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Abstract. This research studied about warpage of QFN package in post mold cure process
of integrated circuit (IC) packages using pre-plated (PPF) leadframe. For IC package,
epoxy molding compound (EMC) are molded by cross linking of compound stiffness but
incomplete crosslinked network and leading the fully cured thermoset by post mold cure
(PMC) process. The cure temperature of PMC can change microstructure of EMC in term
of stress inside the package and effect to warpage of the package due to coefficient of
thermal expansion (CTE) between EMC and leadframe. In experiment, cure temperatures
were varied to check the effect of internal stress due to different cure temperature after
completed post mold cure for TDFN 2x3 8L. The cure temperature were varied with 180
°C, 170 °C, 160 °C, and 150°C with cure time 4 and 6 hours, respectively. For analysis,
the TDFN 2x3 8L packages were analyzed the warpage by thickness gauge and scanning
acoustic microscope (SAM) after take the test samples out from the oven cure. The results
confirmed that effect of different CTE between EMC and leadframe due to different cure

temperature resulting to warpage of the TDFN 2x3 8L packages.
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1. Introduction

Molding is the important process of integrated circuit (IC) packaging for protection the die inside IC
package. The encapsulation of chip or die using a transfer epoxy molding compound (EMC) by cross
linking of compound stiffness but incomplete crosslinked network and leading the fully cured thermoset by post mold
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cure (PMC) process. Post mold cure (PMC) is one of the most significant processes in electrical industry.
This process exposes part of a mold to elevated temperatures in order to speed up the curing process and
to optimize some physical properties of the material. The total stress in the packages can be occurred
from curing which depends on the chemistry of the compound and thermal mismatch between various
materials.

EMC is a plastic polymer that features a sturdy structure can change the temperature of the
environment and it is highly flexible. A thermosetting resin is a prepolymer in a soft solid or viscous
liquid state that changes irreversibly into an infusible, insoluble polymer network by curing. Curing is
induced by the action of heat or suitable radiation often under high pressure, or by mixing with a catalyst
or crosslinking agent often under atmospheric conditions at ambient temperature. Epoxy molding
compound (EMC) is a common material used in IC packaging. One of its defects is warpage. Warpage
could be a serious issue for some IC encapsulation processes. The cure temperature of PMC can change
microstructure of EMC in tern of stress inside the package. Temperature is a factor effect to EMC base on
the coefficient of thermal expansion (CTE). Effect of differences CTE between EMC and leadframes
resulting to warpage of the packaging of integrated circuits.

Therefore, this research interested in the effects of post mold cure temperature from packages were
studied for TDFN 2x3 8L, EMC and PPF leadframes. The cure temperature were varied to check the
effect of internal stress due to temperature. Analyzed of the warpage of the package by thickness gauge
and reliability test inside the packages by scanning acoustic microscope after take the test samples out
from the oven cure. To demonstrate the efficiency of the packaging did not change to the original feature
and can also help reduce the amount of time at ramp down temperatures until room temperatures (25°C)
so increase productivity. Finally, we conclude this paper.

2. Methodology

This section, we describe the methodology of the studying about warpage of QFN package in post mold
cure process of using pre-plated (PPF) leadframe. The experiment starts from selecting EMC was used
with TDFN 2x3 8L package. In experiment, the cure temperature were varied to check the effect of
internal stress due to temperature. Experiment parameter of the cure temperature were varied form
180,170,160 and 150°C and cure time were varied form 4 and 6 hrs, respectively. Moreover, the general
process of IC packaging manufacturing is shown as Figure 1. And analyzed of the warpage of the package
by thickness gauge and reliability test inside the packages by scanning acoustic microscope (SAM). The
diagram of experiment as shown in Figure 2.

4 f N\ 4 ) 4 \
Wafer Wafer Die
mount E> saw E> attach

J N\ J —
)\ 4 N\ ' €v9
Post mold Moldin Wire
g
cure <:| <:| bonding
—k d
e v e ™ e N
Laser Substrate Fi
inal test
mark E> saw E>
|\ J \_ J \_ J

Figure 1. The general process of IC packaging manufacturing.
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Figure 2. The diagram of experiment.

3. Results and Discussion

The thermal stress can be generated by coefficient of thermal expansion mismatch between over-molded
EMC, silicon chip, substrates, and various materials in the packages due to unbalanced from a
thermomechanical stress standpoint which leads to bowing upon cooling from the cure process
temperature to room temperature (25°C) effect to warpage the package. The results of warpage between
before and after PMC of PMC temperature at 180 170 160 and 150°C , PMC time at 4 is shown as

Figure 3 and PMC time at 6 hrs. is shown as Figure 4.
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Figure 3. Warpage results of EMC and various materials for TDFN 2x3 8L package between before and
after PMC of PMC temperature at 180 170 160 and 150°C , PMC time at 4 hrs.



Oneway Analysis of wrapage By 6 hr.
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Figure 4. Warpage results of EMC and various materials for TDFN 2x3 8L package between before and
after PMC of PMC temperature at 180 170 160 and 150°C , PMC time at 6 hrs.

From Figure.3 and 4 shown the results of warpage of EMC and various materials for TDFN 2x3 8L
package. The results reveal that no warpage on these areas before and after PMC which 150°C cure
temperature and time at 4 hrs. From the results confirm about that at 150°C cure temperature and Time at
4 hrs. cannot found the points of delamination more than lower cure temperture on the packages.
Moreover, the lower cure temperture on the packages can reduce production costs and help reduce the
amount of time at ramp down temperatures until room temperatures (25°C) so increase productivity.

The results of delamination by C-SAM after post mold cure (PMC) in 150°C cure temperature and
time at 4 hrs of TDFN 2x3 8L as shown in Table 1. The results of help reduce the amount of time at ramp

down temperatures as shown in Figure 5, respectively.

Table.1 Delamination results for Post Mold Cure (PMC) in 150°C cure temperature and time at 4 hrs. of
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Figure.5 The results of help reduce the amount of time at ramp down temperatures.

4. Conclusion

This research studied about effect of cure temperature to warpage of TDFN 2x3 8L package in
post mold cure process of integrated circuit packaging. Form the results reveal that no warpage
on these areas before and after PMC which 150°C cure temperature and time at 4 hrs. The
opposite way, the results show no delamination point on the packages for. Moreover, the results
showed about can reduce production costs and help reduce the amount of time at ramp down
temperatures until room temperatures (25°C) so increase productivity. Therefore, the results
confirmed that the study about warpage of QFN package in post mold cure process can be used
for information in the IC packaging manufacturing.
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