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Reliability improvement for Fan-Out Package through solder ball doping
Introduction

Nice Video of breathing stack 

RF laminate

Solder ball

Chip
Mold 

compound

Chip/mold compund and FR4 layers below RF laminate are fixed

 Vary solder balls, Cu layers and RF laminate

FR4 laminate with other Cu layers

redistribution Cu / dielectric

PCB Cu top layer
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Reliability improvement for Fan-Out Package through solder ball doping
Introduction

RF laminate

Solder ball

Chip Mold compound
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Reliability improvement for Fan-Out Package through solder ball doping
Introduction
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Reliability improvement for Fan-Out Package through solder ball doping
Introduction
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Reliability improvement for Fan-Out Package through solder ball doping
Introduction
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Reliability improvement for Fan-Out Package through solder ball doping
Introduction

RF laminate

Solder ball

Chip Mold compound
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Reliability improvement for Fan-Out Package through solder ball doping
Introduction

RF laminate

Solder ball

Chip Mold compound
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Reliability improvement for Fan-Out Package through solder ball doping
Introduction
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Reliability improvement for Fan-Out Package through solder ball doping
Introduction

Chip Mold compound
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Reliability improvement for Fan-Out Package through solder ball doping
Introduction

RF laminate

Solder ball

Chip Mold compound
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Reliability improvement for Fan-Out Package through solder ball doping
Introduction

Non Solder-Mask Defined 
(NSMD) pad

Cu pad

RF laminate

Solder resist

Solder-Mask Defined 
(SMD) pad

Cu pad

RF laminate

Solder resist

solder solder
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Reliability improvement for Fan-Out Package through solder ball doping
Introduction

Cu pad

RF laminate

Solder resist
Cu pad

RF laminate

Solder resist

solder solder

Non Solder-Mask Defined 
(NSMD) pad

Solder-Mask Defined 
(SMD) pad
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Reliability improvement for Fan-Out Package through solder ball doping
Introduction

Cu pad

RF laminate

Solder resist
Cu pad

RF laminate

Solder resist

solder solder

Non Solder-Mask Defined 
(NSMD) pad

Solder-Mask Defined 
(SMD) pad
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Reliability improvement for Fan-Out Package through solder ball doping
Introduction

Cu pad

RF laminate

Solder resist
Cu pad

RF laminate

Solder resist

solder solder

Non Solder-Mask Defined 
(NSMD) pad

Solder-Mask Defined 
(SMD) pad
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Non Solder-Mask Defined 
(NSMD) pad

Solder-Mask Defined 
(SMD) pad

Cu pad

RF laminate

Solder resist
Cu pad

RF laminate

Solder resist

solder solder

SMD: full circular crack causes failNSMD: short crack causes fail

Reliability improvement for Fan-Out Package through solder ball doping
Introduction
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Reliability improvement for Fan-Out Package through solder ball doping
Test vehicle and test matrix

7mmx8,5mm

Solder ball stiffness, PCB Cu layers and PCB stiffness variation 

eWLB test vehicle

Mold

Dielectric1/2

Test matrix

Redistribution Cu

Solder Ball

Property variation

A) Bi doping 0% – 2.5%

B) Cu Pad design SMD/NSMD

C) RF laminate soft/med/FR4
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Reliability improvement for Fan-Out Package through solder ball doping
Introduction

RF laminate

Solder ball

Chip Mold compound
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Reliability improvement for Fan-Out Package through solder ball doping
Solder ball characterization
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Fan-Out Package

Solder ball peak shear force F_Peak
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Reliability improvement for Fan-Out Package through solder ball doping
Solder ball characterization
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Reliability improvement for Fan-Out Package through solder ball doping
TCOB lifetime for Bi-doping, solder pad and RF laminate variation

SAC

1.1% Bi

1.5% Bi

2.5% Bi
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Reliability improvement for Fan-Out Package through solder ball doping
TCOB lifetime for Bi-doping, solder pad and RF laminate variation
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Reliability improvement for Fan-Out Package through solder ball doping
TCOB lifetime for Bi-doping, solder pad and RF laminate variation
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Reliability improvement for Fan-Out Package through solder ball doping
TCOB lifetime for Bi-doping, solder pad and RF laminate variation
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Soft RF laminate buffers stress
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Reliability improvement for Fan-Out Package through solder ball doping
Drop test results
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Reliability improvement for Fan-Out Package through solder ball doping
Summary
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1. Bi-doping of the solder balls improves the TCOB performance of fan-out 

wafer level packages

2. BUT: Care needs to be taken to avoid unwanted extrinsic failures

3. Other performance parameters like droptest are not negatively influenced
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Reliability improvement for Fan-Out Package through solder ball doping
Good Bye!
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TCOB improvement for eWLB via Bi-doping
Test vehicle and test matrix

7mmx8,5mm

Solder ball doping, PCB Cu layers setup, and PCB stiffness relevant 

eWLB vehicle

Mold

Dielectric1/2

Property variation

A) Bi doping 0% – 2.5%

B) Cu Pad design SMD/NSMD

C) RF laminate soft/med/FR4

Test matrix

Non-solder mask 
defined pad (NSMD)

Cu pad

RF laminate

Solder resist

solder mask defined 
(SMD)

Cu pad

RF laminate

Solder resist

Redistribution Cu

Solder Ball
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