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e Excillum &£#t#BN e Excillum introduction
« MetalJet X§Ri& « MetalJet X-ray Source
« MetalJetZ AL =BITE 5  MetalJet Applications
o /NYTI)—CT — Battery CT
o MIRAA—DY — High-speed imaging
o MEXHREAMER — Hard X-ray microscopy
o WAFATAANAA=DDT — Bio-medical imaging
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e TEAERVZITATE « Demo capability
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Our two go-to market models
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 XHRBRER

Multi-modal microscope
Wiirzburg University /
Fraunhofer Institute
Germany

, SAXS system
National Institute of Standards

(NIST)
USA
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X-ray emission
spectroscopy system
Max Planck Institute
Germany
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Phase-contrast imaging
system

Custom system by Proto
Johns Hopkins university
USA
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Comparison with conventional Tungsten microfocus X-ray source

Metaljet E1+ PEEDT X $RIR
1000 W, 30 W,
30 MM R \,.“"j"f X 30 MM 7 \,.“'U"( Z MetalJet E1+ compared to tungsten-solid-anode X-ray tube

1E+14

MetalJet E1+ 160 kV 1 kW (5 keV rolling average)
—— MetalJet E1+ 160 kV 1 kW
‘ 1E+13 Tungsten solid anode 160 kV 30 W (5 keV rolling average)

——Tungsten solid anode 160 kV 30 W
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Single or dual x-ray windows
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1s CT using a Direct Conversion DualThor CdTe detector at 2000 fps:
https://www.youtube.com/watc 9oxkzsU



https://www.youtube.com/watch?v=pagg9oxkzsU
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High-speed battery CT
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T. Dreier, et al., “In-line and at-line battery CT enabled by
MetalJet sources”. eJNDT:
https://www.ndt.net/search/docs.php3?id=29240
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Note: Thick slices used for these images
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High-speed 2D imaging . Apple Watch Series 9 peveene The furre
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Avg. signal:
161.4 counts

Avg. signal:
23.9 counts
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MetalJet %,

X-ray microscopy

GalZ&kBENESI/Cua>v FZ R K

Filter transmission, 0.2 um filter

Copper Ka
PP Gallium Ka

Transmission
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Photon energy (eV)
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X-ray optic
E.g. zone plate or
multilayer Laue lens
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(18x7 stitched overlapping tomographies)

Xray micrograph of one of the reconstructed layers

all layers. This illustrates a 2D representation of one
XRM2018 M. Sutherland (DMEA) et al. layer
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Bio-medical phase contrast micro-CT

G EXCISCOPE

MetalJet
micro-CT
(Exciscope)

2.6 um voxels

NanoTube NanoTube Synchrotron

Overview scan ROl scan micro-CT
10 um voxels 2 um voxels 1.6 um voxels

Sample courtesy:

Karin Tran-Lundmark , Lund University, Skane
University Hospital

and Niccolo Peruzzi, Lund University

Micro-CT by Jenny Romell, Exciscope AB
Nano-CT by Till Dreier, Excillum AB, Lund University
Synchrotron scans at the TOMCAT beamline (SLS)

Manuscriptin preparation
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NanoTube N3
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How to achieve 300 nm X-ray spot size
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How to achieve 300 nm X-ray spot size
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Source specifications

RAHMNEE/E N TERAHE

40-60 kV
fiZRE 150 nm
S FKENINE S 24W > 3.6 W
40-110 kV
7 FREE 150 nm
“w MRKEIINE A 6.1W>9.2W
40-160 kV
o REE 150 nm
“w MR KEIINE A 11W-> 16.6 W

| &/ fERE[X £ T150nm |
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Highest resolution and stability
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Fully automated spot size calibration

nijas
Overview || Workpoints GEEPn
Vacuum Beam Preparation
Wacuum pressure: 9.92e-8 mbar Energy: 160 keV 160.0 ke Preparation: Done
Climate E-beam spotsize: 0.30 um 0.28 um | Prepare |
Cooling: Target power: 1.38 W 135w Operation
Water temperature: & 25.0C Power factor: 100 % 100 % | Measure spotsize |
Service Target current: 7.6 UA | Apply setpoints (accurate) |
Source okay Cathode runtime: 3627.7h | Apply setpoints (fast) |
Beam blanking
Vent Beam blank: Off | X¥-rays off |
Plots
Vacuum pressure [mBar] High woltage [kV] Water temperature [C]
1.0e-7 7 200 7 25.010 7
. 150 S R
0.9e-7 1
) 100 4 25.005
0.8e-7 1 | |
=M 50 |
|
0.7e-77, : : . 0, : i . 25.000 7 :
6m 4m 2m 0s 6m 4m 2m Os 6m 4m 2m 0s

on

08:29
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Fully automated spot size calibration

nijas
Overview || Workpoints GEEPn
Vacuum Beam Preparation
Wacuum pressure: 9.92e-8 mbar Energy: 160 keV 160.0 ke Preparation: Done

Climate

Cooling: EEEm ﬁIIE{E

Water temperature: &

Service En Erg'hlr: 160.0 k‘E\H’ |

Source okay |
E-beam spotsize: 0.28 um |
Plots
o vall Target power: 1.35W
0.9e-71 .
100 25.005
0.8e-71 I
50
0.7e-7- 0 . 25.000
6m 4m 2m 0s 6m 4m 2m Os 6m 4m 2m 0s

on 08:29
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Fully automated spot size calibration

nijas
Overview || Workpoints GEEPn
Vacuum Beam Preparation
Wacuum pressure: 9.92e-8 mbar Energy: 160 keV 160.0 keV Preparation: Done
Climate E-beam spotsize: 0.30 um 0.28 um Prepare
Cooling: on Target power: 1.38 W 135w Operation
Water temperature: & 25.0C 25.0C Power factor: 100 % 100 % Measure spotsize
Service Target current: 7.6 UA ‘ Apply setpoints (accurate) ‘
Cathode runtime: . ‘ Apply setpoints (fast) ‘
Source okay 3627.7h pply setp ( -
Beam blanking X-rays on
Vent Beam blank: Off X-rays off
Plots
Vacuum pressure [mBar] High woltage [kV] Water temperature [C]
1.0e-7 7 200 7 25.010 7 |
1501
0.9e-7 1
100 4 25.005
0.8e-7 1
50
0.7e-77, : . 0, : . 25.000 7 : : .
6m 4m 2m 0s 6m 4m 2m Os 6m 4m 2m 0s

on

08:29
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Fully automated spot size calibration

Beam &% 7E {E AElE
Energy: 160 keV 160.0 keV
E-beam spotsize: 0.60 um 0.60 um
Target power: 6.93 W 6.73 W

Beam EQE{E ﬁ“%ﬁﬁ %@TE?‘“: -
Energy: 160 keV 160.0 keV e
E-beam spotsize: @ 0.28 um

Target power: 1.38 W 1.35W

JIMA RT RC-04 resolution gauge
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Highest resolution over full parameter range

Minimum resolution

850
800 , .
750 oy

700  Competition #1
650

e NanoTube N3[Z. é'CG)EﬂhD%E'J:T:%ﬁ:C* E 600 . -
150nmDER/NEBEZERT HENTE £ 27 | L
38 S 450

‘= 400
s
© REELOMBE L YRE SONEH 3 250
Rl—AY—FIZHLT—FELGY FT o 150

%9 NanoTube N3

40 60 80 100 120 140 160
Acceleration voltage (kV)



; <cill
AT UOADNR/NMNEDRABEXRE ! ecium

Long lifetime and minimal maintenance

EFaH 2500 FEILLEDH Y —F

o . . >5000 BEfE] (>0.5 um D EEEES K U >100 kV TEMET 515
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NanoTube N3
Applications
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The challenge of crystal clear images
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Battery cathode nano-CT
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Battery cathode nano-CT
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/ { v 7__ I} — F@*@‘% 0) N a nO-CT « 80 kV, 500 nm spot size, 1.8 W on
Battery cathode nano-CT target

 5seconds x 6000 projections = 8.33
hours scan time

e Source-Sample ~¥=1.6 mm.

* Source-Detector =341 mm

e M=213

 Effective pixel size = 350 nm

cobalt oxide cathode active matenal

Al cathode

Electron-Microscopy image of an Aluminium cathode with 2 active layers.
Small piece of a cathode layer (~110 um width) Image copyright - Tech Insights: https://www.techinsights.com



https://www.techinsights.com/
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Imaging of anode and cathode layers

Battery cathode - mostly Cobalt (50 um per side) with an Aluminium

collector in the middle (10 um).

Battery anode - mostly Graphite (50 um per side) with a Copper
collector in the middle (10 um).

ecillum

Aluminum
collector
Cathode layer ~10ym
LiCo02
~50 uym
Particle radius Sphericity Volume
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Sample preparation

T/ CTRO/NMNF DO H#T
1.5X2.95X15mm

Stereo microscope X-ray overview

Mounted on sample holder
(black carbon rod has 2 mm diameter)

Before cutting
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Imaging of HBM
20 ym g
MiCro-bumps == i v
* Geometry
- — 25 um
>0D=5.8 mm INtErpOSEr b *
— SDD =444 mm bumps

e Source C4 Cu bumps

— 80 kVp
— 2 um x-ray spot UL —

* Acqusition
— 900 projections
— 33.3 ms exposure

— 12 deg/s continous rotation

> REEME 30 #
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Imaging of HBM
ROI scan

SOD=19mms
500 nm X-ray spot

4 layers of micro bumps ang
the HBM2 memory.

|i i o - e LA I#—-

Y-V Y XX

XXX X X

20 um

_ 30 pm
i e

g e
[

Connection
to interposer

ke . A RAYN
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Avoid cutting samples? = Laminography

e Y TJI)LITE—LEHEY ZOEs ‘ e

. BB LA 540" DB EE ]|

it RN,
Laminography
geometry

Source

U/ Sample

Detector
angle
(40-60°)

Detector
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Laminography of HBM . ’ B8
T IS e 9 0 9
pumps e 0000000000000 K. NN
1006000000005 -N-N. N
phaddddisides "Y1 ¥
| $880000008000 L R
2800909080986
0000080000000 ?0 v ¢
30 um micro- YXIX1111111% | N ..
00?0
ponte KAN
AL
e ey




ecillum
ntCT: 7 57 > iRk— 27 7— EZRT (Wiirzburg)

ProCon X-ray GmbH [Z & U HR5E &

T — v \ Direct Counting
—. * Sample Manipulator ,\_ Detector
- . Rotation Stage —”

=~

PROCON X-RAY
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Dominik Muller et. al., Crystals 2021, 11, 677
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NAND memory in SanDisk 32 GB micro SDHC UHS-I

Dominik Muller et. al., Crystals 2021, 11, 677
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Multi-Layer Ceramic Capacitors

0402 capacitor, 1000 pF

(400200 pum)

Scan parameters
* Projections: 2800
* Exposuretime:3s
* Scantime: 140 min
Source settings
« Voltage: 80 kV
e Spotsize: 600 nm
* Power:1.76 W
Geometry
¢ SOD:1.255mm
* SDD:467.39 mm
e M:372

Pesr: 537 Nm (2x binning)
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Additive manufacturing

S EimlIHE SN MR

BICKYBESNI-XTL Reconstructed orthogonalslice 3D render of segmented grains
AR

Metal spheres

* Acquired at 80 kV with 1 pm A
Ry a4 X

ARXv 34 L 175
"ot ILHY A4 X600 nm

Samplein front of the source Zoom on sample
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Imaging of pills

Source settings

o 40kV

o 1200 nm spot size

o 127TW

Detector settings

o Binning 2x2

o 750 ms exposure time

Scan parameters

o 1200 projections

o 15 minutes total exposure time
Geometry

o SOD=2.0mm

o SDD =444 mm

o M=222

o Effective pixel size =0.9 um

TREELDOCTA L v >

ecillum

SpectrumLogic

Projectionimage
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SpectrumLogic

Reconstructed slice 3D rendering of reconstructed volume




Source settings

o 40kV

o 700 nm spot size

o 0.49W

Detector settings

o No binning

o 10000 ms exposure time

Scan parameters

o 2800 projections

o 46T minutes total exposure time
Geometry

o SOD=2.0mm

o SDD =444 mm

o M=222

o Effective pixel size =0.45 um

ecillum

SpectrumLogic

Example of projectionimage (Detector cropped in height to limit amount of data)
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Without phase retrieval With phase retrieval
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Toothpick
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Toothpick

Source

50 kv
— 800 nm spot size

Geometry

=49 mm

SOD
SDD
M

455.8 mm

9

=92.

S
=
N~
o

i
I
(V)]

N2 c
o & .9
T 00O
X ()
€2
eam
> = 0
8oV
] o
= C O x
w o Mmm

O
1 N1

[ ]

ime

5hscant



KA (UT58)
~-ROI RF+v >

Toothpick ROl scan
* Source
— 50 kV
— 800 nm spot size
* Geometry 0050000 p o

— SDD =455.8 mm
- M=303.15
— Effective pixel size =0.33 um

* Scan parameters
— 6000 projections
— 3x1s

— 5h scan time
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Contact us for a demo!

71
QL

SELEDbEITEZIE A
(1) B TIEEEY XL, shiho.tanaka@excillum.com
MHATAE L THRZEEY WNV=LET,
(2) BABHEL CZ3LY,
HUTIPEESFEVORBEBLEZEFL SN, AIEZEFELWV:LET,

2D+ / HlIFE MetalJet &1E CT
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Li-lon battery

cathode layer \\\\\\\\\\\\\\\\\

Enabling sub-um analysis
Grain diameter

https://youtu.b
e/9wmO0odGVY
eM



https://youtu.be/9wm0dGVY_eM
https://youtu.be/9wm0dGVY_eM
https://youtu.be/9wm0dGVY_eM

Commercially available

GPU with HBM



https://youtu.be/OT9j3JvEn80?si=0MSejJPhyMm2PqHw
https://youtu.be/OT9j3JvEn80?si=0MSejJPhyMm2PqHw
https://youtu.be/OT9j3JvEn80?si=0MSejJPhyMm2PqHw
https://youtu.be/OT9j3JvEn80?si=0MSejJPhyMm2PqHw
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Thank you for your attention
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Dr. Shiho Tanaka

Scientist - Fluid Mechanics
Business Development Japan
shiho.tanaka@excillum.com

Dr. Till Dreier
Application Scientist
till.dreier@excillum.com
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