
base materials

meaning the copper weights and patterns, construction and 
resin contents were chosen so that the board would be more 
sensitive to thermal cycles. In addition, the dwell time at the 
peak temperature was 1.5 minutes. This allowed differences 
in material performance to be detected more clearly. Figure 
9 graphs the percentage of boards surviving six reflow cycles 
without any evidence of blisters, measles or delamination.

Notably, the first material to exhibit defects is the con-
ventional high-Tg FR-4 material. This material began to 
exhibit defects when the peak temperature reached 240˚C. At 
a peak temperature of 260˚C, the conventional FR-4 materi-
als, the 175˚C Tg and the 140˚C Tg products, all exhibited 
evidence of defects. On the other hand, the materials with 
higher decomposition temperatures, both the 150˚C Tg anzd 
the 175˚C Tg products all survived six cycles to 260˚C.

In another test, three high-Tg materials were evaluated 
through IST testing. This particular test provided insight into 

the effect of thermal expansion and decomposition tempera-
ture on long-term reliability, as assessed by the IST method. 
The materials are shown in Table 4.   

Note that the Tg values are the same, but differences 
exist in decomposition temperatures and thermal expansion 
values. Product D* is similar to Product D except that it has 
a higher level of thermal expansion. Product D* exhibits 

approximately the same thermal expansion 
as Product C, but Product D* has a higher 
decomposition temperature. Product D has 
both a high decomposition temperature and 
a very low level of thermal expansion. The 
PCB tested was a 14-layer, 0.120˝ (3.1mm) 
thick multilayer with 0.012˝ (0.30mm) 
diameter plated through-holes. The aver-

Figure 14. Concept for adjustments to material selection.

Figure 16. Peak reflow temperature charts for product A (140˚C Tg conventional FR-4).

  PCB Adjustments for Tool Reference
Layers - If greater than typical, consider moving up and right on charts

Microvias – For PCBs thicker than 1.60 mm, 0.062 inches additional
evaluation may be required

Cu Wt – If greater than two ounces (70 micron), consider moving up
and right on charts

RC – If greater than maximum range, consider moving right on charts

Aspect Ratio – If greater than maximum range, consider moving right
on charts

Retained Cu – If greater than maximum, consider moving up and right
on charts

PTH Cu (µm) – If less than typical, consider moving up and right on charts

Surface Finish – If HASL or Reflowed Solder, consider moving up on
chart for each cycle (treat as an additional reflow cycle)

Multiple Lamination Cycles – If multiple lamination cycles, consider
moving up on chart for each additional cycle (treat as an additional
reflow cycle)

Mixed Materials – If mixed materials, use lowest performing material
as reference and consider moving up and right on chart

Blind and Buried Vias – If yes, consider moving up and right on charts

External Planes – If yes, consider moving up and right on charts

Figure 15. Adjustments based on design features or process 
conditions.

Table 4. Materials evaluated through IST testing.

Product	 Description	 Glass Transition	 Decomposition 	 % Expansion, 50-260˚C
		  Temp., ˚C 	 Temp., ˚C	 (40% Resin Content)

C	 Conventional High-Tg	 175	 310	 3.5

D*	 High-Tg/High-Td	 175	 335	 3.4

D	 High-Tg/High-Td/Reduced CTE	 175	 335	 2.7
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