from Gabriella’s 2021 SPIE presentation: “Monte carlo modeling and design of a high-resolution hyperspectral computed tomography system with multi-material patterned anodes for material identification applications”
Main data figure from later in this presentation.
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4+ 1 Overview

Goal: Improve SNL's H-CT system'’s imaging
capability.

Approach: Design and fabricate a novel multi-
metal patterned transmissive anode for the
H-CT system to improve spatial resolution and
signal-to-noise ratio (SNR) at energy
neighborhoods corresponding to the
characteristic peaks of the anode metals.

SNL has developed the world’s only hyperspectral x-ray computed
tomography (H-CT) imaging system specifically engineered and I

designed for industrial and security applications (Jimenez et al.)
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Motivation: Background:
- Design and fabricate a novel multi-metal patterned « Simulations by Dalton et al. 2021
anode for our hyperspectral X-ray cc?mputed ) - Shrink metal features to reduce focal spot size
tomography (H-CT) system to experimentally validate
previous simulation results * Include additional target materials to enhance
signal in certain spectral regions
Applications: - Simulated that a multi-metal patterned anode
- Material identification, counterfeit detection, quality lc)omhbmed ,W;th anIH-.CT detedct(?r |mlprove§ on
control, nondestructive evaluation oth spatial resolution and signal-to-noise
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Presentation Notes
when focused on narrow X-ray energy neighborhoods.
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7 I Background — Previous Work, Expanded

Dalton et al. 2021
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Presenter Notes
Presentation Notes
Explain x-ray tube, electrons from cathode to anode, beam mostly define by power (combo of accel voltage + beam current)
Narrow spectral neighborhoods around the characteristic emission energies/peaks of included metals to effectively include 3 separate imaging systems simultaneously
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Design: Material Selection

Ti 22 4.5

Mo*
Ag*
Cd
Te
Sm
Yb
W*
Au

u

X-ray data from Table 1-2 of the 3rd edition of Lawrence Berkeley National Laboratories’
X-ray Data Booklet

42
47
48
52
62
70
74
79
92

10.22
10.5
8.65
6.25
7.52
6.97
19.3
19.3

19.10

1660
2610
962
321
452
1072
819
3410
1064

1132

4.51
17.48
22.16
23.17
27.47
40.12
52.39
59.32
68.80

98.44

4.50
17.37
21.99
22.98
27.20
39.52
51.35
57.98
66.99

94.67

* Simulated bi Dalton et al. 2021

4.93
19.61
24.94
26.10
31.00
45.41
59.37
67.24
77.98

111.30



Presenter Notes
Presentation Notes
A variety of materials to choose from, the ones we use are readily available for deposition in our tools. Want high energy but spaced (separability of emission lines). 
Denser materials also have better x-ray generation efficiency
Hi energy=better penetration, lower contrast
Low energy, better contrast, because more absorbed, poor penetration 



0 I Design: Existing X-ray Anodes
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Presentation Notes
Thermal conductivity of Diamond
Reflection is actively cooled


1 I Design: Custom Multi-Metal X-ray Anodes

Layered Layered Patterned
Reflection Anode Transmission Anode Transmission Anode
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2 1 Design: Metal Layering @






Presenter Notes
Presentation Notes
Beam size depends on tube power.
Mention beam steerability, access one cluster at a time, drive beam to next one


12 1 Design: Transmissive Anode Packaging



Presenter Notes
Presentation Notes
Keep if brief. Designed packaging to match existing source dimensions
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16 | Fabrication: Patterned Multi-Metal X-ray Anodes
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Fabrication: Optical and SEM of Completed Targets
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Presentation Notes
Fringes negligible, could be impactful in some applications (not by resolution so much as by ablation/contamination). Don’t talk as if not successful, sputter just turns out different


s I Fabrication: Solder into Packaging
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Keep it brief 
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0 1 Evaluation

= X-ray System

X-RAY WorX XWT-225-SE (reflection anode types only)
Amptek 1-2-3 Cd-Te X-ray and Gamma Ray Spectrometer, set to 1024 channels

= Bulk W Reflection Anode vs Layered Multi-Metal Reflection Anode

Emission spectra measurements were taken from 25 keV to 150 keV with
increments of 25 keV

Longevity measurements, collected at 125 keV accelerating voltage and 10 pA
for 60s every 15min over 5 hours of continuous operation

Note, all data normalized by live-time: dividing the # of counts in each channel
by live-time of the detector for each measurement
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22 I Results: Layered Reflective Anode, Emission Spectra

1500 Reflective Anode Spectrum at 150kV
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3 I Results: Layered Reflective Anode, Emission Spectra

Reflective Anode Spectrum at 150kV
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24 I Results: Layered Reflective Anode, Time Response
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=]

Lifetime Drift in Counts/Second: W ka at 125kV, 10 A

o] W
i 5 i
i o o i
i ° 0 i
S o ° o
o © o

- (o) o o |
- O

o 0
0 50 100 150 200 250 300

Time (min)

A % from Mean

[\

-
(8]

=

=
3]

o

-
4|
@

Lifetime Drift in Counts/Second: Ag ka at 125kV, 10:A

o

Ag

0 50

100

150
Time (min)

200


Presenter Notes
Presentation Notes
Emphasize no trend in signal correlated to time. Alternative plotting – two plots. Delta % rather than counts. Tweak figures in paper as well.
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Conclusions

= Layered multi-metal reflection anodes yielded emission of additional spectral peaks
corresponding to multiple separate metals simultaneously

= Fabricated custom multi-metal patterned transmissive anodes with separate metals
contained within the focal spot size of a commercial X-ray tube

= Achieved vacuum-tight solder integration into custom packaging for compatibility with
commercial X-ray tube sources

Future Work

= Characterize multi-metal patterned transmissive anodes using newly acquired X-RAY WorX
dual-head X-ray source

I
26 | Conclusion and Future Work @!
I

= Expand to additional anode metal combinations and X-ray system configurations


Presenter Notes
Presentation Notes
Have in mind what future metal combos we may want, specific sample examples


Questions?

Thank you!
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