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What is a eWLB?

Focus of Developments / Todays limits

Examples on recent developments (MEMS, RF-properties)

1

2

3

- MEMS

- Reliability - TCoB

- RF/Antenna in Package
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What is a eWLB ?1
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The process…
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Focus of Development, 
Limits2
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Development Focus Topics

Carrier size, 
Panel

Board Level

Routing Designrules

(Line/Space, Pitch, No of
Layers, I/Os)

MMIC

PCB

Reflector

Integrated 

antenna

Direction of 

radiation

Patch-, Vivaldi-, Dipole-, …

Further 
functionalities

- Opt. waveguides
- Antennas
- Shieldings
- Heatsinks
- Microfluidics
- Magnets
- Batteries
- …

Chip 
technologies

- Logic
- Power
- MEMS
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Holistic description chip-pckg-board

Vertical Interconnects

Through Silicon

Through Mold

Striplines, 
Groundplanes…
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A MEMS Pressure Sensor

in Fan Out WLP3a

Case Study I
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Where‘s the Challenge?

Pressure port

?

Sensor cell
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Process Flow

Glass on Si wafer bonding

Glass lid separation by backgrinding

Stud bumping and dicing

Glass

Si

Subassembly

= Start of

eWLB process

Carrier System(s)

P&P on Recon carrier + Overmolding

Glass Carrier

Backgrinding / Contact opening

RDL, Ball apply and Singulation

Completed
Device
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Stress Decoupling of MEMS

Thermomechanical stress 
(mismatch of CTEs: Si, 
moldcompound, board) 

Introduction of stress
decoupling structures
(„spring-suspensions“)

Decouple the MEMS 
structure from
environmental 
mechanical stress impact
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Demonstrator

Final Demonstrator

MEMS 
cap

Mold
Compound

Stud bump

Silicon die

RDL

Solder
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MEMS-specific Toolbox Features

MEMS-pressure sensor in a FOWLP

RDL over Stud bumpCap + Stud Bump
Stress 
DecouplingTemp. Carrier



7

13

Development Topics

Carrier size, 
Panel

Board Level

Routing Designrules

(Line/Space, Pitch, No of
Layers, I/Os)

MMIC

PCB

Reflector

Integrated 

antenna

Direction of 

radiation

Patch-, Vivaldi-, Dipole-, …

Further 
functionalities

- Opt. waveguides
- Antennas
- Shieldings
- Heatsinks
- Microfluidics
- Magnets
- Batteries
- …

Chip 
technologies

- Logic
- Power
- MEMS
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Holistic description chip-pckg-board

Vertical Interconnects

Through Silicon

Through Mold

Striplines, 
Groundplanes…
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Case Study II

Reliability

Temp. Cycling on Board 3b

3 ppm/K

6 ppm/K

10-14 ppm/K (FR4)

17 ppm/K (Cu)
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Thermo-Mechanical Performance
Characterization of RF laminate impact

NO 

underfill

With 

underfill
Underfill distributes 
the stress over a 
larger area and 
thus reduces the  
strain level
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Both compressive 
and tensile stress 
components are 
observed

 To release thermo-

mechanical stress, fatigue 

modes evolve during 

temperature cycling on board 

(TCoB)
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Thermo-Mechanical Performance
Fatigue Modes for Wafer-Level Packages

Solder joint fatigueRDL fatigueUBM fatigue
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Thermo-Mechanical Performance
Ways to improve…

Typical eWLB
for consumer

Typical eWLB
for automotive

- Board stack

- Board material

- UBM

- Redundancy

- Ball size/material

- Underfill
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Development Topics

Carrier size, 
Panel

Board Level

Routing Designrules

(Line/Space, Pitch, No of
Layers, I/Os)

MMIC

PCB

Reflector

Integrated 

antenna

Direction of 

radiation

Patch-, Vivaldi-, Dipole-, …

Further 
functionalities

- Opt. waveguides
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- Shieldings
- Heatsinks
- Microfluidics
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- Batteries
- …

Chip 
technologies

- Logic
- Power
- MEMS

H
e
t. I

n
te

g
r
.

Holistic description chip-pckg-board

Vertical Interconnects

Through Silicon

Through Mold

Striplines, 
Groundplanes…
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Case Study III

RF-specific

Package Design3c
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Back to the scales…

nm

µm

mm
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Impact of the package on the propagation of the mm-wave must be considered!
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What screws can the package designer adjust?

Mold Compound

Platform constraints  Materials are hardly negotiable!

1. Materials

Chip
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2. Design
Dielectric environment

 Mold thickness

Conductor/metal layout

 Ball pitch/size

 RDL thickness

 Chip thickness

 Via size, pad openings

 Metal layer thickness

What screws can the package designer adjust?

24

2. Design

Additional features

 Integrated Passives 
(inductors, caps)

 Transmission Lines
Ground Planes/Shieldings

 Antenna in Package

 3D-Structures (vert. interc.)

Transmission 
Lines Passives

 Filters

Filters

Top Die

Bottom Die

SMD

Through Mold Through Si

Vertical Interconnects

Antenna in Package

Die

MMIC

PCB

Reflector

Integrated 

antenna

Direction of 

radiation

Dielectric environment

 Mold thickness

Conductor/metal layout

 Ball pitch/size

 RDL thickness

 Chip thickness

 Via size, pad openings

 Metal layer thickness

What screws can the package designer adjust?
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Example: 60 GHz 6-Channel Transceiver 

 14 mm x 14 mm eWLB package

 4xRX patch antennas and 2xTX 
dipole antennas

Google Soli gesture sensor / Pixel 4
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Summary – Key TakeAways

› FanOut WLP represents a highly flexible package platform, which

› is particularly suitable for mm-wave packaging

› provides a toolbox for further heterogeneous integration features

› integration of different technologies, if integration on chip is not applicable or too expensive

› Integration of passives, antennas, ground planes, waveguides

› 3D options / 3D interconnects

› MEMS integration

This work is funded by the German BMWi

(Bundesministerium für Wirtschaft und Energie) 
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14

27


