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Infographics from www.battery-news.de 
Articles: www.batterytechonline.com, www.lemonde.fr, www.evmarketreports.com, www.autonews.com, 

www.theverge.com, www.bloomberg.com,  www.npr.org , www.reuters.com 

Battery inspection

http://www.battery-news.de/
http://www.batterytechonline.com/
http://www.lemonde.fr/
http://www.evmarketreports.com/
http://www.autonews.com/
http://www.theverge.com/
http://www.bloomberg.com/
http://www.npr.org/
http://www.reuters.com/


Articles: doi.org/10.1080/15583724.2015.1031378, doi.org/10.1039/C7GC01328K, doi.org/10.1117/12.2646156, doi.org/10.1038/s41467-019-13943-3, doi.org/10.1038/s41467-020-15811-x

Battery research

https://doi.org/10.1080/15583724.2015.1031378
https://doi.org/10.1039/C7GC01328K
https://doi.org/10.1117/12.2646156
https://doi.org/10.1038/s41467-019-13943-3
https://doi.org/10.1038/s41467-020-15811-x


Video available 
at:
https://www.y
outube.com/w
atch?v=pagg9o
xkzsU

https://www.youtube.com/watch?v=pagg9oxkzsU
https://www.youtube.com/watch?v=pagg9oxkzsU
https://www.youtube.com/watch?v=pagg9oxkzsU
https://www.youtube.com/watch?v=pagg9oxkzsU


Entirely devoted to advanced microfocus and 
nanofocus X-ray sources

… (and some pure e-beam sources)

Based in Stockholm, Sweden

Established 2007

80+ colleagues
>40 in R&D
>10 nationalities

The source for X-ray
innovation



Our technology and product lines

MetalJet
World’s brightest microfocus X-ray source

Liquid metal-jet anode
technology
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NanoTube
World’s smallest X-ray nanospot

Advanced electron beam
technology
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• A bright source! • A fast and efficient detector!
− >1000 fps
− Low noise, efficient detection

Requirements for high-speed CT 

MetalJet 
E1+ 160 kV



Battery inspection

• High-speed scans for inline inspection
− Scan times of 1s or less

• Detection of
− Anode/cathode overhang
− Particle detection
− Etc …

3D render of the edge of a phone battery scanned in 1s.
3D render of the edge of a phone battery with a 
reconstructed slice and anode/cathode overhang marked

Microscopy image of anode/cathode layers inside a battery.
Image copyright – Tech Insights: https://www.techinsights.com

3D render of the edge of a prismatic EV battery scanned in 1s.

https://www.techinsights.com/


Prismatic battery cells

• 1s CT scan:
− 1000 projections 
− 1 ms exposure

• Source: MetalJet E1+
− 160 kV
− 30 µm spot size
− 700 W emission power

2D Projections 
(1ms exposure)

Anode/Cathode 
layers visible

Reconstructed 
slice

Thick slice
(averaged)

Data acquired with a Dectris Eiger 1M



21700 battery cells

• Spinning the battery at 
1080 deg/s
− Limit of the stage

• Acquisition at 1000 fps
• Reconstructed from 200 

frames with 2x binning 
and median filtering

• 30 um voxel size

Reconstructed slice of a 200 ms CT scan.
A 21700 cell spinning at 1080 
deg/s.



4680 battery cells

Battery image from: https://www.notebookcheck.net/Samsung-developing-higher-capacity-4680-style-batteries-than-the-ones-it-prepares-for-Tesla.634548.0.html 

Assumptions based on: 
https://insideevs.com/news/598656/tesla-4680-battery-cell-specs/#:~:text=4680%2Dtype%20cylindrical%20lithium%2Dion,silicon)%2C%20dry%20battery%20electrode%20technology
https://researchinterfaces.com/know-next-generation-nmc-811-cathode/
https://eepower.com/new-industry-products/teslas-4680-a-cobalt-free-silicon-battery-solution/# 

• Model of the cell:
82 cathode layers:

85 µm active layer -> 80% Ni + 10 % Co + 10 % Mn
10 µm core -> Al
-> Total: 5780 µm Ni + 697 µm Co + 697 µm Mn + 820 µm Al 

82 anode layers:
assuming same thickness -> Si + Graphite (~90%)
10 µm core -> Cu
-> Total: 6274 µm C + 697 µm Si + 820 µm Cu

Housing:
500 - 600 µm Steel
-> Total: 1000 µm Fe

Other:
Assuming some Li
-> Total: 500 µm Li

Contrast differences (attenuated 

vs attenuated + particle, excl. detector):
'10um': 0.021 %
'20um': 0.042 %
'50um': 0.106 %

'100um': 0.212 %
'250um': 0.530 %

Detecting Aluminium 
particles

https://www.notebookcheck.net/Samsung-developing-higher-capacity-4680-style-batteries-than-the-ones-it-prepares-for-Tesla.634548.0.html
https://insideevs.com/news/598656/tesla-4680-battery-cell-specs/
https://researchinterfaces.com/know-next-generation-nmc-811-cathode/
https://eepower.com/new-industry-products/teslas-4680-a-cobalt-free-silicon-battery-solution/


• Size
− 512 x 2048 or larger
− Industry wants 2k x 2k or larger

• Frame rate
− > 1000 fps
− Stable fps

• Energy efficiency
− High efficiency up to ~240 keV
− Charge sharing correction
− Stable CdTe

• Price

• No gaps
− No or minimal gaps between modules
− Not more than 4 – 8 pixels

• Thresholds
− As many energy thresholds as possible

Detector wishlist



Nano-tomography



Battery cathode nano-CT

Sample glued to the tip of a needle.

NanoTube N3
160 kV

Sample Stages:
x,y,z, rotation, fx, fz

Detector stages:
x, y, z

•

2 mm 
carbon 
fibre tube



Battery cathode nano-CT

• 80 kV, 500 nm spot size, 1.8 W on target
• 5 seconds x 6000 projections = 8.33 hours scan time
• Source-Sample ~= 1.6 mm. 
• Source-Detector = 341 mm
• M = 213
• Effective pixel size = 350 nm

Electron-Microscopy image of an Aluminium cathode with 2 active layers.
Image copyright – Tech Insights: https://www.techinsights.com

10µm Al 
cathode

LiCoO2 
Cathode
(100 µm per 
side)

•

https://www.techinsights.com/


Video available 
at:
https://youtu.b
e/9wm0dGVY_
eM

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


Thank you for your attention!
till.dreier@excillum.com 
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