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Qualcomm, 
Apple and 
Mediatek are 
the main 
smartphone 
APU designers.

Smartphone 
market is 
expcted to 
remain 
stagnant in the 
next years.

SMARTPHONE APU MARKET
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Smartphone APU Units Forecast (Munits)

Source: Processor Monitor Q4 2023, Yole Group
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SMARTPHONE APU PACKAGING MARKET
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Smartphone APU units by package type (Munits)
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-3%

-8%

3%

0%

4%
2%

-1%

-15%

-10%

-5%

0%

5%

10%

15%

20%

 $-

$1 000 

$2 000 

2022 2023 2024 2025 2026 2027 2028

Y
o

Y
 g

ro
w

th
 (%

)

R
ev

en
u

e 
($

M
)

Smartphone APU revenues by package type ($M)

FO PoP Flip-chip YoY growth (%)

PoP configuration is targeting 
luxury and high-end 

smartphones whereas mid to 
low-end smartphone APU use 

less costly FC CSP configurations

Source: Advanced Packaging Monitor Q4 2023, Yole Group
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SMARTPHONE POP TECHNOLOGY
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FAN-OUT TECHNOLOGY FOR HIGH-END SMARTPHONE

Fan-Out technology for 
high-end smartphone 

SoC assembly

Samsung 
Fan-Out 

Panel Level 
Packaging 
(FO-PLP) 

TSMC 
Integrated 

Fan-Out 
packaging 

(InFO). 

Realize the 
efficient power 
consumption

Good thermal 
dissipation

Enable good 
electrical & 
thermal 
performances 
for 3D wafer 
level package. 

DRAMSoC die

Samsung FO-PLP Package Cross-section – Optical View
©2024 by Yole SystemPlus

DRAMSoC 
die
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FAN-OUT TECHNOLOGY FOR HIGH-END SMARTPHONE
Goggle Pixel 7 Pro Smartphone Dismantle

Google Pixel 7 Pro Smartphone
©2023 by Yole SystemPlus

Main Board 
©2023 by Yole SystemPlus

Google G2 
SoC

(Analyzed 
chip)Remove 

metal cover

Google Tensor G2 SoC 
Package 

Google Pixel 7  Pro 
Smartphone Opening

©2023 by Yole SystemPlus

Source: Samsung FO-PLP for Google Pixel 7 Tensor G2 SoC, Yole Group
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FAN-OUT TECHNOLOGY FOR HIGH-END SMARTPHONE
Google Tensor G2 soc Package

Google Tensor G2 SoC Package Frontside – Optical View
©2023 by Yole SystemPlus

DRAM package

SoC Package Sideview  – Optical View
©2023 by Yole SystemPlus

DRAM package
Google Tensor G2 

Main board

• The DRAM package is stacked on the Google 
Tensor G2 SoC die package.  

• The whole chip is assembled with PoP (Package-
on-Package) technology then integrated to the 
main board of smartphone.

Source: Samsung FO-PLP for Google Pixel 7 Tensor G2 SoC, Yole Group
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FAN-OUT TECHNOLOGY FOR HIGH-END SMARTPHONE
X-Ray images

SoC
package ball

Source: Samsung FO-PLP for Google 
Pixel 7 Tensor G2 SoC, Yole Group
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FAN-OUT TECHNOLOGY FOR HIGH-END SMARTPHONE
Package Cross Section

Package Cross-section – Optical View
by Yole SystemPlus

Google Tensor G2 SoC die

Package Frontside Cross Plan 
by Yole SystemPlus

Cross-section 

Backside componentSmartphone main board
SoC package ball DRAM die DRAM package ball

Source: Samsung FO-PLP for Google Pixel 7 Tensor G2 SoC, Yole Group
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FAN-OUT TECHNOLOGY FOR HIGH-END SMARTPHONE
Package Cross Section

Package Cross-section

12-layer main PCB

PCB 
FrameSoC Die

SoC die 
molding

Bottom 
RDL

Top 
RDL

SoC package 
ball 

UBM Solder 
mask

SoC Die Package Cross-section

SoC die 

Bottom RDL
Die RDL

SoC die

Package Cross-section

Source: Samsung FO-PLP for Google Pixel 7 Tensor G2 SoC, Yole Group
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FAN-OUT TECHNOLOGY FOR HIGH-END SMARTPHONE
DRAM

Wire 
bonding

DRAM 
substrate

4 DRAM dies

DRAM Package Opening

dismantle

LPDDR5X DRAM 
Die 

Source: Samsung FO-PLP for Google Pixel 7 Tensor G2 SoC, Yole Group
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FAN-OUT TECHNOLOGY FOR HIGH-END SMARTPHONE
SoC Die

SoC Die Package

SoC Die Delayering 

Remove 
substrates

Remove 
metal 
layers

FinFET Transistors – SEM View

• The process uses FinFET transistors

• FinFET transistor: 

• Fin pitch: 27 nm

• Gate pitch: 54 nm
• From the fin/gate pitch and public information, we assume the die 

is manufactured by using Samsung 5nm FinFET technology. 

Source: Samsung FO-PLP for Google Pixel 7 Tensor G2 SoC, Yole Group
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FAN-OUT PACKAGING MARKET
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100%
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99.8%

0.2%

2022

99%

1%

2024

TSMC

Samsung

FOWLP

FOPLP

Fan-out package supplier market share (%)

Carrier type market share (%)

2016: TSMC starts HVM of InFO_PoP 
for Apple’s A-series APUs.

2022: Samsung supplies Google with 
its FOPLP packaging technology.

> 2024: Qualcomm, MediaTek and 
HiSilicon can potentially adopt fan-out 
WLP/PLP technology on its smartphone 
APUs

2024: Samsung adopts its FOWLP 
technology for Exynos 2400 APU.

...
$789M $993M $1,024M

$789M $993M $1,024M

FO Packaging market trend evolution

Sources: Advanced Packaging Monitor Q4 2023, Yole Group
Fan-Out Packaging 2023, Yole Group
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TECHNOLOGY AND MARKET DRIVERS

Three or more RDLs. With min. L/S of 2/2µm possible 
providing higher interconnect density. 
Better signal integrity
Better thermal performance – lower heat resistance

FO package body size of 
15mm x 15mm or more

A thin package is the main 
parameter of interest by 

eliminating the substrate

High number of I/Os: over 1000

Through-mold-vias (TMVs) to get through the package

APU

DRAM

But... Is cost a problem?
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Why moving to a FO package?

FO Packaging technology trend and cost

Sources: Advanced Packaging Monitor Q4 2023, Yole Group
Fan-Out Packaging 2023, Yole Group
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PACKAGING COMPARISON
High-End Smartphone PoP Technology

Source: Samsung FO-PLP for Google Pixel 7 Tensor G2 SoC, Yole Group
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PACKAGING COMPARISON
Packaging Structure (FO_PLP PoP v.s. Standard PoP)

Source: Samsung FO-PLP for Google Pixel 7 Tensor G2 SoC, Yole Group
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PACKAGING COMPARISON
Packaging Structure (MCeP v.s. FO-PLP)

Source: Samsung FO-PLP for Google Pixel 7 Tensor G2 SoC, Yole Group
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PACKAGING COMPARISON
Packaging Structure (InFO v.s. FO-PLP)

Source: Samsung FO-PLP for Google Pixel 7 Tensor G2 SoC, Yole Group
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SOC COST ANALYSIS 
Google Tensor G2 system-on-chip (SoC) Cost Analysis 
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SoC Die Front-End Wafer Cost Breakdown          
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83%
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13%

SoC Die Cost Breakdown
(Medium Yield)

Front-End Cost BE : Die RDL Cost
BE : Probe Test Cost BE : Backgrinding & Dicing Cost
BE : Yield losses

82%

13%
4%1%

SoC Die Component Cost
(Medium Yield)

SoC Die Cost Capacitor Cost

Package Manufacturing Price Final Test Cost

BE : Yield losses

1%
17%

7%

17%

26%

2%

30%

SoC Die Packaging Cost Breakdown
(Medium Yield)

Dummy Substrate Panel Cost PCB frame Cost
Clean Room Cost Equipment Cost
Consumable Cost Labor Cost
Yield losses Cost

Source: Samsung FO-PLP for Google Pixel 7 
Tensor G2 SoC, Yole Group

IMAPS 20th Device Packaging Conference | March 18-21, 2024 | Fountain Hills, Arizona

0137



21www.yolegroup.com

MORE ADOPTION OF FAN-OUT TECHNOLOGY... AND WHAT’S NEXT?

2016 …   2022 2024

InFO_PoP

Chiplets?

Fan-out RDL interconnections are one approach to achieving
high-density connections in die partitioning.
The use of chiplets in the mobile APU could result in several
advantages:

• Decrease the cost of the system

• Increase performance

SoC-1

DRAM

SoC-2SoC

DRAM

Different approaches for integration

Side-by-side 
integration

3D Stacking
TSV + microbumps
or Hybrid bonding

DRAM

APU SoC

DRAM

SoC

DRAM

FOPLP FOWLP

DRAM

SoC-2
SoC-1

SoC

DRAM

OSATs solutions

Source: Fan-Out Packaging 2023, Yole Group
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