X-ray nano-tomography enables
high-resolution investigations
from micro-bumps to hybrid
bonding in advanced packaging

Dr. Till Dreier
Application Scientist
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Sharper scans - faster ramp up

Improved x-ray inspection to drive development and boost yield
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The source for X-ray
Innovation

Entirely devoted to advanced microfocus and
nanofocus X-ray sources

Based in Stockholm, Sweden
Established 2007

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

Collaborating with leading system integrators
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Our technology and product lines

MetalJet Brightness

World’s brightest microfocus X-ray source
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How to achieve small X-ray spots A

Diffusing
electrons

High precision e-bear

electron focusing optics
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How to achieve small X-ray spots

Diffusing
electrons
in diamond

High precision

electron focusing optics
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How to achieve small X-ray spots ’
-ray

Mainly
anode
producing

X-rays \
High precision e-bea
electron focusing optics
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How to achieve small X-ray spots

Diamond
substrate
as exit
window

High precision

electron focusing optics

X-ray
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High resolution through geometric magnification

High resolution through Inverse square law

geometric magnification M:
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distance (SOD)
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Figure from: J. Hallstedt “Brightness as key performance metric for X-ray tubes and benchtop X-ray sources”, Excillum AB, 2024



Resolution limit: spot size and penumbral blurring

Resolution limit:

Y2 FWHM of x-ray spot P

Assuming a Gaussian-like

spot profile

Figure from: J. Hallstedt “Brightness as key performance metric for X-ray tubes and benchtop X-ray sources”, Excillum AB, 2024
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Penumbral blurring:
X-ray spot is projected
onto the detector,
limiting the
achievable resolution
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150 nm resolution without optics
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X-ray nano-CT

 Use high efficiency detectors
with large pixels

— Industrial FlatPanels with
thick scintillators

— Photon counting detectors

SDQ Detector

 Utilise inverse square law

— Reduction of SOD by 2
increases number of photons
on sample by 4x SRS manipulator
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Nano-CT in advanced packaging
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HBM memory stack
pus on controller die
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Commercially available

GPU with HBM

B e o) Y

S-S S

: o0 240 NP9

- —Ae g 4y W
.....,ww,i

-



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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Nano-CT in advanced packaging

LA R B B B B 5 B N N RN LA A R RN B A L L N

3osoverviewscan T I T T I T T T T T T T

Commercially available
GPU with HBM

2D X-ray overview
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Package Substrate

Figure credit HBM schematics:
https://www.eenewseurope.com/en/closing-the-memory-gap-can-advanced-fab-and-packaging-finally-realize-in-memory-processing
https://www.amd.com/en/technologies/hbm

X-ray image and 3D render: T. Dreier et al., ESREF 2024, Submitted to Microelectronics Reliability.
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https://www.eenewseurope.com/en/closing-the-memory-gap-can-advanced-fab-and-packaging-finally-realize-in-memory-processing/
https://www.amd.com/en/technologies/hbm
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High-bandwidth memory

* Geometry
~ SOD=3.65mm 1
~ SDD =390 mm w<_ 20 pym
~ Peff=700 nm TR 0 micro-bumps

* Scan settings
— Projections: 2600 .
— Rotation: 216 degrees Interposer -#e¥E8
— Exposuretime: 10s bump bonds
— Scantime: 7.2 h

* Source settings
— Voltage: 100 kV
— Spotsize: 600 nm
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High-bandwidth memory i S 93 00 oy Pt O 0 o s e s s e e e ¢

8 layer DRAM stack at sub-micron resolution Y I I I IrIrIrrrrr

Imaging of 5 um TSVs
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Uniform resolution in all directions

Capture >1000 individual bump bonds and
voids!

20 pm
bump bonds

100 ym
bump bonds
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L T. Dreier et al., ESREF 2024, submitted to Microelectronics Reliability.
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High-bandwidth memory
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Hybrid bonding

Silicon die
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Silicon die

Direct Cu-Cu bonding of 2 Silicon dies

Image credit: https://www.servethehome.com/amd-milan-x-delivers-amd-epyc-caches-to-the-gb-era/amd-epyc-7003x-milan-x-hybrid-bonding/
and: https://www.yolegroup.com/strategy-insights/innovation-beyond-moores-law-advanced-packaging-explores-new-frontiers/



https://www.servethehome.com/amd-milan-x-delivers-amd-epyc-caches-to-the-gb-era/amd-epyc-7003x-milan-x-hybrid-bonding/
https://www.yolegroup.com/strategy-insights/innovation-beyond-moores-law-advanced-packaging-explores-new-frontiers/
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Hybrid bonding

2D projection image

Silicon
* Geometry e
- S0D=229mm
— SDD =490 mm
et e el g, Wi o, i ol e N —
- peff:350 nm

* Scan settings
— Projections: 2160
— Rotation: 216 degrees
— Exposure time: 10 s
— Scantime:6h
* Source settings
— Voltage: 80 kV
— Spotsize: 500 nm

Hybrid bonds
Cut sample ¢
~2 mm diameter

80 um bump
bonds

AMD Ryzen 7 5800X3D
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Hybrid bonding

Hybrid bonds

80 um bump
bonds
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Hybrid bonding

Hybrid bonds

80 um bump
bonds
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Hybrid bonding

TT- : - A..,, .,.. - { _-..-} e _.‘ - '{Ii - ,- —T- -r

B g v g g ﬂu%u'r‘r'-‘-ﬂcf o ekl e PR gy T g g R ,_c.'.‘_;,"p-;_'_ﬁ. FRSE I e e R

Excillum Confidential



. ecillum
Conclusions

Intel EMIB scanned using a Waygate Nanomex

\.l

'@‘ High resolution X-ray CT without optics

Image copyright : T. Dreier et al., ISTFA 2024, San Diego, USA © ASM
International

Imaging of micro-bumps and hybrid bonding ‘

Intel EMIB scanned using a NanoTube-based system

Package level failure analysis enabled by X-ray CT

Image copyright : T. Dreier et al., ISTFA 2024, San Diego, USA © ASM
International
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The source for ==
X-ray innovation =

Dr. Shiho Tanaka
Business Development Japan
shiho.tanaka@excillum.com

Dr. Till Dreier
Application Scientist
till.dreier@excillum.com
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NanoTube N3 DENT-LEE

Spot drift over 8 hours
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AT T UANRNMROBFEBEXRE !

Long lifetime and minimal maintenance
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Xray micrograph of one of the reconstructed layers

all layers. This illustrates a 2D representation of one
XRM2018 M. Sutherland (DMEA) et layer
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