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Shock Testing Flip-Chip Interconnects: Increasingly sophisticated electronic systems are being more widely deployed in harsh, real-world applications such as automotive, avionics, industrial production and others. That means thermal/mechanical issues like heat, vibration and shock are more critical because of their potential reliability impacts. But existing shock/vibration test methods and equipment are falling short because they were designed for less complex electronic systems. At ECTC, TU Dresden researchers will describe better ways to simulate and perform shock testing under real-world conditions. They will unveil a new test vehicle for shock and other mechanical loads, which can test multiple components simultaneously. In the initial design, their test board consisted of nine flip-chips (2.9 x 4.9mm²) mounted in a 3x3 matrix configuration. They were tested until failure under shock loads of 130g amplitude/2ms pulse width, and at -40°C, room temperature, and 125°C.  Failure analysis after the tests showed crack initiation, propagation and even some complete cracks near the solder joints on both the flip-chip and board sides of the joints. The researchers say these results will serve as a basis for better shock profiles, measurement practices and fixture methods for future testing, and for testing with a mixture of loads as well.

The images above show:
· At left (a) is the newly developed test board; (b) is the flip-chip array; and (c) is the flip-chip test component.
· At right are cross-sectional photos of the various damage states seen in the solder joints.

(Paper 18.7, “Isothermal Shock Testing on Flip-Chip Interconnects,” M. Häusler et al, TU Dresden)
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Figure 1 a) new developed test board b) flip-chip array; c) flip-
chip test component

temperature loading, a solder stop layer using Peter’s “SD
2463 Flex-HF” of 10 um layer thickness was applied on both
sides The test boards had low measured natural frequencies
in the range of 160 Hz +4 Hz. In total 7 test relevant boards
have been manufactured of which 3 were additionally
underfilled with Loctite’s “ECCOBOND E1172A”. R20,
R21 and R22 had strain gauges attached to their backside as
shown in Table 1. While R20 was used for monitoring of
strain during shock testing, the 2 remaining boards were only
used for determining initial shock strain at -40 °C and
+125 °C.
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‘The strain gauges were attached using Vishay s “M-Bond
600" adhesive which is suitable for long term applications in
the temperature range of -269°C to +260°C. Strain
measurements were performed using a quarter bridge
configuration. As a measurement system the “DAQM909A”
digitizer module and a “DAQ9T0A” datalogger mainframe
from Keysight was used. Shock testing was done at 3
temperatures: -40 °C, 23 °C and 125 °C by using HBK's
Shaker “V780” and CTS s climate chamber “TV-70_100-5".
Therefore, temperature induced warpage and tension had to
be expected. A new mounting method was used to reduce
these effects. First, the test boards were loosely screwed onto
the shaker armature at room temperature so that free
movement in the screw holes was possible. Then, chamber
temperature was set to test temperature. When temperatures
were settled and test board temperature was assumed to be at
desired temperature the chamber was opened quickly and the
screws were fixed to the desired torque of 1.6 Nm. A short
period of time of about 10 min was then allowed for the
temperature to settle again. Natural frequency tests were done
using both fixture methods to compare both with each other.
‘The results are shown in Figure 2.
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Figure 2: comparison of fixture methods using measured natural
frequencies

The graph shows the effecis of the adjusted mounting
method where the graph follows the expected trend of

decreasing natural frequency with increasing temperature due
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increasing temperature. The main reason behind this should gathered across all solder joints which were sorted into N
be the plastic deformation rate which increases with 5 categories: no crack, micro crack (<5 pm), medium crack
temperature. Beginning at homologous temperatures in a (>5 pm to half way through — 135 pm), long crack (>135 pm)
range of 0.3 to 0.4 metals will begin showing high and full crack as shown in Figure 8.

temperature plasticity behavior. Even at -40 °C a homologous
temperature of 0.48 is reached which increases to 0.6 at room 7 o
temperature (23 °C) and to 0.81 at 125 °C. This expresses the
rapid increase of material fatigue. Underfill shows a positive
influence on component reliability as expected. Although
there are some further considerations to be made about the
used test vehicles with underfilled components as they are not
completely underfilled due to the narrow placement on the
test specimen. This is shown as an example for R17 in an
image gathered by supersonic microscopy (Figure 7), where
some FC are only partly underfilled and the center FC is not
underfilled at all. This being said, the supporting effect of the
underfill only applies to certain solder joints at some
components. This issue will be addressed in future designs.

Figure 8: damage states identified in cross sectioning

With these categories the heat map (Figure 9) has been
made. Clearly visible at a first glance is the difference of
underfilled and non-underfilled areas in the lower section of
the heat map. The results correlate very well with the
information ~gathered by ultra-sonic microscopy on
underfilled areas. Overall, mostly solder joints on FC corners
seem to have advanced damage state compared to inner or
edge joints, a commonly well-known behavior. The most -





