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assembly and rework has been on material. The extra 30˚C 
associated with lead-free assembly has brought materials to 
their limit. These temperatures significantly affect all but the 
most robust PCB materials. Delamination is becoming com-
mon. In reliability testing delamination of material will, in 
most cases, reduce the stress on the PTH. Reducing the stress 
in the interconnect structure extends thermal cycles to failure. 
If cycles to failure increase on the coupons that are exposed to 
the thermal excursion associated with lead-free assembly and 
rework, then it is likely the material is delaminated.  

It appears from the data that some PCB materials are 
degrading with multiple thermal cycles to 260˚C. Frequently 
we find one end of a micro section with material that appears 
mottled or spotted, followed by an area of crazing along 
glass bundles (Figure 5) and progressing to areas of frank 
delamination (Figure 6). Delamination may cross between 
B and C-stage layers or follow glass bundles. Small V-shaped 
delaminations may be visible at the hole wall or the ends of 
internal pads. In the worst cases material boils and oozes into 
the PTHs and appears as carbonized balls on the surface of 
coupons. Thermal cycle to failure data without a statement of 
material delamination or degradation can be misleading.  

With the advent of lead-free assembly and rework the degree 
of Z-axis expansion can be severe. Robust materials tend to be 
elastic, returning to their original shape after thermal excursions. 
Material that is degrading starts to lose that elasticity and become 
plastic. Degrading material may undergo plastic deformation and 
remain deformed at ambient.  The condition of plastic deformation 
produces an electrical hysteresis and shows up as damage accelera-
tion in resistance graphs (Figure 1, coupons A and B). The effect 
is that with lead-free thermal excursions, the pads rotate (Figure 
7) and remain that way, and cracks propagate and remain open at 
ambient temperatures. The z-axis expansion also puts greater stress 
on the electroless interconnection at outer layers. Interconnect type 
failures are more frequent and marginal metalization (electroless 
copper or direct metalization) may quickly fail.

The effects of lead-free assembly and rework are reliability 
concerns. Using coupons that are tested as received as a baseline 
of performance, and comparing that data to coupons exposed to 
six tin-lead assembly and rework simulations (6 x 230˚C), reduces 
the cycles to failure by 25% in an average construction. In a 

poorly fabricated PCB the cycles to failure may be reduced as 
much as 50%. Six thermal excursions to lead-free temperatures 
(6 x 260˚C) typically reduce the thermal cycles to failure by 55% 
to 65% (Table 1). The inference from this observation is that a 
poorly fabricated PCB, such as one that has a minimum plating 
thickness, poor copper distribution, and is fabricated with low 
grade material but subjected to tin-lead assembly and rework, can 
be more reliable than well-made PCBs that have been subjected to 
multiple lead-free assembly and rework cycles.  

Even though lead-free assembly and rework may signifi-
cantly reduce the mean time to failure, there has been little 
inclination to reduce the product lifetime expectations or to 
increase the minimum reliability requirements for compliance 
or acceptance testing.  PCD&M
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Figure 5.�Crazing�along�glass�fibers. Figure 6.�Cohesive�delamination. Figure 7.�Pad�rotation.

Table 1. Expected�product�degradation�by�
preconditioning�method.�

Precon	 As	rec	 3X230	 6X230	 3X245	 6X245	 3X260	 6X260

Life	 100%	 80%	 60%	 75%	 55%	 70%	 50%

IST	Cycles	 500	 400	 300	 375	 275	 350	 250
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