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Report:

The experiment aimed at characterizing the chemical distribution of Au and Sn within solder joints that are
used for microdevices packaging. Those microdevices are embedded between 2 silicon layers and must
remain in particular atmosphere, i.e. joints must be designed that ensure the device not to be in the air.
(Au,Sn) solder joints are developed within our lab under different annealing conditions and the question of
the porosity and distribution of the different phases is an important issue. Preliminary absorption tomography
experiments showed rather big pores, within the micron range.

The experiment was based on joints whose size is typically 250x5 micrometer cross-section. In the first part
of the experiment, a sample was brought within the focal plane of the ID22NI nanoprobe and raster scanned
in 2D while measuring fluorescence emission. The beam, mechanics and detection were found to be highly
stable and three meshes could be assembled to form a complete mapping of a cross-section of a joint that had
been sawed before in our lab. For this experiment, the standard mapping setup was used. It took about 4
hours.

The second part of the experiment consisted in switching from the 2D scanning setup to the 3D scanning
setup in order to perform fluorescence tomography. FIB preparation within our lab allowed us to prepare a
sample whose dimensions are compatible with nanofluorescence tomography, i.e. a pyramid of about 20
micrometers in cross-section and 15 micrometers in height. The sample alignment has been performed using
the Frelon CCD placed on-axis and and was rather easy, starting from a low magnification up to the highest
possible in order to progressively refine the alignement of the sample with respect to the axis of rotation.
Then, the sample was brought back into the focal plane to proceed to nanofluorescence tomography, slice by
slice. Given the size of the sample, it took about 30 minutes per slice with 0.1s exposure time per point in
continuous scan. Not even a single crash appeared during the scan that was about 30 hours long in order to
proceed to 3D mesh. The mechanics turn out to be more stable than previous experiments and enough to
perform a good experiment. Detection of Au was has been complicated by the presence of W necessary for
sample fixation as well as Ga coming from FIB. In-depth fitting using PyMCA software allowed to separated
the different contributions of the elements. As fas as Sn was concerned, it was detectable only in the most
concentrated regions given the fact that the L fluroescence Lines of Sn are around 3.5 keV, and the detector
had to be far from the sample to prevent from saturation coming from gold. That’s the complexity of
measuring low fluorescence energy & low concentrated elements in a high Z matrix highly concentrated. The
only solution to overcome this problem is to go to higher energies, which will be reproposed in the next run.



Still, sinograms could be formed that will serve as a basis for reconstruction, not yet performed. The figure
shows the distribution of Au, Ni and Ge in the sample for a
single arbitrarily chosen slice.

The last part of the experiment was to perform a single slice
fluorescence tomography of a complete solder joint, i.e. 250
micrometer in cross-section. Given the size and the self
absorption of Au, the post-processing is challenging and will
require some more time.

To conclude, the experiment was rather successful and will
lead to publication. The setup was well adapted to the users
needs. Technical improvements include the possibility to do
helical nanofluorescence tomography, which requires high
precision vertical motor. For such sample, the helical path
would allow a beamtime gain of the order of a factor 10.
Current ID22NI technical improvements go in that direction.
Detection is always an issue and efforts to improve the
detection efficiency and overall speed must be continued.

This experiment will be continued and new proposal submitted
to go to high energies in order to observe Sn more easily.







