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4.2  ACRYLIC COATINGS

A summary of performance of the four acrylic conformal coatings is given in Table 4.
All coatings developed shorts/intermittents and edge whiskers during testing. Typical
edge whiskers are shown in Figure 13. Two materials exhibited whiskers erupting
through coating. Typical erupting whiskers can be seen in Figure 14 to Figure 20.

Table 4: Summary of acrylic coating performance

Al A2 A3 Ad
Whiskers In Intermittent Intermittent Yes Yes
Shorts

Whiskers Out Intermittent No Yes Yes
Shorts

Whiskers In/Out Intermittent No Intermittent Intermittent
Shorts

Edge Whiskers Yes Yes Yes Yes
Erupting

Whiskers Yes Mo e o

Figure 13: Typical edge whiskers on acrylic coating (both plates coated)
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{2500: PP157C, SEI, 10.00kY

Figure 14: Typical erupting whisker (~150 wm in length) on acrylic sample.

57C, SEI, 10.00KkY

Figure 15: Typical erupting whisker (~200 pm in length) on acrylic sample.
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PP157C, SEI,10.00  —

Figure 16: Typical erupting whisker (~250 wm in length) on acrylic sample.

PP157C, SEI, 10,00

Figure 17: Root of erupting whisker shown above
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PP157C, SEI, 10.00 ]  — L

Figure 18: Typical erupting whisker (~300 wm in length) on acrylic sample.

Figure 19: Root of erupting whisker shown above
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PP12C, SEI, 10.00K 167, 5.89

Figure 20: Typical emerging whisker (~20pm in length) on acrylic sample
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4.3 POLYURETHANE COATINGS

A summary of performance of the five different polyurethane conformal coatings is
given in Table 5. Three of the five materials exhibited edge whiskers, whilst all
polyurethane materials developed shorts or intermittents during testing. Typical edge
whiskers are shown in Figure 21. No erupting whiskers were noted on polyurethane
samples. With the data in Figures 10 and 11 it is not possible to draw conclusion on
whether the different hardnesses of the P4/5/6 coatings had a significant effect.

Table S: Summary of polyurethane coating performance

P1 P2 P3 P4/5/6 P7
Whiskers In Intermittent Yes Yes Intermittent Intermittent
Shorts
Whiskers Out Yes Yes Yes Yes No
Shorts
Whiskers I/O No Intermittent | Intermittent Intermittent No
Shorts
Edge Whiskers No Yes Yes Yes No
Erupting
Whiskers No No No No No

Figure 21: Typical edge whisker on polyurethane coating (both plates coated).

20




NPL Report MAT 36

44  SILICONE COATINGS

A summary of performance of the seven different silicone conformal coatings is given
in Table 6. All silicone coating materials examined exhibited edge whiskers, and all
materials developed shorts or intermittents during testing. Typical edge whiskers are
shown in Figure 22. No erupting whiskers were noted during visual inspection of the
silicone samples. It should be noted that samples S6 and S7 were only coated on one
side of the plate. This necessitated the assembly of the samples has flat sheets, and
therefore inspection of the coated surface was note possible.

During SEM inspection, erupting whiskers were noted from a damaged or incomplete
area of coating, as shown in Figure 23. In other areas, a number of whiskers had
deformed the coating without penetrating through it (tented whiskers). Examples of
these can be seen in Figure 24 and Figure 25. On whisker-in samples, a number of
surface dimples were seen and in several cases, there were indications of penetrating
whiskers deforming the silicone coating away from the whisker. Examples of this are
shown in Figure 26 and Figure 27.

Table 6: Summary of silicone coating performance

S1 S2 S3 S4 S5 S6 S7
Whiskers Intermittent | Intermittent No Intermittent | Intermittent Yes Yes
In Shorts
Whiskers
Out Intermittent No No Intermittent No Yes Yes
Shorts
Whiskers
in/out Intermittent No Intermittent | Intermittent | Intermittent | Intermittent | No
shorts
Edge Yes Yes Yes Yes Yes Yes Yes
Whiskers
EWhm?JEéi No No No No No N/A N/A

Figure 22: Typical edge whiskers on silicone coating (both plates coated)
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10:, SEI 20.00kY, 1100 Irnrn, 6.00 P——0um

Figure 23: Erupting whisker from damaged area of silicone coating

Irnm, 6.00 [ ——E

Figure 24: Tented whisker on silicone coating

22



NPL Report MAT 36

):, SEI, 20.00KkY, 0, 6.00 ———10um

Figure 25: Tented whisker on silicone coating

Figure 26: Penetrating whisker on silicone coating
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S8mm, 6.00

Figure 27: Penetrating whisker on silicone coating
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4.5 URETHANE ACRYLATE COATINGS

A summary of performance of two different urethane acrylate conformal coatings is
given in Table 7. Both materials examined exhibited edge whiskers, and developed
shorts or intermittents during testing. Typical edge whiskers are shown in Figure 28. No
erupting whiskers were noted on urethane acrylate samples. No erupting whiskers were
noted during visual inspection.

During SEM inspection, an erupting whisker was noted as shown in Figure 29. On the

edge of one sample, a whisker was noted that appeared to penetrate under a coating,
emerging back through the coating a short distance later. This is shown in Figure 30.

Table 7: Summary of urethane acrylate coating performance

Ul U2
Whiskers In Shorts Intermittent Yes
Whiskers Out Shorts Yes Yes
Whiskers In/Out Shorts Intermittent Yes
Edge Whiskers Yes Yes
Erupting Whiskers No No

Figure 28: Typical edge whisker on urethane acrylate coating (both plates coated)
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Ornrn, 6.00

Figure 30: Possible penetrating and emerging whisker on urethane acrylate sample
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5 CONCLUSIONS

The technique devised using interdigitated electroplated discs has been proven to
successfully determine the relative ability of conformal coatings to mitigate against Sn
whisker growth. All the control samples without conformal coatings developed
whiskers of sufficient length (>250 um) to cause electrical shorts between two adjacent
isolated plates. The electrical monitoring system was able to detect these shorts and the
current in the detection circuit was restricted to a level sufficient to prevent destruction
of the whiskers. The control samples all exhibited electrical shorts within 14 days, some
within as few as 3 days, allowing for a relatively rapid i.e. 150 day evaluation of the Sn
whisker mitigation benefits of conformal coatings. Longer term testing would be
required to ensure the coated samples remained whisker free.

All four types of coatings tested, acrylics, polyurethanes, silicones and urethane
acrylates, have been shown to suppress the formation of whiskers where coating quality
was good, compared to uncoated samples, in up to 150 days of testing. Visual
inspection of the external plates of the samples indicated that only 2 coatings of 18
tested showed whiskers erupting through the coating. Both coatings with erupting
whiskers were acrylic coatings. Subsequent SEM examination of electrically failed
samples also found an erupting whisker on a urethane acrylate coating and on a
damaged silicone coating.

Whiskers penetrating out from under coatings were found extensively in areas where
the coating was thinner, or there were other coverage issues. All the coatings evaluated
except two of the polyurethane coatings exhibited whisker growth from under coated
plates in the region of the plate edges. Coating coverage was an issue with a majority of
coatings evaluated. From this work no conclusions can be drawn as to whether hardness
has an effect on mitigation with polyurethane coatings.

Where both plates of the samples were coated, five of the coatings evaluated did not

exhibit electrical shorts at any time during the 150 days of testing. These were one
acrylic, two polyurethane and two silicone coatings.
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