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Abstract The widespread use of computed
tomography in the electronic field allows for an
extended range of measurements to be carried out.
High integration devices can be tested easily with
pCT, and provide large amount of data to
characterize the technology parameters. This paper
focuses on the inspection of BGA solder ball geometry
and quantification of different properties of the solder
arrays.
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I. INTRODUCTION

CT-based reconstruction methods are used
successfully in many different materials research fields
such as the research of porous polymeric materials
(foams) [1], open celled and closed-cell metallic foams
[2-3]. Recently X-ray computed micro tomography has
been applied on porous fuel cell materials [4] and soil
samples [5]. The history, the production, the geometrical,
mechanical, thermal properties, the dynamical behaviour
and the fatigue processes of hollow spheres were studied
in details [6]. Structural characterisation and morphology
of metal foams were studied with models reconstructed
from CT images [7]. CT and MRI reconstruction methods
were developed in the case of liquid foams [8-9], as well.

With the increasing demand for smart phones and
tablet computers the electronic parts making up these
devices must be of best quality. Large scale integration
with Ball Grid Array (BGA) devices is common in this
segment. Repair of these devices often requires the
rework of the BGA components.

BGA devices are surface mount integrated circuit
packages designed to have large connection density, up to
many hundreds of pins Fig. 1. The connections are
usually of a ball shape solder joints that provide good
high speed electrical properties.
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Fig. 1.: Schematic cross section of a BGA device soldered on to
a printed circuit board.

Reworking is a process of desoldering the Integrated
Circuit (IC) and soldering a new or previously desoldered
IC on the Printed Circuit Board (PCB). Re-soldering
involves the heating of the PCB to the melting point of
the solder, following a thermal profile to achieve a good
solder joint.

Because of the nature of the rework process, it cannot
be fully automated, and must be carried out by skilled
operators. Rework parameters must be followed strictly
in order to produce the same quality soldering on every
device.

The metallurgical processes [10], the materials [11]
and the testing methods [12] of the BGA soldering were
studied earlier.

In this paper smart phone PCBs were reworked and
were scanned using an industrial Micro Computed
Tomography (uCT), then the reconstruction data was
used to extract the geometry of the solder balls. A
software developed in this work was used to analyse the
extracted geometry to provide useful information on the
quality of the solder balls.

II. ANALYSIS METHOD

Rework parameters for the sample smartphone PCBs
were the following: reflow peak temperature was
increased by 30°C above the optimal, reflow peak
temperature was decreased by 10°C below the optimal,
soldering was done without using flux, rework was done
two times on the device.

Scans were carried out with an YXLON Modular CT
system equipped with a 225kV micro focus X-ray tube
and an Y.XRD1620 detector. The tube was operating at
200kV tube voltage and 0.12mA tube current, no filters
were used. The detector was set to a 2x2 binning mode



resulting in a 1024x1024 pixel resolution, the integration
time was set to 1000ms, 1440 projections were taken.

The narrow geometry of the sample PCBs allowed for
a good magnification of the BGA devices, reaching a
voxel resolution of 28.4 um.

Fig. 2.: The inspected PCB (a) with the 2 reworked BGA
devices: one with a low pin-count footprint (b) and one with a
high pin-count footprint (c). uCT based 3D reconstruction of
one of the BGA package (d)

The scan slices were loaded into VGStudio MAX for
surface extraction, no filter was applied to the data.
Automatic surface determination was executed on the
volume. This process sets an iso-value that is used to
distinguish between material and air in the volume. The
automatic surface determination finds the peak of the
material and air components in the histogram, and sets
the iso-value to the mean of these two peaks [13].
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Fig. 3.: Determined surface on a volume slice (a) and the
histogram (b) that shows the air and material components with
the determined iso-value.
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The iso-value is used to determine the iso-surface of
the material, which is a continuous surface that embodies
the material in the volume.

Triangle mesh was extracted from the solder balls iso-
surface. The mesh quality in the software was set to a
predefined setting called “precise”, which sets the point
resampling distance to 0.14 mm and the point reduction
tolerance to 0.07 mm. The point resampling means that
the software samples the iso-surface at the given
distances. Point reduction removes the sampled points if
they are within a given tolerance in order to reduce the
size of the mesh.

The extracted mesh is used by the software we
developed to produce the analysis of the data. The
following properties are calculated for the solder balls:
volume, diameter, sphericity, smallest distance between
the neighbouring balls, projected area.

III.  ANALYSIS RESULTS

Volume calculation of the solder balls were done
according to [14]. For each triangle in the mesh we
connect the triangle vertices to a point, thus creating a
tetrahedron. The point we connect the vertices to is the
center mass of the solder ball, so the aspect-ratio of the
tetrahedron is optimal. This center mass is the origin for
the calculation of the volume. The volume of the mesh
can be calculated from an equation (1).

1
V= Zig(_xigyl'zzu + Xp2Yi3Zin + Xi3Vi1Zip —
Xi1YVizZiz — X2VinZiz + X YVizZi) (1)

Where V is the volume of the triangle mesh, i is the
index of the triangles, x, y and z are the coordinates of the
triangle vertices. The second subscript indicates the
vector of the triangle.

Z

Fig 4.: Calculation of tetrahedron volume form the triangle
mesh. Red lines show the triangle outline, green lines show the
triangle vertices connected to the origin.



The surface calculation of the mesh was done by
calculating the cross product of two vectors of the
triangles. The length of a cross product is the area of the
triangle. The following images show the top view of the
triangle meshes of the solder balls colormapped
according to various properties. The colorbars range from
the lowest to the highest value of the property. The
distributions of the properties are displayed on the
colorbar, mean values are also indicated on the histogram.
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Fig. 5. Analysis result of the solder balls, the coloring of the
footprint shows the calculated volume of the solder balls.
Reference device (a), device with reflow temperature +30°C (b),
device reflow without flux (c), device replaced two times (d).

According to our calculations the values of the ball
volumes range from 0.17mm? to 0.024mm?, Fig. 5. The
reference device has larger mean solder ball volume than
the reworked devices. In Fig.5.d. solder balls having
holes in their centers can be observed. These holes are so
large voids that they are penetrating the top and bottom of
the solder balls.

Sphericity of the solder balls was calculated with the
following equation:

i 2
n3(6V)3
A

S= . 2

Where S is the sphericity, V is the volume and A is the
surface of the triangle mesh.

The shapes of the solder balls are not perfect spheres,
the measured sphericity never reaches 1, as can be seen
on the colorbars. However this property can be used to
comparatively quantify the shapes of the solder balls
within a group of set technological parameters.
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Fig. 6. Analysis result of the solder balls, the coloring of the
footprint shows the calculated sphericity of the solder balls.
Reference device (a), device with reflow temperature +30°C (b),
device reflow without flux (c), device replaced two times (d).

Fig. 6. shows the sphericity of the solder balls. One

can observe the distributions on the colorbar and see that
the reference device has larger deviations in sphericity
than the reworked devices. In Fig. 6.d. the hollow solder
pads show the worst sphericity.
Solder ball diameters were calculated which can be seen
in Fig. 7. The device reflowed at a higher +30°C
temperature shows smaller diameter distribution than the
other devices.
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Fig. 7. Analysis result of the solder balls, the coloring of the
footprint shows the diameter of the solder balls. Reference
device (a), device with reflow temperature +30°C (b), device
reflow without flux (c), device replaced two times (d).



Distances between the neighbouring solder balls were
also calculated, the smallest distances are shown in Fig.
8. The device replaced two times shows signs of greater
neighbouring distance compared to the other devices. The
distribution of the distances shown on the colorbar proves
that the device replaced two times has the smallest
standard deviation, so the patterning of the solder balls is
the most even here.
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Fig. 8. Analysis result of the solder balls, the coloring of the
footprint shows the smalles distance to the neighbouring solder
ball. Reference device (a), device with reflow temperature
+30°C (b), device reflow without flux (c), device replaced two
times (d).
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Projected areas were calculated in the X, Y and Z
directions. Fig. 9. shows the projected areas of the solder
balls in the X direction. The reference device shows that
the solder balls in the middle have smaller area than the
ones on the perimeter. This is caused by the bending of
the device during cooling. The cold soldered device has
multiple coalesced solder balls in groups of 2 and 3, Fig.
9.b. This results in an increased projected area so the
range of the colorbar is expanded more than in the case of
the reference device.
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Fig. 9. Analysis result of the solder balls, the coloring of the
footprint shows the projected area of the solder balls. Reference
device (a), cold soldered device -10°C (b).
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Principal Component Analysis (PCA) [15] was
applied to the solder ball mesh data to calculate the length
of the principal component axes, shown in Fig. 7. The
coalesced solder balls of the cold soldered device have
the greatest principal axis lengths.
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Fig. 10. Analysis result of the solder balls, the coloring of the
Sfootprint show the first principal axis length of the solder balls..
Reference device (a), cold soldered device -10°C (b).

IV. CONCLUSION

In this case study we showed that the computed
tomography reconstruction can provide large amount of
information about the BGA solder properties, even more
information than the conventional X-ray radiography
methods.

Both the quantitative geometric properties (e.g.
volume, diameter, smallest distance) and the shape
properties (e.g. sphericity, projected area, PCA axis
length) allow for a detailed analysis of the solder balls.
These useful information can provide a good analysis of
the rework technology parameters.
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