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most likely require development of new packaging materials. 
As these new materials are implemented, manufacturers must 
understand the effect of combined vibration and temperature on 
mechanical reliability, and also understand the physics of failure 
for electronic assemblies made with these new materials.

Drop/Impact�Stresses.�The drop/impact analysis algorithms 
currently used are not fast enough to treat large and complex por-
table systems. Research in the area of computational mechanics is 
needed to develop stable and faster algorithms for reduced cycle 
time. Since the results of the analyses have to be validated, there 
is a need to develop experimental methods for the same. Because 
large strain rates are involved, it is necessary to characterize 
mechanical properties of the materials set at such high strain rates 
so that accurate inputs are available for analysis. 

Thermal and Thermo-Fluid Simulation 
The key computational issues relating to thermal and thermo-
fluid simulation are still buoyancy-radiation coupling and 
fast algorithms to model complex heatsinks and transient 
power changes (Table 2). 

The increased power densities and vastly increased com-
plexity of products such as those found in office, large busi-
ness, communication and military systems makes it impera-
tive to resolve the issue of predicting and analyzing hot 
spots due to thousands of connections/contacts with varying 
amounts of currents. The key issue is the ability to analyze 
thousands of connections at the system level.

Two critical, assembly-related problems were identified in the 
office/large business/communication systems product sector. These 
problems relate to underfill flow and simulation of solder-joint 
melting and solidification during assembly – both primarily being 
driven by the proliferation of flip-chip packages. The same concerns 
plague the defense/aerospace sector. Some algorithms exist for solv-
ing both the problems, but no codes exist that are user-friendly and 
designed specifically to solve these problems. Also, convergence of 
solutions is typically extremely slow. It is possible that, with the 
emergence of wafer-level packages, this need may go away. 

Radiation heat transfer in non-rectangular geometries 
could be beneficial for under-the-hood automotive applica-
tions. Research is available at the university level, but user-
friendly codes are needed for industrial applications. Not 
much progress has been made in this area.

Electrical Simulations
For electrical simulation and modeling, the main issues are with 
the interfaces between design tools and electrical modeling tools, 
and not the fundamental understanding of electrical phenom-
ena. Some key issues are: 1) handling the complexity of large 
business systems and communication infrastructure products, 2) 
the ability to handle entire systems for these types of high-per-
formance products, and 3) faster simulations driven by shorten-
ing effective design times in the portable/consumer sector.

Some areas that need attention are electromagnetic simula-
tions, signal integrity verification (SIV), power ground network 
simulation and optimization, system-level power distribution 
and noise analysis, electromagnetic coupling (emc)/electro-
magnetic interference (EMI) verification, embedded passive 
design and modeling, chip/package co-design, mixed signal 
design and analysis for system-in-package/system-on- package 
(SIP/SOP), and the ability to model entire systems. 

At the system level, accurate, efficient and rapid modeling 
of system-level power distribution noise has become a critical 
issue. Power supply noise represents one of the largest bottle-
necks in the design of high-speed systems. 

RF/Wireless Products and Embedded Passives
Since the last roadmap we have not only experienced contin-
ued digital convergence in products, but also the proliferation 
of wireless communication between digital products. RF cir-
cuits used for wireless communications require more detailed 
simulation – such as linear S-parameters and nonlinear har-
monic-balance – than digital ICs. And, unlike digital ICs, there 
is little replication of functional blocks in the RF sections of 
wireless consumer products such as cell phones and pagers. 

Existing CAD tools do not allow complete S-parameter, har-
monic-balance or similar calculations to be done for embedded 
passives used in wireless products. As a result, it is often necessary to 
go through numerous iterations of prototype design, fabrication and 
testing. The next-generation terminals, with full Internet access, will 
depend on drastically increased use of embedded passive components 
to achieve the required functionality in a hand-held appliance. This 
is a prime example of the widening gap between product complexity 
and the ability of modeling and simulation tools to keep pace. 

With the increasing complexity of high pin count pack-
ages, and the pressure to produce these at lower cost, the 

Table 1. Issues�relating�to�reliability�modeling.

AreA of ConCern Issues DrIver (proDuCt seCtor)

Solder joint life under  n Failure method, criterion under field condition All
thermal and vibration loading n Lead-free complexity
 n Microstructure dependency of small joints on fatigue life prediction

Drop / impact simulations n Fast transients Portable/ consumer
 n No experimental database
 n Complex system-level formulation
 n Customer handling conditions

Interfacial delamination n Poor predictability All
 n Temperature-dependent properties
 n Research in crack nucleation & propagation needed

Material property characterization n Thin films All
 n Lead-free solders

Moisture diffusion modeling n Availability of diffusion modeling tools  All
 n Analysis of hydro/thermo/mechanical combination capability 
 n Transient/dynamic analysis
 n Linkage with delamination


