
decomposition temperature
that is significantly higher, this
mid-Tg FR-4 material is much
more compatible with lead-free
assembly than the convention-
al 175˚C Tg material. Knowing
Tg and CTE are not enough.

While glass transition tem-
perature (Tg) and Z-axis
expansion have been a focus of attention over the years, only
with the introduction of lead-free assembly has the decomposi-
tion temperature (Td) gained significant attention. The decom-
position temperature has always been important in terms of
reliability, but most people have used Tg as a proxy for mater-
ial reliability in the days of leaded solder. One reason for this is
that other things being equal, a higher-Tg will result in less total
thermal expansion, and therefore less stress on plated vias.
What wasn’t discussed is that it is common for conventional
high-Tg FR-4 materials to exhibit somewhat lower decomposi-
tion temperatures than conventional 140˚C Tg FR-4 materials.
This is highlighted by the fact that most conventional 140˚C Tg
FR-4 materials exhibit longer T260 times than conventional
high-Tg FR-4 materials. To highlight the importance of Td,
examine FIGURE 3.

The traditional high-Tg FR-4 materials we have become
familiar with have Td values in the range of 290-310˚C. Tra-
ditional 140˚C Tg FR-4 materials are generally somewhat
higher, with a typical example of a material with a Td of
320˚C shown in FIGURE 2. In the typical tin-lead assembly
environment, peak temperatures do not reach the point where
decomposition is significant for either the traditional or
enhanced products. However, in the lead-free assembly envi-
ronment, peak temperatures reach the point where a small,
but significant level of decomposition can occur for the con-
ventional materials, but not for the enhanced products. This
seemingly small level of decomposition in the conventional
products can have extremely significant effects on reliability,
especially if multiple thermal cycles are experienced. 

As long as the temperatures experienced during assembly
and rework do not exceed the temperature at which decompo-
sition begins, there may not be further benefit to higher decom-
position temperatures. In addition, the resin system modifica-
tions often made to increase Td can often lead to other
problems, such as brittleness or hardness of the resin system
that negatively impacts PCB manufacturability, e.g. drilling,
scoring and routing, or fracture toughness in tight pitch PTH
areas. As not all lead-free compatible materials use the same
resin systems, great care should be used in selecting a material
that balances the requirements of the OEM, assembler and PCB
fabricator. A simple review of a material data sheet or IPC slash
sheet is not sufficient to guarantee success. Involvement with
the base material supplier to fully understand the capabilities of
a material and the required processing to be successful is even
more important in lead-free applications. To expand on this,
examine FIGURE 4, FIGURE 5 and FIGURE 6. 

First, note the slope of the decomposition curve in Figure
6. By the 5% decomposition definition, this material has a
Td of 405˚C. However, if you look at 1% and 2% values,
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PRODUCT DESCRIPTION GLASS TRANSITION DECOMPOSITION % EXPANSION, 50-260˚C 
TEMP., ˚C TEMP., ˚C (40% RESIN CONTENT)

A Conventional 140˚C Tg FR-4 140 320 4.2

B Improved Mid-Tg FR-4 150 335 3.4

C Conventional High-Tg FR-4 175 310 3.5

D Improved High-Tg FR-4 175 335 2.8

TABLE 3. FR-4 base material properties.

BASE MATERIALS

FIGURE 6. Decomposition curve for a high-Tg/high-Td material.

FIGURE 4. Decomposition curve for standard high-Tg FR-4.

FIGURE 5. Decomposition curve for an enhanced high-Tg FR-4.
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