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Acoustic Imaging Of Capacitor Cracks Caused By

Singulation
By Tom Adams, consultant, Sonoscan, Inc.

Cracked ceramic chip capacitors were the cause of the field failures that one
U.S. assembler experienced recently. When the field failures were reported,
engineers determined fairly quickly that the system failures were being

caused by cracks in capacitors. But more work was needed to learn the root

cause of the cracks, and to prevent more cracks from occurring.

Internal cracks in ceramic chip capacitors are a difficult problem because
they are sometimes not easy to find during electrical testing. Also, it is hard
to predict when a cracked capacitor will cause a field failure. The crack may

be horizontal, diagonal, or vertical, and it may expand over time. The more



Acoustic Imaging Of Capacitor Cracks Caused By Singulation Page 2

vertical a crack is, the more likely it is to cut through many electrode plates

as it expands.

One of the early steps in the investigation by the assembler was to send
printed circuit boards from systems that had failed in the field to a Sonoscan
applications laboratory for acoustic imaging. Using acoustic microscopes,
laboratory technicians showed that the boards had numerous cracked
capacitors. They also found that the cracks in the capacitors tended to be
vertical rather than horizontal, and that the cracks were usually close to the
termination at the end of the capacitor, and that they were generally parallel

to the termination.

M\ ( )
— NI
| Figure 1
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The laboratory technicians knew from long experience that vertical cracks
near the terminations are often caused when printed circuit boards are
snapped apart (singulated) at the end of assembly. When the boards are
snapped apart, each board 1s bent slightly. The FR4 board is somewhat
flexible, but the ceramic chip capacitor is very rigid, and the capacitor is
strongly soldered to the board. The mechanical stresses from the bending of
the printed circuit board are sometimes relieved by the formation of a crack
in the capacitor | ~]. Such a crack is typically vertical, near a
termination, and does not always reach the surface of the capacitor, so it
cannot be seen optically. Sonoscan’s laboratory reported the images, and the

interpretation of the images, to the manufacturer of the failed systems.

Acoustic microscopes use a scanning ultrasonic transducer that pulses
ultrasound into the target several thousand times a second. The ultrasound is
not reflected by homogeneous materials, but is reflected by the interfaces
between two materials. This is why acoustic microscopes are used to study

internal bonds, as well as internal cracks, voids, and delaminations.

The echoes return to the transducer only a few microseconds after pulsing,
and an echo signal from each x-y coordinate on the target becomes a pixel in
the acoustic image. If the difference in acoustic properties between two
materials at an interface is large, the echo from that interface will have high
amplitude, and the pixel will be bright. The strongest echo signals, and the
brightest pixels, come from the interface between a solid material and a gap
such as a crack. The crack is filled with air or another gas, and the

difference in acoustic properties between a gas and a solid 1s so great that



Acoustic Imaging Of Capacitor Cracks Caused By Singulation Page 4

cracks and other gaps produce the highest-amplitude echoes, and the

bri ghtest pixels.

At this point the manufacturer of the failed systems knew that the failure
were being caused by cracks in the capacitors. They also knew that it was
likely that the cracks were being caused by singulation. But other causes
were also possible. The capacitors might have already been cracked when
the assembler received them from the supplier. Or the cracks might have
occurred during reflow. These two possibilities needed to be ruled out in
order to be sure that the cracks were happening during singulation.
(Cracking of capacitors during reflow has probably become more common
since the introduction of Pb-free solders and the use of higher temperatures
during reflow. The fact that Pb-free solder is more brittle than conventional
SnPb solder rﬁay also make it easier for bending of the FR4 board to cause a

crack.)

First the manufacturer send a quantity of unmounted, loose ceramic
capacitors to the Sonoscan laboratory for acoustic imaging. Dozens or even
hundreds of loose capacitors can be arranged on a tray and scanned
simultaneously by an acoustic microscope. The acoustic images showed that

the as-received capacitors contained no cracks.

Next, it was necessary to make sure that the cracks were not taking place
during reflow. To do this, the capacitors that had already been imaged
acoustically, and that were known to have no internal cracks, were surface-

mounted and put through reflow. After reflow, the panels were not snapped
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apart into individual boards. Instead, the intact panels were sent to the
laboratory, where acoustic imaging showed that the capacitors had no
internal cracks. Now the manufacturer knew that the cracks were not

happening during reflow.

Figure 2

As a final step, the panels were then snapped apart, using exactly the same
method that had been used to separate the boards that had failed in the field.
The singulated boards were then sent to the laboratory for acoustic imaging.
The acoustic microscope revealed that many of the ceramic chip capacitors
now had internal cracks, that the cracks were nearly all vertical, and that the
cracks were near the capacitor terminations and parallel to the terminations
[ ]. It was now clear that the cracks, and the field failures, were
being caused by the singulation process. The manufacturer changed the
singulation process in order to reduce the mechanical stress on the boards,
and the root cause of the field failures was eliminated. Acoustic imaging of
boards assembled after the modification of the singulation process revealed

no cracks in the capacitors.
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The field failures that led to the investigation occurred over a period of time.
This is typical of failure caused by cracked capacitors. The crack in a single
capacitor might originally run across only a few of the electrode plates in the
capacitor, and might only lower the capacitance slightly. Functional testing

at the end of assembly probably would not identify this problem, although it

might find capacitors that have more extensive cracks.

But as the system experiences normal use, thermal cycling may cause the
crack to expand. Since the crack has a vertical orientation, it will cut across
more electrode plates and lower the capacitance even more. Eventually the

capacitance becomes so low that a field failure occurs.

Sonoscan’s laboratories have encountered numerous similar cases of
capacitor cracking. The details change slightly from one manufacturer to
another - the location of the cracks might be a little different, or the number
of defects found by functional testing might be higher - but all of the cases
were remedied by using acoustic microscopes to find the root cause of the

cracking.

In some instances, the capacitor cracks are not caused by singulation of the
printed circuit boards or by other assembly processes. Instead, the cracks
are already in the capacitors when the assembler takes delivery of a lot of
capacitors from his supplier. The root cause of the cracks in this case is a
process during the manufacture of the capacitor — something that is beyond

the control of the assembler.
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But the assembler can protect himself against the cracks in incoming lots of
capacitors by using an acoustic microscope to screen the parts when they
arrive at his plant. Some assemblers use acoustic screening as a requirement
for accepting the lot of capacitors from the supplier. Typically the assembler
scans a percentage of the capacitors in an incoming lot and bases his
acceptance on the results. In other cases, and especially where the reliability
requirements are high, the assembler may scan 100% of the incoming

capacitors.

|
L , [

Figure 3 is the acoustic image of a portion of one tray of ceramic chip
capacitors that were scanned to qualify an incoming lot. One of the
capacitors has a large crack (bright white area); this crack is near the end of

the capacitor and probably has a vertical orientation. If this crack were not
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discovered in the incoming lot, it could easily be diagnosed later as a crack
that had been caused by singulation of the printed circuit boards.
Hith

Text 1347 words. 8.29.06

Figure captions for Acoustic Imaging Of Capacitor Cracks Caused By

Singulation:

Figure 1 Flexing of the FR4 board during singulation puts
mechanical stress (arrows) on the surface-mounted ceramic chip capacitor.
If the stress is large enough, the result may be a vertical crack in the

capacitor (top).

Figure 2 Acoustic image from Sonoscan applications laboratory
shows a vertical crack parallel to the termination — typical of cracks that may
occur when boards are snapped apart during singulation. The crack is bright

white because it reflects virtually all of the ultrasound.

Figure 3 Part of a tray of ceramic chip capacitors imaged
acoustically before assembly to qualify the lot of capacitors delivered by the
supplier. One capacitor has a large internal crack (arrow). A few other

capacitors have small internal voids (small circular white features).

it
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Contact information:

Sdnoscan, Inc.

2149 E. Pratt Blvd.

Elk Grove Village IL USA 60007
Phone: 847 437-6400

Fax: 847 437-1550

E-mail: info@sonoscan.com
Website: 1~ r
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