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September, 2019 HIR Overview and Executive Summary
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Figure 1. Cartoon from Moore’s paper illustrating his market vision [1]
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Megabits per DRAM

Perormance (vs. VAX-11/780)
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Figure 3. Die Cost Increase at Advanced Nodes. D L7
Source: Lisa Su [6] SEMICON WEST 2019 -

2006 2019
* Exxon Mobil » Apple
* General Electric » Microsoft
* Gazprom » Amazon
» Microsoft » Alphabet
* Citicorp » Berkshire Hathaway
* Bank of America » Facebook
* Royal Dutch Shell » Alibaba
* BP » Tencent Holdings
* Petro China * JP Morgan Chase
* HSBC * Johnson & Johnson

Figure 4. Rise of the Tech Companies. Source: The Economist[6] & Statista

X 4 i, 2006 4 & 2019 FICKHERFE T EGBEDO F vy 710 ZZR L TWE T, 2006 FD Y X FiTid A4
TOREZII#HL2DY FRATLED, 2019 FDY R ME, "M T I7eFETHE bt (BXU LA

7 Semiconductor Industry Association, https://www.semiconductors.org

HIR version 1.0 Chapter 1, Page 5 Heterogeneous Integration Roadmap



September, 2019 HIR Overview and Executive Summary

10tkD 9B 74) BEINTEY, FTYEARA~DOE) R ZEEEER L T T[6],

777 uY—EOREL X OFERDRALIC X > T, 2a— 7 OEHIREFN R EH 2 G HOLMHAH Y
¥, TNRTIEIALT -2 OREOBERENRILK, ZLT5G & ATLAIEOEY;, chicii, =L 27 b=
7 ADEH DR % B % 4L F 2 Mk 2B S BT,

SIA & SRC¥Z, 2017 4£ 3 A i MEEAFMEOES  EROEYa v NI F] twi X4 PArDLEFE—}
RIFATARALELZ[7], MEFBTRRO X S5 IKBRRTCWE T, [ SE DI, 4—T7 DA CIZ L WIHET
(2B D EFHA, LDL, FEF)E L CHDHIF 5 D7 0 DE KL AFEMHD S ) F 910 op 3k h,
IZEFHRENTEEA., COED THEBELICE DT, EFICIZESE, BN, KPR 70 7T
T BLHES B D F A TREFFFED & RN ICE S F T, 8L I3 F X ELFHDF— 7L —
VIl h B DI, ]

ID~NFUYZTAAVF L —yavu—F=y 7 (HIR) i, 2B ETHRELZLLTHA ) —
vavEZIAN, THERRY IR —vavEREL, v4 7L 2 b o= AT ORILOMERE % N
WT 2 LIKHRLTCVWET, ZOoHMWIE, =L 7 =7 RERICERWAR Y a v 20U, Rk
OHEERFEL., BENLEY YV a—vaviRETEL T, Zon—F=y 73, HER, ¥R FHR
prFEt&BaIC, 5% 15 Flo L 7 b o =7 REROMEIC ) T 7= TG 7 e S & Sl Zf o ¥REE Y 7l % §2
fLET, T/, LVROHRARE A L7 4 VT, FBET AL R LFEHMNO~T O =T AL v T 7L —
vavitBid s 25 Forya vERHL I, B, BFgioa 7R L —vavEEEL, ZnickoT
EHDR—2EET 5 L TT,

IL 7 bu=7 2R35O S0MEICECHAATNTEY , b0 EiE, 5, o ik E 2
BBD, Ia—=NVIe T A TAZA N FEE, EVARCHLOIERES L LT0ET, filzbldT vy
e & B OEREDRHUICAY 22oBH ) | T—20RER{RET 2 TGO NICIRODOBEENE T,

@ FT—Xx uYyvr RUTINVr—vavns7vF~0BfT
@ V=¥ NATATORMICKZIT 0t
o EANAATFAAZDMEAL
e 5GifgtE/ DA vE—FvF (IoT) »HITRTCDA VX —% v b~
o {(AHHIE (VR) ILRBIE (AR) %fifi 2 7z A THIRE (AD
o [HEnEHIEH
6 2D FHEETHEROKICRL £3,

Smart Data to the Autonomous
Mobile Cloud Vehicles
Everywhere &

Data Centers

All future applications will be further transformed through the power of Al, VR, and AR.

Figure 5. Six application spaces undergirvded by AI, VR and AR. Source: ASE

8 Semiconductor Research Corporation, https:/www.src.org

HIR version 1.0 Chapter 1, Page 6 Heterogeneous Integration Roadmap



September, 2019 HIR Overview and Executive Summary
4, ~TUITRAVFISv—Yavua—Fwy7

NTOUYZTRA VT IL—vaviid, filiciEdnzaryR—F v P2 BT 7Y (System in
Package-SiP) ic4 v F 2L —vav L, &L LTHREZBILL., BiEffE2dE T3 2T, COEH
Tlt, I2F=F2 Mt ll{4DEAL, MEMS 754 X, ZHifn, #MATZTORENy r—2F 1T
SATAREH— DN = A T =22 Y IASEEDLI=y | REYT S DL SLE
BB Y E T, BEHFIEIR, > X FALRADNT 3 —7 2 IPPH TR} o EDHEF SRS I CEY,TE
5% BNE T, MMl ITRS Assembly & Packaging Chapter,

.
.
.
.
L]
-
-
.
.
.
.
.

‘T E N N N B BN B BN N N

LB B N N NN N N

Die + Heterogeneous System in Package (SiP)

Figure 6. Heterogeneous Integration and System in Package (SiP). Source: ASE
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Figure 7. AMD Fiji GPU-HBM Si Interposer 2.5D Package. Source: ASE
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Figure 8. Intel Agilex FPGA Chiplet application. Source: Intel
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Figure 9. AMD EPYC Server Processors. Source: AMD [6]
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CHIPS enables rapid integration of
functional blocks at the chiplet level

Custom chiplets Commercial chiplets
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Figure 10. DARPA CHIPS Program. Source: DARPA . !*E *3 "‘,,
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Figure 11. Three examples of Package on Package [PoP] in Smart Phone Teardowns.
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Figure 12. Fan-Out Chip on Substrate (HIR WLP Chapter, Figure 9)
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Figure 13. Fan-Out Multi-Stack integration (TSMC MiM). (WLP Chapter Figure 38, and ECTC 2019)
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Figure 14. Example of EMI-optimized SiP SiC Module. Source: Fraunhofer IZM
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SAMSUNG GALAXY 510 mmWave 5G ANTENNA MODULES

5G mmWave Anlenna

Ultra Wide Camera
3D Depth Camera

Main board

Wireless
Charging

Battery

5G mmWave Antenna

Speaker 2G/3G/M4G MID Antenna
Figure 15. Samsung Galaxy 10 teardown showing 5G antennas. Source: Prismak Partners & Bingahmton
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Figure 16. Technology Scaling Trend. Source: John Shalf, LBNL[9]
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Silicon Photonics Co-Package Integration
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—— m— ——— R -

GPU

Package substrate

Figure 17. Si Photonics Integration Concept. Source: John Shalf (LBNL) [10]
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Figure 18. Three Generations of Google TPUs. Source: Cliff Young, Google Research [11]
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Deep Learning has Reinvigorated Hardware

The key features of the next generation of TPUs are in this room.
Let's go find them together.

Figure 19. Hardware Reinvigoration. Source: Cliff Young, Google Research [11]
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Transistor Scaling

' @ Better Performance/ Cost

Market growth

Imestment

Transistor Focus

Figure 20. Integration with a Transistor Focus [11]
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Figure 21. Integration with a System Focus [11]
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“Journey to the Moon, History of the Apollo Guidance Computer”, Eldon Hall, page 79

2. “Cramming More Components onto Integrated Circuits”, Gordon Moore, pp 114 — 117, Electronics, 19 April 1965

3. Prismark Patners seminar at ASE Group, August 2019

4. International Technology Roadmap for Semiconductors (ITRS). ITRS Roadmap is sponsored by the Semiconductor
Industry Association (SIA). ITRS 2015 edition may be found at the SIA Website.

5. “Semiconductor Research Opportunities, An Industry Vision and Guide”, March 2017, was jointly sponsored by
SRC and SIA. It may be found at the SRC website.

6. Presentation by John Hennessy, ERI Conference, 2018

7. Presentartion by Lisa Su, SEMICON West, July 2019

8. The Economist, 17 May 2017.

9. Presentation by John Shalf, HIR Vision Workshop, SEMICON West, Moscone Center, July 2019

10. Presentation by Cliff Young (Keynote), SEMICON West, Moscone Center, July 2019

11. Presentation by Yin Chang, ASE Group, SEMICON West, July 2018.
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Ajit Manocha — President & CEO, SEMI

Babak Sabi — Corporate Vice President and Director, Assembly and Test Development, Intel
Nicky Lu — Chairman, CEO & Founder, Etron Technology, Inc

Herbert Lakner — Chairman of the Board of Directors of Fraunhofer Group Microelectronics
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