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of the FR-4 epoxy glass laminate shows a CTE that is con-
stant until the glass transition temperature (Tg). At the glass
transition temperature the CTE changes, usually increasing by
a factor of 3 to 5. A typical CTE of a multilayer board is
around 30 ppm/C before Tg and then increases to 150 ppm/C
after Tg. Tg is usually found to be between 150˚C and 180˚C.
At temperatures above Tg the amount of strain exerted on the
system is significantly increased. 

Because the dielectric is very thin in a microvia (.002˝ to
.004˝), the amount of strain in the microvia structure is low com-
pared to a PTH or other interconnect structures. In the typical
board construction, a microvia is frequently found on the outer
layers of the board.  In a typical 16-layer construction it sits on
top of about .070˝ of dielectric. The CTE of the dielectric below
the microvia is the same as the CTE of the dielectric of the
microvia structure. Because there is a greater volume of dielectric
below the microvia there is a much greater amount of expansion
occurring below it as well. In this study, microvias were fre-
quently found to fail in the beginning of the cooling cycle. 

Microvias were found to be open at ambient temperatures
and then conductive with the application of heat. It appears
that an open microvia – one that has a separation from the
base to the target pad – may be affected by the expansion or
contraction of the material beneath it. If microvia-to-pad sep-
arations occurred during heating, the material below the
microvia would drive the target pad into its base. The effect
was the appearance of a self-healing intermittent open. During
the cooling cycle the target pad may be pulled away from the
base causing either high resistance in the circuit or an open. 

It is possible for a failed microvia to act as a thermal sen-
sitive switch that is conductive upon heating, then open upon
cooling. The microvia may be sensitive to thermal changes or
a mechanical deformation typically open without stress. It
was frequently found that open circuits, one with failed
microvias, could be induced to become conductive with heat-
ing or twisting the board. Under thermal or mechanical
strain the circuit would be conductive enough to accept a
small current, and thermographic techniques would be
employed to identify the offending microvia.

Effects of Strain in the Microvia 
The main cause of strain on the microvia during thermal
excursion is from the Z-axis expansion of the dielectric
between the top of the microvia (outer layer) and the cap-
ture/target pad. The amount of strain exerted in the microvia
structure is in proportion to the thickness of the dielectric.
The amount of stress in the system is a function of thickness
dielectric, surface area, shear forces and the visco-elastic prop-
erties of the dielectric. Our discussion will be limited to strain. 

It is obvious that the relatively thin dielectric between the
two copper layers of a microvia structure (as compared to the
dielectric thickness between layers 1 and 16 in a PTH) is the
major contributing factor to why the microvia is said to be
the strongest interconnect. There is only .002˝ to .004˝ of
dielectric to exert strain on the microvia. Microvias are the
least stressed electrical interconnection in a typical PCB and
therefore considered the strongest interconnection structure.

PWB Inc. undertook the study to determine the most effec-
tive IST testing parameters for determining whether microvias
were robust. It was decided that five cycles of preconditioning to
230˚C required by Curtiss-Wright would be kept as a constant.
After preconditioning, known discrepant microvia coupons were
tested to temperatures of 150˚C, 170˚C, 190˚C, 210˚C and
220˚C. The most significant finding was that the coupons known
to be discrepant survived to the end of test when tested at 150˚C.
Coupons tested at 170˚C survived with a mean of 789 thermal
cycles to failure. It was not until test temperatures reached 190˚C
that coupons were failing below 500 cycles (TABLE 1). 

Artifacts in Failure Analysis
Failure analysis of coupons IST tested at 210˚C or higher
revealed failures due to microvia separation, but there were also
knee cracks, material delamination and breakdown, and barrel
cracks. The knee cracks, delamination and material breakdown
were considered testing artifacts. It appears that cycle testing at
210˚C starts the chemical breakdown of the dielectric. Stress
from Z-axis expansion is effectively introduced into the
microvia at very high testing temperatures and creates pad sep-
aration failures in the same manner as 190˚C testing, but super-
imposed on this failure mode is effects of material failure. CTEs

150˚C 170˚C 190˚C 210˚C 220˚C

Mean 1000 789 464 76 44

TABLE 1. IST Thermal Cycles to Failure – Preconditioned
5 X 230˚C

IST THERMAL CYCLES TO FAILURE – VARIOUS PRECONDITIONING

AS RECEIVED 6 X 230˚C 6 X 260˚C

Mean 788 443 4

Minimum 375 204 2

Maximum 925 925 5

TABLE 2.The Effect of Lead-free Assembly and Rework
on Marginal Microvias
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