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Abstract

For the design of an IC package, one of the primary concerns is the critical temperature limit, where the chip surface
temperature of the designed package has to be below the critical temperature limit. The current testing method requires
a long testing time, high cost and complex procedures. Therefore, this research is interested in applying the finite
element method by using ANSYS simulation software to quickly evaluate the chip surface temperature and to
investigate the effects of different parameters on heat transfer out of the package. The IC package used in this study
is the TQFP-EP package, which is widely used in the automotive industry. It was found that the ANSYS simulation
could predict the chip temperature accurately within £ 1% error. It was also found that the heat transfer efficiency
could be improved by many approaches. The first approach is by increasing the dimensions of the IC package
components including the package size, chip size, chip thickness, exposed pad size, and the number of package legs
of the lead frame. The second approach is by increasing the thermal conductivities of the die bonding material and
the mold compound. The third approach is by increasing the convection heat transfer coefficients around the surface
of the IC package surface and the PCB. The last is achieved by increasing the size of the PCB and by choosing the
type of PCB with thermal vias.

Keywords: ANSYS simulation, IC package, chip surface temperature, thermal modeling.
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Figure 1 Cross section and heat flow paths of TQFP-EP
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Table 2 Thermal conductivities of components of TQFP-

EP
Component Material Thermal conductivity

Chip Silicon 146.44 Wim.'C
Die Attached Adhesive 1.5 W/m.oC

Mold Compound Plastic 0.84 W/m.C
Lead Free Solder Sn-Ag-Cu 50 W/m.oC

Pad Cu 391 W/m.'C
PCB FR4 0.18 W/m.'C

*FR4 (FR=Flame Retardant) is a glass fiber epoxy laminate
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Figure 2 A 3D model of TQFP-EP symmetry 1/4
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Figure 3 (a) Package and PCB temperature distribution
of TQFP-EP no.1 and (b) Chip temperature

distribution of TQFP-EP no.1
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Table 4 Validation result of TQFP-EP

Type
TQFP-EP no.1 TQFP-EP no.2 | TQFP-EP no.3
Power 1.38 W 137 W 1.09 W
QJA measurement 18.69 "C/W 18.00 "C/W 16.10 "C/W
6, simulation 18.67 "C/W 18.03 "C/W 16.15 "C/W
Error -0.11% 0.16% 0.3%
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