






















































































































(a) 

(b) 

Figure 2: Specimen 

1 - (a) Photograph of top side; (b) Photograph of solder side; (c) and (d) the electrical 
circuit for conventionally manually soldered double-sided pcbs 
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(a) 

(b) 

Figure 3: Specimen 2 - (a) Photograph of assembled mlb supporting chip carriers and 
chip capacitors; (b) electrical monitoring circuit  
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Figure 4: Close-up view of enamel wires used to maintain a constant stand-off height of 
0.3 mm. Photograph of Specimen 2 shows the solder joint castellations 
immediately after vapour-phase soldering and cleaning 
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Figure 5: Appearance of (a) epoxy and (b) 
polyimide pcb comb patterens  
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Figure 6: Conathane EN I 1 - Coating removed by tip of soldering iron at 300°C. A 
disagreeable odour was continually released as the coating became soft. It was 
possible, albeit with some difficulty, to remove small chips of coating with an orange 
stick (wooden probe). Adjacent coating was partially lifted 

 

Figure 7: Solithane 113 - Hot air was needed to heat coating locally to about 100°C and 
it was then possible to prise of the coating with an orange stick 
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Figure 8: Uralane 5750 LV - Local hot-air heating was required to heat the coating to 
100°C. this coating was difficult to remove 

  

Figure 9: CV 1144-0 - Coating was easy to remove with the aid of an orange stick at 
ambient temperature. There was minimal lifting of adjacent coating
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Figure 10: Mapsil 213 - The coating was easily removed with the aid of an orange stick 
at ambient temperature. Care had to be taken to avoid lifting adjacent coating (worst 
case visible in photograph) 

Figure 11: Sylgard 184 - Coating was quite easy to remove at room temperature with 
the aid of an orange stick, but lifting of adjacent area of coating was difficult to avoid 
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Figure 12: Scotchcast 280 - A soldering iron tip at 300°C was required to heat and 
slightly soften this coating. It was then possible to remove very small pieces with an orange 
stick. The coating hardened rapidly and application of heat caused the release of an 
unpleasant odour 
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Figure 13: Illustrations of method for removing leadless chip carriers from pcb 68 
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Figure 14: Conathane EN 11 - Coating was melted with a soldering iron at 300°C. 
Unpleasant odour was released. The coating was difficult to remove with the aid of an 
orange stick. Lifting and removing a chip carrier required nine seconds 

  

Figure 15: Solithane 113 - Hot air at 100°C was needed to soften the coating, which was 
then peeled off with an orange stick. Lifting and removal of a chip carrier required 
six seconds 
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Figure 16: Uralane 5750 LV - The coating is quite hard even when heated to 100°C 
with hot air. Removal of a chip carrier required seven seconds 

 

Figure 17: CV 1144-0 - The coating was quite easy to remove at ambient 
temperature. Removal of a chip carrier required five to six seconds 
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Figure 18: Mapsil 213 - The coating was easily removed at ambient temperature. 
Removal of a chip carrier required five to six seconds 

  

Figure 19: Sylgard 184 - Clean removal of all coating at room temperature was a little 
more difficult. Removal of a chip carrier required five to six seconds 
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Figure 20: Scotchcast 280 - Only with a soldering iron at 300°C was it possible to 
remove this coating. Complete removal of material from the pcb was very difficult. 
Removal of a chip carrier required nine seconds 
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Figure 21: Orange-peel appearance and wide-mouthed cracking after 1000 thermal 
cycles (Transistor, Solithane 113) 



 

  

Figure 22: Top view of wedge-wedge bonded 38µm diameter aluminium wire after 
800 thermal cycles. The original form of the wire was a symmetrical loop. Thermal 
mismatch has produced twists and kinks in the wire that are typical of all wires 
encapsulated in Solithane, Conathane or Scotchcast. The wire fracture surfaces 
(arrowed) on this Solithane sample exhibit necking and a reduced wire cross-sectional 
area of approx. 50% 

figures 

 
 
 
 



 con
formal coatings for future spacecraft 

 

Figure 23: Microsection of a typical glass-bodied diode, confirming that the thick 
conformal coating had encased the lower part of this component and its leads. The stand-
off height, e, is 0.9mm. After 1000 thermal cycles, the large cyclic strains produced 
by the expanding and contracting coating have cracked the plated through hole soldered 
joint and wedged up the component to reduce the height of the stud connection leads 
on the underside of this pcb 
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Figure 24: Optical (left-hand side) and SEM images of extensively damaged solder 
joint. The ratcheting effect of the coating during each thermal cycle has pulled the lead 
towards the component side of the board. Sample is Diode CR3, coated with 
Scotchcast, after 1000 thermal cycles. Electrical continuity is maintained within the 
plated through hole 
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Figure 25: SEM views of stud-leaded Transistor Q2 coated with Uralane following 
1000 thermal cycles (J lead) 

 



  

Figure 26: Optical (left-hand side) and SEM views of microsectioned Transistor Q2 lead 
J shown in Figure 25. Crack propagati on has not entered the plated through hole region and 
is confined to the stud fillet. Cracking is not present at the transistor side of the joint or 

in the vicinity of the entrapped gas pocket. 



 79 

conformal coatings for future spacecraft 

  

  

Figure 27: SEM views of stud-leaded Transistor Q2 coated with Uralane following 
1000 thermal cycles (L lead). This is the same component as that shown in Figure 25. 
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Figure 28: Optical (left-hand side) and SEM views of microsectioned Transistor Q2 lead L 
shown in Figure 27. Cracks have propagated completely through this solder joint to 
produce an electrical open circuit after 600 thermal cycles (micrograph made after 1000 
cycles) 
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Figure 29: SEM views of lead on Resistor R4, coated with CV 1144, after 1000 
thermal cycles. Very little surface movement has occurred 



figures 

Figure 30: Leadless chip carrier coated with Scotchcast, device Z 5 (see Fig. 3 for 
location on polyimide pcb) after 1000 thermal cycles. 
Overall view (a) shows some detachment of Scotchcast from upper side face of 
ceramic package and some delamination from pcb surface (arrows). The castellations 2 
and 3 are detailed at x40 magnification (b and c) but, even with the best inspection 
optics, the fillets of these soldered joints cannot be seen to contain cracks which 
account for the electrical open circuits  
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Figure 31: Optical micrographs made parallel to a row of solder joint castillations 
(shown as section XX in Figure 30). Scotchcast after 1000 cycles. All castellations 
contain cracked soldered joints  
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< --- Crack location is at level of 
metallised base of the castellation 

(c) x 130 
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(a) General transverse view through cracked joint, also showing physical construction of 
the multilayer polyimide board with copper-coated molybdenum inner layer. The 
Scotchcast surrounds the package (arrows) and fills the stand-off volume (x 32) 

(b) Detail of the irregular crack path. Zones of maximum shear strain have an 

enlarged tin-lead grain structure. This is castellation No. 3 (x64) 
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(c) Similar picture of the irregular crack path. Zones of maximum shear strain have an 
enlarged tin-lead grain structure. This is castellation No. 3 (X64) 

Figure 32: Microsection made progressively across the solder fillets shown in Figure 30 
(section YY). Every joint was electrically open circuit, but because these defects do not 
emerge as wide-mouthed cracks they are not visible through the Scotchcast coating 
during inspection at high magnification 
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Figure 33: Leadless chip carrier coated with Conathane EN 11. Visual appearance (a) 
shows slight surface roughness of fillets, but microsections (SEM images b and c) 
confirm that no cracks were initiated during exposure to 1000 thermal cycles. 
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(a) Optical image of capacitor 

(b) Optical view of microsectioned capacitor showing stand-off height to be 200 µm. 
Note: Scotchcast has separated from upper (arrowed) part of solder fillet and has 
flowed in to fill the space beneath the component. The tin-lead microstructure has 
recrystallised in zones of high shear strain (see following SEM images). 
Magnification: X60 
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Figure 34: Ceramic chip capacitor (Specimen 2, C2) coated with Scotchcast, shows no 
electrical discontinuities after 1000 thermal cycles. The SEM images show surface 
roughening of fillets and some microcracks inside the solder (in zones of large grain 
size). 


	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



