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H

o HRET(I4"Epiwafer CIIEL(C4%t. 6”Epiwafer ClI2ftNEEZITD TL\D,

List of manufacturers and products of SiC wafers and epiwafers

Company Country 4-inch blank wafers 4-inch epiwafers 6-inch blank wafers  6-inch epiwafers
Advanced Epi UK v o* Vv o*
Dongguan Tianyu Semiconductor Technology (TYSIC) China vV vV
Century Goldray Semiconductor China vV v v vV
CETC Solar Energy China Vv

DuPont Electronics (formerly Dow Corning Electronic Materials) USA Vv 444 v vy
Epiworld International China 444

Global Power Technology Group (GPTG) USA Vv VvV
GT Advanced Technologies USA vV

Hebei Synlight Crystal China vV vy

Homray Material Technology China vV 444 v Vv
IV Inc. USA vV V24

Research Institute of Industrial Science and Technology (RIST)  Korea vV vV

Rokko Electronics Japan v

Semiconductor Wafer, Inc. (SWI) Taiwan vV

Showa Denko Japan vV vV
SICC Materials Co., Ltd. China vV v

SiCrystal Germany 244 vV

STMicroelectronics Silicon Carbide AB (formerly Norstel) Sweden/China vV v

Sumitomo Electric Industries Japan v vV
Sumitomo Metal Mining (formerly SICOXS) Japan vV

TanKeBlue China vvv

Wolfspeed (Cree) USA 2% vy vy vy
Xiamen Powerway Advanced Material Co., Ltd (PAM-XIAMEN)  China VY vV

Note

* Advanced Epi offers cubic silicon carbide (3C-SiC) epilay er growth on silicon substrates.
Data issued: May 2019
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2018 8-inch eq.[2018 wafer 8-inch eq.
Wafer capacity capacity|production capacity[2018

Company Location Technology (mm) (wafer/m) [ (wafer/m)|(wafer/m) (wafer/m)|utilization |employee [Product |Status

FHEBIOKWPMEA LENI VS ZF7FRRET
TTSEMI(TACOMA) IEBEmET 0.35 micron 6-inch 55,000 | 30,938 0 - 0% 450|MOSFET |E 3L L > TV

18F QUK EASKWPMEEE A, EPIRKIEH TS
AOS EET 0.25, 0.18-micron|12-inch 20,000 | 45,000 0 - 0% 700|MOSFET |2 YA ELEETETULVEL,

IGBT E 8K FIGBT, MOSFETHLE

CRRC HE AR T 0.35 micron 8-inch 10,000 | 10,000 8,000| 18,000 80% 800|MOSFET |20204F 2 10KWPMB N % & L T E & FIGBTE! &

OEQEBEATILLEFH, HKAFIEZEETM
CANSEMI ERAELME 0.35 micron 8-inch 5,000 5,000 4,000 9,000 80% 400|MOSFET |OSFETZJH > TLV3
SIEn WEREEES 0.35 micron 8-inch 10,000 | 10,000 0 - 0% 500|MOSFET [19F TEEMATZET . 2020F A b EEFHE
Shilan HiTERME 0.35 micron 8-inch 10,000 | 10,000 0 - 0% 500|MOSFET | EBEMNEFLAFHETULVAL
Foxconn IEEEET 0.35 micron 8-inch 20,000 | 20,000 0 - 0% 900|MOSFET |$600M#% & &1 B T 20205 [C & E R A GTE

IGBT

BYD LREFEVT 0.35 micron 8-inch 10,000 | 10,000 0 - 0% 800|MOSFET |20214F 123 T 155t E

ASMCHN L EBEE A, 20205 £ EETH
GTA Lti&H 0.35 micron 8-inch 5,000 5,000 0 - 0% 800|MOSFET |Z D . ASMCH L EEE A L T20kWPMIZT B

19F Y = —RiE00mPEEEBEA. 19FEMb—
TDME dtm 0.35 micron 8-inch 50,000 | 50,000 10,000| 22,500 20% 800|MOSFET |&R#% {8
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4) SEAFTEHE. BEiEREDM AR EDHHIEE
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x

o RREKT (MIER. ERERNFEER. TEBRICES IO NSO TEMNER) OZBAH (CITIGL T, AR CEFEREECHT
DRBDHEHNZESH D HABFICEFREIDHTESNTND., MABFICKDIERNGEZERSTICOVWTUTORICE LD D,

o TJ7URICLDIIETE. EFRICEREDT 7> ROMABFADEID B TICKDFEBHREENDOEEICIR. AL EET IIHERT.
T EEPERIE (C KD TO T I R I 7 F O AMMRENTNLS.

o HHIEE (H1751) HSIOMFTHFESHEIWHABFNERE I D/ AT IVRREXTENENEREL TLD,

NAOOILI bOZOXR (HFER) £ECH T DIANEORNS (i)

T

FE A - (Tier1) .
bam. JI#EE. nNIE. THE.
wAicE. EET. )&, FEt>m
& - (Tier2.)
bR, &EEE. [LESHetc.
Tierl(ETier2 (CLER TR EIEN K=Y

1) EIXICEET 7 > FOMBBIFADEIDHTICELD T 7 > ROFEREPREAD
i

2) MBGBENEE T IHERT - T7 > RICKDFERTEEANDHE

3) RUSADEEDFERTISRFE(CH I DEREFREDH O BA

4) I\ATUOREX(CHS T DARHEENOHIE, TR, RBEEEEMRR
EHBFSTRE DS
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7(/1”7)[[[ L0 FOZO R (TIHRDEE(CH T D ANIEDOER ENROFT
=

o PEOFEREEIRORRNBRAF—ATHIERICEET 7> RICDNWT., F1HCHITDIEANZENZHTD.
ERICEET 7> & (B1H) OFREXRSICHELRER

S e — T amaw A

H[E [ EFRICEET 7R SRYLESR (Spreadtrum&RDA) J7JLX 20154F (C45{ERMBE HHE.,
@+t J8Z 0% (Gigadevice) J7JLXR 2017£E(C14.5/8RMBEE,
Eills hEEEF (CEC) J7JLX 2017£E(CEDAY —) iS58, 3%5TEEDIB58(C200/8RMBHEE,
Els IR (YMTC) Wuhan 20165 (CXMCOBEINE®R E LT, 190ErRVMBZEHE.
(YMTC + XMC)
il FISERER (smic) Shanghai 20155 (C30f8RMBZ HE,
20184E(C _EiB127fabDiifl{t (28nm)>(C46fERMBZ HE.
[+ FRE b SRk EB I Beijing 20165F (C43{ERMBZ HE
(smicZ)L—2F) 20174E(C60fERMBE B,
il FRIE\E /3 SE Rk ER IR Shanghai 2018%F. 64fERMBZHE
(smic)L—2F)
B TSR Shanghai 2018E (CIfME (28nm)>(C2748RMBZ
Eils ERTHSR (EE5) Wuxi 20184 (C 12" fabDiffl{L (28nm)>(C34{2RMBZHIE.
Eilis =TI Shenzhen(ZFH 20155 (CeafERMBE HE.
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PEDFEREERSZIEDNRNEAF—ATHIERICERE T 7 > REHH(CDONT, BARNIESE(ZHTD. FAATIE, EFRICERET 7
> ROSOEEICIA. #BBIEDT 7> RICLBDHEENBIRRREORETITNN. b—5ILTEIRD 7 D Osifeie& (CHBEIZEETDAED

%jj/ K\_ L/t(/\5o

ERICERT 7> & (58280) . OGS FFORERSEIVHEERER

FRE] : ERICEE T 7> B
75 st E IR EEM.
AL AR B R E

s EZRICEZET 7> R
ity . _FiBEMEIREEINE
BHERE

 ERICEZE T 7> R

: EfiErt

ity . B EIREEINE
H&

c EZRICEZE T 7> R
ith7s . FBEMEIREEINE
H&

FRIFHERIE. (YMTC)

SRR (UNISOC)

FSERR (sMmic)

S ERR (smic)

SN S SE AR ER EE
(smic)L—2F)

Wuhan

J7JLX

Shanghai

Shanghail&H®

Shanghai

202055 (C3D-NANDODEE 28 T 77 T 385%. 128/BMEAFE(C200/8RMBEE.
B ARSI EEM]., LA ERBIRESBHIELE.

2020%E(C 5 GET AF VT FNBERFERDETZEN & UEIBE(C
FMUT, ERICEET 7> R, DBEMBIREEIGERS. HEY8RL R
B35 R s A Ik NN T N22.5(2RMB, 22.5{2RMB, 5{ERMBZHE.
2020€E(C _EiB12”"fabDifl{L (14nm)>(C35fEBRMBEHE.
PEEMBIREEISEEES X (IUHE UEZTDOMAN T 7 > RE[Efab
OFIMEICHE.,

BEIWR EIB (T LU TOHKRITER G TN270EB T A5 I == (T,

20205E(C_EBEMEREEINER S E&DhE Tl60fErRVBZHE., LiE
12”fabDiffl{E (14nm)>Ex,

HH > IJA -
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NAPOOLLD bOZORXARDEE(CH T DB DRER ENRDORAET

(FEH)

o HEIICHSITBEICKDFBHREE(CH T DIONEDEHIERE. MRICODNWTDFHIEUATICEEDHD,

I T R T

HhE : EISRICESE
Jr7R

(Spreadtrum&RDA)

Ik 5 elFf

(Gigadevice)

FIFH#ERIE. (YMTC)

RS EP

2 (SMIC)

J7JLX

J7JLX

Wuhan
(YmMTC -
XMC)

Shanghai

203K (CENEFNBUN U IR (T U T, 2015F(CERICEE T 7> RA45 o
BRVBZHE. SGET ATV THRETHEE, 2018F (CREEHRK.

NOREL TS WS a XFEUDIT 7T L ABETHDRETLIF20165F(C_EiEHIZTIPO. EZX O
ICEEZET 7 > RHN2017FE(CHE L. FTEMBAFREHEE USSR, 20165EH52018FD
BERGETT EENS3%IEMU .

2016FE(CEZRICEZE T 7 > RMN190fBRMBZHE ., XMCZEWX, BELZENXDRET CTRE O
FEL., BRIGEEBRER DIz, EE. Wuhan®3D NANDS A 2 ICIRE. 20184 (C3T
SEFf. 2. 202048 (C128EDEMZEFK. 2019 (C(EDRAMANDS A ZFEER L
TLBHY, TR TI(IRIFEERPS,

2018 (CERICEZET 7> ROEEICKD., £B121>FfabT. 14nm. 20198(C @)
14/10nm(C3%E, HisiliconDKirin710% L{IEEZ & U C14nm FinFETZ 19883 H 5 HfaT.
208EANIC (E7nmZ BB LTV, TOCXAFECEBAMND., IRIRTEHERCO
T2 TLVIRLY,

HH > IJA -
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NAPOOLLD bOZORXARDEE(C T DB DRERENRDRAET

(FEH)

o HEICH T DHAIUTFICRDFEREE(CHITDRNHREDRHERHE. NRICOVNWTOFHMIZUTICETEDHSD.

E s Rl e e Wa
iz

75 b

175 : fEfEER
M

75 . ZHES
AET

#h75 :RdtE

#h75  AIER
i

LiBENERERFIE

(Huali)

EEEATESEHER
(JHICC)
KEMARIE (exmT)

RIFERER (YMTC)

IS EER (sMmic)

HH FAB6

Jinjiang

He Fei

Wuhan

Shaoxing

20165EKI(C_EBHIC K DIHEXIRE. 2019, 28/14nmO>YVIDEES 1> O
=35 EfT=.

2016FEEBREABIT. RIMNFDOEEICKIDDRAMAEZILS EITXD E UL, K x
[E (C KB AR HI4FF RN THERL,

Innotron& U CRHFEL CTLEN, SIEMEBRFOHE(CKD2019F~DRAMEER O
8. HEIAIRA—HD—EFICE/\A1ILDRAMEMRFEL TUL\D,

2018, ERICEZET 7 > RBKXLUMB S5 DHebei IC Investment Fund 7R EDHEEIC O
KD, 64 3D-NANDD/\AOY hSA>ZE AN, 2019F~2E (1T, 1282
BHEF. BXE.

20184F, fBEIMEAT (MBEIMIBZEREARKRE) . BFEE. sMcOHEFEEH O
B(CKD, hERMEREE (FEE) EBE’AT%E;&“:ZO 20194E(C8-1 > FMEMS
J7 %5 Eifle. BEISOBRE 7Y ITTL— RNAEREMN,

HH > IJA -
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PEDBAT 2 ERIHER (C X DFERD LUEEREADME - HEIRR :
hEERERBITAART(EIBIMNA > ISEETOS T O NI 7AF O ANES L ERORERMG LIS (FHERD KUEEPEADR
& - HERHEF N> TSR .

2019F D7 =1 7ILLIR— R THRENZ/ \A T OhERITERY :
ChangXin Memory (CXMT. |Hinnotron) MD19nm> - AZE(CERUT. 16/82RMBD> > 40— hO—2,

FEEXEFIBITORT (CHDEHRIE. ERICEE T 7> ROZOMMABIFRT 7> REiE D CTHERS KUEEPENDOSRISTIEX
1ITOTLB,

—SMICD2020F (CHIFTBERFZEDEH| : BlIAMRIC EIZ L. BATISHNS5530{E7TRMBZIRE LSRR, S 51J140@8RMBIC DUV CEHEAERIH R
D5 == T =EITD 1=,

~“YMTCADZIE : WuhanD128& 3D-NAND T 7 JHIFICR LU T, MABKR I 7> RICAR B —E UTHIE (BHRdDEHI) .

ERERIFIIREERSNTLWIERICEERE D 7> K~ (B22H) (CHELTWDZS. SBEZH T 7> ROZOMMMAIITRD 7> RADHE(C
KDHFERE LUEEREANDERISIRICEASHERESND.
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2019 LARF. FEIICHITDIFEMREEREDOETFECIIFHUVWRF—LNEATNTNSD.

RlEIR-ERNASDAQ: EiEESEGEIFTICIIIERNSDOKREENE(CEIHZ U TWVB XA R— RICHIR T, 2019%F78 (CHEIRNASDAQE U THIE
DIFSNDRIAIMR (STAR Market) HYEIER =Nz,

I\A ST ORERETDS : RIAWRO LBHREZEQIT. AL EvIF—45, YIRIITY, FEASIUBEET =B \1A575./0
S—1RREDI\AFTOERECRESNTND,

SHEIEZRDIRMEANDTIZHN | CNF TOREARLTHIG CIIINEFEERED HISHNRO SN TN D Ezsd,. RMIEANESH T LIFEE
HMMEEAERID DTz, BEIRCIIIMNEREDOHREIRMAAD EIEMAIgEE /A D T

SMIC : fERFEKRATIZ(C_ EIZ U TULVER. 2020578 (CRIBIIRIC £35 U4631BRMBZ SE, $I¥3D234{8RMBZEAEFERE N DIERE(CH Tl
2020F11BIRTE. BIAWRIC (FHEARD KOBEEREN 274 L5 U TS, FERRGE, SRETTRECINR T, REREVOMRZHRE I ITENS

\
Fens. BEWR(IC E35 U CTVWDFERDS KUFEERZE (2020F11HKR)
= ol Raytron Technology MEMST /{1 X, ASICEDERET - Bi&E 12{ZRMB
ey e Montage Technology Al - ST REEAEI)A2HF—T T —XEIC 155{SRMB
FR 84N Advanced Micro (AMEC) MOCVDEFEHFERRISKE 30f2RMB
RERIE, Espressif Systems Shanghai B{ERICDE%E 12{2RMB
TEMEFRIR Anji Micro Electronics FEIK - T4 AT LA BTETFHR 5{ZRMB

A IO
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NAPOZOILLD FOZOX(IIRDEECH I DRHIZIEDEE EXMNROHFE

(FEH)

o 2020FF11AEE. RIEWRIC B U TV DHEERP KUBELEPE(C (L. FER, REEE - MRHICIMX T, 8FO>Ea1—Fa>0WaFvy

IREDFTMDE CHEZITOERESZFN LD,

IR
FR=AZD
RRFEHK
iR EH
EERPER
BRI
TR 122
TR0
FRERRRERHY
ERRE

RII]]

2E|T
fie

BEIR(C L5 U TV ERBS LUBEERE (2020F118KR)

R EEEm RS EeEW

Kingsemi
Amlogic

Giantec

National Silicon Industry Group

Lante Optics

Shenzhen Qingyi Photomask
Beijing Huafeng Test
Thinkon Semiconductor
Cambricon Technologies

Guangdong Huate Gas

O—57 N0y /(—FFBHRBEREDRFEDS JURIE
NILF D77 SoCEDRIFE. F%ET

EEPROM. AN — hH— REIFICEDRFE. =5t
FEAETS U2 OMES KOS

HFEm. JOBEEEmEFORRES JURE

T NIRIZEOMFED LURSE

ICT R FFBHHBREBORFAEDS JURE
FBHES ) O SMRIOBRS KOS

AIF v T DRIFE. 35

KRR X DREFES KOG

18fSRMB
16fSRMB
10fSRMB
24{2RMB
N.A.
5{SRMB
16/ERMB
8{SRMB
25{SRMB

N.A.
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NAPOOTLLD bOZORXARDEE(C T DB DER ENRDRAET

(FEH)

o BlAIRNBIEESNZC &EICRD.,. FERKRRED)\ AT OTHEITNFE THEADR CKEFESEIZ) TG ADLEB TCEREZ I DT —ANE
SNTULEN., FERNTOEEAEZEMSNMEHENBA L DCRD .

REWRIC £35 U TV HFERS KUBEERSE (202065118 K )

R ____ s

BB F
AR HEAFRHR
RS HIR
FERMET
LB HET
SR
BInHEMEF
RPN EHETF
CVBRHY
EBIEMARHS
OIS E| R

MEMSensing Microsystems
Henan Shijia Photons Tech
Bright Power Semiconductor
CR Micro

Wuxi Chipown Micro
VeriSilicon

3 Peak

Shenzhen Leaguer

Chipsea Tech

Zhengfan Technology

SMIC

MEMST/ \1 X DBEFE, %5 8{ERMB
JORERITHER, X1 —)LEOBESLURIE S{ERMB
LED. RS /\—ICEDRF. %5 N.A.
IND—HEEROBRES LUEE N.A.
BREIRICORMTE. =3 8{ERMB
FB{RDIPRHIFE 18{2RMB
Analog ICODRIFE. %5t 23{ERMB
BERICORFE. %5t 5{SRMB
7FOJIc. MCUEDRF. #at S{ERMB
FBK - T A RT LA EREREOHRES LURE 10{SRMB
FERT 7T RY 530{SRMB
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CREY~YYU—)

o REDFEAXREIATVOLILY FOZIREECH T DIANZIRICDWTEUTICE DD,

=]

RKEDYAOOILY OZOR (FEK) E£ECHITDIANIEOTYY —

<IEFEIA

o [E M OmMS TIEBAF—LZiRHELU TS,

AF—A
- ERIXIE (REBIUWME) . BHIES. ARMHRIE. 1> I5XE

« 20206FICAD T, AFTHERIHA BB DIBEOEI D 7 T SBORECEB LTV S,
CCHERIICHITDEAL

« 2019F AT R AT MR CLBDERITOZ T 0 MMCRDIEBNFLIZoTTM, 202066H S E4E
BN DFERIEDOASIHERMBE SN, AT EEESSHEARIDBEMNEDH SN TS,
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NAPOOILYD FOZD R (RDEE(CHT I DOHIZIEDER EXNROAE
CKE. #iE)

o REIOHFEREITAOVOIL T FOZIORX(TIZRDEE(CHT T DN ZEOME(CDULWTEEDH D,

o EICEKDHEE. ERMTETIHEMBIFOTOS T MPTI 7> RICKDIEE. HFHIEE CIETIBESOMITHR(C T I DIHZEIERTIE .
R&DIO T MRS EDOI—FT 4 UFT A AN ENEENSD,

o MBFICKDZEICHBMNBFOERT DN T 7> RICKDIEE., HFHIEE, RDODTIO> T U MORSERHEDI—FT« UT 4« ANDBIREN
EFENd.

o 2019FELARIE. FERKEYAAIOIL Y MOZORZEATNBFEESH CTERIENICH/\—9 IHHEHEZ (SR <ERNZTO> T o b TOX
D e B T3202086H(C. CHIPS ( Creating Helpful Incentives to Produce Semiconductors) for America¥®. “American Foundries Act of
2020 (AFA) DERMIEH SN, EFEAT M BT ZAERTEY (CH)\—F DRFIERIHEH DIEENED SN TLD,

NAOOILZ bOZOXR (FER) £ECH T DABSIROHE

SiBE( : B SIBE : A5 | XF—A - BB

KE BIPBAT: 1) & - & BT IC K B™E PERT 1) & - BE BUFIC L BIEE
RZF AR B 2) HHEE LS RHRHITC R | RS 2) BidlEE IR ERERIERREIE
e _ RERRRIERGIE 3
(0STP) . 3) MHFERIFEIE B 3) MAFRRHFESIE Bhpke
ITRE @%%% 4) 41> IJS5%E X 4) 4> I S5ZE Bhpk &
(omB) BhRksE

EH#82A (DoD) |
T)LF—4&(DoE),
PBHT5E (DoC) i E

HH > IJA -
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JAPOO0ILL20 COZOR(ARDEE (W T DI NNZIEBOEE EHNEROAET
CREDOZC CEHERBICHITRIZLICDULT)

o RKEIOFEREIAOVOTIL O MOZOREE (I BINNZIE(EZ CEERICHVWTHEHEA DL HFSNTLD,

o TNET. EICIDZEDE L (TTFEHRIEDZ L EFEBHT (DoD. DoE. DARPAIRE) MR H—93TO T MMIEKD TIEEPIHTHLRS
RECIBEENDCENS oz, Fle, HAICHBITDIZIEDL (T, MEBAFNFEREIE ARSI R EZANIT D E TCTERAZEHTT
TEODERIRANERE XD TLV,

~ ) A)N\NBHETIE. TA ORI ED1—FT+ 2P DEHMBMFICKDARTOZ T U MEfESNIZN, BFEIFEHFTS110M R
EWARIRIE D 12,

o —hH. BATIEKENTOHXEREEZHET DI EZBNE UITIER THBDCHIPS ( Creating Helpful Incentives to Produce Semiconductors) for
Americat®, “American Foundries Act of 2020 (AFA) "ZEESMEH LTS (2020F6A) . CNESDERICKDFEMREEIKRELS, TJ7 2R
ZRlE%. FAT. MBAFCH UTHEFERDZITD &V AT HEMIN N DEERIRDEHEH (C/R> TULVB,

EiA OB N ES TULBZIEAR

1
fuc";

TEROEFBBUT (C K DSTRAR

| ooe = PP,
N S — E3 T
e

JOZx U hBIEDDOFE : ~$100MIZE

1
fc§

KHfenBEHT
OSTP, OMB,

etc.

HH > IOA—Y
EZEDFE : CHIPS =$22000M. AFA = $25000M ’)M.)l A
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EICKDOHIZIRDAREEHHEAH & U T, 2020FOARERN TOFHEARRIGZ LT DENTHR(CIRE LTS 2 DDZEREMNSHITSND.

— D(FBFIRODAKEE =B H20208E6 5108 (C”CHIPS (Creating Helpful Incentives to Produce Semiconductors) for America” &L\ DEREZIRE U
foo COEZREE. EROHEFARSZETSIE. MRARICESTRHEL. Bt TSAFI—>%EREIDICEEBIELTLS,

BrRD EREEEB. 2DEDEZRE & 738D American Foundries Act of 2020 (AFA) "ZigH UTz. CNUEKREDEZMICHT U. BEEMNREE
HREGEFES DI KR ZAR T oD Z it 9 B,

NAOOILT bOZOX (FER) FECT T DIOHIROANT (E. 2020F([CHRRSNTLEER)

KE EFPIBUAT - 1)1 EFERIZELRBIE (ITC: Investment Tax Credit) CHEHESE

NIST, DoD, DARPA, NSF, DoE 2)100 18 R)LODEHBIFTESR (XWVF >0 7005 L)

F0EE 470K RJL (FIsJKFH) @ )10 ERIT 7.5 B RILOEFTES

<1E AFTULRADA MU—A(C120/2 RIL

CHIPS (Creating Helpful Incentives to 5)NIST 150{=2K RJL

Produce Semiconductors) for 6)DoD 50122K KL

America : 22012k RJ)L 7)DARPA 20f&K KR)L

American Foundries Act of 2020 8)NSF 20f2K RJL

(AFA) : 250K KL 9)DoE  1.25{8K KJL. NIST 0.25(2K R)L
HH > IOA—Y
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NLZOTLY hO=DRCHSERICHT SRNZEORALNRONAS

o MBUFKB NI IEICNETEMNBAALRTONM - T7 > REEC TREBIRGE LU TITONTE .
o KR, EEOKRKETRAWEREE U T, —1—3—2MDEmpire States DevelopmentHhdp T 511D,

. AFA‘EE(&GKO)%')‘I‘I(C%T U. BEENQRFERRISHEROILRZEe I TTHDIMEZIRMT D ELTLDN. BARNI(C/RDDIERENEIR
LIz (IC1ED.

INFETITONTETEXYAPOOILD FOZOX (F8BK) EECH T DILHEORSE (ih77)

T
KE M IEBUAT 1) & - @&  NBWTF (HEITBA3Nt - 72 RZED) (CRDIRE
(MNBAFDHET DNt - T7 > Rz 2) HEHEE : 1SERZEIEMREIE
S) 3) THIERRERIE | BATEIE

4) 127 5x4% | BUFHBIRE

HH > IJA -
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7(1’7)[[[ L0 MOZO X ARDEE(CH I DN RIBDOEE EXNERDOFE

o KREDHICKDFFEXREEZIBOEHNZLUTICHITD, BEICKDFEREE(CH T INMNZE (JMERRGEHD DV FERBEORET ORIV
F+—& (DoE) YEPHE (DoD) OO TV MDO—EBELTITFONDZENRZL,

o BERICEIEFWBOIEEAEUT, InteROTSMCR E SR T 7 T DBERCET TOXRERTZIEZTOMEN RSN TS,

KEDEH(CKDIEELEDINHEESRZE (2019F LA

mExe R AT _[eX ___Jw __waws:

Intel 20174, Exascale-capable computing system[al|F3E{RMDRIFE(C
U T. 5¢t (Intel, IBM, HPE, Cray, Nvidia) (C&5t $ 258MD1#
B
DoD Micron Manassas (R&D) Mil-spec memoryDIRFTHFEBIALE : $0.5M
DoD Nvidia J7JLX AI'S—)\mFGPUDIRFHFBIKE : $3.6M

KEDHICKDHEFXSIVHEREE (2020FLAE. i

L N S

EFPEUF TSMC Arizona BN EEE (IR T . 2024 FEEERIGFE. RELHZS. TSMCIX
20214FEH b20295ﬁ35 TOBIZ$120(E RILDIREZIT D,
EFBEUAT Intel XRE 775

HH > IJA -

page 37 DOMDIA

Information Classification: General




NLZOTLY MOZORIHS ERICH T S RRDRE S HROBE
o REIOMBIEH CNETICEMULHFEREEIROSHNZLUT(CHITFD.

o MEAFIC KDEEFREESZIZEOSEHZ. —EBTEMBFFOTOS 0 ML URESENH DI EDD, EMHIHE (CHEER A —H— AR
iz U CESHSNTLB,

KEDMNBIEHN CNETICREULFBRERNDEES LKL ERERE

T N

THH N Richardson 20194, [EREIL : 488 . FEIRE : $3.1BOEtEICKT L. MMBIARE
(Texas Enterprise Fund) : $5 124M

=77 Micron Manassas 20174, DoDOT O T4 MMIHTT BfabiEa@(Cxd U THMBIRE$70M

—a1—3—IOM Globalfoundries Fab8 20174, wHB{bsfmEA (X U T, $75M®'}‘|‘|Ej]ﬁkﬁ

Za—3—oM On Semiconductors Fab10 20194, On SemiconductorsdGlobalfoundries Fab10 ZEIXd S (Cd

(Globalfoundries) =0, MBhEkE : $17.5M. MEFL : $22.5M

HH > IJA -
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NAPOILLYD FMOZOX(ARDEE(CK I DN EDER EXMRORAT

CKRE)

o KEDOHERLEE (CWITDIONZIBOEHZRAET. RICDVWTOFHMBEUTICELEDHD. HICKBDZIBEIFERMEOKRZTVEHBEDTO
SI10 MBS ENBZT —ANE <. TBRFEEREDMKES (SRR TULVRL,

o MBFICKDZIEE. T7 > BRSO EMERIMICTRESND ., BRICEDNWTIIRIN. KE. ERMEFOIZSHDFabTEAIE &

Ziko

KEIDES JUINIEFFL S

NFETICEMUIZFBREEADZIBRDOEES KURIROFHM

R S S . S

‘ '. [= : DoD Micron Manassas (R&D) 20174E. Mil-spec XA EUIAITFAFBINE : $0.5M

: DoD Nvidia J7JLX 20178, EBB@EIFY —/\GPUIRTTHAFBIRE : $3.6M )

75 @ M Tl Richardson 20196F. EARAIL : 488, EfBI%E : $3.1BODETEI(CXIL. MEN O
F%<E (Texas Enterprise Fund) : $5.1M

s JN—=57M Micron Manassas 20174, £EEDoDOTOS 1M S 3fabigsg (ERRIL : O
1,100 A . :%f@#%E : $3.B by 2030) stEICHUTMENRRE :
$70M

s —a1—3 -2 Globalfoundries Fab8 20174E. NY/NMaltadDFab8 Dl LEZREA (CXt LT, Empire X
States Development®D J 7 > RS $7.5MDIMNBIRRE. 7nmTOE
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ZZITTCVD. EERETIFAR.

EHKXT Tsmc Fab15 Bl s KXUOEFFHOYA IR/ —D(CHBFBRI—FTa U DEEICKD, euvO O
s t’X%aiﬁnmj’I’/(Jﬂé Fab14 & [E#RICGigaFab EMIET T BN, SUVNVBEIERTEEL T
WD, I—FT«4 U DEBETIE., IRMEBEHNENSEZMREHEEL E(CITHN TS,
IBEEREA(IIENR.
ChipMOS Technology Hsinchu. Tainan ERFEEEOME(CKD. 2018FE(CNFT T EEEDIHECY - AKazigE, a&(CH O
(FARRR) 1 FTBEHTA > DLEA LR, XEUMEITZROELURE/ N\ —2 - X hDFE_EEHEN.

ERFKEER(CKLDAEZE(L1514ENTD,
HH > IJA -
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(2) EBRYAIOILY ROZIRICEDRiEST
E RIS RO EEAE N OB R DS

(CIRDE

 FoundryriiZ




S DFoundrymisg £k

- R DFoundryfiig (IR E & HilF20244E (C(FUSS87,000% 8B X D & Fi8
* Pure Play Foundry(3¥2)M35 (3. 20208TUSS 55,295& 72D, IDM (1) Foundrymii5(3UsS 5,555 Cdp D 1
« 5%, Foundrymiig(dPure play Foundry ' ZE5| L TUL\K EHTULVD

Total Foundry Revenue
(m$) y Total :

$100,000 60%

$87,070 M$

$90,000 50%

$80,000 Total :
$70,000 $60,850 M$

40%

30%
$60,000

20%
$50,000

10%
$40,000

$30,000 0%

$20,000 -10%

$10,000 -20%
S0 -30%

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

I IDM Foundry Revenue I Pure Play Foundry Revenue -9, Growth Total Foundry Revenue

v

3¥1) IDM & (3, Integrated Device Manufacturer®BE T [HBEHFEEST)\A AX—H—]

7¥2) Pure play Foundry& (&, Fab (fabrication facility, Fh& 115) ZR/C/IBWA—D—HD\SREZFBITESHET S HH > IOA—Y
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Foundrymii5 :
« 2018FT/)\1 ABITIE. Logich' 2D 70% =B X DIRT

« RWT, 7FO0ERURAIUN9%IEE
« XEYIIEDNTIE IDMEBED A > TEE U THS DEERMEVVIRRTH D

Pure Play Foundry Revenue by Device

Pure Play Foundrymitgz 5/ (-1 X5l

Pure Play Foundry Revenue by Device

(M$)
$60,000 120.0%
$50,000 100.0%
$40,000 80.0%
$30,000 60.0%
$20,000 40.0%
$10,000 I I I 20.0%
S0 0.0%
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
B Memory M Microcomponents MLogic M Analog M Discrete M Other B Memory M Microcomponents MLogic MAnalog MDiscrete M Other
. ~
HE . > IA—Y
DOMDIIA
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FoundryitZ2> 1T 77>>%F> 7 : Pure play & IDM Foundry

* Pure play foundrymii5 (CHBUYT. TSMC 44%(1fiL@2019). Samsung 16%(2{iZ@2019). Globalfoudires 8% (3{iZ@2019)
* IDM foundrymii5 (CH UV T, Samsung 50%(1fiZ@2019). Micron Technologies 14%(2f1Z@2019). SK Hynix 5%(3{i@2019)

Pure Play Foundry Revenue Share

IDM Foundry Revenue Share(>¢

TSMC $26,448 $28,828 $29,682 $31,123 $31,323 Samsung J— o - . -
Samsung
$11,667 $11,664 Micron
Foundr
y Technologies $666 $741 $717 $790 $872
Globalfoundries $4,773 S$5,491 $6,176 $6,203 $5,890
SK Hynix $105 $104 $148 $269 $307
umc $4,561 $4,613 $4,939 $5,009 $4,826
Magnachip $309 $274 $333 $327 $298
SMIC $2,132 $2,804 $3,017 $3,033 $2,895
Huahong Group $1,104 $1,197 $1,362 $1,593 $1,630 NXP St = DR = ez
TowerJazz $961 $1,249 $1,388 $1,305 $1,234 Rohm $153 $125 $170 $185 $179
Powerchlp_ $1,285 $1,299 $1,529 $1,655 $1,167 Seiko Epson $79 $107 $134 $143 $140
Technologies
Vanguard $737 $801 3815 $962 $916 e $257 $220 $219 $186 $128
Instruments
DB HiTek $582 $666 $605 $604 $663 ntel $133 $153 $142 $177 $121
Top 10 Pure ON
:Lar:: :::ir:ry $42,583 $46,948 $49,513 $63,154 $62,208 R $15 $15 $16 $35 $83
Top 10 IDM
Other $7,578 $10,098 $10,252 $9,754 $8,708 I 54,387 56,643 56,331 55,902 35,568
Total $50,161 $57,046 $59,765 $72,908 $70,916 Others $678 $871 $820 $852 $777
XIDMIEEN FoundryF —EXTEt ELTWB R EDOHERRELIES>F>2T HE 4> TA—Y
DOMDIIA
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TSMCIZMZE

- BEETH3aZEZFLICHENEER
« 300mmZEHLNC T 18530

« FIHTOCRX ) —RTHB. snmDEERIIBSN. 2021FELE (. 3nmERBHEBEEIND

Percentage capacity by feature size

Facility Region Fab Name Technology Wafer size Comments 100%
Hsinchu, Taiwan Asia Fab 1 > 0.50-micron 6-inch
- . - H . gm
Hsinchu, Taiwan Asia Fab 2 0.45-micron (0.5- 6-inch
micron)
Hsinchu, Taiwan Asia Fab 3 0.15, 0.13-micron 8-inch 80%
Hsinchu, Taiwan Asia Fab 5 0.35, 0.'25'0'18- 8-inch
micron 70%
Tainan, Taiwan Asia Fab 6 P1 &P2 0.18, 0.' 15,013- 8-inch
micron 0%
Hsinchu, Taiwan Asia Fab 8 0.18, 0.' 15,013- 8-inch
micron
50%
Cam:‘s ! Nort‘h WaferTech 0.35,0.25,0.18, 8-inch
Washington America 0.15-micron
- 40%
Singapore Asia SSMC (Fab 11) Lo 0.' 18,0.15 8-inch
micron
Hsinchu, Taiwan Asia Fab 12 P1-P7 0'090'.t ©0.007- 300mm 30%
micron
Tainan, Taiwan Asia Fab 14 P1-P7 0'090'.t0 0.012- 300mm 20%
micron
Shanghai, China Asia Fab 10 0.35, - 0.13-micron 8-inch
10%
Taichung, Taiwan  Asia Fab15P1-p7  0.040,0.028,0.007-  300mm
micron
Nanjing, China Asia Fab 16 P1, P2 -mi 300mm
S L FERMER T 2000 2002 2004 2006 2008 2014 2016 2020 2022 2024
Tainan (STSP), Asia Fab 18 P1, P2, P3, 300mm Volume production 5 nm starts in m >0.45-micron B 0.35-micron M 0.25-micron 0.18-micron
Taiwan P4,P5,P6 0.005. 0.003 - micron 2020 1 0.15-micron 10.13, 0.11-micron 1 0.09, 0.08-micron 0.065, 0.055-micron
! 11 0.045, 0.040-micron 0.028, 0.022-micron 0.020-micron 0.016-micron
1 I I 'I f _mi. _mi . .
Al Asia Fab 19 300mm E:Zii zzf:) rr: ;3; :o build fab 0.010-micron 0.007-micron M 0.005-micron W 0.003-micron
0.005 - micron . ~
HE > A —Y
OMDIIA
. .
Page 61 © 2020 Omdia

Information Classification: General



Samsung TS E

- BETHIBENRN—XXICTZZT.,. PAUIBDNEH
« EEFKIHITOTATHD7nm. sSnmDEFREISTEHLUTED., 7nm(IEEICHERTHD

Location

Giheung, South Korea
Giheung, South Korea
Giheung, South Korea

Giheung, South Korea
Hwaseong, South Korea

Austin, Texas

Hwaseong, South Korea
Logic Fabs

Giheung, South Korea
Giheung, South Korea
Giheung, South Korea
Giheung, South Korea

Giheung, South Korea

Hwaseong, South Korea
Giheung, South Korea
Giheung, South Korea
Giheung, South Korea
Austin, Texas

Austin, Texas
Hwaseong, South Korea

Hwaseong, South Korea

Memory Fabs
Hwaseong, South Korea
Hwaseong, South Korea
Hwaseong, South Korea
Hwaseong, South Korea
Hwaseong, South Korea
Hwaseong, South Korea
Xian, China

Hwaseong, South Korea
Pyeongtaek, South

Korea
Pyeongtaek, South
Korea

Region

Asia
Asia

North America

Asia

Asia
Asia
Asia
Asia
Asia

Asia

Fab Name Technology
Line2 0.13-micron Flash
Line3  0.35micron Analog
Line4  0.25- micron Analog
NLine 0.014, 0.010-micron Logic

R Square 0.014, 0.010-micron Logic
SAS 0.045 - 0.028-micron DRAM
NRD Line 0.020 CMOS and Memory
Line5 0.13-micron CMOS
Line7  0.045-micron CSI/LSI Logic
Line6  0.045-micron CSI/LSI Logic
Line8  0.045-micron CSI/LSI Logic
Line9  0.09-micron CSI/LSI Logic
Line11 0.065-micron CIS
Line 14  0.045 -micron Logic

S-1 0.22,0.14, 0.10-micron Logic
S-1B 0.22,0.14, 0.10-micron Logic

North America S2 Phase 1 0.032, 0.028, 0.014-micron Logic
North America S2 Phase Il 0.045, 0.028, 0.014 micron Logic

S3 0.022 - 0.007-micron Logic
sS4 0.007 -0.005-micron Logic

Line 10  0.045 - 0.028-micron DRAM
Line 11-2 0.025-0.020-micron DRAM
Line 12  0.035-0.014-micron 2D/3D NAND
Line 13  0.025-0.016-micron DRAM
Line 15 0.025-0.016-micron DRAM
Line16  0.035-micron 3D NAND
Xian 0.035 - 0.014-micron 2D/3D NAND
0.020-0.014 micron DRAM, 0.035-

Line 17 icron 3D NAND

Line 18 0.020-0.014-micron DRAM

0.020-0.014 micron DRAM, 0.035-

Line 18-2  licron 3D NAND

Information Classification: General

Wafer

size
6-inch Closed in 2008
6-inch Closed in Q2 2009
6-inch Closed in Q2 2009

Comments

8-inch
300mm
Closed in Q4 2009, converted to coppe
rinterconnect fab in 2010
300mm

8-inch

8-inch

8-inch Converted to Logic fab.... CIS/LSI

8-inch Converted to Logic fab.... CIS/LSI

8-inch Converted to Logic fab.... CIS/LSI

8-inch Converted to Logic manufacturing, CSI/LSI,

capacity decreased from 120K to 100K

8-inch

300mm

300mm

300mm

300mm

300mm

300mm Under construction for FinFET process

300mm Construction began June 2018.
Production began Q1 2020 for EUV 7nm

8-inch
300mm
300mm
300mm
300mm
300mm
300mm

300mm
300mm

300mm

Percentage capacity by feature size

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%
2000

2002

2004

M 0.5-micron

1 0.09-micron

W 0.032-0.030-micron
¥ 0.018-micron

17 0.008-micron

2006

1 0.35-micron
M 0.065-micron
0.028-micron
M 0.016-micron
11 0.007-micron

2010 2012 2014

M 0.25-micron
0.045-0.046-micron

W 0.025-micron

1 0.015-micron
0.006-micron

2016 2018 2020 2022 2024
1 0.18-micron M 0.13-micron
M 0.038-micron 0.035-micron
110.022-0.020-micron W 0.019-micron

0.014-micron 0.010-micron

HE > A —Y

OMDIA



Global foundries_

- KE. BN, FEREW/WTER
- OtERJ—RE. 12nmEPED5EIRIZREF (TR0 VIR
« XA > (E. 300mmd65, 55nm IO A THD

B

Percentage capacity by feature size

100%
Facility Region Fab Name Technology Wafer size Comments 90%
: . Giga Fab - - 80%
Woodlands, Singapore  Asia 0.6, 0.35,0.18-micron 8-inch
(2/3/5)
. . 0.130, 0.090, 0.065, 0.055, 70%
Woodlands, Singapore  Asia Fab7 0.045-micron 300mm
60%
Dresden, Germany  Europe Fab1 0.090-0.065-micron 300mm
50%
Malta, New York Nort.h Fab8 0.014 - 0.012-micron 300mm
America
40%
Burlington, Vt. Nort.h Fab9 0.35,0.25, 0..18, 0.13,0.090- 8inch
America micron 30%
Singapore Asia  Fab3E  Logic0.25- 0.15-micron Toren  pEtnEn i O s s e e
) : : ) Fab closed, Equipment was sold as part of an
Singapore Asia Fab 1 0.6, 0.35-micron 6-inch equity stock to CSMC Technologies. 10%
East Fishkill, Ny. Nort.h Fab 10 0.065, 0.045., 0.028, 0.020- 300mm Fact0|:y sold to ON Semiconductor transition of 0%
America micron assetin 2023 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024
W0 5-micron W 0.35-micron MO0 25-micron 0.18-micron W 0.15-micron
Chengdu, China Asia Fab 11 0.180, 0.130-micron 300mm Globalfoundries has ceased operations 0.13, 0.11-micron 0.09-micron 0065, 0.055-micron 170.045, 0.040-micron 0 032-micron
0020, 0.022-micron 0.014-micron 0 012-micron
. ~ —
H# > IA—Y
OMDIIA
L]
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UMCTIZHIE

- B, FE. S2HR-ILETZTEFNCER

- JOtEXRJ—RIE FELiFlE. 14anmTHBD . TN EORAFE IRV VRS
« XA >(E. 300mmd65,. 55nm T OTZATHD

Facility Region Fab Name Technology

Hsinchu, Taiwan Asia Fab6A  >0.45-micron - 0.35-micron
Hsinchu, Taiwan Asia Fab 8AB 0.5 -0.25-micron
Hsinchu, Taiwan Asia Fab 8C 0.35- 0.11-micron
Hsinchu, Taiwan Asia Fab 8D 0.13-0.09-micron
Hsinchu, Taiwan Asia Fab 8E 0.5 - 0.18-micron
Hsinchu, Taiwan Asia Fab 8F 0.25- 0.11-micron
Hsinchu, Taiwan Asia Fab 8S 0.25- 0.11-micron
Tainan, Taiwan Asia Fab 12A 0.13- 0.014-micron

- - - Fab 12 .
Tainan, Taiwan Asia (Phase V) 0.028, 0.020-micron
Tainan, Taiwan Asia Fab 12 0.028, 0.020, 0.014-micron

(Phase V1)

Singapore Asia 12i 0.13, to 0.040-micron
Suzhou, China Asia 8N 0.35-micron - 0.11-micron
Kuwana City, Mie Asia 12M 0.090, 0.065., 0.055, 0.040-
Prefecture micron
Xiamen, China Asia = tZZX = 0.040, 0.028 - micron

Wafer size

6-inch

8-inch
8-inch
8-inch
8-inch
8-inch
8-inch
300 mm

300 mm

300 mm

300 mm
8-inch

300 mm

300 mm

Percentage capacity by feature size

100%

Comments

Sold fab to Wavetek(WTK) a producer of
GaAs Q2, 2015

80%

70%

30%
20%

Migrating from 55nm to 40 nm

10%

0%
2000

W 0.5-micron
M 0.09-micron

2002

2004
M 0.35-micron
0.065, 0.055-micron

2006 2008 2010
W 0.25-micron

110.040- micron

2012 2014
0.18-micron
0.028-micron

2016 2018
M 0.15-micron
0 020- micron

2020 2022
110.13-micron

0 014-micron

H > A —Y

2024
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SMICTiZ#I&
- EZFOICER

* 8-inch@CapacityZiE®H TH D

Facility Region Fab Name Technology
Shanghai, China Asia Fab1 0.35-0.18-micron
Shanghai, China Asia Fab 2 0.35-0.11-micron

Tianjin, China Asia Fab7 0.35-0.15-micron
Tianjin, China Asia Fab 7A 0.35-0.15-micron
Shenzhen, China Asia Shenzhen 9 Ll 0,' diliak
micron
s o : 0.045, 0.040,
Shanghai, China Asia Fab8 0.028-micron
. . s 0.028-micron,
Shanghai, China Asia Fab9 0.014-micron
Beijing, China Asia Fab B1 0.065-micron
Beijing, China Asia FabB1 0.065-micron
Beijing, China Asia Fab B2 Lol ,& Lt
micron
Shenzhen, China Asia SMSC .014-micron
Shenzhen, China Asia Shenzhen 10 0'045.' 0.040-
micron
Avezzano, ltaly Europe LF1 Lk 0:11' ——
micron

Wafer size

8-inch
8-inch
8-inch
8-inch

8-inch

300mm

300mm

300mm

300mm

300mm

300mm

300mm

8-inch

FimIOtR (& BIK14nmTH DN, SESTEHR

Comments
Capacity expanded
Capacity expanded

Expansion completed now facilitation

Ramping fab, including MOSFET

Construction completion 2018. Equipment
installation has not started

Currently not running product

Acquired in 2016 sold in Q3 2019

Percentage capacity by feature size

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%
2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024
0 5-micron M0 35-micron W 0.25-micron 0.18-micron W 0.15-micron 0.13-micron
W0 09-micron 0 065, 0.055-micron 0.040-micron 0.028-micron 0.014-micron 0 014-micron

H > A —Y
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OSATERAIE : OSAT_ EAITPEEDTE FMRES>F> 7 (Tops)

o OSAT LI 55 FEDHERE (20155-20198) ZLATFICRT .
c e EOMRIEIEISERZIE LU TASEN bW L AmkorD24iLIEZ DD TLVRULAY, BEURAOEE 11858 (C K D STATS-JICETH 2018 LARR3M I (C_EH D 1=,
« JCET (FE{EE) N, STATS-CHIPPACZ (S U b & U T BURTIEMRAY /REE DB (C K D _ LISt (CHIFT BT EEDIBINENATZTEEZ 0.

OSAT_HfisttD5e LSRR (B RILBE

ASE (&) @ 4,642 5,148 4,742 6,613 7,639 64.6%

Amkor (KE) 2,885 3,928 4,207 4,316 4,053 40.5%
STATS-JCET 1,716 2,873 3,532 3,588 3,404 98.4%
(R E)

SPIL (&38) 2,588 2,637 2,755 2,898 2,882 11.3%
Powertech (&) 1,422 1,498 1,966 2,255 2,154 51.5%

3¥) ASE(SEMSEZEDSE =% BRI

BEBL—bh:

USD/NTD=2015%F 32.0 20164£32.28 20174£30.33 20184E30.17 20194F 30.88
USD/CNY=2015%F 6.29 20164F 6.65 20174F 6.74 20184F6.63 20194F6.9

B RIOREFENZEE(CA > T A —1ERK
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OSATERE : OSAT_E{UIEFEDFT LFRIRS >

_——

+>77 (Top10)

o OSAT_EAITEZEETopl0DTE L EHBELIT(CRY . w=oLim%E(CiEBi (CIRE UTEASE, BUNRBIBRISE TR E < IRD JZSTATS-ICET, 677417

EEFEDTT EEDENMENTEE SR DT,

o =73, MIUTE IV ZDOMICETNDFIREDEREDHEERIES (BDINIENRSN) | Others(CEFNDIMILU T DT EF (TR, £

MITPZE(CKXDHIBZOELIEHFEINTULNDS,

(M) b—4) LB RIE & Topl05e LS T V7358

35,000
30,000
25,000
20,000
15,000
10,000

5,000

0
2015 2016 2017 2018 2019

mm Total(37F) emmmTopl0 emm=TopS5

80%
70%
60%
50%
40%
30%
20%
10%

0%

) Topl0 : AFRICHISTC EA10HDOTHIBRARCULHDS T 7H#EE ()

Top 5 : AZR(CHITTE HASHOTIBRAKICUH DS T 7S (GEh)

OSAT EAT10Ht DT EEH KU h—4)LHRHERE (8H RIVRE)

ASE (B3) 4,642
Amkor (CK[E) 2,885
STATS-JCET 1,716
(FE)

SPIL (BB) 2,588
Powertech (&%) 1,422

Tianshui Huatian 510

Technology (4P[EH)

Tongfu Microelectronics 349

Co., Ltd. (TFME, )

King Yuan Electronics 535

Corp. (KYEC, &F

UTAC Holdings Ltd group 679
(UTAC, = >HR—JL)

ChipMOS TECHNOLOGIES 621
INC. (83)

Others 11,152

Total 27,100

5,148
3,928
2,873

2,637

1,498

823

681

622

689

601

9,898
29,400

4,742
4,207
3,532

2,755

1,966

1,040

983

649

874

592

9,660
31,000

6,613
4,316
3,588

2,898

2,255

1,074

1,047

690

788

613

9,414
33,300

7,639
4,053
3,404

2,882

2,154

1,174

1,199

827

710

659

8,351
33,000

64.6%
40.5%
98.4%

11.4%

51.5%

130.4%

243.3%

54.5%

4.6%

6.1%

-25.1%
21.8%

Page 68

Information Classification: General

e %?i‘)?&%%%ﬂ%*ﬁt(i%)?ﬁ—?4’F55?0M°_)|A



OSATERAE : OSAT LIt O 77 1)L

ASE (&)

» ASE (Advanced Semiconductor Engineering ) (IEB(CAtZE < OSATIEEE, 2015-2019FED5F I Z &8 U COSATc EED by T EE>TULWB,

o EMETIB THBKaohsiung (A7) (CHNZ Chungli (B7Z) . Shanghai. 2ZMSBURLEWuxiEFHNHRE, 8E. BHARIC(ENECTL 2 hOZ=Z2
ZBBIRUESE, IL—>7, SOHR—ILENEE P ICHEREHNSZZRZE LTS,

T=v=A)" i) FEI A NBIFEESERLE (2019) FAB LOCATION
450,000 2% ' )
400,000 J“J & / e
350,000 el X ) / i . Wk v
300,000 1 o ( L )f« ‘ o
250,000 \ T X ™
200,000 s & e 3 '
150,000 C— Y
100,000 ‘ . ] -7 ')“,d-_". "',,// ),9 )
50,000 L N )y

0 , / Iy e gl =
Dec2015 Dec2016  Dec2017  Dec2018  Dec 2019 ¥ 4 v " e (O ;ﬂrmm‘
= Packaging = Testing = EMS = Others ( {'J
{

Total : 12fllsg

HE  BAOREEFEREE & (LA > T A —NAVFRk
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ASE(2) Fab location

China

* Shanghai
* Kunshan
* Suzhou

* Weihai, Shandong
USA ¢ Wuxi

¢ Austin, Tx

Japan

Q 099
¢ 93

* Fremont, CA + Paju

Malaysia Taiwan

* Penang * Kaohsiung: Headquarters

* Chungli

il 2ADREEFERZE E(CA > T A —AVFRk
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OSATERAE : OSAT LUt T O T 7 1)L
Amkor (CK[E])

» Amkor (Amkor Technology ) (FHKE (CALZE < OSATIEZE, 2015-2019FD5ERZIE U COSAT e EadDiIcT >INz,
o FEEKR)\WHT—BXUOT A REBE(CERLTULS,
o XE., B3, HE. J4VUE>, BE. YL—>TFHEARBIUNIL MAHIILICEREENSEFRE LTS,

== = ; == =
— =S B2t X MRS @R (2019) FAB LOCATION
5,000 “"w =
4,500 Arond + Tooyan GapTL + Fubi
4000 '::rmmm c ) ::
5 R ; + Huloa Toamsip T3 I
3,500 v e o
3,000 " minets
2,500 ~ 9 9 9 9 ;
2,000 y
1,500 ‘ =
1,000 _ s ? 9 : wents
500 . . . gt
0 + cheond
Dec 2015 Dec 2016 Dec 2017 Dec 2018 Dec 2019 | m
= Advanced Products = Mainstream Products i mw
. L=
Total : 19%lsS

HE  BAOREEFEREE & (LA > T A —NAVFRk
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Ambkor(2) Fab location

China
* Shanghai: Japan
* Taoyuan City-T1 *  Fukui
Portugal * Taoyuan City-T6 * Fukuoka
* OstravaVila do Conde (Porto) © e S « Hakodate
* Hukou Township-T5 *  Kitsuki
* Kumamoto

\ 999 =
T Q Q S

* Selangor * Gwangju

* Incheon-K5

Philippines
* Muntinlupa City

¢ Binan Laguna:

il 2ADREEFERZE E(CA > T A —AVFRk
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OSATERIE : OSAT EfUitEDCTOI 7 1)L
STATS-JCET (HA[E)

o STATS-JCET(ZHRE(CAtL ZE < OSATIEZE, STATS-ChipPACZ BN L2016 (CAEL T LEEEMFI LI,
o FREGEHSEHE CEYI. BE, B(FH) « BUNUIESTATS-ChipPACDS > HR—ILZ(FUH E UTERER, 8BE. 8ZREZZEREBLTLSD,
o 2018FELUFDFE L FIFEEFI B I(CIRAD TULVD. BEIETIE2020F(C 77 O0F/INA XD > HR—) LB TETIHZEOBINZFHEEKRL TLD,

=+ L= SRS =+ L= > FAB LOCATION
_ 7t LS o BT A MRIFE EEERLE (2019)
BEAE®T
30,000
China
+ Jiangsu-D3 : WLCSP, Bumping, Flip Chip, Lezded, MIS
25’000 + Jiangsu-D1 :Wafer Level Packaging and Tes:
+ Jiangsu-D8 :Power Packsging and Test
20,000 o Chuzhou-D3:Lesded, Discrece Packaging and Test
15,000 9 9
Korea
10,000 g wi::l::":isil’,ﬂumpingFHpChip,PuP,MB\ﬂs,
5,000 9
Singapore
0 Wafr Lovel ackaging, Witebordand Test
2015 2016 2017 2018 2019 = Chip Packaging and Testing = Other

Total : 6}l
HH  RBREEEREZEE(CA > TA—ER
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STATS-JCET(2) Fab location

China

¢ Jiangsu-D3 : WLCSP, Bumping, Flip Chip, Leaded, MIS
¢ Jiangsu-D1 :Wafer Level Packaging and Test

¢ Jiangsu-D8 :Power Packaging and Test

* Chuzhou-D9:Leaded, Discrete Packaging and Test

¢ 9
'

Singapore

Korea

* Incheon:siP, Bumping, Flip Chip, PoP, MEMs,
Wirebond

:Wafer Level Packaging, Wirebond and Test

il 2ADREEFERZE E(CA > T A —AVFRk
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OSATIRIE : OSAT HfIBEDTO T 7 1)L
SPIL (&7&)

» SPIL (Silhaiconware Precision ) (&20158E(X0SATFe E=E3MI/Zo e, TOEREBEUNIC KD TR UTESTATS-ICETH MLISIZ E UTzTz8,
2016E LA P (FARI & T8> TLV\B,

o BHEHLES (EHsinchu, Taichung(FMEENEHB KUHE (Suzhou. Quanzhou) D5 HFAZFERBL TLV\D.

== EELI A MRIFTEEEERLE (2019) FAB LOCATION
BRABRIL L= ‘
100000 1% Ko { ‘
5 ok ‘ =N Chi y
80000 F ol | j . t w
60000 , b L : —H—
20000 3 4 ¢ Y e i
‘ . pt « Gunghea
. ¢ | | h
2015 2016 2017 2018 2019 § L

U\ \

1 Total : 5}9&5\
HH  BAHREEERN T B E(CA > T A —VERK
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SPIL(2) Fab location

China
*  SuZhou

* Quanzhou

Vo

Taiwan
* Taichung: Headquarters
* Hsinchu

* Changhua

il 2ADREEFERZE E(CA > T A —AVFRk
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OSATIRE : OSAT_ENIBEEDTOT 7 1)L

Powertech (&&)

» Powertech(IEE (CAM & E < OSATIEEE, 2015-2019FEDSFEBZEBE L THIICT > F TN TR,
o 20155 (CRABEEMEIRE. HEZZITANEN. 2017FE(CIREEEEE.

o 2017FE(CMicronfkBETIETIBEH XUFT>T70—-T (HAER) ZER LG LEEZEBIEL TS,

o B, FE. BX (LEEZBWNT7T) . BLUSDHR—ILICEEMSZREL TS,

BEULIT A bRl EE8RktE (2019) FAB LOCATION
BhaZErIL %_t% )
fo i ! . ¥an
80,000 N T —
70,000 i, : 9
60,000 " 7 -7
/] b\ f 3 : R 9
50,000 M = 9 %, T
) J ! 4T e ninches
30,000 ¥ & ‘ |- ot
20,000 ]; F ~ m:
N + Hinchud
10,000
0 = Packaging = Testing = SiP/Module . &S
2015 2016 2017 2018 2019 Total : 13%:‘\\

HE  BAOREEFEREE & (LA > T A —NAVFRk
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Powertech(2) Fab location

China

* Xi'an Japan

e Suzhou * Yokohama
¢ Akita

9 Taiwan
9 * Hsinchu-3C: Headquarters
* Hsinchu-3A
Singapore * Hsinchu-3D

* Hsinchu-8
* Hsinchu-11
* Hsinchu-1
* Hsinchu-2
* Hsinchu-9

il 2ADREEFERZE E(CA > T A —AVFRk
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(2)

ITBRYAIOILT SO (CFDEESHT

(J%% =

£ HFENRROEERE D DIEER EIRRDBE

« EMSThiZ

PPPPPP



EMS_EA710tt D55 ERDHERE (20155-20195F) ZLUTFICS O F20T 3.
Fo LB DFRE(ISERIZIE U CFoxconn/ bW T T, MBS 1T )740% =B, PegatronD2i A FTE & _LAISHEIEKERZEZETN TR0,

(USMS) TER 2015 2016 2017 2018 2019
11 Foxconn(& &) 140,067 135,029 155,184 175,466
2fiz Pegatron(= /&) 37,929 35,865 39,361 44,415
3fiL Quanta(&&) 31,477 27,695 33,669 34,073
afiz e s 26,478 23,755 29,267 32,075
Electronics(&7Z)
541 Wistron(& &) 19,477 20,443 27,566 29,484
6L Flex(> > iR — L) 24,419 23,863 25,441 26,211
74z Inventec(&&) 12,358 13,273 15,414 16,801
8fir Jabil(>KE) 17,899 18,353 19,063 22,095
ofir Sanmina(*XE) 6,375 6,481 6,869 7,110
1013z InnoLux(&72) 11,379 8,894 10,853 9,260
HH  RIHEREEER=EEE(CA > TA =Rk
%gl/_ t\ : °
Page 80 USD/NTD=20154F 32.0 20164F32.28 20174F30.33 20184F30.17 20194F 30.88 .’) M _) I A

USD/CNY= 2015%F 6.29 2016%F 6.65 20174F 6.74 2018%F6.63 201946.9
Information Classification: General



EMSIRAE : Elvlsj:ﬁft\%@jl:l J71)l

Foxconn Technology Group(:u%)

* Foxconn(IEE(CHAHZBE EMSIEZE, 2019FF L. HERE|ADEMSTIHBEETH D, = I 7740%.
o FREE(IATR(Consumer). JL—F—. XA W F(Enterprise). PCEIE(Computing). [EIFEs&ET. EB&E&ET(Components) D4 BEZE R A%
HoE,

FEES|LEGETZYVTILHP(EZ—L W b - JWWH—R), DELLEWVLWSTERFEA—HD—ZR0O(CEEEZER.
EENE(FPEEZPOCZST,. T3—0Ov/0N BPZAUADREHBUDEICEENSZIEX TL\D,

(MS) Sales Revenue BERTAVMRIE EEEA LK (2019) FAB LOCATION
200,000 (hina
— Longhu:
180,000 HS : , ; . vati
160,000 ¢ B 4 D .
140,000 2 . o  Opth
120,000 e B, =
100,000 \ i = 9 o A
X N N + Taipei Tapes Syntrend
80,000 p e, - > L 9 + Tape:Neihs Telecom Operaton
: i : _|ing » A/ + Kiohsiusg Cohsing Sftuare ark
60,000 i BE ™
< I m
40,000 - i _ -
20,000 . smmhs«,ﬁ " bt - )
® Consumer Products B Enterprise Products p {
o Total : 208l

2015 2016 2017 2018 2019 ® Computing Products = Components and Others

HE  BAOREEFEREE & (LA > T A —NAVFRk
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Foxconn Technology Group(2) Fab location

China
Hungary * Longhua:
* Komarom e Yantai
* Zhengzhou
* Shenzhen
USA
* Chengduh

* Mount Pleasant, Wisconsin
Slovakia Czech

«  Nitra *  Kutna Hora
9 9 Taiwan
9 9 * New Taipei: Headquarters
Mexico 9 * Taipei: Taipei Syntrend
¢ Tijuana * Taipei: Neihu Telecom Operation
* Ciudad Judrez India * Kaohsiung: Kaohsiung Software Park
* Andhra Pradesh: AP Factory
* Tamil Nadu: TN Factory
Vietnam
Brazil « BacNinh
* Santa Rita do Sapucai *+ Bac Giang

il 2ADREEFERZE E(CA > T A —AVFRk
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EMSIAE : EMS_EQI{fEEDT O T 7 1)L

Pegatron Corporation (/&)

+ Pegatron|IEE(CARMLZE K EMSIEEE, 2019FK =, EMSTHE TR LE2MIICS > F 2T END, Pegatron(d2007FE(CEEBEDEFHEIEA—H—T
BB ASUS (T R—XR) DERHEEPFINSIRIL U TR,
° ;ET&%%(17\77I'\(Commun|cat|on)\ PCRIE(Computing). ERAZREMESR(Consumer). TDMDEIFEEEET. BEEGE T (others) D4 BEZE DR A %=
i,
o EBIFESEIE. 7Y TILOASUSE VLD TEAFA—HD—Z2R0DICEEZRER. £FESE. PEZROCTZSTIANER.

Sales Revenue BHERJTAVMHFE LSRR (2019) FAB LOCATION
(M$) | ) |
20,000 . T e .
45,000 SO i
40,000 N L5
35,000 - - ) _
30,000 9 f O ves
25,000 ‘=Y
20,000 e 9 8

* Juarer I
15,000 §
10,000 | \ Wv,\
5,000 v ~
0 ® Consumer Electronics ® Communication ® Computing = Others . Total 111-9&’5\

2015 2016 2017 2018 2019

HE  BAOREEFEREE & (LA > T A —NAVFRk
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Pegatron Corporation (2) Fab location

China
Czech * Suzhou
« Ostrava * Shanghai
* Kunshan
9 * Chongging:

9 Taiwan
* Taipei: Headquarters
Vietnam Taoyuan

* North of country 9 * Xindian
Mexico 9

¢ Juarez

Indonesia

* Batam

il 2ADREEFERZE E(CA > T A —AVFRk
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EMSIAE : EMSJ:ﬁfE%O)jEI? )L

Quanta Computer (&73)

+ Quanta Computer(IBBICEHLEBE S EMSTEETH D, 2019FKf =, EMSTIE T L3S > F 20N 3B,

o FRBEF/\VIDDOFFLEESE (Computer product) TH D . 2ARTE ED98%ZE 5D B,

o EBIEE 77V TILoHP(E1—Lw b - JRWH— ) DELL. VZ—EWDERFA—-HD—ZFLICEEZERH,
o HEHLSEFEEGBEZFLCT ST (CERH.

(MS) Sales Revenue 5%1!7)‘.‘/?*5']&.1:}51%52&(2019) FAB LOCATION
40,000 A i o |om
35,000 2% ) i L . e "
L. i | + Chargying
30,000 L . o =
& i 3 i
25,000 L o 9 i
i AN A y Taiwan
20,000 : N 9 |
S .
15,000 o i 9 )
10,000 98% ‘ ] ¥ Ed
5,000 f A0
0 | & . 5 | ; '
2015 2016 2017 2018 2019 ® Computer products ™ Other Electronics ! | Total : Sm"“

HE ; SABRESENES & (1 T4 — <A
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Quanta Computer(2) Fab location

China

* Shanghai

* Changsha
* Chongging

9 Taiwan
9 * Taoyuan : Headquarters

Thailand

il  RAOREFERZE L (CA > T A —ERk
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EMSIRE : EMS EAIEZRDTOT 7 1)L
Compal Electronics (/&)

* Compal ElectronicsdEE ([CAHZE KEMSIEETHD. 2019FFR. EMSTiG Crle LMU(CS > F >IN,
o FRB|EP)NVIOD, HTLY b ANY— I A > DOZTLEFESHE(SC related electronic product:  Computing/ Communication/ Customer/

Cloud/Connect)

o EBIEEFFZYIT)ILAHP(EZ—L W - JA\wWH—R), DELL. Y Z—EWDTERFEA—HD—FRLICEETER.

o FEHLRE. PEESEZFILCT ST I(CER,

(M$) Sales Revenue . e FAB LOCATION
25 000 FHE LI A MK EE@BRkE (2019)
' China
30,000 e
o * Nanjing
25 000 0% + Wrodaw ' [hengd%l
y + Chongging
20,000 9
15,000 99 Taiwan
* Taipei: Headquarters
10.000 vl * Taoyuan :Taipel Synirend
9 Vietnam
5,000 100%
0 .
2015 2016 2017 2018 2019 MW 5C related electronic pl’OdUCtS W Others \ kkqu}qal |’\ . 9%;5\\_ - .
i RIPREEERZE E(C1 > T4 —FRk
[ ]
Page 87 0 M ) I A
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Compal Electronics (2) Fab location

China

*  Kunshan

¢ Nanjing
Poland * Chengdu
*  Wroclaw * Chongging

Taiwan

* Taipei: Headquarters
* Taoyuan : Taipei Syntrend

Brazil
Vietnam

il  RAOREFERZE L (CA > T A —ERk
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EMSIAE : EMS_EMIfEEDT O T 7 1)L

Wistron (1:177%)

s Wistron(3EEB(CERHEZELEMSTEETH B, EMSTIB Coo L5MIICT > F >IN B(20194), Wistron(F2001FE(CEEDEFIKIZA—T—T
BB Acer (T1H—) OREEPFIN S L TEHIZ,

o FREBEF)\VIOD ., ANVKRBEIUTIV. T4 AT L1 DFFEEEZEZE (Computer, Communication & Consumer electronics) T D £ATE_E0D80%
ZhE&HB.

o EUB|5FE(IDELLYoHP(E1—L W b« J\wH— R), DELL, B2, ELVoEARAFEA—H—FZR(CEBEEZER.
o AEHLSIHE. BB N, KEEHRICER.

Sales Revenue

(M$)
35,000 FEUUIOA> MRIE ESERLEL (2019) FAB LOCATION
China
30,000 uch o
ey b o

25,000 % B ~ T ‘. :m
20,000 - : A 9 \

15,000 528,441 W 4 laa 9 99 | et

F _ . N k + Taipe: Neihu Tekecom Operation
10,000 - g, W ‘..,,,. 9 .
5,000 ‘ | - + seng
0

Total : 14fllsg '
HER . RISRESEENEBE(C1 > T A —<VER

2015 2016 2017 2018 2019 W Computer, Communication & Consumer electronics M Others

Page 89 OMOIIA
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Wistron(2) Fab location

USA

Czech

China

Zhongshan
Kaohsiung
Taizhou
Chengdu

* Chonggin
* McKinney, TX 8918

Taiwan
9 * Taipei: Headquarters
9 9 * Hainchu: Taipei Syntrend

* Taipei: Neihu Telecom Operation

Mexico

* Kaohsiung: Kaohsiung Software Park

* Juarez India

* Banglore

Malaysia
* Selangor

il  RAOREFERZE L (CA > T A —ERk
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Smartphone global OEM-EMS matrix

o ANRDA—— LEMSTEEDEHRZERT .

Apple OPPO Vivo Lenovo LG
Moto

gt At 294.1 240.6 195.4 124.0 118.1 105.1 38.2 33.7

In-house O O O O O O O
Flex O O

Foxconn O
Foxconn O O O O

International
Jabil
Arima O

Communication

Compal

Pegatron O

Wistron O

Inventec O

BYD @)

page o1 DOMDIA
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PC/Tablet global OEM-EMS matrix

« PC/FTLY RDA—D— LEMSEEDBIRERT, KUnits@2019

Desktop PCs 97,633
Notebook PCs 171,508
Tablet PCs 10,703
T Lo | o e | e | e

In-house

Flex O

Foxconn @) O

Quanta @) O O

Compal O @, O

Pegatron O O

Wistron @) O

Inventec

BYD

page 92 DOMDIA
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€)

1 B

e DJT)\&ETHE
« YRADORETHE
- BITHE

- BEMLERIE
. ZOAt
MR

- EF MR

- CDANERFA

. BT B

Page 93



c FEREZXRCHITDYITISAFI—2>TRE BHERE. MBOMBREENAE, BIEE

AR (CHIT B TSAF T —

ST+, BRI - BQIE, TwF >0 - BEEBEORENMFICHII D,
FERRED—
=>)>9T1)\ FERRERE
20194F : 11982 R)L (HILFE)
2019€F : 5211B R)L
VIS T4 1200BR)L

A BMYRD - XL
)L
20194F : 40fB RJL

B AR - ZWOLIR : 1612 RJL
TwF>0 55 198 RJL

DN ELfaEEE(C R iR

B CZEIEEZKRORLNRTOtCATHEDUYVT

FERREREE
(1T*E)
20194F : 9ME R)L

TR 3MERIL

(ZDfthEelm - Em
2019%F : 30{2 RJL

HEARAARL 0 20194F : 519 RJL
B )OULDHAR, 5585 X
BITIEME : L2 XM, CcMPRT Y., —4 v M, etc.

BRI

U—RIL—A ROT 12T TA7— etc.

e

BIDORE

BRleE &L > TA—ERK

HELK
(Ic - Zo1th)
20194F : 4,85012 R)L

Page 94
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o GAAYO3IDIEE/R Mt DIEM LR

<BE Y UNR—E
BITHE(EUV). BI1E

o A, InmPATOEIRT O AFTENSCAN/RT —F2>F—mF(C

FSEMNLK. EUVRRESIHSBISSEBNEFE > TL\D, F£/=. NANDT

Sy XFEUT@DBEBIOCANFLERDTYVFOOTEOEEEMEL TS,

E(OEHEUGREZITO
T, O &I KDL IMOEIEN B L < /83— T FIZRFEMHEEE 77T O0—F E LT, 3kTiEE. S22 RX5—nL+
Y—{b. FYITDRAEREVDZ, PKCIEEVHFMNEEZEDH TLD, SE. BITERICEVWTERARNBEZEZERL., AEZEML

Zo

HERBERE
(B LHE)
20194F : 52118 R)L

VST« 1208 R)L

VXA ILFI)LRIGEREE : fI512 RL
VATV AFv RS  f91108 B

EONIE - BRAR : 1613 )L
V CVD/ALDEE : 802 FJL

TYWF>20 -5k 1988 RJL
v TWFIJEE : 1038 RIL

im 7Ot A T(FALD (Atomic Layer Deposition)ODEAMNERGF SN TL\D S, SEIFEI TIETEIREEDE

FIERENERE
(&T71%)

2019%F : 9MER)L
vAAI N —
vAA S TFYVTIR T o DR
VIOAYRY T o VJ%EE
vVICc\> RS
vTr—)\JO—)\
vV ICT RS

(ZOOME%1ME - E6a)
2019%F : 30B R)L

Page 95
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EAREEEOURTE (RSEB2)

o FBERELYEEEMIS(I58EK RIL (20194F)
o 2019FEMDEEME UTIEEZMLAL. FENBA KFEZHE) U

(1068 1)L) ¥EHRERENTRE YEFREREE NSNS T 7 @2019
70
60 nEEE
50 ' n5E
40 o m FE
2019%F : -
30 o 598{2 )L
: m bk
20
- R
10 ()
% m TR
0

2012 2013 2014 2015 2016 2017 2018 2019

pEE ms5Z nFTE mBAX mitk s mTofh

il  RAOREFERZE L (CA > T A —ERk
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FEARRNE pITE : VYIS T4 178
NAD[LF DIV RIFIREREMIHAIR

o YROILFOILRBEEEEMS(E. 500{EANEKE(20194)
o SHEMSRE U TR, HEFKLFITOTR ) — RADIEEIENSEENKE

NARD/UFIIRMGRERE@2018 YR/ ULFIIRMGIREEE@2019
LSS CR=EN
mKE uKE
m EE mEEE
naE [ =
m BN

m RN
nFE

il 2ADREFERNEE L (CA > T A -1k

OMOIIA
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YEARRIE BITIR : UVUDS T4 TR
SR LF IR EBTISES T 7

o A=H—RIZTT7ELTRL—Y =TV INS T 7ILKU53%ETRD TZ(20194F)
» JRU\TApplied Materials 22%. KLA-Tencor 8%. —1—JL-J7 4%& 8D 1Z(20194F)

IR/ UFIIRBIREBEEES T 7@2018 RAVILFVIRGERBRETRIES T 7 @2019

mlL—Y5—>Fwvo al—Y—Fwvo

B Applied Materials B Applied Materials

B KLA-Tencor

—~r W KLA-Tencor
500{2M :
m_1—Jb7

m_1—JL7

m T
m TOAfb

il 2ADREFERNEE L (CA > T A -1k
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(1) FBEREDEEMLRDOIRN | D) \RpRE=RE

- BARGBEFBERNTHRIE, 1—Y—BEOHUSOAR(CH/R— MILRZEFS, SRESIUZTDROYR— hEITOTLD,

HEIRERE - AIRSEMICHITD YT SAF T —> | KEBEOLE

KE] KLA —Tencor KE (E21-I)VEREICREERSE)
=N Hiz/\1545.)0>-X =FN
HAR L—H—Fv5 HA

> TJA -V

[}
Page 99 © 2020 Omdia OM -) I A
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FEARKE ITE : VYIS T T8
AT VI AF+v VU REMIHRIR

o AT W)YRFv >mig(311,8522 N\ &K E (20194F)
o JHEMBAE UTIEIKFEATY BE (Samsung/SK-Hynix) D' BEEE 35% bW T THD . RULWTHEE 20%. FE18%DIRT

ATFYIV/ AFv OEEHIE@2018 ATFYIN/ AFv EETE@2019
L=k mBE
wKE wKE
mEE niEE

20184 : - 20194 s
10,85212H . 11,8512
L
nFE
nFE

T, 77

il  RAOREFERZE L (CA > T A —ERk
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MEMARBE GITE : UVYITS I T3E
ATV RXFv D EEMBHRIES T 7

o X—H—5RI= 177 EUTIFIASMLA87% & IH s (20194F)
s JRUNTNikon 7%. Canon 6% ¢ 735 (20194F)

ATFYIN/ AFv OoEEBEHIES T 7 @2018 ATFYIN/ RAFv oEBEHIES T 7 @2019
mASML

m ASML
2018%F : m Nikon 2019%F : m Nikon

10,85212H 11,852/2H

H Canon M Canon

W Veeco
W Veeco

il  RAOREFERZE L (CA > T A —ERk
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FEARRIS BITHE | ETIE
CVD/ALD=REMIZARER

s CVD/ALDTIB(IHFEBHAHIZIERRDEZEN 58,670BEN EifAN (20194F)
o JHEMISBEUTIE. KFEATYRE(Samsung/SK-Hynix)D\p BFEE 24%10 bW T TH D, IRULWTEZE 21%. FE23%DIRNR

CVD/ALDEREMIZ@2018 CVD/ALDEREMIZ@2019

mBHR L= RN
mKE uKE
m EE m 5EE
2018%F : ., Y 2019%F : &
10,001{&M B 8,670{ZF B
nFE nFE

mTOfth. 7777

il  RAOREFERZE L (CA > T A —ERk
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JEOEE BTTAR © AR TR
CVD/ALDEEMIZRES T J7

o XA—H—BI= 17 & UTIEApplied Materialsh' S T 774K L35%/\(20194F)
o JRU\NTLlam Research 21%. ASML 16%. TEL 14%& 738D

CVD/ALDIREHIES T 7 @2018 CVD/ALDEEMIZS T 7 @2019

B Applied Materials M Applied Materials

W Lam Research M Lam Research

2018%F ; - 2019%F : m Asw
10,00115M e 8,67012M -
m KE H KE

il  RAOREFERZE L (CA > T A —ERk
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3"5}%——%1 Higa<BE DIRFEIAI

s 3D-NANDXEUYEZEOD Y IICEITOREEFLE U T, MEBcVvDYY TS XY VD TITBRILICKDSBERIRESIME. Low-k,
high-k#4 DM EHEA TLVD,

o ALDICKBYE—RBEOZESGIEINUL TL\B,

CVD/ALDZ & G RIRHH

6,000

(=MD

5,000
4,000
3,000

2,000
= Julli ulll
I I

WA CVD 77X~ CVD

o

m2015 =2016 m2017 m2018 m2019

il 2ADREFERNEE L (CA > T A -1k
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FERRE TR TYFO0TE
TwWF U RETIHZRRE
o TWF OB FEARRIBIEROFZEN 511,115EMN EHAN20194)

« SHEMISAE U TEERTOCRIZEILAL TLBIEEN20% CEBEZIRE by T ERD
o JRULWTHE 25%. BE 17%DIRT

TYvFIOEEDTIE@2018 ITvF oo BEHIE@2019

m K FISEN
ukKE unKE
2018%F : T - 2019%F : s
13,89312F3 T i 11,1155 F3 W -
m PR m FH

nFE
nHE

m T, 77

il  RAOREFERZE L (CA > T A —ERk

Page 105 © 2020 Omdia ‘f) M D I A

105

Information Classification: General



FEARE TR TyF> I TR
TwF > ORBHISIRIES T 7

o X—H—5I=177& UTIELam Research =S T 7&K T L1=HY40% T bw 7 (20194F)
» JRU\TApplied Materials 25%. TEL 24% CTELD S T 7%= LK

TYvFIOEBHIRS T 7@2018 TYFOOEEBEHBRS T 7 @2019

M Lam Research
W Lam Research

W TEL X X
B Applied Materials
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2.3.1. IPO77MiZDSE - M5

P17 hi5 - 24& & Rl (BBEA7: $m)

A>T A =T (BHERNER—X) 10,000

o IPO77H5(320174E(3$3350M T o FeM'. 20254 (C(H$8266MICHEK

« 20178E~2025%FDSERIDCAGR(F11.9% 5,000 11.9% CAGR
- %)}ETENZOEEODCAGR(?."QJ%(‘:J@D THD., S RERSIEITDE 6,000

9.7% CAGR

o 2017FE. BEATBIIKETHDIN . SEIL. KEERQRRLE/ \T - =i/ 4,000
5@ - AFRUZERIZK - (BOX MRIEMRIZREIS(C. APAC(BE. H
E. 8E. XM FLNDKREEES|TSD

« IPO7MGE. SBUTZIRO ETIE<OERICESIENTLL

2,000

o TRUEEAITOHIRICLD., L DERTHEFEFESEEFT/ 0
- TLOMOZR, B#E. REAS(CRR. BEMK. NLAT TS, 8 o8 8 8 s 8 8 8 88

BRAZROF TP OFBEEEE S m

il BAORBEFERNEE E(CA > T A —1FR

Page 167 ")MDIA

Information Classification: General
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IP17720194E5% L :
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VLSI 2020
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VLSI 2020
(VLSI Circuits) sturasin
Ll L \ QR e e G 2V i
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5(1)52%‘\/ Day Tokyo  rigisc. 11/5-6 BAERSAIRIEDRISC-VH> T7 >R
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FEREE (1)

| BERR . e e oo
202046815 - 198 (SERH) 2020 EVISIFEMT > ViR LHEE

7’

2. HEfZ
: ﬁmﬁ_ﬂ = — s Symposia on VLSI Technology
Vimeoll&BA> 51 > FifeE = ). and Circuits

A>FIORIDI S W AN B June 15-19, 2020
347709351 i R4S

3. EBRR(218RK)
- TECHNOLOGY SYMPOSIUM
- CIRCUITS SYMPOSIUM

ST 2 S :-
J 1 "'.Hr[rtTr‘Hl

| “1"”'1“"" J

4. SINAEE
FEEIAD .
VLSI Symposia 2020 : 1374 AENNGEE10ETES)
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VLSIZ 2T A2020(340BFE MR 1,
“The Next 40 Years of VLSI for Ubiquitous Intelligence” [ IEFARA>FUS 1O A%ZFEIR I BVLSI . CNHHD404F |E-EL T,
AT HBEHARF B OEACICENZZ1—0F—TJ1I7 /M A5, RIFEHOTOCRATI/05—, SATLAASFYTLAIT IS —FFT,
¥RAR 127 )\A R - [EEE - > XT LOFEATZED_L V. ENSOIBRNROFEEZHiA I DMz IEM.

o LSICRET R IEImDARNBEREINIREIFOERSZEO—D

o 7 EIRMEINSVLSIZiEm CS 2 EREECL (R WMIEZEFE /71T

o KREIEHANEEDFLZIE, \D1 ERES ThRaEifE
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VLSIZ 2R L202011E (2)

20204 (%, COVID-190tHRIBRLNDICED. Virtual Conference (A>IAVFER) LIBTEITRE

VLSIYYRIYA2020= (3)

CIRCUITS
SYMPOSIUM

| VLSI> >R A2020(% Virtual Conference(AY54VFER)THELET,

+ COVID-19(C &R SRRDBMEICHUTE FEMFEBHFULVIEEEZBUT
R R RBZHRTET .

. FBREERITETOVirtual ConferenceTI3{, EEDMHET H DRI
SHHEBEINROFEIEL AL TZERL, VirtualéLiveDEtSZBHIBUE
FHUWESORCHEEEULF T,

— Discussion Thread(FvY MEZR) [C LD FEEEPDOEREILZZEH
— Discussion SessionCODRREELWHBEICLDIS517QaAZ M

Symposia on VLS| Technology and Circuits Slide 3
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Short Courses

TH3

Si Technologies
for 3D integration
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Advanced Si
CMOS Devices

=
Advanced

Processing

MRAM Future -
Beyond STT
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Memory & Caps Applications
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“5G Evolution and 6G”

Takehiro Nakamura,

Senior vice president & general manager of 5G Laboratories,
NTT DOCOMO

KRASHNTT BRI TIREFRNRARK

[5G DFEE. EUTO6GNAIBEEE 2D DUV - ZeIICER
BRILE. T1ANYS 3 2 El

“The Future of Compute: How the Data Transformation is Reshaping VLSI”
Michael C. Mayberry,

Chief technology officer at Intel Corporation

A>T IR CTO Michael C. MayberryE

[OE1=FTA I DERFE: T=IRSDATAA=2AHEDLICVLSIZ BAEEE T BH7? |
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Technology JL+HU—twsa> (EifEH)

“5G Evolution and 6G”

Takehiro Nakamura,

Senior vice president & general manager of 5G Laboratories,
NTT DOCOMO

KRASHNTT BRI TIREFRNRARK

[5G DFEE. EUTO6GNAIBEEE 2D DUV - ZeIICER
BRILE. T1ANYS 3 2 El

“The Future of Compute: How the Data Transformation is Reshaping VLSI”
Michael C. Mayberry,

Chief technology officer at Intel Corporation

A>T IR CTO Michael C. MayberryE

[OE1=FTA I DERFE: T=IRSDATAA=2AHEDLICVLSIZ BAEEE T BH7? |
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(1) B/USYI =R c&ERLTN : 300mm SiEMR _E(CHZ R ENEGaNESIibS > 2 R4
s EEs : THL.2
s #H : GaN and Si Transistors on 300mm Si(111) enabled by 3D Monolithic Heterogeneous Integration
M EE : Han Wui Then et al., Intel, USA

(2) AnmitLARFDERFEimCMOSH A B RCHREfT
s Ess : THL.6
s> aH : Buried Power Rail integration with Si FinFETs for CMOS scaling beyond the 5 nm Node
M EE : Anshul Gupta et al., IMEC, Belgium

(3) ESLRREHELKIN-Al-Zn-0Z VB h 5> D R4
AT - TH2.2
s #EH : Surrounding Gate Vertical-Channel FET with Gate Length of 40 nm Using BEOL Compatible
High-Thermal-Tolerance In-Al-Zn Oxide Channel
M EE : Hirokazu Fujiwara et al., Kioxia, Japan
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(2) 4anmit K LAFDOESTIRCMOSH A BIFCHR it

BIE ;

IBAREEAHR(Buried Power Rail; BPR)(E, 4nmiEALBEDCMOSICEST, HEBRBHIMEIMITH D BLhrit(CI I AT (W) EFEUVZBPR%E,
Si FInNFETHAitren 1> ’]l/—/EI/%':(iL/?Sb_CééuEbRo BPRMIEIEL TIFAE I DI DCMOSHF N . BPREUDIZEDYFHE[E—ThdEZMHETRT
=, S5(C. W-BPRICIESEIT 2T 7T ZUARU)ZFAWVBZET. 4 MA/cm2. 330°C O 4 TFICHBIFBRILINONAIL -3 (C63208F Ik
M X3¢ ZREc. BPREDIKIEGTI> A M2 828 mh5E. RulEBPRI AT NMIBERM I THD.

NS ;

CMOS(L_EBL\_C\ HEPREYF T - hEaFIL TLWRIRTE. BPR, H2UL\d. TZOFRERZD ' ' pay Y

EmERACARERT(Backside power delivery, BSPDN)Z2& A 93 ¢ET. ENEN. 20% ' w ‘

E30%DHEIET 1 >HHD. £z, SRAMPFTHIET )\ ZABE(CH UV TE. BPR%X(&"E*EEEI']( - \q-' ' oK alecic

BRh'$pd. Fig.1 (& K3 Y@Lﬁﬁ*ﬁL%Ef@éo 14nmiERFINFETO T AI(C, 92T RF m
urce/Drai

ILDO
Si0, Gate

(W)O)BPRD‘H/ESZE‘S“—CL\éo B, FEOLTE. tl:#(t_%l:lEEEEE@Z%@IEQZF:/_I*%(:BL\_C
&, SENSOREBLOY L\ ELNHBEC L. SEEEATSLLERA, A f— ey
g, WERIRSBCET, 7/ RHEREET A R SRR SRS BCECRIIL TS, J % L /'

154 nm closest fin ~ 6nm : TiN liner
AR NEEENZIER (BERIMTH EEREAOFTSNAE BEOERNS) LS SIN barrier si
Foundry(CBWLWT. 5SnmiECMOS(ESEHREHIEEITLBIN, ZDRDAnmIE(RERBE. Fig. 1. TEM showing integrated W-BPR lines with Si finFET at fin
KIETOCRIHEIZLTORW 4AnmBIEDR > — REIUCHIFBRT - HERREE DT pitch =45 nm. Minimum distance of BPR to fin ~ 6 nm.
. ENZFTIE I 2ERIEESHNTVBZON, KimX DBPRIZAMICHnd. MERFEREI LT
simulationNETOfe . RemS Tl EBROFINFETEBPRZAAAESHETMEEELRYF
RESUFEZ RELENEGEHEEN TLIEHTH D, FHCEEBZFEOLTIRICEATEIIL
(FV) =) — LBROEB RN T —EEN TR, TOA Rz TEITICHRHIINTG.
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(1) 7HOTEENHDEIRIF-3IE (617 TOPS/W) ZEIRUIETSIND1-3) 1wy ND—IERESDI
smEns : CA1.2
Eﬁﬁi?ﬁ@ : A 617 TOPS/W All Digital Binary Neural Network Accelerator in 10nm FinFET CMOS
s EE : Phil C. Knag, Gregory K. Chen, H. Ekin Sumbul, Raghavan Kumar, Mark A. Anders, Himanshu Kaul,
Steven K. Hsu, Amit Agarwal, Monodeep Kar, Seongjong Kim, Ram K. Krishnamurthy
EZZEME : Intel, USA

(2) PEEMNRESREEMZ HVHEEESE N (170mW) ORAEREAEGE# IOty
s s . CA2.1
EﬁSZEEE : A 170mW Image Signal Processor Enabling Hierarchical Image Recognition for Intelligence at the Edge
s ER : Hyochan An, Siddharth Venkatesan, Sam Schiferl, Tim Wesley, Qirui Zhang, Jingcheng Wang, Kyojin Choo,
Shiyu Liu, Bowen Liu, Ziyun Li, Hengfei Zhong, Luyao Gong, David Blaauw, Ronald Dreslinski, Dennis Sylvester,

and Hun Seok Kim
EEE | THYKE, USA

(3) SRAMill: #DiERENEZRIR T D REFRAEY : AL #E MNUVVESK N RIVIES (SOT-MTI) FFZAVZSOT-MRAM

DHHY%-%-’? CM2 2
smSCEEH : Dual-Port Field-Free SOT-MRAM Achieving 90MHz Read and 60MHz Write Operations Under 55nm CMOS

Technology and 1.2V Supply Voltage
WX EE M. Natsui, A. Tamakoshi, H. Honjo, T. Watanabe, T. Nasuno, C. Zhang, T. Tanigawa, H. Inoue, M. Niwa,
T. Yoshiduka,Y. Noguchi, M. Yasuhira, Y. Ma, H. Shen,S. Fukami, H. Sato, S. Ikeda, H. Ohno, T. Endoh,

and T. Hanyu
ZEFhRE  BILXRE BR
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(3) SRAMill: #¥DERENMEFZRIR T NEFRAEY | AL #BE ML N RIVIES (SOT-MTI) =FZAVZSOT-MRAM

W=

BWaokE (RE>) ZFIAUAES MNOZI AR i CMOSEATORIE (LD AE>#E ML IES N RIVEES (Spin orbit torque (SOT)-
MT)) RFZRVAEFRMEOMSIESTNE) (MRAM) FyITOME - REECHR THISH TR INUIZ. SRAMILEADOEERENE (60MHZE AR,
O0MHzFEHU) Z3EEEL. 2 RANICSRAMDE SR N EARFEND. Fo. MRAMEU TG, tHRFERDT 17 VK- bEE (FRAHESREIFNLIE) (CH%

IjJL/’::O

ANEOFH;

REEHAEFEXTULAZEIELU T RIELKZFE Samsung. TSMC. GROBALFOUNDRIES.
IntelRETHERICHATEEMTONTUVSSTT-MRAM(Z. 2imFDOAEUFRFZANTNDH.
STAHORFEIBEFTAHEUDREIEEZH AT I DEREMEN TERVR NGO, COFREE
PRI B ALK F THFESIN3IHFOXEIZRF THBSOTT /(A AZA LT, CMOSESOT
T I\A A2 B Y DSOT-MRAM 7 L —DEIESREEICARINUTZ. CNUCED. ERR AR EFE
XEVZRIRI DN TED,

KX NEBINBZIBH (SoERMCHd. EERZIADTENKE, REOERHNS) ;
CNET, FEMARATVDEF CIEIANEEFEAT(HER, EFRMEXTVEIER | EVSE NGO,
SEINDSOT-MRAMFCOFE #HZz+ U=,

FIeCDSOT-MRAM(E, ERALAKZ(ICTT/INA REHANS, SEIND300mmI I/ VL E55nm
CMOSTOTRICEBAEYT7L—FTOEEMTOHNTED., KZFCTINFETMLAINZ VRS
EITOIE I RNICE TEIFEIREATHS.

sorl |
process

CMOS
process

Circuit symbol

[ SOT switching

- et

i
araegy

s 2 [ No switching by |,
8 — Read-disturbance free
o

R
P

RP RP
0
2 1 0 1 2 2 40 1 2
|wrﬁe [a.u.] |read [a.u.]
Measured R-I characteristic
Memory technology comparison
DRAM | SRAM | Flash | STT-MRAM | SOT-MRAM
Write latency LW v/ WY
Read latency v/ 74 /v Y
Cell size Wl oo vV v/
Endurance | VvV | /VV WY Y
Non-volatiity | No No | Yes Yes Yes

Fig. 1 SOT device characteristics. Depending on the spin directions of the free and
reference layers, the resistance value observed on the read current path takes two states;
Re (low resistance) and Rap (high resistance). See [4] for the detailed performance.
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(5) BEONAO0ILL 20 OO XICTIRDHFE - IoFE
RitlC% 3 ENRMOERSEanRE

e Hot Ch|ps ................................




FEREE (1)

1. FEER
202048817 - 18H(2HRM)

2. BMERER
N=FvIVFEE(3TTE) ;
AVIAVANI=Z2T, ETARE, SlackiCk2EEEILE

3. HERk(218R%)
TECHNOLOGY SYMPOSIUM
CIRCUITS SYMPOSIUM

4. SHNEE
FEZIAD:
HOT CHIPS 32 : 2300&55(BEEE CHEFED21E)
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Hot Chips(d, Z#], L\Wh3ETOTYYFYIT(XA1>IL—LPY—-/-H)DOREEKRDIHELT, XFEVEIHEEDZVAREFYIORKRDIZE
LTEBUREN, 1aE(F, FPGA(Field Programmable Gate Array)bBERRINDLICRD, ZI2-3F(IFCAIZ7IEIL—IDFERNIEE
(CZADENEZEHDLICROTETVND. LSIERESAROEETZRIRL, WAEE AT LAEBMNE LB TETVRIHETHIESZLD.

BUFE, 10ty adllEDE25MNRERINSEDHt ChipsTOV S LARMMR(RERB#ME, RERIMNF-0-R)TH3. EXRTOIIAIC
DWTIE, LRV ESEBaNnkzL. RKUR—-NCRERABSZERUES YA (13MFORR) LI T 2L TH5. eENBF 0Oty a>TE, K
Y- N\—-@i70tyvd(44F), B/\C/IUE2smTOyS(24), Iyo#esmifIPI7#4(34), GPU(Graphics Processing Unit)#iii7(3
H)RENFEREINTVD. TDEFEAEN TR MIRFYIDFMAHDALIE DI TRICHRENTUVIABZHEDLFER THON, ZOHTIT,
Nvidia®A100 GPUICBII2RERFFEFEEKR THOILEVZD. MHIEB _ EOTRIFEPRCEDIAFNTEVSH, ENLHE, SWRIOTOI S22
EFINOTRICHRZHTIEERAZLU WA EIRAN THole. GPUDTOI I QM UWCEFSETEETHD, BICGPUIYE1I—-FT1 I %A
HBHICZDERBICHZANTUVBIEN R TENS.

RE, BIRELLTFOLIBEAMILIN- A NTHHREEINTVRLIC, SEDHot ChipslcBWTH, PIEDFEBFREFRDOZLIFAI-ML(Machine
Learning) D EF ConolLk.
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HOT CHIPS 324 (2)

Hot ChipsT0JS AR FERMBMRE, RERIANF—T—F)

Intel, Icelake-SP

IBM, Power10

Marvel, Arm-Based Server Processor
IBM, z15

bil AMD, Ryzen TM4000 APU
Mobile Processors Intel, Tiger lake

Keynote 1 Intel, Moore’s law and beyond

Alibaba, Xuantie-910 (RISC-V)

Server Processors

Edge Con?puting Arm, Coretex-M55 and Ethos-U55
and Sensing Harvard, Bayesian Inference Accelerator
: Nvidia, A100GPU
GPUf and Gaming Intel, Xe GPU
Architectures Microsoft, Xbox GPU
FPGAs and Intel,Agilex
Reconfigurable Xilinx, Versal
Architectures Tenstorrent, architecture for software 2.0
. Intel, Tofino2 Ethernet Switch
I\l.etw.—m'kmga_m:l Pensando, Distributed Services Architecture
Distributed Systems Fungible, DPU
Keynote 2 Deepmind, Al Research at Scale
Google, TPUv2 and v3
ML Training Cerebras, Wafer-Scale Processor

ETH Zurich, Manticore (4096 RISC-V Chiplet)

Baidu, Kunlun

ML Inference Alibaba, Hanguang
Lightmatter, Silicon Photonics
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DeepMindttOF=tHEICfH# L \GooglensDeepMind(C#EofzDistinguished Engineer Dan BelovE(C&dDepp
b3 (Reinforcement Learning) DR RFEEDLEARNRAE

MindDIRFTEEN DB T OEFAZEE CTHhol.

AlphaGo"EDISFHRROGENTILT, FimilRAS TERZERDDILIRFERTHOL. é%ﬂ’\](di&ﬁib%ﬁbb\%ﬁ

(FRhoreh, KUTF O EEESEN L.

EIK, 2012-20200(CF4—T5—Z 07TV LDERICED
AAMBDONZEALNERMSNIL(RIU D FERBEZIEM T DD BT
stEENAlexNethSEfficientNe-bOtIcZED1/44(CHIIFENTR).
Zh, EORIC, LDAMSHRILAMETROEMREIRECEAINS
SOCofies, AULHADGTEEREI0AECENE. —73,
HWICL 2 MRER EOEEEVEVCORABIC100/512E THD,
ZOF IR EDH5. NEIBHBHIC, CNEFTERUPD
FWBIEIITIE, FIROLIBEBOXRIRIGENNEEVIFE(C

How have we met the demand gap?

AlexNet to AlphaGo Zero: A 300,000x Increase in Compute (Log Scale)

Alphaga?

DeopSpeoch?

Sea ResHots

.....

nnnnnnn

10x/year

$$$ meetmg thls gap
DOOX Funding!

3%, CNIIBASHNOEIRRIRE - Frcn RERBARTEAK, RE0T - — AIHW
PIWIUZXL, N\=RO17, SATLOLNILVTENENEHULWE R A o)
%}%51&{}%‘%73\\@5 . https://openai.com/blog/ai-and-compute/
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MicrosoftDF —At> A —(CERASNCETHRINZE U, |IBAlteraDFT—at>9—mIFFPGADFTLWLS—X. MicrosoftDEKR(GUT, FMERRY
RO =N EBAEIDA > T1—RA%ER8(EL, Intel 10nmTOCADOFVIER>TWS. Ffz, EMIB(Embedded Multi-Die Interconnect):fE5Y
WFFVT )\ — (FREE2.5RTTRER)ZHALTVS. IntellCBUNENET, Altera FPGAIntel0TOEARSA/NELTOREIBIEO TS, &
BIERDAASN TWBR LS IntelD7nm IOt A5 EFIGEZELTHD, SEINCOFEFREI0NMTHD. FPGADHR(ITOTAEE/LNEIZEZIED

3¢, IROXilinxEEERTHARICEULRS S AZ I ISBLIAFN TLR LS THS.

Intel® Agilex™ FPGA for the Data-Centric World

Next-generation core architecture
- New micro-architecture and customized 10 nm process
- 40% higher performance or up to 40% lower power

Advanced network and memory options
- Transceiver tiles with speeds up to 116 Gbps
- Coherent Processor Attach with Compute Express Link (CXL)

- DDR4/5, High-Bandwidth Memory (HBM2e)
and Intel Optane™ persistent memory

Extensive software stack
- Leading-edge EDA with Intel® Quartus® Prime software

- OneAP| ecosystem

© 2020 Omdia OMDIA
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FEHBim : FPGAs and Reconfigurable Architectures

“Xilinx Versal Premium Series”

« TSMC 7nm. IIFTOtySTENNZTONIIVEIDOAS FY TRy NI—IQFPGAT7 UV DHR(CHEAHAEN TS, Intel Agilext@EEk, RyhI—%
R/IABVROI>DD D #N\—-RIPELTHE#HAH, TOUIXINOSDv)%T —FUBEDREIFEDT IS —2a I fER2LIICERETaN TV, &1L,
) AR —%E012. SR TR R 2 ASE I FRESEALTHED, FyvTHAXDHFIKICESHN F(CRIMEILTERLSCEBEEINTLS. 2.5
IRTTEE(CSHFRAORIREY, FyIRUGIEOEEDOERBRENFELATLIDIBRENTVSH, INSOBBENEDIEEBRRENTOBIMNOVTOIERR

— N -
ANEVAYI o)l
Versal Premium: Integration of Protocol Engines
“““““““ . Adaptable
e
Ptog‘ammab\e\*\e\‘"““*"“ | PREMIUM
\ WA
pEds ARG ans WO ASSE\W Sk
PCle® Wulirete  etnermet ‘“Rw% TGOS cpo
Ger‘:‘/:':A DDRA4 58G0Is E\rc\;g:\ Cﬂ‘z 0® + ST 400G High-Speed Crypto Engines
A e 600G IFteHakeh Gores
............................... 600G Ethernet Cores
.............................................. 112G PAM4 Transceivers
------------------------------------------------------------------ PCle® Gen5 w/DMA & CCIX, CXL
s © Copyright 2020 Xilinx i: X"—INX
°
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EBEmX : ML Training
“Google’s Training Chips Revealed: TPUv2 and”

« TPUV2EV3FYTICRET 2D TOIMNERFERTHSD. VINERZ7IESL—FTHODICKL, V2EIBFEFEB 775 —5E8oTVS.

- BUHBHEERZN, 1FBEE -2y NETIBERSZOYT NITAIOEBE —hER>TVNBTENTPUF —ADBEH THY, bifloat16£(\516Ew
SFENNSRZIRO TERA(V2), N\—RUITPOF%ET/I\GA—F%ET - A% EECFMTINICRTE, FORICENHIRNTVS. FevlDBFCEER ThdEE
BERHTWEANEBAEIA AT —R(CDWTH, HBM(High Bandwidth Memory)[C/\—23> 7y T332 E TEEERHD TS,

BEAFVITTESEDTERL, v2%22564@, v3%1024{E AT
9 esa TS S mrer THN BLCEEEANTOS, Bt Supercomputer with dedicated interconnect

HEEREFT, nVIDIA GPUZEDHEERT —S(FBASHNCENT TPUv2 supercomputer TPUv3 supercomputer (1024 chips)
N N _ _ (256 chips)
VBV, VBT, BAMEORSSUELAT S OEE | e

FRRUCTUVEREZED O TUORVERBNINS. B, —AREITFD
FRERNEEEEL T, BT/ YDFICLDUT DEEEN NSl
(CARERL CTHDESEI(CID - SRR,

(https://news.mynavi.jp/article/hotchips32_tpu-1/). 11.5 petaflops > 100 petaflops

4TB HBM .32 TB HBM
2-D torus Liquid cooled
256 chips New chip + larger-scale system
1024 chips
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I—I\—RT=IA>TIL -3 BIAI 7O 5L —H(CEDVEFEDHOotChips T—EEH B 2D A9— N7vT - Cerebrastt S0k Chd. FE-E
FIVHFEFOYINIIT AN IA-HAZHTIEFREERT, TOECOBFHLEERMOED, 7nmIOtR(CLZRER(FEELXLI6nM)IT/\ -7 -
DI EHFERTHDEZAT DA RTHIHTAEKRUE.

7—=FFIFrMCET—F70-BTHh, EARMCIERY I\U—’J%EE%OJHWFEEJH’\J(:7\yl:°>’7‘bﬁ“—%5ﬁbﬂ®77°u—%té(%a)r:&)(:rm\—
AT = DI\—RII7HAZEEBULTWR). FHETERETIVISUIL, T-9\5UILE, WHENHEUPTVWTIO-FTRT—SEUFHENTEETE—
IUTWS. 1==9R7T0-FTHH, Z1—3)RyNEiF/\—RUT7ELTHDIEDE R TIEHDIEBIN, FvILy el TEERMICIDARIRNES
A7 LRI BHMRBO7TO-FELENR, chipARBREEHZAMCIX MIETRUTRD(CNSDIBRIRIEFATRENTULRW).

Architecture Designed for Deep Learning
Wafer Scale Engine i Generation 2 Each component optimized for Al compute

Compute
+ Fully-programmable core, ML-optimized extensions

000 Al-optimized cores + Dataflow architecture for sparse, dynamic workloads

Mapping
Compute
Kernels

on the CS-1

Memory
+ Distributed, high performance, on-chip memory

6 Trillion Transistors

n Process Communication
+ High bandwidth, low latency fabric

+  Cluster-scale networking on chip
+  Fully-configurable to user-specified topology

Together, orders of magnitude performance and
efficiency gain

Linear cluster-scale performance on a single chip
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Baiduld20105E(CFPGANR—ZDAL 775 —AZEDIRshIzELYS. BARITEZEEPGooglelltbRTHTH, LV TEEIHNRVERZD. SEIDFHERXK
(FARTREKRUIT —F70FvI7EL T 2T I -3 UIEDTHD, FFCHULVWMINR RNk, £, ITcE2ttRoFyIhEmAadt

T=AEIA-TENDN TV R EDBAREEODIEFLZITOCVDEENET BBV, 2L, M —Z I TR ADERFYITHD, 775
T2 A-12I3TRY, big edgetiSHEEICASITVWS. cNBO=N, Googlebd7TO-FHARBOTETVRESZIBZNELNRL.

The history of Baidu Kunlun Conclusion

* Baidu Kunlun is an Al processor for diversified workloads
— 256Tops int8 and 64Tops int16/fpl6
— 512GB/s memory bandwidth
— Samsung Foundry 14nm processing, TDP 150W

300Gflops

Kickoff SDA Hotchips 2014 Hotchips 2016 Hotchips 2017 Baidu Kunlun Deployment A . . .
Project SDA SDAI XPU Tapeout Proven in real applications
2010 2014 2016 2017 — Large collection of models: NLP, vision, speech and etc.

. y — Wide ranging scenarios from data center to big edge

* Move from FPGA to ASIC
* Evolve from full customization to full programmability * |tis available now!
— Can be accessed via Baidu Cloud
*+  SDA: software-define Accelerator

= XPU: the X processor unit for diversified workloads
*  Baidu Kunlun: the name of Baidu first Al chip, Kunlun is the famous mountain in China

© 2020 Omdia OMDIA
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ISSCCYVLSIZ VRS ATEHANSORKBANENMTHED, CNBOMNTH>I7L DR ICEIRENZEIIOEN%
FOERF—LDEIIESNTUS. Hot ChipslCBVWTIEEDIKRDERLL, SEEF—HFEEARNSOFERKERH L.

ISSCCLIEL, TBEFIDORKRDIFZ THIIENS, EFEFRILAVHIRIGICHAULEARDOEFZIRNDLTWSEEWLX
3. AIEOZIEEEH(CTAIE 1-FIKROSNDEE NN EDH>TERIRARET—FFTIF v /- RII TV DEEIFHLESED
n?. tOEIEOEEMZRBUHERPOEHNSIT LI ANCELT\-RII7EIFZUTWIHT, EOENEZEIB
ENMENTVRIRRTHD. BRI —F7IFr0/\— RUI7 DAl - ANMOBREZTENL, EBFICLDIEZSRUDEIE
WECEBREZHAFFUIZ L.
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FEREE (1)

1. FiMEEES
2020411H9 - 19H(11HME)

11/11~13H D—o23wvT

11/16H e, EEEE. 77—/ (R,
Top500

11/17~19H MY FER. RRAY—REK., BEFRE.
X)L, BoF. XEEFRFK

11/17~19H PERER. ARER. J—XEE.
Exhibitor’s Forum

2. BAERER Virtual Event
Vimeoll L3 A> 51 >Rl

N=Fr)L7EI -2
3. FE
F1{&#: ACMEIEEE Computer Society
4. BHNEE
FEBIXD:
SHIESRE 7440%(1500E) #SC1O(MELE)(E. 13950 A
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ACMEIEEE Computer SocietyhF#d 3, A-/N-0E1-F1>J (LT AR ADEEERZESC20: The International Conference for
High Performance Computing, Networking, Storage and Analysis (J@#r SC20Fz(ESupercomputing 2020) (&. 33LBIBDS £,
20208F1189H (H) »519H (K) FTAZIA > (virtual) THREENZ. T—X(3“More than HPC."T&Hhd. &AK(F11H158BM15208FT
23— 7N Atlanta THIESN D FETHON, I IO ERDHTEA > 71 > FfEL oI

VAN .
)jm = =N
COEFE=EE. 1988 (CDOERMRDEI AT P AFEREFZRA (CL O TUDIEINST > 74 7HI(C{BiEEN . ACMEIEEE/CSHHBEF/EL. 7B T

FENMLKUTEN, IBFAHEEECIFBEOERNISU T, SHERIR. IREXia. SIEXRREDIBEN DN ZEEDHREREGEETHS.
EUWVWESBHIP T, CCETHESINTETLS,
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SCT(FZLDIBFFAENMPEINTLIN, BHFEEIEE 1FLITHd. SHE 11H16H10ENS, AERCHINT
sEEMTONIZ,

SC20 Keynote: From Deep Thoughts to (Destination) Earth: Climate Science in the Age of Exascale
Bjorn Stevens, Max Planck Institute for Meteorology, Germany

TIOYRT— VR DEIZKE
MooreDERNCINIEFYT DM AEF 18N TREICIRDNIIEN, COIBEHNERFEVDETHKDIZAIN . SEKAIHLBATHEREET TS, TE504F
<KWV TE, MooreERIN4 2 f#eld (L, BN 28EIECHTE(CAD, 2028F I BNEHI2EEICIRD, T TIERAIEYF)\ A7 - A RIOHF,
EEFENXVI(IFRTINELINARWV, 1979 +42(%, 1RALI2021 [FE(CBART.

NTEBE[FESC, THFLPINELEFZV, AR/ \UT—PEQFVFRICHATEZNEL THED. SHRETEEREZRELITINBLNZRL.

IR -V CREEEICIIEmNS

CNUFHRBEERTC, X—/)(-T02E1—4(3. Fo TV BIRERE. 1-YDITH). RUYE. R, IRERICDITTIRR I 2. 2L XFEUDGreen Dealld. “digital
tv;in%”tﬂ‘?“(i‘ﬂé EXRRMERS 21232 % A-/-02E1-9D L THESE, R BDBERATEE L ECORERZFEHT. BEULSFUAPBERDFER
2RI BENTES,

EODICHID T, StevensKIFSEIRB PHOATEDFEEEGFERL. IFEAL. [CNEEZTIVROIZH(La nuit étoilée)lfZ, HEI5(THE
HNRZ2. \Ur—>, BiEE. A RSE. B EIERESEDHD. ZiE. BIENORENMER AN WE-(CRD. 2ARZNESYF -1, I2F(C
MEARZBEEHD. THSERA T SURZEIN ? FELANSRR, CARIENERIOTUVRRS., HhnhithEkiC ez TLEHELIHDEREELRITNIER
5730\, |
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SCTIIEFBEDENZKDBEFHEMTONIZ, TN EEEE LT D@D

Post von Neumann Architectures
17H The Future of Al and HPC: Neuromorphic Computing and Neural Accelerators

(1[0 Catherine Schuman — ORNL

17H Data-Centric Architecture of a Weather and Climate Accelerator

(1112555 Donald P. Luijten — Data Motion Architecture and Consulting GmbH

Responsible Application of HPC

17H Trustworthy Computational Evidence Through Transparency and Reproducibility
1:00 Lorena A. Barba — George Washington University

17H Satellite Tree Enumeration Outside of Forests at the Fifty Centimeter Scale
1:45 Compton Tucker — NASA

HPC and Al and HPC Iterative Process

k1= The Re-invention of Accelerated Computing for Al

(L1100 Simon Knowles — Graphcore

18H Can We Build a Virtuous Cycle Between Machine Learning and HPC?
LRt Cliff Young — Google LLC

Post Moore's Law Devices

18H Future of Computing in the So-Called “Post Moore’s Law Era”

1:00 Shekhar Borkar — Qualcomm Inc

4= HPC After Moore's Law

1:45 Tom Conte — Georgia Institute of Technology

Extinction Rebellion

] =] Fighting the Extinction Crisis with Data

«Lielil ) Dalia A. Conde Ovando — Species360, University of Southern Denmark

Augmenting a Sea of Data with Dynamics: The Global Ocean State Estimation Problem
Patrick Heimbach — University of Texas

m.

Quantum Computing
] =] Building Google's Quantum Computer
1:45 Marissa Giustina — Google LLC
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CDtw=3>Tld. Post von Neumann Architecturestb\?it‘@ZD@E%i;ﬁb“@aito CNIFAIDRHDERNS D Z2FHE
SEBLCED. MooreD;ERIDRGRE . Dennard 27 —U> 4 [ EAROHFRGICED. HEEFE LU THEAIENSRLCE]
DIEEICUULLSEVVSIBETHS.

ETEERAICR O TLBDH, neural accelerator (Z1—3)LxyNI-JRDE&E7IT5L—4) Eneuromorphic computer (AXDT —79LIEHNE%
BEfzd E1-4) THhd. GoogleDTPU (Tensor Processing Unit)(dBIZED—HITHD., IREDFEEBFZEDHDETEZEIRICEITIZED THD.
Intelf"2017FE(CRERUIESFEZ B FvYT ILoihild. SNN  (Spiking Neural Network) 7ZIJUZXACEBELUET—FFTIF v THD, EEDO—HF
Tdd. LohiTIIAHEERRIC, [ETE LT ERIBIDXBIN RV, IRTEAFTEMICIREEINTHD. SEROAIHEMFE B Ot EICERE I 2 ENHFTE2.

NB2D20FLVIDEI-ADRUL, FEROIE1—F ETOZ1—-IILRYNI-IDFTELLEERU T, STEREDA THIRIF IO TEHFBINC
o TUL\B,

Neuromorphic chipT. EDLSICTOT AL, EDLSIBRTINTUX LEEET DN .. TDEARIZEONS (Evolutionary Optimization of
Neuromorphic Systems) Td. T4 ARFEMENSHFEL. TNEFRF DS, EAL. \HNSFEENRT . —RBOBELHTIITUXLAES XS, N
(FISANL W FNALOBRELDT 179510, Oy hOFEEIRH L. T2 IR0, BEEDGIEY . SRITIEEREREDREREZHIC. Neuromorphicki®
BOHPCE M REZ LB LT,
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F9'BarbaldHPCICH T35 EDreproducibility (BIRM4) (COWTERUIE. HPCERIZE THANSBEIRMEMREENAFNE
BV, ZLDBEENDD, STERBRIBEATHD. #mXeEVRIIIETEINZENZ V., £z, BUWTOJ 3 AFBCE
SNTHD. EDFERNEDIRISIFIE T ZONNEREREN TVRVIENZ W, Fe. BUWIYE1—-A3EETREEINTLESL. @
U2 E1—ATH, MFRERKDIEL), OSPOY/\(SDEVRE, BIRMZIHTPERIIUEESDD. STERIFEHEINSZEER
Y| BBERENTURVTENS L\, ORI A OO0 CHE(CRNTVB LI, STERIZOHSNEE N EEEON
T, EEULIZETEET I OEBENE RSN TS,

CORIEZIH>EBMRLTETHD. FEEDSC19T(EReproducibility Chairz#iz. £/z. National Academy®Committee on Replicability and
Reproducibility in ScienceDX>/)\—%&DEs. COEERFIREEZEZ/NFRUIC, BT TIL. Reproducibility (BIR4) ZIE—OAHLT—45. E—0D
sTEIEIE. FE. 1—R ST Z2AVT. FEDRV(consisitent)sTEFERZSIE IETEERLTVD, MBI, BELEDFTEZGENRTI LK.
NZREEL. IREET BNEVDTETHD

MERDHPCTIFZRAE Trole i, #E B I VBN A LR MRR(IES (BB oz, 201 7FE(CACMIE. T—AET N ZRBVWERBIRE YT
DX LICHU. “the Statement on Algorithmic Transparency and Accountability” (Z)LJUXADSEBAMEESHBARIREHCRI T 2500) #HRK
Ulzo BZIE7DDIRAINBEARSNTVBN, &S, T—ADERDREE. EEBTIREME. HEER. WRFEZERLU TWD. COIRB(E. T—FETILIEIFTIERL,
HPC—A%(ICEREENRIFNUIRSIR,

EB(CHEICLKICEEDUIEB LN TACCOFrontera (20195 #5E) D80%IINSFOTOISLAMEL TS, KBE. OYIR - K. Q7R 5UE. Ot
WFEE. @QYTU7). #BKRIZE . TR, D4DDOh7IV—-(CHFETES, HFTREBEZLORESER M - BIRMECEH  TOFANEDEFRICE ZRIINIERS
BW. —lELT. Zenodo%zfB119 3. ZenodoldtAFET —FDUINS N—THD. TR ENT -ty M EL DGz IRt 9%, OpenAIREECERN
(CLoTIRMEN . VRDIATE D EFDIATREE50GBETOI7AINZELCEN TED, Fle. RYIDESIREAREGW150914T (&, T—IRFDE N
&N, J—-RdP7-EnFRENT,

IROEIREE, BIEIATTORIS —(CESRIREE RN THD. smXDEHtlcreproducibilityzES0 N3 h. FEEMNER DS F(Ctransparencys
reproducibilityzESER I 2N, sTEFEIDZINETICHESRIREEIN. HBICLIH TERSZN, 9CUIDEHDDHD.

HPCTIZR(CAI I REN, SC transparency and reproducibility initiativeDsABE(CLDE90% DAL E (FZDEE 225U TLVB. SEID
COVID-19/&#nEE(L. Rommie E AmaroS(C&o T F7 9021 -3 7 A% NI FUNMNIHRENT. UHU. fBHRICENZESRDH
HERETHD. HPCIC[EFMEEZER=NEL. BIRMZIERIDIENFHLL,

Page 254 © 2020 Omdia OMDIA

Information Classification: General




AfiamE
Satellite Tree Enumeration Outside of Forests at the Fifty Centlmeter Scale
(Presenter: Compton Tucker — NASA) (17H1:45)

CNHMESLTResponsible Appllcatlonﬂd)h‘*)h‘bnb\b‘ BEICED, BRI DEIARZE0cMDAT =)L TEZBEVNDEE
Hapolfc. ROVDIEIAR(T, EVPLHRIE. IRERETE. BIEEIR. ARCEYIORE#EFTELTEETHD.

19714F(C(F. AR MOA—=H—([CDWTUVVZETE (L. HP 2100T. XEJIEZ8 KB RAMT. T4 931K, #K7—TTI/0%
1TOTLVE. ZDEDESIZRBESLL,

SEl. NASAT(E. U A-NLOBZEEIR. HPCBLIWRBFBZAVT, RKEFMDUBETO1000HFAFODOEBKCHNT, BIEN3FERKU LD
MIZBIARZ 140fEAREZ LITTc. TNEAII—IVED140KTH D, IWRIE TORINIROZE FE N0t COREG EHERTORZVAIIVICE
(73, IRIZEARDEERGENZRIELTVD.
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e (E. JOUSLAZERTERULKERIN. FIFFEIREE20%ATEOILEPITHD. ITEEUIREAIIEIREI 5 4 THhor.

a) Petascale XCT: 3D Image Reconstruction with Hierarchical Communications on Multi-GPU Nodes

(Mert Hidayetoglu et al., UIUC, ANL, Barcelona Supercomputing Centre, College of William & Mary, Lemont)
(17H3:00-3:30)

ZTl(ztBes’ii Pajpié?fébtéﬁﬁz?&& Multi-GPU> XT LAZRAVWT., BAREXHRCTOIRTTEIBRZITOILEWLDimNM Tihd. FTLLIREL T,
(1) 7= E| AT
ARELEHOEA T, PIVTUXAICEILUIZSEEMFI b ZIRAUR. TNICIE. HilbertlBF OB ENE . /CyFUIR)\1 T4 > % Bz,
(2) X#CTICRBELIZSpMMDESS
CTETEIFERATUT LRI -ICEBRELT. ABBLUH D 3 DINyIr U I 7TV L ERIEUR.
(3) BEBEZAVCER
FP32LFP16%ZfEWDIFAECLD, BEZRHSL. GPUDIMEREZSIEH T EN TES,
(4) BEERE{E
Z<DGPUNfat-nodelCEFEEIN TS 7 —F7IFr2 R AERUT. BEEN@EEZRAL,
SumMmItlCHBWNT, 24576 8DGPUEFENT, YIADAMDIK X 11K X 1 1KORIILDOCTEE %65 PFlops (E—9MD34%) TEITUR,

b) Scalable yet Rigorous Floating-Point Error Analysis
(Arnab Das, et al., Univ. of Utah. PNNL) (18H11:00-11:30)

Best Student Paper&%XXEUIGFHEX Thd. iF e/ NEUEE D DR ZE DB R B BIARAT (L. FBEOEIR. FEROAREE. 1— FRE LD DIRFHIVR
B TH . (EROEEFNIEEEFTUNEANTRL HPCIZEART3THD. hNhHn(d. MEREDAMTZ \VEEICHEARIEERSATIRELLDY —
WeRFU, 201cs. NAEEHER. L TFIEO&EL. SRIbzFIBUIC, ICREVUTFFT. 1T5IE&E., PDEXT > II0OHIZRT .
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hEsm

o BERNMBOH
BHARDRENS D TEIRSNIZEDELL T D6#R CHhrd

A 1024-member ensemble data assimilation with 3.5-km mesh global weather simulations
Hisashi Yashiro Koji Terasaki Yuta Kawai Shuhei Kudo Takemasa Miyoshi Toshiyuki Imamura Kazuo Minami Hikaru Inoue Tatsuo Nishiki Takayuki Saji Masaki Satoh
Hirofumi Tomita
(NIES, RIKEN R-CCS)
Toward realization of numerical towing-tank tests by wall-resolved large eddy simulation based on 32 billion grid finite-element computation
Chisachi Kato Yoshinobu Yamade Katsuhiro Nagano Kiyoshi Kumahata Kazuo Minami Tatsuo Nishikawa
(Univ. Tokyo, Mizuho Information & Research Institute, RIKEN R-CCS, Shipbuilding Research Centre of Japan)

SESSION: Memory efficient deep learning

Scaling distributed deep learning workloads beyond the memory capacity with KARMA
Mohamed Wahib Haoyu Zhang Truong Thao Nguyen Aleksandr Drozd Jens Domke Linggi Zhang Ryousei Takano Satoshi Matsuoka
(AIST, miHoYo, RIKEN R-CCS, Tokyo Institute of Technology)

SESSION: Exascale and beyond

Co-design for A64FX manycore processor and "Fugaku"

Mitsuhisa Sato Yutaka Ishikawa Hirofumi Tomita Yuetsu Kodama Tetsuya Odajima Miwako Tsuji Hisashi Yashiro Masaki Aoki Naoyuki Shida Ikuo Miyoshi Kouichi
Hirai Atsushi Furuya Akira Asato Kuniki Morita Toshiyuki Shimizu
(RIKEN R-CCS, Fujitsu Ltd,)

SESSION: Porting applications to specific hardware

Massive parallelization for finding shortest lattice vectors based on ubiquity generator framework
Nariaki Tateiwa Yuji Shinano Satoshi Nakamura Akihiro Yoshida Shizuo Kaji Masaya Yasuda Katsuki Fujisawa
(Kyushu Univ., Zuse Institute Berlin, NTT,)

SESSION: Multiphysics applications

Acceleration of fusion plasma turbulence simulations using the mixed-precision communication-avoiding krylov method
Yasuhiro Idomura Takuya Ina Yussuf Ali Toshiyuki Imamura
(JAEA, RIKEN R-CCS)
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SCOBEEND—(&. tHARBDENNTVBDA—/{-OE1-FDMHEELLENMTHN . BOIBINFEREINDETHD. FEISEBENTFOTVD, IRTEHIIUR
REREAE(ISIERHD. BEH(CRIYTITHNNABISC (International Supercomputing Conference)t&NHE T, F(C2[EFEFRIND . DM, FHLL)
EEEHTDIRZER(IBOF Ci& RN TULB.

a) Top 500
CNIERTA X DZETHE 1R S5IENZGaussDIE EE THRE, 2028\ EUEEHRE (Linpack4gE) ZiR>EMT. 1993F6ANSIHEI T,
Linpack($#RAZETEY I NI )W —STooleht, EOXZ17IUCVARARIVE 1-ADEE M EeZ{Ise UTcCeEn S, AOFN—DEBHREN DL,
A ZIDNREVWEIAEBILA T2 2B CETEMEREZEUL TV, STERFENID A ADIETIEKRI DT, HEZILCItIgEE a5 EREXT—4
[C[ETA XEEDFLLENMM TN,
SCICHLTTop 500 BoF (Birds of a Feather session) htaFo/zM(&. 1994FNDWashington DCICHIFBESCO4DIFHS TEHD. HHZDBOFIEUD
ZDITHNTUVZ, 19965 (CTRIEARFE DT IL—THCP-PACSTTopZ Rz, RERLIK, BEAETFBZAURN Iz, UNUUEWCKARIRE(CIRD, SAPIE
RTO0T5 LU EOIRNTBLTER. SEDTop500 BoFld, EFEFEEDH 168 (B) OFZ45(CREIN, MDOBoF(Z17BLBETHD. HEERDIK
WTHD. BRHC 6 AZARIYTHEENBISCTIETopS00DFERIIA VAR MO—D(AIEFIFHSN TS,

Top500D\L51 b

VT, INBIEFITHSN. Erich Strohmaier (NERSC)H, SEIZES6EIDUZ MDJ\A T4 MaeiRiEUT,

2z R3E. [EEINFIEICHE NI ZERUC, EAI104TE. 2408E5%S 27 A QUWELSEDamman-7) H'&d0 UZMRELTIE384F

(7.6%) DOFTEIZT. Top500IaF > TLEROAM RV FTEISZEL (ERHCHBOREL) THolc. COSBMAFTENTIE2544F. ESXAENTIE134 T, ESRAN
DIV, JOFDOFZEEN ? Top500DY S >OFEHEHnld. Y —FIE30N A THADICK U IN—SvILTE200B TH B,

Top500(C ABMRATA(E1.32 PFlopsT. AIEID1.23N5EME THholz. TopS00DRmMaxD#EETE. 2.22 EFlopsh*52.43 EFlopsA\DEME T,

SRBIBATCED AT AT, PEN2124T T2 G5, 7XUAD1134F. BARDI4HENEOTVD, 4HEE (RmaxDiLstT) Tl 7XUHD668.7
PFlopsh'14iIC. H[E($564.0 PFlopsTHd N, BAN BEIOHMFT593.7 PFlopsT. FEZNDIMNIBX 2L THD. EEEZEIVUELRSE Y
Y—FTlE. BAR38%. KE29%. FE11%THADCXL, IN—34ITlE. FE43%. KE21%. HEK2%THD.

FETTTUVDE, FREDKIZ00HF L. KEFHFIL00EFTHD. 3F LR DL AT LET, UH—FTIIKES8% THE10% THAN, IN—vILTEH
E76%. KE17%THd. EEES TV Tl VH—FCDOWT, KE41%. FE13%THDH. IN—vIL TIEKES1%. FE44% THD.

NRIABICHBE, RED3tEH, Lenovo 1804, Insper 6644+, Sugon 514 TH2DICXFL. PAUNDHPE/Cray(37645 T3, EES 17 TR2E. EL
18H'16%. HPE/Crayh'11%. IBMH'10%. Lenovoh‘'11% CHd.
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Top20

SEIE56RIBNFEK THD. TopM20HILL T 01D, Rmax(dLinpacktHE. Rpeak(dIEimt —IMHEET, WINEEAIIIPFlopsTH. RIEIDIRAIIC
FEIMDDOWTWLBDIE, AT AR F1—-Z2J THREN M LU CEZRT . BIIAY — "ER 2 TOVBN S NIFTE . BODVWTVWSDIFEARICGERESIN

TV E1—A9THd.
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(1) IAAR-CCS = (A64FX) 7630848  442.01 537.2120

(2) ORNL Summit 2424592  149.60 200.7949
(POWER9+GV100)

3 LLNL Sierra (POWER9+GV100) 1572480  94.640 125.7120

4 ERBHRETEESTL R Z Y (SW26010) 1064960 93.0146 125.4359

0

(7) NVIDIATE (USA) Selene(EPYC+A100) 555520  63.460  79.2150

5 ExRBRETELMEL  KIAI2A(Xeon+ Matrix- 4981760 61.4445 100.6787
2000)

- Forschungszentrum JUWELS Booster Module 449280 44.120 70.9800

Juelich (FZ)) (EPYC+A100)

6 ENI S.P.A. (Italy) HPC5 (Xeon+V100) 669760  35.450 51.7208

8 TACC (Texas) Frontera (Xeon) 448448 23.5164 38.7459

- Saudi Aramco Damman-7 (Xeon+V100) 672520 22.400 55.4236

9 CINECA (ltaly) Marconi-100 347776  21.640  29.3540
(POWER9+V100)

10 CSCS (Switzerland) Piz Daint (Xeon+P100) 387872 21.230 27.1543

11 LANL Trinity (Xeon Phi) 979072 20.1587  41.4612

12 EEXATH ABCI (Xeon+V100) 391680 19.880  32.5766

13 Leibniz Rechenz.(¥4) SuperMU-NG 305856 19.4766  26.8739

— HLRS (%) Hawk (EPYC) 698880 19.3340  25.1597

14 LLNL Lassen (POWER9+V100) 288288  18.200  23.0472

15 Total Exploration Pro. ({A) PANGEA IlI 291024 17.860  25.0258
(POWER9+GV100)

- JAXA (H) TOKI-SORA (FX1000) 276480  16.592  19.4642

16 LBNL/NERSC Cori (Xeon Phi) 622336 14,0147  27.8807
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PEODFER

SCTIIHPCRARDIEENRFTOIBEIHRECCTLIEINDICHERT D, TLEEREEELD, Booth session (BRESZTOILEFT—33>) |« Exhibitor Forum
YoTechnical ProgramTDI—93avT, NI, BEFEEREEDD. BEFHEDOL LTS 0, RIG0ECT, B0 —%25EUTEBRERZITOLE
HHd.

=L@
IBRERERRUEIEE [N Top500RE4E THIEIEES: M TR ECENS B RN EHH TV, ZOTOTYHAG4FXEEE(C, AGAFXETEE LI
PRIMEHPC FX10008&UFX700%487 Uz, Exhibitor Forum TIEE/KIEZ EKHEEEUIZ. Booth Sessionst 245171z,

Tuesday, November 17, 2020 12:00 PM - 12:10 PM ET
Welcome to Fujitsu’s SC20 Booth

Wednesday, November 18, 2020 2:30 PM - 2:50 PM ET
Fujitsu’s A64FX: The Fastest Arm-based CPU for HPC and Al

HAES (NEC)

NEC(&. SX-Aurora TSUBASA Generation 2%#ERUTULz, SX-Aurora TSUBASA(Z. IRTFHFEME— DAY NUETERETH DN, RANIx86O0tzvH
’gﬁotb\ﬁt{zh“ﬁﬁﬁﬂ’ﬂ'@\ oY —N\-LDFRFNMEEEEREL TS, B—[RIBEFLFYINASP, [RFE. B HER. MFEZREQICHATORENEA
1\ énéo
HPCGOECATIRAzLS(C, BAROBARDKEERIFEHITFAOPIasma Simulator(SX-Aurora TSUBASAT. HPCGD104ZICT>IENTLVBN,
Top500T(E33MIT. LinpackéEDLLF6.7% Caia CTind. NECONY MUETEHOE B TH S, 112U, LinpackEfaEmE HEEE DL
(Rmax/Rpeak) (E63%T. RO NLETEHICEENTRW. SEOF1—-Z2J (CHAFLIZL,
Exhibitor ForumTMasashi IkutafKh's&EUREFN. 11817H11:00-14:008LU18H8:00-10:00 (WIFNEESPIFRA]) (C(ZAurora Forumzf
LI,

SC20 NEC Aurora Forum Day 1

Wednesday November 18 8:00 EST / 14:00 CET - 10:00 EST / 16:00 CET

SC20 NEC Aurora Forum Day 2
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PEOFER(2)

IBM (Champion Exhibitor)

SCOEETHIN. \—RPI T AL —ERCERNEOTELITHD. smafZDChampion Exhibitors®—2T#%H2h'. Exhibitor ForumT(33&EL T
LWL, HPCTERERDTLBA, EER(FAIYBIg Datad A (N DDHD, HPCS AT LAELTE. Power9¢NVIDIA GPU V100%#E&LIZORNLOSUMmIite
LLNL®DSierral3[ E&(CHW\TTop500D24i131i17% 5HTLBHY. IRDT7 XU HDExascaleDN S 2 (CIBMOZHIER, 244DBooth sessionsz{Tofz,

Tuesday, November 17, 2020 11:45 AM - 12:00 PM ET
Build Better Products Faster: Innovating with IBM Bayesian Optimization Accelerator

Wednesday, November 18, 2020 12:30 PM - 12:45 PM ET
The Changing Needs of HPC for Al

HPE (Hewlett Packard Enterprise) (Champion Exhibitor)
CrayZzIRUXUTEHPE(E. HPCHEFTZAD3 1 7% b8 TULVS, ConvexZzIRIXUSGIZININL . DECZIRIRUTzCompagbikyR LTz, £ FRFAMTERAEEL
TW3, Top500TH764FEHPEL & TH S, Apollo 801, E T EDAG4FXTOYHZIEEL TS, 24FDBooth SessionsZz{Tolz

Tuesday, November 17, 2020 12:00 PM - 12:30 PM ET
Where the HPC & Al Market Leader Goes from Here

Tuesday, November 17, 2020 8:00 PM - 10:00 PM ET
HPE Supercomputing Celebration featuring Weezer, co-sponsored by Intel

AMD

AMD (Advanced Micro Devices)(d. HPCEBDGPULU TAMD Instincet MI100 79t5L—A%z2FEK Uz, CNIFAMD CDNA7 —FF7IFv(CE DD T,
FP32 MatrixT(d3.518. FP16 TIX78DM4EEM L Z2EIRL .. TIVYRT —IIVEHITEET 3.

CPUTI(&. S8 DAMD Epyc 70023V—-X%=FEKUI. Yoy hEDERK6417THE X DIntel Xeon Scalable processoré tERT102% D HEEE
[@_ETHB,
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Intel (Champion Exhibitor)

BERESEZSNRBVCETHIN, SEIDTop500(CUZRENTLBYS > D55, 90%EL _EMInteldXeonZFfz(dXeon PhizizEL TLV%. AMDIZEIUESty b
7—FFIFr0TOyHZEIEL TVSRN, B4 Intel DEEEEZENL TUVD. KERENE(L. Intelhix86%64EYMELESEL T HPEHEBEITIAG4T —FFTIF v D
ItaniumZzFIsH LN, EENENT _EC. SMtE THRENEATLNEL, THmICRIF ANSNRH Oz, ZDOBR(IC. AMD(F20034E. x86%64EyMELT=Xx86-
64F(Ix647 —FFIFvDOpteronEREL, HPCER%ZFEEUR, i3, IntelNAMDDOX647 —FFIFv(CENL T Oy R 8IS 3L (TR, Tz,
Intel#t(320074EtH, Polaristh'Larrabeet N SAZ-I7FvIZFTEH LN, CNERHIBHRGICRST, ZOMICAMDA G EERU.

BT, Inteld7 nmOFHEXRTOTADRAFENMIL1EEN. AurorallFEEFED. Intel XelCZED<Ponte VecchioDRGEMEN TLBEDIREN IR T
%o, CORIC. AMDIETSMCD7 nmJ Ot Rz E>TTOyHaRIEL. EEE N TEUVEEEZH LTS, SC20 T, KRt XeonTOtyHDIce LakeDsF
fhFERENZ. LAMMPS, NAMD., (faJh'®) Monte CarloREDAICXTU. Ice Lake-SPA—AM32 core CPUX2MD(EF5H. AMDDEpyc 7742240,
OA7ENDHED THAICERENST, EERTHAEVIMRETHIZRUIC. BFIRICEBEAVXHIZINTLBLSITH D,

SEIOE E(FoneAPIELS, CPU, GPU, FPGA, DSPREZRETDZITOT 3V IRIERIRE UL CETHD, SC20TIEF1— N 7IPNRIV s iR TEED
EiFBsniz, BUFMBooth sessionshfrhniz,

Tuesday, November 17, 2020 12:30 PM - 12:40 PM ET
Delivering Exascale with Aurora

Tuesday, November 17, 2020 4:50 PM - 5:00 PM ET
Intel’s Vision for Exascale Computing

Tuesday, November 17, 2020 5:01 PM - 11:59 PM ET
Intel HPC & Al Pavilion

Wednesday, November 18, 2020 11:30 AM - 11:40 AM ET
Accelerate Workloads in Intel® DevCloud

Wednesday, November 18, 2020 5:01 PM —11:59 PM ET
Intel HPC & Al Pavilion

Thursday, November 19, 2020 12:00 PM - 12:10 PM ET
oneAPI: for Cross-architecture Application Performance

Thursday, November 19, 2020 3:30 PM - 11:00 PM ET
Intel HPC & Al Pavilion

Thursday, November 19, 2020 5:01 PM - 10:00 PM ET
DAOS User Group (DUG)
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NVIDIA (Champion Exhibitor) ‘
Top500MD551404HNVIDIADGPUZIEEL TLV2RE, HPCTOFEREIEL TS SEEYVIN TN —TET (Lol ArmZzELX
FDRERSRENESH O,

Thursday, November 12, 2020 11:30 AM - 12:00 PM ET
Evaluating the Performance of NVIDIA's A100 Ampere GPU for Sparse and Batched
Computations

Monday, November 16, 2020 6:00 PM — 7:00 PM ET
NVIDIA SC20 Special Address

Tuesday, November 17, 2020 12:30 PM - 1:00 PM ET

NVIDIA Selene: Leadership-Class Supercomputing Infrastructure
Wednesday, November 18, 2020 12:00 PM - 12:20 PM ET
Introducing NDR 400Gb/s InfiniBand

Thursday, November 19, 2020 11:30 AM - 12:00 PM ET
Programming Accelerated HPC Systems in the Exascale Era

Dell (Champion Exhibitor)
Bren Lz mlE. EMC PowerEdge XE7100. EMC PowerScale. EMC PowerSwitch Z-series Switches. Precision Data Science

WorkstationT&h 2. SafllD 1573 FEDT (FELVETANEHEBEIN TUVA, SR F5RIZH O,

Tuesday, November 17, 2020 12:15 PM -12:30 PM ET
HPC, loT, Big Data & Al Together for Better, Faster Decisions Ever

Wednesday, November 18, 2020 2:45 PM - 3:00 PM ET
How the HPC and Al Innovation Lab Can Help You Get the Infrastructure You Need
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] Fﬁ{EEH# ; RlSC'V'm% A2 —% RISC-V International Facebook ™% English
: F S
202041185H 9:30 - 18:30 RISC-V Association

11H6H 9:00 - 17:00

2. FEER
Vimeoll LR A 51 B
QA(;tSIack/TW|tter'C =47
) RISC
3. EE/BE
lokyo 2020
1%1E: ET&IoT(JASA), NEDO
4. BSNIEE

FEEIA:
ZINEiFEE 600%LL L. 300 AEENRER

EEROVimeo tOOJ1>%% : ¥)BRIEEF 2404 -3

20205E1185H(K) - 6H(&) 9:00 ~ 18:00 JST (GMT+9) A> 51 Bl

DMDIIA
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6. RFHESS: o~
: Archi lek i

SEQT—E [ 5GENA b, AN~ AdaCore ~&CAIST ANDES il @ asamicro
01757 BENEIGADRIEZBRIS bluespec igﬁlpngum AT @Esperanto GT&'DT c=
C-VORAF. %, 13, i) o

20154, CAKS/\— L — BN LI e G s 2rnnmeg Qoo B sifve

. _ _ E'igﬂDEUiEE Jagpaa | enbeisbdysd Srsigmmn Dovhemesbimgy Asssisiemn ..l -
(1) Ty 7-355Fv

(2) EFast  (3) AMAEM SISLAB “.n< & suntecore ‘TRASIO UE@
DFIEFIHRISC-V, 1208S Y NF—F59Fv(1S , o

(1) A=T>REatyh (2) A-T>Y-2T0tyY (3) A=T>Y—-RYITNITT

(4) A—F>Y—ZEDAY-ILE (5) 1-HiLEmS
ZHIN—KNITDFTESRKAET IV, FTRIATT IV

20194, RISC-V Foundation(c(&360#8DX> /IS0, AFEENIOtyH (5658, SoCT5y hIA—AIPE21F&, 9FEDSoCHEEEZN TS,
20204 ((FH ARUHSGAN — hIA>DRFFYI(CELA
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1. 11/5 :#&&E:

11/5 &&E B S IP SW/FW Tool  [SoC/XAT> | ERSEHIit
RISC-VA>4—723F)l CEOEHEE RISC-VA>A—FaF)

SiFive RISC-VOEFHMELArchiTektt(c LD 1 —HBHBN SiFive, DTS1>HY4 K, Archtek v v v v
AIFYTRIFEHLR NEDO

RISC-VAILinuxtJ7—LD17EE LyRI\WRYIRIT7(IBM) v

AF A A—FI—ARISEN-SeCFRSTH BETIE VST 585 v
EEZNETIIHOFASMRERISC-VIE 15 BRI v
ASIP DesignerzUZRISC-V ISATOtYHOEIREZDILE BAS TSR v
RISC-V7—F70FvzBAURESELEERSIMDY —+577Fv TURKZF v v
TEE/\—-RJI7DIzbDRISC-VELE BRUBEAXRZF. NEDO v

[ChiselTiah 27 >V EIREERET IOFIERIEZEICDOVT HAIBM/Chiselflsg= v

[FENERE T ZANT A JBBCLDEEBOEREDETA FIOX-IIRKZE v

J\—=RO17EEih = EEChiselztoEEH T 3c6bDDiplomacy izt FPGARIFHEEE v

RISC-VOIo Tt AR AT EED NNFLERRZ)I\ AR v
REBERETINIOYBCRISC-VZERTREN ? EBIEXZF v
RVfpga : RISC-VICEDXHRAOFTERIVE1-F7—-FF7IFrI-R ARIR—23>79)05-X v
[RZE0TOTSA] ANZX—23>79)02-X 4
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2. 11/6 :&H:

11/6 #&E mEAFTELE IP SW/FW Tool SoC/~XA1> | ERSHIUB
PolarFire SOCAFY Microchips v v

SiFive HiFive Unmatched RISC-V Lunux PC mini-ITX JA—AJ725—HR—RK | SiFive v v % v

ASA RISC-VJOtvH ASANAIOSATLX v
RISC-VH#HF B SoCOMREEXY ROT — Esperanto Technologies % v
RISC-VNX/J>GD32VF103DIH#ETT FHTIAZASvINY v
JASAICHIFBRISC-VSEENEET & IoT Digital 2020E0DFE1T JASA v
A=T>2Y=ZN\=ROTT7DERR SHI>YILT1>) v
RISC-V Linux#Fo0—- vy Andes Technology v v v
RISC-VRFREY - T—5EZ2IT<RERAFEDER IARSATLX v
VxWorks®RISC-VH7R—h 14> R - v

RISC-V Ada/CEEBYINIITHFEY - AdaCore v

RISC-V IPRRSA> 7y ITESCRXxTIFZUDYINITIFIIS AT A >>/7 v v

ASIC/FPGARIFJ0— FYTRT AT >R v
RISC-VJOLYHIPRGS1> v JIIRNRT

AXSX—33>79.)0> - X EZEBN

ANSE—23>79/)03-X
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IN—=FvILTE:

N=FvILTE FRIEHLES IP SW/FW Tool SoC/~XA1> | EFSHIUB
SiFivesz Ftif#kiiti>a—o—2X DTS1>H94 b v v v
SEBYINII7HEFEY—IVBIT AdaCore v
VxWorks 7 RTOSEWorkbench 4 BRIRIBEOIFENT 14> R)) - v
SHC RISC-VFE : Amazon AWS IoTH—-EXPFADZ &t SHI> YT
ARSIMZAEAUIZAR32ZOSEY RTOMAES T EF A ASAYAIO0S AT LI
FyI7— RFWZERRAUARL ST NN —Z2 07050 - DREFE B ZEAAFEAR 4
GigaDevicesHi+y bDIAvI X5 — N7y TR IARSZFT LXK
ASIP Designer¥—JUc&3RISC-VEF BARS TSR
Andes N25F17%z#5&,UIzAriel IoT SoCRIFEPF Andes Technology v v v

£

sEE  IPBAE : 9. SW/FWESE : 5, ToolBdiE : 13, SoC/NAIEHiE : 8. ZDAfth : 6 (B1EHD)
VFE IPBEE : 2. SW/FWESE : 2, ToolBE&E : 5. SoC/XAIEHE @ 3, Z20fth : 1 (EE#EHD)
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32bit, 64bitORISC-VIPPES IOy MERER IR T, FHMIREPLHFEY —INFTEEL TV EZRRHTEIINT ~, FIBICSiFivetths
OA> MY OTEHY RISC-VIFAEREFEZ AL UCT TICEANRFOTVDEDD, BAREFENC2~3FENTVSAA—TT SENRISC-VIiTEL
VORSFEISNDD.

RISC-VI7 @AY NUILIE. 64-bit Out of Order. YILFI7(CHHIGU. TFIUT 1 AL7 IS —IRECHGUIZSoCIEER Y 1—2 3> hER,

HWRFEEEBLUTCAREN-IL BN AWChisel(FE)L: Verilog RTLZZERRAEK I DHDEFET. BAEHKSFE TIFRV)(CTA—HR
UIEBEN3DH0. T UL T220 ARZE DRIEN D ENSHRB DR LOFINMIZD. BAKRTHB[ Chisel Book JDFIERNGithub_ETRS>
TATTITONTHD, 20IADE0peny —ADIEEZNONNAD. ARMEERD, OpenBIRIFETHBE OO ORFEENST—R/\WIEN 20N @

SHAIRIZEL T FPGA LICRISC-V IPZA&ERLLIZED. TSMCTYESN T A RChip. Microchipt®GigaDeviseDSoCiREx &t 1ok — RhHEEL —
AZNTHED. ZRTOS:Linux®DE#. IAR-SEGGER - WindriverZEDToolhMHR— hENTULBRENS., I TIRERIYA I TOtyHE R UEED
RUVBEFENB]gECHERIZN 3,

NVidia®DARMB R LB 1>/ MO, RISC-VOS#EORER-4F I — ) IADEB IOV TOBERINBII . it UTIEEHAARMEVSFEEHRIH
N, BB TEHZSHI Y ILT 1> I Ol NS ARMZIPEVWSHEMABIizOFT oA 2 CONS/ED L IF e VWS THD, ZOERET
RISC-VHEND T ZWAE — RTHUBENTETLS, nVidialCEDARMMAY —/N-Y1—-332(T5|2585N TLKET UL, IoTIC(FRISC-VAA B Fv>
AN®d1EVSBRNMZE TWBLSICRRUZ, RISC-VOY —/)N\—-ERICDWVT, [5FER(ICHIEEME(EH 2D 1EVVDTX Mg oTt.
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@Technical

Deliverables

Guard against fragmentation
Auild technical deliverables
Nork groups

RISC-V 1>245—3237F)
CEO Calista RedmondE&K (X1ALDE10N)
[RISC-VICFEHANE: T4./05 —%EE(CEX. @) carming - Talent @“y Q) vareetpice

A IR—SMEENGHD, 1Z1-F (L BRAFNTTEE | | — ] o, poaics,
https://www.youtube.com/watch?v=DnPdaGKglYM '

omphance tests

Complian(e + Visibility ‘
Verification tant drumbe
ing and compliace suiles svsecho )

I *

RISC-V delivers mcredlble
50D DA —T = EET. RISC-VXI)IN—D XDy N EBR

ANES | A A MR TES

A RMEEIER. 7TO—F. J—REieqt

R B DR MBI RIS R T E AT BE

o], V-4 -3 TIBADRARHESHRIENTIEE ISP UIJAFIN aFEESE, FeERIRIF - 5|EFDIFBRENTTEE

A JR=33>)F— w—z\yiv—qt@ﬁ@iﬁsom%s@m 4t

HIFPOEROREERY NI —I%FED. V-RIBZENTIEE RISC-VEG -H—EX - No—Z27 - R AMEIB N T BENTTEE
SEDEEIELUT. Certification®T )L DIBENHIEDD ., ZAE(CRM . MRETHFEDTE,

I v o) 360505
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savE (2 SiFive HiFiveUnmatched

" A .
< \\
\\
SiFive FU740 Process: or \ ot Hmr—lln( PC Form Factor with ATX
SiFive 7-Series 64-bit RISC-V Core - 24-pin Power Supply Connector
. . =: Syt . et - -
SiFive(25&/E)/Architek %
<

4x UT4-MC & 1 S7 Core - 2
2MB L2 Cache

S) HARRER GHEEAM. CTO Yunsup LeeK 4 4 Ny e
A) REREWHS SHE—K P >l . _

[SiFive RISC-VOREFMZELArchiTektt(C L1 A P
EH1#87T/HiFive Unmathed RISC-V Lunux PC
Mini-ITX JA—LJ70459—Hh—R]

NVME M.2 2260 (PCle® Gen 3 x4)
M;L‘FSB Card Slot

4x USB 3.2 Gen 1 Ports . A\ ) o 1 < ’,
MicrolUS8 Console Connection M&,‘! I h
. O
. .

https://www.youtube.com/watch?v=Sv1XM8EJrnU&featUm
https://www.youtube.com/watch?v=20QobuQoal9l&feature=youtu.be

Samsung 5GANIATOHI7#ZEE(ARMNSOEDIEZ ) PPHUamMIDAY — NIAYF TORBERE . EBEPDIPAFELTIIREERVVERRUSIFivett. &3
DOVIU7 64bitd7 TIXFPGAEE THARM AS3LDEEMEE - REHEDTE,

HiFive Unmated(ZU74(RV64GC)17%Z4D. S7(RV64IMAC)17%Z1DFE& UYL FI7FU740 SoCzEREUIL$665MD5 MRS, Yocto Linux/\—
ZDSDKMNGitHUbTABEN. 95%N'EE&EEN TL\DebianTlEDockert*KubernetesO7 ENEITTESIELES. Secure BoottDebug(dbR— LT
M\ U549 ZMEE(ZPCleLDBIR— RHAWAE (T ETIFAMD Radeonii—RE{EH).,
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CEB B status of Fedora Bootstrap on RV32

Redhat Software (IBM)

System SW Engineer Wei FUulk (_ES&DE1N)
[RISC-VAILinuxtFWEBIE: RVO4FIFEIRIT. RV32
Fedra Linux J—hZXRSYTORER. LinuxI3vhJ#
— LMEEROES |

I A-T5A XS -NICBEREN TV Fedra Linux
Distribution®RISC-V(RV32 ZHEHRL.

IR 1E(Istage3:mock TMDBootstrapDEEFET. SiFive
ttdUnleashedih— ReHhR—K,

51, StarFivett(FE)DVIC7100SiFivett®Unmachedi— REHR— K, SiFivettUnmached(64bit RISC-V
1788 TIERA(CFedra Imagesh'#MET 2 FE.
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Microchip Technical Fellow Tim MorinE
[PolarFire SoCAFg |

SiFiveftIP17 RV64GCx4. RV64IMACX 1 B#DYILF

J7SoC"PolarFire”"M#87T. ¥IDRISC-ViZ&SoCEER

R CFPGARBRL RO TS,

IBTEOFHEY—)VIEFunctionfEs2ADEND T, KEPE %
B1Z(CVerification. SimulationREDIRIEY — )Lz EfiE.
1.3WT6500CoreMarksé LV SARMELER TEEIRIRMEE

L IV[

PBFarFure SoC - RISC-V Enabled Innovation Platform

Highly Differentiated

+ Low power, high performance SoC
« Thermal efficiency

« Solutions ~50% power of = S—
competition
« Unigue AMP mode for mixed real-time 150 : ettt sk
and Linux operation m.c‘ ..c‘
* Defense grade security with — e s -ne e
Spectre/Meltdown immunity | | :_.::':"‘
« Exceptional reliability (SEU [ — ]
Configuration Immune) | l T
« Smallest form factors e WL (oo S ———— —
Wailch v “"l el l Low Pewer T P
This live event has not started P—

et
d Open. Lowest Power. Programmable RISC-V Solutions.

+ Securely Connected loT Systems
+ Mixed Criticality Systems S\ MicrocHe

BEDMHEEZEED(Dual A9T2.5W, Dual A53T3WLEI E). FPGALUTIFERLE30-50%DIEE 1L,
PolarFirefZ&t> 1—ILESTENRERCNU-RAENBFE. IAR, FreeRTOS(Amazon), MentoriREE”Mi-V"EIER

IS RT Lz
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Andes Technology B#AitiEE=EZE Florian WohlrabE
[AI: RISC-V LinuxzZ@EREUEIYI—=H—/{\-AZXT-U>
J330—RIvT]

Fast and Compact ; Linux

,S| i ond Ef’l(lenl

D(X)45 A(X)45
NEMIC U, 189 _—

A(X)27

2020108V ANASSPICIEE 9 DRISC-VIYEL
THEAY3ETHATEERAICRO>TVWSANdesttnO—R
RYTHBITo

28 MEN(X) S~ . DSPHREEDD(X)SN—X. FPU/
DSPHEEEDLinUXEIFA(X)SN— X, ILFITHIFEDA(X)

MPU—-X%BU. IRTESBRRDI7NERELTI)-ZAENTVWB (&I -ALEREEIREREL.2GHz). FANDTRIF-I O B UINX27VI7 %
TSMC 7nm++TR%. BFloat16W®INTA(IXEL. AlIC&E(EENTWLS.

Datacenter Computing®fléLT. CONX27VE417. MPI7 2117489 32 70y EHIEBN SN,
BT AVY—-ZTIE20194E(CRISC-VAR-ZADEItTIPIE S SoCH' 1 SIE1E (FRET501EME) thifEre N e RSN TLS,

Features/Performance
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Microcontroller core Embedded core Linux-capable core
Vendor 32-bit 64-bit 32-bit 64-bit 32-bit 64-bit
Core Arch./Perform. Core Arch./Perform. Core Arch./Perform. Core Arch./Perform. Core Arch./Perform. Core Arch./Perform.
SiFive £20 RV32IMC £31 RV32IMAC $21 RV64IMAC us4/ RV64GC
2.51/1.84(1.22) 3.01/2.58(1.61) 3.2/2.54(1.6) US4-MC | 3.01/2.87(1.7)
£21 RV32IMAC E34 RV32IMAFC s51 RV64IMAC U7 RV64GC
3.1/2.27(1.46) 3.01/2.58(1.61) 3.01/2.87(1.7) 5.1/4.27(2.5)
£24 RV32IMAFC E76/ RV32IMAFC 54 RV64IMAFDC U74-MC RV64GC
3.1/2.27(1.46) E76-MC 5.1/3.73(2.3) 3.01/2.87(1.7) 5.1/4.27(2.5)
S76/ RV64GC VIU75/ RV64GCV
S76-MC 5.1/4.27(2.5) VIU75-MC | Vector Ext.
usa RV64GC
out-of-order
Andes N2SE RV32IMACFD NX25E RV64IMACFD AJS RV32IMACFDP AXDS RV64IMACFDP
3.58/1.96 3.52/2.09 3.58/1.96 3.52/2.09
A27 RV32GC-N-P AXD7 RV64GC-N-P
3.58/1.96 3.52/2.09
RV32IMC/EMC RV32IMCAFD RV64IMCAFD
Syntacore SCR1 / SCR5 SCR5
2.95/1.89(1.28) 2.83/2.48(1.6) 3.02/2.63(1.7)
SCR3 RV32IMCA SCR3 RV64IMCA RV64GC
3.3/2.94(1.86) 3.4/3.27(1.97) SDR7 5.12/3.8(3.25)
SCRA RV32IMCFDA SCR4 RV64IMCFDA out-of-order
3.3/2.96(1.86) 3.4/3.27(1.97)
CloudBEAR BM-310 RV32IMCAFNB BM-610 RV64IMCAFNB BR-351 RV32IMACFN BR-651 RV64IMACFDN BI-350 RV32IMACF BI-651 RV64GC
3.8/1.76 3.84/1.89 5.0/2.3 5.0/2.5 3.01/1.6 5.0/2.5
RV64GC
BI-671 5.54/3.6
out-of-order
note) Performance: Coremark/MHz, DMIPS/MHz Best effort (Legal)
OMDIIA
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6 6th
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Vimeolzk 37541 B International
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. 1 .
v Devices

F1{#: IEEE & EDS
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FEBE I
SHERE 2030%
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IEDM (International Electron Devices Meeting)

BEFT )1 2ADF0E=IREERSE
(VLSI®EF TIE6 BDVLSI SymposiumbE &)
IEDMEVLSIZEUNDIRTOEFT /NI AZED

BFEI12HCKEY>ISOSAOTHIE. 20206(366EIH. SN1EL2000212E. #HmXEL2301F, HRIRE~30%.
2015FFTIFEER DTS OIDC, BEEEIYIISOIATTHRESNTERLN, 2016FENMSBEY SISO AACEEINE.
VEF I TO=ZEBTZT T ECDED.

TEERCFI-M7IIL. BERCS3—hI-X.

AEBSRICTL—H) 8.
—fizsEiEIF AR T RNMSKERFREITIH
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2020 (FFrBLI0F D8 Virtual ConferencetBofz. SEAF2HIEVTEEHZET.
BFARGES : (4R—>DTechnical Digests) (&, =RALONRDEIND12/5 (X)) (CESMNEICAREINE.

F1—h7)L : GIEFEEIERME. 20206F(312/5 (1) (CAST Y ROETABENAREN, Q&AtYZavA'12/12 ()
(51 J CRfEENE.

>3—hI-X : fIEGEERME. 20206(312/6 (B) CAZTYROETABENLFHIN, Q&AtYZa>H'12/13 (H)
(CSA T ThfESNE.

TU—FU—8E : HIEFABEFRIC3ERTTEE. 2020F 0T —H)—-EEOHITMTBESNE. 2L, 12/14, 15, 16
(L1 DTHOLE.

—R%ERIE  HIE(IAENSKIELTRME. 20205(312/7 (B) [CASTAXYROETABENARING. QRALYS I
12/14 (A) n512/18 (&) ([CSATTITONE. ZRFEOQRAFIODHEIDHETANZ. INFEEMEDSTD LOENOL.
QALY I OB FRIERERNFFEEOFEIF (HAREEFRILEGHS) THoklkyd, BARENSERSINTS0EEETHOLk.
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20184 20194 20204 _ .
202 M N D14z,
™ BEZ ™ - B2 ™ - B2 020 (Fimech'itr YD 147
19 !BM 24 |imec 25 |imec IntelE IBMHYES .
18 |imec 14 |Intel 11 [Intel
9 |dEXE 14 (IBM 11 |IBM REPEEOKRT -HAFHEEN EAICS> IS
8 |Samsung 8 |CEALETI 8 |[Samsung ncus.
7 |ST Microelectronics 7 |TSMC 7 |Y3—TUF7IEX
6 [HERXZE 7 |EIZZEAKRFE 7 |PERFERE
6 [E#BF 7 [LREXZE 6 |HEKXF
6 |[/SFa—KZ 6 |HEKXKE 6 |TSMC
5 |intel 6 |[FAIL7 6 |EIiIXEKRF
5 |BEXRE 6 |Samsung 6 |[CEALETI
5 [UCHLUAIN—=I\T 6 |hERZER 5 |MIT
4 |hER 2 6 |FIL/—TIK%E 4 | HERERXF
4 (V3—VF7IEX 5 |[/—FILE LK 4 |Macronix
4 |National Device Lab 4 |Y=—— 3 |/—FNWALKZE
4 |CEALETI 4 [MIT 3 |KU Leuven
4 |TSMC 4 |EPFL 3 |Virginia Polytechnic
4 [UCHLFN—=INT
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B4, IEDM=HAERIOLME B ICRBESNDVNDIELREBEE. SOEASTYORETAOLRN12/5 (1) , QALY
M12/12 (£) THok. 20205641 @D6fFDF 1 N7 )UsEENEEEN, ENENM1REF0OEETHOE. 7N, E
FBOOSYY, XEVTINZT, AX=>v—, \wo—=20, EFTEREMRILL.

1: Quantum computing technologies, Maud Vinet, Leti

2: Advanced Packaging Technologies for Heterogeneous Integration, Ravi
Mahajan and Sairam Agraharam, Intel*

3: Memory-Centric Computing Systems, Onur Mutlu, ETH

4: Imaging Devices and Systems for Future Society, Yusuke Oike, Sony
Semiconductor Solutions

5: Innovative technology elements to enable CMOS scaling in 3nm and beyond
- device architectures, parasitics and materials, Myung-Hee Na, imec*

6: STT and SOT MRAM technologies and its applications from IoT to Al
System, Tetsuo Endoh, Tohoku University

© 2020 Omdia OMDIA
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Tutorials : Advanced Packaging (Intel)

Advanced Packaging Technologies for Heterogeneous Integration

FIBHAZ 1 DD AT LEUTEEIRY $Heterogeneous Integration(d, MEEEE_EDF -t THs. TNENRBZIOLAT
VERR SN RIEMBEZERE T B (X)) \Wr—J VI NEERMMERD. KEBETIE, SEEAI\WI—I J0eHR, MR,
BYR—IAUN, TANFEEREMB TSN,

Need to Integrate Diverse IP
Optimized on different
processes

Need for High BW Memory
with a low power Interface
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Tutorials : Logic CMQOS Scaling (imec)

Innovative technology elements to enable CMOS scaling in 3nm and beyond —device architectures, parasitics
and materials

LogiciiffinF1— N7, #EikdimechPlenary Talké—2PEE I 3N, LOFAMHIBAIENSIFROCMOSRT )= BERLTWS. T/
AZ&E&E(E, imecnO—RIvTCENE, IRIROFINFETHSBnanosheet, forksheetéZ{EL, E5(CPMOSH_E(CNMOSH3RcEEEINE
CFETALFERETS.

Imec Device Architecture Roadmap

Single Device CMOS device architecture
FinFET Nanosheet Forksheet CFET
n - NFET
. NFET PFET FrEk
1%t introduction of Evolution from :
Revolutionary
GAA 2D Nanosheet 3D

Page 288 © 2020 Omdia ") M ..) I A

Information Classification: General



BIEBNMOA > ZET—-FH)-BETIHRES. TU—FTU-EEEIHEED3MH. NEVIR(E, OSv), XEY, Al/EFETET
Hofz. BIEICRONDPT VT —YEETHD. NBOREYIA%Z, ENENimec, Micron, SamsungDidEEN

T ziTole. OSwIICBEL T, BECEInte o TSMCRERIESHNEEZITOTEEN, 2020FE([CimecDBEHEEMEEINT
CElE, BADIMecHIATTHRDINIDESZZEZBELIEHEE R S.

1. S. B. Samavedam, imec
Future Logic Scaling: Towards Atomic Channels andDeconstructed Chips*

2. Naga Chandrasekaran, Micron

Memory Technology: Innovations needed for continued technology scaling and enabling advanced
computing systems

3. S.W. Hwang, Samsung
Symbiosis of Semiconductors, Al and Quantum Computing
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Plenary Talks : Logic(imec)

Future Logic Scaling: Towards Atomic Channels and Deconstructed Chips

OSDvIRMIDESZLE1-93LE0IC, FFREMMZMEL TULS. 3nmEFEST - A—IL750>2 R(GAA)Dnanosheett®,
NMOSEPMOS%IEE I ACFET, EIRACHRZFEAR(TIEHIADBuUried power rail (BPR)DAEBETHDEL TS, E5ICWS214R
ED2VRFTTMBUCERTBELE(C, ERFMOEEHCHHNTLS.

1nm and beyond
PP: 38-42, MP: 15-18

3nm 2nm 1.5nm
PP-44-48, MP: 21-24 PP-40-44, MP: 18-21 PP: 40-44, MP: 18-21

Nanosheet +BPR Forksheet,air-gap BEOL,VHV CFET CFET w/ 2D atomic channels
5T <5T 4T <4T

rid
|

BUE N
a BA R
rkshecls
CFET: Complimentary FET

) PP: poly pitch [‘nrn} BPR: Buried power rail
MP: densest metal pitch (nm) YHV:Vertical-Horizontal-Yertical std cell architecture

© 2020 Omdia OMDIA
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ALT Subcommittee®imX(CDVWTINDS. OSYIRSO SR TR, BikR, 3DEFEL, FiFrRIMBIORmYHNSENS.
TEED5DOYIa M EENE.

Session 2 - High-mobility Channel devices
GeFvJL(NMOS/PMOS), SiGe GAA nanosheet (PMOS), GeSntEEFvRILEI>TAAF(PMOS), InAsh3>T R4
(NMOS)RRE. HFHCPMOSO4EEM EDIzHGeRZFrRILDFHS (EZ)

Session 15 - 3D technologies*

Session 20 - Scaling booster*

Focus Session 32 - Future interconnect technology

BEFEEDA. [EDMTIIECHRO—AdSFmMIMRVDTFocus sessionhEEN LR

nNn3. MVECERBIUViaBFIMR, BCiREGEFITOCAE A, HeA>7—-IRINRE.

Session 40 - Advanced Materials and Integration

300mmYI>IT/\ EOWS2h52 2582, MoS2h52DR9ICL3009 I8, NI RTOTRICLBITO (BRIEA>SUAR
X) bSOTRARE. BT A ANINZEL, EIRSNTOWTEERBE FFTERL.

*IRR=T LU p#FTHRIT
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IEDMEVLSIS VRS ATRERINEZHLDICIRCMOST Y N IA— LG X RERETHD. T3V IA— LRI DRREIELRBDDDHZN,
2019 (CHIS TENMEATHTSMCICEDFEFRENTZ. 20205 (FSamsungh’snmzFRRUEZ. InteldEXZ7nmZFERLU TLRL.

50
i IEDMEVLSIS Ry Lihvis
£
L)
5
S 20 ST
5 - Samsung
o
g TSM Intel
Z 10
Q
E IBM
\\\? .
TSMC/G TSMC . Samsung
5 | ] ] | ] L ] | ] | ] ’ |

2008 2010 2012 2014 2016 2018 2020 2022
Year
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ALT(Session 20): 5nm CMOS (Samsung)

SamsungD5nmiaEXEU TERIOHAFFIEREN O, ESBNSRIEOHtEh - #&EhCa. u. (ER OB ML AR MOFEMPEERT /N4
INSA—HDEYEIFARESN TRV, UehoT, TSMCOSnmIiE DLLESEREETHS.

Process Concerns
- Different 5/D shape & Depth
- Gap-fill loading
- Different Contact size
& Contact to Gate distance

8-

Electrical Concerns
- High DIBL from deep 5/D
- Different channel stress
(mobility, Vth modulation, Etc.)
- High resistivity from small
contact

<Low Power Cell=

Smaller

Lo
=

Low Power

® High Performance

| o
[

Relative Value [A.U.]
& &

Different Shape & Depth

Freq. Power - Parasitic cap from small Gate-
@same Iddq @same Freq. Vnom L contact distance y
- : Snm = ?
- SICK0 : | 4
< e ' iy '
. =2 Tnm ¢
o L +10% | <
= Pl = 1
(s IR R N Snm
= 038 .Qo T 1 10% 3 é
U -
oo
|
0.7 01 |
09 1 1.1 1.2 08 09 1 11 12 13 14 15
HP cell Freq. [A.U.] N leff [A.U.]
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ALT(Session 20): Stacked NMOS-on-PMOQOS (Intel)

ALTT/\A 54 MR X(SEENRX. 1>TILINMOSEPMOSOIEE L (3IRTTEIRIL) ([CHDIAARZE(LERENS. FEROBISEE
imech'5"CFET"EVSRIFTIREENTLS (2020VLSI) 7, AimXOFHEARBIHFENRL.

Stacked 2-D CMOS NR 3-D Stacked
CMOS Inverter CMOS NR Inverter

s

-

Planar FinFET Nanoribbons

1.2E-3

1.0E-3

B8.0E4

6.0E-4

I {Adpam)

4.0E4

1E-8 5 =65 mVj/dec| | 55,269 mV/dec 2.0E4

Wois 4 a8 6 0z 1 a8 —
45 4 D : 42 08 06 03 0 03 0.6 09 12
20.6 Intel Vg (V) Vi (V)
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ALT(Session 15): Logic-to-Logic 3DIC (Arm-GF)

SDEB LD BIRIRITIEZI TS, NI \A 51 MOEENERX THhd.  12nmFinFETOSyJEIEEDFace-to-facelld s/ \ A Ty
ROT/UR> T4 TIDEBDEYF (5. 76umERRVN. RO T2 TRICIT/\VET AN TRMZERI TES. RERD2DICHL TIO3DTISEESE
DIEEH IR F—EKRIECENE T BENTRITRENTLS.

. waler T T 1
I I I ’ | I I ’ I I I * E @ 2D Delay (modeled)
o e w ) _ = 3D Delay {me:;ul;::)
Pre-bon c) Process ! 2D En mode

pm?m% [:Lfarw't ::en;tt:: blu!ldtammalw{min 1._ E ! B 3 En:gyy :maasura:i)

layer metal pad probing Trick Wer E 1k !
S
3D HYBRID BONDING PROCESS ,’ 2

and TEST FLOW W}j E [
g
& ;
Thick Viaker 0.01
(o) Package assembly  {f) Post-bond waler-level (e) wafer-thinning 1"1;6 XP-XP Dislanflle“m

and module-level test test of entire 3D stack and TSV reveal

» B B 1op0ie
‘m ..

Bottom Die

15.1 Arm-GLOBALFOUNDRIES
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ALT(Session 15): Memory-on-Logic 3DIC (imec)

AEYEOSYvIDwafer-to-wafer 3DEBLEIMecRETHRINICIAFTREINTWS. #®X15.2 (EX) TE3DIFEFEOEYFEIumEL AR
TNV TIEREINTODN, IBFINIASRZMERMEEEINTVS. XEMNFHEDIZ1L -3V EBE2DELEEL T33% D RER _EHYTF
BIENTWS. @YX 15.4TIXEYFFE2.5umTdHd. Wafer-to-wafer 3DEEZICSTTMRAMOEWENESZSNTULRN, HEEDERATIEE
BICEDEDT(IRIZIL—323>THN, FERAMBILIRWVY, 3DEBIEORRIIFREICKEL, Sy F CRITNEA TS,

Mi
Vil
M2
V13
1 L
B
0]
Hybrid bonding . S
interface H o
M3 Critical path
1um

V13

= Mi

700 nm pitch Logic die
200nm top pad
400nm bottom pad

2.5um pitch W2W hybrid bond
120% 120%
P I_L‘_“ ®MediaBench  ®PolyBench @ BBench mMediaBench ®PolyBench @ BBench
110%

g um
m Toummy[ | =
8 & 1000 = -y 2D.50C Reforence F 1009 — e i A S Refivence. |
B uu |¢||grh war ln:gm 1;; & elengih nselengih
£
@ e
- tackling £ .8 9%
= g B .2
= - cm.on Tall snckling - B
___3 0% “u-f':gﬂu"a emnn\lll
E 33
& S5 1%
il o< i
0%
111111111111 1 Scenano 2 Scenario cenano | Scenano 2
| ttq'-.ﬂ 1 R_-\Ml [»mamﬂ [MRAM] [SRAM] IS RAM'] ['urRJu] [umu]

15.2 imec, 15.4 imec
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2020 (AL I0F D4V ADIzHFIH T Virtual Conferencefe X ThAE. 1&IREKI10%R. —75, SHNEIE8%(FEIEX L.

2. Oy Rt ER S B T UTE.
Samsungh'snmJOtRAEFHE.
IntelH'3D Stacked#Ei&E 5> SAVEFEK.
imechMiish TEDem X aFexR. OSVITEFIERVERT .
O>woskdlnlk, GAAT)DAY, 3DAAVIKEE, 1BHIAHXFIVECHR, 3DERCFOFHFMNRRCIAFTAREINTLS.
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202162H13 - 22H(10HM)

FAERZC
Vimeoll&dA> 51 > FlfeE
IN=FvITET-X

FiE
F1{#: IEEE Solid-State Circuit Society

SINE#R
FEFIA S
SHNEERE 3000&(HEFEE)
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International Solid-State Circuits Conference (ESE#FEFEIESE)

IEEE Solid-State Circuit SocietyhE{EI 2 ADEEF S

ISSCC 2021 TsE68LIDEEHIEIFEF=

[ R 1M RERE 4R | O EBARFVITHRIREN D FERERBOIREO D EF CROIEROIEREFEREENS
#20040FEECHFIZ000 ADFERAESI

FEZROFI6BINEZENSDEN
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HEF : 2021862H13H~22H

SR . A2

SET -V MeEERBECENR AN XT A(Integrated Intelligence is the Future of Systems)
—RFRERmN © 195

EESEL : 30004
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ISSCCH' )\ — 9 DI itTnR1E -
1209712y 71— (EitinEls) MECONT

o 7F0YJ(>Y) : ANA, Analog

o ND=XRIADEK: PM

o T=H12)\-%: DC

« RF: RF

o DAYLAEE : WLS, Wireless
o D4V 34>481E : WLN, Wireline
o AA=¥"v/MEMS/E/7"427° V4 : IMMD
- 7IAH)EIEE : DCT

o TIHNT—FFTIFv 1 DAS

o HRFE : ML

- XEY: MEM, Memory

- 77)0254L7933> 1 TD
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Completely virtual format
Innovations part

4 Plenary Presentations: Live presentations

6 Industry Talks on Highlighted Chip Releases: Ondemand presentations + Live Q&A sessions
36 Technical sessions: On-demand presentations + Live Q&A sessions
6 Evening Events: Live events

4 Demonstration Sessions: Live events

Education part: On-demand presentations + Live Q&A sessions
12 Tutorials

1 Short Course

Exploration part
6 Forums: On-demand presentations + Live discussions

[ ]
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ISSCC : EiflsaE

On-demand presentations will be released at scheduled time

Plenary Session 1A (Mon, Feb 15)

Unleashing the Future of
Innovation

Mark Liu

v TSMC

h

Plenary Session 1B (Tue, Feb 16)

Working at the
Intersection of Machine
Learning, Signal
Processing, Sensors,

and Circuits
Nina Katahi MIT

Adaptive Intelligence in the
New Computing Era

3 Victor Peng
Xilinx

& There’s More to the Picture
1§ Than Meets the Eye

¥ = 1 Albert Theuwissen

b !v Harvest Imaging

3

L .
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= Tutonals 1to 6: 6 x (5min summary + 10min Q&A + 5min break)
2 | Sat Feb. 13 | 7:00-9:00am, PST
g Tutonals 7 to 12: 6 x (5min summary + 10min Q&A + Smin break) I
v Sun Feb. 14 | 7:00-9:00am, PST Short Course: 4 x (10min summary + 15min Q&A + 5 min break) S
S
6:30am-7:00am ISSCC2021 Welcome Remarks c
Mon Feb. 15 6:30-9:15am, PST 7:00am-8:30am Plenary Sessions 1A (2 Talks) + 15min break ':2:
I 8:30-9:00am: Industry Session (S2) 8:30-9:00am Industry Session (S53) 0
n 7:00am Plenary Sessions 1B + 15min break 2
n Tue Feb. 16 7:00-9:20am, PST 1
S4 S5 S6 ST S8
o]
S9 S10 S11 S12 & S13 S14 L
V | Wed | Feb. 17 7:00-9:20am, PST 1
a S15 & S16 S17 S18 & S19 520 & S21 S22 & 523 Vv
t 524 & S25 S26 527 528 5249 E
i | Thu Feb. 18 | 7:00-9:20am, PST
° S30 & S31 $S32 533 S34 S35 & S36 s
n 7:00-8:00 Special Event | 7:00-8:00 Special Event 7:00-8.00 Demo 1 & 2 E
Fri Feb. 19 | 7:00-9:15am, PST S
s 8:15-9:15 Special Event | 8:15-9:15 Special Event 8:15-915Demo 3 & 4 5
7:00am Career Choice + 15min break I
Sat Feb. 20 | 7:00-9:00am, PST (o]
8:15am Student Research Preview N
S g Sun Feb. 21 | 7:00-9:00am, PST | Three Parallel Forums: 2 hours E
=
W ®| Mon Feb. 22 | 7:00-9:00am, PST | Three Parallel Forums: 2 hours
© 2020 Omdia OMDIA
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