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Industry Movement




Semiconductor Acquisition since 2015 C JCET

A 2015

A Avago (Broadcom)  2018: CA Technologies (Enterprise SW)

A Western Digital (SanDisk)

A Intel (Altera)

A NXP (Freescale)

A Micrel (Atmel)

A Microsemi(PMGSierra) A Less number of custome€s Tougher cost game

A On Semi (Fairchild) A Industry transition to newwave like automotivend
A 2016 loTC More capex for advanced packaging

A ADI (Linear Technology) A Slow growth rateC longer ROI concerns
A Renesaglintersil)

A 2017
A Marvell (Cavium)
A 2018 A 2019
A Microchip Microsem) A Nvidia(MellanoX)

A RenesagIDT)
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China iIs the next wave of packaging opportunities

Chinese Companies in the Top 50
Fabless IC Supplier Ranking
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2018 Fabless Company IC Sales by
Company Headquarters Location ($108.4B)
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Fabless/System |IC companies|—Z2 Twsiticon China 3,715_|_ 5,880 25%
5 Monolithic Power U.s. 471 583 24%
ranked by grOWth rate 6 MegaChips Japan 640 790 23%
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Correlation between WW GDP and IC Market Growth G JCET

Worldwide GDP Growth
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Largest IC Product Categories, 2018 and 2019F

X  CGJCET

Rank 2018 Market SM 2019F Market SM % Chg

1 DRAM $101,400 DRAM $96,125  -5.2%

2 NAND Flash $62,604 NAND Flash $57,095 -8.8%

3 Std PC, Server MPU $53,961 Std PC, Server MPU $56,120 4.0%

4  Wireless Comm—Spcl Purp Logic 528,058 Computer and Periph—Spcl Purp Logic  $30,673 12.0%

5 Computer and Periph—Spcl Purp Logic $27,387 Wireless Comm—5Spcl Purp Logic $29,741 6.0%

Rank 2018 Shipments Units, M 2019F Shipments Units, M % Chg
—p1 1  Power Management Analog 69,333 Power Management Analog 73,411 5.9%
—pl 2 Wireless Comm—App Specific Analog 27,696 Wireless Comm—App Specific Analog 31,158 12.5%
P! 3 Industrial—App Specific Analog 23,505 Industrial —App Specific Analog 27,637 17.6%
4  General Purpose Logic 20,649 General Purpose Logic 21,702 5.1%

5 Consumer—Spcl Purp Logic 16,253 Consumer—Spcl Purp Logic 20,736 27.6%

Source: IC Insights
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Analog never dies! G JCET

IC Unit Volume Makeup Trends (1980-2023F)
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Packaging Inflection




Packaging growth in advanced packaging
IC Package Shipment Trends (Billions of Units)
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Package Type 18 1SF 20F 21F 22F  23F i;: Examples
Advanced Packages | 173.5 1863 199.9 2151 233.0 2557 | 8% buﬁ:f:;:é:!’;‘::;zm
i?;i::wpes 82.0 89.4 974 1065 117.0 129.8 | 10% | QFN/MLF,SON,BCC,MIS,SiP
Eij; OtherAmay- | ¢93 519 532 553 57.2 598 | 4% Sf:;'iﬁ‘:i"‘:ﬁiiig g
WLP, Flip Chip, Other |, 5 451 493 534 589 661 | 10% L!ES;EEZMEDU:T.:L;

Bare Die-types
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2018 IC Package Shipment Shares

(287.8 Billion Units)

Through-Hole

and Other
3%

Advanced
Packages
60%

Ordinary

Leadframe
SMT Packages
3T%

Source: TechSearch International, Inc., IC Insights

Advanced Packages

m QFN, Other
Leadframe-types

m BGA, Other Array-
types

= WLP, Fip Chip, Other
Bare Die-types



SiPPackaging Technology 1 G JCET
| I\/Iobile solutions

AEmbedded antenna AmmWave and 5G

AIRSIP ADiscrete antenna
APOP antenna ANetworking/mobile
_____________________________________________________ AMulti-die embedded =~ AConnectivity
. AMulti-layer RDL €BL) ARF, PMIC module
eWLB SiP APassives Integration ARF MEMS

Alnductor with RDL for higher Q AnmWave /radar

AQFN or bare die + passives on
MIS

AASIC/MCU + MEMS sensor

AR transparent molding

AOptical isolation

fcBGASIP ASMT Module with/without H/Hardware platform module

denti e Alarge body utomotive
JCET Confidential S C e e oo Te ANetworking

APower modules

AFitness monitoring/WE
AAutomotive LIDAR




SiPPackaging Technology 2
. Core process solutions

High Density SMT Compartmental + Selective

Conformal EMI Shield
LGA 6x6mm
| Sub 8L
GaAs FC (4x) Laser trench & filling
Si FC (4x) No EMI shield / EMI shield

008004 (32x) =
01005 (23x)
0201 (26x) Package Construction f&iP Product
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Double Sided Mold with
Strip Grinding




SiPPackaging Technology 3 CJCET
. Interconnection technology
¢ Laser Assisted Bonding vs Mass Reflow
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Laser energy absorption

Chip Thermal energy accumulated
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Side View Top View

2000 2010 2018
Flip chip mass reflow Flip chip Therm@ompression Flip chip LAB
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SiPPackaging Technology 4 CJCET
. Interconnection technologyc eBAR

N

 §

-

v I T~
F & 4 F & 4
Low cost 2L PCB Multi-layer RDL Low cost 2L PCB

Option for replacing Megapillar plating
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All in oneSIP C JCET

Qualcomm Snapdragon SiPRSUZenfoneMax Shot and Max Plus M2)

=

— Application
processor,
Modem,

RF front end,
Audio codec,
RAM

NAND Storage

Image Source: Tudocellular via Manchikoni.com

Small motherboard, bigger battery(400@nAh)/extra camera/memory card slagtc
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