
Measurement of the Degree of Cure of Discrete Wired Circuit Boards

THERMAL SOLUTIONS

thermosets, based on the heat capacity step change (∆Cp)
which occurs at the Tg.  However, in many high perfor-
mance multilayer and discrete wired circuits, the samples
are very thick, often contain several different materials,
and the ∆Cp at the Tg of these materials is small and
difficult to quantify.  Hence, the DSC of a discrete wired
circuit (Figure 1) shows a single, broad Tg, not the
individual Tg's of the adhesive and prepreg used in the
circuit

Fortunately, complementary thermal analysis techniques
such as TMA and DMA are useful alternatives in this
situation.  As seen in Figure 2, when the same sample is
analyzed using TMA, two transitions are detected.  Even
though the Tg of the adhesive is difficult to detect in the
expansion curve, the Tg is observed as a small increase in
the first derivative, or expansion coefficient curve. The Tg
of the prepreg is observed as the second, larger increase

PROBLEM

In a discrete wired circuit board, the signal wiring layer
is formed by ultrasonic bonding of an insulated wire in a
precise pattern onto an adhesive coated substrate.  The
adhesive is subsequently cured both to secure the wires in
place and to develop final properties.  The wiring layer is
then encapsulated, usually with an epoxy prepreg.  Since
obtaining and verifying the proper cure of these materials
is critical to the end-use performance and reliability of the
circuits, the manufacturers are interested in a rapid cure
evaluation technique.

SOLUTION

Measurement of the glass transition temperature (Tg)
using differential scanning calorimetry (DSC) provides
a convenient means of monitoring the degree of cure in
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in the expansion coefficient curve.  Unfortunately, the
TMA Tg’s are difficult to quantify precisely by extrapola-
tion from the expansion curve.

DMA, on the other hand, shows both transitions more
clearly (Figure 3).  The loss peak of the adhesive layer is
easily observed at 120°C, even though it makes up only

about 5% of the total sample thickness.  The Tg of the
prepreg is seen at 166°C.  The DMA of a complex discrete
wired circuit board (Figure 4) shows the ability of the
technique to detect multiple Tg’s.  In this case, five
transitions are observed within a single circuit.

Although DSC, TMA, and DMA can be used for Tg evalua-
tion, DMA is generally the most sensitive technique.
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Figure 4. DMA
(Discrete Wired Circuit Board)

Storage Modulus

Pb/Sn Solder

Prepreg

Encapsulant

Adhesive 1
Adhesive 2

Loss Modulus

Glass Transition of
Base Laminate and
Prepreg

Loss
Modulus

166oC

120oC

TS-18B

Acknowledgement:  This thermal solution is based on work by Peter A. Caulfield, Advanced Interconnection
Technology, Inc., Islip, NY.

For more information or to place an order, contact the office near you:

New Castle, DE USA Paris, France Madrid, Spain
Telephone: 302-427-4000 Telephone: 33-1-3048-9460 Telephone: 34-91-661-8448

Gent, Belgium Alzenau, Germany Ryadalmere, Australia
Telephone: 32-9-220-79-89 Telephone: 49-6023-30044 Telephone: 61-2-9933-1705

Leatherhead, England Tokyo, Japan Milano, Italy
Telephone: 44-1372-360363 Telephone: 81-3-3450-0981 Telephone: 39-02-2742-237

For a complete list of international distributors visit our website at http://www.tainst.com or e-mail: info@tainst.com


