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Definitions
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System-in-Package (SiP)

• The integration of several Integrated
Circuits and components of various
technologies (RF, analogue, digital, in Si, 
in GaAs) in a single package, resulting in 
one or several electronic systems
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Wafer-Level Chip Scale Packaging

• Integrated Circuit Package with most 
process steps shifted at the wafer-level in 
the wafer foundry (as opposed to IC-level 
packaging) offering direct IC-to-PCB 
connections 



WLP and SiP
Current trends
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SiP Market Trends

SiP Market Projection
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WLP Market Trend
Source: Gartner 1Q06 + TechSearch 3Q04
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Combining WLP and SiP together

• WLP and SiP are two fast-growing trends 
of the IC packaging industry

• WLP and SiP share common drivers (size 
reduction, performance enhancement, 
cost reduction)

• When combined together, these benefits 
can be higher
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Casio EWLP
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OKI W-CSP
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Freescale RCP
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Infineon Embedded Device WLP
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NEC SMAFTI
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3D-plus Walpack

R
B

e N
ov 2002

3D APPLICATION 
Approach In the WALPACK Project

2-Potting

3-Pads' redistribution

4-Dicing &Thinning

5-Test

1-Chips placement

6-Stacking & 3D interconnect
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WLP & SiP compatibility

• Throughout all previous examples except 
Casio and OKI, it clearly appears that the 
described WLP platforms are made SiP-
compatible



NXP WLP-SiP Platform
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NXP SiP Platforms Trend

Integration Trend

Passive/Interconnect die

Active Die

SMDs / Components

Discretes Solutions
PCB

MCM Solutions
PCB

Laminate + SMDs Solutions
PCB

Laminate + SMDs + Passive die
PCB

Double Flip Chip assembly
PCB

Wafer Level Packaging
PCB

3D WLP SiPs
PCB
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NXP Current WLP Products

� FM radio (2005)
•RDL needed 
(higher cost than 
direct bump on IO)

• Still few product lines

• Qualified circuits < 12mm²

Questions:
Extendibility to larger 

circuits?
Applicability to more product 

lines?

� Integrated Discretes (ESD protection + EMI 
filtering)
� No redistribution layer (RDL) needed: direct 

bump on IO.



Technology Challenges 
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Board Level Reliability (BLR) of Large 
WLP modules

FR4

Si

°C

Bump cracks 

163.0CTE (ppm/K)
Coefficient of 
Thermal 
Expansion

FR4Si

Thermo-mechanical stress revealed by thermal cycling
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WL-SiP : reliability challenges

• WLP modules are generally larger for SiP 
than for Single IC’s

• Today’s state-of-the-art for WLP = 25mm² 
maximum (OKI and CSR, source = 
Techsearch Int’l)

• BLR of WLP worsens with larger dies
• WLP modules to be assembled lead-free

– Compliance to RoHS
– No lead in the wafer-fab
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WLP differences with FC-BGA

• FC-BGA= Flip-Chip Ball Grid Array

• Is another type of direct Si-to-PCB connection
• large modules with high I/O count are reliable
• different substrate type (BT with CTE of 12ppm/K 

instead of FR4 with CTE of 18ppm/K)
• underfill in between Si and substrate (with no impact at 

the customer end)
• sometimes with overmould



The AMELIE Consortium
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NXP Interest & Objectives

• NXP interests:
– Association with 

• PCB assembler Solectron 
• Institutes IXL (Bordeaux), University of Greenwich, CNRT 

Basse-Normandie (Caen) for modelling and 
characterization

• PCB manufacturer CIRE

• Objectives
– Evaluate BLR of WLP large structures in Pb-free 

environment
– Fine-tune WLP technologies to improve reliability 
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Project Organization

Philips 
Solectron

CIRE
CNRT

Thermo-
mechanical

simulations
& modelling

CNRT

Samples 
for Analysis

T0 Materials 
Characteristics

measurements/characterization
of failure modes

Validation of
models

simulations

Technology
roadmapping +
Virtual Product 
Qualification

Project Phase II

Acceleration of
Innovation

… & after
aging

PartnersConsortia Tasks

AMELIE

Organization synopsis

Hardware
experiment /
Board level
thermal 
cycling
WL-SiP

Materials
Characterization

Univ of
Greenwich
Philips

IXL

DfMM for SiP
AMELIE

AMELIE
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A Design of Experiment

UF3

UF2
(reinforcement)

PCB

Passive die

Active die

Top passivation

UF1
UF3

UF2
(reinforcement)

PCB

Passive die

Active die

Top passivation

UF1

• To assess & optimize the reliability of current 
technologies

– Variables
x,y sizes layout (PCB, silicon)
Thickness reflow profiles
Underfill type …
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Finite Elements Modeling and 
Simulation

• To perform sensitivity analysis and identify the 
most influential factors

Finite Element 
Analysis

Optimisation 
+ 

Virtual DOE
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Early Results
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The test vehicle
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Damage in Solder

DIE

SUBSTRATE
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Von Misses Stress and Deformation 
Modes
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The effects of Re-inforcement

No reinforcement

With reinforcement

Change in Damage 
Location
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The choice of the right material

No Underfill

Damage in Solder Increases

Underfill A Underfill CUnderfill B Underfill D
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A Historical Intermezzo
• Cathedrals were masterpieces built by expert builders…

… but they were empirically designed and often collapsed.

paris

milan

caen

besançon

Learning from Failures : excerpt from a lecture given at the University of  Leuven
(http://www.kuleuven.ac.be/bwk/materials/Teaching/master/wg01b/l0800.htm)
“…builders sometimes strayed beyond the limits of their knowledge and technology.
As a result some buildings or parts of buildings collapsed. This was the case with the cathedral 

of Beauvais. The collapse occurred because the builders had overreached themselves and taken
the Gothic structural system beyond its natural limits.The growth of interest in scientific method
and reasoning which started in the seventeenth century led to the industrial revolution. It included
development of the ability to predict in advance the forces to which a structure might be subjected
when in use. The same process of industrialisation also allowed the production of new material. ”
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Conclusion

• The combination of WLP and SiP seems an interesting 
trend; which can well lead to an industry-wide platform

• Its wide adoption requires the commitment of the whole 
supply chain from silicon to end equipment

• A real Design of Experiment undertaken together with 
virtual prototyping activities can lead to the definition of 
reliable simulation models for fast innovation




