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Excillum' s microfocus X-ray tube technology
for non-destructive submicron resolution
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Abstract: The number of connection points for packaging of semiconductor devices is increasing rapidly by improving
performances of chips and emerging GPU devices with chiplet packaging. Electric testing is required for the
connection points is needed, but the profile measurement of those is also needed for the development of
production process and the quality control of packaging of electric devices. Observation of the profiles by SEM
and TEM are commonly applied but the strong demand to the X-ray 3DCT measurement with high spatial
resolution exists because of ease for sample preparation. The nano- and micro-focused X-ray tubes with the
highest brightness that Excillum has developed exhibit the maximum spatial resolution of 150nm and 3DCT

measurements are possible.
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Fig.1 Optical Image (a) and X-ray image (b) of HBM
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Fig.2 X-ray generation area by electron
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Table.1 Calculated value for Target materials

(unit : pm)
Eo(kV) | Distance C Cu W

R 25.5 11.0 6.4

70 Xb 15.8 4.0 1.5
=R-Xp 6.4 7.0 38

R 80.2 41.1 24.0

160 Xp 49.6 14.9 5.6
r=R-Xp 30.6 26.2 18.4
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Table 2 Comparison of typical X-ray tubes

NanoFocus wFocus uRAG MetalJet

HV-W 160kV-11W 60kV-30W 60kV-1,200W I 60kV-2,970W 70kV-120W 160kV-1,000W

Focus size $300nm $30um (15° ) $70um (5~6° ) ¢10um (15° ) | ¢30um (15° )
Irradiation Area $300nm 30x120um? 70x700um? | 70x700um? 10x40um? 30x120pm?

Type Transmission Fluid Rotation + Fluid Liquid metal alloy + Jet
Line Velocity = = 63m/s 130m/s 75m/s
Load density | (150MW/mm?) | 8.3kW/mm? 31kW/mm? 67kW/mm? 313kW/mm? ] 278kW/mm?
Limitfactor [TargetThickness| Melting Point | Targetmechanicalstrength Target Boiling Point
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Fig.3 Setup of 3DCT X-ray measurement system
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Fig.4 Section and 3D reconstruction X-ray Images measured using MetalJet X-ray source
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Fig.5 3D reconstruction X-ray Images measured in
100 fps and 100 frames
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Fig.6 X-ray Image of Siemens chart measured by
NanoTube X-ray source
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Fig.7 X-ray Section Image of semiconductor device
package
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C4 Cu bumps

~100 um diameter

Fig.8 3D reconstruction X-ray Section Image of semiconductor device package with HBM
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