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Segment 2018 2019 2020 2021
56 612.9 2,211.4 4,176.0 6,805.6
26 1,503.1 697.5 406.5 285.2

3G 5,578.4 3,694.0 2,464.3 1,558.0
LTE and 4G 20,454.7 19,322.4 18,278.2 16,352.7
Small Cells 4,785.6 5,378.4 5,858.1 6,473.1
Mobile Core 4,599.0 4,621.0 4,787.3 5,009.5
Total 37,533.6 35,924.7 35,970.5 36,484.1
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o [FRANT IV r—arHOGEGERT 7T b2y r— 2 OF . m_'
%) Taejoo Hwangetal (Samsung) ECTC 2018, : 5l I

* [Die-to-Wafer (D2W) AL GER ) — K Yy 7DDy r—I v
7 Ol O HIE] Luke England (GF) &Ping-Jui Kuo (ASE) etal
ECTC 20199,

IEEE " - ; ELECTRONICS : . - LEcTRON
QlEEE 'DhOtO("G.S 6 semili @ESEE‘%—%'NG m %

TVITHEHET AT IV
Huawei P30 Pro
Samsung Galaxy S10 mmWave 5G

IEEE " LECTRON
YIEEE  ‘Photonics /»semi & i ASME Y iy

HIR version 1.0 Chapter 7, Page 148 Heterogeneous Integration Roadmap



June, 2019 Mobile

Huawei P30 Pro ﬁ}ﬂ? Source Prismark and Binghamton University

MASY PCE - FRONT FACING 5. HiSilicon RF Trancerver (2x) FCCSP
6. Skyworks PA Duplex Module SiP

1. HiSilicon 980 AP/DRAM MCeP Style PoP 4. HiSilicon Power Manager FCCSP b .
‘M“ﬁmﬁmhed“’mb«rd!‘g? 7. Oovo PA Duplex Module SiP
o iz 8. Diversity Receive Module SiP

3.HiSilicon WiFi FCCSP

F30iX, Huawei Pro30 A 4 » R— FL A7 T, SIPLFCCSPOBM SICHEELTLHEEWn

0|EEE '-%hotonic_s 5 semi @%mg:s Py \gm‘:n

IETY

Samsung Galaxy S10 mmWave 5G (1)

HALALSI05GIISGS V¥ THIOTHBIZBRAZRE L, FEAYDaYyR—3 2 MEIRILTT
M, 5GRA—ANR Favrf—3x b, BMORFEY a—n, RUT T H bTFrr—nEda—n

(BTHRHALET) MEMShTwET,

1 QCOM 858 AP/DRAM: FCCSPPoP . an-o z:ps;m

2 Samsung UFS NAND: Wire boad stacked CSP - ks PAD:

3.QCOM 3G Baseband: FOCSP/wire bond DRAM slsmskyworl;s 0PASP

4.QCOMRF T ver : FCCSP : F i
QCOM RF Transceiver : F 9. Murata WiFiBT: SiP
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Samsung Galaxy S10 mmWave 5G (2)

77V r—iraratytid, Qualcomm Snapdragon 8557 7' U r—ira 7t iz
MCePA ¥ A WDOPPHEEER L ET. YA T4 ¥ =K FAEY Ry =13, 38O
WiAI b L— AR (ETS) 10umL/SO LIZ7 ) o7 F o7 RESNETHRT ) r—
vavZuty¥oEl#EEXRET, S£X25um, EyFI100umPDCut’ T — 2R -7 7
Vo—varTuktyhFLiE, NCFFor¥4—7 4V EICBERShET,

12.3 x 12 4mm MCeP* style PoP

= 1. 3mm beight, with 4 die DRAM stack
= Reduced substrate thicknesses

Processor Package
- 100pm thick die; 25pm Cu bump height
Samsung LPDDRAX wuth § (1GB) Die ~ TCB wth NCP at <100um pitch
= Gold wire bonds
= De: 50pm thack; FOW: 50um

= 4 capacitors (0402) between bostom solder balls
= 2L “Upper substrate™: 100um thack
= 120pm EMC thickness over die

= 3L Embedded Trace Substrute (ETS). 130ym thack,
10um LS, 55 dinmeses -
IEEE & = CAECTRON
YIEEE  “Bhotonics /> semi etecrmomcs iy
SOCIETY . SOCIETY

BEDA<— k74 (Apple iPhone 8) IZR bh 2 ik EliD @
2 TITNET I ) uYDEE

HETEROGENIOUS
INTECRATION ROADMAF
Source: Prismark Partners October 2017

WirelessCharging Coils

.----“i :
- -

About 1000 Passives:
smallest 01005

Nano Coating Material
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BEDA<7— N7+ (AppleiPhone 8) IZR LN AKERD \/c
Source: Prismark Partners October 2017
WirelessCharging Coils

.--.E".' a8

About 1000 Passives: Nano Coating Material

smallest 01005
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Source: Pnsmark Partners
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Source: Prismark Partners

QUALCOMM QTMO52 mmWave ANTENNA MODULES

Side Facing 5G mmWave Antenna Modules
4 patches
18xSmm module
Connecior for flax jumper lo main PCB
5-2.5 substrate
850um thick
Top 5 built-up layars for interconnoct
Bottom 5 bullt-up layers for antenna

mmWave Transceiver

Patch Antenna

Dipole Antenna (not in this module)
Power Manager

Power Induclors

Connector for flex to main PCB
Shielding

oMmonm»

Photo sowrce: Prismark/Binghamton University
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A ’ Source: Sheng-chi Hasch (ASE) ECTC 2019
Antenna () Single e Array o
Organic Substrate v
FO Substrate
-0
m + Balancecostand high gainrequest
ol + Flexible designwith 3D structure
S—— & 1 + Easyrealized array structure
FO-eWLP - + Thin thickness with small form factor
+ Cost benefit for small AiP request
FPEESSERE | . Shortrangeandultrashortrangeradarapplicati
eWLP
——t + ?su.
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AiP BAZEE M)
Source: H Chang et el (ASE) IMS Boston June 2019
Thickness ¥ Thinner
(m) ! Higher fequency
t - ¢ Snge Mt dod
=8 hsymmetric Substrate Antenna
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13
i ]
o nmemen
. WLFQ Antenna
D e Qs b
Developing N
Pt N8 N9 uW r
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AIiPT vV 7 ) & Ny —VHE
Source: H Chang et el (ASE) IMS Boston June 2019
Low Dk/Df Material Dimension control Warpage control
* Sbtat Pragippond  © ol
* B + X st control * Structure design
Antenna architecture
T
4 Stacked
* Hybrid
Thermal Reliability
? Termalsmuatondesin cpabiy P Themmaltessprecon/TCTHASTIHTST)
* Bottom side thermal pth ? Boardevl(rop/TCT/Bending)
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AiP R A Z o7
Source: H Chang et el (ASE) IMS Boston June 2019
Typical B —_T
e |
: —/ e
e =
o Packogesize: 11xt1mm * 4x56 mm e
o Technology -
+ High accuracy alignment stacking e
» Stocking capabilty =

o Gap control: #/-30um, CPK>1.33
o XY shit:+/-30um, (PK>133
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+photonics 5 semi @ PACKAGING — @ @‘m.
= SOCIETY SOCIETY
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“Advanced Thin-Profile Fan-Out with Beamforming Verification for 5G Wideband = .i' i
Antenna”, Sheng-Chi Hsieh et al (ASE) ECTC 2019 .

“Low-Loss Additively-Deposited Ultra-Short Copper-Paste Interconnections in 3D
Antenna-Integrated Packages for 5G and IoT Applications™, Atom O Watanabe
(GIT), Nabuo Oqura (Nagase) et al, ECTC 2019

“Novel Multicore PCB and Substrate Solutions for Ultra Broadband Dual Polarized
Antennas for 5G Millimeter Wave Covering 28GHz & 39GHz range™ Trang Thai et
al (Intel), ECTC 2019

“Mm-Wave Antenna in Package (AiP) Design Applied to 5th Generation (5G)
Cellular User Equipment Using Unbalanced Substrate™ Ying-Wei Lu et al, ECTC

2018

4 IEEE
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Source : K Ghose HIR HPC Data Center TWG
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Source: John Shalf (LBNL) HIR Workshop at SEMICON West July 2019
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High-Density fiber coupling array
with 24 fibers = 6-12 Tb/s bi-
directional = 0.75 - 1.5TB/s
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Next-generation SoC design in the 5G era

Integrates with all package technologies

Silicon interconnect Package RDL interconnect

2019-2021 2022+
SoC - System on Chip

.

Die paﬂrburu ng

Sub-block IP partitioning

"-‘.-'nrn <5-7Tnm
TV TF—ay [F/251 NVIERE)
20194E7HERIF b2 A |, Steve Mollenkopf, Qualcomm CEO

IEEE ok,
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Evolution of mobile design architectures

[ 7] . : u i M " e
" vewee e il e
SoC + discrete RF/analog Sub-system modules System-in-package

Evolution of mobile form factors

VB TF—Yay [0 VITRKE)
20194E7HERIF b 24 |, Steve Mollenkopf, Qualcomm CEO
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Al hardware
acceleration -

research

Traditional computer architecture Compute-in-memory
+ Computations, ike add and multiply, are

+ Compute and memory are separate and data
done in memory

has to be shuffled back and forth
Example: compute-in-

memory Al research

« Good for simple math operations and

+ Good for general purpose operations
9 when memory becomes bottlenock

= Analog compute

sit-width Al

A paradigm shift from traditional

computer architecture can bring

orders of magnitude increase in
power efficiency

Source: Presentation “Enabling the next industrial revolution with AI & 5G™
by PR Chidi Chidambaram (Qualcomm) SEMICON West, 9 July 2019
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HIR Executive Summary Chapter 2019

HIR 5G - A & MS Chapter2019

HIR High Performance Computing & Data Center Chapter 2019

The Mobile Economy GSM Association2-25-2019

The Global Trend GSM Association9-11-2018

Mobile Internet Connectivity GSM Association2019

Ericsson Mobility Report, June 2019

Ericsson Mobility Report Q2 Update 08-30-2019

World Economy Outlook. April 2018, International Monetary Fund (IMF)
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10.  IMF Working Paper WP/18/22 January 2018 Benjamin Carton, Joannes Mongardini, Yiqun Li.

11.  “History of Mobile Phones” Wikipedia.

12.  *5G Wireless™ 4-1-2019 Investors Business Dailey

13.  Prismark Semiconductor & Packaging Report June 2019

14. . Prismark Semiconductor & Packaging Report March 2019

15. “Advanced RF System in Package for Cell Phone 2019 YoleDevelopment

16. “Fan-Out Packaging Technology & Market Trend 2019 Yole Development

17. *3D MiM (MUST-in-MUST) for advanced System Integration.” Au-Jhih Su et al (TSMC) ECTC 2019
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18. “3D Heterogeneous Integration with Multiple Stacking Fanout Package” Feng Cheng Hsu et al (TSMC) ECTC 2018.

19. “Ultra thin FO Package-on-Package for Mobile Application™ Hsiang-Yao Hsiao et al (IME) ECTC 2019.

20 “Study of Advanced Fan Out Package for Mobile Applications” Taejoo Hwang et al (Samsung) ECTC 2018,

%IIJI “Die-to-Wafer (D2W) Processing and Reliability for 3D Packaging of Advanced Node Logic™ Luke England (GF) & Ping-Jui Kuo (ASE) et al ECTC

12 *“Heterogeneous Integrations™, John H. Lau Springer 2019
23 “Scaling Millimeter-Wave Phased Arrays: Challenges & Solution Examples at Ka-band & W band" Xiaoxing (Kevin) Gu (IBM) IMS Boston June 2019
24 “5G Design thru Simulation™ Larry Williams (ANSYS) IMS Boston June 2019

25. “Design & Fabrication of STW at mm-Wave using organic sul " Atom Wi be et al (GIT) IMS Boston June 2019
26 “Mode Selective Tr ission Line Technology for Ultraband Analog & Super High Speed Digital IC & Systems™ Ke Wu et al, (Ecole Poly Montreal)
IMS Boston 2019

27 “From Assembly to Testing. Characterization of Low Cost Organic Substrate for mmWave AiP Application” Harrison Chang et al (ASE), IMS Boston
June 2019

28 "Thermal & Mechanical Co-Design for Packages in 5G System™ Chris Bailey (Greenwich Univ.) IMS Boston June 2019

19 “The Next Big Phones Could Bring a Billion People Online” Bloomsberg Businessweek, Shira Ovide, June 2019

30 “Enabling the next industrial revolution with AI & 5G" PR Chidi Chidambaram, July 09 2019 SEMICON West

31 “Drivers and Trends for SiP: From Mobile to High Perfi " E Jan Vard: TechSearch, SEMICON Taiwan, September, 19,2019.
32 “Our Future is Mobile”, Steve Mollenkopf, ERI Detroit, July 16, 2019

33 " Future of Computing Beyond Moore's Law™ John Shalf, (Lawrence Berkeley National Lab), HIR Workshop SEMICON West July 8, 2019
34 " Chips with everything. How Internet of things will change the world”, The Economists, September 14% 2019,
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