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Why advanced packaging is become more &

more important ?
* Moore’s law slowing down

Only 4 players with 14/12nm Fab
SITECHNOLOGY IS BECOMING RARE

NUMBER OF PLAYERS WITH A LEADING EDGE LOGIC FAB

Only 2-3 players still in the 7nm node race

S < (inteD

Delay in Intel’s
10nm node, so
obviously they are
late regarding

TSMC & Samsung

« Advanced packaging technologies like TSV, hybrid bonding, Fan
Out... are one alternative to Moore’s law slow down
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MI1

Electronic mega trends - REQUIREMENTS

202 - ]
4 &« More computing power
$2728 gy 202 :
Bendwidy  OPRY &« High speed
xlop ™ 128 T\ - $16308 ,
L, erbvare 9}: )) 1 100M vehicle « More bandwidth
.10 whe e « Low latency
o AUML g e &« Low Power
&« More functionality
2021 2021 2021 b &« System integration
$5008 $8.5B -5 sp & More sensors
- 35Munits .‘Q n;:;;h ' i &« More memory
2.58 VRARMR e « Low cost
Units sold untothored and e ers
P Mobil :::::: ARVR Voice Processing  Hyperscale Data Centres « Hardware-software Compatlblllty
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Advanced packaging platforms

No Organic Leadframe Ceramic [l Embedded
substrate substrates substrates substrates Die
=
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| B FOon
Substrate
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2.5D & 3D stacking, packaging technologies

Memory stack

DRAM 3D stacking

=1 [mmm— > High Bandwidth
memory (HBM2)

2.5D Silicon
interposer
o —

BGA
Laminate - e - < —_—

TR SYSTEMP -

M UCONSULTING

* Heterogeneous integration
* High performance packaging technology
» For high end markets as data centers, clouds ...

# SYSTEMPlus

M HUC ONSULTING
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2.5D & 3D stacking technologies
With / Without TSV. Foundries VS OSATs battle
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2.5D & 3D integration Market segmentation

25D & 3D

integration

_ r
High End | Mid / Low
segment | End segment
Market Gami ; NYOLE ; i
HPC VRIilAmJIél'R Networking iesiosss Sensing Lighting
Applications
Artificial Dézta f:l:lgg Super Data centers, Switch / MEMS & cls LED
Intelligence othgf data) computers hyper scale Router sensors

High End segment is defined as the market where an application is less

Mid/Low End segment is defined by a
sensitive to the cost,but requires reduced footprint in addition to high
performances & reliability
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2.5D & 3D stacking technologies are the answer
for high end segment market

Data center

Data mining e 4
* HBM2 & 2.5D VR/AR/MR -

interposer:
+ GPU
« CPU
+ ASIC, TPU

Super computer

*+ FPGA
+ 3DS:
*  Networking
Equipment
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Some hardware examples for high end segment
using stacking technologies

S

*  AMD & Nvidia GPU:
* 4 or 8GB HBM2 (I or more physical HBM2 dies)

B
*  Xilinx FPGA Virtex Ultrascale+: )
|6nm technology
* 4 or 8 GB HBM2 memory (| or 2 physical HBM2 dies)
*  Up to 460 GB/s of bandwidth

*  Broadcom Jericho2: switch/router
* | HBM die
*  Jericho2 ASIC

*  HBM & Jericho interconnected via the Si interposer

*  Google TPU (Al neural-network computing accelerator):
TPU2:
64GB HBM2 & 180Tflops
TPU3: -
128GB HBM2 & 420 Tflops
Liquid cooled TPU
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An example of the supply chain for 2.5D
packaging technology

* Supply chain for AMD Radeon Vega Frontier GPU
* Components from 4 companies + 1 OSAT

FFHSYSTEMPIyS

CONSULTING

. Y WY
Global Samsung - ;
foundres umac l-------n‘:::r:g

BGA Pachage Substrate

&M Pimsunce uNMC IBIDEN

A g > G U\ =={= Yield has a direct and major impact on the ASP
SPIL Taiwan =» CoW chip last process =ESEE. (Average Selling Price)
A2
790 %
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2.5D simplified process with test steps

» Atleast 6 test steps
° H — * * * * *
YleldCombined - YSubstrate Yinterposer YDie1 YDie2 YDieX

Substrate { Interposer Logic Memory

s .1 N ([ : N [ 1 h 4 . : )
Inspection & Test WLT & Wafer WLT & Wafer Testing / Sorting /
done by foundry sorting done by sorting done by . .\vou-: Dicing / Taping

foundry Or OSAT foundry Or OSAT i done by foundry

- J AN J N

| ! l !

e N N (7 D s R
PCB preparation Interposer workout Logic attach to Test Memory attach to Final
and attach to PCB interposer Assembly 1 interposer test

O AN 4 h 4

[
Assembly |

|
Assembly 2
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Stacking in CIS, technologies evolution &
Roadmap -

4 stacks high
CIS & Pixel to
pixel high
density

interconnection
CIS under
development.

stacked

Hybrid
stacked
Oss; TSV Used in Sony
o —1 XZs:
- . 3 wafers
= Used in interconnected
Used in Iphone Galaxy S7: via TSV
|7+: 2 wafers
2 wafers interconnected
interconnected via Hybrid
via TSV Bonding @ﬂoﬁ .
| | | 120 %
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New challenges induced by stacking
technologies

* Thin wafer handling:
— 100pum wafer thickness to handle = White paper thickness

« Bow management:
— Alignment difficulties
— Probe testing difficulties
— Cracks induced by vacuum on tester/prober
— Cracks induced by probing with Bow

+ Test difficulties:
— Specific test structures need to be implemented (E-fuses in Si interposer for example)
— Difficulties to test small Cu micro bumps =» Larger test pads & additional test paths needed (design rule)

* Burn In test:
— Complexity to identify the origin of a failure occurring at the system level with different devices & layers
— Reliability is crucial for some markets as automotive
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TSV & Hybrid bonding, packaging revenues
TSV & Hybrid bonding packaging revenues (M$)
» Stacking technologies based on s
TSV ~ or Hybrid bonding 4000
considered 3 000
$5.7B packaging revenues for 2000
stacking technologies in 2023 | 000 I
§ zow 2018 | 2019 | 2020 2021 2022 2023
= G
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Conclusions
« Stacking technologies = one solution to Moore’s law slow down

« Stacking technologies are widely used in high end markets but
are also present in Mid/low end applications

« $5.7B stacking technologies, packaging revenues in 2023

« TSV is the dominant technology but is being challenged
 Yield is important when talking about ASP

« Test is a crucial, complex & challenging step of the process

« Reliability test is important for advanced packaged systems,
especially when related to stringent markets as automotive
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