
Multi-physics modeling in virtual prototyping
of electronic packages––combined thermal,

thermo-mechanical and vapor pressure modeling

X.J. Fan a,*, J. Zhou b, G.Q. Zhang c

a Philips Research USA, 345 Scarborough Road, Briarcliff Manor, NY 10510, USA
b Department of Mechanical Engineering, Lamar University, Beaumont, TX 77710, USA

c Eindhoven University of Technology, P.O. Box 513, WH 4.110, Eindhoven, The Netherlands

Received 7 October 2003; received in revised form 13 April 2004

Available online 3 July 2004

Abstract

mail to: xuejun.fan@ieee.org


and product reliability is only dealt with after physi-

cal prototyping.

Due to fierce competition, ever-increasing market

drive and strengthening of environmental legislation, the





required in the above applications. An alternate inter-

connection methodology [7] has been developed using a

large area contact technique, as shown in Fig. 3b. Fig. 5

presents the results of thermal resistance for large con-

tact interconnect compared to the BGA package dis-

cussed before. We notice a 10% reduction in thermal

resistance over the BGA package. It is noted that the

large contact area package does not require the underfill.

One of common techniques to improve the thermal

performance of BGA packages is the implementation of

thermal balls, as shown in Fig. 6 for a typical over-

molded BGA package. The thermal balls, located on the

center of package under the chip, provide a direct heat

dissipation path. In order to understand the significance

of the thermal balls, in Fig. 7, 2 the thermal resistance is

plotted as function of the number of thermal balls. The

package has 648 I/O counts. A single solder ball diam-

eter is assumed to be 750 lm with 1.27 mm pitch. Fig. 7

clearly shows that the thermal balls have significant

contributions to the reductions of thermal resistance.

With 8 · 8 thermal balls, the resistance can be reduced

more than 50% over the package without thermal balls.

In order to further improve the thermal performance

of BGA packages, a copper spreader can be assembled

on the top, as shown in Fig. 8. The spreader is then

connected to the substrate through the stiffeners on the

four sides of the package. In Fig. 9, the results of the

thermal resistance for different number of the package I/
O counts are plotted for the packages with and without

thermal balls. Surprisingly, the thermal balls have al-

most negligible impact on the overall thermal perfor-

mance over a wide range I/O number from 128 to 648.

The simulation results show that the majority of the heat

is dissipated through the top heat-spreader due to its

high conductivity and large area. The heat is further

conducted through the stiffeners, substrate, signal solder

balls, and eventually will be dissipated by convection

through the PCB board. The thermal balls, as the sec-

ondary heat dissipation path, therefore have insignifi-

cant effect.
3. Optimal package design: combined thermal and

mechanical modeling

Although the package thermal performance can be

enhanced through thermal simulation, the improved

package design must also be robust in various harsh

environmental conditions (thermal cycling, high tem-



design has been long recognized in electronic packaging

industries.

However, the mechanical design using the thermo-

mechanical simulation tools is often carried out

independently from the thermal design in packaging

development phase. Sometimes, the mechanical simula-

tion is applied when a thermal design is fixed. As a re-

sult, the package overall performance is not optimized

both in mechanical and thermal aspects. Another con-

cern is the reduction of thermal performance during

operation cycling due to the reliability issues, such as the

interface delamination and cracking, which will cause

the excessive thermal contact resistance. Therefore, in

order to achieve an optimized package design, the

combined thermal and mechanical modeling are neces-

sary. In the following, two thermally enhanced elec-

tronic packages are used to demonstrate the interactions





sink is effective in reducing the global mismatch caused

by the attachment, therefore would improve the solder

joint reliability.
3.2. A bottomless standard outline package

For a standard outline package, the thermal perfor-

mance can be maximized with an embedded heat sink,

which provides a direct path from chip to board for the

heat dissipation (e.g. See Fig. 1d). Fig. 15 shows the



the thermal analysis to ensure that the selected geometry

avoids the high tensile stress range.

As a comparison, in Fig. 17 the Von Mises stress is

plotted at the same location. Although Von Mises stress

exhibits the similar trends to the normal stress in Fig. 16,

it is hard to tell whether the stress is positive or com-

pressive from the Von Mises stress plot.

The accuracy of the linear thermal-stress analysis is

always a concern in thermo-mechanical modeling.

Inaccurate material properties of Young’s modulus and

CTE, and other unknown factors, such as the chemical

shrinkage and the exact stress-free conditions often lead

to the opposite predictions compared to the experi-

mental observation. For example, the warpage analysis

of a package by a linear elastic analysis somehow often

contradicts to the measurement results, due to the

chemical shrinkage effect. This implies that it is very

important to verify whether or not our simulation re-

sults make sense.

In order to do so, a sweeping analysis over a wide

range of CTE of mold compound is given in Fig. 18, in

which the copper length is selected as 350 mm according

to the previous analysis. It shows that the normal stress

changes in a very narrow range of stress level from )5 to

5 MPa, regardless of the change of mold compound

CTE. This indicates that given the consideration of the

inaccuracy of CTE input, the selection of the copper

length based on the Fig. 16 I still valid. The normal
stress always remains in a very low level and is not

sensitive to mold compound CTE.

Fig. 19 plots the Von Mises stress of the package over

a wide range of CTE of mold compound. It shows that

Von Mises stress is sensitive to the CTE. Fortunately, as

discussed before, it is not appropriate to use Von Mises

stress for this problem.

Therefore, we conclude that our designs of the heat
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