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SMARTPHONE APU MARKET
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SMARTPHONE APU PACKAGING MARKET

Smartphone APU units by package type (Munits) Smartphone APU revenues by package type ($M)

20%

60% Intelligence
5%

I @) YOLE ©) YOLE

Smartphone APU (Munits)
Revenue ($M)
YoY growth (%)

0% PoP configuration is targeting $1000
40% luxury and hlgh-end. 0%
smartphones whereas mid to
30% low-end smartphone APU use 5%
less costly FC CSP configurations
20%
-10%
10%
0% $- -15%
2022 2023 2024 2025 2026 2027 2028 2022 2023 2024 2025 2026 2027 2028
BFO PoP mFCPoOP mFCCSP mm FO PoP mmFlip-chip =—YoY growth (%)
Source: Advanced Packaging Monitor Q4 2023, Yole Grou
@KQIQJ:CGE @!&IJJSE amg Q - P www.yolegroup.com | 4



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

SMARTPHONE POP TECHNOLOGY

INFO Pop  tsiric FO-PLPPoP SNMSUNG Standard PoP SH“O"S?ETNGQ

Google SAMSUNG Google

s’
Apple
Ale

Samsu ng Goodle
Google 9
Tensor G2 Exynos 2100 Tensor G
e ——. 1AM die P DRA\M die HDRAM die
P T T R .
CCOCOe ¢ o= ¢
MCeP £ SHINKO .
Advanced PoP BGA Packaging OSAT MCeP-like + standard PoP

SAMSUNG

y meoinTer 4 Qualcomm (D
HiSilicon

MediaTek Qualcomm HISILICON snM s u N G

Dimensity 9200 Snapdragon 8 Gen 2 Kirin 9000
Samsung

H Exynos 2200

ree  eceece  reve

@YOLE @YOLE www.yolegroup.com | g

Intelligence SystemPlus
0122



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

FAN-OUT TECHNOLOGY FOR HIGH-END SMARTPHONE

Fan-Out technology for
high-end smartphone
SoC assembly

TSMC Samsung

Integrated Fan-Out
Fan-Out Panel Level
packaging Packaging

(INnFO). (FO-PLP)

» Realize the

Enable good al
electrical & efficient power
» thermal consumption 9
performances S0C |
for 3D wafer » Good thermal
dissipation

level package.

Samsung FO-PLP Package Cross-section — Optical View
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FAN-OUT TECHNOLOGY FOR HIGH-END SMARTPHONE
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Google Pixel 7 Pro Smartphone
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Main Board
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Google Pixel 7 Pro

Smartphone Opening
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FAN-OUT TECHNOLOGY FOR HIGH-END SMARTPHONE @

Main lpoard
DRAM package

Google Tensor G2

DRAM package

Google Tensor G2 SOC Package Frontside — Optical View
©2023 by Yole SystemPlus

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

« The whole chip is assembled with PoP (Package- : P i SystemPlus
on—_Package) technology then integrated to the SoC Package Sl'de\//'eW " Optical View
main board of smartphone.
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FAN-OUT TECHNOLOGY FOR HIGH-END SMARTPHONE @

DRAM substrate  DRAM package ball  ppaM die PCB frame

SoC Google Tensor G2 SoC Package — CT-Scan Image

SoC die Bottom RDL
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SoC Die Bottom RDL #3 — CT-Scan Image
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FAN-OUT TECHNOLOGY FOR HIGH-END SMARTPHONE

Package Frontside Cross Plan
by Yole SystemPlus
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Package Cross-section — Optical View
by Yole SystemPlus

@ ,YMQ,,Q!;F @ Yyﬂgﬁl;usE Source: Samsung FO-PLP for Google Pixel 7 Tensor G2 SoC, Yole Group www.yolegroup.com | 10

0127



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

FAN-OUT TECHNOLOGY FOR HIGH-END SMARTPHONE
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FAN-OUT TECHNOLOGY FOR HIGH-END SMARTPHONE

+ Package opening reveals 4 DRAM dies.
*  Wire bonding

o Material: Gold wire

o Wire number total: 384

o Wire number per die: 96

4 DRAM dies
7 o Wire diameter: 19 um

o Wire average length: 400 pm
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FAN-OUT TECHNOLOGY FOR HIGH-END SMARTPHONE

SoC Die Delayering

FinFET Transistors — SEM View

» A
-

Remove  The process uses FINFET transistors
substrates - 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.
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FAN-OUT PACKAGING MARKET

Fan-out package supplier market share (%)
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2016: TSMC starts HVM of INFO_PoP
for Apple's A-series APUs.

samsune Google

2022: Samsung supplies Google with
its FOPLP packaging technology.

SAMSUNG

2024 Samsung adopts its FOWLP
technology for Exynos 2400 APU.

Qualcommn LELET (Brswicon

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

Why moving to a FO package? FO package body size of

1I5mm x I5mm or more

A thin package is the main

parameter of interest by ]

eliminating the substrate

But... Is cost a problem?

DRAM

RN RN RN RN AN R A

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

Three or more RDLs. With min. L/S of 2/2um possible
providing higher interconnect density.

Better signal integrity

Better thermal performance - lower heat resistance

High number of I/Os: over 1000

ASP of different package types for smartphone APU ($)
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PACKAGING COMPARISON

©

DRAM package SoCdie PCB frame
|

FO-PLP

Standard PoP

INnFO

DRAM package SoCdie Copper core solder ball
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PACKAGING COMPARISON

Tensor G2 SoC (FO_PLP PoP) « In Standard PoP, the tin-based solder balls are
used as the interconnect between top substrate
and bottom substrate. The solder is slightly

deformed during the reflow process.

« In FO_PLP PoP, the PCB frame has the same
function as solder balls in Standard PoP but has no
ball deformation issue.

- Compared to the top & bottom substrate of
Standard PoP, the RDL in FO_PLP provides thinner
package thickness.

Tensor G SoC (Standard PoP)

@YOLE

SystemPlus

- FO_PLP RDL minimum line/space: 710 um [ = s
- Standard substrate minimum line/space: 15/15 um

Tensor G Package Cross-section - SEM View
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PACKAGING COMPARISON

Coogle Tensor G2 Package Cross-section - SEM View

« In MCeP, copper core solder balls are used as the
interconnect between top PCB and bottom PCB.

- The copper balls slightly shift during the reflow
process.

@YOLE @YOLE

Intelligence SystemPlus

| - MCeP (spsc) min. Line/Space width:

« In FO-PLP packaging structure, the PCB Frame
has the same purpose with less copper material.
Compared to MCeP's copper ball, the copper lines
in PCB frame doesn’t have deformation issue.

« The PCB frame height is 100 um larger than the

one of copper core solder ball. It allows to integrate
thicker SoC die, which is assumed to have better
mechanical reliability.

14/14 um
« FO-PLP (Google G2) Min. Line/Space width: 7/10 um

Source: Samsung FO-PLP for Google Pixel 7 Tensor G2 SoC, Yole Group
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Qualcomm Snapdragon 8 Gen 1 Package Cross-section
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PACKAGING COMPARISON

» The PCB frame takes more space compared to the
TiV but allows an additional routing around the
die. It functions more than a connection to the top
component.

.............................

CGoogle Tensor G2 Package Cross-section —SEM View
* In InFO packaging, the TiV is used as an .
interconnect between DRAM package ball and
RDL. There is no top routing between TiV and and.

DRAM package.

» Compared to MCeP, both TiV (InFO) and PCB -
frame (FO-PLP) have a solid structure without el A E T s

@YOLE.

Syste'm Plus

deformation during reflow process. Apple AT6 Package Cross-section — SEM View
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SOC COST ANALYSIS

SoC Die Front-End Wafer Cost Breakdown
(Medium Yield)

m Clean Room Cost
m Consumable Cost
m Yield losses Cost

m Raw wafer Cost (Si)
m Equipment Cost
m Labor Cost

e
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m Front-End Cost
= BE : Probe Test Cost
= BE :Yield losses
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SoC Die Cost Breakdown
(Medium Yield)
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SoC Die Component Cost
(Medium Yield)

= SoC Die Cost Capacitor Cost
= Package Manufacturing Price = Final Test Cost
= BE : Yield losses
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BE : Die RDL Cost
= BE : Backgrinding & Dicing Cost
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Source: Samsung FO-PLP for Google Pixel 7
Tensor G2 5o0C, Yole Group

SoC Die Packaging Cost Breakdown
(Medium Yield)

® Dummy Substrate Panel Cost m PCB frame Cost
m Clean Room Cost m Equipment Cost
m Consumable Cost m Labor Cost

m Yield losses Cost
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MORE ADOPTION OF FAN-OUT TECHNOLOGY... AND WHAT'S NEXT?

OSATSs solutions Chiplets’?
kaor Fan-out RDL interconnections are one approach to achieving
o iR Technology” high-density connections in die partitioning.
e A aeoe Powertech The use of chiplets in the mobile APU could result in several
InFO Sop _==_§§? Tl Technology Inc. advantages:
N - T JCET » Decrease the cost of the system
] memsccmss 1| + Increase performance
VOWwwwwuv
2016 .. 2022 Different approaches for integration
FOPLP FOWLP DRAM Bl
o DRAM o DRAM Side-by-side W o — \/Igmu\/
iimmc=mmmas = ntegration B i i il
YYOULUUULUY 50000000 wivivivivivivivaaeiviviviviviely
SAMSUNG Google SAMSUNG
DRAM

3D Stacking &= DRAM o i
15y - microbumos i ey — DT

or Hybrid bonding .\\)\).\\)\)\\);\\)\\).\\) \)\)\)JJJJ\)

@ YOLE @ YOLE Source: Fan-Out Packaging 2023, Yole Group www.yolegroup.com ‘ 21

Intelligence SystemPlus
0138



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

Thank You for
listening
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