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B Heterogenous Integration toward 6G era
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http://www.broadcom.com/products/Data-Telecom-Networks
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Over 300Ghz

DL Gbps
Production year
2018 2021 2024 2027 2030 2033
BB antenna performance 1Gbps 10Gbps 20GBps 20Ghbps + 100Gbps 200Gbps
Data down load rate (*1) 350Mbps 1Gbps 2Gbps 3Gbps 5Gbps 10Gbps

(*1): estimated max in smartphone




B Smartphone for eMBB and URLLC
— Application processor



Signal Integrity
for high frequency memory bus

Apple Al12

Tekanalye technical report

l

Power integrity
for multi cored CPU/GPU/DSP

Thermal management
for higher performance

HiSilicon Kirin AP

https://www.anandtech.com/show/12195/hisili
con-kirin-970-power-performance-overview/5

N

EMI management
for high frequency power switching



silicon capacitor

Power noise
47% reduction

Tekanalye technical report

Operation voltage
19% reduction

InNFO (Wafer Level Integrated Fan-Out) Technology:Chien-Fu Tseng., etal, TSMC, ECTC 2016



Production year

2018 2021 2024 2027 2030 2033
AP performance (index) 1.00 1.75 2.66 4.05 6.15 9.36
Data down load rate (*1) 350Mbps 1Gbps 2Gbps 3Gbps 5Gbps 10Gbps

FO-WLP (Die first)

200 Qoo o 222 000 000

RDL: 5/5 um

Df < 0.015

(*1): estimated max in smartphone

FO-WLP (Die first) - Die partitioning

200 Qoo oo o0l 00 000

RDL: 2/2 um
Df < 0.008




Mold

v Higher STIFFNESS with lower stress

v Higher ADHEISION with Silicon Dies

v" Minimum VOLUME SHRINKAGE in curing process
v Lower THERMAL REGISTANCE

by Nagase

RDL

v Higher ELONGATION for CTE mismatch
v Required L/S and VIA SIZE

v' MIGRATION FREE for the design rule

v Lower Dk and Df

by JSR

3D TSV

Higher yield TSV PROCESS

Die to Die dense INTERCONNECTION

High through put and reliable NCF

Bond and De bond for temporally bonding



u
B Smartphone for eMBB and URLLC

— mmWave antenna
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Patch antenna + (Yagi antenna)

RF Front End IC

EMI shield

i

1X4 (2X4) MIMO
Patch antenna
(+ Yagi antenna)

~ MPI (Modified PIl) FPC — |

Patch antenna + (Yagi antenna)

FPC socket
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Transceiver IC  MPI (MOdIerd Pl) FPC Transceiver RF FE integrated IC

2X4 MIMO
Patch antenna
(+ Yagi antenna)



Camera bus
MIPI D-PHY
2.5->4.5->10 Gbps -> >20Gbps

\E.a e FromRed seagemna  1X4 (2X4) MIMO
Patch antenna
[ | : (+ Yagi antenna)
| <
>¢ antenna (& " 3/4G 3.5GHz , 5G sub 6GHz
- . 200MHz bandwidth analog
ISP
Patch antenna + (Yagi antenna)
FPC
mmW Transceiver to modem - - o
5G Modem [l 4G RF FE MPI1 (Modified PI) FPC
0.5 ->2 Gbps- -> > 10Gbps LCP (Liquid Cristal Polymer) FPC
- Df: 0.015 -> < 0.008 -> <0.002
/- |
|
WiFi antenna ™ - 5G antenna
[ ]
WiFi transceiver to AP " UsB type G |
0.5 -> 2Gbps -> >5Gbps

enna

USB
3.1(10Gbps) -> 3.2 (20Gbps) -> 4.x (>50Ghbps)



Antenna feed layer

Lower Dk, Df

Less impact for Humidity
Substrate (Wiring/Core) _ Less ir_npact for Temperature
Lower Dk, Df dielectric Patch antenna + (Yagi antenna) by Risho

Lower profile dielectric \ /
Lower RMS cupper

Narrower pitch PTH/Via
Dielectric thickness control

By Ajinomoto .

FPC socket

EMI shield RF Front End IC Transceiver IC FPC: LCP/MPI (Modified PI)
FPC
Lower Dk and Df Dk < 3.2, Df < 0.003
Mold :
Multi layers: > 4 dlayers
Stress Free
Lower curing/spattering temp. By JSR
Even material thickness without defect portions )
Lower cost (Spattering -> Splay, etc) EMI shield for Mold and FPC
by Nagase Higher bending stress reliability

Lower curing/spattering temp.
Even material thickness without defect portions
Lower cost (Spattering -> Splay, etc)

by Tatsuta



B To be covered detail roadmap by material leaders
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