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Trends : Embedded TechnologyTrends : Embedded Technology
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(Source : Samsung)



Technology TrendsTechnology Trends-- BGA & FBGA Packages BGA & FBGA Packages 

(Source : Carlo Cogenetti, ST Micro)



Trends : SiP IntegrationTrends : SiP Integration

SoC and SiP Comparison for Cost per Function 
and Time to Market vs. Complexity

(Source : ITRS Roadmap 2007)



Technology Trends: Embedded  Wafer Level Technology Trends: Embedded  Wafer Level 
Level PackagingLevel Packaging

Substrate: FR4 Substrate: LTCC BGA,
7 Layers ,  
0201 Chips

Substrate: FR4

28% size
75% size

ASIC 
+ 

Flash

24.5 x 14.5 mm

19.9 x 13.3 mm 10.0 x 10.0 mm

100% size

14% size
6.5 x 6.5 mm

Substrate: Nil
Embedded Technology

(Source : Casio)
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Methods of EmbeddingMethods of Embedding

Embedding into PC Boards Embedding in Package

Wafer Level Process based Laminate Based

(Source : Intel, Infineon & GaTech)



• High density integration
• Low profile package
• Embedding actives and passives 
• System level integration – Possibilities of MEMS, Optical and hybrid 

integration – More multi chip packaging requirements

Technology Trends:

Conventional WLP Embedded Micro WLP

• Fan In Interconnects only
• Silicon lossy substrate for passives and RDL
• Only Single chip packaging solution
• Wafer Level Yield issues

• Fan out Interconnects 
• Best of Silicon and Best of polymer for passives 

and RDL
• Single/Multi chip packaging solution
• Better  Wafer Level Yield
• Embedding of Chip passives

Challenges with conventional Wafer level packagingChallenges with conventional Wafer level packaging

Chip

Redistribution 
layer (RDL)

Chip Redistribution 
layer (RDL)

Fan-out area 
(mold)



Embedded Packaging TechnologyEmbedded Packaging Technology

Embedding Actives and passives in substrate and packages is key technology for product 
miniaturization.  20-60 parts /cm2 is looked in future products

- Panel Discussion ECTC 2006

Fan out mold

Embedding Actives

Embedding Passives

Multichip Packaging

Wafer Level Processing

� Wafer level packaging approaches are strongly demanded by the industry for 
miniaturization and low cost application such as hand held and PAN device 
applications.

� Conventional wafer level packaging has issue due to  fan in interconnect, lossy
silicon substrate and wafer level yield.

Motivation



Objective:
To develop embedded wafer level packaging solution simultaneously achieving 

• Wafer level reconstruction of multiple chip using fan out interconnects
• Embedding passives design and fabrication
• Assessment of Electrical and reliability performance 

Scope:
• Mechanical modeling & optimization of package structure
• Electrical modeling and design guide lines for embedded passives and 

signal integrity
• Process development  for wafer level reconstruction of multiple chip and 

multilayer RDL 
• Integrated enhancement structures such as Thermal, Antenna, EMI shield
• Wafer level molding process and optimization
• Reliability performance assessment

Proposed Project:Proposed Project:
Embedded Micro Wafer level Packaging Embedded Micro Wafer level Packaging 



Embedded Micro Wafer Level Package (EMEmbedded Micro Wafer Level Package (EM--WLP)WLP)

Embedding Chip 
passives

Fine pitch 
bumping
(Pb-free)

0.3 
to
0.5 
mm

Multi layer RDL Thin Film 
Passives

Integrated 
Enhancement 

Structure

0.4 mm

Multi die staking

Overall package size 7 to 10 mm square with < 300 IOs

Proposed test vehicleProposed test vehicle

(Please note the package size  and other dimension will be finalized based on members input) 



Embedded Micro Wafer Level Package (EMEmbedded Micro Wafer Level Package (EM--WLP) approachWLP) approach
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Embedded Micro Wafer Level Package (EMEmbedded Micro Wafer Level Package (EM--WLP)WLP)



• As the end product size shrinks, the cost of embedded 
embedded passives goes down and the cost of using discrete 
discrete passives goes up.
– Smaller designs result in more embedded devices per panel 

panel
– Smaller designs result in mechanical assembly challenges 

challenges
• Performance comparison of the 1.9 GHz power amplifier 

amplifier

Cost per
Passive
device

Passive devices per area

Discrete passives

Embedded passives

Challenges with embedding PassivesChallenges with embedding Passives

On-package components

achieve superior Q performance

(Source :  IPC & Seoul Unviversity)



Challenges with Mold flow and Mold Challenges with Mold flow and Mold warpagewarpage

• Mold flow
• Thin profile
• Large area more warpage (Source :  ASAT)



Key ChallengesKey Challenges
• Wafer Level molding and warpage optimization
• Design guideline for RF, analog and digital integration 
• Integration of multi-chip, chip passives and embedded 

passives
• Package embedded thermal enhancement structures
• Process methods for RDL and thin film  passives on a 

molded substrate
• Materials for molding, adhesive tapes and DA
• Design guidelines for reconstructed wafer and RDL 

tolerances
• Wafer thinning



Project DeliverablesProject Deliverables
A project report covering 
• Thermo-mechanical analysis and structural optimization results of 

the package structure

• Signal and power integrity analysis and optimization 

• Thermal optimization and enhancement results

• Wafer molding and warpage optimization results

• Material selection and characterization of EMC, adhesive tapes and 
die attach

• Fabrication details / flow  of test vehicle with multilayer RDL for 
multi chip die integration

• Reliability assessment  & Failure analysis of the package under 
Thermal cycle, MSL & Drop test
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