






























accelerometers were attached to the test boards in the positions shown in Figure 13. The 
registered responses for the board with EPO-TEK 930 applied beneath the components are 
given in Figures 14 and 15. The responses were very similar for the board with CV-2946 as 
staking compound and for the reference board. 

  

Figure 13. View of test board mounted on the vibration exciter with the four product 
response accelerometers attached to the test board 
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Figure 14. Acceleration spectral density recorded during the random vibration test in the x-
direction (upper diagram) and in the z-direction (lower diagram) for the board 
with EPO-TEK 930 applied beneath the components 
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Figure 15. Acceleration recorded during the sine vibration test in the x-direction (upper 
diagram) and in the z-direction (lower diagram) for the board with EPO-TEK 930 
applied beneath the components 
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4.2 Results 

Appearance of Solder Joints 

 
The solder joints formed to the QFPs had a smooth shiny surface (Fig. 16). After the 
reliability verification test, the surface had become quite gritty on all tested boards (Fig. 17). 

  
Figure 16. Appearance of as received solder joints before thermal cycling (left), and an SEM 

photograph of a microsectioned solder joint (right) 

Figure 17. Appearance of solder joints after environmental reliability testing (left), and an 
SEM photograph of a microsectioned solder joint (right) 

Due to the poor planarity of the leads to the components, the geometry of the solder fillets 
formed varied considerably. Most notably, there was a large variation in lead stand-off. Figure 18 
shows the extremes, from almost zero up to about 150 µm (the thickness of the lead). Some 
lead overhang was also observed for a few joints (Fig. 19). 
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Figure 18. Variation in lead stand-off 

  

Figure 19. Maximum lead overhang observed (left). In this case, leads close to the lead with 
overhang were perfectly centred (right) 

Integrity of Adhesive Fillets 
 

Both EPO-TEK 930 and CV-2946 still had good contact to component and board surfaces 
after the reliability testing, indicating good adhesion of these materials. However, moulding in 
epoxy with a fluorescent agent revealed small cracks in the EPO-TEK 930 material after the 
reliability test. The cracks were observed at the periphery of the adhesive fillet, extending 
about 1 mm inward (Fig. 9 and Fig.20). No cracks could be found in the CV-2946 material 
after testing. 
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Figure 20. Microsection showing cracks in the EPO-TEK fillet close to a corner of the 
component formed during reliability testing 

Reliability Verification 

Electrical Continuity Measurements 

Failures were registered for two components during the temperature cycling, one when the 
measurements were started after the vibration test, i.e. after 100 cycles, and one after 688 
cycles. Both components had CV-2946 applied as staking compound. Analysis of the failed 
components showed that in both cases only one solder joint had failed per component and that the 
failures were due to bad soldering (Fig. 21). The joint with registered failure when the 
measurements were started was probably not wetted at all, although there was electrical 
contact before testing. The joint probably failed after the first temperature cycle. For the joint 
failing after 688 cycles, which had been reworked, only the toe of the lead had been wetted by the 
solder. 
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Figure 21. Solder joints with registered opens when the measurements started after 100 cycles 

(left) and after 688 cycles (right). Both components had CV-2946 applied as 
staking compound 

Microsectioning of Solder Joint 

Microsectioning of the solder joints revealed that cracks had started to form at the heel for most of the leads (Figs. 
22 - 27). The cracks, all of about the same size, had foilned both at the corners and at the middle of the sides of 
the components. The occurrences of cracks and their sizes were very similar for the reference components 
without staking compound, compared to the components with EPO-TEK 930 and CV-2946 as staking 
compounds. 
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Figure 22. Microsections of corner solder joints on the reference board without staking 
compound 

  
Figure 23. Microsections of centre solder joints on the reference board without staking 

compound 

  

Figure 24. Microsections of corner solder joints on the board with EPO-TEK 930 as staking 
compound 
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Figure 25. Microsections of centre solder joints on the board with EPO-TEK 930 as staking 
compound 

  

Figure 26. Microsections of corner solder joints on the board with CV-2946 as staking 
compound 

  

Figure 27. Microsections of centre solder joints on the board with CV-2946 930 as staking 
compound 

 



 

A coarsening of the grain structure was observed, especially at the heel of the solder joints 
where the cracks were initiated. The extent of coarsening was very similar on all test boards, i.e. 
it was not affected by the application of either of the two staking compounds (Fig. 28). 

  

Figure 28. SEMphotographs showing coarsening of the grain structure prior to testing (a) 
and after testing for components without staking compound (b) and with EPOTEK 
930 (c) and CV-2946 (d) as staking compounds 

5 Conclusions 
(i) Due to the poor coplanarity and bent leads of the test components, the solder joints to the 

components were far from optimal. Several joints had to be reworked due to open 
solder joints. Furthermore, some solder joints had lead overhang, which is not 
acceptable according to the requirements in specification ESA-PSS-O1-738 [18]. 
Despite these facts, it was considered that the objectives of the investigation could still be 
achieved using the imperfect test vehicles. In fact, it may make the investigation 
more adequate since it represents a worst case. 

(ii) The results clearly show that the use of EPO-TEK 930 and CV-2946 as staking 
compounds beneath ceramic QFPs had no observable effect on the fatigue of the 
solder joints when tested according to ESA-PSS-01-738. The extent of cracking and 
coarsening of grain structure were the same for solder joints to components without 
staking compound as for components with staking compound. The observed failures 
for components with CV-2946 as staking compound can be attributed completely to 
the poor quality of single solder joints to these components. 

22 


















	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	265pages23-lastpage.pdf
	
	
	
	
	
	
	
	




