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TSMC Taiwan Semiconductor Manufacturing aEERERRE
Company

YLRX> YLAAVEF. ZF2. =F&E  Samsung. Samsung Electronics

?

SK J\M1ZyJX JI\AZYIR SK Hynix. Hynix

SMIC Semiconductor Manufacturing International  HUSER
Corporation

YMTC RIAN~—2 Yangtze Memory Technologies Corp. KIIFERE
Yangtze River Storage Technology

BEBITII-T Huahong Group (BRI s

RN Tsinghua Unigroup AR ICEE

A2T4ZA> Infineon
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EMS

E/DRN %3
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FablL A
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ASML, TEL, Screen, Hltachl Hitech

EMS : Electronics Manufacturing Service

BTN RIEZZITIDEERRE - Y-EADEEIET, OV
NEEZTIREE T2 MFHTHN. RIS TRGRET. SR
E’(‘#ﬁﬁ@t“ﬁ-ﬁb(ﬁﬁ%@ﬁ@é FFmldERsELrETor
AV TFEASULRVIENZ L,

IDM : Integrated Device Manufacturer
FEKICBAUT, 95T BIRFGEF C—EBU TRITIEZITOCENT
FREDCERIET ., BERESET A AX-HEBULS,

FabL X : fabless
HERRNE TIg2 S d8UE SOt %2 79> RU—(CEEEL.
nﬂn-lw\a‘)ﬁﬁjb%?—.l_—j.lt%@gt%}ﬂg—o

779> RU—: Foundry

HFBAREIEDHEZEEL. FCHEARREDRI TIZNREZ
B51P¥- TIBRIET . T7T L ANKET &I TOIEDETF IR
)-TRHETIHLRD,

OSAT : Outsourced Semiconductor Assembly & Test
FEARBEDHEZEEL. FICHEFRREDR TIEFIBS{PE
DCEHEIBITEEE: TIHDIEEIET,
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100,000 . I
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2019

2020

m AMD (FabL-X)
B MediaTek (FabL-X)
m TI (IDM)
m Nvidia (FabLX)
W Broadcom (FablL-X)
B Qualcomm (FabL-X)
® Micron (IDM)

SK Hynix (IDM)
B TSMC (Foundry)
B Samsung (IDM-Foundry)
u Intel (IDM)
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1-2-2-1.Foundry Efift¥ D5 EESF>4 (Tops)
« Foundry_bAT5#t 048k | (20164F-20204F) &R Y.

« 2016 LU TH_EUS4EE Coe E2MIEL TLSH TSMCIIERIBICHRUTVST
ENDNB, CNUFTSMCHWER(RSERIOTRICTIEAL. VB TFEShiE LN
BRBDILEZZEN D,

+ SMICOFE EMBRUTVSD(E, FEERNDFERFEDZZ5IERIITUVBIIHEED
NTW%, SMICOFE E(ELAS—JOEINFULTHDEH2020F 12 ADKET > T4
TAIANENERERZE D BVEEZBEN D,

+ 201943201 8FETHVVER—/I—JA P OB T—BSHI(CH EAHALTLBRE
1'%, 2020408 3ECOVID-10DEIENEES T55 L H2018ELDEIEZ TS

N \"
EENZL,
Foundry EA75tt 055 LS (B4 : BARIL)
2016 2017 2018 2019 2020 20205 /201 6FEERER

TSMC(&E) 29,437 32,040 34,379 34,636 45,967 56%
Samsung(22E) 10,982 11,527 12,467 12,267 14,471 32%
UMC(&E) 4,587 4,898 5,073 4,820 5,959 30%
GF(CKE) 4,999 5,407 6,202 5,702 5,959 19%
SMIC(/H[F) 2,914 3,099 3,361 3,115 4,256 46%

- 2018FLBEDSamsungDURER(C(ELSIEZ L FoundryBE OIS NS FN TS

+Samsung®20165201 7FENEBE(E2018F LR UERDIRNC T BIz8(C. SamsungDARERIDOFoundry DU ZS A TVDEBDNBLSISEE L DIk
-GlobalFoundries(GF)D—EBEE(CEIBMASBIRUFy S BEE 1 Ty M LB IS HEZFEN TS

2020 (FTrendForce TARIIN TWeR AT _LERERIS 175 LerEHUR

(B#)) TrendForce®IBEHRZBEICN T T7RNCZAFTI/OSHMER
(©) NTTAT



1-2-2-2. Foundry LIt 0D5% LHRIES>+>Y (Top10)

« Foundry EA710%tM5E £(2016-20204 )%~ ,

« SEEEHTSMCI M T THD, TOP10 M=) DEUBELERTEEFIRIRTT L2555
L_é:jjﬁjt)})\%iio

« TOP10M—AIDEUEEVFELLEANTIEZ TS,

90,000
80,000
70,000
60,000
50,000
40,000
30,000
20,000
10,000

0

BARL

(B#¥) TrendForceDIEREEEICN T T 7RI ZAFH.)0S HWERK

(©) NTTAT

FoundryTOP1055_L##&

2016 2017 2018 2019

2020

Foundry L7100 LE#ER (B : BARL)

TSMC(& 29,437 32,040 34,379 34,636 45,967 56%
Samsung(ﬁ&l) 10,982 11,527 12,467 12,267 14,471 32%
UMC(&) 4,587 4,898 5,073 4,820 5,959 30%
GF(KE) 4,999 5,407 6,202 5,702 5,959 19%
SMIC(hE) 2,914 3,099 3,361 3,115 4,256 46%
Towerjazz(KE) 1,249 1,388 1,305 1,234 851 -32%
PSMC(&3B) 870 1,035 1,270 825 851 2%
VIS(A7B) 801 817 957 916 851 6%
Hua Hong(*E) 721 807 930 933 851 18%
DB HiTek(28E) 666 676 599 691 851 28%
Top10total 57,226 61,694 66,543 65,139 80,868 41%

<2018 LU PEMSamsungDURZS(C(FLSISEE L FoundryBEOURNSEN TS
-SamsungM20165:201 75 0#E(E201 85 LAUBRDIRUNCTBs(C. SamsungDAFKRERIDFoundryDIRE%, Fabl BN B LSISBE LDk
-GlobalFoundries(GF)D—#BEE(C(EFyTEBEE Iy ML DUZEHEENTUD

-PSMC(3FoundrySBnHDUER Tdrd.

-HuaHongDURZS [ ARENFIEMEOHEEA TS,

2020 (dTrendForceMe4h5t_LEREERIS TIPS E LR,

20



1-2-2-3.TSMC (&5)

1-2-2-3-1. TSMC 207714 )

TSMCIFEEICARTZIF DFoundryBE5E F MNWITDOTRETHS.

2020FEE N5 EEF2019FE D55 EELN30% LA HBUTWVS, im0 TIIFICEHEEIVE 1—4FmHi5 CAS{GE L %{Hf
[FUTHED, 2019FENDFE_ LELN39%HUTL I,

ITE7NmMIOCAOFEENEL, 2020FE (FUIREDO3E|IL_EN7nmTOTATHD.

2020 (C5nmJOCAOEERRIAL. IRIE3nm IO ADSERFE(CEDFEA TS,

3nE - HUK(C12 THH%ZRF5, I/EE7 AH07VY F RUEEOHHIC300mmUI—/\O TI50ORE FEFLFEZTTH
%o TIZFRIEMZRASA MC, TIHOFMIBIRE R 2 X514 MR,

TSMCFE LSRR TSMCTOtER/)—RBIIRE
0
50,000 100%
40,000
0%
30,000
40%
20,000 ——
B
10,000 - e
2016 2017 2018 2019 2020
0

2016 2017 2018 2019 2020 E5nm E7nm ®10nm 16nm-20nm ®E28nm .%o)'ﬂﬂ

80%
6

BARL

2020 (dTrendForce TSN TR ASE_EEREERI SIS LR EE UL,

(B#l) TrendForce. {B¥HP. FEXRREEZEZDIBIREZHEICN T T ZRINOZFTY./0HWERK
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1-2-2-3-2. TSMC FabO¥—¥3>

v
E 7
\
B
1% !I ;
s ¥
. ) v

3nE - HE(C27 Ti5%HD
A — I TS e B A RN Tz B,
X"+ FEERIBICE>TOVRVEREN DD EZRT
KABFCIEITBLEOESHEE42TIH

() World Fab Forecast(SEMI)DI&#RZHBEICN T T 7RI\ ZFH./0S HMERK
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1-2-2-3-3. TSMC Fabi$#lli5#R(1/4)

Fab 2

Fab 3

Fab 5

Fab 6 Phase 1

Fab 6 Phase 2

Fab 8

Shanghai,China

Camas,Washington,
us

Hsinchu,Northern
Taiwan,Taiwan

Tainan,Southern
Taiwan,Taiwan

Tainan,Southern
Taiwan,Taiwan

Taichung,Central
Taiwan, Taiwan

(©) NTTAT

CMOS, GaN-On-Silicon |CMOS, SiGe, BICMOS |CMOS, CMOS; Cu; Low-K CMOS; Cu; Low-K CMOS
Wafer
size(inch) 6 8 8 8 8 8
(SR 0.450 0.150 0.150 0.110 0.110 0.110
(microns)
Fab type Fab Fab Fab Fab Fab

&
Fab 10 (Songjiang) Fab 11 (WaferTech) |Fab 12 Phase 1&2 Fab 12 Phase 4/5 Fab 12 Phase 6 Fab 12 Phase 7
Naniing Jianasu.China Taichung,Central Hsinchu,Northern Hsinchu,Northern Hsinchu,Northern Hsinchu,Northern
Jing, gsu, Taiwan,Taiwan Taiwan,Taiwan Taiwan,Taiwan Taiwan,Taiwan Taiwan,Taiwan
- - CMOS, Embedded CMOS, Cu, Low-K, CMOS, Cu, Low-K, CMOS, EUV, Cu, Low-
77/02 CMOS flash SoC, strained Si SoC, strained Si K, SoC, strained Si EUV, CMOS
Wafer
size(inch) 8 8 12 12 12 12
CEDTETY 0.130 0.160 0.040 0.005 0.003 0.003
(microns)
Fab type Fab Fab Fab, R&D Fab, Pilot, R&D Fab, Pilot, R&D Fab, Pilot, R&D
=& . .
In production-merged |In production-merged
(&%) World Fab Forecast(SEMI)DIEEREHEICN T T 7RIS ZFTI /)OS HWER



1-2-2-3-3. TSMC Fabs¥ll153R(2/4)

R1)

Fab 12 Phase 8 (was

Fab 12 Phase 9 (was
R2)

Fab 14 Phase 1&2

Fab 14 Phase 3

Fab 14 Phase 4

Fab 14 Phase 5

Hsinchu,Northern

Hsinchu,Northern

Hsinchu,NorthernTaiw

Hsinchu,NorthernTaiw

Hsinchu,NorthernTaiw

Hsinchu,NorthernTaiw

Wafer
size(inch)

Geometry
(microns)

Fab type

hYe =
s

Taiwan,Taiwan Taiwan, Taiwan an, Taiwan an, Taiwan an, Taiwan an, Taiwan
Gireinéd 8| __[0MOS, CuLowk _ |cMOs SoC, draifed &
12 12 12 12 12 12
0.003 0.002 0.040 0.040 0.040 0.016
Fab, Pilot, R&D Fab, Pilot, R&D Fab Fab Fab Fab
Constructing Planned In production-merged

Fab 14 Phase 6

Fab 14 Phase 7

Fab 14 Phase 8

Fab 15 Phase 1

Fab 15 Phase 2

Fab 15 Phase 3

PTEHE an, Taiwan

Hsinchu,NorthernTaiw

Hsinchu,NorthernTaiw
an,Taiwan

Hsinchu,NorthernTaiw
an,Taiwan

Hsinchu,NorthernTaiw

an, Taiwan

Hsinchu,NorthernTaiw

an, Taiwan

Hsinchu,NorthernTaiw

an, Taiwan

77/0>

CMOS, Cu, Low-K,

CMQOS, Cu, Low-K,

CMOS, Cu, Low-K,

CMOS, Cu, Low-K,

Wafer

Status(&i&
PzBR<)

E%C'Z:,Ef,rtrained Siy EI% CIZ:,E§|_trained Siy CIS strained Si strained Si ;:tl\rlla?:édcgg Lok
12 12 12 12 12 12
0.016 0.016 0.040 0.028 0.028 0.028
Fab, R&D Fab Fab Fab Fab Fab
Planned
(&%) World Fab Forecast(SEMI)DIEEREHEICN T T 7RIS ZFTI /)OS HWER
24
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1-2-2-3-3. TSMC Fab¥#ll'153R(3/4)

Wafer
size(inch)

Geometry
(microns)

Fab type

hYe =
s

77/0>

Wafer
size(inch)

Geometry
(microns)

Fab type

hYe
&

Fab 15 Phase 4 Fab 15 Phase 5 Fab 15 Phase 6 Fab 15 Phase 7 Fab 16 P1 (Nanjing) [Fab 16 P2 (Nanjing)
Hsinchu,NorthernTaiwa|Hsinchu,NorthernTaiw [Hsinchu,NorthernTaiw |Hsinchu,NorthernTaiw [Hsinchu,NorthernTaiw [Hsinchu,NorthernTaiw
n,Taiwan an, Taiwan an, Taiwan an, Taiwan an, Taiwan an, Taiwan
CMOS, Cu, Low-K, CMOS, FinFET, Cu, CMOS, FinFET, Cu, EUV
SoC, strained Si Low-K, SoC Low-K, SoC
12 12 12 12 12 12
0.022 0.007 0.007 0.007 0.016 0.028
Fab Fab Fab Fab Fab
Constructing
Fab 18 Phase 1 Fab 18 Phase 2 Fab 18 Phase 3 Fab 18 Phase 4 Fab 18 Phase 5 Fab 18 Phase 6
Tainan,Southern Tainan,Southern Tainan,Southern Tainan,Southern Tainan,Southern Tainan,Southern
Taiwan,Taiwan Taiwan,Taiwan Taiwan,Taiwan Taiwan,Taiwan Taiwan,Taiwan Taiwan,Taiwan
CMOS, Cu, Low-K,
SoC, strained Si
12 12 12 12 12 12
0.005 0.005 0.005 0.003 0.003 0.003
Fab Fab Fab Fab Fab Fab
Equipping Constructing Constructing
(&%) World Fab Forecast(SEMI)DIEEREHEICN T T 7RIS ZFTI /)OS HWER

(©) NTTAT



1-2-2-3-3. TSMC Fab&¥#ll'153R(4/4)

Fab 18 Phase 7

Fab 18 Phase 8

Fab 21 (Arizona phase
1)

Fab 21 (Arizona phase
2)

N2 fab (P1)

N2 fab (P2)

Tainan,Southern
Taiwan,Taiwan

Tainan,Southern
Taiwan, Taiwan

Phoenix,Arizona,Ameri
cas

Phoenix,Arizona,Ameri
cas

Hsinchu,Northern
Taiwan,Taiwan

Hsinchu,Northern
Taiwan, Taiwan

Wafer
size(inch)

Geometry
(microns)

Fab type

hYe =
s

12 12 12 12 12 12
0.002 0.002 0.005 0.005 0.002 0.002
Fab Fab Fab Fab Fab Fab
Planned Planned Constructing Planned Planned Planned
(&%) World Fab Forecast(SEMI)DIEEREHEICN T T 7RIS ZFTI /)OS HWER

(©) NTTAT
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-2-4. Samsung (33EH)
-2-4-1. Samsung 2’0771 )

Samsung(3EEE(CAMZIF DFoundrytiig e LR 20O THS.

SamsungDFEIRFZELL TIIATBUEZELS AT ALSISEZE. FoundryEZEN'H 3.

2020 Z(ICOVID-19DFZETITHARDFEMENNUILEICLD, FoundrySs058 EMMENL TS,
2018EE(CEUVUVI T I4#I(C LB 7nm T O ADAEZRHIAL. IRTE(ESnmTOtREEEL TLVS,
2022 %H(CGAA(Gate-All-Around) TOTAZRA L 3nm IO A ) — ROEEEEZ RIS T T,
2h[E - ish(C1 7 T15%55D . TIHPRITEIZ IR A5 RIC, TIHOFMIEHRZ R 2 251 RICRT,

Samsungst Lt SR Samsung=+E{KEERIFE L
250,000 8% 80,000

2
00,000 [~~~ B 6% 60,000 -
ﬁ —
7z 7L
o 4% o 40,000 -
ild 100,000 m
50,000 2% 20,000
0 L] [ | 0% 0
2016 2017 2018 2019 2020 5016 5017 5018 5019 5020
e A5 S FoundryF & (LSIED) = memory B[ SIEOFoundryss
Foundry L B(LSI&8) 0 57Co0T AHEEATCHoT s, 10075 KILEHICADER

- 2018FLUBEDSamsung DYRZR(C(FLSIEZEEFoundry BEDINEENEEFN TS

-Samsung?D20165201 7 DEHEF 2018 L EUEDIRNC T BIz8(C. SamsungDAFRER DFoundryd
INZEEATVBEBDNBLSIEEL DR

20204 (FTrendForce TARMEN TL e AT LERZERIS IS EH

(8#}) TrendForce., 1P2EHP, FERIBEBZFOBIHMEECLICN T T 7RV RTI/OTHHER
BT EERUFEREERITE ER0EEIF2021F9A21HEROL—NTEH(1KRL109M., 17817, 19420.09F. 157ERNL3.9M., 11-0128M)

(©) NTTAT
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1-2-2-4-2. Samsung FabOs—->3>

KE
-Austin(2+1)
-Sanjose

2h[E - #BIE(C15 T I5% 55D
K E— IR TS 53 A ENNC TS ER Rz,
KRB TR BB L e

X BERIAE TR ES>TLVRVEDEEHEL 17T

(%#—l) World Fab Forecast(SEMI)DI&RZHBEICN T T 7RI ZAF7./05 HMERK
(©) NTTAT

Y
)

EE{ES

-Giheung(5)
-Hwaseong(7)
-Pyeongtaek(2+1)
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1-2-2-4-3. Samsung Fabi¥illI§%R(1/2)

WFF(ZHBWTFoundry/IDMATIVICEFN TV I7 T =ik

Copper fab (Austin 1,
BEOL)

Line 6

Line 7

Line 8 (200mm)

Line 13 (CIS Line)

P3 Phase 2 (Logic 8th
floor)

Austin, Texas,US

Giheung,Gyeonggi,Kor
ea

Giheung,Gyeonggi,Kor
ea

Giheung,Gyeonggi,Kor
ea

Hwaseong,Gyeonggi, K
orea

Pyeongtaek,Gyeonggi,
Korea

CMOS CMOS, Cu, CIS CMOS, Cu, SOI CMOS
12 8 8 8 12 12
(microns) 0.090 0.065 0.065 0.065 0.014 0.003
FabType Fab, BEOL Fab Fab Fab Fab/Split Fab
G M=
Status(Zs Planned Cancelled

S? New Austin Fab

S1 (CIS Line)

S1 (former S1-A Line
includes S1-C start
1016)

S1-B Line BEOL
(former Line 9 & Line
8)

S2 (Main Fab)

S3-3rd floor (part of
Line 17) EUV

Austin, Texas,US

Giheung,Gyeonggi,Kor
ea

Giheung,Gyeonggi,Kor
ea

Giheung,Gyeonggi,Kor
ea

Austin, Texas,US

Hwaseong,Gyeonggi, K
orea

CMOS, Cu, SOI,
strained Si, low-k,

CMOS, Cu, SOI,
strained Si, low-k,

CMOS, Cu, SOI,
strained Si, low-k,

high-k/metal gate, ch> high-k/metal gate, CMOS, Cu high-k/metal gate, FInFET, EUV
FDSOI FDSOI FDSOI
12 12 12 12 12 12
0.003 0.028 0.008 0.028 0.011 0.005
Fab Fab/Split Fab Fab, BEOL Fab Fab
i};tﬁ%s%();ﬁ_%iﬁ Planned In production-merged
%L —0fEENERIEENzFab X TSR FESREDHEENICEEHLTLS
(&%) World Fab Forecast(SEMI)DIEEREHEICN T T 7RIS ZFTI /)OS HWER
29
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1-2-2-4-3. Samsung Fabi¥ill1E§3R(2/2)

(microns)

FabType

Status(&i&
B

S4 CIS (part of Line S5 (part of P2, Phase |V1- EUV 1st floor (was |V1-Logic 2nd floor V2 (EUV) 1st floor V2 (Logic) 2nd floor
11) 1, 3rd floor) EUV Fab) (was EUV Fab) (EUV Fab)
Hwaseong,Gyeonggi,K |Pyeongtaek,Gyeonggi, [Hwaseong,Gyeonggi,K |Hwaseong,Gyeonggi,K |[Pyeongtaek,Gyeonggi, |Pyeongtaek,Gyeonggi,
orea Korea orea orea Korea Korea
CMOS CMOS EUV Logic Logic and DRAM
12 12 12 12 12 12
0.028 0.005 0.005 0.005 0.005 0.003
Fab Fab Fab Fab Fab
Planned

(&%) World Fab Forecast(SEMI)DIEEREHEICN T T 7RIS ZFTI /)OS HWER

(©) NTTAT
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1-2-2-5. UMC (&&)
1-2-2-5-1. UMC 2’ 0771)b

UMCIEEBICART 2T DOF ERRISTTETHD.

19958 (CIDMASE ZEFoundry(CERIBALIE, 20208055 _EICBWLTIEFoundryB 2D THE=AIEROTLVD,

2020 (FTEEEIFRIEIRIRZEICLDFEAROFTEMENUEHFE _EMENUT,

J—RBIZTE LEEOEISELTF40NnMTOTRDENIEHITZEZ LN, IEESNmMIOTADEIEHIEZ TS, 2019FENS520204E
(CMNFTIEZLAnmEL T OURES (F /20,

2019 (CHANOUSICHHZEINL ., IREAARDOTIHZEESH40E - HIK(C12 Ti5%1F D, TIHATEIER XS4 RIC, TIHDF
HEHRE X2 2514 KRR,

UMC3E LSH#EE UMCTOtR/-RBIFE LEOEIE
7,000 100%

80%
6,000

60%

40% |
20%
0% :
2017 2018 2019
B 14nmBlF H28nm H40nm
65nm mOo0nm ®(0.11/0.13micron

2016 2017 2018 2019 2020 m0.15/0.18micron ®0.25/0.35micron B 0.50micron{ _t

5,000
= 4,000

g 3,000

2,000
1,000

20204 (3 TrendForceMe4h5t LERERI S 17N ERIUR.

(B#) TrendForce. 1£%HP. FEIRREEEDBERZOECN T T 7RI RFI /)OS HWERK
(©) NTTAT 31



1-2-2-5-2. UMC FabOs—>3>

Ve
’

A E - ST 15 T 15245
A — I T8 5 3 B A R T B2 TR,

() World Fab Forecast(SEMI)DI&#RZHBEICN T T 7RI\ ZFH./0S HMERK
(©) NTTAT 32



1-2-2-5-3. UMC Fab3¥#l15R(1/2)

(microns)

FabType

Status(&i&

Fab 6A (Wavetek) Fab 8A Fab 8C Fab 8D Fab 8E
Hsinchu,Northern Hsinchu,Northern Hsinchu,Northern Hsinchu,Northern Hsinchu,Northern
Taiwan,Taiwan Taiwan,Taiwan Taiwan,Taiwan Taiwan,Taiwan Taiwan,Taiwan
CMOS, Al, FSG CMQOS, Al, FSG CMOS, Al, FSG CMOQOS, Cu, FSG, low K CMOQOS, Al, FSG
6 8 8 8 8
0.150 0.180 0.110 0.090 0.130
Fab Fab Fab Fab Fab
Fab 8F Fab 8N (former Helian) Fab 8S Fab 12A P1/P2 Fab 12A P3/P4
Hs!nchu,Nc_)rthern Suzhou,Jiangsu,China Hs!nchu,quthern Ta!nan,Sogthern Ta!nan,Sogthern
Taiwan,Taiwan Taiwan,Taiwan Taiwan,Taiwan Taiwan,Taiwan
CMOS, Al, FSG CMOS, Cu CMOS, Al, FSG oS, Cur Al FSG, oW K Heyos, cu
8 8 8 12 12
0.110 0.110 0.110 0.040 0.022
Fab Fab Fab, R&D Fab
In production-merged
(&%) World Fab Forecast(SEMI)DIEEREHEICN T T 7RIS ZFTI /)OS HWER

(©) NTTAT



1-2-2-5-3. UMC Fab3¥l1&3R(2/2)

Fab 12A P5/P6

Fab 121

Fab 12M B1 (was Fujitsu
Mie Fab)

Fab 12M B2 (was Fujitsu
Mie Fab)

Fab 12X

Tainan,Southern
Taiwan,Taiwan

pore

Singapore,Singapore,Singa

Kuwana,Mie,Japan

Kuwana,Mie,Japan

Xiamen,Fujian,China

CMOS, Cu, Low-K, SoC,

CMOS, Cu, FSG, Low-K,

CMOS; Cu; low-K, Low

(microns)

FabType

Status(&i&
B

strained Si SoC CMOS, Cu power CMOS, Cu
12 12 12 12 12
0.028 0.040 0.090 0.040 0.028
Fab Fab Fab Fab
(&%) World Fab Forecast(SEMI)DIEEREHEICN T T 7RIS ZFTI /)OS HWER
34
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1-2-2-6.GF (GKE)
1-2-2-6-1. GFo'O771)

Glot/)\alﬁlzoggdries(GF)(at?X'Jh(CK?i’ZE(ﬁlﬁﬁ%%%i%ﬁ%T%D\ 750 aREEMB7IICEREORBENATNMHEELT

LWHIEE=Thd,

75 EOKREBD % LHBIDIEAY— N IA> TG EITE R THD . ITEEEEEEEEEMENL THD. BMWELEIIOFvIFIF
ZLTWLWBINOVAsemicondutorstt & EREHEE2HY 2 iFFEUBMW EHEIK(CBI I IR ZFE S e, FordttEKENT

DHFEARENE LM R ZICE T DD DIRIEZIE AL EZ 2021 F(CRERL TV,

2021628, GFEKEPH#E (DoD)EDRE(CEBEHY N — M —SvTZfEiEL. Z1—3—-MDFab 8TERETZ2IRME L D

ZHOEWEEARFY I ZEIE S 5LEFER, 45nm SOITSYhIA—L ETRIET 3.

20214, FRAYIICIPORGEZEL TS, ‘

3HE - his(C5 TH%1F5. IRFEEREC1 21> FOI7 IR HBP Thd, TIHATEZRAS5( RIC, THOFFMIEHR%E

IR A4 MR

2016 2017 2018 2019 2020

20204 (3 TrendForceMeAh5t_LEBEER ST 7NMSERILR.

7,000
6,000
5,000

2 4,000

D

o 3,000
2,000

1,000

o

(B¥}) TrendForce®IBREEEICN T T 7RI ZAF0.)0S HWERK
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1-2-2-6-2. GF Fabﬂ7—93>

3HE - {188 T #5745
A — I TS 1 B A RN T B,
X"+ FEERIBICE>TORVERN®DEZRT .

X BB E CEES TURLEDEEHELITH

(&%) World Fab Forecast(SEMID)DI&EERZEE(CN T T 7RI ZAFH./0THWERK
(O NTTAT 36



1-2-2-6-3. GF Fabs¥illl5k

was Fab 30/38)

Fab 1 Mod 1+2 (was mod 2

Fab 1, Module 3 (Fab 1,
Annex)

Fab7G (Fab 7 + Fab 6)

Fab 8 phase 1 (was called
Fab 2)

Fab 8 phase 3 (TDC

Technology Development

Center)

Dresden,Saxony,Germany

Dresden,Saxony,Germany

Singapore,Singapore,Singa
pore

Malta,New York,US

Malta,New York,US

CMOS, Cu, SOI, low-K;

CMOS, Cu, SOI, low-K;

CMOS; RF CMOS; RF-SOI;

CMOS, Cu, SOI, low-K;

Status(&i&

s

. . . e Cu; low-K; high-K, strained [Strained Si; NiSix; Ultra- FinFET
Strained Si, FDSOI (FDX) [Strained Si; NiSix Si. MEMS Low K
12 12 12 12 12
0.022 0.022 0.040 0.012 0.012
Fab, R&D Fab Fab Fab Fab, Pilot
In production-merged In production-merged In production-merged
Fab 8.2 Fab 9 (was IBM B 973 & B |Fab 10 (was Glofo Fab 10, |(Giga Fab (Fab 2,3,5, was
970) was IBM Bldg. 323 plus Fab 2)
Annex)
Malta,New York,US Essex Junction,Vermont,US |East Fishkill, New York,US ilonr%apore,Slngapore,Slnga
CMOS, BiCMOS, Cu, FD-
CMOS; BiCMOS; Cu; SiGe; [SOI, SiGe, ultra low-K, CMOS; BiCMOS; HVCMOS,
GaN; SOI; high-K, strained Si, Al
Airgaps, FDSOI (FDX)
12 8 12 8
0.010 0.090 0.022 0.180
Fab Fab Fab, Pilot, R&D Fab
Planned In production-merged In production-merged
(&%) World Fab Forecast(SEMI)DIEEREHEICN T T 7RIS ZFTI /)OS HWER

(©) NTTAT



-2-2-7. SMIC (H[EH)
2-2-7-1. SMIC J2’'07714)

SMICIEHE _LiBCAMZECHFERRETETHD.

2019FERICFINFETJOTRADUR Y EE#FIEL. 2020FE(C(FH(C15,00001—/\OEEEENIEBL TS,
350nmM514nmEFTEIRV, FHER2DE180nmESS/65nmigh, L$(314nm0)JbJ:0)£UABi ATETWB,

IR RFE_ FEELUTEIFREDCEENEARD6E 72 HHB,

2020 (CSMICH (KE DEHARBI DG ZREDRO>TUVBIH, FEERNOIERRFERFEEZS| 2T e L2 MHEL TS,
1HE - #0iF(C13TH%Z1F D, ALRIC121>FOFabZESRF THD, FIEETICH1214>FOITIHZESZETEUTL\D. TIHFR
7z R A 54 R, TIHOFHIETHRZ IR 2 X714 MR,

SMICP: L= SMICTOtR./—-RBIGE LEIES

5,000 100% I l

3,000 50% l
1,000 0%
2016 2017 2018 2019 2020
¥ 0.35um H0.18um H0.13um

0 90nm B 55/65nm ®40/45nm
2016 2017 2018 2019 2020 ®28nm and 14nm

20204 (3 TrendForceMa4k5t_LEBERIS TP HSE]IUR.

4,000

BARL

(B#) TrendForce, {E%HP. FEREEFDIBTHRZOELCN T T 7RINRFI/OSHMERRK
(©) NTTAT 38



1-2-2-7-2. SMIC FabOs—>3>

-Shanghai(4+2)
-Beijing(5+1)
- *Shenzhen (1+1)
-Tianjin(2) N
~ -Shaoxin Q1+1)\

Ningbo( N

K A T 1
i ’ 0] J T
) ‘ ﬁ ;

\!

1hEl - sk 14 TIHZFFD
X F— Mgl HE R T8 33 A RN T SRR,
X4 BRI S TR SR BBEAR T

X BB E CEESTORLEDEZHEL20 T 1

(&%) World Fab Forecast(SEMID)DI&EERZEE(CN T T 7RI ZAFH./0THWERK
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1-2-2-7-3. SMIC Fabs¥#l153R(1/2)

B1 MegaFab (Fab 4) B1 MegaFab (Fab 5) B2 B3 Fab 7

Beijing,Beijing,China Beijing,Beijing,China Beijing,Beijing,China Beijing,Beijing,China Tianjin,Tianjin,China
CMOS, BiCMOS, BiPolar; CMOS, BiCMOS, BiPolar,

Cu. low-K Cu, low-K CMOS, Cu, low-K CMOS, Cu, low-K BICMOS, CMOS, Al
12 12 12 12 8
(microns) 0.040 0.040 0.028 0.028 0.150
FabType Fab, R&D Fab Fab Fab Fab
Status(&i&
Fab 8 Fab 15 (Shenzhen 8-inch |Fab 16 (Shenzhen 12-inch [MegaFab (Fab 3 B-C) MegaFab Fab 6
fab) fab)
Shenzhen,Guangdong,Chin [Shenzhen,Guangdong,Chin

Shanghai,Shanghai,China Shanghai,Shanghai,China [Beijing,Beijing,China

a a
CMOS, BiCMOS, Cu, low-K |CMOS CMOS CMOS, Cu Metalization; CMOS, Cu, Al
12 8 12 8 12
0.014 0.130 0.040 0.130 0.090
Fab, R&D Fab Fab Met Met
Closed as semi fab but Planned production/support

continues

X JL—0#EENF (EH &N TzFab

(&%) World Fab Forecast(SEMI)DIEEREHEICN T T 7RIS ZFTI /)OS HWER
(©) NTTAT



1-2-2-7-3. SMIC Faba¥#l153R(2/2)

(microns)

FabType

Status(&i&

New Beijing JV fab Ningbo N1 Ningbo N2 S1 MegaFab (Fab 1) S1 MegaFab (Fab 2)
Beijing,China Ningbo,Zhejiang,China Ningbo,Zhejiang,China Shanghai,Shanghai,China [Shanghai,Shanghai,China
High-voltage BCD, pHEMT |SOI, HV, MEMS, Power CMQOS, FSG as insulator CMQOS, FSG as insulator
12 8 8 8 8
0.028 0.130 0.250 0.110 0.110
Fab Fab Fab Fab Fab
Constructing Constructing
Shaoxing Compound fab Shaoxing ]V fab SN1 SN2 Tianjin fab (T2/T3)
Shaoxing,Zhejiang,China  [Shaoxing,Zhejiang,China  |Shanghai,Shanghai,China [Shanghai,Shanghai,China |[Tianjin,Tianjin,China
6 8 12 12 8
1.000 0.500 0.014 0.014 0.130
Fab Fab Fab, Pilot, R&D Fab Fab
Announced Planned
(&%) World Fab Forecast(SEMI)DIEEREHEICN T T 7RIS ZFTI /)OS HWER

(©) NTTAT



1-2-3. IDMii3

(©) NTTAT
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1-2-3-1. IDM EIXE D5 EMIESOF>4 (Topbs)

IDM_Ef755tDFE4RFE_F(20165E-2020F ) 2R 9
SK Hynix(ZTOP3IC A TULBH, IERENRHE L,

Eﬁ%ﬁ:(i IEHHH_CQ.?F/RtT/R%%mDLjD\(/U]/ 'U"(/]“/) 2018¢$_C(3X:EU
EEMIFCIERFEITDVNDDBER—/N\=F LI ADTWECENS. XEVZIRD
Samsung-SK Hynix-Micron®D7c_ LE(EEWVBDERO TS, &1z, NANDLDE
DRAMMFTIEZ THOD. SK HyniXDHUMNKEBITWD, cNF. EvIF -0
RICEDT—INEEHZHLAL. DRAMEELHRUTEHEEDN TS,

TI(atTOPS(DEIJt“i%i)ﬁWb\EB{EE( TOPSORTHE—HEEFELDFE_ EMEL, KPE
ﬁ@?&(:wﬁéﬂﬁmtw SHEBNESTVBENKEREBRD—DOTHIEEZD
50

IDM_EAIS# DG ESH#ER (B4 : BHARIL)

2016 2017 2018 2019 2020  2020%/20165FERER
Intel GKE) 57,000 61,720 69,880 70,797 76,328 34%
Samsung(28[E) 44,300 65,882 78,541 55,709 61,853 40%
SK Hynix (38 ) 14,900 26,722 36,767 23,185 27,075 82%
Micron(GKE) 13,500 23,920 30,930 22,405 22,542 67%
TICKE) 12,500 13,910 14,854 13,651 13,574 9%

- 2016F FHEBEAI TAREIN TV B RIVBAICEDE 3 H0ZENLI

(BH) ICInsightsDIE#RZEECN T T 7RIN>RFTI /0 HMERK
(©) NTTAT
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1-2-3-2.Intel (GKE)
1-2-3-2-1. Intel 2’'0771)

Intel(FKE(CAHZFF DIDMIEFEDH TFE L/ M ITDRETH D,

FE(CTFYZIAXEIONIOTOYH DRETHREEZ1ToTL\5,

2020 EHERCBET 2FEZENDS5Data Center Group (DCG), Client Computing Group (CCG), Non-Volatile
Memory Solutions Group (NSG)hh@EZEREDUREEZIZEML TLVD. COVID-19(C kD) - NPCOFEMLARUICCEREN
BEREEZBND.

2021FE(C(FTIDM2.0 1 VOB XEBRZFHFRL THD. TORTOEDHEAD— D THHTEEIEFHIADSHDFoundryEBFant
2022FE LDFREIN D,

Intel($10nE - g T150EETH%2BU. B TIR(CEAUTIE6nE - ik(C TiH%2E 95, TIHPIEMZRASA RIC. THD
EFIEHRZE IR 2 251 RITRT

Intel5 &t IntelJ )L —TBIRZEE

100,000 99% 50,000

80,000 98%

40,000
-~ 60,000 97%
z ° i 30,000
0 o
o 40,000 96% i 20,000
20,000 95% 10,000
0 94% 0 s -- E——
2016 2017 2018 2019 2020 G G N [ G G <
= . — O K P <) ) O e
. (EETE R e PEGE L e Q O #2019 ISZOZO ] O N

- 2016F [FHBHEA TAREIN TV LSBT RIVEAIICEDE B 0B,

(B#) ICInsights, (E23EHP. FIRIBREEFDBIRZHELCN T T 7RNDRF /O HERK
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1-2-3-2-3. Intel FabOs—>3>

7R )
-Leixlip(3+1)
KE
-Rio Rancho(2) hE
-Hillsboro(5+1) -Dailian(2)
-Chandler(2+2) -Chengdu
Za1—AFSOMAIC £ -Shanghai
#BIEI7IHN —
— ez
I

JRFUN(+1)

C= “Ho chi inn
NL—=>7
-Penang
. o -Kulim
7hE - thish(C T15%3FD

X TIEZFRE20T5,

X B — sk (CHEE T IHZH' 0215 S (HIFIMAC TIHEE L& U,
(WFFICIBERA G 12600H2E)

X"+ "(FESEHIBICE I TVRVWITIHZRT

>I<?ﬁI&@IEjFﬁE@qﬁiﬁb‘&i')ﬁ.%ﬁk(lﬁ'%_@ﬁ?o

(B¥l) World Fab Forecast(SEMI). {£%HP, SERIREEE. Z1—APAMBECN T T 7RO ZAFTI/0SHMERK
(©) NTTAT



1-2-3-2-4. Intel FabzFlI5%R(1/3)

[(Memory] (Micro]

Fab 11X 3D Xpoint |Fab 68 (Phase 1) [Fab 88 (was called |D1C (+ D1C D1D D1X Module 1 D1X Module 2
Pilot Fab 68 Phase 2) [|expansion Fab 20)

Rio Rancho
(Albuquerque),New
Mexico,US

Dalian,Liaoning,Chi |Dalian,Liaoning,Chi |Hillsboro,Oregon,U |Hillsboro,Oregon,U [Hillsboro,Oregon,U [Hillsboro,Oregon,U
na na S S S S

CMOS, Cu, Low-K

. . . Interconncet
3D Xpoint, CMOS, [CMOS, Cu, low K, [3D-Xpoint, 3D CMOS, SiGe, Cu, - A .
Cu, low-k, high-K strained Si NAND Low-K, strained Si ﬁ;?;?%‘ai’ High-k, [CMOS, FINFET CMOS, FinFET

Immersion Litho

12 12 12 12 12 12 12
0.02 0.02 0.02 0.01 0.01 0.007 0.007
4 144 144
R&D, Pilot Fab, Pilot Fab Fab, Pilot, R&D Fab, Pilot, R&D Fab, Pilot, R&D Fab, Pilot, R&D
Status(&i& In production-
7z BR<) merged

(&%) World Fab Forecast(SEMI)DIEEREHEICN T T 7RIS ZFTI /)OS HWER
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1-2-3-2-4. Intel FabsFllF%R(2/3)

Fab 10 (was IFO)

Fab 11X
(+expansion)

Fab 24 (+ Fab 14
combined)

Fab 24 (+Fab14)
expansion

Fab 28 (+Fab 28A)

Fab 28A 12-inch
(was Fab 18, was
Fab 1 Numonyx,
Fab 18 Intel)

Hillsboro,Oregon,U

PRTEH S

Leixlip,Kildare,Irela
nd

Rio Rancho
(Albuquerque),New
Mexico,US

Leixlip,Kildare,Irela
nd

Leixlip,Kildare,Irela
nd

Kiryat Gat,Southern
District,Israel

Kiryat Gat,Southern
District,Israel

CMOS, Cu, Low-K

(©) NTTAT

Interconncet . .
. ; o CMOS, Cu, low K, [CMOS, Cu, low K, |CMOS, strained Si, [CMOS, Cu, low-K,
CMOS, FinFET Crios, strained Si, High-k, strained Si strained Si Cu, Low-K high-K
Metal Gate,
Immersion Litho
Wafer
size(inch) 12 12 12 12 12 12 12
Geometry
(microns) 0.007 0.014 0.032 0.014 0.014 0.01 0.01
3DLayer
FabType Fab, Pilot, R&D Back End was Fab |Fab Fab, R&D Fab Fab Fab
L I~ In production- In production-
Equipping merged Merged merged Merged
XA SO 3 TIET7T
(&%) World Fab Forecast(SEMI)DIEEREHEICN T T 7RIS ZFTI /)OS HWER



1-2-3-2-4. Intel FabzFlI5%R(3/3)

(Foundry]

[etc]

Fab 34 (Phase 1 +

Fab 38 Phase 1 + 2
(new Fab Israel)

Fab 42

Megafab (Fab
32+Fab 22+Fab
12)

Fab 52 (estimate)

Fab 62 (estimate)

RP1

Leixlip,Kildare,Irela
nd

Kiryat Gat,Southern
District,Israel

Chandler,Arizona,U
S

Chandler,Arizona,U
S

Chandler,Arizona,U
S

Chandler,Arizona,U
S

Hillsboro,Oregon,U
S

CMOS Cu, low K,

(©) NTTAT

CMOQOS, strained Si, . CMOS, Cu, Hf- . . . )
CMOS Cu, Low-K CMOS, FinFET based high K CMOS, FinFET CMOS, FinFET giOI, Flash; strained
size(inch) 12 12 12 12 12 12 12
iy 0.007 0.005 0.007 0.014 0.007 0.005 0.007
(microns)
3DLayer
FabType Fab Fab Fab Fab Fab Fab R&D
Status(&& . In production-
PERRC) Constructing Announced merged Announced Announced
(&%) World Fab Forecast(SEMI)DIEEREHEICN T T 7RIS ZFTI /)OS HWER



1-2-3-3. Samsung (¥5E)
1-2-3-3-1. Samsung 20771)

SamsungDHEARDEFD5E_EDEIEDREBDIHIAEIBEMR THD. ZOHTDRAMODTIIEZS 17(340%%BX TV,
2018FE X TIIAEYNZ—/IN—H AU A TVES, FTo EMEINL TV,

202089 —/\FADRAMEEN T FO TVl FIKFPEZEEDRZZ CHuawei KE DB ZFRHIIRICEN T EICLD,
AT LALSIEBEOE/NA IR RORFEMEINUIZCE(CEDTE_ EMENIUT.

o EEENFRISGHECP3ISA>ONTIHZESTE CHD. HREARIRIR(CRBDEND,

o TIZATEZ RS NI, TIHZOFEMIEHRZ R L2 A1 RTRYT,

Samsungit Lt &R

90,000
80,000
70,000
60,000

Z 50,000
EQJ 40,000
30,000
20,000
10,000

0

2016 2017 2018 2019 2020

- 2016F (BB TARSN TS B RIVEIICEDE3I0ZBENUL.
(B#l) ICInsights. {£3HP. FERIREEZFDIBERZELICN T T 7RI\ ZF7./05HER
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1-2-3-3-2. Samsung FabOs—>3>

Y g\
\§.,,’;:
EE{ES
-Giheung(4)
- ZOR— 1 TIET7T
-Hwaseong(11)
B TIET7JEHRSHD
-Pyeongtaek(5+4)
-Xian(3)

KE
-Sanjoce

21 [E - HUs(C T 357450

X F— IS TR0 3 B A ISP TR,
(WFFICTBSRN oI E00HEH,)

XS BIIA I S TRV TRART,

X1 TR0 77T BB DB oI AT T T

(BH¥l) World Fab Forecast(SEMI)DI&EHRZHEICN T T 7RN>ZFH./0S HMERK
(©) NTTAT



1-2-3-3-3. Samsung Fab¥#llisEk(1/4)

[(Memory]

Line 10

Line 12 (2D NAND)
+ R&D

Line 12 (3D NAND)

Line 13 (DRAM,
FEOL)

Line 15-2F & Line
15-1F (8th floor)

Line 15-Cu
processing

Line 16 (3D-NAND)

Hwaseong,Gyeong
gi,Korea

Hwaseong,Gyeong
gi,Korea

Hwaseong,Gyeong
gi,Korea

Hwaseong,Gyeong
gi,Korea

Hwaseong,Gyeong
gi,Korea

Hwaseong,Gyeong
gi,Korea

Hwaseong,Gyeong
gi,Korea

CMQOS, Cu, low K,

CMOS, Cu CMOS, Cu CMOS CMOS, Cu, low-K |CMOS, Cu, low-K, [Cu HKMG
12 12 12 12 12 12 12
0.068 0.014 0.021 0.018 0.017 0.021
96 64
Fab, BEOL Fab, R&D Fab/Split Fab Fab Fab, BEOL Fab/Split
Cancelled
XL —0fBENF (R IEENzFab
(&%) World Fab Forecast(SEMI)DIEEREHEICN T T 7RIS ZFTI /)OS HWER
51
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1-2-3-3-3. Samsung Fab¥#lig#k(2/4)

Line 16 (DRAM)

Line 17-3D NAND

Line 17-DRAM (8th

P1 Phase 1 3D

P1 Phase 2 3D

P1 Phase 2 DRAM

P2 Phase 1 (DRAM)

(©) NTTAT

MEOL/BEOL (3rd |[floor+3rd floor) NAND (3rd floor) |[NAND (8th floor) |(8th floor)
floor) (was called Line
16-2, was called S3-9th
floor)
FRTElh Hwaseong,Gyeong |[Hwaseong,Gyeong |Hwaseong,Gyeong [Pyeongtaek,Gyeon [Pyeongtaek,Gyeon |Pyeongtaek,Gyeon |Pyeongtaek,Gyeon
gi,Korea gi,Korea gi,Korea ggi,Korea ggi,Korea ggi,Korea ggi,Korea
CMOS, Cu, low K,
HKMG MEOL, BEOL CMOS CMOS CMOS
Wafer
size(inch) 12 12 12 12 12 12 12
Geometry
(microns) 0.017 0.01 0.015 0.021 0.021 0.015 0.015
3DLayer 64 128 128
FabType Fab/Split Fab, Pilot,R&D/Split|Fab, Pilot Fab Fab Fab Fab
s
(&%) World Fab Forecast(SEMI)DIEEREHEICN T T 7RIS ZFTI /)OS HWER



1-2-3-3-3. Samsung Fabs¥ll1&%R(3/4)

FRrEtth

Wafer
size(inch)

Geometry
(microns)

3DLayer
FabType

hYe =
&

P3 Phase 1 (3D
NAND)

P3 Phase 2 (DRAM)

P4 Phase 1 (3D
NAND)

P4 Phase 1 (DRAM)

R Square

SCS Line 1 (former
Xian Module 1)

Pyeongtaek,Gyeon [Pyeongtaek,Gyeon |Pyeongtaek,Gyeon |Pyeongtaek,Gyeon |Pyeongtaek,Gyeon [Hwaseong,Gyeong \ian Shaanxi.China
ggi,Korea ggi,Korea ggi,Korea ggi,Korea ggi,Korea gi,Korea ! !
CMOS, Cu, low-K, |CMOS, Cu, low K,
3D NAND 3D NAND DRAM 3D NAND DRAM SOI HKMG, 3D NAND
12 12 12 12 12 12 12
0.021 0.021 0.012 0.021 0.011 0.012 0.021
176 238 352 92
Fab Fab Fab Fab Fab R&D Fab
Constructing Constructing Not announced Not announced
(&%) World Fab Forecast(SEMI)DIEEREHEICN T T 7RIS ZFTI /)OS HWER

(©) NTTAT



1-2-3-3-3. Samsung Fab¥#li5Ek(4/4)

Wafer
size(inch)

Geometry
(microns)

3DLayer
FabType

wis

(Opt] (etc]
SCS Line 2 (former |Line 4 (LED, was [Line 5 (LED line) 8-|Line 5 (LED was . .
Xian Module 2) System LSI) inch System LSI) NRD Line Xian R&D Center |San Jose
Xian,Shaanxi,China Giheung,Gyeonggi, |Giheung,Gyeongdgi, |Giheung,Gyeonggi, H-waseong,Gyeong Xian,Shaanxi,China San - _
Korea Korea Korea gi,Korea Jose,California,US
PRAM, FRAM,
3D NAND I1I-V GaN CMOS, LED DRAM, Flash;
CMOS
12 4 8 4 12 12 12
0.021 2 2 1 0.01 0.028 0.01
92
Fab Fab/EPI Fab/EPI/Split Fab/EPI R&D R&D R&D
(&%) World Fab Forecast(SEMI)DIEEREHEICN T T 7RIS ZFTI /)OS HWER

(©) NTTAT



1-2-3-3-4. Samsung # T iEFabs¥lI5Hk

TSV (was N Line)

Giheung,Gyeonggi,Korea

CMOS, Cu, low-K, SOI

Wafer 8
size(inch)
Geometry 0.032

(microns)

3DLayer

FabType Back End was Fab

L0

XAV S OMBENH SR TIET 7T

(&%) World Fab Forecast(SEMI)DIEEREHEICN T T 7RIS ZFTI /)OS HWER
(©) NTTAT
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1-2-3-4.SK Hynix (¥HE)
1-2-3-4-1. SK Hynix 20774

® SK Hynixft(d. EBEICHLTSamsunglCDWTFE EOEWHEXRRGETETHS.

® 2016F&FENST—/EIFOAEVZHLEL THEEMENU. 20184F(C(FSK HYniXDESE DT ERLE VUG ZIZERML T
W3 2018FFTHA—N—HAIITHollcsd. REELTE LEBOITULD,

® 2016FL2020FDIFRZKR(FIDMIEZEDOF TEREEN N CNE2016FENMXEBVEEMERUIERFRATH Iz el 2020
FODRAMBE(IFwE55 L THB2018FELDELSTLBREDD., E/NAILNANDYYS — AR DSSDOE mDERFTEMERUTZCE
HMSNANDDFE ENELIRD, 2016FD7E L LDEIRO TV ENBRIEEE ZBN D,

o FERIZED7EINDRAMTHD. 2020F(C(EDDRABILLEERLU T 1. 8BDIERE . 20%DHEE I H|FZEIRUIZDDR5E!
DRAMZFE5TUTE.

® 2020%F. IntelttONANDSEZEEPF AR ZBEBINT D EZREU.

° ZOJ%IE\ REGEREC_THICKIRIRDHEEARISIAIML6 | TIBHTM Uz, EUVIOTAZAWz1anmODRAME FEDESS
HETEIEN TS,

o 1hE- - TEITIZE IS, LIBATEZIRASA RIC, THOFFHMIBHRZ R 2 251 RIORT .

SK Hynix5c L &% SK Hynix55 L &S8Rk tE

100% —

80%

60%

40%

20%

0%

2016 2017 2018 2019 2020

EDRAM ENAND ®Others

2016 2017 2018 2019 2020
- 2016 [ HERATTAKIN TV E T RIVEAICADE BIH0EBHLT.
(&#1) ICInsights, {£%HP. FRIEZBFOBMEZOLICN T T 7RNUZF7/O0ZMMERK

(©) NTTAT 56



1-2-3-4-2. SK Hynix Fa

£
\
B
,s_
.. ) .

bOJ—>3>

v

Cheongju(4+1)
Icheon(6+1)
“Wuxi(3)
Yongin(+4)

1hE - Hsk(C TH%HD

X F— sl T8 3 A B T BRI,
(WFFICTESR A It D05 ,)

X4 AR E S TVRL TR,

i TROTBIEDEERN L E0RARTTRY.

(B#) World Fab Forecast(SEMI). Z1—XB4A hDIEHZBECN T T7RIN>ZF7 /O HMERK
(O NTTAT 57



1-2-3-4-3. SK Hynix Fabs¥#li&sk (1/4)

I5%

PRTEHD

size(inch)

Geometry
(microns)

3DLayer

FabType

Status(&i&

hzBR<)

[(Memory]

C2F (new Fab Wuxi

M10 (DRAM) + R3

M114+M12 (2D

M114+M12 (3D

Cc2 or|g|nal_ly Cc2 (R&D) NAND) CF NAND) CF M14 (3D NAND) M14 (DRAM)
expansion)
Wuxi,Jiangsu,China [Wusxi, Jiangsu, China Icheon,Gyeonggi,K [Cheongju,Chungch [Cheongju,Chungch [Icheon,Gyeonggi,K |Icheon,Gyeonggi,K
orea eongbuk,Korea eongbuk,Korea orea orea
CMOS DRAM CMOS CMOS, Cu
12 12 12 12 12 12 12
0.021 0.017 0.018 0.014 0.03 0.03 0.016
128 128
Fab Fab R&D,Fab Fab Fab/Split Fab Fab
(&%) World Fab Forecast(SEMI)DIEEREHEICN T T 7RIS ZFTI /)OS HWER

(©) NTTAT



1-2-3-4-3. SK Hynix Fabs¥#li&3R (2/4)

size(inch)

Geometry
(microns)

3DLayer
FabType

RS

M15 (phase 1)

M15 (phase 2)

M16 (phase 1) (first
floor)

M16 (phase 2)

M17 (phase 1)

M17 (phase 2)

Cheongju,Chungcheon |Cheongju,Chungcheon |[Icheon,Gyeonggi,Kore [Icheon,Gyeonggi,Kore [Yongin,Gyeonggi,Kore [Yongin,Gyeonggi,Kore
gbuk,Korea gbuk,Korea a a a a
NAND EUV EUV 4D NAND 4D NAND
12 12 12 12 12 12
0.03 0.03 0.016 0.014 0.03 0.03
128 256 324 352
Fab Fab Fab Fab Fab Fab
Planned Planned Planned Planned
(&%) World Fab Forecast(SEMI)DIEEREHEICN T T 7RIS ZFTI /)OS HWER

(©) NTTAT



1-2-3-4-3. SK Hynix Fabs¥#li&sk (3/4)

size(inch)

Geometry
(microns)

3DLayer
FabType

RS

(Opt]

[etc]

M18 (phase 1)

M18 (phase 2)

M19 P1+P2

M20 P1+P2

M10 (CIS)

R3

'Yongin,Gyeonggi,Kore

Yongin,Gyeonggi,Kore
a

Yongin,Gyeonggi,Kore
a

'Yongin,Gyeonggi,Kore
a

Icheon,Gyeonggi,Kore
a

Icheon,Gyeonggi,Kore
a

3D DRAM or NAND DRAmM or NAND CMOS CMOS, Cu
12 12 12 12 12 12
0.012 0.03 0.01 0.01 0.04 0.021
2XXL 2XXL 2XXL
Fab Fab Fab Fab Fab/Split R&DD
Planned Planned Planned Planned
(&%) World Fab Forecast(SEMI)DIEEREHEICN T T 7RIS ZFTI /)OS HWER

(©) NTTAT



1-2-3-4-3. SK Hynix Fabs¥#lli15$k (4/4)

(Foundry]

= M8 (SK Hynix System |Wuxi JV fab (System
he
TH# 1C) 1C)

PR7EHD Cheongju,Chungcheon Wuxi,Jiangsu,China

Wafer
size(inch) 8 8

Geometry
(microns)

0.09 0.09

3DLayer

FabType Fab Fab

U=
1= .
@ |Will be closed

(&%) World Fab Forecast(SEMI)DIEEREHEICN T T 7RIS ZFTI /)OS HWER

(©) NTTAT 61



1-2-3-5.Micron (CKE)
1-2-3-5-1. Micron 2’'0771))

MicrontL(EZKE (CERTZIF DODRAMAE DR EZ FLHE UL FERTISFETH D,

AEVOEGEZHLELTWATES, 2018FFXTRA—/IN—BAL )L L2 E TR EaMENU.

%RA%;(&";EEIanODEE’&ﬁ_”DTBD\ 1Znm&EDFEFE LI 1a(D> 7L I7) IEMEEN 2 AT Fv T2 a9 3¢ %2020
(C Ul

NANDT(IRGH iz FLE128/ED3D NANDH = E EEPEIC A DI,

2022F 14, 5542 5176/8QLC NANDDEE Kz FHRUIL,

Qt-?fﬁ(zigﬁli%ﬁﬁa ZTOS504A0E IR (C(FE TIET7I 2B 9 5. LIHATEER A 51 RIC, TIH0OF MGk

IRR A4 MIRYT,

Micron¥E{45E_F SR

35,000

30,000

25,000

2 20,000
o

i 15,000

10,000

5,000

0

2016 2017 2018 2019 2020

- 2016 FHBEAI TARSIN TV B RIVEAIICEDE 3 H0ZEMU.
(B#) ICInsights, (E23EHP. FIRIBREEFDBIRZHELCN T T 7RNDRF /O HERK
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] Ny ~
1-2-3-5-2. Micron FabO¥—>3>
o
‘ =ES
TEB(2+1)
KE
-Bois_e(3) ma]E
'heh'@ -Xian(ctg TR I7 T 1B3REHD
-Manassas(3)
L-37
-Pena/ng
o
-Taoyuan(3)

N +Taichung(3+1)
6h[FE - thig(Cc TiE%EFD # T2 IR
XA MU T A B 5B A ENPC TR Bz, )

(WFFICIBRA B IEEDDH L) :

X+ IRGERIBICE>TUVR WIS ERY,
X TIEROI7IEEDEIRN OOEEDEFRFETRI .

(B¥l) World Fab Forecast(SEMI) . TEEHPYLERRESEZBEICN T T7RINOZAFTH/O0HERK

(©) NTTAT 63



1-2-3-5-3. Micron Fabs$#lli53R (1/4)

Wafer
size(inch)

Geometry
(microns)

3DLayer

FabType

Status(&&
Rz pR<)

[(Memory]

Building 60 (3D
Xpoint)

Expansion Fab

Fab 10A (Phase 1 + 2)

Fab 10N - 3D portion

Fab 10W 3D-part
(former Fab 7, Tech)

Fab 10X (Singapore)

Lehi,Utah,US

Manassas, Virginia,US

Singapore,Singapore,S
ingapore

Singapore,Singapore,S
ingapore

Singapore,Singapore,S
ingapore

Singapore,Singapore,S
ingapore

CMOS, Cu, low-k,

high-K DRAM, 2D NAND CMOS, 3D NAND 3D NAND CMOS, Cu, low-k 3D NAND
12 12 12 12 12 12
0.02 0.02 0.02 0.02 0.02 0.02
128 128 96 176
Fab Fab, Pilot, R&D Fab, R&D Fab, Pilot/Split Fab/Split Fab
(&%) World Fab Forecast(SEMI)DIEEREHEICN T T 7RIS ZFTI /)OS HWER

(©) NTTAT



1-2-3-5-3. Micron Fabs¥#ll15%R (2/4)

Wafer
size(inch)

Geometry
(microns)

3DLayer

FabType

Status(&&
Rz pR<)

Fab 11 (Inotera Fab 1)

Fab 11 (Inotera Fab
1a)

Fab 11 (Inotera Fab 2)

Fab 15 (was Elpida
E300)

Fab 15 expansion B-
Building

Fab 15 expansion F-
Building

Taoyuan,Northern
Taiwan,Taiwan

Taoyuan,Northern
Taiwan,Taiwan

Taoyuan,Northern
Taiwan,Taiwan

Hiroshima,Hiroshima,]
apan

Hiroshima,Hiroshima,]
apan

Hiroshima,Hiroshima,J
apan

CMOS CMOS CMOS CMOS CMOS, DRAM CMOS, DRAM
12 12 12 12 12 12
0.015 0.015 0.015 0.015 0.015 0.014
Fab Fab Fab Fab, R&D Fab Fab
Equipping
(&%) World Fab Forecast(SEMI)DIEEREHEICN T T 7RIS ZFTI /)OS HWER

(©) NTTAT



1-2-3-5-3. Micron Fabs$#lli53R (3/4)

Wafer
size(inch)

Geometry
(microns)

3DLayer

FabType

Status(&i&
Hh7zpR<)

Fab 16 Al (former R1)

Fab 16 A2 (former R2)

Fab 16 A3 (phase 1 +
phase 2)

Fab 16 mod 4 (A5)

Fab 2 3D part (IMFT)

Taichung,Central
Taiwan,Taiwan

Taichung,Central
Taiwan, Taiwan

Taichung,Central
Taiwan,Taiwan

Taichung,Central
Taiwan, Taiwan

Lehi,Utah,US

CMOS, Cu, low-K

CMQOS, Cu, low-K

CMOS, Cu, low-K

CMOS, Cu, low-k, high-K

12

12

12

12

12

0.015

0.015

0.015

0.01

0.02

3DXP

Fab

Fab

Fab

Fab

Fab/Split

Planned

(&%) World Fab Forecast(SEMI)DIEEREHEICN T T 7RIS ZFTI /)OS HWER

(©) NTTAT
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1-2-3-5-3. Micron Fabs$#lli53R (1/4)

T4

PRrTEtt

Wafer
size(inch)

Geometry
(microns)

3DLayer

FabType

Status(&&
Hh7zpR<)

Fab 4 (Bldg 24 C,D,E)

Fab 4 (Bldg. 50)

Fab 4 (Bldg. 51 R&D
expansion)

Fab 6 (MTV DRAM)

Fab 6 (MTV Flash,
former IMFT)

Boise,Idaho,US

Boise,Idaho,US

Boise,Idaho,US

Manassas,Virginia,US

Manassas,Virginia,US

CMOS, Cu, low-K, High-K

CMOS, Cu, low-K, High-K

CMOS, Cu, low-K, High-K

CMOS, Cu, low-K, high-K

CMOS, Cu, low-k, high-K

12

12

12

12

12

0.016

0.01

0.01

0.03

0.02

176

176

176

Fab, Pilot, R&D

R&D, Pilot

R&D, Pilot

Fab, R&D

Fab

(&%) World Fab Forecast(SEMI)DIEEREHEICN T T 7RIS ZFTI /)OS HWER

(©) NTTAT
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1-2-3-6.TI (K@)
1-2-3-6-1. TI 70771

® Texas Instruments(TI)(iblél(JIK?i’iﬁ’) F(CTFFOIFYTERATOLYS U DESEEZITOEETHD.

° E%t’]%zl\tbflatﬁ'l]’]t‘fﬂx_jﬂt‘y S ERDMUCTFEND PFOJLINT—HEIKR, ST FINFI- PR =E
FAONEEN. FATOEYS I (EIN(900> -3¢ T0tvB 031> EEN 3.

® 2020 IRTEEERANTT ED37%. BEH AT J:0)20°/o7<i|£&)<79°

® 2019F(FEDBEERBRDLTVBH, FHIAATOLYS DI BEDTE ENEE TS, KPBZERCEIDFEENEETRIL
HARSRERD—DITHIEE SN, ‘

® 7FOJIIDVTHEFENZANTSD, 2021 (CMicronDKE(CHS300mmII—/\DT7 I ZBINTFE THHLE, FL5E
KEDTFHR(C300mmIT—/\DI7 I ZZERFTE CHIEZFERLTLD, 300mmIT—/\DI7J TOEE(E200mmI7J
(CEERT20%DIZ MRS DBHDELS,

° i}%ﬁ:ﬁ%%l\(iiﬂlié40)*” REHAZHFS. 205507 TIBILIRTIENS FND . TIHPATEZ /RS54 R, THOFMIRERE
IRR AT MR,

TIFE &SRR TI5c L =StERktE
20,000 9%6%
, 100%
050 B
80%
15,000 95%
2 94% | 60%
T 10,000
[ 94% 40%
5,000 93% 20%
93%
. 0%
0 92% 2016 2017 2018 2019 2020
2017 2018 2019 2020
B RGT L e hEE S LK B Analog ®Embedded Processing ™ Other

- 2016 FHBEAI TARSIN TV B RIVEAIICEDE 2 H0ZEMU.
(B#) ICInsights, (E23EHP. FIRIBREEFDBIRZHELCN T T 7RNDRF /O HERK
(©) NTTAT 68



1-2-3-6-2. TI FabOs—>3>

HA
é-ml;isin (1) * BS2)
KE # - RIM(1)
-Dallas(4)
-Richardson(1+1) HE
-Sherman(1) -Chengdu(1)

-South Portland(1)

I

LT
- Aguascalientes E - Taipei
NL—=>7
-Kuala Lumpur
-Melaka TS
> -PamPanga
873 * iﬂliEE(CIi%%';ﬁj -Baguio City

X B — sk (CHEE TS H' 0215 S (HIFMAIC iz e ek Uiz,
(WFFICIBERNM Sl DDHEC &)

X" +"(FEERIRICE>TVRVWTIHZRT,

XARFEIRTIEIF I HibigE R,

(&%) World Fab Forecast(SEMI) . ICInsights, T2HPZELICN T T 7RI RF2./ O hWERK

(©) NTTAT 69



1-2-3-6-3. TI Fabs¥#lI5¥k(1/3)

(Memory] (Analog]

SP1 C FAB (was SMIC Fab  |D FAB (South building) [DMOS 5 DMOS 6
11A)
Aizu
Wakamatsu,Fukushima,Ja |Chengdu,Sichuan,China [Dallas, Texas,US Dallas, Texas,US Dallas, Texas,US

pan

CMOS, BiCMOS, PMIC,

CMOS, Cu, Mirrorbit MOSFET

BICMOS; Cu, MEMS CMOS, Cu, MEMS CMOS, Cu, Low-K

WEIES

size(inch) 12 8 8 8 12

Geometry

(microns) 0.065 0.35 0.4 0.13 0.065

3DLayer

FabType Fab Fab Fab Fab, Pilot, R&D Fab, R&D

Status(&i&
AR On hold

(&%) World Fab Forecast(SEMI)DIEEREHEICN T T 7RIS ZFTI /)OS HWER
(©) NTTAT




1-2-3-6-3. TI Fab¥ill5¥k(2/3)

Wafer
size(inch)

Geometry
(microns)

3DLayer

FabType

Status(&i&
7z BR<)

V3

M Fab (was National)

RFab 1

Freising,Bavaria,Germany

Aizu

n

Wakamatsu,Fukushima,Japa

South Portland,Maine,US

Richardson,Texas,US

CMOS, BiPolar, BiICMOS,
SiGe

CMOS, Cu

CMOS; BIiCMOS; SiGe

CMOS, BiCMOS

12

0.13

0.13

0.18

0.065

Fab

Fab

Fab

Fab

(&%) World Fab Forecast(SEMI)DIEEREHEICN T T 7RIS ZFTI /)OS HWER

(©) NTTAT
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1-2-3-6-3. TI Fab¥#liI5¥Rk(3/3)

Wafer
size(inch)

Geometry
(microns)

3DLayer

FabType

Status(&i&
7z BR<)

(MEMS]

R Fab 2

S FAB

DHC (Dallas Heater Chip)
Line

Miho 8 (was Miho 6)+ Miho
5

Richardson,Texas,US

Sherman, Texas,US

Dallas, Texas,US

Inashiki,Ibaraki,Japan

CMOS, BiCMOS

Bipolar

MEMS

CMOS, MEMS, DLP

12

0.065

0.8

1 0.18

Fab

Fab

R&D, Pilot

Fab

Constructing

(&%) World Fab Forecast(SEMI)DIEEREHEICN T T 7RIS ZFTI /)OS HWER

(©) NTTAT
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1-2-4. FablL Atz

(©) NTTAT
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1-2-4-1. FabL A LHIfEEDTT EIRIES>F Y (Tops)

« FabL X LIS+ O+ER5E £ (20174-2020%F)27R9 .
» 55 bR EAIBHEFECLCTOFIITDANZEZINE STV,

« 20205541 THBDAMDIE. PC°ﬂ—\/\T'ET_IU(;EU_C‘:/IT%E@(i‘bigflﬁlzi_%——‘b‘\ﬂeiﬁ%b\
86%&E TS, JOYHRyzenh iiiZICZIF ANSN, IntelD> 1 7%ESTUD,

+ NVIDIAFEN ThBGPUNEEZEOPCY — LB FBROMBICA—/~ I 14T
OFIF. BBEEE DN TORBRREILEENN S T & HIEL TV,

FabL X EAIStHOFE LSRR (B : BARIL)

2017 2018 2019 2020 féégéﬁ/ 27 TR,
Qualcomm (k) 17,029 16,370 14,518 19,407 14% e
Broadcom(KE) 18,453 18,547 17,246 17,745 -4% AR BEA > IS ERR MR
NVIDIACKE]) 8,691 11,163 10,125 15,412 77% GPU
MediaTek(&3Z) 7,941 7,882 7,962 10,929 38% £/0LS0C
AMD(KE) 5,253 6,475 6,731 9,763 86% CPU. GPU

B LEEENRUTVRTBEEOHFFRRLTVS

-BroadcomMUXZ (FHEHRBEDH THd
-QualcommOYREFFQCTEENDH THD. QTLIFSENTLRL,
-NVIDIADYRZE(C(FOEM/IPEE% FablL XELTET ELTLVD

(88 TrendForce®BEIRZEEICN T T 7RINCATH /O HER
(©) NTTAT 74



1-2-4-2. FabL AD55 EFMUESOF>9
« FabL X 4710055 £(20174E-20206F )R U Top3D L4110 OFTOI T

« 2017FNHDIFHZETIERealtek. AMD, NVIDIANWAEGE L ZR(EL THD. 4F(C

« FTERICRESNETop3D> 17 HBIE L FHOTWSH INED2020FRE 2141
DBroadcom®5c_EHHEDNRUTORNCE. @Top3AFMDIEZENITEETE_EZ (L

100,000

80,000

60,000

BAaRL

40,000

20,000

0

TR ETRY .

AMDENVIDIAIF201 9L LEERU THIRIMEN40%Z B DR BoTL\D,

UTWBZENER THD.

FabL AiiGFRARETOP3D 1 74

2017 2018 2019 2020
Topl0 Top3D> 17

3¥) Top3 : ARICHFTE EMI10EDON-FI 55 EICLHDSIT7HER (REh)
(BH) TrendForce®|EiREZBEICN T T 7RI ZFTY.)O0SHMERL

(©) NTTAT

90%

70%

50%

30%

10%

FabL X Ef710ttD55 £& (8L : B RIL)

2017
Qualcomm(CKE) 17,029
Broadcom(CK[E) 18,453

NVIDIACKIE) 8,691
MediaTek(&&) 7,941
AMD(CKE) 5,253
Xlinx(CKE) 2,438
Marvel CKE) 2,392
Novatek(&&) 1,585
Realtek(&E&) 1,376
Dialog(=E) 1,353
ToplOTotal 66,511

2018
16,370
18,547
11,163

7,882
6,475
2,868
2,823
1,813
1,518
1,442
70,901

FEEERNRUTVBTREDHZRLTND
-BroadcomMURE (FHEBAREENH THD
*QualcommOUzFFQCTHEZENH THH. QTLIEEZENTLVRL

-NVIDIADURZRICIFOEM/IPEE%E, FabL A5 LRELTET ELTWVS

2019
14,518
17,246
10,125

7,962
6,731
3,234
2,708
2,085
1,965
1,421
67,995

2020 20/173&mE
19,407 14%
17,745 -4%
15,412 77%
10,929 38%

9,763 86%

3,053 25%

2,942 23%

2,712 71%

2,635 91%

1,376 2%
85,974 29%

/5



1-2-4-3. Qualcomm (RE)
1-2-4-3-1. Qualcomm 0771l

QualcommfL(EKECARLZF D WBERMHRB LUFEARDLETEFEZITOLETHD,
2020F(CHVTIIFabL ATEEDOHR TR _EHEEEL,

SEIUTUIECHFERSEEZINOQCTEE., FM U RACEATEIEETHIQTLEEEN DD, QCTEZ(IQualcomm®dit £
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1-2-4-5-1. Broadcom 2’0771 )
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1-2-5-1. OSAT E{iIft¥ D5 LMIESF>4 (Topbs)

« OSAT EAUSHDFE £ (2017F-2021F(FHl)) &R,

. 55 B NI OASEFSER N TEMESL, EHE TH104%E hTITHITLS,
MRAZE CHEARRY (CS T 772 (EL TLVB,
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1-2-5-2. OSAT E{iIft¥ D55 LMIESVF>4 (Top10)
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Total 82,500 95,200 85,500 91,900 100,400 21.70%

7¥) ASE(F20165F(RREFAUSPIL(Siliconware Perecitsion Industries)z&4

(BRD) FEE)\wr -SSR AEEE2021 (GNCH)ZBEEN T T 7 RN RFT7 /0 HMER

(©) NTTAT

83
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1-2-5-3-3. ASE Fabz¥#llI5%k (2/4)
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1-2-5-3-3. ASE Fabz¥#lll5%k (3/4)
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1-2-5-4-3. Amkor Fabs¥#lig$k (1/3)
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® ICETEF(AIU—NOMETIEHENSRH— NUIREET, ZOBICAIRABEICHAAAL, L (GFCBGA, WLCSP, 3D/TSV
LTSRS — S, A= S B REDBIUIMER G Y —CADLEEEEH THD, T1AIU— , EAMISICREDHE R
NBBENDS T MEEDH TS,

® FABMBNRLTHILN, S >HHK—ISTATS ChipPACOEURANSER) (i — IADS I MO BTz, Seli) (i~ I THE,
WLCSP/U> THZAK(300mm1—/\)., SiP, FC, FOWLPISEAULTHD. LEEDMMEAL TS,

® 3yE-MEC6 TiH2FFo TS, TIHFTEE TIREZRASA NI, TIHOFMIBHRZIR 2 X514 MR,

R LS I W-SFERES

4,000 100.0%
3,900
99.5%
3,800
3,700 99.0%
~ 3,600 98.5%
=2
o 3,500
T 3 400 98.0%
3,300 97.5%
3,200
97.0%
3,100
3,000 96.5%
2017 2018 2019 2020 2021 ()
LS (- SEE —— (- JBEIEE

(BR) FEE)\vr—SESRREER2021 (GNCH)ZEEEN T T 7R ZF./0ZHYWERK,
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| <Anhul
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1-2-5-5-3. JCET Fabs¥illl5#k

IR

1%
SIP
SOP/TSOP
DIP
QFP
TQFP
QFN
COF/TCP
BGA/FBGA
Stacked Die BGA
Flip Chip
CSP
WLCSP
FOWLP/FOPLP
SiP
Power IC/Tr
Discrete
IGBT
Opto
N> THERK

D1 D3 D8 D9 SCS(STATSChipPAC Singapore) | JCET STATS ChipPAC Korea
Jiangsu, China Jiangsu, China Jiangsu, China Anhul, China Yishun, Singapore Incheon, Korea
JCET, JCAPOAFE |JCET, JCAP, JSCC, |2019%FICBIFETIHORE [IIMES N2 A51 |WLCSPRPFOWLPEDRIEZIEY, |SCKBLUISCKOAFEMLS,
BT SISemiDAEFERLS 1B TIH%5 LT DT 1AV - DR |FOWLPIEe WLBE iz AV TERE.
Tz BE7EY,
o>y asw2 NI=F)AZ FTAAI—-h O>w’ 03w/, 7707, MEMSE
2 2 1 1
[
[
[
[
[
[
([ [ J
[ [ J
[ ([ [ J
[ [ J
[ J ([ [ [ J
[ J [ [ J
[
[ J
[ J
)
[ J ([ [ [ J

(BRD) FEE)\wr -SSR AEEE2021 (GNCH)ZBEEN T T 7 RN RFT7 /0 HMER
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-2-5-6. Powertech (&i%)
2-5-6-1. Powertech 20771)l

® Powertechftt(d. 7t 4 XEUDE TIZYIR(CFFHEL TUVEEZET. TN ADRAMMDAAT BB TAZRER/ZIRL TS XEY
A=HAHNNANDISYS 10REZRIELTHS(E. BERGICTTEIH-EXE#RIELTULBIEH. 201 1EE(FE/N(ILmiFoasy
JICX2SiP. CMOSA X— /t/*D‘B&@iFXEU%E?/\O)HRD?‘H%BL&)'CL\éo

® SamsungBUHOARFXEVRZERG, B TIEO7INY -2 2JZIIRLTED, PowertechCEDRAMPNANDI Sy 1, RF5%
HAEDRIEED1-IREORIERFTENEFRLTVD, )

® 4x[E-iisC15TiHZR> TS, TiHATEE TIHEERASA RC, THOEMIFERZ R 42 X531 KRR,

R LS I W-SFERES
1,800 99.5%

1,600

1,400 99.0%
1,200

98.5%
1,000

BARL

800
98.0%

600

400 97.5%

200

97.0%
2017 2018 2019 2020 2021 (A1)

£t EE )y —-IOFE — )W -DRRER
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1-2-5-6-2. Powertech FabOJ—>3>

4n[E - HsK(C15TIHZHFD
X F— SIS TR 53 B A HEIMNIC TR EE UL,
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1-2-5-6-3. Powertech Fab:¥illE%k (1/3)

Plant 1 Plant 2 Plant 3(A/C/D) Plant 8(HSIP Plant 1) Plant 9 Plant 10
Hsinchu, Taiwan [Hsinchu, Taiwan |Hsinchu, Taiwan Hsinchu, Taiwan Hsinchu, Taiwan Hsinchu, Taiwan
J—RIL—LAR=ZD | XBUBEIFIRARREN |Plant 2EE—BUB(SH |&Macrotechtt#EURUT |[FC, WSPRED SR/ |20206F8 T, FOPLP
RRRARENER, |, BRIFDIX | TiHEL T, Bfg. BRARRD/\vr—2 |T-C08E#IES, BERTH,
M — ML T D5l HER,
I\ —2(5ER,
O>ws. 7304 O>ws, 7304 O>wd. XEJ. CMOSA (OZv). X&) a>wl. XEY O>wd. XY
e A=Y
S 1 2 3 1 1 1
S (] [ J ([ J
SOP/TSOP [ ) [ ) [ )
DIP [ ) [
QFP ° ° °
TQFP [ ) [ ) [
QFN ° ° °
COF/TCP
BGA/FBGA () ® ® ®
Stacked Die BGA () () ®
Flip Chip () () () ()
CSP o ®
WLCSP () ® ®
FOWLP/FOPLP o
SiP () () ()
Power IC/Tr
Discrete
IGBT
Opto ®
IO TRERK ° ° °
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1-2-5-6-3. Powertech Fab:¥#llE%Rk (2/3)

Plant 11(HSIP Plant 2) Zhunan Toufen Xi'an Suzhou
Hsinchu, Taiwan Miaoli, Taiwan Miaoli, Taiwan Shaanxi, China Suzhou, China
BMacrotech#tZEIXUTE |BEESfTDEGreatek FiESttDEGreatek F(_Micron Technology [BRAR GO/ \wr—>> ) %38
B, Lin/\wr—S85EF4R,  |Electronicshh&E, 3-256F |ElectronicshiEE ., 3-256 |OXEU/\Wwr—I> )% |4,
SOU—RIL=LI\wT—220 |E2OU—-RIL—L)\Wwr—2 |H,
ETANER, I EFANERY,
O>wl. XEY O, 7307, SYIZARSY \O03wH, 7309, SYJARS | XE) O>wy. XEY
RS, T JFI
18 1 2 1 1 1
S [ J (]
SOP/TSOP () ® ® )
DIP [ J [ J [ J [
QFP ° ° ° ° [
TQFP ° ° ° [
QFN ° ° [
COF/TCP
BGA/FBGA [ ] [ ) (]
Stacked Die BGA [ )
Flip Chip [ )
CSpP [ )
WLCSP [ ]
FOWLP/FOPLP
SiP [ )
Power IC/Tr
Discrete
IGBT
Opto
IO TRERK

(BRD) FEE)\wr -SSR AEEE2021 (GNCH)ZBEEN T T 7 RN RFT7 /0 HMER
(©) NTTAT 101



1-2-5-6-3. Powertech Fab:¥illE%k (3/3)

Singapore JUNEBZER E= TeraPower
Ang Mo Kio, Shingapore |BEX, Japan f85, Japan Hsinchu, Taiwan
#ENepestt2BINLTEMS., |2017€E(F370-TH2FSi [2017€(F370-TH2Faitb. U |F370-JOEEFSt. YI/\FTR
FC, WLPO&EZ1ToTHED. |1k, INFAN T4V TANEEH, b I7AFILTFANEIEE,
FIZICFOPLPOAEES (> 7 E
A9 D5 E,
O>wl., XE) ODwd, XY, 7309, CMOSA O34, XEY, 7H04. CMOSAA—2 |0y, XEY, 7704, CMOSH
e, A=Y ) A=Y
F1% 1 1 1 1
SIP ® (TEST) ® (TEST) ® (TEST)
SOP/TSOP ® (TEST) ® (TEST) ® (TEST)
DIP ® (TEST) ® (TEST) ® (TEST)
QFP ® (TEST) ® (TEST) ® (TEST)
TQFP ® (TEST) ® (TEST) ® (TEST)
QFN ® (TEST) ® (TEST) ® (TEST)
COF/TCP
BGA/FBGA ® (TEST) ® (TEST) ® (TEST)
Stacked Die BGA ® (TEST) ® (TEST) ® (TEST)
Flip Chip ° ® (TEST) ® (TEST) ® (TEST)
CSP ° ® (TEST) ® (TEST) ® (TEST)
WLCSP ° ® (TEST) ® (TEST) ® (TEST)
FOWLP/FOPLP ° ® (TEST) ® (TEST) ® (TEST)
SiP
Power IC/Tr
Discrete
IGBT
Opto ® (TEST) ® (TEST) ® (TEST)

INVTRERK
(BR) FEER)\wr—JEIREEE2021(GNCH)ZEECN T T 7RI\ RF9 /0 hMERK
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. Tongfu Microelectronics (H&E)

1-2-5-7
1-2-5-7-1. Tongfu Microelectronics 7’0774l

Tongfu MicroelectronicsGEEMEF)(E. 7t 4 (ENanton Huada Microelectronics GroupttéE TIBEDEFEET
Holeh. 2018FE(CETBHNEFRANSHGEL. Nanton Huada Microelectronics GroupDF=tt&ol.,

2016F4H. AMDEEASHTF-AMD(GBEERBRFEMRBIENE] ) ZiRIZU TR,

AMDO7nmIJOERZAVZ\A I RIOEyHREDFE EHMFRT. RIS LUT A ME>TVBEIHOFE L BIEIMNLTLS,
Feim/ W —SORFEISEHULTED, PEIS TORZMGZIEMmNCEDH TS,

2hE - HUE(C6 T 57250 TLVD . TIHFATERIE TH22/RAS1 M. TIHOFHIEHRZ R 2 571 RIRT

LS/ W-SBEFT LS
1,800 99.5%
1,600
1,400 99.0%
1,200
98.5%
1,000

800

BARL

98.0%
600

400 97.5%

200

97.0%
2017 2018 2019 2020 2021 (A1)

RIE RS )\ —DHEE e—) - DEREER
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1-2-5-7-2. Tongfu Microelectronics FabOJ—3>3>

. ¥ ; ' . £ f * {"‘?'i‘ : ;“
£y Fiple L+ N o
3 = :

- HE
‘z' -Jiangsu(2)

ESN AnhTls =l
:‘--_Fujian. ¢
o .

- -Suzhou

20[E - HIIS(C6 T3 %45 D
X F— SIS TR 53 B HEIMNIC TR E UL,
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1-2-5-7-3. Tongfu Microelectronics Fabs¥l15¥k

pajIVET

148
SIP
SOP/TSOP
DIP
QFP
TQFP
QFN
COF/TCP
BGA/FBGA
Stacked Die BGA
Flip Chip
CSP
WLCSP
FOWLP/FOPLP
SiP
Power IC/Tr
Discrete
IGBT

Opto
INOTHERR

Chongchuan Hefei Nantong Xiamen Suzhou Penang
Jiangsu, China Anhul, China Jiangsu, China Fujian, China Suzhou, China Penang, Malaysia
At Ti5, 3THHE. |MHISLUTANIIEZ |FOWLPOATEREN %ML, (20194128, &/FRMA. |FCBGA. FCPGA. 20164 (CBGA. WLCSP

8By,

20195 (C4GID-T7>TD
SEZRIG. FCTFBGA
DEFE (KNS

I\ TRZRR. WLCSP. CP.
FC. SiPOEIEZ5TH,

FCLGA. MCMBED/\A
IDRWr—S0REz
B,

> DOIERICETF

OS99, 7909 ST, ODvD. 7300, [V BEREE  |Oov). 7F00. A0 [E/ L BERSES |09yl 7700, 742D
FARI—h h =t
2 1 2 2

[ ] [ ]
[ ] [ ]
[ ] [ ]
[ ] [ ]
[ ]
[ ] [ ] [ ] [ ] [ ]

[ ]
[ ] [ ] [ ] [ ] [ ]
[ ] [ ] [ ]
[ ] [ ] ® [ ] [ ]
[ ] [ ] [ ] ([ ] [ ] [ ]
[ ] [ ] o o [ ] [ ]

[ ]
[ ] [ ] [ ] [ ] [ ]
[ ] [ ] [ ]
(&R 388 Oy — S SRRMBE2021 (GNCH)EEEICN T T 7RIS ZFJOSHWER,
105

(©) NTTAT




1-2-6. EMSTHh%

(©) NTTAT 106



1-2-6-1. EMS Lt ¥ D5 ERES O+ )
« EMS_ {710t D55 £ (20165F-2020%F )79,

« 75 L@/ byIJDFoxconn(d2fiidPegatron(cAZE% DI TS by T2 HERFL TW 3.
> 1740%(E T OMAINEZELTLDEWNZ D,

« 2016£E(C(F101izfEofzApple AirPodsD#ETZ{EZE ToHdLuxshareh2020F £ TIC
6fiL(CTRIEM (CFE_EEZHIXL TS, 20165152020 F FTOIERSZR(E572%E
22 TULD, 2020F 7R (C(FiPhoneDFHIZIEZE THDWistronDHRETIHE IRz F
FILTHED, 2021 F(C(FSBIEfIZHITDERBND KNS DZEE Tie L2 ML
L. $EiihEEHTLBREEDN S,

(*1) https://36kr.jp/86402/

20205F5% 317
1 Foxconn(&7) 133,355 144,004 161,966 163,465 163,955 23% Foxconn(&7)
2 Pegatron(&33) 35,805 34,162 38,251 40,366 43,289 21% Pegatron(&3)
3 Flex(3>HKR-)L) 24,419 24,781 25,440 26,211 24,210 -1% Flex(>>#k—)l)
4 JabilKE) 11,012 11,057 12,269 15,431 16,612 51% Jabil(CKE)
B Wistron(&&)
H LT 0,
5 Wistron(&&) 11,403 14,447 15,371 15,176 14,602 28% 406,512USM$ Luxshare (chE)
6 Luxshare(E) 2,036 3,377 5,303 9,248 13,684  572% B BYD Electronics(FE)
7 BYD Electronics(5PE) 5,783 5,987 6,247 7,897 8,882 54% ¢ ® Huaqin(HE)
8 Huaqin(®hE) 3,120 3,598 4,556 5,325 8,136  161% ® Quanta(&7%)
. B Sanmina(CKE)
9 Quanta(&Z) 6,236 6,116 6,211 6,394 7,092 14%
W Zofh
10 Sanmina(KE) 6,481 6,868 7,110 8,234 6,960 7%

. Bify7 : USM
(B41) GLOBAL ELECTRONICS MANUFACTURING SERVICES(EMS) MARKLET SIZ%, Status AND FORECAST 2021-2027(QYRESEARCH#%1)ZH&(CN
T T 7RIV R55 /05 HERL
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. Foxconn (&%)

1-2-6-2
1-2-6-2-1. Foxconn 2’'0771)l

Foxconn((EBRHYER]) (A EBICARAEEEMSTEE., 2020FEN0>17(340%EB2THD, 2ALCKEEDIF TSI MNWTE
o TL\B,

FETIHE BBC6TIF(RERETS. RETS. [Bif—T1 15, Bl _T15. [Biff7 115, Mk T15)ZEx 3.
Fisker(CRE). &HSE(FE). BYTON(FE)FLHEL TRROEVESE TOBIMELZRBL TS, i
20206178, B8HFTRz%IL. EBTE. ALHEE. E2F1E. FEK, FHEEDS KIAFFIZEREL TL\D,
2020 DAFRHAFREEE3201B8 A RLGEFRD1.76%) Thd. \

4B ZXD (I>21—~NXIVINOZIRDEF. 959 R -2y ND—IRBEDEF. WV IVimERDEF. TI\AABLUZDDR GRS
55) TEEZITOTVDB. XFBEXDTED5c HIBHIIIELR

Foxconn5c_EUNZS

200,000

150,000
N
7

io 100,000
i}

50,000

0

2016 2017 2018 2019 2020

(B#l) GLOBAL ELECTRONICS MANUFACTURING SERVICES(EMS) MARKET SIZE, STATUS AND FORECAST 2021-2027(QYRESEARCH*:|Z)EBJ:U“
Foxconn2020FEERIBEEZEZELCN T T 7RI RFTH./O0HMERK
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-Yantai
~ +Zhengzhou
| -Changdu
+Longhua

105E - #1819z +5 D

(&) Foxconn HPZEECN T T 7RINVRF)/OSHWER
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6-3. Pegatron (&iZ)

1-2-
1-2-6-3-1. Pegatron 2 0771))
Pegatron(FIfEEI SR FNE])EEEICARHLZEEMSITEZE THd.

2020FDAFTFARE(LS5678 15 RIL(GHEFIZRD1.19%) THd.

thigBlI5E (. &ER6.8%. 7777.7%. FIN43.1%. KE37.6%. ZDMN4.8% LRI EEMIHZERITLD,
FTERRCE, /- NV, NIV E1-5, TAINTIE1-4. =LY —)b. \SRALRT A 2, IF—R—K,
EFAH—R. LCD TV. BLURNY—rIA>. YT RwIZ =TT LAREDTO—- RN RBER RN HD,
IBEREFER. BEETFTEMA. REFDIXDTEEZITOCVD, XBEXDEDTT LIBIRIIIFARH

Pegatron5t_EUXZE

50,000

40,000

= 30,000
L
o

i 20,000

10,000

0

2016 2017 2018 2019 2020

(B#l) GLOBAL ELECTRONICS MANUFACTURING SERVICES(EMS) MARKET SIZE, STATUS AND FORECAST 2021-2027(QYRESEARCH#tt)ZH LU
Pegatron 2020FFIRIREEZOECN T T 7RI\ ZAFTH./OSHMER

(©) NTTAT 110



7hE - Hs(C11 TIH% 5D

(BH) Pegatron HPEBE(CN T T 7RI ZATI/0SHER
(©) NTTAT




1-2-6-
1-2-6-

Fiat Chrysler&En\3,

Flex(d3> > HM—IUCKRHZEEMSTEZETHD.
FEREXEI(C(L. Teradyne. Dyson. Xerox. Cisco. Nokia. Ericsson. Lenovo. Motorola. HP. Bose. Ford. Nexeer,

4. Flex (>HHk-))
4-1. Flex 2'O771)

® HRS(High Reliability Solutions). IEI(Industrial and Emerging Industries). CEC(Communications &
Enterprise Compute). CTG(Consumer Technologies Group) DX 73 THEEZ1TOTLB,

Flex5s_EURZR
26,500
26,000

25,500

BARN

2016 2017 2018 2019

25,000
24,500
24,000
23,500 I
23,000

2020

FBEXDFIFE LR

HRS

CTG r
21% 200/)

24,210USM$
CEC IEI
-

=HRS =IEI =CEC = CTG

(B#)) GLOBAL ELECTRONICS MANUFACTURING SERVICES(EMS) MARKET SIZE, STATUS AND FORECAST 2021-2027(QYRESEARCH#1)&&U

Flex 2020FFEIREEZZELCEN T TV RADRFT/OZHWERK
(©) NTTAT
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1-2-6-4-2. Flex FabO¥—>3>

*

1 o
i -Zhuhai(2)
AR -Hong Kong

2803 -Shenzhen(2)

-Dongguan
-Nanjing
o -Shiyan
2}9@5 . l - Tianjin
/ 1507 &
g U ® ~. Bx

IKF

-ERR
=
e =
BN =
T IL—-37 ,//’/’
/ -SHs=
- _ BT
11n[E-#BIK(C21 TiHZHFD e
X E— B TIN5 3 BA HEMAC TSR, i
(BHN) Flex HPZEEICN T T 7RI ZFT0./0SHYWERK
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1-2-6-5. Jabil CRE)
1-2-6-5-1. Jabil 20771)l

JabillZKECAH ZEEMSTEZETHD.

Jabil(&23[E - #BIS(CO0DHEsEZFF o T\ D, EREEIR(E. KE., FE. XL—->7,

ZA{LFEE(DMS)LEFRISEE(EMS)DEEX DRI TEEZ1ToTVS, EMSEENIabilDETHD. 5GHELUI5IRI>

E1—71>7. IR+ —. EEEBREFORMZRISL TS,

® FEREEXEI(C(X. Amazon.com. Apple. Cisco. Hewlett-Packard. Ingenico Group. Johnson and johnson. LM
Ericsson Telephone Company. NetApp. SolarEdge Technologies. Teslah',\3.

® 2020F0AFTFHFEE(E44. 1USMS TRIFDFMEFZZD0.2%%ZHTTLVD,

Jabilzs FURZS ERXHRIF LR
20,000

DMS

15,000 39%

10,000 EMS 27,300USM$
61%
5,000

2016 2017 2018 2019 2020 = DMS = EMS

BARNL

o

(B#)) GLOBAL ELECTRONICS MANUFACTURING SERVICES(EMS) MARKET SIZE, STATUS AND FORECAST 2021-2027(QYRESEARCH#1)&&U
Jabil 2020FFEIREEZELICN T T 7R ZFT0./05HYWERK
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1-2-6-5-2. Jabil FabOs—>3>

23n0[E - HUs(CO0DMEERZFF o THD. EBTIHIIKE, FE. VL->7(H 3.
212U, TiH0OZUIR AR,

(B#1) GLOBAL ELECTRONICS MANUFACTURING SERVICES(EMS) MARKET SIZE, STATUS AND FORECAST 2021-2027(QYRESEARCH#t)Z6L(C
NT T7RI>R7T9./02hMER
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. Wistron (&%)

1-2-6-6

1-2-6-6-1. Wistron 20771

® Wistron([daB(CARHZESEMSIEETHD.,

o MFFFENLSLF, & (adt. &) . FE (Zhongshan. Kunshan. Shanghai. Chengdu. Chongging. Wuhan) .
KE(HY/P)SHESNTLS, \ ] ] \

o IRHB-HILRE, J—MNIYID. Z7—RTAA\S RAJL KSR, T2 M FIIE 1-5EAN-in-0ned P 1-4, T12TL
;( \%Fl'éﬂc'ﬁ':\ VOIPE R, H—/N\erwhD—IARN —T5%4iE. EZFRPC. 7J9-H—-EX. 20fth, X EmIERICED5E_LIBIRIFIE
WANE;?

® 2020FFDIAFRFHAFEE(L. 647,934B K FILT. EFEOFIZZD2.25%ER>TUVD,

Wistron5c_EUXZS

20,000

15,000
—_
z

io 10,000
i}

5,000

0

2016 2017 2018 2019 2020

(E#1) GLOBAL ELECTRONICS MANUFACTURING SERVICES(EMS) MARKET SIZE, STATUS AND FORECAST 2021-2027(QYRESEARCH#t)E LU
Wistron 20205 FREIREEZHEICN T T 7RI\ ZFT7./05HERK
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1-2-6-6-2. Wistron FabOJ—>3>

-Zhongshan
-Kunshan
-Taizhou
+Chengdu

2 \-_ T i
- _,;} | -Chongging
LT - ;fl. “l”“lllll'lL‘
T

AR 5
;

8hlE - HUs(C12 TiHZ 5D

(&) Wistron HPEBEICN T T PRI ZF)JOSHHER
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1-2-6-7. Luxshare (HE)
1-2-6-7-1. Luxshare 20771

LuxshareldHRE(CRKHEZEEMSIEETH B,

RE, Bl 873, XKEICEEREERIMEZETOCADHITHE T 7Y M A —LZBEL TS,
2020FEDAFTRHFREL. 3727878 L RILTHD. BiELE62.74%1E Z_CL\ZDO

%%Eﬁ(i 1B REEEE R, BEERIRIT(ET( R - B8 &E. 1517 — 2385 Eb 5 - Fa s
mo. K. TOMDXERH>TND,

BT TO5E _EHY90.63%. FEEAN.37%EBINEARDST _EABRKICROTLS,

Wistron®DHRETIiH%#EUXU. iPhonefBxI{EEN3EFEFLRO>TNS,

Luxshare5t LUXZ EEXHBE X
16,000 ot BEEAIRY
' 0 W
14,000 e ‘"‘ FALTA R
12’000 *aﬁa::g[sﬂﬂ
' 3%
. 10,000
22
iz 8,000
T 6,000 J=1=4-33>
2,000 . RE RmURES e
N 5% e
’ 5% 3%
2016 2017 2018 2019 2020

(B#l) GLOBAL ELECTRONICS MANUFACTURING SERVICES(EMS) MARKET SIZE, STATUS AND FORECAST 2021-2027(QYRESEARCH$’:|:)3'SJIU
Luxshare 2020FFEEHREEZ2HECN T T 7RI AF7/0HWERL
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1-2-6-7-2. Luxshare O —>3>

R
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A524
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RE

- 1HLR

IRE
- 1Hb=

OnlE - Hisk(C 35 Z 5D

*7

R
-Shenzhen(2)
-Jiangxi(8)
-Kunshan
-Jiangsu(8)
-Anhui(2)

- Fujian
-Zhejiang
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-Hong Kong
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(SP:N
-FRER) |

LAN\TR
=)=}

- Taipei

(Z#1) GLOBAL ELECTRONICS MANUFACTURING SERVICES(EMS) MARKET SIZE, STATUS AND FORECAST 2021-2027(QYRESEARCH#t)& LU
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UTu3,

Foundrymi#% Cl&. TSMCH'&FEiRTOTATHATLU, SI7ZILAL TS, &1L,
SMICIEHREZOIEERLAFEEZE 25| EZ T 1 72 AL TS,

IDMTI5ETlE. A-N—YA I DIFRZE% R IITEAEIA-NTHSSK Hynix,
Samsung. Micronh*>I7Z2ILKU TS, EYIT—IDERICLDT—FI>ITD
DRAMEZENKEL. DRAMEARDSK HynixDEHUHKREL,

FabL 2315 T4, Intelh*10nm IO RBFEICKEIL TLSHWEICAMDAYS T 7%
ALTWS, &fo. NVIDIAQE DR THHGPUNPCT -~ ATOFIM, T-5E>5TD
FA. ESEEONA =) TOMBAMRU, S17ZihAL TS,

OSATHIZHLUVEMSTHIZ TlE. FE - 5BDOXA—-IHthigZZBELTHED. MRAAREIC
SOERAY (S T 7 RER(CEILTUL B,

FERREEETISE. FEAREETHhIZOEE(CHHET2018FFTORA—/\—HA
INDORENT2019FE(SHEAUIREDD. 20204E(ZCOVID-19(CLBRETENTEE, DX
EHE(CLDERR(CHUTLS,

HEARMBRIHIS . ZMARD2019FENS52020FE0THIZOHNCDOVTIE. I—Fvk
MH3.6% CERHIEL. TAMNRING. 7% TROLEMOEN. ETOMEBIN3-7%0DEE
HTHRUTHED, TiimOHBUNBI DB IEH o,
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o FEAMBIA-HICBALTIE. BU(MerckicLdVersum MaterialsOEUR) > HA
LB EEDEF (DNPEPhotoronics, T2 hIIVIEFEREGAEEE., BIE
T &ESK Materials, LT MetaltEHFPEERE T EREDEF(CLDIEF)CLDIEEER
DEAMIASEL - BIEN RSN, —75. ENSEINPEIESN ST — XA (M YBAFICLD
Globalwafers®SiltronicEYXANERIZ ) b, & [E - S RIA-H—DEE 4%
Fosik L D DIDDTITRVNEHETESN D,
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. MSBACREARE(CES. Foundry-IDM-Fabl - OSAT - EMS- 48RS EE
AHAP OB IR I SBEILATIEBDNS, LEL. ETh CREL A0
WX Z0RINETOIIYBAINDRTETS THB.
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1-3-1. GAEDENELE R

ETBEEETHD, K-P-58 -5 - JROSHE - MK DOWVWT, YA IOV MZIR(RD
FETIDINHIEDOEEENRZHES 3.

[(F=]

« RIIICIEOT, FEN, BBLZEREOHRINSERRFEROEERREZH AT D,
ERBAMZIERZFISHUTETNS,

o —75. DIBTEOE T, ERICT7Y RREICLD, BEARET, B, A1 HBADA
HER A SIBMTON TR, SHUCHU T, KEL RV, 88E, BBV TIHERT
0317~ BERCERH NS L.

(EL:v)

« INSXE - MIBOZEOEFEZHEL. EERICLERU. DHEITIET INEFTOR
HISZTIRDINRZAREL T Do

« Fe. EDARISHR(CEI I 255 RIE I HL T SROGMMEZRET D,

(©) NTTAT 200



1-3-1-1. SAERE

(©) NTTAT 201



OV =

« Z[E - HUsOFEERERADLNSZIRGHROSE, RFAERIBEHIBHER Bz, 1
N =T = INBINEU.,
o INWIZIE(CIFMHBLE - TJ7> R, BiFliE8., ARERZIE. 1> J7BERENDD, 2
o« EEEDI5. A=T2Y=XT =515, KE - MO EAREZE(CEIEY 5 IE
IBI¥RDI5. EXECEAEIN AMER IRz UINEUT,
« BARBICE. BUFOLOREGFTIBRHRZUINEU.,
o EIFENMDHNIHZESEEEIEDOTEE. il - tRUETFEESEOHNIHDI5E
(FENSOEEEZUNELS,
o FEKRICPEETERVMWIIRIET x xFFZHMTIRE)ZE T FEMRDIISHHER TES
HadEHEZIREUR,
o FIZ(ETHEIR, BENEER, A A(C2IRDACDIRE 1DHE . FEMAREL/3D
6,6672IAEHETE U,
REJOIREZECOWVWTIE, BEZEDANNUal Reporth' 515 RZUNELT,
» SHERERODMICEAL TR, A-T>Y-RT—INSHE - HHOFEARELEEE N F
BARhER B FXE. FablessTEZEOFE LXEREDT —HZUNEL. NHIBEERERL
DORZREZZRUI,

*1: RE - MR OFEAREZE(CEI 21— YA M l(CIEHREIEU.
*2: oFl 2 FEEEIMTEIRAHE{EEZ( https://www.meti.go.jp/meti_lib/report/2020FY/000167.pdf )
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o Z[E-MIHO-1-XYA( NTIHRRL. SEELHARID BAMERIFERZUNEUI,
« BBEEEEEROC. EEREDANNUal ReporthSE B RZINEUT,

Z1-AB1 M2 Annual Report
Y5, BREIEREDIEIR
MR hoffcsh, FEF Samsung
=R NALZSE A n B A
BAEOYA b FEK" "HEE z{ﬁétrt%%égnual SamsunglEEEEAE N
) onductor o (21— A FTOMRRIER(ICIBER (D)
" semiconductor

AREOYAH "subsidy"/"government grant" + | :
! SK Hynix i
EFI(D'U"”\ "E'ﬁ%’—%" "%I\JH\IJ_'I_" i i
i TSMC |
EE@-U-,fl\ lltﬂ.EX_”u "EEE%" i :
i UMC |
RAY - BRI i inte |
fj',”\ ® "Halbleiter" "Subventionen" i i
! Infineon |
XPEOOVTE. Bt |

DANHI T IEIEER A= 71— ¢ INBOEZEEE &N GHODT, Annual

LTHD_EFBN TSI, Reportd DI . y

e o BRI RO BRN = 1— 2 (Z1-AYA N TORRZRIEREER I DT

1: RELEOUZ AN TORTIER(CSENT UTIZEEEEBN— A DHELR)
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KIGRDRE : AAFKERCKE 1/2)
- INEUIZREDE RN IESEBIFRZ U T (CBH T2,

ﬂ_

2013 HKRJIL  [R&D]DARPA (C&2¥EAKFAT Y —6HFRDERT
2013 5 0.3  #RI  [RIDIKEDHEFKFATIEE NIST ([C&BF/ILINIZIAHRTAZST 9’-7/\0)%@5
ks [R&D]JARPA-E (C&BLINY RFpw SR EARDIZHOEFR AR, BN, EEESE O
2013 1 0.3 KRV sekeziosiok
2013 5 1.7 #RL  [R&D)IZ1—I-MNICEBRAT A T=RERLZIT—/\EE (SUNYPolyFO554)
2013 1 1.3 KRV [FablA>TIVHEBUREERE. T30 EEICREIRFMEIE
2014 1 1.0 KRV [Fab)1>FIVHEBURERE. T3> M EEICREIIBNTHEIE
2014 1 48.0 KL [%R&D]::L_H_O')‘I\“L_cté’( >F ). TSMC, Y AR RESH(T I 2R A ERFFRADMHED
2014 5 3.5 ¥R [FablDoEIC&3/—Z2A051FMIC/ST—T LY MIZIZADES LS %% E T Bl DEENE
2015 1 1.1 KRV [FablA>FTIVHEBUREERE. T35 EEICREIRFMEIE
2017 1 0.04 #RJIL  [R&D]DoDICLBAIY—/\[EIFGPUDIAZSRIRENAR S
2017 1 0.005 Z N [R&D]DoDIZ&3Mil-spec memoryDBIFEENRE
L [Fabl <> RN OFEARRIE, FEARMBIORIE({FRAINZHABLMEEYIEDIRFEH &
2017 1 0.02 KNV (s sismEoRRHONRES
2017 1 2.6 ¥R DOECLBA>TFINRBEADBIREE
2017 1 0.7 (Rl (—S=7MI(CLBMicronADBIF S
(HH88) NTTZRIASZTO/O0SHREH [Fab) (3. 4/EREHILTE B M BRRER 221

*1: 20219821 BFROL— FCEH(1KXRV109M, 17817, 194>0.09M, 15&ERML3.9FM, 11-0128MH) (R&D](L, ﬁﬂ%ﬁﬁ%@ﬂ'\]b“ﬁﬁﬁﬁﬁﬁ{306
(©) NTTAT



KRIGEDRE : SAFEKRCKE 2/2)
IREEL KRB D ER NN ZIE S EABRE U T ICIBH I 3.

ﬂ_

2018 KRV [R&D]DARPAICL B3 EARILMIFAFE IO 178 (ERI)

2018 1 1.6 KR [(Fabl/>FIVHERBUERE. T3> EE(CREI2RF/ENIE

2019 1 17 KR ;%D} EPHFRAECLDFEMEHRCTHASNZFYIOEERE, EEREH DM _EEFtionm Lt
2019 1 0.1 KRV [Fab)7F+ Y AMCLBTIND w1 EBN k& (Texas Enterprise Fund)

2019 1 0.4 KRV (FablZ1—3—-M(CLBFabl10EURDENRYE - a5t

2019 1 6.1 KRV [Fab]l=1—3—-7M(C&BCreelncAD200mmERD LURFII—/\&iE TIHEHE

EIBFFRA(C LD 1> T IV ADFBNIE (SHIP(State-of-the-art Heterogeneous Integration

2020 1 R Prototype)s£271—X)

(Fab) (&, E£EREDILITEBINBARER AT,
(R&D] (3. HAFTFHFEENINBARER S/

(L) NTTZRN> 2700+t
*1: 20219821 HEF=OL— hTEE (1K RL109M, 17817, 194>0.09A. 1&&RL3.9F, 11-0128M)
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KIADRE : AAFKER(PE)
IREEL B D ER NN ZIESEABRE U T ICIBHI 3.

& B o e@@® 8 __@mE

& -BiaX- B - B EOR S IATIC S S ICEEIRE T > R

2013 1 300.0 7T
2014 5 1,387.0 7T hEBAFC L DR EICEZEIRE T7> R(Ev) J7> R)E—HA
2014 1 300.0 7T LRI LB ERBOIREEDREERDOODRIIEE T R
2015 1 500.0 7T [Fab] EBMICLDITERIRICERE 51> DRSS R - MPEENDIE (BEE)
2015 1 318.0 7T A - BiAX - B - AT REDI S BRT(C LD ICEERE I7 > R
2016 1 2,080.0 7T =g X - B - AT R EDIN T IATIC LB ICRIEIRE Ty
2017 1 900.0 7T A- E/ X - B#E - AT R EDH S AT (C LD ICRIEIRE 7> R
2019 1 0.2 7T [R&AD]EEMICLDEISFEDIATTHFEICKT I DHHBIE
2019 1 500.0 7T EOHBAFICEBICH T IR
2019 1 16.0 7T FEIAFICLBChangXin MemoryAD> >S4 —hl—>
2019 1 19.0 7T K PSP 0O EBAFOEEIE
2020 5 2,041.5 7T REBACLZREICEZESEI7> R(EY) I7> R)E_HA
2020 1 22.5 Z N FEIAFRI7> RS Foundryss RFOFSEBREM B RIE (SMIC)ADHE
2020 1 600.0 REBAFRIT> M SEERAERER T OFEHRI IV AICET=HUNISOC
CommunicationsAOHE&E
2020 1 149.1 7T FEBRAFCLDFERPZEL19HNADHEIE
(H#8) NTTZRNCZF7/0SA =1t (Fabl(d. & ERENILFEERINBAREIR R,

*1: 2021F9A21HEF ROl — FTEE(LKRL109M, 17817, 194>0.09M. 1&ZRL3.9F. 11-0128M) (R&D] (&, FAFFHAFEE NN AR Z
(©) NTTAT 208



RIRDHAE : AERR(FEE 1/2)
» INEUEREOERNRZIRERRIEHRZLL T BT D,
& B o em@®  owg . @mE

2013 1 76.4  UA> [Fab]SK Hynix(C3i 3 23 E81mICRE I 3BhE

2014 1 71.7 A [Fab]SK Hynix(Cxi 3 25 ¥Es5%MmICRE 3 24BN E

2014 1 1.8 A [R&D]EEBAICLSD. YARVEBFADIATA S ISHHBREDHEIE
2015 1 66.2 A [Fab] SK/\A 2w/ R(CxT 9 2L 55l BE I BN E

2016 1 58.1 A [Fab] SK/\A Zw R (CxT 9 YL 55l BE I DS

2017 1 58.3 JA> [Fab) SK/\A ZwHR (xS 2D E MBI SFHENE

2017 1 25.0 4> BARCEF(CHIEEBRANSOHEEIE

2018 1 195.1 A [Fab] SK/\1 2w/ R(CH S 258 E 554 BE S 24MBNE

2018 1 116.0 UA>  HARCBFICEIREEBRMANSOMENIE

2018 1 111.0 A BBERAFICEZTAN SANMOIYF I H A EEADHERIE

2019 1 147.0 A HARCBFICEIREEBRAENSOMENIE

2019 1 10.9 A [R&D]EEEBAFICELSD. TESADFEAHTOCA BRI I AR MEIE
2019 1 184.8 A [Fab]SK/\A =W/ R(CxI 9 2L a5 BE I B1EhE

(Fab) (&, A£EREHILTEEBINBARER A T,
(R&D] (&, tAFTFFEB N B Z 4+

(LBER) NTTZRNCRFI/0SH%A T
*1: 20219821 BFROL— FCEH (1K RLV109M, 17817, 194>0.09F, 18ZERL3.9F, 11-0128MH)
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RiRDHAE : AERR(FEE 2/2)
» INEUEREOERNRZIRERRIEHRZLL T BT D,
& B e@m@®  owg  _@mE

2020 1 131.0 IA> [R&D]LGEF(CX I DR EBAT N SORFTHFEMEIE
2020 1 1,100.0 A BRERNCL =M - Bhm - = mR > Fr—Tr> R

2020 1 800.0 A RREIBUR (CL 2R A E SRR 7> K

2020 1 82.0 A YLAZDEFIH I BERE BTN SOHEIE

—_— . fGEe T | o SBERTFCES 5 A AREDIRE ([Th - 25 - 25072.01). 055, ik, FREENE
rOL0: 7 (EENEEREDEV). NAADIKEREI2IKA S HNEDIZERITS,

2020 1 172.8 A [Fab]SK/\A ZwJ R332V E s fim(C B9 dENE
2020 1 150.0 A [Fab]BBEEFICLSERNRO TLBEED TIZADOHIIE
2020 1 23.2 A [R&D]FEEATICLBTESADHFEAHRTOTAPEE(CRI I AT MFEMHEE

(Fab) (&, L£EREHILTT BRI BARER AT,
(R&D] (&, FAFTFFEEIN IR R T

(L) NTTZRN>ZF7)/0S%A =+t
*1: 20219821 HEFOL— hTEH(1KRLV109M, 17817, 194>0.09A. 12 RL3.9F, 11-0128M)
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RIRDHAE : AERR(AE)
« INEUEEOBFRKEICLDERNNZERERBEHRZ L T ICHEI D,
ﬂ_

2014
2015
2016
2016
2016
2017
2017

2018

2018
2018
2019
2019
2020
2020
2020

AN B B B N =B BB =

= N =B =B =2

2.5
15.4
0.2
95.7
67.6
28.1

40.0

71.3
151.0
6.2
34.2
10.7
76.9
2.4

(BEE) NTTZRNDRF)/0SH%A ST

*1: 20219821 HEFOL— hTEE(1KRL109M, 17817, 174>0.09A. 1&&RL3.9F, 11-0128M)
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BB
BB
BBRL
BB
BBRL
BB
aER
BB
aER
BB
SERL
BB

[Fab]UMCICX I 2 EEEUSCXI 3 3HBhE

[Fab]UMCICx I 2 EEEUS(CXT 3 34EhE
[FablTSMCOT > b, 5%ff. BRI 2fEhE
[R&D]A + B¥A IR—IVAFTRFETOI S A
[Fab]UMCICX 9 2 & RS (Xt I 2B E

[Fab]UMCICx I 2 EEEUSCXT 3 3HBhE
[Fab]TSMCOTZ> b, 5%f. it ERICx I 2#@EE

[R&D]ALIHR TEA T DFEARORIELICF YT S AT AT AT (B RG BET
EH(FEAIy>TOS1Ih))

[Fab]UMCICXI 9 2 EEERUSC X I 2N E

BB HB(CLBChipMOST TechnologyADFEEE
[Fab]UMCICXI 9 2 EEERUS X I 2N E
[Fab]TSMCOT5> b, 55|, it ER T3 2B
[Fab]TSMCOT 5> b, 5%, TitERICKT S 2BIE
BEHBCIZFEERDEFAOHIE
[Fab]UMCICXI 9 2 EERUS Xt I 2HBE

(Fab](d. £ERENILIEERINBARELR ZT,
(R&D] (3. HAFTFHFEENINBARERZ T
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REDHE : SAEGR(RY. BN 1/2)
-« INELERAY(RAYESTERMN) OFERB AN ZIREERBFHREZ U T (5T .
ﬂ_

2013

2013

2014
2015
2015
2016
2016
2017
2017
2017
2017
2017
2017
2017

N

o T S S e S N = T =S I = =

100.0

0.4
0.4
0.6
0.5
0.3
1.1
2.0
3.0
17.0
0.4
0.3
2.0

(lBER) NTTZRCRF/0SHA
*1: 20219821 BRFROL— FCEH(1KXRV109M, 17817, 194>0.09F, 18Z&ERL3.9F, 11-0128MH) (R&D] (&, HHFFHFEB N AR ZM
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a1-0
a1-0
a1-0
a1-0
a1-0
a1-0
a1-0
a1—-0
a1—-0
a1—-0
a1—-0
a1—-0

[Fab)InfineonD&I&EHEEZ RS DDA E

[RRD]ECHEEUHE/MRRIFR IO 1 MHorizon2020). 70% 2SN ERAT - 5 B8
AN FZDD30%%ZEU (FRIHES) MHLE . RAVDRL T RENTATTREIFEHLS

[Fab]InfineonD&EIENEEZIEFE DI HDFHENE

[Fab]InfineonD &S IEFE DI HDFHENE

JNA DIV INCE BN T —HBIRREDEZFEI S AT —\DFFEIE

NIVF— T34 -ABRFDimec DB E
[Fab]InfineonD&EIENEESZIEFE DI HDFHENE

NILF—BRFDIimec ORI E

PRAZ | [ &y R ANOY )3 )

RAVEAFRE(C LD ROYDFVTEBPINDIEENE

[Fab] RAYEAFICLD RURAT > DRLERII B EDNAIOIL I MOZIAND#HEIE
[Fab)InfineonD&EL&E s DI DFEEIE
[RRAD]EZEDISCF(EZHEEEEFrL>EE).

[Fabl>1U7—~>OBEED T/ —(CdD. RLAT > OFFvI TGRSR OHOmMENE

[Fab] (4, 4EAEIILTEEHIN BB IRAE,
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KRIRDRE : AAFEKR(FY. B 2/2)
+ INEUR RAY (R YESEBRM)DER NN SHELEREREZ U T (IB#H IS,

ﬂ_

2018 [Fab]Infineon D& &htEEE 2K DDA E
(R&D]8n[E - ittish, 43D/\—h—(CLBEENEBEESIRIF-DZRO/ND—HEARDOIATT

ADS 2 U7 L0 FHFEOHORRINDOFEETOS 15 M(Power2Power)
2019 3 0.3 1-0 [R&D]ASMLRREICEB3InmIF- BRI iDFRESICEE T2/ 01 Oy MAFE(Pin3sTO02 1 M) (ST
' BEUDMRIE.
2019 1 0005  I-0 {RT%D] HEBATHEBINSParagraf(cii d 3. FEAERADA > I NI TTIICESHZBIZHO
AR OMENE .
2019 1 0.6 1-0 [Fab)InfineonD R E MR E S DIcH DR E
2020 1 0.4 1-0 [Fab]lInfineonD&Eh&E %R DIzDI#EENE

(Fab) (&, E£EREDILITHBINBARER =T,
(R&D] (3. HAFTFHFEENINBARER S/

(L) NTTZRN>ZF7)/0S%A =+t
*1: 20219821 HEF R OL— hTEH(1KRLV109M, 17817, 194>0.09A. 1&&RL3.9F, 11-0128M)
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EEDAE : ABEE
o [BHRINEFETIRAEGECEDVWTA=TIY—-ADBUELZ. 2013F-20204F
DR [E - {ig D EIR(CEAT IR ZIREZADIEETEEZ < I,
« FEDONNZIETRE(IMDE - HBiE(CLERBEBE R TH B,
o AEBALCIE. BRMKE DFHEEIREENKEL,

NZIESEE!
HEHRS HRERENILTE. 20"
IBAL | . s &% -t 2%

2 | @BER) | & | (EREN)
1 E 110,525.4 FE] 110,062.3
2 PR 15,419.8 RN 3,433.9
3 KE 8,475.6 RAY 3,247.0
4 RAY 3,247.0 KE 1,972.8
5 =p 1,981.8 =p) 1,873.8
6 55 488.8 55 466.7

(lBER) NTTZRNDRF)/0S%A et
*1: 20219421 8K ROL— MNTEH(1KRV109A, 15817, 174>0.09. 15ERLV3.9F. 11-0128M)
*2: BARECHRERIRBEN THDENAEREN TV BIEHRZRV LR
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EEDAE : AFER

o [BIRINE TS ETERNIAECEDIVWTA—-T Y —-ANBUREELTZ, 20134-20204F
DEE - WEOFEFICEHT IR (ARARBENZSE ) 2 E5TUIER

2RI,

2013 371.3
2014 5,151.3
2015 352.3
2016 208.5
2017 542.3
2018 546.0
2019 925.1
2020 240.0

4,770.9
9,097.3
17,176.2
36,858.8
18,363.1
4,326.4
8,346.6
11,494.0

KE
PE
HE
— AL
—— B (F1 V&)
1Y

(BE8) NTTZRN\SRFT)/ 0%t

#HENE (B FIL)

6.3
6.1
5.5
4.8
6.9
36.7
29.0
392.2

30,000

20,000

10,000

0.8

9.1
397.7
342.6
831.2
180.2
220.2

#HENE (RWDE) DHEFS

0 -‘:’_‘_::@Zb.

2015

2020

31.7
44.6
68.5
60.3
2,883.3
43.4
68.1
47.0

1,709.3
1,722.2
1,746.1
1,796.6
4,719.7
1,721.0
1,785.8

86.4

#BE RDE) DHEF

(P E LS

2015
® NTTAT *1: 2021921 HKFROL— hTEE(1KRLV109M, 17817, 194>0.09A. 1&%& V3.9, 11-0128M)
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EEDAE : AFER

o [BIRINE TS ETHRNCIAECEDIVWTA=T Y —-ANBUREEL T, 20134-20204F
D E - IO ER(CEIT AR STER R (EICERESTE ., HFEHFRBERNZIRS)
ZESTUIERZ R .

BHIEEGRRLM

2013 129.0 4,678.9 6.3 31.7 31.7
2014 174.0 9,005.3 5.9 0.8 44.6 44.6
2015 175.0 17,084.2 5.5 9.1 68.5 68.5
2016 70.0 36,766.8 4.8 397.4 60.3 119.0
2017 399.7 18,363.1 6.9 342.3 2,883.3 3,011.6
2018 230.0 4,326.4 34.9 795.4 43.4 43.4
2019 655.1 8,343.5 27.4 144.5 68.1 68.1
2020 140.0 11,494.0 373.8 184.4 47.0 47.0
PEBAFICEBICERINE #8Bh< (RADLLSY) DHEFE
T R(EWIT7>R) FHEN <€ (REDLLAYL) DHEFE (FRE )
(2014-2018) + S HURF e . 3,000
9 o 5 000 \| 27> 0BT
- E 20,000 E EDXA4/0ILIM0
— 8 £ £ ZHANDRENE
—— B (F1vE) . 000 41,000
KAy = =
HE HE
+= 0 R :/.'5..-__ 1 = 0 = 1
(H#8) NTTZRICZF2)0SA =T 2015 2020 2015 2020

*1: 2021921 HKFROL— hTEE(1KRLV109M, 17817, 194>0.09A. 1&%& V3.9, 11-0128M)
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“Pandemic Challenges, Technology Answers” Dr. Siyoung Choi/President, GM of Foundry
[)> 72y DsREE TechnologyDElZ | Business, Device Solutions Division, Samusung
“Materials to Systems in Semiconductor Dr. Om Nalamas/SVP and CTO, Applied
Manufacturing and Beyond” Materials, Inc. President, Applied Ventrues,
[FEARELE(CHBITIMBNSS AT LFT LLC

m Circuits

smim 1 B saime /s

“Fugaku and A64FX: the Fastest and the most Power  Prof. Satoshi Matsuoka/Director, Riken Center
Efficient General Purpose Arm CPU for the Fastest for Computer Science
Supercomputer in the World”

EEEAGAFX: HRFRENDREL/NT-IZRDEVArm CPU

“A New Era of Tailored Computing” Mr. Mark Papermaster/CTO and EVP,
[FrEFR(CBIBRpEOIE1—FT127 | Technology and Engineering, AMD
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3D/Heterogeneous Integration (3D/2fE #ili&EE) Geet Van der Plas(imec), Takafumi Fukushima(34tX)
Photonics Interconnect and Compute (SiJ#A~Z7X) Mark Wade(Ayar Lab), Nobuhiko Nishiyama(Z3IX)
Circuits and Technology for Quantum Computing (EF1> Iuliana Radu(imec), Yutaka Tabuchi(ZEHH)

E1-571>%)

Computing-in-Memory (XEU-I>E1-F1>%) -
Image Sensors (A X—>t>H-) -

B Technology

tv>3>594 b BrraiEE (FE)

Advanced Memory Technology Kay Yakushiji/Yuasa Shinji(E#sH#), Stefan
Muller(Ferroelectric Memory GmbH)
New Process and Material for Future Devices Chih-Pin Lin/Tuo-Hung Hou(EiZfFRAZEKRE), Kevin
Moraes(AMAT)
m Circuits
vy a>ysf4 My BraiRE(Phis)
Energy-Efficient Machine Learning Processors K. Namura(Preferred Networks)
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~LAy7 New Generation Chip Makers vs. the Incumbents
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‘&7 Prof. Naveen Verma, Princeton University
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Technology Advanced Process and device technology toward 2nm-COMS and emerging memory
(2nm CMOSEFTXEIICHIIBERITIR IO - 7)1 Z$kHifr)
Circuits Advanced Circuits and Systems for Internet-of-Things(IoT) Sensors
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“Technologies for POST Covid-19 era” (1) Medical/Healthcare (E&E/42ER)
[/RARCOVID-198X74./0>— | L. g
(2) Communication G&{S)

(3) Security (Z%)

(4) Smart manufacturing/Logistics
m J-9353y7

I =
J—-23vJ1  Al/Machine Leaning for Circuit Design and Optimization
(OlEgE%ET OIS EE LD DAL/ HTF )

J—-33wJ2  PPAC Analysis and System-Technology Co-optimization for 3D Memory-on-Logic IC,
Many-core SOC and AI Computing Applications
(3RFTTXEYONOSWYIC, Z7S0OC. AIRREFRDIZSODPPACHTES AT A-T7./0>—15:)

J—433vJ3 Deep Analysis Can Compress the Time to Design Optimum Analog/Mixed-Signal Circuits
CRBERATICED, FRERYF07/29IXRSJFIVEIREDEE IS FEiEEN3)

J—-33wJ4  Materials Introductions - A path forward for all devices
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T2-1 Forksheet FETs for Advanced CMOS Scaling: Forksheet-Nanosheet Co-Integration and imec
Dual Work Function Metal Gates at 17nm N-P Space

T2-3 Advancing Monolayer 2D NMOS and PMOS Transistor Integration From Growth to van Intel
der Waals Interface Engineering for Ultimate COMOS Scaling

T2-2 Highly Manufacturable 7t Generation 3D NAND Flash Memory with COP structure and Samsung

Double Stack Process
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T2-1
Forksheet FETSs for Advanced CMOS Scaling: Forksheet-Nanosheet
Co-Integration and Dual Work Function Metal Gates at 17nm N-P Space

H. Mertens. R. Ritzenthaler. Y. Oniki. B. Briggs. B.T. Chan. A. Hikavyy. T. Hopf. G. Mannaert. Z. Tao. F. Sebaai.
A, Peter. K. Vandersmissen, E. Dupuy, E. Rosseel, D. Batuk. J. Geypen. G. T. Martinez, D. Abigail. E. Grieten,
K. Dehave. J. Mitard. S. Subramanian. L.-A. Ragnarsson. P. Weckx. D. Jang, B. Chehab. G. Hellings. J. Ryckaert.
E. Dentoni Litta. N. Horiguchi
imee., Leuven, Belgium, email: hans.mertens@imee.be

(1) K@XHATh3DE. Em
2nmit A LABEDOCMOSHEATIGERFE. 2nmit (L. SGEEDMobile/ERBIE. T—F1>5-FNDHPC. Al/Deep

LearninglcAHLSNS,

(2) HZDTFICHIFBBT——X
BER - EEE D - mEBEEDOMOSFETH, 2nmiE{XCMOSIC(EmnELEN TS,
HBER - EEEENDOABICEBAULERSImDNanosheett  lHENTE T, SEBELDIZHD(AFERE )Forksheetigis

MEERD.

“Forksheet FETs for Advanced CMOS Scaling: Forksheet-Nanosheet Co-Integration and Dual Work
Function Metal Gates at 17nm N-P Space”, H. Mertens et al., imec
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(3)AEmX DHIE

16nmEAHSEASNIEFINFET(X14/10/7/5nmitefENDN TEN, 2323 MEEEICPEFRZIDNZ 3. 4nm&HpdLNE3nmitt
MBI, BERIEBER - ERHEEH%ZEIR I DNanosheetE M (EN2Gate All-Around(GAAEENFELBNBZFE THD.

B(C. 2nmBfFENanosheetzikicE I 20, SEBEOOICE. (FEEFEED)Buried Power Rail(BPR)EARFEERD
Forksheett&&ENMNEERDTLB,

ARimX Tl Forksheet’f%x_(d}'ib\‘c 7 —ME22NMETRFrRIVZIRZINHE] (SS=66~68mV/dec). FrRILIZRKRZDITY
M- %&BtU. NSV SRIDA A TR ZeIELL.

Fle. RERBIEICLBRAT -2 Dt TéHhdDual work function metal gates®fEifaz17ZnmETHI/NUIZ.

(4) MR CHFEINE R
BT 0(a)-(C)D3mMUFEINER THD.

(a)I53RAI(C5-track Standard cell#%EI8 9% _ET. NanosheetT(&. N-P EEE#NEMICE>T, NFETIEEPFETEZ 53 (/2K
RECTERVA. FERMICHEEEN B _EURV, —75. Forksheetiia Tld. N-PIRFR(CEEZERTE I HHE C. N-PIEBEZAHEE TECT
EBTLICED. NFETHREPFETRZ +MIHLKS STEN RIREL AN, JRFIEREN @ LI B(Fig. 1),

NanosheetTl(d. N-PEEE#ZITD1FBE. Mask 7 AR hbEWet etch mask undercuthEREERDII T TERVN (Fig2 LER).
Forksheett&& T(d. N-PEEEEZIT DI TEIBETE. LD DOMENEERENS (Fig2 TE).

(a) & STstdcell g (b) 8§ 5T stdcell

(]
IL_J L_JI

|[_.Z n_ﬂ_ll
|r—u—p:1|

||s:|T r5‘||

. _ } ) Fig. 2. Work function metal (WFM) Patterning for (a-d) Nanosheet
Fig. 1. (a) l\g?gzr;eet and (b) forksheet-based 5-track standard cell and (e-f) forksheet. ©JSAP
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(b) N-PEEEE17nmODForksheeti&i&D:t/FZ2 1R . N-MetalDTiAlZBUZNFETEP-Metal DTINZBUZPFETONR A T, BIF
RId-Vg§FENESsNIZ. Lg=22nmIcBUVT. SS=66~68mV/decTH .

10¢

<

-~ |08

B 10
10 1of S50mvy, 0.7V

D nm
N IG-IZ . . '...' LA .
-1.0  -05 0.0 0.5 1.0
Vas (V)
NFET PFET Fig. 7. Id-Vg characteristic of Forksheet nFET and
Fig. 6. X-section of Forksheet with TiAl (n-Metal) and TiN (p-Metal) nFET with Lg = 22nm  ©JSAP

©JSAP

(O)iERNSDNanosheete, ARswSDForksheetz BHEACEL T/FA I DCEN'RIRE THHIEBIRELUIZ(Fig.5). INIE. HIttY
MSDNanosheetz ALV EZIEIPZRAA TEA L ZBIRL THD., EIEEE%ET DXy MK EL,

SiN wall
L, TIAL

Forksheet ; t Nanosheet
) t-——d

Fig. 5. X-section of Co-integration of Forksheet and Nanosheet.
©JSAP
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(5)AEXHEEHETNSEH \
MooreD;ERINHEEITAINEONMNE. BE. FMiE B TEAIN TALLD, N)LF—DIAFEELRS Imec(d. Moore®;ERI DL

BOEZBBRICDOVT, 221 —33AR-ITOIEIRE. 300mmS1 > TOAFZIBUIREE 22 BI(CITOTE TV, (imeclc(d.
Foundry AFFOTSMC. Samsung. IntelB&HILTW3. )

2nmttfStandard Cell DELA 77 NMIHIF 2R EDTzH(C. Buried Power Rail (BPR)f*Backside Power Delivery
Network (BS-PDN)%2IEL TWBDIZZD—HITHS.

International Electron Device Meeting 2019 (IEDM2019)(CHWT. imecld. N-PEEE#Z AL TE. HhDNanosheet
EHRAEDEBEDTESForksheetZiZZEU., 21— 3 R—-ATORNRZIRIBLTU,
SEIDOVLSI SymposiumT (&, Z0EEZ (EUSH TEBRIGR/EL TIRZEEVER TAVWSEBRICIET 2.

(6)EH{LFTDRE

SEFERLAIILD NSO S ZAIAEEETH N, IROATY I, KAAEOSw) O - KAFIESRAMIEIIE TOENEAREE - HEBRED
WEERD, SBIC. TORODIATY I, TOTAIX MAENFRECRBD,

THZH. A¥gdfilE. 5-track Standard CellDMEERZED A (MBI IZMI THDN. 6-track cellR5(EATIFEVT]EEE
E£H318. ZFoundryldForksheetEELDNanosheetzt5>— A HEdR I 2 R]EEIEEH B
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12-3

Advancing Monolayer 2D NMOS and PMOS Transistor Integration
From Growth to van der Waals Interface Engineering for Ultimate CMOS Scaling

C.J. Dorow". K. P. O’Brien’, C. H. Naylor. S. Lee. A. Penumatcha. A. Hsiao. T. Tronic. M. Christenson. K. Maxey.
H. Zhuw?. A. Oni’. U. S. Alaan. T. A. Gosavi. A. Sen Gupta. R. Bristol. S. Clendenning. M. Metz, U. E. Avel

Components Research and *Quality and Reliability. Technology Development. Intel Corporation. Hillsboro, OR 97124, USA

® . . - . N
Both authors contributed egually. Emails: chelsey. dorow@intel.com. kevin p.obrien@intel com

(1) KemXHILASN3NEF, Rm

2nmEREDFEDEARDCMOSHilTICIE B §EEHD .. EDEAIE. 6GLAEDMobile/EEBIE. T—1>45—FNDHPC,
AI/Deep LearninglcHLSN B,

(2) HEDFICHTHIR/M=—X
2nm&DEDERICENTE, BER-HEE N - SEIEEOMOSFETHELSNTVS, TNZEIRIDIC(E, FBFrr

IVHEREHIH S DD DIEF v IV E THD, TMDRRED2D (2R 7T )MV e F v RSB UZMOSFET 2 1a/E(CUTAB
EH, EDIERMERD.

Gate Metal

Fig. 1. Ultimate CMOS
scaling with stacked

2D nano-sheets. ©JSAP
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(3)AEXDIRE

2nmBABECMOSICEN TR FEFrRIVNRZHIF T RN SEEEF v RILDLEEN TVSH BDIRMHEL T, 2D FH ZIRITit
). TORTHTMD (Transition Metal Dichalcogenide; BREERBAMNINITFA R)ZFrRIVGERTIENHAITIN TS,
TMDEE, R TEMX2H 50, TMIIEMoPWEDBRERE. [ X([ES0SeFEDHIITVIEFTHhd. £z, TMD 2D#RzFHLD
&SIV EDEEVWFrRIVBBIENMESN B ENHAFFEN TV, ‘

A>7IUE. TMDICEB2D#MRIFrRIVEMOSFET o> S AADFTARD AT —)> )% 8] BE(CL. Moore®iZ B (CE D <FE Kk
bz SEETEICDIOTRIEEICT B Z R I THITR R Z RS U,

EZ1nmUTOEETMDFvRIZHWT., CVDE. MBEZE. >— FESZEUET@EL}EHBJIU“D-MOSFET@EM’F?E%IE’EL/EQ
FFLWVISATRAF)LZ RV MBEETHZBRUTE MoS2F v RILNMOSTNA A (S, (F5 D&M, BIERTIHMEWVI> 5T MEHL(RC)
0.4 kQ-um. /NEVEZXFYUS R, 77 mV/decOBIFRY I ALY Al RAO-F(SSHEZ S,

CVDETHR U WSe2FvILPMOST/\1 A TILCVDIEZRAW R FEL TREEHFRSSIESIMV/dechMabnlc—75. A~
BIRIENMOS(CRIERWNCEE DT,

RSN ARBERMEIRREWS2IEZ AV D ZAAT(E, 2 — R EZAVEWS2F R ZFAVEDEL TREDA>ER10
HA/umZERUTz.
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(4);§‘ﬁﬂg (‘-ﬁé?Agl|\\
BT 0(a)-(C)D3EMEETREETH,
(a) MoS2 NMOSICDWTDMHREENE
TMD 2D NMOSIZBWTIE. MoS2ZFWVSE RIFRIFIENMSSNDENFSNTULDH, AGwS Tld. MoS201>44 MEFLIC
AHBUT. MREZESETVS, £9. CVDIEM0S24&DEMBEETHZRRUTEM0oS 2075 MEIRHTI> 57 MTad e % RUTZ(Fig.5).
B AU(E)DIVAINMIEZ T, "Novel Contact"ziER 9 52¢ T ARIARIERTI> AV MeRBEZRUI.
11p(a)5a | by . 2
<10 ﬁ < e = ¥ v v M
3 o i J NMOS T ' (b)  NmMOS
E & = Au (65 devices), o
o ° wntwes, || [ 2 g 40 NoéZI contact)' B Nowvel Novel
% It B IS af o (65 devices) Q i contact contact
0 2 4 Coow Cuien (; 2 . Ciow Chicn < 20 %
VG (V) VG (V) S "P st 10nm HfO,
(e) Sample A Sample B (4 é - é
 Contactreitanee (LN~ ESKGH < 25 koun W (b) TN
“‘:L".:L’“;[gﬂ o B ® 200 400 600 1000 PHSI
thickness : L ke
Estimated: BotIn NS < 26mm L_ (nm) _ _ _
Fig. 6(b). Cross section of NMOS device.

Fig. 5. (a) and (c) Measured capacitance vs gate voltage. ©ISAP
(b) and (d) Extracted Crow and Cmcu. (e) Sample with Fig. 7(b). Resistance vs gate length of NMOS.
lower contact resistance also shows thinner electrical ©IJSAP

thickness at its interfaces. ©ISAP
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(b) TMD PMOSICDW\THEER

—73. TMD 2D PMOSIZEWVTIF, R TEH 4 SIEREAMHIMOSHEE TLRW, IREFR T, PMOSICEWSe2NRERVES

NTHED, REX TEH8IMV/dect LWOmE RIFRSSB(FIZER U,
N —1E5E RO TVWACEZERUIT, Fig.6Y°Fig.14 (TR ESICNMOSELEEL T, PMOSOA

E 1000 pmos 7 (a)
"‘-:‘ Pd (16 devices) i

Z 500 g
e I'_=r

2

0

Fig. 7(a). Resistance vs gate length shows
contact limited PMOS. ©JSAP
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(a) pmOs
Pd Pd

S5nm HfO,
TiN
p++Si

(b)  nmos
Novel Novel
contact contact

10nm HfO,
TiN
p++Si

D (pzAlpzm)

" Co
=10 : Y4

-2 -1 00 2 4
VG (V) VG (V)

Fig. 6(a). Cross section of PMOS device.

Fig. 6.

Id-Vg Curves for NMOS and PMOS.
©JSAP

S EETs
D4=-Ve

—75. IR CHARIEIOBEN, WSe2E PAXSILORIHSay
AR R TEUN B,

Si
T . %
5;102' . A ]
<
3 PMOS NMOS
¥ Thiswerk || ¢ This work
Z 01t A Retpo] || m Ret 1
*] 10°F 5% O reii] || 4 e hi!
W Ref.[7]
: Ref. [8]
Rl
100 =
60 100 1000
SS (mV/dec)

Fig.14 2D CMOS Benchmark.
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4-1-2. 2D Fv*IVMOSFETHHlr (5/6)

(c) TMD CMOSOHEIEEMECOVWTE K
ZABUIAY L seedZBE LB LUALDICLD, Fig.120L5BNMOSEPMOSZRZRUIZ. PMOST(E1nm HfZ, NMOSTId1nm
Alzseedé U TRz, INBDXFI S — ROBEZFEVNIE, 1FEDTMD LICCMOSZ/ER TEBRIEE 4 ZRL TLV,

ID (j2Afj:m)

2 14 0 1 2 4
VTG (V) VTG (V)

Fig. 12 Selectivity between NMOS and
PMOS demonstrated by TG oxide
formation with (a) Hf seeded ALD vs (b)
Al seeded ALD. ©ISAP
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(5)ABINEEEN BN |

2D RHLR A MOSICEREN 2RMEEL GRS, JEBZEHTVBN, 4. SICILES 2 MRENTTETHST . JTOTAE
HEENTE, SEIDFHX TlE. NMOSICEWTA AT MEF1IZERET B E T AR ZKIEICCNE T D ez R e (EEFMmIC
B33, —7. SIEFIOPMOSICEVTEH. PA/MoS2REN 3y M—1EHUC RO TWDIEZRL. SEDBENFIND.,

(6)EM{LETDREE

InteldHR5Y, TSMCICHWTE. 2DAHHIHEIIICERFEL TETHD. KRR NS L THIRMMEEN TS, _EiROFig. 14(C
R9IED. NMOS(EMEREERZELU TRTVBREFE X, £IESIDMEE(Ton vs. SSH—=TJICHWT)ICEBEL TV, Efe. PMOSICDWT
(&, DT NEBOMR RZESEZ TR ERERRE,

O—RIYTCHNT, Si FINFETOIR(Z, $I3nmEAH5Si Nanosheet (B4 : NanoRibbont®MBCFET)2& A9 3%, €D
Nanosheeti&is(C, LWO2DM R ZIAAFENHESN 2N TERAMERFEANAESN ., LiRDOE et ENREEFE ChHd.
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T2-2

Highly Manufacturable 7™ Generation 3D NAND Flash Memory
with COP structure and Double Stack Process

Jun Hyoung Kim, Yongsik Yim, Joonsung Lim, Hyun Suk Kim, Eun Suk Cho, Chadong Yeo,
Woongseop Lee, Byungkwan You, Byoungil Lee, Minkyu Kang, Woojae Jang, Youngho Kwon,
Keehong Lee, Jaeduk Lee, Myeong-Cheol Kim, Jin-Yub Lee, Sunghoi Hur, Su Jin Ahn,
Hyeongsun Hong, Yu Gyun Shin, Hyoung-Sub Kim and Jaihyuk Song
Device Solutions. Samsung Electronics Co., Pyeongtack 17786, Korea. E-mail) junh0903.kim{@samsung.com

(1) AewmXHILAEN3NEF. Bm

E7cifidConsumer SSD, Datacenter SSD

(2) BB BRI =—Z

FlashXEUNRI A -1t 3RITICAEEUIENAND FlashXEUZFFELU TETUVIH, ZEEYLICIDEREZHIT TETL\S,
20194F(C(3F 1 20/BIAET. BLBEEEHIFTETULS, NAND FlashDsRIBZE (. SET. [2FETH2EIORAE-RT
SEB(LIEA TED. TOBOTOCRIRIMDBEERS,
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4-1-3. g=5%im3D NAND FlashX€U (2/5)

(3) A DI E
SamsungeUT(E, B71#K¢353D NANDZRIFELTC, 17XE(#)DD— NFIEELRERK . COPiEIS( Cell Over

Perlpheral)%iﬁﬁb\?oc_tf tR 11%. tPROG 20%teRELI, 5

EOIEALLEIR T DL, WIARERT —)> ) ECOPREEERAICLD.

EwNZE(L70%BIBINTER, S5(2, VKON DOFRTOTAOERICERRINLTWD, 4TIV AAvITOC R ARAR AT 2T,
MSE(Multi Step Etch). FvJLk— )MHIJF*H\\JTO’JMU% HITNWRZAYITOC R (. FrRIR—ILTOT7A)I 2 RETBE

([LEFSLTVS, INSOFER. LORWILEIERFIENS

(# WX TE17XEE—HTBZBARUBHOIN, 2021/6/8FKFRMDSamsung Press room(3%)Tld, 17X/Ez176/ELBASELT

(1\7:_0 )

X https://news.Samsung.com/global/editorial-extraordinary-innovation-for-a-more-unforgettable-world-the-story-behind-samsungs-pioneering-
v-nand-memory-solution
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TABLE I Feature Summary ©JSAP

Device Generation

oth 7th
Bit Density 5Gbh/mm* | B.5Gb/mm*
Stack Single Double
Peripheral Ccop
WL'W Low Stress
Source Line Side-wall
Connection BCS buttin
(Fig.7) ¢
Erase BodyERS = GIDL ERS
Scheme

@mm

Fig. 1 Vertical SEM Image; COP(Cell Over
Peripheral) and double stack process

©JSAP
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4-1-3. ;5%im3D NAND FlashXAEYU (3/5)

(4)i§4ﬁﬂﬂ(g4§£a‘/\§m
LUTFD(a)-(c)D3aMFEINESTHD.

(a) Cell Volume Scaling&Bit DensityeizZ
3D NANDOHH{EICED T, ﬁ;ﬁ%r‘ NEWTOEREI AT NR=IVER TH2H . 20H#SEF[EE2/EyF3](CLtEHlT3.

Double Stack ProcessDiEF(c LD, EZENAMRIAKRLUIZE. Unit Cell Volume (= BL pitch x Hole pitch x Unit
Mold) DHEIKICERR. EICCOPHEEDEAHHHO T, Bit Density(EXIEITHAT+70%bekZEUR,

@ s 12
—_ - 1.2 - - 10
= i L15 & - 8.5Gb/mm
s B - o
'ﬁ; is L1 = 3 ’ 8 =
-, - = =
g LS = 2 1.0 : e
= 1 = E 16 E
[=] — - ——
s 05 0.05 E i~ )
o 3 ‘e
(b) ‘ c 08 E
p :4.0 Process Di;i:fu;:_:‘ i_-_l:-l_-i : 1 “u):o 19 S
- JC T f; — | # Unit Cell Volume et
E - a: correction factor 'D“'-ﬂ"| os BL Pitch(X) % Hole Pitch(Y) x Unit Mold(Z) 0
= l,l} u T T T
g & | 4th Sth 6th Tth
o E Lo n n Device Generation
0.0 N Fig. 3 Definition of unit cell volume and its trend
u Devfce Generation over device generation. Cell volume reduction has
Fig. 2 (a) Mold height and channel hole pitch. (b) g:i;g?;ii?giggdﬁgﬁ“‘%‘i/Sta‘:k process and bit
o ' " 7 .l'I A0,
Channel hole difficulty by device generation ‘ ’
©ISAP ©JSAP
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4-1-3. ;5%im3D NAND FlashXAEU (4/5)

(b) Process_t®MBreakthrough (&RXRNLAW(5>PRT>), MSE(Multi Step Etch), FvRILR—IVAIEE)CyF4>4)
VARG NEERBE, I TOVIDEINNECOI RN ABRANN ADWICEE I ZET. FlnziiZEUz, (Figh)
Ffe. MSEJOURZEAIZET. WORIONLENBCET. WORRENEUR. (Fig.6)
&5(C. fE3RIEBCS (Body Contact Spacer)zBRWTLH, S(Ol. COPHEEEAICH#L). Channel hole sidewall butting
processZiEAI 3L T FrRIERGEICHTIGL TS, (Fig.7)

6
<o
| 9 .
= g [
= Data from 2 g
gb 4  Previous : 5 ;
= Devices
5 3| Stress Control % =
- g f
RN (B
@
¥1+- e v
= B e s &
0 A i
3 4 5 6 4

Aspect Ratio 3 A : s
’ Fig. 7 Schematic comparison between (a) BCS

Fig. 5 Trend of leaning according to aspect ratio Fig. 6 Schematic comparison between (a) (Body C g :

& > i B apoorog A Bt ) y Contact Spacer) and (b) Channel hole side-
and its control with low stress W Normal WL and (b) WL with MSE process S —
©ISAP ©JSAP ©ISAP
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4-1-3. ;5%im3D NAND FlashXAEU (5/5)

(b) Cell DevicelF =
COPEEDMBRAICLD. tRN11%. tPROGH20%E4ZE LTz, (*) (Fig.8)
Cell Size Volumeh'shrinkUTz(CEBI1H59 . Double StackiERICL 2 TOTANETC Cell to CellfEEN' 5% HEIFH TE,
35(C, ONORRDEEAL(CED., Data retentionbtizEI 2 EN TSz, (Fig.9)
* tREGEALEULAT S (AR T LADST =A% E DI\ I7(CERix I BE TORR ). tPROGIIEEFAH AT (ATI\NWIFD
T =X T LA (CESTADETORRE ) THS

1.2 1.2 1.1 o
- z

= P —_

- : With improved =

=

YT o | ChamelholeProfile 13% |1 ®
o fe——Non-COI €OP—n & Fl \ g
c 2 g
z 1 S =
& O 1 [meme-i= : 0.9 =
. = 5
oz 0.9 E ‘g;
s 09 0.8 §'

0.8 ] =

A B B £

12X 19X o8 0.7
. S 6th Tth 6th Tth
Device Generation and Product Type . . .
Device Generation
Fig. 8 The adoption of COP structure improved Fig. 9 Cell-to-cell coupling and data retention
tR. & tPROG by 11% and 20% respectively characteristics were improved by better channel
©ISAP hole profile and optimized ONO engineering

©IJSAP
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4-1-3. ;5%im3D NAND FlashXAEYU (6/5)

(5)AEXHEEHETNSEH

FEAREFROEREFS (2021ISSCC : 2021F28RME) ([CHBLT. Samsung. SK-Hynix. Kioxia/WDESHS5. 170/8
Bl Eo&5Eif 3D NANDEIEE(CDWTOFER(EH . —A T JTOTR - TINAADARERICHWVT, 170 L 2B I 3RLIHD
3D NANDOTOTZROARAEICDWT, HIEEIRASN TV (L, IEFEISEEICIET 3. 25w, [tESE SO A=Y
25, SFEHF TZIBIETACLEIERRUVN, (BB, SK-HynixtPKioxia/WDEESEHNSIESEIARESTOREKIIEL, )

(6)EM{ELETDREE

2021/6/8MSamsungDFEFR (<) TF2021FE TF¥EHA Consumer SSDIC, COE7HHAX 3D NANDZIEE I 2L\ ETHD,
REF SESECREREREE P THOEENND. T, SERFRICERUETOTANEDIZEIZA MUP[CENOTUSMNE
IR AEATHSN. IR NEIRIEEREN DL,

X https://news.Samsung.com/global/editorial-extraordinary-innovation-for-a-more-unforgettable-world-the-story-behind-samsungs-pioneering-
v-nand-memory-solution
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1> NNT R DH B EL THRITSNIIXDDOFDUZ b

A S B
=

T2-1

T2-3

T15-2

(B#) VLSI>

w1 MY

Forksheet FETs for Advanced CMOS
Scaling: Forksheet-Nanosheet Co-
Integration and Dual Work Function
Metal Gates at 17nm N-P Space

Advancing Monolayer 2D NMOS and
PMQOS Transistor Integration From
Growth to van der Waals Interface
Engineering for Ultimate COMOS
Scaling

First Highly Stacked

Geg 95Sip osNGAAFETs with Record
I,,=110pA(4100 pA/pm) at
Vov=Vps=0.5V and High

G max=340uS(13000 pS/pm) at
Vps=0.5V by Wet Etching

SRSUL2021EERRER ©ISAP

(©) NTTAT

H. Mertens et al.,
imec, Belgium

C. J. Dorow et al.,
Intel Corporation,
USA

Yi-Chun Liu et al.,
National Taiwan
University, Taiwan

o H=K7392RF )3 —EFRBUTIA=IS — MEED
N/PRS>S2A%=EREL
F—-MR22NMETRFrRILEIEREZINH] (SS=66~
68mV/dev). FrRIVEZRE DD 1Y MY -2 &1L
U. BSOS RADAS A DN = eliE
ERABIE(CLBRT - Dt sa TdrdDual work
function metal gatesDfEifEz 17nmE THaE/)\

[EZ1nmEL FOEETMD(Transition Metal
Dichalcogenide)Fv=R)LICDWVWT. CVDIE. MBEE. > —
REERRETRIEUENE LU p-MOSFETDENE%Z EELE
{RVI>A9 MEHFL(RC)0.4kQ - pm. /NEVEZRTI A,
77mV/dec

CVDiE TR LIZWSe, F¥RILPMOST /{1 XA TIZCVDE
SS{E89mMV/dec

8EGeo_755i0_25j_J:/_ h*%iﬁt\ 7}§Geo_955i0_05j_j'j’{
7 —#8&%H,0,V1y hIyF> I TERURE
Voy=Vps=0.5VICBWT—BHT01o=110pA(FrRIL

2y Rpfzh4100pA/um)DLI—RE, Vps=0.5VT
DBELGry ma=340pS(13000pS/pm)HGe /SeSi 3D
NFETS T
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Dual Damascene BEOL P. Bhosale et al.,, + F17)L9Y>>(DD)&ERAVEESRIER: LIAZOEBEN28nmEYFLLT
Extendibility With Cu IBM Research, F (b

Reflow/Selective TaN And USA « 220FLLIOERTO-ELT, (1)EFEMEIERSCERETIRITZ KR
Co/Cu Composite TEBLICTaN/ D7 RRDEIR B fEZE A (2 )tlACEREMRILBCHRD

4 EEM _E DS (CRBMRIRAMZERMEL LRI R —EEBECHREE
(dual metallization scheme)#%fifizBaFE

o I NNTA-DR-DAIE1-TFT4T (HPC) IR TIE. &7 AR REDE
Bl —IVCZFEREAMR(dual metallurgy)ZFWACE TRETEREIC

JFS5-5 Buried nanomagnet S. Lizuka et al., o IIDREDETFEY NEMFEEIR I 31RHIAH BV A DERE S E
realizing high-speed/low- AIST, Japan « TCADICE I 1l —2ad(cdh, AE> 2 F Ly MOLEE(IBsA F
variability silicon spin N INEaNEH T RERMERIBIZ(CLD. ERREFT — MEE
qubits: implementable in %%iﬁb 277 —MEEORBEE IS DEZHNF
error-correctable large-scale o F10BRVSEIREN(ERAC Y RER)E. —EDTOTADEEDEDEAF
quantum computers TT99%L EORBREEZTFH

o I EAVEERNBAMIEEREF IO 1-INDEZIDRHK
T13-3  Fully on-chip MAC at 14nm  P. Narayanan et o 14nmTEA/ELIZIOZN-BIEZIEXEY(PCM)DFT A MFYT

enabled by accurate row- al., IBM Research, « PCMZ7307#3132F(ARES)ELTRHWSN, JOX/N-EPCM7LAD
wise programming of PCM-  USA A1)\ HMEEEEHI SN TAYS 12 2Rk L Tl BIFEFIER

based weights and parallel o BREE3WRBICHNZ B, 4DDPCMIITCENESAH H N ZERA
vector-transport in « DNNOD/\—RUT7ERZITL\. BEERHE. BLUBRERIEHAXEY
duration-format (LSTM)RY RD—J(C L BERZEES DRI 3L E a2

(BM) VLSIZ2RZUA202158E=RER ©ISAP
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=
2-4 First Demonstration of Mengwei Si et al., < BEOLIT ZTRIERIAEN DALDTHRARENTZIN,O5 FrIZfmAiz3D
Atomic-Layer-Deposited Purdue UnlverS|ty, Fint&& I\j//Z’S’
BEOL-Compatible In,0; 3D  USA o In,05 FrRIVEEEE NS ZAACHNT, FrRIVEREFIEIRSUNCH
Fin Transistors and FREZDT Z—ILEAMICEDN113 cm2/VOEWFrRIVIEEIEL., 2.5
Integrated Circuits: High MA/UmMOEVRL 1> ERZEIR
Mobility of 113 cm2/V-s, - ALD In,0;#FWT. S/)\ERE8EE(VDD) 0.5 V. SAEES1>38
Maximum Drain Current of V/NOEOT — N7 ZEMNNA > )\ -5 [olig % 3E1R
2.5 mA/pm and Maximum
Voltage Gain of 38 V/V in
In203 Inverter
T2-5 3D stacked CIS compatible M. Oka et al., « HRYIDOIEEBECMOSA X—S > H(GEAR]8ER40nm embedded
40nm embedded STT- Sony STTMRAM (Spin-Torque-Transfer Magnetic Random Access
MRAM for buffer memory Semiconductor, Memory)
Japan + CoFeBA—XDHMEBHES N RIVSv 27230 (p-MTI) DERiE{bIC LD,
1—)\FEETOTtRICL O TEIEFEIEN 2SR IEDS L 2N H]
« -30CICHBIFR40nsUA TFOBEREEIAH. 105CICHIFZ1010E] L ED
ESMIMIME. 85CICHIFR 1L DT —HMRIFZIZERRK
TFS2-6  Enabling Logic with A. Veloso et al., - U1—)VE(E (STIELEE T DSIEEZ370nmM520nmETE(L) W
Backside Connectivity via imec, Belgium FEIEFJTSV (n-TSV) (CdoTEmEEHZER
n-TSVs and its Potential as o ESLERORYNI-IZDHEIDEZENEL T, BIRRYNI-I%
a Scaling Booster 1—/)\EME(CBENTBET. IRROVIT DK HF

« nmos OEENELEFFHERDE L ( HRAK15% ) . pmosDEFENER
OZADiEL (~3~10%)
« BIRTVZ-IOATIIBIRNERESS=EEEOmE L (CB%)

(BM) VLSIZ2RZUA202158E=RER ©ISAP
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5 S Y sS4 MY &, EEMEHE s S E
=

T11-3 First Demonstration of Ya-Jui Tsou et al., + CMOSIY/\FIIL T400°COMBVEZIFDA2nmYP A XDEBEAL >H#,
Interface-Enhanced SAF Taiwan BN N RIVES (p-SOT-MTJ)
Enabling 4000C-Robust 42  Semiconductor o BRSGEELE(SAF)EA AT E - ATYF I (IBE)FAMCELD. bRV
nm p-SOT-MTJ Cells with Research ST LLE(TMR) 130%%3€1R
STT-Assisted Field-Free Institute(TSRI), o INEFTHRENLEFTEERLELE40CEVIMEVEZFEFDOSAF
Switching and Composite Taiwan o AEVIEANLVY (STT) 7S ANILD. S ERHENELSR AL THEERI R
Channels SOTE&HAH%EIR

T6-3 Characterization of Fatigue P. J. Liao et al., « SILC (RARLAGE#REU-IER) AIECEDINT, HfZrosgsFE A+ v/(
and Its Recovery Behavior = TSMC, Taiwan AN IRIE T3 72 HE
in Ferroelectric HfZrO s BBERANATF CEDEOFEIRESILCOENNC (LI ERIRSZRNEHD.

REFRAN X T TODRIESS (FSILCZIBINSE DL BFEE
« REBFRANNATHRET DRSS ZEHBFRAN ADIEREEAY ()%
TEHAR[CATDAD CE TR S ZEIESE, 102[ELl EOESHRRZER
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® Circuitsfaldi T DT DN

CircuitstiEk(LBERDOAN (L) AL . IR @E. EREHEOSDEFICARIEND, Al/EFI>
E1—F4>J05GREDFEBT7IVT -3 (CES|IENT. FDEF(CHVTEIIE TR, CMOSK > RAIOMHT
4I3(\ 3&%%%%@E@ﬁ%ﬂ?&%ﬂ%ébﬁé:2:(:&Dﬁﬁ%ﬂ:.%Eﬂ:-ﬁiiéj%@-amm&‘@'l‘iﬁércﬂtb“ﬁﬁ
E(OERL TV,

® VSISV ATORRDEHE
AREFBPREFBREAUCHRG GIEE0Z WVERZEBEEE N TITOLDOERFYT (7750 -
) . EFIVEI-ACEFTARMER TEIET 2FvICRIT 2Z2<DFEEMTHNI

o RN IAFRHAFED S MITE

B ECEAUCEDTOVTEIRAMIPREFRN TR TE Rz, XEUEIFRO P THM FE = EE Z175In-memory
computing. 1 X=JtT BEAIFVIDOER, TOtvY EICERBUEIRDIEREZEE D EF 2RIS UILiAT
FRNMEFRCATHN TV,

o iIEEﬁScé{NE%E“ |

Al/SFIVE1-F( 2 JP5GREZZER|REL T BN F RS UAFTRFECIDICTY T OMERER (&
ﬁﬁfﬁﬁ@wm\ SEEMBEL TICFY THENMRRRHAREIRICEIT 3 ThHIITEMANN 35/ HNE
ESNTWS,
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5-1. Circuits $SEINZ:R
1) DB ZELTVLSI CircuitsS VRS ADEE R ELTOLENMBNENTED. TORTIFEIA

SN ELTAT O3 2EY I 7y T Ul . ENENOFHRICDOVWTHRER I Do
XABDL0AHIOWTIE YAM21GH T B

MBS s F1 MY EEPREH%E

C3-1 A 32A 5V-Input, 94.2% Peak Efficiency High-Frequency Power Converter Module 1>7)
Featuring Package-Integrated Low-Voltage GaN NMOS Power Transistors

JFS1-3 A 7nm 0.46pl/bit 20Gbps with BER 1E-25 Die-to-Die Link Using Minimum Intrinsic ATATTY)
Auto Alignment and Noise-Immunity Encode

CFS1-2 CHIMERA: A 0.92 TOPS, 2.2 TOPS/W Edge Al Accelerator with 2 MByte On-Chip A TA—RKF

Foundry Resistive RAM for Efficient Training and Inference
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C3-1

A 32A SV-Input, 94.2% Peak Efficiency High-Frequency Power Converter Module
Featuring Package-Integrated Low-Voltage GaN NMOS Power Transistors
Nachiket Desai, Harish K. Krishnamurthy, William Lambert, Jingshu Yu, Han Wui Then, Nicolas Butzen,
Sheldon Weng, Christopher Schaef, N. Nidhi, Marko Radosavljevic, Johann Rode, Justin Sandford,

Kaladhar Radhakrishnan, Krishnan Ravichandran, Bernhard Sell, James W. Tschanz and Vivek De

BmlFGaN/\J—-E>1-)l (1/5)

(1) AN AN SDEF.

Y—NDANEBE
48V or 24V

48V

24V

1EEHD
DC-DC
aYN-4

T
5+

1] 23
=om

Tt A0 —-N\EFHIEVADIVEDOEEEDC-DCIIN-5%ZFFEUT.

hRIEE

5V

+

_l_ VIAjT

Re

ATH

2EHOD
DC-DC  HAEE
ay)nN-4 0.8V~1Vv

(AERT)

Multi-Phase High-
Frequency Buck
Converter

Higher niwiai and Power Density if Vint 1 without
Increase in 214 Stage Loss/Area

CPU

Figure 1: Challenges in high-density power delivery ©JSAP
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(3)2|§ KU)HE

SN)DINT= RSO T RAEIDEHEEISEINSE~ 1 0B EBNZGaN/NT - S RAZFAVTSVA N, BRKRE. SE=ERZEE(9
A/mmZ)ODB%}:I_:?.EDC-DCZI)/(‘—’J%Faﬁ%bto
4 mmAO/ND—EZ1-)LO)\Wwr—2(2(FGaN/tD— |\7//X’>7CC|V|OS@%E@J@E&ICD‘ﬁfﬁéﬂTL\éo
40 nHOA >4 959% BT, CODC-DCIY/IN—4%3 MHzOZ(wF I ERE CEMWESE B E. SVANDIVEACBWT, &K
32 At REEHNZEZNERIEL.2 %ziZERK UL,

(4) BRI EINER
BUF 0 (a)-(d) D4R EINERTH D,

(a%ESV)UJ 1VEEAODC-DCOYV/IN-ACENT, ERBABARERLND(EA : 32 A)EVENEIRNER(ZEHE4.2 %)%
FEIHRLU VD,

(b) Dc-Dc:w\—/9@7\«(\‘)5&>’7“H,)3‘zg51(f)b\‘3 1 MHz - 10 MHz¢EB WS,

&5, f=100kHz - IMHZIEE, —#%mELT, DC-DCIYN\—FZ/NEUEF ZENRDBIN TS, NUE T DIEICEFERFHD
ZENBRN, étﬂfé)&g‘)ﬁ)@ RSO S AAHMERAMYF 2 DIefaEHBENEZ TIERUVN, SEIGaN oS RAZESTEICLD,
f=10MHzZRIRTEN,

Table 1: Performance comparison ©JSAP

94.2 % Schaef, etal.,| Yan,etal, Ke, etal., Intel .
96% X ISSCC 19 (2]| VLI 20(3) | JSSC 18 (4] |EN63A0I ]| =¥ 2026 [O] This Work
: Vi, =5V, V,; =1V . Discrete GaN| Discrete GaN| MOSFET LV GaN Buck with co-
3 A te Architecture AL FCML Buck Buck Buck | G3NBUck | 1ackaged CMOS Driver
92% T ! incl. gate drive ‘ i
b : Discrete GaN +|Discrete GaN + E-mode GaN
§ ; Technology 22nm CMOS 0.180m BCD | 0.35um BCD NA HEMT LV GaN + 0.18ym CMOS
288% /4 - 32 A Vi (V) 5 5-24 340 2566 12 3.6-54
e Eld [ Vin T 5.4tV, :,,_m = 0.8V Vour (V) 0.8-1.8 1 1.25 0.6-6 12 - )o.s 18
L E / excl. gate drive Max. loap (A) 10 12 12 12 32 32 2
84% <ff/ Tincl. gate drive L =40nH fsw (MHz) 5 2.1 10 12 1 C31) | C10)
; | ( A) Rdc =0.2mQ LOUT (nH) 10 NA 470 NA 250 20 10
E Ipgd | | ‘ i
80% . Area (mm?) I e el S 139 36 36
0 5 10 15 20 25 30 35 e y y
Ie Area Lurren
. . 145 NA NA NA 230 8.89 6.1
Figure 6: Measured efficiency Density (A/mm’)
_ Efficiency @ Peak | 89.4% 79% 73% 87% 86% 89% 83.5%
(fsw =3.1MHz) ©JsSAP Peak Efficiency @ | 88% @511 | 902@51 [ g0 o0os | B1%@57 | g4 01012 Conan @ait) 90.2% @361
Conversion Ratio | 90% @3.7:1 | 81% @12:1 SRS % @33 | = s> it at
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(c) KEHZIMSGaNIT>ZZFFYT (2 mm x1.8 mm)EENzZERENISSUI>DIC(1.3 mm X 1.3 mm)D2FvI%4 mm
ADN\YT—SHICERRUIGaNND—E21— )L 2= U TLS R, \

SIZONT=hS2DZHTEERT, GaNhS> IR H(EIHI2HTERICRA1YF > 3 B, BRENEIEREGaN b2 SR FRIDEEEEZ 538
(CUTEEA I 2R URWEERENET ZRIEN DD . THOP(Z(IEFEIEIIREGaN NS RAFVICEIF I DFELGaN S
SO AAFYTEERENAR ) IV ICEITIBERLE I 3 F EN DD SEIEEEDFEZRAL. 2FvIZ120)\Wr—JRICEETBCL(C
LOERENOIERE GaN o> 2R ARIDIEREEF0.3 mmIUA T ZEIRLTULS,

Power GaN Die

High-Side
\ﬁ:r_« (3.6V ~5.4V) Switch + Clamp

GaN Power Module
Cm]': +— 4imm —— Input Decap

1l
Caoor S— £
A . &
VA on e Vioor] Vin =
—o——{(Acte Boottap ) - B ]
Cs Feor i T I M = ik Switen + Cianip
T cPUH [1:91 Vo ctp 1 1:44 o aN Die
cPDH cip_H —
f—V%S— drvENH[1:0] ! V){__“:Vx N < > v
= _..g.. Meo Loyr  lroao Vour : 4 - 1.8mm
1C2 awméﬁﬁf; g ‘d/ﬁ‘é [1:0] Vi, S 8V ~138V) ‘ e Companion Si Driver
LogicTiming | |® Voo Voo 3 Die (0.18um CMOS)
EOFF Controller E pDRVL v BOO = = oaprmnme -
pPUL 1:0] g
pPDL DRV, . i E’ M Cor  #Rion %
PUL . : 4
PWM L EPDL [1:0] a—q‘:/g clp L o T ompanio
drvENL[1:0] | s Drive
J = 43 vss
Cmﬁnion Si Driver IC Vo or Power GaN Die g
v &5
FPGA
PWM Generator <— Digital Comp | ADC > “
Figure 4: Block diagram of co-packaged GaN power module Y i

©IJSAP ry—
Figure 11: Die microaraphs
©JSAP
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(d) 5VELWSGaN RIS AAEL TUMEWEEMEIE T (eSO IAHHFINFET 5> 2 XA EDE4fE~10fEFE LW IEREDGaN b S
>T29%300 mmUI—/\ EICERUZR MO RADREERAMICBIL T ARFmSX D5 FASHEA[1]DIEDM 2019 TEER K.
MIRDGaN 5> 2 AADME (FEEIAY(C(E650 V, 100 VTHD. RIKTH15 VTHOI,

(ABH#L : https://epc-co.com/epc/ijp/%E8%A3%BD%E5%93%81/eGaNFET%E3%81%A8IC.aspx)
ZOFERELT. GaNhIUDRANERZEN A/mm2iElm (2 mmx1.8 mmAOGaNFYITEA32 AZRLTVB) .
RO DINT- SO SAANERZE(FL - 2 A/mm2IZEE THD.,

1000

_ Si Thick o OMOS  feskaGaNZ40VARETIESTCHTS
o FOEET etonk {BRIPEN SO, 10VARTIHBAIIEN
Js ? SEEEE WO
* S’E,J‘OO 3 ,‘ ete HV <7&5tb\jn¥kb\@jn
s J X GaN
35 10 |
w8 F ° .ax®) |LVIntegrated
e R A GaN NMOS SEDGaNF5VARIET YUV ICHTS
_MEshOZMEN N VEE = Si Thin-ox A&~ 10O BAIE LRI SICHIEN 53
BiEAE (=B&NaY)  F 0 1 FE R
%#EIX93 1 rinFEL Stack 4o 100

_Vmax /;V)m
. NOOZADME ~— SEOSVEDGaN
Figure 2: FOM comparison ojsap
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(5)AXmXhEEHETNSEH

Intel(gX=Z—J7DOCPUDIKEEEH{bZBIELTDC-DCOIVN-9%FvT FICEE L T4 FvITEIRDEE (Integrated
voltage regulator) DiAZFTZHI2005FENSHEHL TITO TS AFRKFZED—IRTHD, Intelld. INFT DC-DCIV/N-4
DIND—52TRAELTHHICMOSZESTEEN, Sl F18HT. GaNZz{E e EBEN 3.

LB, GaNbSo2AAZIntel hRL TWSmNEBEN %, CNET. NT-R2D25EER (FIZ(E. Infineontt, EPCfL) &
HFCMOSZIROLSIZESR (HIX(E, TSMC. Intel. Samsung) (dBIZEFRTHD. GaNhS>IRI%ZELEIBDE/NT—h52 TR
AZEROMIBIZ THolZ. LN, SEL IntelNSVEWHREE(HHEL T, A FVITEREIISICEZRIEZTGaN N> DX 5%
Intel "NE LUz R, SEBOERORZBRIRRRZ2RELTHD. FSEBaEN 3.

(6)EAIEIT D:RE

GaN k5> RI0—AgHIERELL T, [EIAMMEERRME INGD. RimXDGaN > I RIEATLAINTHHO T, IXAMEFE

EEEE;DU%Z; UH\U. KX DGaNbhZ> 2 ZXH(E300 mmUz—/\ LCERESNTLSOT, RIAMETE 3 aIREMEZRLTHD
EET“ 50
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JFS1-3
A 7nm 0.46pJ/bit 20Gbps with BER 1E-25 Die-to-Die Link Using Minimum Intrinsic
Auto Alignment and Noise-Immunity Encode

Ying-Yu Hsu, Po-Chun Kuo, Chih-Lun Chuang, Po-Hao Chang, Hung-Hao Shen, Chen-Feng Chiang
MediaTek Inc., Hsinchu Science Park, Hsinchu City, Taiwan, Ying-Yu. Hsu@mediatek.com

(L)AEwXH AT 525, R
ChipletDd SR IEEHFVINLERACBENL S AT ACH T2 FyIRIDIEIER - SEREHRHE(E.

[Chiplet] YILFFYTES1-ITRIETI S5, TNENDOFYIFELSTOCATRIGRIBE. —DOAEEFYIDFBIOE/NEBOSEEO T,
INEHEOSBEDOA MR s, DEEFYTEZMATESH LM THDEENN TS, Chlplet0)4 A=T%LLTFITRT

ek Chiplet

LY fim
8fEDCPUITZ1FVICAND

H14#3 ’S"f #4
2EDCPUITH A Fy T = MBS

(2)HZDEFICHITHXIM=—X
CMOSEAOHHMENEDICON., FYITOEBEHZODMENERELLILD. EBEO/NEEFY T2 2R 7T 7L — TR TES

Chiplet0ZZ A HNEBEZEH TS, UHU. ChipletzEIRI 2 L TORADRIEGESR KHEE N -/ NEBEOFYIHEEZL
MNCEIRI BN THB,
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() ARFEX DITE

FyIRIOMRIEEEBHBERIICERRE. EBEYRIS—L— M RBEEEHOBEREERIEEZHFEUZ. TSMCD7 nm FinFET
CMOSTOEATHEMFBERIRICEIIEL. BiFBEEZTSMCO Chip-on-Wafer-on-Substrate(CoWoS)#44fi& Integrated
Fan-Out (InFO)/\wo— it 75 TEEUT. ‘
(1) BUREMMEVGBDIOvES OFIF. (2) BENEEFRZELDIEE. (3) /A X TREMWEUIKVIFTLWRISIEREDFRAMI T X7
BCECED. EBEN TEROEFBEEZER UL, K31 mmOIEIEBHEE(CH T, RAEESERES60 Gbps (20
Gbps/Ax43AK). 1EYRHEDDOIRILF—0.46 pl/bitDEemZEM U, BEZEE(E5.31 Tb/s/mm. 2.25 Tb/s/mm2T
HD. ERBICHERFREFT .

%iﬁﬁ@r %Z%EHCMOST’JJEI/ (7 nm) [R5l (CoWoS, InFO) I EIE&RAMT |03 DZHHEDEBIECLD. 5RiEHRE - BFE
FyTRERBELL TR ESEEEZRRL TV R FEINER TH.

This [1]2019 [2]2017 [3]12018 [4]2019 [5] 2016
Work VLSI ISSCC ISSCC VLSI ISSCC
alek ISMC Intel AMD Kandou Kandou
MHHCMOS  m—
f &%m echnolog Tnm FF l4nm FF 14nm FF 16nm FF 28nm
Vsw(V) 0.8 03 0.85 low
Towos | N s . .
= T m‘ Imm InFO BUOum' CoWoS EMIB MCM MCM 30mmMCM 12min|
= SolmDREEFIM -~ \“@_ (-1dB 500um 1. Imm (45dB) | (-125dB)
—
“Bm 40.5 485 40 55 150 150 150
(um)
SIERENE ~————] ,
12.8 8 2 53 20.83 25
— ] 2, ror vy
RIRILF—ENE E— HY(pl"‘hill 0.46 0.5 0.56 1.2 2 1.02 0.94
N FE J/
(EHEEN)
Shoreline
Throughput 5.31 231 0.67 0.333 0.113* 0.42* 021*
(Tbps/mm)
— I—r2
EVBEEE -
Bandwidth
Density 2.25 1.57 0.8%* 0.75%* 0.056* 0.17* 0.25*
(Tbps/mm”2)
I{ fer sult scale up due to bump pitch 150um is normalized to 40um uBump pitch
* Re I lm\\ esult should be divide by 2 due to D2D (two die area)

® NTTAT Fig. 8 Comparison to prior work. ©JSAP 297
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(5)FmXhiEE TN SEH
UTD2mn5EEHENS.

(a) [FyTRBEOER EEEENE ILVSFEREZEDTET -V (CMediaTek N EIEENSEDIEA TLD R, BBZAR
9 5MediaTek(F—ERIIAN—NIACEFOTFILAFYIA-HTHoIzA, Intel, IBM, AMD, NVIDIANMSEET 2I5T RO
T A AMIIOEEEEGPU, CPUNAEEEEBEZILAL TWo . SEIRERUERANBEEES60 Gbps (20 Gbps/Ax43
R)EVSBERBIREERAMIIASINCAN - NIAS TERBG —FE2ImIITHS . T -9 OFEEGPU, CPUTI
ChiplethFEZEHTHD. RimS(EChipletDFREZ AT DEE R T2 IRMHLTLS,

(b) IrILZDMediaTekéFoundryDTSMCHEEREEHEL TRAFEZ D TLVB ., X OHICTSMCEWSFIsENSEIEESL.
MédiaTekDia X Tir3 N TSMCOE/E ThINDLIRHX T,

(6)=RMLETDIERE |
ARim ST BAB TFRKHEENBAT THIDT. EREMEVRI e BHNS.
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CFS1-2

CHIMERA: A 0.92 TOPS, 2.2 TOPS/W Edge AI Accelerator with

2 MByte On-Chip Foundry Resistive RAM for Efficient Training and Inference
Massimo Giordano'™, Kartik Prabhu'f, Kalhan Koul'", Robert M. Radway'’, Albert Gural'", Rohan Doshi'",
Zainab F. Khan', John W. Kustin!, Timothy Liu', Gregorio B. Lopes', Victor Turbiner', Win-San Khwa?, Yu-
Der Chih*, Meng-Fan Chang?, Guénol¢ Lallement'?, Boris Murmann', Subhasish Mitra', Priyanka Raina'

I Stanford University, CA, USA; *TSMC, Hsinchu, Taiwan; "Equal Contribution; Email: ‘mgiordan(@stanford.edu

(VAR TAENZHT, WS | | |
1-YPBEEUIET 5% 7Tic. T—9%939RICTPYyTO-RET(C. I-TDFOBIREAN—NIAD TAIFEBEE2HDIYT Al
Fy IR,

(2)HZAEFICHIT DT ——X

AIﬁjE?t“iIEéh(b\éiﬁ%@?ﬁé(i?%t}ﬁﬁ@bb\%*%ﬁiénéo HESR(ICEERNFEZ (S, HEZK@%G)ET%&XJE'JD“%%&&M%E
HT I ACTGETEYIENMTHONTUVS, UM EBFEEIERHIC. IoTTEEBUIR4A R YT IR T2T I 41
7yI0—-RIZEGBERE. HEEH. TN\ —0BENSIRENTIR, I-YOF o TERBFEZBZITI TS AL N KD
BNTW%, TC T, R TIKEBHENHEE N TEIR AR Ty AL BB AEEFYINECKHSN TS,
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(3)AsmX DI E

SMIIFOABVZAED T (CAS FY T ORI 2 ETTY S AIOFE Bh el e R B F BRFv I 2 R THIDH TEIRUIZ, XEVELT
(FTEFRAEITHDIReRAM (EHFIZALEIAE)) Z2 MBASFYTIHERR U, AFvIFE-I148E1'0.92 TOPSTHD. EBFI%N
R(32.2 TOPS/WTHB. AFYIZ6MEEGL COBAESBRUEDREF B (CHILRTES. ReRAMICIFZSIAHDIER(C LIRS
BEVORINHBN, 5B, ReRAMADESTIAHEIEZ1/283F(CTDFULVWVEB VI TVALZIREL. COR=Z25=ARLIZ,
ZOFER . AFYITZEZ(L106FRH, 3FCLEIDIEE TIYZAIOF B2 UM HIEN TES,

5.4 mm

: N
CHIMERK “ |
ILLUSION :: : o3 =

................ a9
................ >

Fig. 14: Ilusion Syste
packaged die and micrograph. Die
area: 29.16 mm?. esap
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(4)BTRIIFEINER

SMFI DAEVZRAEDTICA > FYIDXEIL I 2O TIY S AIOFE BH I se FEF BRFY 2t A THIH TERUE R,

ASFYTAEVZ EO
FRICHSHTRINLE

On-Chip RRAM

This work

Wang,
VLSI’'20

SRAM

Ueyoshi,
ISSCC’18

Zimmer,
VLSI'19

AMIFDOAE)(DRAM)ZfED
TEFEBIFEITOITATHIES
SH'. DRAMZESEHRER T
CHBEEBNIEAROREN GO

Off-Chip DRAM

Kim,
ISSCC’19

Moons,
ISSCZ 17

Kang,
1SSCC’20

\4

Training S X X X X
Technology 40 nm 22 nm 16 nm w 65 nm 65 nm 28 nm
Area (mm?) 29.2 10.8 6 121 32.4 16 1.9
_ _ Voltage (V) 1.1 06-11 | 042-12 0.77-1.1 -1 0.67-1.1 1
Z:%%%;%wﬁﬁﬁ(“fb eq (MHz) 200 120 161-2000 75-330 | 25-200 200
IGHEENBEE R ave |- : - - :
SRAM 0.5 MB 1MB 752 KB 7.6 MB 576 KB 372KB 144 KB A FY T A BB T 51T
Precision | INT8,FP16  INTS INT 8 INT1/4 FP8/16  INT 4/8/16 1' /ng E‘i}ﬁﬁi@?iﬁb\ FEZ
FETEBAIFVIEL TOPS 0.92 0.123 032-4 1.96-7.5 |054-24.2 0.204 0.076 o TLvan-r
CIEFRES1ERE TOPS/W 0.96 0.2-9.1 0.6 18 0.55-2.16 0.2-10
Main Mem 8 pJ/B 30 pJ/B 15 pJ/B 50-200 pl/B (estimated)
Access 6 Gb/s 22.8 Gb/s 230 Gb/s 1-6 Gb/s (estimated)
AN=NIAZTHIFRIBEE™ power (mw) TL_126 ) 128 30 - 4160 3300 |58-647 2.4-196  19-62

EHEE D EMEICRKRID

LRT: Low Rank Training — GAN: Generative Adversarial Networks — RL: Reinforcement Learning

Fig. 15: Comparison versus state-of-the-art. ©31sap
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(5) AR SN BEH _ |
BUFICRIICFYTERET D EFCHIF D7 AU ANO. 1 DEIREESENO. 1 DBUREICRIEIRMH R 1 AIDOEETSMCH R - AF— A
ZAER L CHIL I S8 UTE AR TR B R Tdnd =

(a) Boris Murmann : Stanford XF#i%. 7307 B, #iFE ORI EFT7AUNNo. 1, BEICEBEFRISSCCHTOY
SLEERZIFHI,

(b) Subhasish Mitra : Stanford XZEZi%. 7 HIVEIEE. #1714 2z {FE I EIFEE%ET 2 EF T/ XUHNo. 1,

(c) Priyanka Raina : 2018 (CMITICTIEESZESU. IRTE. Stanford KFHEZER .. AIFVI DB OIMESRISRDIATRE .
ARiwMDLast author (BEEEE) THd.

(d) Philip Wong : Stanford KEZi%. EEFVANIISENTLRVN, BIFHIEE SIS DARPA 3DSoCOSHIIATTE . IC
TINA AR EF T AAN0.1, 2021 Symposia on VLSI Technology and CircuitsdExecutive Committee Chair
%7%DH?. BERET. BEDTSMCICTVice President of Corporate ResearchéU TENITE.

(e) Meng-Fin Cgbair;g . EEDOERBERFEIR . ATVULIRATT DI T FRIER. IRTE. KEZEENTSMCICT
Director&UTENFS.

EE, Z2DFONo. LAFENMEET DLV Stanford KA RBICZNZMUEIT TS,
Ffe. —ARIC. TSMCIHEZRMEDBRVReRAMIOTRA 2 K Z(CFBIRULAVD,. LR (d)(e)HTSMCEARWIRIS A %2T T B8,
ReRAMZ{ESIEAIFYVI DE%ET - AN mI BEICR oIz HERIZN 2,

(6)=MRILETORE
ReRAM(I{EE’I‘EODE%EED‘@DEH%M‘\‘)LODXJEU"GEF)D\ HOPITLSERTBUANTIERWV, —7F3. TSMCIEEEC40nm®DReRAM
2V ETHINERILTVB[1]DT. ERLOREFDRVERNN D,

[1] https://www.eenewsanalog.com/news/tsmc-offers-22nm-rram-taking-mram-16nm
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12N\ bDHBFHIEL TRITSNIFRDD 10AFDURA S

Ci1-1 A 28-GHz Phased-Array RRIFEKRF « SGHkA28GHZF/ (w7 l)— L A iR
Relay Transceiver for 5G o ZURK(FRVERIMEZRTS. F2. (aiRIERFORANSIENS, BittF—6a3
Network Using Vector- [EDTHIN—TE2BEEEN R D EE
Summing Backscatter with o REME2ZEEE S BHIC. 24GHZFEBIFE DX EHAETI/N\Y
24-GHz Wireless Power TU—L AT OS5GRISERURIRIBES(CA)IY
and LO Transfer

JFS3-4  Silicon Photonic Micro-Ring  4>F) s SREDENZENIGSG x 112Gb/s SV TAMZHRiXEHE
Modulator-based 4 x 112 « INFTYAHOV ) E R VEREMOKRREHREDOT -9 —MNE
Gb/s O-band WDM 50Gb/sTHh. ERIEFEIENEREINTLSD
Transmitter with Ring o MEDNAIOU I ERZBRONERZEIHRT_IL. EWEREZI>NI-ILT
Photocurrent-based BUETERIRERZZTESE. WDMEEMOERILICAKIIU.
Thermal Control in 28nm
CMOS

CFS1-3  OmniDRL: A 29.3 KAIST . IRVE-BRICENSEERICEE(DRL) SOty

TFLOPS/W Deep
Reinforcement Learning
Processor with Dual-mode
Weight Compression and
On-chip Sparse Weight
Transposer

(BM) VLSIZ2RZUA202158E=RER ©ISAP
(©) NTTAT

TERDODNNTIESL - TEFAEPE LUREBDAXEY 7 IJEANKRENTEN
MERE HEI R —DRE

BEITINAII>I-T1>% (EMDE) (C&DIEEEMEEDE L (1.6
=) &:X’E')T’]’Glsajjd)ﬁlml (23.3%) &=, S5 A=D1 b-
RS2 ZR—— (SWT) (CLDEMESNEHDEREZA>FYT TITL\ 5t
EBAEINDT I A2 Ko 4.18TFLOPSE29.3TFLOPS/ W72 IZ R
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A
=)
JFS2-5

C16-1

C18-1

w1 M

HERMES Core - A 14nm
CMOS and PCM-based In-
Memory Compute Core
using an array of
300ps/LSB Linearized
CCO-based ADCs and
local digital processing

A 16Kb Antifuse One-
Time-Programmable
Memory in 5nm High-K
Metal-Gate FInFET CMOS
Featuring Bootstrap High
Voltage Scheme, Read
Endpoint Detection and
Pseudo-Differential
Sensing

A 19-GHz PLL with 20.3-
fs Jitter

B&Fh=E
B
IBM

TSMC

UCLA

(BM) VLSIZ2RZUA202158E=RER ©ISAP

(©) NTTAT

SRS E

« #RAZCCOZAVADZEHAER Y LA B LUT SYIAEERZFE S UIAHZEEXEICE

HKAAERYIE1—FT4>) T

T7FOITSHIVER (ADC) REDEDEEENE I PLFYIEIEDA—/N—AYR
RZEI7(3256x256FE 7L 1. EBEIEE(ADC). T AIBER# &S, VOX
IN=TLANBDERA SN I 2FIRE R SR AR DIBE R IR 2 I DFTAA R
STDOADCICED. 1GHZENMERIREREBEDITIINI NI EREZEIR, 22071
E1—F71>J 17 DFEE TMNISTE LUCIFAR-107T —49tzy Me RV HESG LR %
L. IRILF—3P2210.5 TOPS/W. EIEMEEL.59 TOPS/mm2%ZiERK

5nm High-kX4)L57 = NFInFETELE O RICLZ 7> F1—XBI16Kb T L
XEY

PoFI1-ABRFOESTIAHILITETE D“LZ\ETJJ“ ERSCImDOMIHCMOSTIES —
N —JDIENIIBIRTIEDERNSENMENY—>> DHERNEE

HRID5nm Higk-kX5)L5T — MFINFETSY ij’l]t’lf‘]b‘(])? FJ1—AB16Kb
D294 LXEY (OTP) %ZRAF. %%ﬁ&%l\jﬂ\@mﬂ'ﬂﬂ_ NS> S ZAAABIFARIE N
SIRFET DT - MANSYTROSEEAMDIE. SHHHUFOENHBLUESEY->
SEILARSE BRI R > MR EIEE, 2;%?7&%L\T§3L\ON4X BEIRBTARA—T
ST OFEZPBRI 25U EFRAHUEIIRZRR T DECLD, SoOCOHTERT
OJ3Z>9(CBVWT1ppb A TOIS—L— LU, 125CIRE T T10FERIDT—4
R¥FZ 5T

20.3fs>y5%RIE I H19GHZHPLL
/EZ;AUJ‘ RBTREVBEESNBAIHER

RER

28nm CMOST?Z?I’ﬁi'C‘4’FES?.bkﬁﬁﬁ%‘/’iPLL’iﬁ%ﬁc M IySY> USRI 2

> flER e A ENEDIET, 20.3fsD>yFM4REZEIRL. 250MHZO A

HEFRREICHUL T, 12mWOBEEE S T19GHZOFEIREIRE D H H%ZPIEELL
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B (YY) ERENIDE LR DL
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B34
=]

C15-1

JFS4-4
C19-1

C2-2

s F1 MY

A 10.0 ENOB, 6.2 f]/conv.-
step, 500 MS/s Ringamp-
Based Pipelined-SAR ADC
with Background
Calibration and Dynamic
Reference Regulation in
16nm CMOS

A 2.6 e-rms Low-Random-
Noise, 116.2 mW Low-
Power 2-Mp Global Shutter
CMOS Image Sensor with
Pixel-Level ADC and In-
Pixel Memory

A Direct-Digitization Open-
Loop Gyroscope Frontend
with +/-8000°/s Full-Scale
Range and Noise Floor of
0.0047°/s//Hz

A Light Tolerant Neural
Recording IC for Near-
Infrared-Powered Free
Floating Motes

imec

Samsung
Electronics

Robert
Bosch
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4-1-1. K1: Builders of the Imaginary: From Artificial Intelligence to Artificial Architects
in the Era of SysMoore
4-1-2. K2: Skydio Autonomy Engine: Enabling the Next Generation of Autonomous Flight
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4-2-1. S1.3: The >5GHz next generation IBM Z processor chip
4-2-2. S2.2: Morpheus II: A RISC-V Security Extension for Protecting Vulnerable Software and Hardware
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4-3-1. PO4: Dynamic Neural Accelerator for Reconfigurable and
Energy-efficient Neural Network Inference
4-3-2. P13: Edge Inference Engine for Deep & Random Sparse Neural Networks
with 4-bit Cartesian-Product MAC Array and Pipelined Activation Aligner

(& 1] F1—N7II Y3 HR/ T
£#1-1. ML Performance and Real World Applications
£#1-2. Advanced Packaging

(%£2] 2D EB R
£#72-1. S1.1: Intel Alder Lake CPU Architectures
£#72-2. 51.2: AMD Next Generation “Zen 3" Core
£#%2-3. S1.4: Next-Gen Intel Xeon CPU - Sapphire Rapids
£%2-4. S2.1: Mozart: Designing for Software Maturity and the Next Paradigm for Chip Architectures
£%2-5. S3.1: Arm Neoverse N2: Arm’s second-generation high performance infrastructure CPUs
and system products
£#72-6. S3.2: NVIDIA DATA Center Processing Unit (DPU) Architecture
£2#72-7. 55.3: Qualcomm Cloud AI 100: 12 TOPs/W Scalable, High Performance and
Low Latency Deep Learning Inference Accelerator
£%2-8. 56.2: The Multi-Million Core, Multi-Wafer AI Cluster
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3. 095A
3-1. Fa—-bMU7Jb

FEFIBO22BICLLTO2D0F1— N7V zya> iESNI,
F1—- N7y 3> OEIZBZL T, B4 ORFREIEZ (S5 1] (IR,

m Tutorial 1: ML Performance and Real World Applications

e e

Machine learning is a rich, varied, and rapidly evolving field. HFE L. EETEHRECEH. SIRICEERULTCVWIDETHD.
This tutorial will explore the applications, performance COF1—NITIT(E SFTFERD—IO0-ROT7IVT—23> )\
characteristics, and key challenges of many different unique TA—=X AR, BLUELEREICOVT. M- ditsmik
workloads across training and inference. In particular, we will (COIOTERBRT B, 45F(C. FEFIREDMLPerfTMASFY—ID)\—
focus on hardware/software co-optimization for the industry- ROT7EVINII T OEIBEEL. DLUOEEBERITIRTLAT—(C
standard MLPerf™ benchmarks and selected applications and BIBFEDT T -3t EBEIAICEREZETS.

considerations at prominent cloud players.

m Tutorial 2: Advanced Packaging

e A=

This tutorial will discuss advanced 3D packaging technologies COF1— NIV TE NTA-—NREEEZAE LEEZEERID

that enable performance and density improvements. )T =S IO WTERBA S 2. RSTIMD 7 T)T—23>Tn
Descriptions of the technologies and how they are used in SOFEATNEDLIIAERETNTOBMNIDOWVTIE, /WwI—S>08 &

cutting edge applications will be made by industry leaders in UFvTERET0ERY -5 - N'EREAT 3,
packaging and chip design.

(&#}) https://hotchips.org/
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3-2. A (BEmEEELUEYIIY) (1/4)
AeEE 23H. 248(CEseEN. 3D20EFEHLS DOy I hFfES N,
m EIEE XARFORRIFEINZEFRRLLTER
ARES

K1 Builders of the Imaginary: From Artificial Intelligence to

Artificial Architects in the Era of SysMoore AEDE B ClRVE, TR0), ETERETE

K2 Skydio Autonomy Engine: Enabling the Next Generation of

Autonomous Flight Abraham Bachrach, CTO, Skydio

K3 Architectural Challenges: Al Chips, Decision Support and High  Dimitri Kusnezov, Deputy Under Secretary for
Performance Computing AI and Technology, Department of Energy

m vl

Session Title . Abstract

CPUs Intel, AMD, IBMA'&tD/\1I> RCPUZFZE

Academic Spinout Chips Wisconsin-Madison KE., 3 AV KENS KEROFVIEFRER

Infrastructure and Data Processors  Arm, NVIDIA, Intel"CPUZEBIL T2 (LB EEZ RN I 2T 0y ZHK

Enabling Technologies Infineon"EENES T LEODATOS VA E1-5T1>% . EdgeQN R 7 XFBRISC-V,
Samsungh*HBM2-PIM(Process-In-Memory)zFzx

ML Inference for the Cloud Esperanto Technologies, Enflame Technology, Qualcommh‘/>7 RaEiFmFvIzHE

ML and Computation Platforms Graphcore, Cerebras, SambaNova, D.E.Shaw Researchh &t OAIFY I FEK

Graphics and Video Intel, AMD, Google, Xilinxh*GPU-VCU(Video Coding Unit)&zHx

New Technologies Mojo Visionh*ARI>AI KL > A Samsungh' & EIA—hIA—hAL > X BIIKFENESTHER

RENZBRST /MEL Y —FvT | IonQNEFIDE1-YEFK

(&#}) https://hotchips.org/
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3-2. A= (EHAEESLUEYSaY) (2/4)

m CPUs
S1.1 Intel Alder Lake CPU Architectures Efraim Rotem, Intel
S1.2 AMD Next Generation “Zen 3" Core Mark Evers, AMD
S1.3 The >5GHz next generation IBM Z processor chip Christian Jacobi, IBM
S1.4 Next-Gen Intel Xeon CPU - Sapphire Rapids Arijit Biswas and Sailesh Kottapalli, Intel

B Academic Spinout Chips

S

S2.1 Mozart: Designing for Software Maturity and the Next Paradigm for Karu Sankaralingam, University of
Chip Architectures Wisconsin- Madison
S2.2 Morpheus II: A RISC-V Security Extension for Protecting Vulnerable

Software and Hardware Todd Austin, University of Michigan

B Infrastructure and Data Processors

S

S3.1 Arm Neoverse N2: Arm’s second-generation high performance Andrea Pellegrini, ARM
infrastructure CPUs and system products

S3.2 NVIDIA DATA Center Processing Unit (DPU) Architecture Idan Burstein, NVIDIA

S3.3 Intel’s Hyperscale-Ready SmartNIC for Infrastructure Processing Bradley Burres, Intel

XIRFORRIFGEINETYS VRN ELTERIR, BFORREBEDOMER R EL TR

(%)) https://hotchips.org/
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3-2. A& (BHEBERSLUEYYTIY) (3/4)
B Enabling Technologies

S4.1 Heterogeneous computing to enable the highest level of safety in Ramanujan Venkatadri,
automotive systems Infineon

S4.2 Architecting an Open RISC-V 5G and Al SoC for Next Generation 5G Open . :
Radio Access Network Sl REyRgepEl, B

S4.3 Aquabolt-XL: Samsung HBM2-PIM with in-memory processing for machine  Jin Hyun Kim, Samsung
learning accelerators Electronics

m ML Inference for the Cloud

S5.1 Accelerating ML Recommendation with over a Thousand RISC-V/Tensor David Ditzel, Esperanto
Processors on Esperanto’s ET-SoC-1 Chip Technologies
S5.2 Ryan Liu and Chuang Feng,

AI Compute Chip from Enflame Enflame Technology

S5.3 Qualcomm Cloud AI 100: 12 TOPs/W Scalable, High Performance and Low
Latency Deep Learning Inference Accelerator

®m ML and Computation Platforms

Karam Chatha, Qualcomm Inc

S6.1 Graphcore Colossus Mk2 IPU Simon Knowles, Graphcore
S6.2 The Multi-Million Core, Multi-Wafer Al Cluster Sean Lie, Cerebras Systems
S6.3 Raghu Prabhakar and Sumti Jairath,

SambaNova SN10 RDU: Accelerating Software 2.0 with Dataflow SambaNova Systems, Inc

S6.4 The Anton 3 ASIC: a Fire-Breathing Monster for Molecular Dynamics
Simulations

(&#1) https://hotchips.org/ 314

J. Adam Butts, D.E. Shaw Research
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3-2. ARm (EHAER6L0tEysaY) (4/4)

B Graphics and Video

S7.1 Intel’s Ponte Vecchio GPU Architecture David Blythe, Intel

S7.2 AMD RDNA(TM) 2 Graphics Architecture Andrew Pomianowski, AMD

S7.3 Google’s Video Coding Unit (VCU) Accelerator Aki Kuusela and Clint Smullen, Google
S7.4 Xilinx 7nm Edge Processors Juanjo Noguera, Xilinx

m New Technologies

S8.1 Mojo Lens - AR Contact Lenses for Real People Michael Wiemer and Renaldi Winoto,
Mojo Vision
S8.2 World Largest Mobile Image Sensor with All Directional Phase

Detection Auto Focus Function SLI Vet Selmsling| Eiedirenies

S8.3 N'ew Va_lue _Cregtl_on I:?y Nan_q-Tactlle Sensor Chip Exceeding our Hidekuni Takao, Kagawa University
Fingertip Discrimination Ability
S8.4 The IonQ Trapped Ion Quantum Computer Architecture Christopher Monroe, IonQ, Inc

(&#}) https://hotchips.org/
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3-3. RA5—

(1/2)

LUTFO18fFnFEREINE

PO1

P02

PO3

P04

PO5

P06

PO7

P08

P09

OmniDRL: An Energy-Efficient Mobile Deep Reinforcement Learning Accelerators
with Dual-mode Weight Compression and Direct Processing of Compressed Data

Exynos 1080 high-performance, low-power CPU and GPU with AMIGO

An Energy-efficient Floating-Point DNN Processor using Heterogeneous Computing
Architecture with Exponent-Computing-in-Memory

Dynamic Neural Accelerator for Reconfigurable and Energy-efficient Neural
Network Inference

SM6: A 16nm System-on-Chip for Accurate and Noise-Robust Attention-Based NLP
Applications

ENIAD: A Reconfigurable Near-data Processing Architecture for Web-Scale AI-
enriched Big Data Service

A Plug-and-Play Universal Photonic Processor for Quantum Information Processing

Industry’s First 7.2 Gbps 512 GB DDR5 Memory Module with 8-Stacked DRAMs: A
Promising Memory Solution for Next-Gen Servers

LightOn Optical Processing Unit: Scaling-up AI and HPC with a Non von Neumann
CO-processor

XIRFORRIBITEINEIRAY—iwI LU TR

(&%) https://hotchips.org/
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Juhyoung Lee; Korea
Advanced Institute of
Science and Technology

Taehee Lee; Samsung

Juhyoung Lee; Korea
Advanced Institute of
Science and Technology

Sakyasingha Dasgupta;
EdgeCortix

Thierry Tambe; Harvard

Jialiang Zhang; U Penn
Caterina Taballione;
QuiX

Sung Joo Park;
Samsung

Laurent Daudet;
LightOn

316



3-3. hAH—

(2/2)

Authors & Affiliation

P10

P11

P12

P13

P14

P15

P16

P17

P18

System-on-Chip Implementation of Trusted Execution Environment with
Heterogeneous Architecture

A CORDIC-based Trigonometric Hardware Accelerator with Custom Instruction in
32-bit RISC-V System-on-Chip

A photonic neural network using < 1 photon per scalar multiplication

Edge Inference Engine for Deep & Random Sparse Neural Networks with 4-bit
Cartesian-Product MAC Array and Pipelined Activation Aligner

Photonic co-processors in HPC: using LightOn OPUs for Randomized Numerical
Linear Algebra
Elpis: High Performance Low Power Controller for Data Center SSDs

SOT-MRAM - Third generation MRAM memory opens new opportunities

PNNPU: A Fast and Efficient 3D Point Cloud-based Neural Network Processor with
Block-based Point Processing for Regular DRAM Access

Samsung NPU: An Al accelerator and SDK for flagship mobile AP

(%)) https://hotchips.org/
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Trong-Thuc Hoang;
University of Electro-
Communications

Khai-Duy Nguyen;
University of Electro-
Communications

Tianyu Wang; Cornell
Kota Ando; Tokyo
Institute of Technology
Daniel Hesslow; LightOn
Seungwon Lee;
Samsung

Jean-Pierre Noziéres;
Antaios

Sangjin Kim; Korea
Advanced Institute of
Science and Technology

Jun-Seok Park; Samsung
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o FEINER
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F 1T ZEDADFVITOE DR FEEIFRR. FrLod ) - EREGEIMBOBMMBHFOFER. STH
FEHTOVER ROV TORMEFARROSHAEISEIRETYIIVHIELT,
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4-1. FEINSEFHH

RFEINEEFEELL CAIRHRICHITDEDATRZREL L TOIRE] - E23 VDD N S5EEEL TSynopsysDsaiE.,
fﬁéd)AIg)é;ﬂS;gé?v L>2aRRUSEZBERITRO-ICRET2SkydioDiEEZEYI 7Y I Uz, ENENDRA>
(CDOVTHEER T B,

K1 Builders of the Imaginary: From Artificial Intelligence to

Artificial Architects in the Era of SysMoore RIS B2 ElalE, HE0), SyepsyE

K2 Skydio Autonomy Engine: Enabling the Next Generation of

Autonomous Flight Abraham Bachrach, CTO, Skydio
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4-1-1. K1: Builders of the Imaginary: From Artificial
Intelligence to Artificial Architects in the Era of SysMoore
(Aart de Geus, CEO, Synopsys)

(1)ABEOBIE

® AT LLNIOFMIT A= DR DEF LR A B R ZE5SysMooreD&E X HZIeS L. TOHRTHETY IS THD
SynopsysD1&E Z5#5[ .

® Technology®PushéEconomy®DPulllcEDAIRMEHMRFERSERL TLVS, RIcUTAINFY I ZERETTEDINEVIRLIITL
T AT OLIICHSR.

v EHSIEESPOKCADHSEDAICRAT
v AIDOFVERETZEBHIRFREENICLD, IREICHEDOEDICED DI DH D,

(2)FBENEBTNSEH

® EDAEFRDEBANICLDAIRHRZOEDZ I DIFR(CESIFU-TIA)TADEVIFEE

X T EEYA MIEFULLEIRN DD,
https://www.anandtech.com/show/16902/hot-chips-2021-day-1-keynote-1-designing-chips-with-ai-
Synopsys

Systemic Complexity

)
&
=
o
c
o

System of Chips System on a Chip

Scale Complexity

SysMoore: Ex5EimDEAERIERRET OFHRAAE. A— P OERORT—ILOEHMSE) A N-02 N\ =S RS DS AT AOEMEZHEHFENRIZED.
SynopsyshEolzfEE.
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4-1-2. K2: Skydio Autonomy Engine: Enabling the Next
Generation of Autonomous Flight
(Abraham Bachrach, CTO, Skydio)

(L)AEEORIE

® HERITIIAA—JUIR, Ly EE, Deep Learning. Non linear Optimization2E8k 4 RETENIRIXTNNE,
e IFK. Deep LearningRII TIIIFNR - AEZTETHD. TR EFELDBHFEDE BAMHEFMENEE TH S,

X Skydio: BERITRO-—>ORE CTREZKFKIBIMIT AISRFEORY— N7y TP

(2)A@ED EEETNSEH

o HEERITICRERSEIRIONIALHEOHBIE. FYTRETBICEOTIFEICSEICIRBINE THD,

o EARNICIEENEHCHIIDEEEILLUAUERNBT THHN BERIT C(IAES - BE - JHEENOHIFINLOAEL ATYLE
SROFFERTATH—5Y L TEDFEHE) TENTSENSHSEBNN S,

® Gt —HIDMRESHEBNNE L ITNEBIRTEORVCLRFTESLOIMETN . COM_E>FHHEHICHFEN3LBNN2,

DRONE HIGH LEVEL
BLOCK DIAGRAM

COMPUTE RESOURCE MAPPING
I

HIGH LEVEL LOGIC

GEOMETRIC

m
I . ---
NONLINEAR
IPTIMIZATION

rrrrrr

SANVIDIA.
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4-2. FEINITYSAVERX

AIRRICEDE THERON Y — 7 IFv([CBDTREMUILFER, RISC-V7—F77FvO TR TH+1UT(
ZEDADTYI DL 2B ESBIRK. FrL>I2) - EMELESIMBOMDIEHDFEEK. SEBEZEDH TV
RROYIH TORAMEHAFERO T 54 ZEY I 7y T U IR REBETHRRORA > MOV THRER I B,

m CPUs

S1.3 The >5GHz next generation IBM Z processor chip Christian Jacobi, IBM

B Academic Spinout Chips

S2.2 Morpheus II: A RISC-V Security Extension for Protecting Vulnerable Todd Austin, University of Michigan
Software and Hardware

B Enabling Technologies

S4.3 Aquabolt-XL: Samsung HBM2-PIM with in-memory processing for machine  Jin Hyun Kim, Samsung
learning accelerators Electronics

m ML Inference for the Cloud

S5.1 Accelerating ML Recommendation with over a Thousand RISC-V/Tensor David Ditzel, Esperanto
Processors on Esperanto’s ET-SoC-1 Chip Technologies

®m ML and Computation Platforms

S6.1 Graphcore Colossus Mk2 IPU Simon Knowles, Graphcore
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4-2-1. S1.3: The >5GHz next generation IBM Z processor
chip
(Christian Jacobi, IBM)

(1) ARFEX DIE
® IBM ZXA>JL—L3I)-XDeFHttRFvI (Samsung 7nm7OER)

vV XM IL— LTS TEELCAICANEE(C(FEIRMLE. BEE T8, U T34 F1—>&miE{b. EERA, &)
o I7R-FyIMOL2F vy 1 HEIESLU TIREN (L vy 1B E 2L A (A32Chips - 8GBE THIIE)

® AIVItIL—ADEENARERIFES

v YT~ LR TARLRE ST IR Pieent et

v FYIRITHN—DDAI7IEIL—-5%HE

v HERBLRTEAR. CNN. RNNZ (TS I —

v 128xM8-way FP16 SIMDI5%:3 [
S ANMWIEIDMatrix Array& @ aoesan ety
32xM8-way FP16/32 SIMDMS73% e T Becen fonmen
Activation Array st ) R e

v ONNX(Open Neural Network Exchange)
ZNUTA =T IRIR (&SRS

(2)AEXHEE TN 5K .
o AI77TSL—ADER BT —RZI TEHDH . Shared-CacheBiD8DMCPUIF TAI I3 —A%HB L T —4%2DHELD
FREHEMHCTEKDHD. VLSI202 1 TREBFADOAID7EFRIOTOEYY,

(3)AF@X DFLT - R IHASN DT - BB LU -_—XF

o XTIl —LAHHBICAVTEF 1T BLUREIT A RNBERE(CAOTHD, ABRIIFHSAMLE BV TIL Dy M — RO
ERIAPYR -0 EV R EAT A% NS a  AUBER(CT )L 54 L THBIS 2 SN EREEN TL3,
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4-2-2. S2.2: Morpheus II: A RISC-V Security Extension
for Protecting Vulnerable Software and Hardware
(Todd Austin, University of Michigan)

(1)AREmX DHIE

o JOtyHNEETRIOEEBICIEL CIIvIICHAT T I 0-FRIRE “

® RISC-VORBIK, /IS MEOREICKD, 05 LRV EFE A (SOmSis e3> 5 LE- TS 3 511
HEE

o 16nMIOEATFyTE5HAEL. RS- B - EREA—/\— Ay RIZ1%817%

(2)FsmXhiEEThSHEH
® anNHLERNU I VRISC-VOISEEEMNERL TWSBELR Y TO-F THD.
212, 7075 ABFENER(CT I 28%R(38D.
o ZMEMIRVAVIICKUTEZENIRIRINETHD., ZOHDO—D2DBERYTO—-F Thrd.

(3) AR ORI - HENCHENZAN - BRESLP-—X% |
o TOtYHROT—FEaDBLUFryS 1558 T50msE VSRR TRADF— THISSEL. BEEECIEOFIN0EES
ROTOYH ToBEsH. B\~ 79y IIHL CRBBERD =~ A& B9 CENTES,

Stops:
Code inj

Morpheus RISC-V Microarchitectureﬁ Morpheus Design Overheads
-

- Integrated into the RISC-V Rocket Core
L -~ ol e || e + Only 369 lines of Chisel code added
B - E - Deployed in a Xilinx UltraScale+ FPGA

-ROP e H i
+ Retum-to-libc Stops: Tarunes| b Verma - Utilized a 12-round Simon cipher
----- « Disclosures
+ Foreshiadow » < 1% performance overhead

- 0.2% power overhead

Built to stop remote code execution (RCE)
Built on the RISC-V Rocket Core
Always-encrypted code
Always-encrypted code pointers

- 1.3% area overhead
+ Negligible impact to network apps
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4-2-3. S4.3: Aquabolt-XL: Samsung HBM2-PIM with in-
memory processing for machine learning accelerators
(Jin Hyun Kim, Samsung Electronics)

(1) AR D=

® JEURMLRYIICRONSE TS ESEHLVDNNYIENFE S -4y keI BPIM(Processing in Memory)
® FTEVAN —HEUTIRTIEEDRAMOHBM2DSERICFvL >

® FPl6MEEZIZ AT/ \>HIOEOICEEL CFIETESET

(2)2|S mXhEEThSEH

Saﬁmﬁsunﬁg)b\_c_yﬂlﬁﬁﬂn(gb’Z)\TL‘CL\?QX%U%E)J(DE%Eajj%ﬁlfm%PIM(Processmg in Memory)DEFTtATTERE
0) T 50
® DRAMECPUNER(CREZEINDLSTRD, AIIENEE(CQHEIRERSTEO7I0—
o O vIEXTEVDAANIEIEDERDE WS TAMNEEBNEZICIRBIDN)EVSER M TDE %(LIEE:‘TI%)
5% 2:RRE(X DRAMIIZ L IEWSRIITRZ B I B D7 AR

(3) XX DT - Wb ISAENSDEH - BmH LUV -—AF \ \

o NIEFZT—HEMEAL TOBARMECHSNT, XEVFBEIENMNIE S -3, . FERIUERHEEBIMEO_-ZXHEARE,
ZOfes. AEIIHBM2ZPIMISEA I BE TAEUFIEUKIHEBIMED - X(SESEDERI TS . ALENAERLL
DEFCOFANE RSN D,

Re-thinking PIM and Re-architecting memory hierarchy Aquabolt-XL HBM2-PIM Architecture

cond and low power [Survey and Benchmarking of Machine Leamning Accelerators] * Place 1/0 boundary of a bank based on HBM2
modity but also various hierarchical optimized solutions have been proposed. =

ivers energy-efficient solutions [Hotchips "16, Jin Hyun Kim, Samsung]

HBM Core Die

BANK  BANK BANK  BANK BANK  BANK NK

PIM PIM  PIM PIM  PIM
[ UNI  UNI UNI UNI
E * P *

BANK  BANK BANK  BANK NK  BANK NK  BANK

SAMSUNG SAMSUNG
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4-2-4. S5.1: Accelerating ML Recommendation with over
a Thousand RISC-V/Tensor Processors on Esperanto’s

ET-S0C-1 Chip (bavid Ditzel, Esperanto Technologies)

(1)2I§ mSs DI E
WBHIRISC-VIFPAR—=ZADAI7ISL—ATHD. NILFALYRTEDZLDOE > XAET/OI{ERUTDRAMPICALAT S —%
(S 9 AR TFE=ERA

° EQ%WT“RISC—VZI773‘@]4’@%&5(:@&%73‘5 —FFIFVvETHREN(CEREIL. 0.4VEIWETRIE M k., TensordnoihiEx
=

® RISC-VFvIEUTREMERERIRED, ET-SoC-1Fv(C1093ENI7 %158 . T -t AmiEAFvT % 7nmJOtzX

(2)2I: N EE SN SEH
P—FFI)FvEROLSIY RD— A THBDitzel KORRTHD. ALROER Y JO-F ChrdiEE Rz 7L {6327T0-F¢
850N FIPRISCN CE LRI F HEZIEML TLD,
o S8 KFUREEZRVLMEIODNNIELDLERIBIREFDTHINEF VI THD.

(3) A DI - R AN 3D T - RS LU0-_—XF
o AIDILANEFD—DTHIILE VI R EFCEHEEREEN(CERVWZ— XD, 10msLLF COIGENKDSND, CDO73EFZ
A—TYMIRFESNARMIIEIRFEETICLDEENEEFIR L TEMODEF THERN RIATN S,

Esperanto’s approach is different... and we think better for ML Recommendation Summary Statistics of ET-SoC-1

Other ML Chip approaches Esperanto’s better approach The ET-SoC-1 is fabricated in TSMC 7nm
« 24 billion transistors

+ Die-area: 570 mm?
B : A « 89 Mask Layers
1088 ET-Minion energy-efficient 64-bit RISC-V processors
T— E— w— S— F— « Each with an attached vector/tensor unit
« Typical operation 500 MHz to 1.5 GHz expected
4 ET-Maxion 64-bit high-performance RISC-V out-of-order processors
= Typical operation 500 MHz to 2 GHz expected

One Giant Hot Chip uses up power budget | Use multiple low-power chips that still fit within power budget 1 RISC-V service processor
Limited I/O pin budget limits memory BW Performance, pins, memory, bandwidth scale up with more chips
Dependence on systolic array multipliers | Thousands of general-purpose RISC-V/tensor cores

10-20 CPU cores
and

Systolic Array Multipliers

Over 160 million bytes of on-die SRAM used for caches and scratchpad memory

+ Great for high ResNet50 score + Far more programmable than overly-specialized (eg systolic) hw Raot of trust for:secure boct
+ Not so good with large sparse memory » Thousands of threads help with large sparse memory latency Power typically < 20 watts, can be adjusted for 10 to 60+ watts under SW control
Only a handful (10-20) of CPU cores Full parallelism of thousands of cores always available Package: 45x45mm with 2494 balls to PCB, over 30,000 bumps to die
+ Limited parallelallsm with CPU corgs_ when Low-voltage operation of transistors is more energy-efficient - Each Minion Shire has independent low voltage power supply inputs that can be
problem doesn't fit onto array multiplier « Lower voltage operation also reduces power finely adjusted to mitigate V, variation effects and enable DVFS
Standard voltage: Not energy efficient * Requires both circuit and architecture innovations ¥ 3 S RPN
Status: Silicon currently undergoing bring-up and characterization |
Challenge: How to put the highest ML Reco ey —
& Esperanto onto a single accelerator card with a 120-watt r:mlt’ . S Esperanto

(©) NTTAT | 326



4-2-5. S6.1: Graphcore Colossus Mk2 IPU

(Simon Knowles, Graphcore)

(L)ABX DHIE

o T—HJ0-BIOERTETINEIRALILEE21E A DGraphcore IPU(TSMC 7nmJO¥X. 1.3GHz)DFEER

® EAXRRBFYTTAX(2cmx4cmiZE )DH D2 E5HD8I6MBDE RBALFVIAE(47TB/Ss)

® Supervisor&WorkerZALYRX6hFTE. BIEN/ AT/ UICEEE, BE(EA2H)-TFBETERINICL/6DEEETEME
(TOtyHEL TN BB EREAER) |

® EISRAMZHILET RV —FTIFvICEDIRIF—2hEKME Lk

(2)AE@XHEE TN HEH

o Zhi‘@&ii@ﬁ%ﬂ’\]W%b“ﬂﬁb‘éﬂmb‘otGraphcore?—#?’]p’“vd)%ﬁﬁ-*%EED‘E&MF:%?E

® =I1ZXAMDHBMILEET. H—/\CPUBLMODRAMAZFIFTRAIY IS AFTALLTEI=—IR7T0—F

0 SHARMIIERCEOEEBVW\—RIIT77—FFIFvTlEH N, GPUMEITOFELEFE<BI0FEE{LH RSN, CNICTISA
FLNDVTTBENSH. SEICEHINS.

o 1N SOKRIRSEERIR, A>FVIATVFIENLK, S FEE - FERIBAEIADERIE

(3)AamX DEL - B ISASNI DT - Hab LU0 =—2F ‘

o LIEFZT—HBMEARL TWSATMUE, KF(Ch—Z2)(CHVWT, AIBMEREDME) £ RIRFHAREEB LD —X(EKRE), 55
SRmMTHINVIDIADGPUEDAS F—X IR TR ETE-ILL TS, 5 1 HRDIPUEMicrosoftdAzure TIRFE
SNTHD. [LEHBAICHDIDLRCEDN .

Colossus Mk2 IPU
59,334,610,787 active transistors
7nm 823mmZ...

Sufficient On-Die SRAM Collapses the Required DRAM Bandwidth

Crude model of inference with model streamed from DRAM:

(all values 2 Byles)
eg. inference at 100Tflop/s...
Al chip

nsamples of [ [ell nQF | . i\, | 4nQF Bytes SRAM
Q quanta of o=k
F features e S| 2nQw flops

q
-
3
L]
|
A
:M
i B

iiiiii

(-
=
H
&
g
DRAM Bandwidth GB

10 100
SRAM Capacity MiB

Compute rate (flopfs)
SRAM Capacity (Bytes)

1.325GHz global mesochronous clock
23/24 tile redundancy

A
= @t
e an
== = Hot Chips 2021
[ Y r— \ @ wons .
NT1 27

DRAM bandwidth (Bytes/s) = 4F «




4-3. WFEINIRAT—{/X

HADOAIFY IR I AMHERFEDIRINEZRT . EIZI:EI%&E@“%%% (BRI EZEEZUVAIFY T AT — 7Y
7@%;—5]2%\ jazlﬁwﬁitbtﬂﬁ—AIa&ﬁﬂﬁm@%HjL/u\émb—j@%zé) 2R FE I NI — 5w EL
Y7y IR,

Authors & Affiliation

P04 Dynamic Neural Accelerator for Reconfigurable and Energy-efficient Neural Sakyasingha Dasgupta;
Network Inference EdgeCortix

P13 Edge Inference Engine for Deep & Random Sparse Neural Networks with 4-bit Kota Ando; Tokyo
Cartesian-Product MAC Array and Pipelined Activation Aligner Institute of Technology
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4-3-1. PO4: Dynamic Neural Accelerator for
Reconfigurable and Energy-efficient Neural Network
Inference (Sakyasingha Dasgupta; EdgeCortix)

(1)AmX DR E

® DNNEIFFIFEYI~IT7(MERATY A 5)ERIT/\— F'?IT(DNA)@FL@H’EI:/*XG’ —JyhEUIFER

® MERAI>/\13(FPyTorch&TensorFlow Lited L ——

VI EFCEFREEYR-H

® DNAEFIV-XEVEOEHZEIIEL AL TEER I (LA THD. FEEoTNS,

(2)As@XhiEETNSEEA

o KEZRDAMHNEARTAI— 7YITUTWBREZULWA—>THD, BAROTIZFEP AT 2 BAH R ETETENNEBINS,
® ITAY(C(3/\— RO OEIBERZ N> ML THED. BAROEAM TIEIC T U TULD,

(3)2|§ A OFEHT - B ISBEN3 DT - BRIV =—XF \
o T AT ATOAINIRIENNCEIDEEEIDKRETEHREERO>THD, TV TOAKLENFHEIN TS, AR G(IEEIE - 1K
5%%%173(C@TLZDFPGA(CEH?ODI/—AU—’](PyTorch, TensorFlow Lite) TR INIEDNNZ LN S Z(CALE T DL

HTE. TS AIDMREE_EDZ—Xh'pd 0 EF(CE

593,

Part | - MERA Compiler and SDK

EDGECORTIX MERA Compiler

: = Exfends the Apache TVM deep learning compiler
= Common for FPGA and ASIC

= Python and C++ interfaces

o custom quantization required: PyTorch and TFLite

post-training quantization directly supported

= Automatic offleading of unsupported operators to CPU

in simulator: slow but accurate performance estimation

I1t-in interpreter: fast functional simulation

@ EDGECORTIX

+ Designed for low-latency and low-power with high compute

+  Optimized instruction set for INT-8 bit

« Configurable and scalable compute and power

. lu i 1
« Parallelism at model, file, channel, and filtler dimensions DMA Engines  URSVECTRNIN
Engine ] |" Engines
« Oplimized for streaming data (batch size 1) ! 1

+ Run-ftime memory and interconnect reconfigurability

« Support for external memory

Hot Chps 2021 . (E) eosecornx s

Part Il - Dynamic Neural Accelerator Architecture

Dynamic Neural Accelerator Overview

utilization.

Reconfigurable Memory n
I DataMem ‘ AccMem |We\gml\.!lem|n ——

+ Adapt to varying network layer & maodel parallelism

+ Avoid limifing network support by on-chip memory size
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4-3-2. P13: Edge Inference Engine for Deep & Random
Sparse Neural Networks with 4-bit Cartesian-Product
MAC Array and Pipelined Activation Aligner (Kota Ando;
Tokyo Institute of Technology)

(1)2|§ w3 DI E
Ty>mEliEEEDNNTZ AN SDepth-Wise/Point-WiseDI&FIERICEHL. Depth-WiseZz> I NEEDERESNHET
%iﬁ,o 5 (cDepth- -WiseI(ILADTA LENDICEDS T NEEDEREHEENRAN U, EITRNE_EITBREEFTRIIR
° 40nm?\y7°(:cl:026.5TOPS/W(¢§>“JD?&)@F“.%*(ZT%L\IZJLﬁ—?ﬂ%’i%iﬁ

(2)AFmXhiERSN SHEHH

® DNNYJILJUXLE/N=ROTT7OERFAFTTAFTLL, \

o AIFVIICEUTRE -FBENSZHOEFZRENHDH. HANSEEEFSH CORRRLITHD. BROKRFNSIDLS
REAFE D SSCH TETEEAL T 2EN RTINS,

(3)2|§ A Dl R ISAEIN3DEF - BebLUV=—XF
7T —23> OB EALIHEVWKIIE(EUEDNN SIS REFENLNS—A . Tv2in R CHIAI 250t EELATIS
iaji(JJTC@“ZD_ Zb\%??<78~37:_o 2&5‘21’1‘]@Lﬁﬁ‘ucﬁbuiu/ﬁbt_ ‘Jj’_CXjJ%%:’ﬁE; LTHED, ANV— hjj/bIOTjﬁJﬁEE(Lng_éo

Shift-based convolution ﬁ Prototype chip e I::c:;:;mw,

O Any Conv can be represented as superposition of “Shift-PW” OFabricated a prototype chip
» Depth-wise Conv is (almost always) followed by point-wise Conv » 32x32 4-bit MAC array

» 534 MHz, 3.03 TOPS/W (dense) at 1.1V

» 234 MHz, 5.30 TOPS/W (dense) at 0.8V ===
SRAM
Input T

1

z
8 - Z ]® ; » Shift operations are not counted as OP:

z = o | || Achieves much higher “sparse TOPS/W”

* . iy with highly sparse models

715
Output v 5.30 TOPS/W (dense; measured)
ﬁ = 26.5 TOPS/W (sparse; effective) @0.8V
assuming the model is pruned to 1/9

DW-PW can be represented as Z(PW(Shift( . )))

DW Conv

iy
5

KxK 1x1
Hot Chips 33 8 Hot Chips 33
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£%1-1. ML Performance and Real World Applications(1/4)
l#|  Title | Presenters |

1 Modern Neural Networks and their Computational Characteristics Paulius Micikevicius, NVIDIA

COFBETE, ADE1-9ET3>, S5 B, LIAST—3aVEVREBRT VT —23> RACOFFHER > Re RRNS, &RFODNN
J—-)0- RO E LO#ZRET D BFHAHIUT N 772232210 UALY ML 18BDiAd. IERRIERE. INSOFRYRI—-IT
FAEITDRIEOERNTIVEMER IS, Fo. ADT-HIOHEEEEDTIYR, >—F>R J37, JEEL)IDNNET N7 —FF7IF v iR
EDBIRICEDLITRZE T DNERND . T SASNTRYRI—IDGEF N AL BIFRE. BLUB AL - EDLSRE
FEHRIRBAMOZAEICED ZDINFREHEFRDOE TEDLIICER DN ERIER T D,

gl Tte | Presenters

2  MLPerf™ Training and Inference Peter Mattson, Google

MLPerfbL—Z>J BIUHERNASFY—I(E BRF B AT LADNTA—Y DR (RE) ZRITE S DIHDHEFIRETIROI. AFwX T,
WFE B RO FY—IICHFB58EHEIRE. MLPerfhl —Z U BLHERNAS FY—INENSDEIRZEDLICFES — b FBZMNDON Tk
RDo FHA (& BENMREENTBRIREZAIEEICI DLZBRIC. ADFY—IDREELE1- DT O R ZIEZESTEHAT D NFI—
DA —bD2EL LOEBITRENTVDLI(C, FEROEBIRNZLE1-F 3. TIE(C ROFN—- A1 —M2tET DIHDEITROIEE
ECFLLISARL = —HEDLSCEISU. T1—IL FEIRICREEZSZDMOVTEHRRAT S,

gl Tte | Presenters

3 Software/hardware co-optimization on the IPU: An MLPerf™ case study Mario Michael Krell, Graphcore

HMFEEITE2RIATABETHD., VIMNIIZEN\- RO 72 UG ER R VB L ENEET D, COT—AXFT4—TlE, IWEHFRO
AIETICBIFBRINTOT —FFTIFv LIV RAT LIS ZTIITA INR-232DEKRK THD. MLPerf v 1.0 L —Z20RFI—IAD
Graphcoreb 723> M\ TA Y AEREFERFEELZ T . NLP (BARSEBUE) HILVBERDFAICHITZ—EOETILOSHDER
T LENEEREZZMT B, CNBOEFINZIA((OESSEIEENOFNNE. EFIIVALFIE. FP 16¥RAEH . FMEBANI—Z4 - XEY, )\
NNyF B4 ZEEESOFHUVMEMI TH 2.

(B#}) https://hotchips.org/
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23%1-1. ML Performance and Real World Applications(2/4)
#]  Ttle | Presenters

4  Deep Learning Inference Optimizations on CPUs Guokai Ma, Intel

T4—T3—=Z2% (DL)#EER 7 IV -3 (d, EREnT A DB 07 —IHNAKIRISIBIIT B (CONTRRCKEL TV BRAOT—T5—
207950 -9h%d N CPURS B TOROAARIRERHER T 5Y N4~ ATHS. CPUDTIEAL(E. LAT> > —DHIRP R —Ty b
[ LD, TA=T5-220 7TV -2 (CEENRIFEEIZA ORI ZEI5 T, B ETIVEREERRD, FEALDSEE. 5. BLUH
BETIE [LEEROADAARZRZ AN, SAZXWIEREICARSBBuIEEEN DD CNSD1—RT—RAZ2HE LT BIHIC IRD5DDFER
EARUZ. (1)EREO#ER. (2)AN-AMZEAITBILICLOTETEZHIRM. (3)opsT1—ZaVICLBXEI7ILRADHER. (4)TVZF1I1F
FRDA =)\ =~y RZHEK. (5) ANYAXDEEDEESLDZLDUSNNIBZE AT HE(CED, N\ RIT7ERZRZNE, LWONDFRFENDDL
BTN ERET I BN ENENHDLET DL —AZHIBISADHITHD. CNSORBIEHMBERAENSIENEIFFEN D, RIRIC. IRNTOERED
S, 1> TN ORFFOMLPerf ™ #imv1. 0DREYI TA—T> Y- 2bEEn T3,

#lTte | Presenters

5 AI at Scale for the Modern Era Carole-Jean Wu & Niket Agarwal, Facebook

BE10FERIT. AIOGTE=(EI30AEICIEIUR. RIOBRASELIZTTIVCE1IkZBZZ/\GA-INSENTVWS—AT. Z1—3-L
AT —2AVBLUTF 2T - EFTIOAE) — - Z—-R(IEETH/\A "BT I MRIRICHERL TWVS . BRIACTHOERMRED/N -V F51t—
AL AT =2 ETILORL -2}, FacebookDIRTDTA—T53—Z2JDI1—-RAT—ADHP TRHZLDTEY( I 2 HEE I .
ERIBEDT(—T5— 2 JETINEEI DI AT A EOFRRB(HEAHN?COEET(E. MLT—YDFHRLIENS N —Z>0 32T ADR ) —
TYRBEULICERE T M B EIT/\A T3> DIENSIRE T, 12 IFAN I FvRE L DR S (LT IR RRIEE R & (CEE A T D,
EEL S THRNBAIS AT A2 KFIRICIHBEE I 226 DS B THEDKEN S,

(&#}) https://hotchips.org/
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23%1-1. ML Performance and Real World Applications(3/4)
#]  Ttle | presenters

6 The Nature of Graph Neural Network Workloads Da Zheng and George Karypis, Amazon

H37Z1-3)2yRI—I(GNN)FTTTFT—INBEB I BIeHDEAIRY—ILTHD, RIEMRE L IAS T -3 REDERL R TUT—23>
TILfERATN TS, EEZECHIFBGNNIATTEIRAD A RIE. GNNEEZRBEL I 2IcdDZ< DI AT LRI NZ DIz, GNNETE DT
ME3DDER(MIFTS: (i) GNNEFILOZ—FFT9F v, (i) J3TMROS—EZNICEET 2 — R/ TySHHEDI(T . LU (iii) FIE7
IVIVZX Lo FMIHADGNNS 27 LIAZE(E. GraphSaget?GCNDISBREFERGNNY —F70Fv%, JIN\YF R —Z> 0% 45/ NEREEI ST
ETRIEIEIBECEREH T, UM, GNNT—I0—-RIE. BHRT7—FFTIFvZIFOGNNET . FNEI—TEZERBIHREIF OIS, b
SUZZ)WF R —Z2J(CEmh>TREEIL TWVS. FTLLWI—I0—- RICEIIFTEGNNIL —AD—I&E{bE/\— RO 7% & e, BfEH &
MEMBGNNT —F570F v, BRBIIMTBLUVERZAT-IDITIT -1y bh BLUERL BRI -0 5EOmM S5 %Z N/ —FTBENNA>F
N—D%HFEL TV, KFSTlE. GNNAOFY-IDERIIDON -3 e, &iE/\—-RI17 TS9N IA— L EOGNND—/0—- RO4FEZRT

gl Tte | Presenters

7  Challenges in large scale training of Giant models on large TPU machines Sameer Kumar, Google

COFEBETIE. BERRBTPUYSY L TCEARRBETIVERT 2T U, NU—Z2093 L TOSFSERRERAICDOVTERAT 5. RAIC,
MeshTensorFlow. GShardREDAIIERSEET )L 2 MFL I BIedDAIIERF EZLE1-9 3, T, TR, NTA—Y>A5E
b, 22O A, RvhT—INROS. T\ DRE. BLUVERBRETIEIRBT BIHDTFECDOVTEBET S, T/ \WwIDAEHEE
(. BUETINELDIRIEICEITTERLICTRETHD. NTA— O ADRBE LA, BELTEEA—/N\-vT B2 BBHIRTFEIC
LPBEEA-N—YROFBE{ILHEZEN D,

(&#}) https://hotchips.org/
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23%1-1. ML Performance and Real World Applications(4/4)
#]  Ttle | presenters

8 ZeRO-Infinity and DeepSpeed: Breaking the device Memory Wall for Yuxiong He and Samyam Rajbhandari,
Extreme Scale Deep Learning Microsoft

ZeRO-Infinityld. T4—T5—-Z2JDEFIVN—Z2 )% RT -V 7Y T390 LUWT4—T5—-2>4 (DL) SL—Z>J 4T BEB—0
GPUNSETFDGPUZBRTcERRA—/N-I2E1-9—FTHIETD. AT LADEABVBE%/EAL. TV I-ROUTFIFU ) 2 EE
BICIRTOEEXEY(GPU. CPU. BLUNon-Volatile Memory Express (BSUTNVMe))zRERFICER I3 ET. BIFIORVETILY
A X% 3, BRFIC, HIPRENZCPUPNVMeDFIHIRICENEINZ LR BNIchL—Z24 - 2V — Ty NARR 4% 3EIRI . ZeRO-
Infinity(&. IRITHADGPUISZAID R —Z>F AIC, FHIENBETFIRDINSGA—AZIFDET IV Ty RSB EN TES, BE—DNVIDIA
DGX-2/—RT1IIKBED/NSA—HET I EWMRAEETEBIh. KRIBERETIADTICANE SRS, NU—Z2J A —Ty T —35EUF ¢
(CBALTIE. 512/EDNVIDIA V 100 GPU (E—-7851D40%) T25/970vT AEHEIFL. BRI —3EUT1E3REELTLVS, ZeRO-
InfinityA—J>Y—-XE4£ (L. DeepSpeed.ain 5 AFTE3,

(&#}) https://hotchips.org/
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£3%&1-2. Advanced Packaging(1/2)
E I e

1  Technology Provider: Intel packaging technologies for chiplets and 3D Ravi Mahajan and Sandeep Sane, Intel

FOERR) W —>20 -50./05 (& AN RNTEDRRICENZTSYNIA-LELTEE THD 6. BEEIERTRIEORS (HI) 2%
I 25X TAAIRTHD. COFBETIE. HITZYRIA—LELTON\YT =2 > OMEZREIZL. SEER) I -S> 07 —F5I0F v DikEE
([COWVWTERBAT %, INASD7—F77Fv(d. FICHIIRMIE B IEtisae (CE D\ THEEEN 3., EMIB. Silicon Interposer. Foveros. Co-
EMIBRE, &FCimD2DHLUIDTV/ O DEEREEECDVTEREAL. TNADELDO— RNV T %ZRY . BETEER/ \Wr—27—F+57
Fr—Z2FAREITBZBOFEAER(OVTE. 1>FIDRTHD) YT —>>050 )05 %I 57499 D547 b BLUFPGAT V-3
CCERIRIBECORIETRATS.,

gl Tte | Presentes

2 Technology Provider: TSMC packaging technologies for chiplets and 3D Doug Yu, TSMC

FEYZIESNTZTSMC 3DFabricTMT./05— 75y JA— ©ERL T, BREI AT LA)/\Wr—>I>oAR0-JOHhsRE S AT ©MBE EHOfE V2
BITWS, COSATLAMBEESGAT >3, 3DIEEEGZE ., SigiE/SF5RRELUTRIVT-ZRI4EE (EEP) 2BRENITBIzH(CIR
ZUrO-RIVIICEDINTWS, e, DI—/\LRILZZT LA >TIL—3a i@ BU T, S S AT ANBITI RO AT S 6hDE
RV -3 7 IR L TWS, &5(C. HPCOEEPERY NT—H%BRENT BTz DSiTA M= I A SO DOBAER I /)N N2\ - J#
hZ-wJI><> (COUPE) Z. A7 AEEPZERENT BIcHICFTTZ(CEA UL, F&ERIECITHAZINS.

(&#}) https://hotchips.org/
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£3%&1-2. Advanced Packaging(2/2)
E I e

3 Case Study: Intel products built with 2.5D and 3D packaging Ravi Mahajan and Sandeep Sane, Intel
l#/  Tile | Presenters
4  Case Study: AMD products built with 3D packaging Raja Swaminathan, AMD

FyILYRT—FFTIFvHEFRERD, BEBHIVE1—T4>0 OGN TRBNDMEZAIBE(CT B DERELL TERMIN2LI(CRB(CD
nN. BER)WT -S> 00t 7 —F70Fv (3. BIREREICIOTLA—TOERIOROIO T4 7% BIEEICT BIzoIC. LDEE(CHR>TETLS,
COF1—RNI7ILTIE, AMDNPPAC (BB, MEE. EfE. JAN)DIEZAIEE(CL. BHAERTE TV —F77FvZ2nlgElCI2mER/ \wr—>
7—FFIFv—(CDWTERBAI D, AMD®D3D VCache7—+FIF v TEREINTVWSY (L MCu-Culk> 74 > i, 35F0(CERBAENTH
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4l Tte | Presenters

5 Expert Opinion: An overview of the package technology landscape Jan Vardaman, TechSearch International Inc
and industry deployment

FRBERE, FCFILYbOEEIE, ILIMZIZREODFHUWEICBVWTER THd. BN\ T4 R - )\ — DI FZ < DEIRBNS
%o CDTLEST—2a0 TR, SFESFRTIVT—2aVITBRASNSATZaYOVWTERAL, ENENDOAY MRS
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S1.1 Intel Alder Lake CPU Architectures Efraim Rotem, Intel
S1.2 AMD Next Generation “Zen 3” Core Mark Evers, AMD
S1.4 Next-Gen Intel Xeon CPU - Sapphire Rapids Arijit Biswas and Sailesh Kottapalli, Intel

B Academic Spinout Chips

S2.1 Mozart: Designing for Software Maturity and the Next Paradigm for Karu Sankaralingam, University of
Chip Architectures Wisconsin- Madison

B Infrastructure and Data Processors

S3.1 Arm Neoverse N2: Arm’s second-generation high performance Andrea Pellegrini, ARM
infrastructure CPUs and system products
S3.2 NVIDIA DATA Center Processing Unit (DPU) Architecture Idan Burstein, NVIDIA

m ML Inference for the Cloud

S5.3 Qualcomm Cloud AI 100: 12 TOPs/W Scalable, High Performance and Low  Karam Chatha, Qualcomm Inc
Latency Deep Learning Inference Accelerator

m ML and Computation Platforms

S6.2 The Multi-Million Core, Multi-Wafer Al Cluster Sean Lie, Cerebras Systems
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£3%2-1. S1.1: Intel Alder Lake CPU Architectures
(Efraim Rotem, Intel)

(1)2|§ w3 DI E

SEEE(P) IV EBRZR(E) DT DEHENE TFY I 2B X867 —FTIF v DR TERAMDELZFED.
0 AN —N—FTRAT =3I ITrzU-%2ERRL TS,
® FTIATALYRIAL IS~

vV OSINILDALY R2a023 -5 EEET D ETEHMMVPIIZ/EOT7HE - FXDEIZZER
v BMEENFIE - TRILF—EE L

(2)AFsmXMiEEThSHEH
® ArmttH2011FE(3RRULDIg.LITTLEI> T MDIntel iR THD . ANRENFSoCEHNIEA TSI RILF—NEEHRD
FyvITDEIRFZEEN Intel EFFCPUISKE U TEERBZENTERHREKTHD.

® ZLYRIALI5-DHRBEHEDRREN TORBVHIAEDOHIERFZEL LN, VI b\ - ROEHE TR B L2 BI5IIRSR
PIO—FaEOTWBERDBTENTES,

E-Core To P-Core Performance Efficiency

Introducing

wosr| — Intel Thread Director

Intelligence built directly into the core

P-Core delivers higher Performance on E-Core provide higher computational
single and lightly threaded scalable apps. density under given physical constraints

by intel. =

intel 4
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£3&2-2. S1.2: AMD Next Generation “Zen 3” Core
(Mark Evers, AMD)

(1) AEEX DI E

® ZEN3—Z3RE(ZEN2LEL7nmIOtR)DFE

o 10HSEERIT, IPC(UOVIHIDOREE) TZEN2LD19%E

® CCD(Core Complex Die)#zh8DMCPUIPE32MBOL3F vy 1%1EE,

v L3FvvSalEl23vyS 1EHMBEY (L2Fry S ansianicF vy 1% L3 (TR F)
® T(C, 64MBOV-Cache®) = Rrc&EMEH OIHE
v TSV(Through-Silicon Via: SVI>EBEMR)(CLD=IKciaE

(2)FmXhiEESNSHEH

® 17RDITRNILDNBFER.

® RARBT—FFTIVFrOIRTRE—JOCATHI2EIDEITIERE £L4.7->4. 9GHZOERERDBE L 2L TS,
® SRAMMD3RTTEE(V-Cache)lcEDT—/\/TRI M TIFACPUDEREE KIEICE) L TESILZZRIEL TS,

“ ” AMD 3D V-CACHE
ZENS=QEICE = 192M L3 PROTOTYPE
PERFORMANCE

» Deliver another landmark increase in iT | preog = Zen 3 base CCD design includes 32M L3 cache
performance through IPC and frequency 3 iy 5 = Increased to 96M per CCD with 64M AMD 3D V-Cache
1 = Enabled by Through Silicon Vias on CCD
= Direct copper-to-copper bond
= Provide scale-out performance for servers, data
centers and super-computers

NEW CAPABILITIES

= Introduce new ISA extensions

= Expanded security features il . CACTED ~ARAINIA .

= Support for AMD 3D V-Cache integration i v
ON AVERAGE*
PLATFORM

= Support for scaling and energy efficiency

= Socket compatibility




8£3%2-3. S1.4: Next-Gen Intel Xeon CPU - Sapphire Rapids
(Arijit Biswas and Sailesh Kottapalli, Intel)

(1) FRLDBE o “
o FvILyhD/\Wr—SINERE., 21-37—F7IFv2ERAUT -5t 9@ XeonS N - XDt K Fv T
o BIEVIUIL—HRIBE(T —HAAN-ZIT70E35L-91>>0 BRI I, BEoi. &)
® HBM(3XciEEDRAMED 1—))ZiEHtnlAE
v Ty 2EUTESH XEUD—EREL TESIHVEI1EIR B BE

o AlMFH#EE : (REYMBEOXRIR -tphzYR—bk

(2)FwmXhiEESN 5 H

® HBMOEWANEBINTHED. RETEHBMOEWSICERUE. L. KR TEIFFENBENINT | SEBOFRKREETHIN
50

Ice Lake - Sapphire Rapids Sapphire Rapids
High Bandwidth Memory @_
s W

Significantly Higher Memory Bandwidth
vs. baseline Xeon-SP with 8 channels of DDR 5

Increased capacity and Bandwidth
me usages can eliminate need for DDR entirely

2 Modes

HBMF!th HBMC h gM ode

Delivers a scalable, balanced architecture leveraging existing software paradigms m - i -

for monolithic CPUs via a modular architecture

uow intel - intel
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83%&2-4. S2.1: Mozart: Designing for Software Maturity
and the Next Paradigm for Chip Architectures
(Karu Sankaralingam, University of Wisconsin-Madison)

(1) A @ DEIE

o VNI FLUTFADBENSBEDNNE 7—F50F vIL— LI —IDiEE
o TOJSLhOEARMEERT—HUNE. RIHA. 5TE&. FIECHERL T\—RII7EIR(ICTVES)
® 16nmMTFvSitfE

(2)AEXHEEHETNSEH

® GPUNIEE(IBADRBAIAZ S5V NIA—ATHIAEZEEFZ DD ENREIITEBIENEFERLTURVEVLDSZE. FILLW—FF7
FrIlFFVINTEZ2OBNSEZ Bzero-dayRIRBENINEL VSRR FIFFE(CIELL,
212, ZOEERFZTEZ U TCLBIANIDOIREN S ITE T, ERBEAOISARCERIBEOSFHC Ny TSN 3% 2355,

Is there a problem?

Composable Computing Paradigm

1. GPU chip utilization is quite low (10% of peak)
2. The software stack is turgidly tied to hand-tuned/auto-tuned libraries, resulting in ML
systems getting caught in the rut.
Tail wagging the dog: Because only some styles of kernels achieve high performance #
on GPUs, ML practitioners are forced to create ridiculously large models to get new Dala catner
capability, rather than use better algorithms.
4. Simpler models exist but don’t run fast on existing HW or SW
a. Lottery Hypothesis shows simpler models have the same/superior learning ability.
b. Depth-wise separable convolutions have 10X fewer ops, but provide no speedups
on today’'s HW.

w

Composable Architecture

. . Source code Machine
New Chlp architectures must have has rich code Application Compute: 85%
software maturity to challenge GPU semantic Overhead: 15%

dominance and serve as an alternative information
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£3¥E2-5. S3.1: Arm Neoverse N2: Arm’s second-

generation high performance infrastructure CPUs and
system products (Andrea Pellegrini, ARM)

(1)AREmX DHIE
® Armv9V—FFIFvZHERAL. A7EGRZR(CEDIZI RIS Ty £ TH/IN -9 2EERAYIPO 7 DFEFR
® Marvelltt®OCTEON DPU(Data Processing Unit)(CERHZENTL\B,

(2)FswXhEEEN A

® ArmOFHETHDIEAAHT AT AICHENTO—I > MAICRISC-VAA A TLBEIEN BN, Arm(CEDTIF7 REBEDEZE 4 (FFL
THD AFHX THEROIPIT (FArmAY) 50 MAICHER I 22 DELEZBIIPI T THDI8D,

o ArmZzHHEFRHRIAIE. CPUI7HIMOEV W AHBEHE mEZ 0. COIPIVNECTTRE HRRIIMNEBENS.

Arm Neoverse Cloud-to-Edge Workload Positioning Arm Neoverse N2... Coming Soon in Silicon

|W| MARVELL
Marvell OCTEON 10 Family I

Compute = Up to 36 Neoverse N2 cores OCTEON 1 0
* SPECint > 1000 DPU Famlly

Accelerators = inline ML engine

= inline IPSec
Neoverse N2 * SSUTLS
= Vector packet processing (VPP)

i
-
| Neoverse E1 | = DPDK networ king suite for Control,

Management and Fast path stacks

I INUX
32-128+ 12-36 4-16 cores o + DDRS5-5200 + ECC on-board memory
cores cores 20-35W TDP
80-350W TDP 30-80W TDP * Upto400GE
* Integrated 1Terabit switch

High core count, high power HPC, Mid core count, mid power Low core count, low power P ..f__fic'e >0
enterprise & cloud CPUs switch and SmartNIC CPUs gateway and router CPUs

arm NEOVERSE arm NEOVERSE
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8%2-6. S3.2: NVIDIA DATA Center Processing Unit (DPU)
Architecture

(Idan Burstein, NVIDIA)

(1)@ DOBI=E »
® GPUDRIINVIDIANT At ANDIERAZIE>TLSFVIDFR

® whI—fE(NICRVWUIEZDILR) TT —79 8% NiER I 21>t~ Network Infrastructure Processing%i85,
® ARM+79tSL -4 Ty )RRz

(Q)AFRINTEENDEE - |
& FERRBRITHIDEHNOTVWRVWEFICGPUT DX RN RSRHNENTITES DN SEOEFRNEEINS.
o NWAHIT/\oy MLIBZITSCECEDT AT AN TDSecurity IsolationDFEZNENF -1 > ~ei2B.

DPU MUST INCLUDE HARDWARE ACCELERATION

Cloud-Native Supercomputing

Offload, Accelerate, Isolate

DPU ENABLES
CLOUD-NATIVE
SUPERCOMPUTING

Multi-Tenancy with Zero-Trust Security

Collective offload with UCC accelerator

Smart MPI progression

User-defined algorithms
Arm Cores Run Control L
Plane or Security Workloads 1.4X higher application performance
Requiring Domain Isolation

DPU Accelerats es Replace
20 to 120 CPU Cores — HUGE Efficiency Gain
KVIDIA CONFIDENTIAL. D NOT DISTRIBUTE SArwioia
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823%2-7. S5.3: Qualcomm Cloud AI 100: 12 TOPs/W
Scalable, High Performance and Low Latency Deep
Learning Inference Accelerator (Karam Chatha, Qualcomm Inc)

(1) AFB/XDOEE

® 12TOPS/W#ESIZIREIvSHAICEF AL RFYT

e VLIWEAIO716/E. S8KEIOMACI=whk, NoC(Network on Chip). 144MBOA>Fvy T AE!)
& “I1-JIRYNDLAVEEFRNS>TYIRTBL AV I1—>3> 7 T0—F =AU I/ SHTNUTHE

(2)ARXHEE SN SHEH

® Snapdragon@F(CEEEAFRFEL CERAIDVYORT -7y TEBOAIEDIOFYIT TH BIHFOZ1—3)LF1y bOHEERD
SEEATEINRDRBSNT —F T IF v Thd,
XTOPS/WODAEICDWTIE ARG CORFERUIE TN FI—IDIIETREIRETH Ok,

Low power optimizations Depth first scheduling

« Minimizes spillage to DDR by processing
Muiti-cars archibecture 8 lane PCle Gents Compiler driven optimizations for improving power efficiency the network graph in a depth first manner
* Uptol6 Qualcomm’ Al
c . )
ores Up to136 GB/s bx Redn'mes DDR power consumption,
LPDDRAX Depth first processing and improves performance
Pack TOPs PCIE %8 [Root D P S
400+ Int8, 200+ FP16 Comples Host) * Particularly effective for
Secure boot large resolution images
Upto 144 MB A
o:chip memory Reliability - ECC, MBIST, * RN34-5SD - 5.3X lower DDR BW, 3.5X
PCle ASIL-B, LBIST higher inf/sec, 2X higher inf/sec/W
186 GB/s NoC P t—
(inter Al core) bandwidth owermancgemen

transient, peak, thermal Scheduling to minimize

peak power excursions

+ Schedules the network graph across
ML cores such that computation

is not correlated

+ Support for multicast and Al
core synchronization

Instruction usage-based

QUQlcomm ClOUd Al 100 SOC: overView power management

. . - . - AIC100 Control Plane FW + C il it tadat:
Bespoke high-performance architecture for deep learning inference in Cloud and Edge Determines op 3 froquency peint based on - P e o
for power management controller
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23%2-8. S6.2: The Multi-Million Core, Multi-Wafer AI Cluster
(Sean Lie, Cerebras Systems)

(1) FwXDOHIE

® UI—)\RT—)LAIFYI (1075 x 10 FHHEDIEIEERR T LA )DISAFI—-DFEK

o HimlF. EAEIMBOERATYS AT LAEE (MemoryX)NMB AN —A1 2L, sSTERERZFVINICIRIF. FEIFT
Gradient(t8&)ZANJ—L7D

® MemoryX(d4TB~2.4PBOBFEZFTSE. NENCEHBHFDTEILAEZRT D,

® FJHDTALAN->FTEBER(RT—FTIUIEIR)

Q)X HEBETNZEH
® JI—/\RT—LAIFYTLDE, BUBE MG AT LAMemory XD 73 (ATHMIMEN'S T hUTEREER
® SIANIIZEARI DTHIZFHIENEDIZE HINMNEBINS.

SwarmX Interconnect Technology .. Weight Streaming Execution Model

SwarmX |
Interconnect Technology }

7 \ cs-2 Built for extreme-scale neural networks:

MemoryX Technology s
) [ + Weights stored externally off-wafer
o= = : )
| paaha e T * Weights streamed onto wafer to compute layer
il + Activations only are resident on wafer
| f
| _— Execute one layer at a time
|
| Decoupling weight optimizer compute

* Gradients streamed out of wafer

G
< X * Weight update occurs in MemoryX
Near-linear performance scaling up to 192 CS-2s o
Ce
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[AsESE] (1/2)

14|CAD, EDA CAD(Computer-Aided Design)(d. IVE1—-IZIBEETEEREN., IDE1-92FBVWTEET 2T 2L HHWEIVE1—
AL BERETRIBY —ILDTL,

EDA(Electronic Design Automation)(d. SEfELIRE P E FHERREB R RO HEEDBENMLZZIE T 3DV I~
DITON\=RITPDE, SRETHEREIEII TIIBC, 221 —2as (L2488 - FFIEDMERE T TES,

14|)\ A= N-S k& BRGSO RIEN R T IR ERETZ R — DET N EEOTITICET . RERODFREVERSIRETDEZ S
17|SIMD Single Instruction/Multiple Data(BE—@n5/ZET —47)ZBEUIED, 1D0tr5% ERICIEEOT -5 (SR A I 5151

{EDORRE, NINVEBEERCEDHD.

WHUEORZEEEL T, COMICMIMD(Multiple Instruction stream/Multiple Data stream)t#%. SIMDNE—&HST
HIDICH L. MIMDIEEBHLELEINTHD, BRZin5 - BH2T —INERICUIEEN S,

17|ONNX Open Neural Network ExchangeDig, #igF 2B A TAEEDET N 2RI DIHDRERTERTA—YYNT, #RF
BIL-LD0-IH0ETIOHREERZBIEL TN,

ONNXI(FHEFRIRHMEL TLVST28. PytorchREDF B (CaBILENTZIL — AT—ITYESNIZET L ZONNXICEHAL. #Esm(C
$5{EUIZONNX Runtimet®TensorRTRAEDSDK Tz EITI DI DL CHEsmZ mIRIL I DENTES,

18|/ 1T/ HEiE IIBERZRZBE(SGEIEL. HIBZROEINROEZIRD ASCRBLINCUAEEDCE ., IOE1—-FITanBhERITEIN 3Te8(C
(F (1)EBOFTHEL. (2)EnBOETE. (3)mHDET. (4)LIRERDOIZNDADDRTY TZRDNEN DD — D06
BEEITL. ROBBHEEITIBLHICCOADDATYTINTE T UTHSTIEIHERNE s, RYIDEFHD(1)HHEDD, (2)%
EATIRLRABFIORDEHHN(1)Z2EITI DL UIAEIE,

19|PIM Processing-in-MemoryDig, XEUEIFEH(CTOtyYZEHIAH . T—IDFEHHURICEEZITILEEOI L,
ATEEOLSICEBIBENFEAICRDE, {EROXTVETOY YDA TIEFRINABE T (AT - TOyHOBOT -4
BENWEBERENNERDIEVIZRENDD. PIMIFEDFERSED—DITHD.

19[HBM2 HBM(High Bandwidth Memory) DO XEVRHE . HBM(ZVEDDI{HIZDDEEN2GBIESDICH L. HBM2T(E
8GBNEARLRD, FEEEEHBMT(I4E%. HBM2 T (E8ERF TLILAEIN TV,
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A1 R# FizE =R
20(Tensorén TOVIEBDRDOBRAGTNIL, MIRFBDELRIER CTHENNIBEINERDT —F(E3RTU LOT - IHEEZ 5.
TV (Tensor)EME(EN 2,
20887 L1 EERE VL MACEEEUBIRED I,

HmFE T BITEREMENRURITINS . COBIIEE QIR Nz _ LS dERESRZ 7 L MACACEL.
EEF T (CIEZ T I B,
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Iy b FFEQUIRDTHDABIE T A TUIENEDHSN B,

23|PyTorch Facebook® A TAN&ERAFTY IL—TAI Research lablc &> TRIFENPythonDA—T> Y - 2O#MFEBIL — LT—-ID
Ct. PFN(ZBHOMMRFEBIL — AT— I TH3Chainer@OBIFZ#E T U, PyTorch(B1TL T3,
23|TensorFlow Lite GoogleNBIFRUeA—T >V - ADMMFE B I — AD—ID . #EmADIL—LT—I T, AndroidiOSTRITEIRE. FH
(I TensorFlow T1T3,
24|Depth-Wise/Point-Wise&# |BE#H#AHZ1—3I Ry NI—JOFHEIANIBDIZO DT —FFIFv DT, BHAHFZ1-3I)2Y R NI-IDtE= (S
IAGy T ISR TEEITICERNAHND, ERMECZULW. B TIVIIRROIENRIBEEN THEHIAHFZ1— IRy T —

DEFEITTERLIC. KIBRFTEIR MBZR2IzH(CEREN DN Depth-Wise /Point-WiseB#iAH T Do
MERDEHAHEDINIEZ . BEFHIAH I ADNIBEF v RIVBIDEHFEFDLIRICT . BiEZDepth-Wiset. &E%
Point-Wise& 5,

STEIAMEV\Depth-WiseD I 5% —FEFE(CT 2L TR ES (T|RIAME) OEEZ KIBCRSUCEICRS,
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1-1. #iEL

B Arm DevSummit(d. ArmZ%Z{ESDeveloperaliF DAY MTCHH. ArmDFERICINZ T, Developerh5OFEXLHZ
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BHICINR. TF1VTAHREREZTRER DI ArmOFTLL —F 7 0Fv—ArmvIODFFED—D(FEF 171,
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1-3. Arm Virtual Hardware Target (VHT)
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B CHICKHUT. RISC-VOIIS AT AFA-T>IAZ1 =74 O THEEINTHD. Western Digital DFEMEHYERAEHD. JU—T
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>R 5% Renesas  Rockchipmssns | SPE/RL

EDAs cadence  Synopsys

IFVs Aami e phoenix 151 Semihalf

OEMs/ODMs AGEON' A neuni O®'PRO"  £97ASUSIOT  AANTEK ) bamboo \Compuiab

Enabling an Intelligent Planet

S

O eupermn DIGI” @EUROTECH GIGABYTE" @;mﬂ Hewlett Packard @‘ﬁu

congatec akine. Bulld:Succes Enterprise

G ontron Lanner [EWGE] AeRCe PEGATRON [FiH W WAL

Torodex WMarisciter

S&T Group

‘ < Scolys SECO  egeselidRun

Raspberry Pi A& &

)

Swiss, Embedded. Computin

Communities  ykiNare @&y B

OpenGCC -

(©) NTTAT
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B 2021F9RKFRTEEEENTVST/{MX

Arm SystemReady — Certified Devices (sept 2021)

Band

-

arm
SystemReady

==

arm
SystemReady

ES

CERTIFIED
V1.0

-

arm
SystemReady

(©) NTTAT

Certified Systems

/A e Mt Jade Platform

AMPERE.

N/&NTE e Ampere Altra Server 2U Mt. Jade
compuTER e Ampere Altra Server 2U Mt Snow NVMe

* LX2160A RDB

-~
(&

* LS1046A RDB

+ LS1046A FRWY J*(| MARVELL -

arm SystemReady

GIGABYTE" - Ampere Mt Snow Platform

OCTEON TX2 CN9130 DB / * HK-6010
HAWKEYE TECH

* Raspberry Pi 4 Model B . ¢ HoneyComb LX2 Workstation
« Raspberry Pi 400 *Sol'dR““ « MACCHIATObin Double Shot

Raspberry Pi Embedded Edge Computing

¢ CEx7 CN9132 Eval Board
PR U i ini N e * Compula - - e leez ateway
b 4 NXP i.MX8M Mini EVK ) Com U C lab IOT-GATE-iMX8 LenOVO L P710 G
& oo %

¢ Raspberry Pi 4 Model B [
« Raspberry Pi 400 ‘?4 * RockPro64 Radd'lp ST  + Toybrick TB-RK3399Pro

Raspberry Pi
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4-4. Arm Virtual Hardware (1/5)

s 1 [IoTOI> R/ — MRS SCL/CD. MLOPSY—-5J0—]
[ToTOX I T—INCHIEUIZI I RR—=Z2DY T M1 7 BF =R |

(1) BTN E. Bm
Rich Endpoints (Cortex-M#&{E557) %% - &5h

(2) HEEDFICHITH M= —X
IoT&EMachine Learning (ML) TAMRICHEAEUIZSWRHFEADRT G
Continuous Integration / Delivery or Deployment (CI/CD) ADOXJ/its

(3) #HE (tv33y) o=
Virtual Hardware Target (VHT) TSWEHWDLEF BAFE % Bl 8E(CU AR HARIZ 35 kiE
VHTO#&RkEEDEAFIDCorstone-300% 5k EA

(4) BT EIANE R
HWZRYINSI5% RS —)C_E(CVHTZAEEEL . SEHWRIRETTIC. BEHWEDERBSWARES LUSWHTEH
GBI
(5) AFExX (tv>ay) MEEHThSEH
AR NMIEDETHEERINZArm Total Solutions for IoTOH#ZL1i
(6) ZAH{LFTORE
BE(CERALANIL Ol
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4-4. Arm Virtual Hardware (2/5)

m IoT¢Machine Learning (ML) T. SWhHUKIBICHEHE
Requirements System

Continuous Integration / Delivery or Deployment Specification Testing
(CI/CD) WBEFREFEDERN (Ti2z2BH(CTB)

B HRERBOXNRESRTLORE
B RO AT LA RFOIRERICRET

B Arm Virtual Hardware Target (VHT) (AR NMIEDETHEE
2NJfzArm Total Solutions for IoTOH %L System

Design
B VHTT. SWEHWONIBIFFEZ AIEEICL. EERARIICESXT IS

Integration
Testing

Architecture

»
i

[oT + ML Effort

Software Complexity

Traditional
Embedded

L &
8/16 bit  Cortex-MO+ Cortex-M4  Cortex-M55 MCU Performance
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Arm Virtual Hardware (3/5)

B Arm Virtual Hardware Target (VHT) Z&ERUCEFEIO-

(©) NTTAT

B HBNRS- X TRmEFEREZ SFENS3F(CFIHE
B HWBFEMATUT, VHTTSWREIFE

B MLOps®Fi—-=>%

B SW Development&Integration \DiER

An Intelligent Edge Software Development Flow

Software
development

i |
1 |
1 |
1 |
I . :
. : MLOps NN I Virtual |
Trg""“g | Optimizationl I Hardware |
ata 1 |
| 3 for Edge | . I
] I
@—N lj:g = O€ _— | > Software :
I \ ! : development |
4 i . ]
‘ NN Design Trained NN 1 |orool] !
! &Traini :
' raining , i L 1
| I - I i I
| L ! : {C} :
I Performance Metrics Vi&tﬂ al i : @ :
s s s sl Hardware | Wl il

OB —EF

1
Binary  Deployment  Devices fleet
Image

Monitor & data collection

Cloud services
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4-4. Arm Virtual Hardware (4/5)

m Virtual Hardware O#&pk 5

What’s Arm Virtual Hardware?

Virtual Hardware Targets are the loT equivalent of Virtual Machines

* An Arm Virtual Hardware Target is a
functionally accurate representation of a
physical SoC, simulating its software-visible
behavior

Other applications
D Virtual | =& Virtual

. . . . . W Y
* Runs as a simple application in a Linux W Hardware | & Hardware
environment for easy scalability in the cloud

Host OS (Linux)

* Remove dependency from RTL
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4-4. Arm Virtual Hardware (5/5)

m Corstone-3000%4l

Arm Virtual Hardware

(©) NTTAT

Precise simulation models of Cortex-M
device sub-systems designed for complex
software verification and testing

Runs any RTOS or bare metal code

Provides virtual peripheral interfaces for 1/0
simulation

Enables test automation of diverse software
workloads, includingunit, integration tests,
and faultinjection

Cloud service that can be integratedin
Cl/CD and MLOps development flows

Virtual Hardware System
Corstone-300

Cortex-M55

* TrustZone
* Helium

Memory
* Secure/

Non-secure
* DMA

Virtual I/O
* Data values
* Streaming
* BSD-Socket

Ethos-U55
microNPU

Peripherals
* GPIO
* UART, SPI, I2C
* Ethernet

Debug Interface

* MDK, DS
* GDB

* Event Recorder

Developer
Resources

* | /O drivers

* Test scripts

* CI/CD integration
» Usage examples

* Test report tools

AWS Cloud
Service

* Arm VHT Systems
» C/C++ Compiler
* Build utilities
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8 . NVIDIABRED/N— N —FK ; T3> 224, AN M- 1y a> T4, ITI3X
FThtw23a>T144. Tech HubT34% (#ﬁ"lﬂ(i/)\/\ )

(1) BDAETN3DE. Bm
PHETHAN, FEREVTHPCHO EFE Ty talE,
(2) HEDFFICHIFBHRIT=—X
=EHREIVE 171> ARHEE . RIFRHARIAEHE
(3) EE (Lv33y) OMiE
«  NVIDIALArmOEIEICDVWTET 7 ORENSIRIF R TOIBEHRZ 218
(4) BT EIANER
#H5ERIMR(FY —/C—HPCTOArmI7ENVIDIA GPURBIFY— )L DEE(C L ZRFEMNZR/L ., TvS/IoTTO
AI/MLYYI—-33>DERBIIF-TYMOT IO DB S HRELZIK(CNIES,
Y5 (CHPC EFE Ty SRl TEC D2 ORAFEY — )L O SR GR  EE (ENRD5E I T D,
(5) AxFExX (tv>3ay) MEESh3EH

NVIDIAICLSARME NN FHERTHD, BAM(C 2 HTEDISIRIA—A—23>ZBIEIONEVWSERTH
RzBEDIz,

(6) EABEITDRE
FHCRL
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B NVIDIARGEOD/N- M —RREIFTIZHNYS D T224E AN M-~y 1t IS AT LAY 3> T4,
Tech HubT3#4&Hofe (TX)

B Microsoft, Amazon, GoogleREDFEREZ N OIZOTNIVIDIAMFAICZWVEWSERTIFAVANVVIDIAICELSD

ArmBIRFHENMETRTHD. BEM(CEDLSIBTA— X232 2 HIET DNV R THRRZMDHIT,
B 2ARELTHDE. WTEREY—/{-HPCTOArmI7ENVIDIA GPURFEY — )l DEIE(C L DRFEINRIE, Ty
/IOTTOAI/MLYI1—23>DEIZDNS ATy MDOT TOA DB B MHRELIRICDID . FHCHPCOEFE Ty S HRIE
TEZD2LDORFEY IO R R EE(IH DRI TH D,

(©) NTTAT

HPC

DFIRIATATOA-N=I2E1-F1>7
N7 A5)DSecured Supercomputing Architecture
Gilad Shainer / NVIDIA

Arm_tOCUDAMIIFHPCRFEZ /3R I 2 FTNsightfH
Y-

Jackson Marusarz /Product Manager, Developer
Tools / NVIDIA

ArmIOS AT AEIFONVIDIA HPCY I M 7RFEFY
Jeff Hammond / Principal Engineer / NVIDIA

IvS
Ty EDOIVRY-I2ROIZIRRAT4T - I 1-HES3> - PV —23>
Megh Makwana / Solutions Architect / NVIDIA
Ajeet Raina / Developer Relations Manager / Redis Labs

NVIDIA TritonEArm NNZERUBEIZT U2 D)\ - RUTT7IFREFEIML
i
Joshua Minor / Research Engineer / Arm

1>F)T1MIvS : Ampere. Arm, NVIDIA, and SUSEZERLREIVE1—
bAL VINII7ZIVS
Bryan Gartner / Senior Technology Strategist / SUSE

TIASRATLhtzy>3>

FHEEDARIRA : ORAN, COTS. CloudNativeZz\— (U8RI ZRBV IR AR
MiMo 5 GT3yhIA—L

Kuntal Chowdhury / SVP & GM, Al & Analytics, Mavenir

Soma Veyalutham / General Manager, Al and 5G, NVIDIA

Panch Chandrasekran / Director, Carrier Infrastructure Segment
Marketing, Arm

Henry Justin Calvert / Senior Director, Head of Future Networks,
GSMA
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B Triton/Arm NNICLBIVSAOAI/MLTJOA

Triton(ENVIDIAWBEFELA-T>Y—-RE
UleA>4971—Z -5 —)\—

DFIRTHRBEUEET IV ZIYSAINTINA4Z
(CFeHE (704) 33%5E. NVIDIAD
jetson A D7 )\1 A CERNER SRR TIEE
TEIRIEMEZ S

Arm NN(3ITensorFlow Lite.

PyTorch. Android NN API, ONNX#&E
THEUZ1-IIILRYNI-IDET IV Z
Arm®Cortex-A CPU. Mali GPU,
Ethos-N NPU(CRiE{t I 35173V

FLMENDNDRYRNT—ITTFLiteDFFDET
JVEArm NNS1TSUZESETILOAERE
ZLEE T HE1.45MF-4. 58 MREM L ID

Triton Inference Server (Embedded Edge)

Triton on Raspberry Pi4 (4GB RAM, Arm Cortex A72)

Model Name

TFLite Default + RUY TFLite + XNNPACK CPU

Inceptionv3 — FP32 throughput: 1.4 infer/sec throughput: 1.2 infer/sec

latency: 764 ms latency: 787 ms

TFLite + ArmNN CPU

throughput: 2.8 infer/sec (7x)
latency: 339 ms (7. 25x)

Mobilenetvl 1.0 224  throughput: 12.4

— FP32

throughput: 10.4 infer/sec
infer/sec latency: 80 ms  latency: 97 ms

throughput: 18 infer/sec (1.45x)
latency: 55 ms (1 45x)

Resnet50v1—-FP32  throughput: 1.8 infer/sec throughput: 1.6 infer/sec

latency: 601 ms latency: 667 ms

throughput: 3.2 infer/sec (1.75x)
latency: 314 ms (1.91x)

VGG-16 — FP32

Squeezenetvl.l-

FP32

throughput: 0.4 inferf/sec  throughput: 0.2 infer/sec
latency: 2374 ms latency: 2646 ms

throughput: 7.8 inferfsec throughput: 8.6 infer/sec
latency: 126 ms latency: 116 ms

throughput: 1.8 infer/sec (4 5x) Cortex-A Mall EthOS'N Third-party
latency: 594 ms () | CPU GPU NPU IP
throughput: 13.2 infer/sec (1.5%x)

Latency: 75 ms [1.55x)

(©) NTTAT

Compute Library

NN Frameworks

NPU Third-party
Driver driver
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4-6. AVCC (Autonomous Vehicle Computing Consortium) (1/2)
igdE : Tech Hub [BENEIREDI AT LTV —FTIFvDIEZ]

(1) BAEh3DE. &,
SEHPEL I

(2) HEDFFICHIFRBT——X
T EIEILOY-EAZEIRULSETDE. BENEERAMIC T TR TE L EDDENDEEI R ER K. FiF
OfERN. FEOREMREDQELIFMOBEE THD ., BEFVIEARTONFIVEEE . t+1)71. FIFHEAR
FoHENERE

(3) ¥ (Lv>3>y) o=
AVCC(Autonomous Vehicle Computing Consortium)D#27T. IRIEDEXDFEAHIRIT

(4) FTRIAFEITANER
SATLAER. [BHRIO-RECLDBEEX-N—EXRFYT 517 —, FEEA-D—(CEhOIERAFEOIEL
B ENEER MR EUER S FY—IDRE

(5) AEEX (tvy3ay) MFBTh3EH

ST BEER(CMIITREROI>Y -2 7 AU URECFRSIRBAL - JIL—T10ICLBT I7 I RAS>H - MBS
I A EEOF RO ZIBHDLSIBIATDIY -7 LTHD.

(6) ZRBEITDRE
FHIRU
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B BEFEX-D—ERFHT5MV7— FERA-H—-H2019F1088H. TEHIEFHREIRDZHIC
5 BRI -2 T A

A=

AVCC Members Include Organizai g

\nsys aArm BOSCH  Brodmanny Gt from the AV Supply Chain and Ecosystems

* OEMs

— - * Tier1ls
m (infineon { ) mssan <
e NVIDIA.

* Technology Companies

* Mobility Service Companies

(]
L ]

Renesas rtl @.‘:.‘?'_ wamatwee SIEMENS * Commercial Transportation
Laboratones

Motion Control
(Act ation)
Send control signals to the

n—-N

vax
Handie transfer between the
ego-vehicle and the
infrastucture/other vehicles.

Eveat Dm Rocordln(
Enable

is (e.8.
s per s.\r 16081!

Entities that inform, govern, influence or help

@ standardize the automobile industry including: -
SYnopsys - Eﬂ 37
SUBARU YIOPYY TOYOTA veoneer £ XILINX * Government/Regulatory

zenseact

Development IF |
(Debug & Diagnostics)
A 2 &

* Industry Organizations & Groups

* Research & Higher Education

DevSummit

B EBEEINEZOY- tli%iﬁb&')t?ét B ENEE R TR
STEVEDOEADERESER . RiFOMmE). REOREIER
EDRDEAMBERCED.

B CORDIGADFYTIMEDN SN, SHEBHDO NI FEIRS |
1. EHOFYINDHNEDR BN BN BB S, |

B BEELROFNE iLE'C(IéE@EHT]’E;u&Jéb\ IERFPRIEOAEA
BNZEHTFIVTHEERRE.

B SATLAERCBHRIO-Z m-%1 L9 3LICEDH AT ZNNERT .

B ERFEB TORIFI-IEHPCHB IV, IoTb‘MLPerfb‘b/\ LT
L\éb‘ BENEEL CIUSIEDOEDNRVDT. EEZEDBNSEE
BELDEFF CONIFN—IRECHEANTNS,
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BiX
1. FERTE
2. NVIDIA GTC 2021 FallifiE

3. EifEH
3-1. EFEEME
3-2. BimiEias i

4, EFEEETIEEHDORSEK
4-1. OrbNet

4-2. Modulus

4-3. Omniverse

4-4. Hyperion 8
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1. AERIE (1/2)

1. A&

0. FRENTEITIERSELFABEIINRLOTND. TF [IE=TErAVN i €A

(. ALICER R ZH TIZJO—/UVAISEAE NEVIEFEDZED ST [EalPys w4 VS
B (CCE< IzEu

2009F(C(F=MENL, 500 A TRY—MUEGTC(d2021
SpringTHISHTAZ FAUFEATL. 45,000 \DEERETHMES 55
N, A>31>%1782BIBOMEE2-22021 FallTII21 5N 2Zams
DEFZFNDD. A>T FHIENSEDAIRY MNORERZNELTE ™ https'.;/www vidia.comfa-in/atc/
BHUTWAZENMEIZ S, ' S

NVIDIAFGTCT#Fi iz EEIFRIKL THN, 2021 SpringTIET—F>9mEIFCPUNRERK. iz, B
EBEHOESLIEFYFONNVIDIA Omniverse TTYERSNIEARIEAR- A ThofleCtZzEHARL. 5
gAE IOl

2. FfERRS
202141188H - 11H (4H/M)

3. FERIN
A1 > ThifE
*1 NVIDIA Omniverse™(&, ARABISMRL — 3> EYNIRMICIERERUTIVIA L 210 —33>Ofes(CRAFEEN . ILRIEREICEBNTA—T> T3y hIA—LA
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1. AERIE (2/2)

4. ¥Ehk
HENSEIUT oY AL T B UIEARABRERH>THEN, 2A=EBUT5220ya hkEENT,
- Connect with the Experts: J)—JFZ(E 11 TIOSTI MERBEICDOVWTER I D
- Demo: NVIDIA®DT/.)/O0>Z/N\DINRTETIRITITD
- DLI Training Lab: 1>ARS94(C&BT—923vT
- Keynote: CEO Jensen Huang(C&2EAEE X NVIDIADSHIBIRMEEESNSLHFEHIND
- NVIDIA Inception Startup: GPU%ZfESzXA— N7y TOFE
- Special Event
- Talks & Panels
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[£3%] NVIDIA Corporation #IE

1. 5237

1993F4H5H

2. APl
KE AIVTANZT B>5955

3. X1YO0ILIMOZYRAEFRTOAIE D
4-1, FEUREETE E/I>+>) 74, Fabless{EZT 21
4-2. T4 AI)-KGPUS I35+ 141
(NVIDIA#EAMD# D24 Ei5( 853

4. NVIDIADOGPU

GPU(Graphics Processing Units)IZZD&0i&ED, J37499X
SLIBFDLSITHD. J 3Ty IR (GEUICEE 2SN S EEEIN
THO, WHPIB(CEVABETRO TV, COGPUDEEREN %Y
5749 B BN BAE S AiliZ GPGPU(General-Purpose
computing on Graphics Processing Units)&MES,

NVIDIAZRHS(2006FEFR ) CoFdTcERU.
CUDA(Compute Unified Device Architecture) MERHFIRIE
ZIRHLTHD. PythonE THFEINTOI S LNSREEICGPUDTF
DAVBEE HZFIF R EEE LTz, AT — L, BBS{LEEONA( =2 J—
LICED. NVIDIAOGPUNZEENN B CEERI,

NVIDIADOGPGPUIE., IBMOZ—/\-J>E1—4FSummit(cHfEn
nctud.

5. Arm BlY
202098 14H(CArmEBLIZFRUIZ, UNU. I E0HEER
MESNTHEST . BUIET TUTULRL, (2022451 BYERL =)

(©) NTTAT

Semiconductor Companies with >510 Billion in Sales in 2021F

2021F | 2020 2020 2020 2020 2021F 2021F 2021F 20212020
Rank | Rank | ComPany  Headquarters| e | Toml | Total e | T | TO o change
0-5-D | Semi 0-5D | Seml
1 ki Samsung South Korea 58,555 3,298 | 61,853 78,850 4,235 | 83,085 34% I
2 1 Intel .S, 76,328 o 76,328 | 75,550 o 75,550 -1%
3 |TSMC(1) Taiwan 45,572 0 45,572 | 56,633 o 56,633 24%
4 SK Hynix South Korea 26,094 281 27,075 35,628 1,639 | 37,267 38%
5 |Micron us 22,582 o | 22582 30087 o |3o087| 33%
6 |Qualcomm (2) u.s 19,357 0 19,357 | 29,136 o 29,136 51%
B Nvidia [2) 1).5. 14,659 1] 14,659 23,026 ] 23,026 574
7 |Broadcom Inc. (2] TER 15,941 | LB03 | 17,743 | 1%,864 | 2,099 | 20,963 |  18%
9 12 |MediaTek (2) Taiwan 10,985 0 10,985 | 17,551 o 17,551 60%
10 9 m .5, 12,731 843 13,574 | 15,889 1,015 | 16,904 25%
11 15 |AMD (2] Us. 9,763 0 9,763 | 16,108 0 | 16,108 | 65%
12 11 |infineon Europe 7,542 3,683 | 11,225 9,113 4503 | 13,616 21%
13 10 |Apple* (2) 1.5, 11,430 o 11,4450 13,430 o 13,430 17%
14 14 |sT Europe 6804 | 3374 | 10,178 | Ba00 | 4174 | 12574 29%
15 13 |Kioxia Japan 10,553 0 10,553 | 12,132 o 12,132 15%
16 17 |[NXP Europe 7,582 B9 8,391 9,711 1,004 | 10,715 28%
17 19 | Analog Devices (3) .5, 7,722 405 8,127 9,575 504 10,079 24%
— — Top-25 Total 384,170 [ 15,196 [379,366] 459,683 | 15,173 [478 856]  26%
[1) Foundry {2] Fabless [3) Includes aguired company's sales in 2020 and 2021 results.

Source: Company reports, IC Insights

100%

80%

60%

40%

20%

20%

0%

*Custom devices for internal use.

TAAIU—-RGPUMI5> 1Y

80%

Q2'20

Q221

EAMD = NVIDIA

Q321

Hi 8 : Jon Peddie Research®|EiRZE(CNTT7 RN\ AT2 /0 HMER
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2. NVIDIA GTC 2021 Fall#iZ (1/7)

NVIDIA GTC 2021 Fallid, 1 /=4, i3 E&. ERRTEEBRE21 S AOSINETFEZNHOIENVIDIAOSE R h>
TPV A THD. EifFEEDBEELNI148 A EIER>TWS, NVIDIADOSEFT KR I D5 THD. NVIDIAOD
Fv Iz B UEEHINNVIDIAB LU - M —1RENSDEFEREIN D, 2021 FallTE5220ty>3a>hish, &
MELYSAUCSINUPT VLY 3> THRERSNDNVIDIADIAI N EAINSEFRE LU TopicThTd 7’(
AENTHD, FEFRIL18ZEF., Topicld48Topict LIk (CHz>TNVIDIADFMTASEREN TLWADH DN 3,

Agriculture, Architecture/Engineering/Construction, Automotive/Transportation, Cloud Service Provider, Consumer Internet,
Energy, Financial Services, Game Development, Hardware/Semiconductor, Healthcare & Life Sciences, Higher
Education/Research Institution

3D Design Collaboration and Simulation, Al Strategy for Business Leaders, Accelerated Computing & Dev Tools -
Algorithms/Numerical Techniques, Accelerated Computing & Dev Tools - Libraries/Runtimes, Accelerated Computing & Dev
Tools - Performance Optimization, Accelerated Computing & Dev Tools - Profilers/Debuggers/Code Analysis, Accelerated
Computing & Dev Tools = Programming Languages/Compilers, Autonomous Machines - Reinforcement Learning,
Autonomous Machines — Robotics, Autonomous Machines — Robotics Research, Autonomous Vehicles, Building &
Infrastructure - Design/Engineering/Construction, Computer Vision - Research, Conversational AI/NLP,
Cybersecurity/Fraud Detection, Data Center - Networking, Data Center - Virtualization, Data Center/Cloud - Business
Strategy, Data Center/Cloud Infrastructure - Technical, Data Center CPUs, Data Science, Deep Learning - Frameworks,
Deep Learning - Inference, Deep Learning - Training, Graphics - Al Applications/Art, Graphics - Animation/VFX/Virtual
Production, Graphics - Production Rendering and Ray Tracing, Graphics - Real-Time Rendering and Ray Tracing, HPC -
Astronomy/Astrophysics, HPC - Climate/Weather/Ocean Modeling, HPC - Computational Chemistry and Materials Science,
HPC - Computational Fluid Dynamics, HPC - Computational Physics, HPC - Quantum Computing, HPC - Scientific
Visualization, HPC - Supercomputing, Healthcare - Drug Discovery/Genomics, Healthcare - Medical Imaging, Healthcare -
Smart Hospitals & Instruments, IoT/5G/Edge, Manufacturing - Inspection/Predictive Maintenance/Logistics, Product
Development - Design/Engineering and Manufacturing, Recommenders/Personalization, Retail - Intelligent
Stores/Logistics/Data Science, Video Streaming/Conferencing, XR(Virtual and Augmented Reality)

(©) NTTAT 391



2. NVIDIA GTC 2021 Fall#iZ (2/7)
SIEEL

SNIED25.3%NKENSDSAI TREZL. R > FHSOENIE T24.8% TéHhol.
SINEOBIBIBIATIL. FAENIZ%EREE RN 11 2% T S=F THolk,
SINEOZERBEIESTIE. SFHE -ARNFEEZ<23.6% TANIT ServiceThol.

SMEOS ISR SINEOBHRIES

24.80%

5.80%

7:30%  7.90%

. ® Student/Post-grad ® Engineer
=KE AR =H5E CHA =EE =Zoff
® Developer/Programmer = Research Scientist

= Data Scientist = Z04th

(Bf) https://www.nvidia.com/gtc/sponsors/ DIEHRZEICNTT-ATHERK
(©) NTTAT

SIMEOEFRIES

4.00% 5.40% 7%

= HER(Higher Education and Research)
= IT Services
= Architecture/Engineeing
Healthcare
= Automotive
= ZOAth
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2. NVIDIA GTC 2021 Falli#iZ (3/7)
SAEELTUTO17ty3 A (FHAE TORMEESHN.

v avEs A4 MY = RRE/FE
/Topic

A31580/
IoT, 5G,
Edge

A31562/
Autonomou
s Machnes —
Robotics

A31615/
Deep
Learning -
Frameworks

A31613/
Deep
Learning -
Frameworks

5G-MECIC&BI3URL A B —ERDEEE

DeepStream SDK JILFHASADIGH

“DL for DX” DXICHBIDTA—T5— 8 A
FacDOWNT

DXICRINT BEZEEESTRVEZEDZE(L ? Hisk
FBE L EOKRBFERNED R REEK]
(CEFD

5GEAWS Wavelengthz B8 LU RL AU OIS 2T LE
FICDWT, CNETERUEBEDANY NCBIFDEIEERBRONS (T
BhiE) ZRZZABNSERT D, FFHCAG- IS REDMEESY, HBLY, AR
AI—MNIZR - N=FvrIlk1—> - TSANYA DR ERFBVNB (L Z4RERM
BE%RU. FLLRY NI —SEBRIEPXR 7y M RIS 3B &IC DV TEASH
[CF3.

HRP(IFET I HEEDIASIIREDT —FZEDIAAT, ESRZ A

YA MBI, TOTROZERAL., IESROSE(CSERATES. Al R—20D
NIWFEH—IBET A, BE. BUROIBEREDZHDA N - DY —
JLFy b, DeepStream SDK D4FEL THEEDIRIGY — ADEDIAHC K
BINATA > DWBENBIEE, Aty 3> Tld. CSI HXAT/USB HxX5% AL
TAEERBRIR)Y — 2DV T )L F4 L TODeepStream/ N1 754 > DREER(CDL)

THRER T %,

DXBFK. HBRPBESRAS—IICBWVWTAL-TA—T5—Z2 0 ER%ZEEFICA
NEZEENMNE(CROTND, TOEE(C, PEPEUR, £ESRXIN-VY>
FENZNEDLISCED>TOWFHERLDD . AMBREPT ST —2
RO =S, BARICHIFIBAL-T1— T3> ERORFHEEOEHIRE
T AC T

HEAEZ (L. Al BHE(ICRE I 23R VAL S iRERz A S HEBETDX
ROJBECURBROER DN TS F—D1DTH3. NVIDIA Al DAYST

ORIEIDEYS AL DY 3> Tld, CEODKIFRENBRINADE LMD
EZEOIL—I2—([CERDBEHFORREEIED T F2,

t8HEFE/KDDI

{2 KF5/FaBo

FEIFRPEARES/ BAT(—7

S-2the

HisR1/NVIDIA
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v assEs A1 B8 M= RRE/PhlE
/Topic

A31614/
Deep
Learning -
Frameworks

A31628/
Data Center
- Networking

A31558/
Data Center

Virtualization

A31565/
Graphics -
Real-Time
Rendering
and Ray
Tracing

DXDBEE

IoT/AIRH(SSKHSN BRI
F=AEA-75)02

NVIDIA VGPUTDXZH#EXE |
NVIDIANRZE T 3R AR
i

Omniverse Enterprise& &3
T AT REEIRERL

DX(OOVWTREENMERELRINEVIZVDE, TERNRIBRE | THO BEEITHD.
T TIRIER R A IN—Sa e Ul ACTHBOFABL, [DEFICRIMRRC—D DD
DA TR —&ICABRTET RO TERVN I EVSHFRIEOFIBETH S,

-DXEFTT-RL— b RS2 RTAX—32 J(CX) THD. A T2 SHIAREREN,
BIEFIC. YINIITRENE DEAN RIS ZIBRUREZZTNCEDEZNEN DD,

T I ALIIRBBEHESEMEIONSL AV —1EE(CERIR T 2D T, DX(IARMICEZENCE
OFRHE, DEO[AAHZNIT IV - NS RTAA—23> |(IX)CHR B,

-DXEEDB((F, [AHCRVAZIET [EVSFIE, DENI TICHBITIIINY-ILIEZENZ
BOTETENCRU. BOBDISEDUTHRL., ML(CIRET 2. EVSRENMNETH D,

I, [oTPAIDBENKIBICEESH. T I ([CKROENDZBHORSKEEL. B
RICEDBREFZRH TN, RBETE INHBORHLITSKDHEN S, IoTPAIDFEE.
FACISZANS RERDT —FE I —(SROSN B PBEHZVHEELDIC, INZER
IRIBNVIDIAOY)1—>3>% KBTI .

ZLOEIMAE L MIZED AN, IS AT LAOFREZEESD TIX MRERMERED
Ay B TER, SFODIRAT ATHOIARE LT EE L E T, ERHESH TSR
F L. BUTCHERFIBRRAOBEMZ AT TV, DI BEFAmMperett{SGPUL
FEEMEZERS5INVIDIA VGPUURIEGPU). 2UTIREERE D32 KEE EEE S
DPUZEHENHE. DXHEERAEREAZL LT, H5D3T—I0— R, VDIYVR, L5 T
FHAY AR —3 3>, Al #FE. HPC(RIZRUNETE )L S5, HREE A PERIE
OBEVWZ—X(CETIHABZ S, R OIREEER BT 3.

Omniverse Enterprise M&E A (AT, BERARTOIDR—F MERRET A, SR
TOBERCHERRTX, D-IAT7—33> Y—/\-DEZ81T9 2.
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ERAFHRL TR
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SE31564/
Computer Vision -
Image Processing

A31627/
Conversational
AI/NLP

A31626/
Healthcare -
Medical Imaging

A31568/
Accelerated
Computing & Dev
Tools - Profilers /
Debuggers / Code
Analysis

A31586/ Data

Center / Cloud
Infrastructure -
Technical

Omniverse User Group Japan: CC
HEW | OmniverseTZEN33D1> 7
YEIfEDD -0

NVIDIA RIVAZFWTHRTZOXEEAL
HELID

DRI - REETESOESFE

THA>LE1—(CmiFfzOmniverse
Enterpriset&pk /5%

J—1—REFR5IFT -9V —)LNode-
AIDFBNTE, 2TOEE#IBS
KubernetesR—Z2OGPUT Y RIA— /A

Omniverse TAINZENZN. 3DI>TIVHIWETOHX ) MEAaTH ?
OmniversezFiTU CGGRL TWWBIUI A —. IS 27D H%2HBEVT X
JNUEBOTUVVEREE Y, OmniversesARTWBIFE, ECICREIFIELWN ? 585
BIN— N —F—LETBNULET, COYSa IR TA ANV DIA(T
[ =

NVIDIA Riva SDKICDWT#119%. ASR. NLU, TTSEZ 1)L, LU

%2358 (RFE. BAFE) 0BFIN - IBHETINESH. NIFE-S
N EEBRATERIOTELIBIT I 5. EOEERZIE. Omniversek DIEfE(C

£B3DF VIV BERE. VKON DEBROT7 )T —23>3FUATRivaz

BAY3TEEECX. IVRY-IVRDASR (citrinetRE) BLUTTSET
)L (tacotron2. waveglow. flowtronix&) #8119 3.

B SR EERD B COAIR TREEE(CR TV ERD—
DIMBNERIREDREN DD COFRERADTTARSG EDSIESEFHINT
WBREYWID—DIGEESE BN DD, RRZESERIAFE AN TAEEEFH
TWEPT(E. COBEFBOFELMERDA 1 DFBERELLE T 235 %
TOTVBDT, ZO—IHEBNIIEEBIOESFB(CHIIZIvSIE1—
T OEEMECOVTEES T D,

BEFTHA>, CGHIETOLE1-%IEEL. Omniverse Enterprise®-{>
AN=IUDB ey NPy T CHERFE% , FTHI R R s SRR I 2,

NTTCom T(I#F B IO I MCHFBIZ1= 7 -3 x5hEK\b I 3L
ZBEMELIE) 10— RTERYDMH aIEERY —)L. Node-AlZ AEBIFL
TW3, SEl[ENode-AIDIE L, ENZLATZZ3GPUB LY
KubernetesX—ANT 5y ~IA—AICDWTERER I B,

Hideaki Tanaka
/NVIDIA, Prometech,
Autodesk, ASK,
Quebico, GDEP
Advance, Too

Xianchao Wu/NVIDIA
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(PN

Sammy
Kakizawa/NVIDIA

EEEST, AKX
/NTTIZ1Z5—-33>X
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A31561/ Data NIA—X D RA%EZ T BERORERD tFIUTA—(CEATREREFEDZI— A THd. UNUZLDA L (E BRDE  EBRES/NVIDIA
Center - vOorsAbOEF1)71—-EHITS HETEHOID. IRMLRYIERZRA S NIRRT BCLICEFLTH., FERE
Networking UTEF 1T —ERZ/IETVRIOED., B8, RT—3EUF1—(CRIEN

&0 I-THRERICEEN D DS AT L35t TUED, TF1UT1—E/\TA—
NYAPRT —SEUT 4 —(E M — RATDOBIMRICHINETF RV, COEYS3>
TRESOTFIVT—EROIZRDS, ENZBLITHICEK L (FEDLS
(CEFEIINERON 2UTDPU (F-570€3>J1Zvh) 280
NVIDIAZ @, #ifizFIAL TCOREICIGR DB ZRFR T Do

A31601/ VILFE-HIBECHITD QAJZ1=FT(H—ERH X TGooJI[CHBIFBRBAERAIAS I, 1B DE HEE, STAEFE, /INE
Conversational AI /  Personalized ATH—EX%x X2APIE  ZRTVRIYFrIVIDFryNRYRNORFERET. BAROIMEY—E2%2Y—  KI&KE/NTTLYF >N
NLP BEDTIBN RUTE, WEERANIIACE XU, IRETE A RBY -1 - PH=EZ

FBREDI-—TAATI-RELTARBI RBEDERD D DHD, ABECT(L.
NTTLYF> MEDD. 5. BUYK. S5E0 3 DOTIITAZHREU. W58,
LOXI R H—ERRIT. XD RR IATAA NTFrwh, -5y
FIORENMBILWH—EREZ X ZEEE R BAI 7))L T LAAPIEE(CDNT
BN T3, RAPIEAEZRAWBCET. I514 7> MEERDFH LI 2 —E2 %,
AE—FTACHBEITZENTES, Slol. AEA%AE X3, Personalized Al
FATORILFE-S Iz BRISRNU. RIRBIEL T, [91yNCEATH
R B EEAILZDUBNS 1 -7 TI- RFUNUY—-EX%ZFE TS
TEIL. [BG, BFE. EEHRALI1I-TLAIORBEPSE2FE 0, 1—
HOT7NFEAIFSIIINTIIATAA NREEZITOITEID 2 DZHBN T .

A31559/ HPC - EYIIIIZHADIEDDAR—SESDY  FEYIIIIZIR (G EYIDRRER. 6L, BEFEI2FRFBRNATESD Wei GUO/ERRKFE
Climate / Weather EAL FTHD. HFEE, 1158230 YVE-MEY IS ORTAIRBED
/ Ocean Modeling FIRARIMIZRSU T, BV OEE PIRIBEOHEB/ER 2RI H.EZER

1893, ABETE. RO-—NE-MM>I2Y, 3DMA=S2 BBNES
RNIUFET Ay BVEREFE. Ty 61T I RE. FheB0
ATRETITNHN TVBLDDDIAZET —XICDWTIBIT T D, B, CDLIR
SERAIBEREAWNT, )\A2L—TyMEYI D1 )51 E> T iR D
IR, BEAOAZBNT 3,
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R/ i

A31585/ IoT, 5G, 5GXMECXGPUTEREN3ER ~  [/(-b1]VR-ALl-EEUTAREDRELZEY)1—->3oNADZ- XN EFBH.
Edge 5GR5TEDI-RT—R ~ FLEBIEIMECY —ERT RIEA =T A INR-23>)3D RI(RIEOIC) %2 121

UT&Efe, CNFETRIEOICLICHEEUAR 4 BRYY1 33> DL K DHVEs
9%, 5GXMECx GPUDHFRDAHEMEZREU TIZLLY,

[)’—K 2 IMEC (RIEAIR—=332959R) E£T. XRUE=KL2AUSH
H—ERZRFUE. GPUZIEE Uz MECZ/ERIACET. HREDKLWVR
PMROIHERBEF I, )\ ATAVF42T
fz. SaaSHER TOY—E A FELTVWZDOT. 1-H(EVR/MR]
YEFRBEIBIEIT, s TENARAICFIATES, ZOLEFCFHIAAE B

BIRELCDVWTIBN I B,

YOVE—RL A ERTREEL

Yoshikazu Akinaga,
HE//NTTRIE
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3. BifEiE
3-1. BEfAsaimEiiE (1/2)

NVIDIA GTC 2021 Fall@%ﬁﬁﬁﬁiﬁﬁESpringtﬁC
Omniverse CYERENIcFyF NS RA— KUz,

EEBNEC. NVIDIAOHE iz ZBURAISEHIEZLLTO7D0
[i am ITHEBITU.

[i am an explorer]
- JbAREB T DR RIS DR
- BEOKDIER

[i am a visionary |
R e D | e = D
- CO2H#B FATRE TR

[i am a healer]
-ABREBDRSTOZIR
SEEA T ORESZIR

[i am a storyteller]

B3

A

-{FHH

(©) NTTAT
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NVIDIA CEO Jensen HuangDE:f:EE
https://www.youtube.com/watch?v=jhDiaUL_RaM

[i am a guardian]
-FENSH EDEZR, IINBEEER
[i am a helper |
-BREIE
[i am a creator|
-RUGIRIZDZ iR
FTUVWRIRFEDRIT
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[NVIDIADZXELE)

-GPUNSIEED., BIF - EE T TVT—230 O& DB TI\-RIIZNEYINIIZETOIINAIY)ZAERKRL THD.
=T EailF - kR - 8 FIOE1-7127 - AIBA )\ —tF 171 - 5G- ORTAJRICE TS
150581 EDSDK(Software Development Kit: VI NIIZHARICHERTIOI S L, AT, YOI E%
)\ —AEUIEED) ZFAELTLV,

-NVIDIAZ{E I 3R BDELEESFRI TIEE6/END300/5 AL, CUDA™2(3iEZE 155 REIT3,0005[E],
VESFIZIFT700RE45 D> 0-RENTLS,

-GTC 2021 FallTIX650F3 S U EFTE Nz SDKMRI TENT.

) GTC November 2021 Keynote with NVIDIA CEO Jensen Huang

VIDIA

RCIFYA T4 I BRARERETT

) 20:05/1:46:59 - The Magic of Accelerated Computing

*2 NVIDIAOGPURLRANF I E1—F4 >0 TS5y NIA— AB LU TOI S IET IV, BEOC/C++I2135 PI4T35 REMRHEIN TS,
(%) https://www.youtube.com/watch?v=ijhDiaUL RaM®ZAH)—>33y NeNTT-ATHER
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3-2. BifswiEansin (1/7)

EIEETRNMSNBAMZ LT (ORT . XXM FRF ORI &L TLS.
N

1 ReOpt FLEEMOI —T1 > I PBEOCYF ) LRBRBEANRL -2 X - UY —FORB{LEREZER THRRI VI -,
HBAF 7 TUZ A, AIFEOVI1-S3ARBERE 2 LR T D BINBEIL—T1>J(C LD, BEIRFRHMIEHESN.
10JERILDOSRATAIAFEFR TEHE NI ZEIRITES.

2 cuQuantum GPU L TEITIBZEFOIIEI =1L —2a> 2 53H b TESDK, 7S SA T ABDTA—T5—= T AA—-/N\-1>E1—
ADGX LT, IREEAT MLETensorry NI =8BV TCEFEIE> 1L -3 zmERI1EU. 1,688=FEyhe(E
LT3, 375EA0IERDOERAIY MOV 123 2R B I22F 7TV LS Z1L— DED(Dj(%?E‘?'f WAN=271F
EELJ’:_-O

3 cuNumeric PythonDEUEEE 1 JSUNUMPY 7ot 5L —435475), 1-RZEELQUICNumPyZER{EL. GPUNSYILF
GPU. YILFJ—RI524, SBICRFHREADA—/N\-IE1—4CZT—1)>4F 3, NumPyl3:BESERTLE
2,200AEI57>0—-ReNTHD, GitHubDFISOHHAMOTOS 1/ NTERINTLS,
cuNumeric(&. cuDF-cuML-cuGraph’a“:ﬁ@NVIDIAODRAPIDS7T—7°>‘J—7\Python}“—’5“j*(l>7\7\'f— NO)
—EfTHD. NVIDIAODLeg|onJ:0)7f%ﬁén'Cb\5o T IRREDEUEEES1T 3,

AT —SEUT4(HMBE T, RAENZOEEEF B I 3IcHDOCDF PythonT(—F > 01— REESRBITENITHN20%
DI T1,000EDGPUICZRT—U>I LTS,

4 Legion AZAJ%CPU-GPUDPUICRT D137 —FU AFMEDIE 1120 T2 o ARILA O LR % 3
U. SNEDARIDFEITET I ARKICEBIN (AN X TULIET B,

5 Toy-Me HEEAL TN -, BAEIEAR. BREENIE, BROEAICIIEREM, Fr3797-X-23> ZLLLAMN -
I TT9IR, N2 TEITINAA LICETI . EFfEE CECEODTN\I-NEIGL . BREICE I 5T EIRE
RNz, -

6 Quantum-2 400Gbps®InfiniBand75y ~JA— L. InfiniBand&(&. IEE(CHL ;)
RAS (EFEM4%-nIRA%-R<TE) 2150828 R -HPCROY—/\/I5 29— ﬁHmLI/O}\ZJ 2\'—7_-’]9’-17&0“’(‘/9—
JRIMDCE, SATLRIA >A—IRT MERBEL TIE. RASHEBEDA, MBAEICLEBL T, BL 1723 Thd bl
#TH3. Quantum-221vF, ConnectX-7NIC, BlueField-3DPUZE TiERlicn3.

(BH) https://www.youtube.com/watch?v=jhDiaUL RaM®AH—>>3yNeNTT-ATHYER
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3-2. BiAs@aim@mxim (2/7)
_# i

7 ConnectX-7 CNETTHEEERIBNIC(Network Interface Card). 400 Gbps®31>L— NTOIES{EH EIEE,
1617, 256 ALY ROT -5\ Z2T0tyvH %5, RDMA(Remote Direct Memory Access). GPU-
Direct Storage. GPU-Direct RDMA. in-networkd>E1—7¢>4 H'ConnectX-6M2&( /3%,

8 BlueField-3 A2 TZANIIFYIAIE 1T T TIYNTA— e T—HAEAADTSANSIFvEATO— RUTHEED BT
$HD64bit Arm CPUI7Z16E &S, RYNI—IAN —IHELU0TF 171V T NITT7 DALIE(CHHD
CPUEEZESH I 21z MDPU(Data Processing Unit). 1>I35ANIFvYINIITE5930%ED
CPUZEHELTL\S,

9 BlueField DOCA 1.2 BAN—tF1UF#EER( — b TONSAMZFIUT1 TSV NI A - MBEOIZDDT Y NIA— L TH D, 1R
FOT—0J I —TEI A NCOREFBIOARTD THD 7T IVr—23>, T4, -5, T )NAADIAN
TOAYFIRA > MBTERRINE T RICRE .
BlueField(@®yhD—0DI> RA > MRBTzSD., (ZFEIARTOIYF A N TCT I IRETES,
BlueFieldDIO3 AT AIEALTHN. Palo Alto Networks. Checkpoint. Juniper. Fortinet.
Guardicore. Trend Micro. F5. VMWareREDKFH (/N —tF1UF 11BN BlueField TR Ty
AT7I9A=I Y —ERZIRE I BIZHNVIDIALH LTS,

10 Morpheus IARTOI-H ¥ BRI TERINIEDTHRT I IO ZEERU. DI CE2T—7
S—=>994)I—tzF2U51F5v N IA— v, NVIDIA RAPIDSENVIDIA AIICEDWTHEEINTLA,
Morpheus®2J—770—(&, 7)1 -HDH5DZHENEICHUTAIET I T DA IsRZ/ERL. 8
BONF->2FBUTCEERN YA %2R TS, MorpheusldGPUIE1—FT 1> J DN —%iE
DU IREBICHDETET IV ZHRAINA AU LLBIEARBIBE THoIe A ETRY NI - %(RET D,

11 PINO YIEEAERN RS 12\ -1V EaEF B, MEREAICRESLS N —Zo T ENIYIBET L THD
PINN(Physics-Informed Neural Networks)& @i SIER DTNz FE TEBFNO(Fourier
Neural Operator) DF| Rz HAENE TIEEENTHD, YPIENRIB(CE DV 1L —FFFEE
F-AINSEZTES, - INHT T I2EBNFRIBICEDVEET IV ZERICSZ1L—NCES. £
WEDEERMELT. COET UM FIENFVHIERICKIRIER S T AICRT—ILEE32ET1005
BEOREM LZISDENTES,
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15
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OrbNet

Modulus

Omniverse

Omniverse Showroom

Omniverse Farm

Omniverse AR

ATt (3/7)

B FBEAOE1-T1> )% ERU TRIZER(CEMZILC I 2B 18U TLSEntosh BT LT IR
FEWMEML)DOFACLSZT FT=1-I)17w ~J—7, EntosENVIDIA Clara Discovery%i&RUT
MR zEEHTHD, B2 RIEFNFCBITIEE 2SS HMFEBETIVIRAL TV, (RHERD
EERIIINIBEDOTI B EFEEEZ KL TS CNSDORISIEENICUNMECSRVD T REAR
22133923 ENDD. rEH I I1L -2 TR FREFESZETIUETERV . RICOBEH
IRNF—2ETEITBEEFETENMETHD. OrbNethRFNE3sBH L EMNE> =1L -3 %12
DGPUT3EFEITEITI Do

YIEMLET IV ZFRFE I BIdDIL— LD -, IWEEZAL T VIR RBET NS LUEVRICEIDIESND
T—AZERUTEMLET N Z2F B I S. Modulus(EXILFGPUENILF /- RTOFBICRBE{LENTLY
Bo FERENZETIESZ1L—23280E1,000- 10 5 ERADENIRRZIZ1L -3 TED. RIFE
(FTNFTICBKAREBI AT LOBRRZRDHBIHICModulusTT AN YA S ZVER T DIEN TED.

ARABISIKL — 23> EVPIIRRCIERERU T INAA L 2210 —2 3> DieDICHFESN., HEREEEE(CEBNTA —
7> T3y RJA— L. OmniverseldT 1> DRz DR, eEX (L, AdobeDHRTESNIZEDE
Autodesk TYESNIEEDE DS CENTETHA( F—(IHBE T THREVEENTES, HRIHROTHA
F—(CLBEE(EIDTHAODIFIREG RF1X MOESICORNIOTVWBZIARTOTHAF— (U TR AR
&N3, e, (£EEOmniverse TARE TIHZELEUIRBOMNY hMeiREIE B2 EN TE S, IRIETIHLAR
B0y MIFPEERIL JUNDT )Y A > Téd. YIBIN -3 ET SIS ERRSN 20T SIIDL T
UHTHSD. OmniverseDT SHIYAEERRKOONY S, E)L. T35, B, BExi%Et - FEHLOHREHN
(CEEAR I BIGFI CH D,

2020FERDIBERHBELIRS004E DT HA F— (Lo T7REIFI>O0- RenN T3,

Omniverse®I779 /O (J5T1IA WRFE . XFTITI. AD) BN I BDHOTELT > TIL 7T )zUR
KU TLVD.

BEOIRT L(T—IAT—33> =)\ RV ARG EMRIERIRT ) DR TO/\yF 3T DYIEZFZE TS
SAT LAY JNFL AT PAIOERKT —FERK. DRV E1—-T1>J(CER.

SR EEPART SRICT T IAZAN -39 3,
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18
19

20

21

22
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Omniverse VR

iTwin

Siemens Energy

Isaac Gym

Omniverse Extension

HRYOINIL—LA>F539F1TLA N~ T VR,

BentleyDF AN YA ABERER , KIEREZES LV LR, ISANSIFvIOSDTI MOTSHIIA
>%ITANTUZTAYINDIIVTINAA MR BB LU Z1L—23>9B8h. NVIDIA Omniverse”
SYRIA—-LZERUZ. IS Z7US I TEEDI0%NAFIFALTHD. Bentley iTwin®1—HER(EHY
2008 ANICHB,

NVIDIA ModuluszFWTZEELRADT DINVA > =2BFEL TS, maFTr -5z AV TYIIER-X
DAIETINZ N —Z2J TR TRR CRENZBREDIO—ZHFV THER T2, BIEETIE. HE
EOUNRA 5 —(HRSG) DB B FRINEHIZ BT U, Siemens EnergyDHETE(CLNISTZEZIEHE(C
FRTBETEIAAS T ATOIRBESTBENDST 51 1% 70%HIF TED. ERPART5~6H
FEHEI BEER20ERILIACEIFITES. HRSGOBRR(SELOYIIEMRIZEE T, TRENFIE. KL, &)
e ENEHEDEN S,

B ZEEBRTDIHONVIDIADIE> =1 -3 IRIR,, Isaac Gym(EOmniverse TAEZEEN TL)

3. EAFEET(E. BMWH B ENEMEY TIH THEIZORY MCEFRUVWAFIN 2FEBE BTV EHIZEBNTUL
2o BMWOSRGERIRENEEL A N -3 DBEK(CT ST Bl E T Ny R, EEtzEsH. £

CCHENREZRBICT DODEMRBREEFUAZSZ1L—23>F 2 ENHD. Omniverse(dBMWH
BERRBREZITV. B EZEATILENDDIINTOZFATHUWS 1L -3 #EEZE AT
&3,

OmniverseDILRMERE . B8 E C(EEricsson M HFUE. BROGIRT —9%fREaU.
OmniverseDRTXEEL A -3 0 %FRL. EirDH5D2MA > NTIESDREZ RPN E]H
LB LUETETEELS(CUIZEXxtensionZ4#87TUTz. OminiverseTEricsson(3ZY). 184, DY T
PIVETYIIRR (CIEHEREPTIAREDET L 2189 3, 2L CTEERY NI -0 R—> MYEIEN.
BRI RZYA-DIEHERIGAT. a7 TFHIF—-hMBESNS. OmniverseXTU7)LIEYIEHY (C1E
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4-3. Omniverse (3/4)
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NVIDIAT —¥BRD LT BT DDEPENERT —IEMR THD.

| c1c November 2021 Keynote with NVIDIA CEO Jensen Huang

W "luﬂllhmm o

| > 0 =

TDRS54 HL/\_"Ll/—/EI/énrJU'Tj/|\7]>(7(LJ:5/ /73\&7)507 ’S'(LQEJJEI’J(ZE/\JI/M‘JU‘DH% HRIOAIETILO—EBIE
NBDOT—HTR—Z>JENTL%, DRIVE Sim Replicator($BENEEEmDHDEMT 5T IR —FTHD, Omniverse
ZR—RACHFEINTWS, LOXET I ZSZIL— MU, E=23> 05—, O-U2J3vvA—, LEDIJUYA—. RvTS5—3IR%2ZEE T D,

NVIDIAZE Y X—hEBBR(GE#EL., oY% IEECETIMELTWS, IXS, L—4—. LIDAROEHYETIUT/INAN —Z (L4
U>J O—1E) TIEIRZ LR T 5. OmniverseDRDIRAA FVPIRRICS 211 — b, KIENSOFZIEHEICR 519 5. NVIDIAG
LiDARYTUTZI 54 TS5URIEEL, L—HF—ITUT7ILSATSVEBERPTHS,

GTC November 2021 Keynote with NVIDIA CEO Jensen Huan
)MNIVERSE REPLICATOR

(B#) https://www.youtube.com/watch?v=jhDiaUL RaM®ZAH)—>3> 3y NeNTT-ATHWERK
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https://youtu.be/jhDiaUL_RaM

4-4. Hyperion 8 (3/5)

NVIDIA(ZGTC 2021 Spring®D&. & &b TOBEENEiR: BEETEDHDEH 20, T1EHyperion 8(3. > H4D85H
DLR=ZDVIFEBT1—-23>  FFERBIR. FTLWLWIT 2220 I D0 ETU TS, AVIZEDEIR57E% — 2t Bik0E
MRS @ LEED,

BR(CE—ARESNEI5ENS. MaxineDT I /OJ(IANEBOHD 5 ZFITT B, Maxine TE(FI> S 1)L 1(13%. Maxineld
HIRABERFOLIRSTEV. Z1—-IN I 574y 2%ERLTIDY ST RE1-Z2BIBRUAIAEIRRT 5.

GTC November 2021 Keynote with NVIDIA CEO Jensen Huan,

2%

BEIEROBR(E, BEEMRITE-NCIOTEHETIHFZERUBIEE S %, 35(C, Maxine(INVIDIALFHFEL TL\SEDEENLRT/\F-F
7 )0 EDFRBEULVAN — N2 FIET D, COIARTIEFRLWVOrinOMTAIZAF YT TERITEN D,

1:46:59 - A Robotics R

(BH)) https://www.youtube.com/watch?v=ijhDiaUL RaM®ZH)—>>3yNeNTT-ATHER
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https://youtu.be/jhDiaUL_RaM

4-4. Hyperion 8 (4/5)

[OrinFv)
OrinFv (3>, ¥IEEE. AIEBLIE, J5749IZNSRBONTAIZANAT A 221 DOFVI TUIRTED,
1248 MArm CPU. 5.2TFLOPS®FP32. 250TOPSOAIEEE. B 740GbDERI/O T YaigsGk. A T3> T
A6000 Ampere GPUZIENNINIXFP32H39TFLOPSIEX . AIMHEEN'600TOPSZIEZ 3.

(B#}) https://www.nvidia.com/ja-jp/self-driving-cars/drive-platform/hardware/
420
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4-4. Hyperion 8 (5/5)

(A)IMTNIAFEINER

BHRZVADYMNUTOTSINI—210 MEEEK EmOFlEZEIBE5S AT AEOHREERICBENEFEROEmN B HZEDLS(C
FREEL . ED1TEILLSELTWDh VR, B CEFEERCG TR . Al N IA— ARIDEE(C LD, BFEEUZEmOMUH UICKT IS
U BFEEZAR-ZADIEZRREC DV THFIFBEE CIBIREIZAIENTES,

(5)RFERNEEENZEH
BBEATFONTT R - A YEEEUETTANTHAIL
- B B)iBER (BN CLBNVIDIADHE 2 RN COF LR TS,

(6)RA{EITDRE
KRN ENERE., SERSH(CKIAZERDINEN DD,
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2-1-6. SC21
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BiR
1. BEE
2. SC218I&

3. Technical Paper Award
4. ¥— )b, 1BiFHEE TERE

5. SCESIMFEINETHEROME

5-1. HFFEIRETHROME

-1. TOP500 BOF

-2. Green500 BOF

-3. Revealing Power, Energy and Thermal Dynamics of a 200PF Pre-Exascale Supercomputer

-4, Closing the “Quantum Supremacy” Gap: Archiving Real-Time Simulation of a Random
Quantum Circuit Using a New Sunway Supercomputer

-1
-1
-1
-1

U1 U1 U1 Ul
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0211201 838 Home - 8C21
| | ﬁ XMIBITORS ~ STUDENTS ~ MENTORS  mepia Q
ATTEND SUBMIT

1. FfERR: =
20214118148 - 198 (6HM)
=T PE
11/14-15,19 Workshop/tutorial
11/16-18 Keynote, Paper, Poster, BoF, etc.
11/15-18 Exhibition

2. FMER
J\{(JUwR : St. LouistHUBB(UE—HI)

3. &
ACM, IEEE Computer Society

hitps:iec21. supercampuling arg

URL https://sc21.supercomputing.org/

4, SCHIE
COEREZEE. 1988F(CDOERZRDEIIMAFT AT A ZRZRE CL 2 TUNERT > T4 7RI (CREEN.
ACMEIEEE/CSHHRIEMEEL. FEZEB>TRIEMLARU TE TNV R R EFEE - 1858
Wz EEITR AN I7L O RE, REANAA TR D KIIRR B RESMHEREN TV DOHUFET
nd. £z, BOF(Birds of Feather)tMEMNMFEDT—YOBHF A bBIAHSY S (CZEFESN. €
CTTOP500REDRA—/N-02E1-ADSF I RENRKRINZETHERINTVS, Fle. EELQHR
FRMETEICHBIIPERAMREZEIRUIECE(CI T 2Gordon Bell&*(CDWT, J7/FURNILB5m I F
FEKXENMTOHNS,
* ACMN©BERS I3, BRE1 E1- 9D B CIEEREBDOH LI AT ALz EZE.
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2. SC21iR=&

ACMEIEEE Computer SocietyhE#EI 2, A—/N-1E1—FT1 > (T HREADEIFESZSC21: The
International Conference for High Performance Computing, Networking, Storage and Analysis
(BFRSC21ZFfz(FSupercomputing 2021) (. 34EIHDS 4, 2021F11H14H (H) n519H (&) F
TZX—UMSt. LouistHUBBZRWEUE—D/)\1JUy RTHEZ N, T—YId"science &beyond.”THd.

Technical Program(dLAF D& (CER 4 iRtzy S a> BEgFsn iz, i, SRIRERICD W C(EPaperstResearch
PosterslcEWVVTIEHRN B RSN

Papers 98 361 99 27%

Workshops 38 = =

Tutorial 36 - -

Panels 25 - -

Birds of a Feather(BOF) Sessions 70 - - - érigﬁggg?sﬁbp\%oé;%%%%
Research Posters 43 71 45 63% ELTiRIR

ACM Student Research Competitions 23 - -

Doctorial Showcase 10 - =

Scientific Visualization Showcase 6 S =

Exhibition(3A T OIRMth T — DA, WebDHDERREITHNI.

RMRERSE171 T2, 55, BRDERE (PAUHEAZSE) SLUHFRMBIILITO 16648 (LTI

J—2ESE) L, BETHNLELZEDFHAENT - RICWSH, SEIFFFEADIREDEIZHZ NN,
EYLAAFIRT, S IR— RS, (BIREEMFHE, BRI BASES. JUJ7-RRyb
D=9, 294, R KF (EERMIATRN. [BIREE T HIFITE 3T -R) ( BRIFEARF. EXILA,
BT RFEAE. FEMZEMFRARIRE. TURKF . KIRAF
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3. Technical Papers Award

Award SessionlcBVWTA T DAwardhHRBERIN, XINFORRIFIFEIANSFHETKELTEIR

Best Paper

Best Student Paper

Best Poster

Gordon Bell Prize*

Gordon Bell Special
Prize in HPC-Based
COVID-19
Research**

Revealing Power, Energy and
Thermal Dynamics of a 200PF Pre-
Exascale Supercomputer

Efficient Large-Scale Language
Model Training on GPU Clusters

Enabling Combustion Science
Simulations for Future Exascale
Machine

Closing the “Quantum Supremacy”
Gap: Achieving Real-Time
Simulation of a Random Quantum
Circuit Using a New Sunway
Supercomputing

Digital Transformation of
Droplet/Aerosol Infection Risk
Assessment Realized on “Fugaku”
for the Fight Against COVID-19

Woong Shin

Deepak Narayanan

Jon S. Rood

Yong (Alexander) Liu, Xin
(Lucy) Liu, Fang (Nancy) Li,
Yuling Yang, Jiawei Song,
Pengpeng Zhao, Zhen Wang,
Dajia Peng, Huarong Chen,
Haohuan Fu, Dexun Chen,
Wenzhao Wu, Heliang Huang
and Chu Guo

Kazuto Ando, Rahul Bale,
ChungGang Li, Satoshi

Matsuoka, Keiji Onishi, Makoto

Tsubokura

* ACMPBEIR5T3, B 1- 9B CREEREEOOO S AT LALRITEEA 2, ~
ok FMHEEEIE1—T 1> DERICLBCOVID-19D/\> 7 2w ) DIRFRICEIF BN AR FTAR R Z 5 M I 212(C. 20205FL2021 F (R 5EN 5.

(©) NTTAT

Oak Ridge National
Laboratory

Stanford University

National Renewable
Energy Laboratory

Zhejiang Lab in
Hangzhou, National
Supercomputing Center
in Wuxi, Tsinghua
University, Shanghai
Research Center for
Quantum Sciences

RIKEN
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4. :F_J_ I\\ %ﬁ%ﬁ;ﬁ\ Eggﬁiﬁ
m /-
Computing and the Humanities

T

Vint Cerf
m (EFEE

Let the Data Flow!

Kunle Olukotun
Quantum Internet: From a Physics Experiment to a Quantum Network
System

Stephanie Wehner
High Performance Convergence Computing

Yutong Lu
HIPEAK: 17 Years of Growing an HPC Community in Europe Koen De Bosschere
The First ‘Exascale’ Supercomputer, and Its Application to Society 5.0 to
Transform Society for Sustainability and Beyond

Satoshi Matsuoka
m TEEE

s i
Ken Kennedy Awards

Dr. David Abramson/ University of Queensland
Sidney Fernbach Awards

Prof. David Bader/ New Jersey Institute of Thechnology
Test of Time Award George Karypis and Vipin Kumar
(©) NTTAT
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5. SCEHLVHFEITNEHROEIE

e SCiAlZTHHR DN

A== 1—-90HRARMEREL T, SEITOPS00D _EAICZE S (F RN OIEh ., SKECET7AUHDI Y
IJOVI AR IONVEG U, $TeREFRICZEATBENEREFEIND, Fle. FEOA—-/N-IE1-5E9 TICEEK
0)*}17_-[:73“1’]*3“7D‘y77\7ﬁ£ifMZD(E@%%EFHDHTEBD\ BHBtEERV, e ICHDE DR TEH. 1E2ED
BERMETECHIZ T, T4—T 73— I P8 FtEREOF RN EF TOX—/N->2E 1—9DOFIBENEFEE
HOTETHN, SEBLERADETOILANERIFINS.

® SCOFziliEhm

TOP500DFEFRNSENN SN, H¥)2020FHEFRISNIIB IOV I ZBZ B X —/{-0>E1-5(3.
2021FTHEREINTULRW, 2013FEFTEFA—/N-I2E1-FDM4REIF10FT1000/5Mm_ELTLZDIC
XU ENLAFF(E 10 T1O00BIEE L TORE FFEL TWVD, INFHBART ORI OES O e 2%
(CESEL TVWBN, — A TIFEERCHREM L Z2RIELTWDEHDIEETED FEARTOTADGEEE R,
WOONDREIERZIEHEEN D D6, Wl EDES(FFIIUEEBL(EHEEITHD., SHIC, IIRTTERERERER
MCLDEEBEALEDEAENERCED, INNSER-/N-TDE1-IDEE [ L (FHEEESITHB.

o FIRMBHRRAFEDOSIE

NS> DRINMNK IO TEENBE F—EZ R DEVST F— REI(E, WM EIC L DRNEBRDIBARPANE
FENZT=IVURBWZEICED, TTITRBELTED, BEE(CTIEENLIENEBEBIBALTLES, SELE.
A=N=D2E1-9YORFEO—EORBETEHIEETHD, LWNCUTENREZE LS TCVWINEEZTHD,
Fo. SERIDHNEZZEULREROLIIC, SATLADOENERZME _ ESEBEI TR BENZ AT LAPT3T
AT 1-5EBHEULERICE DB NNEROME ENLDEEERDTHDD, Fe. BRBDIZATATWMNIT I
T—23>OIR—FEUT 1% LI TCOKINDERBRBEEROTUKTHS I,
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5-1. EITREIHRROME
E L2/~ 1- 503 27 LBIFROBSAN S FORRCOVTERLE.

1. MEEO#=NS : TOP500 BOF: AFERE A-N-I2E1-5DMEEICRETS5>F>J(CEEIDF
R THD, SEIFTOPLOCKERZEZLFRHON, REIDENELREEEHINEFHERN DO,

2. BIEROELSNS : Gree500 BOF: AFERIE. A—-/N—-02E1—-YDEBAZIZRICEEITEZTFJI(C
B I 2RERTHN. TEENZEOE ENEEZUL SFELTO,

3. ERAOHSEANS  SUmmIitDERT—4 | AFERL AXEZREUCEKRTHD. IREHFE A0
A=)\=DE1—-FTHASUMmMIitOEBENREDERT —FZ2FETUIGERX Thd. SEDAFIMES AT I
TEIXEOSVERZBIE ISR TIFRICELRIEN,

4. WP ATLOESRNS : OceanLightlcddQCRIZ1L—33> : AFEFK(IGordon BellEZZEU
REXTHD, PEOSRHA-/N-IE1-9Z2AVKIRIES 1L -3 TEMBE THhdN 1EFLOPS%
BXIEMREZIREL TLV%. CDOceanLight(FTOP500(C(EFIY MI-LTHST . sHMNBASHMRZD
(FRHTTHO, FFBU

RAFA REARR(SEBULRROFlZ BT 5.
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5-1-1. Top500 BOF (1/2)

(1) FRERDNGAENZHE, BE o
AKFERDTFHYELINPACKE WS AR ETHIIETL SRR FY—I(CEDHFRDR -/ - 1-IDIEREICLHED
THD. BEEIMFCOLELRDIRIZERIMETE TEDNNS,

(2) MELABCHI B X | - |
TTOpSOj?gE%'EﬁE FROI>F ) THD. WHMES JUIRTEREICLDE ML, BLUZED ) — R R (TES
'?lﬁ:_z“ \ 50

() AFEROEIE ‘
EENERERS CTop1eofz(Eh. Topl10E10AEREFIEIEZ{ LA DTz,

Pamicban

- - L a
5% sc2
RIKEN y i~
Center for Computational Science AuF)s(l:gg;c;Gmnfg?oz E‘t:.g'aku. it 7,630,848 - ’ soence
Mdge e
2 IBM IBM Power System, USA 2,414,592 148.6/ 10.1
National Laboratory P9 22C 3.07GHz, Mellanox EDR, NVIDIA GV100
Sierra
Lawrence Livermore
3 IBM IBM Power System, USA 1,572,480 94.6 74
National Laboratory P9 22C 3.1GHz, Mellanox EDR, NVIDIA GV100
Sunway TaihuLight
4| | Mationsl Soparcompiting NRCPC NRCPC Sunway SW26010, China | 10,649,600 93.0] 15.4
Center in Wuxi
260C 1.45GHz
Perimutter
)| - NERAC Lamrenos Berkaley HPE HPE Cray EX235n, USA 761,856 70.9
y AMD EPYC 64C 2.45GHz, NVIDIA A100, Slingshot-10
Selene
6 NVIDIA Corporation NVIDIA DGX A100 SuperPOD, USA 555,520 63.5
AMD 64C 2.25GHz, NVIDIA A100, Mellanox HDR
Tianhe-2A
7 Peonal Liieraly of NUDT ANUDT TH-IVB-FEP, China | 4,981,760 61.4
Yy Xeon 12C 2.2GHz, Matrix-2000
JUWELS Booster Module
8 | Forschungszentrum Jiilich (FZJ) Atos BullSequana XH2000, Germany 449,280, 44.1
AMD EPYC 24C 2.8GHz, NVIDIA A100, Mell. HDR
HPC5 J
9 Eni S.p.A Dell EMC PowerEdge C4140, Italy 669,760, 35.5 . ‘a )
Xeon 24C 2.1GHz, NVIDIA T. V100, Mellanox HDR Al
Microsoft Voyager-EUS2 Y ',‘l)
10 Azure East US 2 ASure ND96amsr_A100_v4, USA 253, 30.1
P =41 SRZ A ) i
(&R SC21 HEER AMD EPYC 48C 2.45GHz, NVIDIA A100, Mell. HDR
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5-1-1. Top500 BOF (2/2)

(4) RIS EINRER
BANFERTIIRVVZOHFFCRL

(5)AFERDEEINSER \

SEIFEKRDS>E>) T KEDEFLOPS(Exa FLOPS™ ) ETEHNEIEA > h—)LdTHofcle, RENSDERFEN RN OIES >+
SOTHD. IREIEIZENHDERNND.

BOEBIN20F. FEIGBEHC2DDEFLOPSZE X 2 X —/\—1>E1—4(Tianhe-3, OceanLight) f"FFEINTH, £5—
HEHIUEFTHRITDEVDNTLS,

CNB5DETEH(LGordon BellBAII>Y MN—-UTFinalistiGE N TVWBDTTERL TL\BDIIIHEN TH D,

(6)EA{LETDRE \
BECERMEENS AT ADTOF 2T DI HRFRL ATIP’s More Realistic China TOplOO?

Rmax

Rank Developer Type of System Site (PF)

Installe
d

Application #Cores Rpeak (TF) Lpk Eff (%)

National U of Tianhe-3, Feiteng ARM CPU & - Supercomputing
Defense Tech accelerator NSCC Tianjin 2021 N/A  ~1300 1700000 76

1
center

Nat Sunway Pro OceanLight,

Res Cent of Pa Qingdao Supercomputing
2 98304*Sunway SW39010 390C : 2021 4E+07 1050 1333000 79
rallel Comp En 2.2 GHz, autonomic network Marine center
g & Tech
N v] 3 NP - 71|} - == YNAEN g4 — Mainframe system of a network
*1 Exa FLOPS: /?E}J/J \yﬂ,ﬁlﬁﬁﬁ %;FIEE (c1 018@ ?é'fTEJ an'l‘i‘tﬁb /_Rg_o Aserver  company, CPU+GPU Network Computing power
15 12 i 9 } supplier hetee y;leous many-core company 2021 ps.ervigcc:)0 TR L2808 R0 usid
cf. Peta 10%>, Tera 10!?, Giga 10 i s Y Py
Silcon Cube immersive cooling Chengdu
supercomputer CPU+GPU Supercomputing
4 Sugon heterogeneous many-core Su:ee:?lr:e;:ut 2020 conter NA ~98.0 170000.0 57.6
processor S
Nat o
Sunway TaihuLight, 5
5 f;felcggtn“ 2: 40960*Sunway SW26010 260C  NSCC Wuxi 2016 S“"eg’:;‘:“""g 1E+07 93.0 1254360 74.2
g & T ec[:1 1.45 GHz, autonomic network

(EHY) SC21 R
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5-1-2. Green500 BOF (1/2)

(1) FRIHIEAEN S, W | “
Top500&EUKLINPACKZFWVVEAS FY—ITHHN, MERETIIEL BHOHDOMEE (GFLOPS™2/W) LWSIEIRTI>F2Y
ZITOIL6 0, EBRENNMETHD., JHEENOHIKINGDDEF C/aRAINS.

(2) SZDBICHIHHM=——X
BEER - EHEENOEERE - AT LANBELENTVS,

(3)EFHROBIE \ \ \
Preferred Networks®MN-30RIEICE|EHETOP1L AN, TEREIF30GF/ WHS40GF/ WAE3EFER _ESBTWVS, E12.
2AICIEEFTOGPUEAMD CPUEBAEDETIZS AT AN RIEID 1A% 8 X 2 EReZIZER U TLBRE, TRl REMm_ENELL,

MN-Core Server, Xeon Platinum 8260M 24C 2.4GHz, Preferred
MN-3 Preferred Networks Nﬂwo’fksMN—Cote D’A"Nm DirectConnect o

SSC-21 Scaranre
Module

Y, 54

Apolio 6500 0 plus, AMD EPYC 7° 2C 2.8GHz, NVID
A100 80G8, Infiniband HDR200

Samsung Electronics

NVIDIA DGX A100 Liquid Cooled Prototype, AMD EPYC 7742

3 31.54 Tethys NVIDIA Corporation 64 2.25GHz, NVIDIA A100 80G8, Infiniband HOR
: g PowerEdge XEBSAS, AMD EPYC 7763 54C 2.45GHz, NVIDIA
4 30.80 Wilkes-3 University of Cambridge 'AL00 80GS, Infiniband HOR200 dual rail
o NVIDIA DGX A100, AMD EPYC 7742 64C 2.25GHz, NVIDIA A100,
5 29.52  HiPerGator Al University of Florida Infinband HOR
6 29.05 Snellius Phase 1 SURF ThinkSystem SD650-N V2, Xeon Platinum 8360Y 36C 2.4GHz,
2 GPU NVIDIA A100 SXM4 40 GB, Infiniband HOR
*2 GFLOPS: ZF&)/\ BB % — M REIIC10°EIE TR fER 4 aEZ R T, 7 2737 Perimutter DOE/SC/IBNE/NERSC | e e e B DoAY

cf. Exa 1018, Peta 1015, Tera 1012

ITaInnovations National

Karolina, GPU Apolio 6500, AMD EPYC 7763 64C 2.45GHz, NVIDIA A100 SXM4
8 27.21 partition Supercomputing Center, VSB- 40 8, Infiniband anzxéo
Technical University of Ostrava

MeluXina - BullSequana XH2000, AMD EPYC 7452 32C 2.35GHz, NVIDIA

9 26.96 Accelerator LuxProvide A100 40G8, Mellanox HOR Infi : d/ParTec P:
Module ClusterSuite

NVIDIA DGX 3 NVIDIA DGX A100, AMD EPYC 7742 64C 2.25GHz, NVIDIA A100,

10 26.20 SuperPOD NVIDIA Corporation Mellanox HOR Infiniband

The GreenS00 BoF, SC'21, Nov 2021

(&HY) SC21 FEER
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5-1-2. Green500 BOF (2/2)

(4) BB EINER
BAMIFER TRV AU

(5)ARRNEEETNZEH |
MN-3(%2020/6H0'5Green500(CEFENTHD., [B—0/)\— RO 7 TS LUVEN#ZEZE L. SY)ICLEATHI2E0E
JIhEZZEIRL TS, BFRICLDE VINIITDEHRERE. Ry hNI—-IDe R, EHFHIFEIORRICEDEIREN TS,

(6)=RHLETDRRE |
BHCERMEENTES AT LADTF 2 DIH4FIRU

MN-3 is the world’s most energy efficient supercomputer for deep learning.
We use HPL to understand how to run our computer efficiently.

Green500 / TOP500 history:

° 20211111, 39.38GFlops/W (Green500 #1 / TOP500 #301)
e 2021/06, 29.70GFlops/W (Green500 #1 / TOP500 #335)
e 2020/11, 26.04GFlops/W (Green500 #2 / TOP500 #330)
e 2020/06, 21.11GFlops/W (Green500 #1 / TOP500 #393)

;D' eferred
etworks

(&HY) SC21 FEER
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5-1-3. Revealing Power, Energy and Thermal Dynamics
of a 200PF Pre-Exascale Supercomputer (1/2)

(1) ERRNICHAENZH, WS |
EERE DM CHEERIRIZRGETE P RN LRKURZENIS 21l — 23> RETEDND. )
IBM(Z. FEHEOEIRZICDIHDBIFTENDIERR ., FEAFROER . FItRIORFELLVOIATRICE I DEIEOITLD,

(2) MLAFICHIBH=—Z |
ZEODCPU, GPUZIAHEDE TR (THMEIS B 54lT. 280, — FEDEERT —YEnX it EER D, Fz. B8
eIt EEEN S,

(S)ARERDEIE

IRFETOP500T24ICdh. E—I1%EE200PflopsTand. 4626/ — M50, & )—R(E2EDIBM Power9 CPUL6ED
NVIDIA Tesla V100 GPUN5732%. E—V&H(F13MWT, 14.7GFLOPS/WT2021/7NDGreen500T(31 147 Tdrole,

S AT LEEROBABIES AT LV, BED AT AOFHHEFBN I BELIC, BHVORBEIKDREEREOEBRDEZSI>) T 5%
~UT, EAFOGF/W(CLPENHNEREDIFHZE(LBEZRU T, BHOEFREIZE(EP, EiHFEZI5TOPUE (His%DEIREZ
NIIER) OEVREZFFEMICEHRLTWS, Fz. Z3T2FIRA/— RRICEDISAN 132U T, &2ITISACHIIDBHOR/\ - &
K- EDRERFHIAL TS, AT DERTZIRINF—(CENETERFIHEITIENENRIERME L(CBRTHD.

2020 Overview Power and Energy per job class

2.5MW ~ 11MW

An interesting point here is to see how more pronounced only in class 1 jobs.

(&H)) SC21 Rzl
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5-1-3. Revealing Power, Energy and Thermal Dynamics
of a 200PF Pre-Exascale Supercomputer (2/2)

(3)ARROBIE(HE)
GPURE/—REABTHO. 220BHKIL-THHD, & /—ROBEHIKIEATIEE7O0F(217C) | HIIEES0F(27C) L EE
RELHERZEPPEWREREEROTNS, BREIEFFHTENZNZ. 5 (FRD20%) OHF2RSHEITOTVS.

)

Summit’s

Power & Energy
Operations

Chilled Water Loop Mediu
42F ~ S8F
Chiller 1 ater Loop [ py,

M chier2 [ | "o -

| Chiller 3

| Chiller 4

(4);_§1’-ﬁiﬂg (:%%?Ng"ﬁ“ ng—l:*]rWSi’\l"np | | l i ‘ Target SUPPW_(emPeralU_'e
FCAFEER TR VEIHIRL e B

Supply (cold) Return (warm) MTW Pump

(water coming out from Summit)

7/ desen

(5)AFERNEETNSEA e FEm

Oak Ridge National Laboratory(C8ASN TWSSummit@ENEREREICBIL GGl CFHMZ T oL im X EL TCEREN S,
ERRORIET-Y)>) T -2 RICRIFUTHEE . SEOERITRIL THIHADBRERFROBREZHE(ITOT\S, Best
Paper(GEIEN T THhdo

(6)XA{EETTDRE
BECEAMEENES 2T ADIZHFFHTRL

(EHY) SC21 R
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5-1-4. Closing the “Quantum Supremacy” Gap: Achieving
Real-Time Simulation of a Random Quantum Circuit
Using a New Sunway Supercomputer (1/4)

(1) ERRDICHAENZH, WS |
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5-1-4. Closing the “Quantum Supremacy” Gap: Achieving
Real-Time Simulation of a Random Quantum Circuit
Using a New Sunway Supercomputer (2/4)
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Figure 2: A summary of major classical RQC simulations. The x-axis denotes the number of qubits, while the y-axis shows the
corresponding memory space required. The size of the circle/rectangular corresponds to the complexity (depth) of the circuit.
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5-1-4. Closing the “Quantum Supremacy” Gap: Achieving
Real-Time Simulation of a Random Quantum Circuit
Using a New Sunway Supercomputer (3/4)
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5-1-4. Closing the “Quantum Supremacy” Gap: Achieving
Real-Time Simulation of a Random Quantum Circuit
Using a New Sunway Supercomputer (4/4)
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Welcome & Opening Remarks

Are the RISC-V Design Freedoms Leading to RISK in
Verification Quality?

Bringing RISC-V to Life: Building our Software Ecosystem
The Future of RISC-V has No Limits

Building Customized Solutions from Open-sources

Diversity, Equity, and Inclusion in Open Hardware

State of the Union

Beefing Up the Datacenter Accelerators
Keynote Panel: RISC-V Momentum at Data Center Scale

Microchip and the Expanding RISC-V Universe
Profiles and Platforms: RISC-V Convergence
Road Ahead

Is Hardware/software Co-design for Applications Now a Reality
with RISC-V?

Awards Presentation

Scaling is Failing
Where is RISC-V Going?

(©) NTTAT
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Calista Redmond, CEO, RISC-V International

Larry Lapides, Vice President Sales, Imperas Software Ltd.

Philipp Tomsich, Founder and Chief Technologist, VRULL GmbH
Dr. Yunsup Lee, Co-Founder & Chief Technology Officer, SiFlve
Xiaoning Qi, Vice President, Alibaba Group

Dr. Marjan Radi, Research Technologist Engineer, NVM Systems Architecture,
Western Digital & Kim McMahon, Director of Visibility & Community Engagement,
RISC-V International

Krste Asanovi¢, Professor, EECS Dept, U.C Berkeley / Chief Architect and Co-
Founder, SiFive Inc.

Charlie Su, President and CTO, Andes Technology

Balaji Baktha, Ventana (Moderator); Sumit Gupta, Google; Jing Yang, Alibaba;
Roger Espasa, Semidynamics Technology Services; Bapi Vinnakota, Open
Compute Project ODSA Project Lead

Ted Speers, Technical Fellow, Microchip
Greg Favor, CTO, Ventana Micro Systems
Mark Himelstein, CTO, RISC-V International

Kevin McDermott, Vice President Marketing, Imperas Software Ltd

Kim McMahon, Director of Visibility & Community Engagement, RISC-V
International & Mark Himelstein, CTO, RISC-V International

Dr. Ron Black, CEO, Codasip
Calista Redmond, CEO, RISC-V International
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Aneesh Raveendran & Vivian Desalphine, Centre for Development of Advanced

A Posit Arithmetic Unit Enabled RISC-V Processor Computing, Bangalore, India

Implementing Functionally-safe RISC-V IP for Automotive and Shubu Mukheriee. SiFive
Safety Critical Applications 1=e

Open Hardware for the Open Cloud Daniel Mangum, Upbound

Implementation of an Out-of-order RISC-V Vector Unit Roger Espasa, SemiDynamics Technology Services

Vitruvius: An Area-Efficient RISC-V Decoupled Vector Francesco Minervini & Oscar Palomar Perez, Barcelona Supercomputing Center -
Accelerator for High Performance Computing BSC

YoC - an Open Operation System for IoT Vincent Cui, Alibaba

SAng;)rll':atggw Acceleration for RISC-V Processors using High-Level Russell Klein, Siemens EDA

Advanced Interrupt Architecture and Advanced CLINT Anup Patel, Western Digital & John Hauser, Independent Researcher

Support for Non-Coherent I/0 Devices in RISC-V Greg Favor & David Kruckemyer, Ventana Micro Systems

Efficient Issue Scheduling for Hardware Multithreaded RISC-V Dr. Shlomo Greenberg, Ben Gurion University of the Negev & Sami Shamoon
Pipeline College Engineering, Beer-Sheva

Israel RISC-V Compatible Processor IP by Syntacore: Compact
Open-source MCU to Multicore Linux

Lightning Talk: RISQV-HT: A RISC-V Microcontroller Delivering
Post-Quantum Secure Encryption - and Hardware Trojans

Accelerating Al and non-Al Workloads with 1000+ Energy-
Efficient RISC-V Cores on a Single Chip

RISC-V Debug in the OS-A Platform Paul Donahue, Ventana Micro Systems

John Hartley, Syntacore
Alexander Hepp, Technical University of Munich

Art Swift, Esperanto Technologies
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AI-RISC - Custom Extensions to RISC-V for Energy-efficient Al

Inference at the Edge of ToT Vaibhav Verma, University of Virginia

Exploring the Zce Code-size Reduction ISA Extension Tariq Kurd, Huawei UK

Webassembly as Managed Runtime VM in Embedded Systems  Stefan Wallentowitz, Munich University of Applied Sciences

Lightning Talk: Functional Gap between RISC-V V and SPIR-V: a
Study Case on the Graphics Domain

Lightning Talk: A Zero Trust Security Architecture For RISC-V
SoC/ Platform

Esperanto’s Custom RISC-V ISA Extensions for Energy-Efficient
Machine Learning Applications

Abel Bernabeu, Esperanto Technologies
Suresh Sugumar, Technology Innovation Institute

Jayesh Iyer, Esperanto Technologies

Radiation Hardening and Fault-Tolerance Features of the NOEL-V

RISC-V Processor Jan Andersson, CAES Space System Division, Gaisler

Lightning Talk: Adding H Support to the NOEL-V Microprocessor Stefano Ribes, De-RISC Project

Lightning Talk: A Secure RISC-V Based SoC for Autonomous

UAVs Navigation Davide Rossi, University of Bologna & Daniele Palossi, IDSIA USI-SUPSI Lugano

Unveiling the SweRV Core EH3 Zvonimir Bandic, Western Digital

Profiles and Platforms Philipp Tomsich, VRULL & Mark Himelstein, RISC-V International

Systematically Securing the RISCV - Secure Foundation for

Embedded Functionality HEL® e RIVIEIL

IOPMP Updates: The Protection of IOPMP Chyun Ku, Andes Technology

Architecture Design for Security: Do’s and Don'ts Gregory T. Sullivan, Dover Microsystems, Inc.
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XiangShan: an Open-source High-performance RISC-V Processor

Lightning Talk: Improving Performance of National Crypto Algorithms with Custom

Instructions

Lightning Talk: A System Level Verification and Validation Environment using
SweRV

Lightning Talk: How to Extend RISC-V to Accelerate AI/ML

Lightning Talk: Open-Source RISC-V Cores with Industrial Strength Verification

Yungang Bao, Institute of Computing Technology, Chinese
Academy of Sciences (ICT, CAS)

Alexander Kozlov, CloudBEAR

Anupam Bakshi, Agnisys, Inc.

Veronia Iskandar, TU Dresden & Dr. William Jones, Embecosm
Simon Davidmann & Lee Moore, Imperas Software

Lightning Talk: De-RISC, the Horizon 2020 Project that will Create the First RISC-VPaco Gdmez-Molinero, fentISS

Lightning Talk: Adding 32-bit Linux Support to ARIANE/CVA6 Open-source
Application Core

Extending RISC-V Instructions for 5G Intelligent RAN Base Stations
RISC-V on Edge: Porting EVE and Alpine Linux to RISC-V

Lightning Talk: Accelerating Real-World AI Software using the RISC-V Vector
Extension

Lightning Talk: Using and Extending RISC-V in an Analog Matrix Processor for
Neural Networks
Hard Real-Time vs High Performance Real-Time Applications on PolarFire SoC

Continuous Innovation in Embedded RISC-V Processors
A Requirements-based Test Suite for the C Standard Library: SuperGuard

TEEP (Trusted Execution Environment Provisioning) and Software Updates for
Internet of Things (SUIT) on RISC-V

Lightning Talk: Enabling RISC-V Software Ecosystem with VisionFive - an
Affordable and Open Source RISC-V Single Board Development Platform with
Support for Fedora

Lightning Talk: First Volume Production RISC-V Silicon/SOC to Provide Complete
Personal Computing Platform Solution Targeting Mid-range and Edge Computing

Storage Area Network Acceleration using RDMA / RoCE and RISC-V -
(©) NTTAT

Sébastien Jacq & Jérome Quévremont, Thales

Roman Shaposhnik & Kathy Giori, ZEDEDA Inc.
Suresh Sugumar, Technology Innovation Institute

Colin Davidson & Alastair Murray, Codeplay Software

David Luo, Mythic & Dr Zdenék Prikryl, Codasip

Hugh Breslin, Microchip Technology

Drew Barbier, SiFive
Marcel Beemster, Solid Sands B.V.

Akira Tsukamoto, AIST
Chin Hu Ong, StarFive Technology

Johnson Sun, StarFive

Pu Wang, DatenLord
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Performance Monitoring in RISC-V using perf Atish Patra, Western Digital
ACPI for RISC-V: Enabling Server Class Platforms Sunil V L, Ventana Micro Systems

The Future of RISC-V Heterogeneous Embedded Virtualization Architectures  Sandro Pinto & José Martins, Universidade do Minho

Lightning Talk: Enabling Software Emulation for RISC-V Heterogeneous Cores

Architecture Cui Jin & Ley Foon Tan, StarFive Technology

Bow-Yaw Wang, Academia Sinica, Taiwan & Jeng-Kuen Lee,

Sail Specification for RISC-V P-Extension National Tsing Hua University, Taiwan

BoF: How RISC-V CPU Design Impacts Performance of Copy Function and

Network Speed Akira Tsukamoto, AIST

RISC-V Enterprise Software Ecosystem Readiness Kumar Sankaran, Ventana Micro Systems

Quantitative Methods for Continuously Improving RISC-V Compilers Philipp Tomsich, VRULL

Lightning Talk: Performance of TVM AutoScheduler for Andes Vector

I-Wei Wu, Andes Technology
Processor

Lightning Talk: Bring Multicore RISC-V and Zephyr RTOS Together Chun-Wei Shu, Andes Technology
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« RISC-VIIECARMOTWVBDH ? - Calista Redmond CEO RISC-V International

B S 0OYIYRTFRISC-VABKEDATYIC AdfzEikEsaNTz, RISC-V International(3IR1E2,478 ADX )\ —THERKS
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B A-T>Y-2T0yY THBRISC-VAN D TRWEERIRIERAIN TS, 20214, 20{EORISC-VIVHTISICIFTET S
ERBEOTLS,
W RISC-V(E. Iy E1-74>4 . >21—X10T7/\( A, BENELLVODEFCHNZAL/MMF S, \BE. 7982595
IR, HPCEE DB THIHRAMEZTVWS (RASMRSHER)
W 2025 (CHERIPO M—F) L BB 86 RILICREL,  Semiconduor!pmarketsiie, 2020v 2025 ARM dominates global pure play [P market with 372 share
B IoTEFHE(RIPD1/3(FRISC-VIC/ED

arm
B EEEEFHERIPO10%(ERISC-VICES roae
EFBENTUS X
% Counterpoint Research
Sep 13, 2021 . . . RISC-V Penetration Rate by 2025 Advantages RISC-V offers
https://www.counterpointresearch.com/riscv-semiconductor-
ip-market-2025/ g h £ ™
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4-1. BifiEiE : BRAYN-BLUHIE (2/2)

B RISC-VOEADNEF. 1£% : v E1-F1>7. 1>21—X10T7/)\1 X, BEIELLOIEDEFICINZAL/#RFE.

BIE, 7925 U50 R HPCLE LR EF CHERANY

Edge Computing

A distributed, open architecture decentralizes
processing power, reduces latency, and
supports loT performance in low bandwidth

environments at low power.

Telecom & Communications

Seeed Studio’s new development, the
Sipeed MAIX, a RISC-V 64 Al board for

Edge Computing makes it possible to

embed Al to any loT device.

Micro Magic announced an incredibly
fast 64-bit RISC-V core achieving 5GHz
and 13,000 CoreMarks at 1.1V,

Western Digital SweRV Core enables
spectrum of compute at the edge

Andes 64-bit RISC-V processor has been
adopted by SK Telecom for the
development of Al products.

Alibaba PLCT Lab has ported Android 10
onto its In-house 64-bit RISC-V core
emulated in QEMU

Google Pixel 6 Titan M2 in-house designed

RISC-V processor, with extra speed and
memory, and even more resilient to
advanced attacks.

Consumer and IoT devices

Huawei Hi3861 RISC-V board for
Harmony OS developers for the |oT
market

Zepp Health / Huami wearable
manufacturer OS supporting RISC-V
Reference Models for RISC-V P extension

GreenWaves ultra-low power GAP9
hearables platform for scene-aware and
neural network-based noise reduction.

Microchip released the first SoC FPGA
development kit based on the RISC-V ISA.

RIOS Lab announced PicoRio, an
affordable RISC-V open source small-
board computer.

SiFive world's fastest development
board for RISC-V Personal Computers.

Data Center Could HPC

e Alibaba RISC-V Xuantie processor line

including four open sourced
processors for cloud and edge
servers

« Imagination RISC-V CPU family, for
both the discrete CPU and

heterogeneous computing markets

e Seagate hard disk drive controller
with high-performance RISC-V CPU.

e Ventana performance chiplet

approach to data center SoC design

e Intel Nios processor based on RISC-V,

designed for performance.

HB : B4(£2021 RISC-V SummitOFRXRER %5
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Automotive

* Imagination Technologies GPU can be

Al / ML

Artificial intelligence spans many areas from

linked together by a RISC-V core for ASIL-B
level designs with 15026262 safety critical
certification.

Industrial 10T to financial

* |AR Systems extended the functional

safety version of its Embedded Workbench

software tool chain to the RISC-V core of
Nsitexe, subsidiary of automotive leader
Denso.

* Renesas and SiFive jointly develop next
generation RISC-V SoCs for automotive

* Renesas and NSI-TEXE announce

automotive SoC with RISC-V-based parallel

co-processor

« Europe's GaNext project to simplify
designing power converters with GaN
power semiconductors while improving
efficiency and compactness for systems
such as electric vehicle chargers.

High Performance Computing

European Processor Initiative RISC-V
accelerator with first chip Sep 2021

Technical University of Munich (TUM)

quantum cryptography chip for quantum

computing security demands

Tactical Computing Labs HPC-centric
software test sulte for GCC and LLVM

Cortus is developing a high-performance

RISC-V Out-of-Order processor core for
the European eProcessor project.

De-RISC market-ready HW-SW platform
for a multi-core RISC-V system-on-chip
for safety critical aerospace applications

e Esperanto Emerges From Stealth With

1,000-Core RISC-V Al Accelerator,

e StarFive released the world's first RISC-V
Al visual processing platform

e Andes released superscalar multicore
and L2 cache controller processors,

« NVIDIA CUDA support on the Vortex

RISC-V GPGPU enables scaling from 1-
core to 32-core GPU based on RV32IMF
ISA with OpencCL 1.2 graphics API
support.
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4-1. B5f58H# : RISC-ViAEH LU ERTYE

-Road Ahead - Mark Himelstein, CTO, RISC-V International

B RISC-VOAAR(E, ISATER. T/ W HER. LR —2H4RD 3 D& BIRETANIL—LAT—Ih%H 3,
https://riscv.org/technical/specifications/

B 20214F, RISC-VXI\=(3, 15DFFUMIEREA0ZIBR SHLIRIEREZAGE U FTULVMEERIELLTF D 6 EF(C
BER2HVTVS,

I Y

A=F4A €217, BEEOMLER
BT —JECH IR
SIWVFILTOI AN AT =EARIBYS > (VM) DR
BEE. T -5 BLUEERFIEICEETISIRRAT1IT 7TV 23>
IoTERRAIAHTINAR
g5/ w21ty IkE S bIc & dF1UT1

o uu A W N =
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4-2. D7 —F7IFvikik
4-2-1. AI-RISC - Custom Extensions to RISC-V for Energy-efficient
Al Inference at the Edge of IoT ——- VirginiaXZ (1/3)

(1) ARRNICHBENSDE. Bm
IoTOEdgeflITMAI InferencezwsE LI 37357 - RaR

(2) HZAF(CHIBHM=— X o
<R NI =D NTERVIE T, Ry ND—IDIELE - [EE DR, T5AN— N —5{RE - TEDEIR
-EdgefllOBESNTE)Y —ATOUTIVAA LILIE

(B)ARRDHEIE
« IoTMEdgefITDAI Inference DA E 14
o ARz D tihsR. A1 A ZMRIE TATIO— R TEDI 7oL —%
« HW/SWIFH1> (TVM. Synopsys ASIP Designer. LLVMRE%&TER)
o G RHLRICK D TH+27%MMEIET. GEMV™S kernelT5.68f&. MLperf Tiny 6 T4.4 180D EEZZERK

(A)FTRIAFEINER |
ALEAE NS Bl D DEEE . TNEERTBEHOTV/ (5. 51 TS0

(5)ARFRNEETNSEH
IRB e HHRRICHI IV N\ SOREDHFERRZEZ TS,
(6)=AEE T DRRE

ATRLARIOFERTHD, (EEEOEERERFMEORHEANE

*5 GEMV(General Matrix-Vector Multiply): {TFIERTNLDIE GEMV kernelFAT5IERT NLOIEDARF -2
*6 $IAT /A AEIFREFEBNRFI—
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4-2-1. AI-RISC - Custom Extensions to RISC-V for Energy-efficient
AI Inference at the Edge of IoT ——- VirginiaX% (2/3)

Input Neural Network - PyTorch,

. Compiler
Vector PiM Keras, TensorFlow
AFU AFU

] Assembler

) 4

C source code + TVM C runtime +
TVM deployment wrapper

¥
SYINOPSYS
B AlEHLSRER R ZAUE I ZHW/SW ‘ .'
« #R4 AL Functional Unit (AFU) &322 m

« AFUMBIFOILRERT
o ILREFHXSOY—ILEF ® HW/SWIF54>J0-

Simulator

Systolic
AFU

Activation
AFU

Debugger

Profiler

ISA Extensions targeting AFUs

S (32021 RISC-V SummitOFExRER %5
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4-2-1. AI-RISC - Custom Extensions to RISC-V for Energy-efficient
AI Inference at the Edge of IoT ——- VirginiaX%¥ (3/3)

Fetch Decode Execute Memory Writeback
Instruction Register Fil Data

Memory egisterriie Memory

Instruction

MACAFU

PIM/Matrix
AFU

Activation
AFU

B AT ORT—D(HFHAFNIEEFESAFU

HiER : ®(32021 RISC-V SummitOREERENZ5| A
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4-2-2. Vitruvius ——— BSC(Barcelona Supercomputlng Center) (1/3)

(1) KERHLIHATNZIDE. Bm
A—=)\-1>E1—4 (Exascalehy—4wh)

(2) SHZDBICHIBHIM—_—X
ARSI EREAEDS EREL

(B)FXREROHIE
-RISC-V(DVector Extension (version 0.7.1) %#3E%&
-European Processor Initiative (EPI) O #%Ebams L THRF
-GF 22FDX® 22nm FD-SOI%{#\20215F68(C7—J7Ih
- IR A256FZR=DEEE vectorLiE, &:K16 DP-FLOPS/cycle
-ReductionfLIEDEE( L
KB EIZERTHL> (AIZRvector, A]Zpipelinef&%%)

(4)ENICIEINER
In-orderE&*8tout-of-orderXEU7 A DEEE

(5)ARERMNETEHTNSEH
-RISC-VOE#IDVector ExtensionZE2&4l
-BIFEEOF R TVectoriEmE Dout-of-orderfLIR(CHkEL L T,
TORZEZESRALTULBAN, HE(CENZEEETRET
ENRERZFEIRL TS,

(6)RR{EST DR Physical Design
SR TOCATORE, A7 LMER y g
*7 EPAC(European Processor Accelerators): EPINMERRUZEZHIER @ ;gg:le%uuf;fe;r
OBV, BA-Tvho7oesL—-437 ® Store Buffer o
*8 JOJSAICEERENIBIITSESE © ALU
*9 J0J5AICRRENTIEBHNBIN TITIAEIT IR e

HE : (42021 RISC-V SummitDFEXRERZ5|FH Others ot



4-2-2. Vitruvius ——— BSC(Barcelona Supercomputing Center) (2/3)

SEE S Lin-orderfLIBTH V) |
B Vector AcceleratorJOv/X LaneEF D HIAHIC & 5 5LEE Doverlap &
LaneN D BEff 22 SIMDALIE (C & - T, HERMIZER/L

I I 52
I I 512
I I 12
: {, MEMORY UNITS = / LANE SELECTOR N
i ; s N
! I
1 Mu LMU sMu I reaent
|
I : — VECTOR
CONTROL TP 7N ) S
1 To OVEMASK_DX 1 UNIT )< _-E J AP T I 5s bea Bos Loe Boa Bos Lae foo £ Loe boo Los Las Lo Jos Jos |
I From OVELOAD I deb A AL | VECTPR E I
I I /EE— AR T3 I 8 LOAD_BUFFER I
To OVI:STORE — - |2 s
B e e e e e s e AlQueuell || L5 aceifot |51 srordoara. | |l
/ VALID BIT VECTOR 1 LISIE i
N o |Z INDEX_BUFFER STORE_BUFFER
Scalar Core & 3&8#5 L U T . Demux 2|3 o [
TPNYN T | g1 s K C P PP P F | P Pe—P—FP—H| |
X T 5= LR e =l A 12K I
@ £ 320
MASK VBITS | ] 15 —{u 20 concfoin = I
m ; W 5 I WEB_BUFFER I
i - /, 2 =
JhT L 7= #fE% T I 4 s/1 e o e :
; —— - 0 > CONTROL )T N—
Scalar Core & decoupling ~ it 3 ot ¥ i
| RENAME UNIT I'z E : < I e | -
—-—— - ---------II[ COMMIT RAT |I% "E _ REJIST! ILE I
1 I ; s I'=s = g 3 ! MASK REG|STERS L 1
I T i I < ; 2 f 5 28 | |2x8 | [2x8 | [k | | 2xB 2l
1 PRESSUEQUEUE =~ UNPACKER 1 = ! ::" 1 ‘[ I ‘[ ‘[ ] § b — 5 1
: From OVIISSUEDISPATCH Inzy_) vz I, 2c: e I : ; H 2 :J I | wz:cl
grt o onto py datd st QUEUE DEMUX 3 ESM L
o~ = LTS | L‘_’_/ i 20 |
I I I H La | g GRANT READ FORT 5'84-0% I
I—————————————————II E‘S’MWR"- I” | FILLA e i 1
| = = 1
I i 1 ’ FILLB = 1
comont vmic || 1 — E= = |
e | S new_as 1 FILLC
=) i% = 1 i:“l e v bR |
1 4
! | £ ~& 1
N e i = == | \—=/ ,
o new_mask \
o iy | = A=W .
B ol | N e mrereace —— .
M o o e e e e e e e e e e e e e e e e ] e
REORDER BUFFER I I
| |
-
To OVI:COMPLETED I \ ’ == I I
From OVLISSUEDISPATCH . y -\._
|Ring CLane [ ##: |
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4-2-2. Vitruvius ——— BSC(Barcelona Supercomputing Center) (3/3)
m PEAESTAT

- Vector{ttgE (E—%8E(F16 FLOPS/cycle, 20 GFLOPS)

Benchmark DP-FLOP/cycle *10 DP-GFLOPS (@1,25GHz)
Matmul 256x256 15.1 18.9
Jacobi-2D 7.5 9.4
Black-Scholes 54 6.75
Daxpy 4.1 5.125
FFTW 2.6 3.25
. MEEELEE
Vector Unit Technology Frequency [GHz] Area[mm?] Peak Performance Efficiency
[DP-FLOP/cycle] [DP-FLOPS/mm?]
SX-AuroraVPU TSMC 16nm FinFET 1.6 ~30.22 192 ~10.16
AG64FX-SVEVPU TSMC 7nm FInFET 1.8 ~1.22 32 ~47.2
Vitruvius GF 22nm FD-SOI 14 11 16 ~20.4

JTOERHE TS5 (CERERIb R AL 5k

*10 DP-FLOP/cycle: 1941 IzDDEREE (64bit)iZ&/ I\ EERE S

HBE : FR(£2021 RISC-V SummitOFRERER %5
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4-2-3. Advanced Interrupt Architecture (AIA) and Advanced CLINT*11
——— Western Digital (1/2)

(1) ARRDICATNSDE. Bm
PLIC*12 (RISC-VOBIFOENRASIN) TEIMISTERVIEF, R

(2) HEZEDFICHFIRIT——X
EHADTDIERERE. BRI 2 b, MST™ 3L, ARIEIE. 7 FLAZE RO BERRE

(B)ARROHE
- PR -XZmlcTAIAZESR
-SiFivettDCLINTE EfiIH#aDAdvanced CLINT (ACLINT) #E®

(4) IS ET R ES “
CPUIPA A~ RA TEESNEELAMEOHINEBRSICL, SAF AR —RACEAEES

(5)ARENEEEN BN
LinuxZM—71>J 3 BIeIAE I BEARRIREIALIAR (PLIC) Z. U7ILA1 LAOSYEMBERBZEEULEEREIAHNIE

8k (AIALAdvanced CLINT)(THLERU. 70ENEESR . MSIX LR EZ oz m

(6)EHB{LFTDRE
-VINII7 DRFE - AREEDTEX
-Western Digitalft ANDE=FDOLE 1—(CLAEERO B EOHEER - R

(ZIDIAFHILIE]

HEBNSDEINAHERZZFILEE, TOyYHEIDIAHZ
*11 Core Local Interrupt RUMISNPREDBS(C, RITLTVSTOT S LE—F
*12 Platform-Level Interrupt Controller “REL THDTIY SLERITI SL, ADRAHLITOYS
*13 Message Signaled Interrupts LD¥ET . TOTOISAICRD., YUB% BRI 3,
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4-2-3. Advanced Interrupt Architecture (AIA) and Advanced CLINT*11

——— Western Digital (2/2)

B ILSREEROHER I FHEEH

« PLICH'MSI(Message Signaled Interrupts) EXISIEozDICTU. AIAIZPLICORF > TOWEIARTOHIPRICTIEU. X
COIEZLT TULS,

« Advanced CLINTIZY1/ Y —¢IPIs(TOyHRIEINIAH ) I IED T DEEF DSiFiveDCLINTAARD 147 B I ER 4R,
BEFEDORISC-VISY R IA— ©AEOERENSHD, S8 ASv—REE(IRVNEEZI TV,

MSls Wired Interrupts IPls  *14 Timer
0S-A P
Platforms
M-level S-level VS-level M-level S-level VS-level M-level S-level VS-level M-level S-level VS-level
Legacy PLIC MSWI MTIMER . SBI
Weed e NA NA NA PLIC | PUC | == | comr) | SBIIPL| sBiIpE | NATNSR | SBITimer | o0
*16 *17
: APLIC
Only Wired APLIC | APLIC ) )
IRQs NA NA NA M-evel | S-level (g;ﬁ;ﬂ; MSWI SSWI SBIIPI MTIMER | Priv Sstc Priv Sstc
*18 *19
':ﬁ:: msic | imsic | SIS APLIC | APLIC | AFLIE | IMSIC | IMSIC SBIIPI | MTIMER | Priv Sstc | Priv Sstc
Mfile | Sfile | >T® | pmjevel | sdevel | S-level | mfile | s-file
Wired IRQs %15 (Emulate) (Emulate)
MSis,
Virtual MSls | IMSIC | IMSIC | IMSIC | APLIC | APLIC SA'I"-'CI IMSIC | IMSIC | IMSIC | o | oo
and Mdfile | Sile | VS-file | M-evel | S-level tEr;ﬁl‘;ZJ M-file | S-file | VS-file
Wired IRQs

*14 IPI : Inter-Processor Interrupt *15 IMSIC : Incoming Message Signaled Interrupt Controller
*16 SBI: Supervisor Binary Interface *17 MTIMER: M-mode Timer *18 MSWI: M-mode Software Interrupts
*19 SSWI: S-mode Software Interrupts

HiE : #R(32021 RISC-V SummitORFERZ5|
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4-3. €15«
4-3-1. SYSTEMATICALLY SECURING THE RISC-V ——— NVIDIA (1/4)

(1) KERRIICHBENZDE. Rm
Gaming, HPC, Healthcare, Smart City, Robotics, Automotive

(2) HEZDBICHIBRIM=_—X
-F 2T DE(E - XFERIR MEIRK .
-WEOBEAL (EZLAT-—D5SXTLOFLAT—A HW/SWONTICLDHEFTEZ2INEE) ADFTIE

(B)ARROHEIE
B : BN DELTIHEEDI AV Z TR (CEIR T 2EBZEEL ., WAL T 1UTHEEZHSDDIGFCE REES
NVRISCV : NVIDIADRISC-VIY. Peregrine : NVRISCV + [EAIP
MILS (Multiple Independent Levels of Security/Safety) 73TU(C&BPartitioning
SPARK : {EREMUNEREZEDEF TIERMSEDN TV, JOT I EE+ DY-IL
BootROM&Separation Kernel(CfEF
Offensive Security(C &M EE 4 5T
ASIL-D*203fMDual Core Lock Step

(A)RIICIGETNES
SIIRDRUN —74 S BRI TR R RERE T —F5 I F

(5)FFEFRNFEBSNSEEA
NVIDIAE Dt 17 53 it sl 55 BA

(6)EH{LFTDRE
ERELAIL

*20 ASIL(Automotive Safety Integrity Level: BBIEEZ2/KAE): [SO 26262 METERINILURIDEE DIROEVERHEZRT
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4-3-1. SYSTEMATICALLY SECURING THE RISC-V ——- NVIDIA (2/4)

= TBI/Pointer Masking Partitions BENEFITS

= Static Analysis
= Fuzz testing

_J Confidential Compute vGPU DRM

= Silicon area savings

Measurement & = Engineering savings
Secure Boot ) Power management
Attestation

— = Security cost savings

= Formal Verification Sgpalridien eyl
= Compiler mitigations J
= SW mitigations

BootROM

= Formal Verification Peregrine IP
= Fault Injection
Protections

RISC-V Core

B B

HiE ;32021 RISC-V SummitORFERZ5|
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4-3-1. SYSTEMATICALLY SECURING THE RISC-V ——- NVIDIA (3/4)

External
Peregrine boundary
Dual Core Lock Step .
NVRISCV — \ Device Map Lockdown
Partition
I Control Bus
U mode Task Task —r
[
Crypto Engine
S mode RTOS Devices
Secret Control
Supervisor RT
NV MPU
10-PMP
M mode Separation
| BootROM Kernel |
Core PMP
D B
* Debug control ata Bus
/0 ‘ |
Memory BootROM TCM

HB : B4(£2021 RISC-V SummitOFRXRER %5

(©) NTTAT
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4-3-1. SYSTEMATICALLY SECURING THE RISC-V ——- NVIDIA (4/4)

Partition Partition
[ Tasks [ Tasks [} [ Tosks QMM Tasks ||
U mode
S mode Application Task Task
Partition
Scheduling Root Partition
M mode Separation Kernel Separation Kernel
U-mode

RTOS

‘ Supervisor RT ‘

oo [ Tesks | ks (R Tsks [ | supervisorRT | -
Separation Kernel
S mode
SPARK —~
M mode
B FIROBRV—T1 A ABR N B BER ZER B Multiple Independent Levels of
7—=%F0Fv Security/Safety (MILS)
architecture

RISC-VD4FIEE—R

M mode: Machine mode

S mode: Supervisor mode

U mode: User mode

HEE : (32021 RISC-V SummitOFEXRERIZ5| A
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4-3-2. The Future of RISC-V Heterogeneous Embedded Virtualization
Architectures ——— Minho X% (RJILMHIL) (1/3)

(1) ARRDIGASNINE. Bm

Flight Controller, Mission Computer, Nano drones, standard sized dronesiREMBLUVEEEL > S OFEHZIEE

(2) HZDBICHITHFIM=—X
EEH I 2TLAMIS « Heterogenous OSes (Nuttx*2!) + Linux), Mixed criticality, Partitioning

(B)ARRERDME
-HypervisoriliskzEZFE L. CVA6 CPUICES
*CVA6 (Arianeh'5el#1) (F0penHW Grouph*™X>7LTWL$CPUTY
-3—-0v/\DEEDKFE . 7THICDIATTHERS (TII), KFEDOHEHATTHAR
-Supervisor mode(S mode)%Hypervisor-extended supervisor (HS) &Virtualized supervisor (VS) (CE#L.
Z®0_t(CVirtualized User (VU) modezsE4E

(4) BT CASEITANER
-Partitioning¢&virtualization® 73k, firmwarefE@ TDPartitioning
-RISC-VOPMPHL5E*22 (ePMP, 2021/12(Cversion 1.0ZIEXXUI—R) =R

(5)ARERNETETNSEH
BEHENFSNBVT A ADFHIfHZRISC-VTEIRULSELTWD =

(6)FHLETORE |
-E&EILFEFEFTT TUTWS M Hypervisor and Virtual Supervisor CSRs(Control and Status Registers)h'>k5E
-IOM;#J_, IOPMP(I/O Physical Memory Protection)Z’&RUfzPartitioningDE £
« AIAXT )

*21 POSIXA>AI1—ADI7 )34 LOS
*22 https://raw.githubusercontent.com/riscv/riscv-tee/main/Smepmp/Smepmp.pdf
*23 IOMMU(Input/Output Memory Management Unit): /{4 XEXEUDCPUZNTERVEIEZ I Az H1HT 3
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https://raw.githubusercontent.com/riscv/riscv-tee/main/Smepmp/Smepmp.pdf

4-3-2. The Future of RISC-V Heterogeneous Embedded Virtualization
Architectures ——— Minho X% (RILMHIL) (2/3)

Wi FMP PMP
Virtualised Non-virtualised | RT Apps
Environment Environment
A RTOS
U Bare-metal
Hyp B

[—
i |
il
Supervisor modeZz :
Hypervisor extended supervisor (HS) &

Virtualized supervisor (VS) (98U W PartitioningDfX-=
Z®M_E(CVirtualized User (VU) mode% 3 Virtual Machine (VM), PMPIC&%Partitioning

e

M Firmware (SBI) M

Adapted from: Alistair Francis (WD), “Developing the RISC-V Hypervisor Extensions in QEMU”, 2019

Decreasing Privilege level

B HypervisordisEDAX—

HiER : ®(32021 RISC-V SummitOREERENZ5|F
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4-3-2. The Future of RISC-V Heterogeneous Embedded Virtualization
Architectures ——— Minho X% (RILMHI) (3/3)

CVA6DSmepmpiiiRDHIE

= RISC-V Smepmp M RISC-V°

» Protect Machine-mode from less-privileged
modes

= Machine Security Configuration (mseccfg):
= Rule Locking Bypass (RLB) - bit2
* Machine Mode Whitelist Policy (MMWP) - bitl
* Machine Mode Lockdown (MML) - bit0

* CVA6 Smepmp Implementation
= Compliant with version 0.9.5%
= Minimal changes (11 files, ~100 SLoC)

PMP Enhancements for memory access and
execution prevention on Machine mode
(Smepmp)

Nick Kossifidis, Joe Xie, Bill Huffman, Allen Baum, Greg Favor, Tariq Kurd, Fumio
Arakawa, RISC-V TEE Task Group

 Smepmp Validation & Evaluation
» Baremetal testing framework
» Hardware resources (FPGA) -> 0.1% LUTs

ersion 0.9.5, 11/2021: This document is in the Frozen state. Change is extremely unlikely. For more
information see: https://riscv org/spec-state

*RE>V1.0ZYI—X AIARREICIFNEDO PJ
[CF217A-T> 7 —FF7)F v ERER e
ZOAILYZICRMAFRRFE AN -EEH

https://github.com/riscv/riscv-tee/blob/main/Smepmp/Smepmp. pdf

(O NTTAT 467



4-4. Esperantott®ET-SoC-1 (1/4)

-Accelerating AI and non-AI Workloads with 1000+ Energy-Efficient RISC-V Cores on a Single Chip
-Esperanto’s Custom RISC-V ISA Extensions for Energy-Efficient Machine Learning Applications

(1) ARENCAETNZHH, BE
- BABNIRIOERATREES 508 B
AIZA—5y NIRFEL TL\DH, JEALICEEA P]gEE iR

(2) YUZPEICHITRHM=——X
-SRI E N RZRDETIEAND
ERESONABIZIENT 27T LEI2EMER - SR

(3)AFEROHEIE
-RISC-VZ100007 A FEBEURFYT
(1088 ET-Minions, 4 ET-Maxions, 1 service processor)

FyFCDWTIFZCOOL Chips, HOT ChipsiRE THRERZH
-SEIEERBERERIIORIR7ICITOT S LREZET I
- Efz. SamsungDSSDOFHIFHGEA LA ZBI T U,

(4)ilNCHIFEITAE R
IERICH R/ BAOMER, RBE (0.3-0.4V) BHfENERE
(5)FRTRNERSINSIEH

R~ IRE OB DIIRETSL TOVBRISC-VOR#EEN LT,
RA17%7 5L —HE LRSS B2E T, AR
1B XEYF AR TR MR IR

(6)EH{LFTDRRE
ERELAIL

HiE ;32021 RISC-V SummitORFERZ5|
(©) NTTAT
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4-4. Esperantott®ET-SoC-1 (2/4)

B (KETEEMEICLDIEHZIRRM L
B IREEBEDINSOANS6FYIR—R20.4V. 20W TEMESE 20N RiE

50,000

¢ 2.5x better performance than the 118W chip

45,000

Esperanto’s

( 20x better Energy-Efficiency
by using lowest voltage instead of
highest voltage for our
recommendation benchmark

sweel-spot for
best performance

( 4x better ML
recommendation
L performance

N W W
g & 8 9
e © © ©
e © © ©
@ 6 o ©

20,000

15,000

10,000

5,000

Recommendation Energy Efficiency
of ET-Minion cores (Inferences/Sec/Watt)

0.2 0.3 0.4 0.5 0.6 0.7
Operating voltage for the 1K ET-Minion RISC-V/Tensor cores

HiE ;32021 RISC-V SummitORFERZ5|
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4-4. EsperantoftMET-SoC-1 (3/4)

B ET-Minion : B ®Vector/Tensor Unitzfgxc IR F—ZE0E 0646y FRISC-V CPU

o AA-A-)AT5A4>, 2DD)\-RITT7ERITALYR
- (REEBECRBILEINTY—F7IFrLolig
o (KY—MEREYRAT—DICEIDREETEEMHZ
o VIRIIV TR EIRERL1T —FF vy 1/ AT79F) R
B MLICE&EE{bENfzVector/Tensor Unit
« 512b Int8
12865 DB Y MEHULIE, RE(F32EYh
« 256b Floating Point
1615 BEAEE . 3215 H4EE
B BTN EITDOTensordnt
o ERRT32KAULIE/512H4 )2 165 TERIT
o I RJIVFOIN> RIBEENZIKR
- ZORInteger PipelineldXU—7

Vector/Tensor Unit

B VectoriB#EEEan 5 .
Q
B 300MHz ~ 2GHzTEHE 3
<
>
Q
n
o

256b Floating Point 512bInt8 Vector RF

> <€

Data Cache Control
(including D-tags)

v

VPU RF TO/T1

VPU RF T0/T1

Trans
ROMs

VPU RF T0/T1

VPU RF T0/T1

Trans
ROMs

VPU RF T0/T1

VPU RF T0/T1

Trans
ROMs

VPU RF TO/T1

VPU RF TO/T1

Trans
ROMs

RISC-V Integer Pipeline

L1 Data-Cache/Scratchpad

DCbanko | Dcbank1 | Dcbank2 | pcbanks

Front
End

ET-Minion RISC-V Core and Tensor/Vector unit optimized
for low-voltage operation to improve energy-efficiency

HiE ;32021 RISC-V SummitORFERZ5|
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4-4. EsperantottMET-SoC-1 (4/4)

B Minion Share ( 32J7MET-MinionEJ1—)L) Four 8-Core Mesh
Neighborhoods Interconnect
+ 4DM8-Core Naghborhood. 4x4 xbar.
1MB x 4/\>4YSRAM. Mesh StOp_ﬂ‘ﬁﬁﬁ

Nominal Voltage
|

e = e

m 8-Core Naghborhood Hh,_-k
« 8J7MET-MinionT&EFEEY )V — T =Rk — -
« 32KBO@SRFrvI1xHEE (DBEELDERIXR) ‘_' o I
IR0 — RTL27 7 A% K& (ICHIR. <_. xbar I
- FHROYI - TSR RGS s B4 .
« ¥ DNaghborhoodADIX(E - Z{Edn T <—' <—'-<— Mslr]li?:
B YJNIIVTHBRRIRE R AEUREE :
. SRAMI&Private L2, Shared L3, i , owtone
A9 F )\ RICIE - ¥ERR BT RE 4MB Banked SRAM
B Minion Share(dMeshiZ#t Cache/Scratchpad

Local Sync Primitives

m HRERTUITT

= . ] = =

+ =&Local Atomic =H =Y =

+ =iELocal Barrier bz mmpe | g | g | gy | wmye | g |
i T = oo

« &iRLocal Credit Counter
« JOEyYRIEHAYR-K

B ET-SoC-1: Tig44 SharezMeshiZiit
* 34 Minion Share (1088 ET-Minion)
+ 1 Maxion IO Share (4 ET-Maxion)
+ 1 PCle Share

+ 8 Memory Share e (32021 RIS
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4-5. SiFive (1/9)

-Keynote: The Future of RISC-V Has No Limits (Dr. Yunsup Lee Co-Founder and CTO)

-Implementing Functionally-safe RISC-V IP for Automotive and Safety Critical Applications (Shubu Mukherjee, VP
Architecture)

-Continuous Innovation in Embedded RISC-V Processors (Drew BarbierSenior Director of Product Marketing)

(1) FRRDFIGAENZT, B | o “
RISC-VJOtyHIPOVOigft. BEIE. TN IYSAURNST -7 57— 1—T 1) OIRIEWDEF 25— bk

(2) HENHFICHITRHMT——X
TSERISC-VAREL L TUVBHIERE(L. TRIAVERRADEHOEE LD, SiFiveldI IS AT AOPRTLHZLDOTOYHIP
iU, MBI ARSEZEET 3,

(3)AHEROHIE
-Performance P65070twH(d, Performance P55070tyHONINENAEICEZL, AIET)LZ250% LEH TS,
-BEEDEFAOERL, FSOMERELTFIVTIIROEN, TV -7 —FTIFrADEENRDSN TS,
(4-5.0(6/9) BBIEDBFADERT —F+7IFv. (9/9)SiFiveTOTF 1T HAEDRE TEF RS

(4)BRTN(CAFEINER
JEe—L> MRIVFI7ITLyd R 2B TL6I7ICHBR TE S, TNIC(E, XEVBENSEINAS 1Y MIICEZF TOIRT
LOVR—3> MEFEN. ARBILICBERRISC-V) 1)~ )\ F— 3R BT AE,

(5)ARERNMETETNSEH \
-SiFiveld201 58 MRISC-Viz5_EIFEFEALEE . T3 AT LDV 1%E|#IB>TW\3,
- IntelN20224E(3 75 LT 7 nmIA > ORFE TS hJA—AICSiFive P5S50% AU,
JLRBRESiFiveld, BEIEEAEREIITD/\AI RRISC-VYY1—>3> %G T - AU,

(6)RA{EETDRE
FHCRL

*24 JVFIATSRTLOBBTHZT —IDREMEIBRT SLHDILHE
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4-5. SiFive (2/9)
4-3-1. SYSTEMATICALLY SECURING THE RISC-V ——- NVIDIA (1/4)

B SiFive®/\— -5

No =tt# AE

(©) NTTAT

1 | Intel 20224375 EIF3 7 nm3A > ORFE T 5y M JA— AICSiFive
P550%z#H

2 | B R BEEAREIFO)\( I RRISC-VY1 -3 2 HFTUY-X

3 | Tenstorrent BERFVITT7—-F7IKim Keller KDt AIFYIGraySkulllc512
EwMBDORISC-VAINUILER (RVV) ZiFESULIEX280 64Eyh
RISC-VAR—-XDI7%z A

4 | Samsung Samsung&E2tt{14LPP FinFETHz iz ULVZAI/MLEAS LASoC
DTy IA— LW EREZ (CIRRAME

5 | Canonical -SiFive FU740 SoCh¥&&ULinuxh'&@{E 9 BHiFive
Unmatched BFER— RzSiFiveh'202 146 B (CARFE X%
-Canonicalf'RISIC-VICUbuntuzi&ta

XEFEPmOFERCLD, 2022F 18, EERDTORTER TZ7FT IV
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4-5. SiFive (3/9)

B Performance P65070tvHOHE

Quad-Issue

Out of Order

64Ly NSAIFBEEEFPULEY MEVEILERIEREZ SO

J7(364KBEHFrvS 1. 64KBT—5F+vv> 1. 512KB L2Fvy> a1
RNFHSRH-De— L2 REYR-MU. TR 4 DDI5AF—. 16070EETT(HLRTES
48E : 11+ SPECINt2k6/GHz 2.75GHz+ in 5nm
BERTFITHLEELIES TS —5%15D

IPELT. FRICHREBLMERIEF D Verilog RTLZIEML AT EE

@ P600 SERIES

PLC[CUNT

Floating
Point FP RegFile
Execution
4-Wide Integer

soslamew | e

Instruction
0 Renamea
. .

Soes o) ] eeeos (oc)
| pebug/trocs | Sre el E)
Load/ Store
Bus Matrix Execution
iz aons
32 Entry
ot 512 Entry
128-bit or 266~Hik
L2§ ups
8-way, 2 banks 4-way

AMBA ACE/CHI/aXI

JOvI94 7935 2> AT F—EFHF 0T
*25 AMBA(Advanced Microcontroller Bus Architecture): SoCZ &R I DIzHICIHEBRA > A—TTA AFE DRI
ACE(AXI Coherency Extensions). CHI(Coherent Hub Interconnect). AXI(Advance eXtensible Interface)&Eh'%3.

HiE ;32021 RISC-V SummitORFERZ5|
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4-5. SiFive (4/9)

B Performance P65070tyHMOP550£MEEER

Design

Parameter
Decode

Integer ALUs

Floating Point
Pipelines

Load/Store Units

Integer Registers

Floating Point
Registers

HiE : #R(32021 RISC-V SummitORFERZ5|
(©) NTTAT

SiFive
Performance™
P550

Up to 3 instructions
per cycle

3; Ix Branch, 1x
Mul/Div

2: Ix Divide

1 Load Unit, 1 Store
Unit

100%

100%

SiFive
Performance™
P650

Up to 4 instructions
per cycle

4: 2x Branch, 1x
Mul/Div

2: 1x Divide

2 Generic Load Store
Units

162%

173%
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4-5,. SiFive (5/9)
B Performance P6500tvH DI AT AVII-33> (JN—M—LRFET)

®WEI7IVIVYIR/ISRG—/APLANVOE S EEREEE
Je—L > RPICIRA Y MR R TERT — 5TV RIS ZXFENOC
AMBA ACE / CHI. CXL

EREIES LU —-TYMEUS TS ZT I
AT7BLUS AT AL TEMM EENTAREIE

FuSa(Functional Safety : #EELZ2)MIEDEERIS—&RE. LR—K LU0UH/

BERNIA-XDADER. T/\WJ LUM—R

L, L, L, - MSI-X basead Security
| | | | Interrupt Complex
Controller
Debug &
RISC-V | RISC-V | RISC-V | RISC-V Trace
A Manitors
shared Cluster Cache

SiFive
Providad

External IP

| RAS Architectura

Multi-Cluster Network on Chip (NoC)

AMBA ACE/CHI
Coherent
Interfaces

Platiorm Level

Address Transkation Engina

Cache
Slioe
i
Cache
Slice

1 [
& & o
E |J1 s | i
£ &%
] -

HB : B4(£2021 RISC-V SummitOFRXRER %5

(©) NTTAT

CXL
Io/mMem|Cache
Interface
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4-5. SiFive (6/9)
Eil]ﬁﬁ:}ﬂ/\d)nﬁFHT *TIOFv

Implementing Functionally-safe RISC-V IP for Automotive and Safety Critical Applications (Shubu Mukherjee,
VP Architecture)

B BHEBEDFTE RXOT—FFIFv DBV -7 —FF)Fv—ADELHIRHEIN TS,

B RALDT7—FFIFvIEHW Isolation. Y—>7—FFIFv(ESW IsolationE LW SDOQTREASTHIENT., IRAB(LICEST. HW
Isolation&EUs#E DIsolation A BIEE(CRD, FB1THEIR,, Bl ROFVZHEIIRFIEHHWHRETOIEON. FHETEZRS
B, SHIGEENBZ(TRDEVIAY MYHD,

B HEEERE. SUVEREEY I NI ZOEVVHIIENKRDHSN D,
B 16-32T7Hh'wE

B BEEROXLYRBEBIEMENEREIN. F—FIDOERTOPSIFAEL (*EiLDGrayskaull, Tesla DOJO, Mobileye
EyeQ UltradFxRzR2LE8100TOSLANIAWMETHD, RISC-VIY + GPU/AI7 5L -~ TERIRLTLS)

B 31T EEEIBEI0. CPUDRIBIENE (SiFive (9) SiFiveTOTF1UT(HEENEREZSR)

Domain Architecture

Central
Gateway

Cockpit &

Infotainment Powertrain

Advanced Driver Assistance
System (ADAS)

Body Control

Demand for deep packet
inspection capabilities

Increasingly high single-thread
performance
Multicore with ~16 cores

HiE ;32021 RISC-V SummitORFERZ5|
(©) NTTAT

Zone Architecture

Central
Gateway

Central Compute

Cockpit & Infotainment, Body Control, Powertrain, & ADAS

Higher single-thread performance
Multicore with 16-32 cores
Increasing TOPS demand

Software isolation demands CPU &
1O virtualization
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4-5. SiFive (7/9)
BEEDFADBAY —+7IFvs¥il

B Dual Core Lockstep 7—3+70Fv—
m DCLSE-R

B OvIZATvIOIT7ORT (FI4YVEITRDY)
B NEOTSAY)I7+ NEDI+ROI7

B DEIE—R (Split mode)

B 5:5tNIY
B /L —AEL TV —IDERNCRO TS

B EHE-ROYR-—b

B IRTOI7NDCLSE—-RTENME
B IRTOI7HDEIE-RTENME

B —EREDBIE-R. —BBIDCLSE— RTEIME
(Split-Lock mode)

HB : B4(£2021 RISC-V SummitOFRXRER %5

(©) NTTAT

Primary Shadow Primary Shadow
RISC-V RISC-V RISC-V RISC-V
Core Core Core Core

Input Output Input Cutput
Replicator Comparator Replicator Comparator

Load Addr
Store Data

Shared Cluster Cache

Interrupts Interrupts

478



4-5. SiFive (8/9)
BEEDFADOER (HiEZs)

B Advanced RAS7—+79JFv—
m #EELZ S (Functional Safety) ZHR—h
B HEETRREE?

B BEEOHERELZEMIBIISO 26262:20111(F, IEC 615080 EFFRETHD. IEC 61508DEARKZE X LAHHHA

ZHBEL TV, UNU. 2RI AT AOEEMUR VM IRER T2, BENEBEDOHEEELZ £ARIBI1SO 26262:2011 |
DHEEERZEDEE(L. IEC 61508DEERLIDIRL [EREF(E/E)Z AT LAOEEREZDHADEVNCLDE|EIEND
I\F=RPNRAER D AEIBRURIDATE[2]EBITVSD, DFD HEBEEREDHDENGREME)ZIRICLTWVD. B
BEREDHNDFVGREME)NREELRVGETE, REBMRETREBVEEN DD . RMLBEOEEIRIT T TEZR T
BB (C SO T DB ZENE S 2L D. CDLI(C, ISO 26262:2011T(F. RMBEDKIRDFZER®, @ER
ZEUGRI T 2450 E e F OB RIEI 7 B R R B OB R E(CLOTHHCEVLSE =ML,

Basic RAS Advanced RAS
Architecture Architecture

Error Detectors & Correctors Error forwarding options
Error Checker enable/disable Advanced recovery options
Error Notification enable/disable Advanced notification options

Error Logging Functional safety

Error Injection

HB : B4(£2021 RISC-V SummitOFRXRER %5

(©) NTTAT
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4-5. SiFive (9/9)

SiFiveTODtEF1UFrBEEDERI=
m SiFive WorldGuard

Arm(d. ArmIDFHHO—ITHBArm Confidential Computing Architecture (CCA) T, BIRIEL 7/ iEE DL

1-Y-T -9 EBENSHREITHILT. TF1)FT1Z8ELTVS, ZORDIC HELEDITONSH5DBIHFTT —5L
J-FzIRET D,

«  SiFive WordGuardt. world IDICEBSWISFIRA D BECLHOTT —HET— R24REL. TF1UFT1%Z5381ELTLVS,. SoCD

':F'T AEY, Fvw> 1, CPU, I0ZZENENTrusted world ENon Trusted world(CH BT DENTIEETH D €U T. SWI
T IANTEEDIIC. IRB(CHEEZ S iRL TUL\B,

m EBEsI>>)

B () DADESI>DY (A-T>VY-X) ’E &£, BH. BARISC-V ISAlC(EScalar Cryptography ExtensionhE#&ES
N, CNZzEEINESWICLZRN RIS 9‘/%%53_[?1‘5_@37)50

Example SiFive WorldGuard Configuration

SiFive WorldGuard isolates software .

contexts using world identifiers

Trusted agent (e.g, RISC-V 1 \ 1
M-mode) assigns world identifiers

World 1 Physical World 2 Physical ~ World 2 Physical World 3 Physical
Address Region Address Region Address Region Address Region

(World 2 is shared between Software Context 1& 2)

HB : B4(£2021 RISC-V SummitOFRXRER %5
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4-6. Andes Technology#t (1/3)

-Keynote: Beefing Up the Datacenter Accelerators
-IOPMP Updates: The Protection of IOPMP

(1) AERDLAINSDE. Hm
1) Mobile, 2) AloT & Auto, 3) Storage & 5G, 4) Datacenter

(2) YZAEFICHITRHM=——X
1) MCUHI{ED, 2) 7UHIEIEDSPICLBER1E, 3) Manycorel KRR, 4) ManycorekvectorfLIE

(3)FFHEERDHIE
@I Ty TEEX BV OBIEZRBIT
- IOPMPOWAEIEEIRIRZ FEST

(D) FEMCHFEIANER
-Andes Custom Extensions (ACE) ZE L. HRE DHardwired Engine (HWE) ZZ&iH&5S T/
-IOPMPMDZE%E (Andesft(FRISC-V International DTEE TGTIOPMP{I#kTE & ZFEIRIY (CHEEEL TL\B)

(5)AFERIEETNSHEH
*NX27V($RISC-VDVector Extensionz=xUeEHI0OEATY (VEEFEKE)
RISC-VIPDFEBERA—D—D T\ RILEVERIA > TYITHHD, ZL0OFYITR A —(CHtHE
-RISC-V International®Founding Premium Members®—%t

(6)EAEFETDRRE
BHCBRIT 51> AR R |
-TOPMP(ITEE TGTAHEZEHTLZTI—X

(O NTTAT 481



4-6. Andes Technology#t (2/3)
B SNFOFTEAS—(CCPUI7 2R

AloT & Auto

Mobile

lt? '7‘

Storage

Performance, safetyand  peqiiont cores for scalable

Mobile AP customization performance
{reron -
TDDI ,
Billion shipments of Telink =PMicro i
WiFi/BT, touch, and o
sensor hub. Mainstream AloT, audio, Flexible interfaces for
video, and wearables efficient SoC
MCU control: Application control and Manycore

DSP acceleration:
AndesCore D25F, D45,
AX25MP, AX45MP

AndesCore N25F, N45 scalar processing:

AndesCore N25F,
NX45, AX45MP

HB : B4(£2021 RISC-V SummitOFRXRER %5

(©) NTTAT

A
Customizable core for
disruptive innovation

6 picocom

Manycores for max
flexibility and scalability

Manycore
scalar processing:

AndesCore N25F, A25

Datace_nter

TN

SK

Configurable & powerful
cores for Cloud Al

@ LuMINOUS

Cloud Solution

Vector and ACE-enabled
cores for AI Acceleration

Manycore
vector processing:
AndesCore NX27V

(+ NX25F, AX27, AX45MP)
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4-6. Andes Technology#t (3/3)

Andes Custom Extensions (ACE)
B RISC-V(IM B DILRAIGER T —FFTIFv

B AndesttHACEICL O TanTBILERICL DR - $h2R M) L ZE R INIRIBZEBL TS
B ACE[FHAINAZXENT LD RB/ AT /IR— MeAER T 25 BERR 2B 2(CI D
B 350 EEMDOKETE. Streaming Portlc&?dHardwired engine (HWE) tDZEHESZBIEEICT S

i - scalar/vector
C semantic .
. . - wide operands
Concise Verilog - A
- direct 10

Attributes

- Tools -

o Iss

CPU ISS

(near-cycle

Asm/Disasm

Debugger
IDE

accurate)

Extensible Baseline Components

HiE ;32021 RISC-V SummitORFERZ5|
(©) NTTAT

Streaming Port

NX27V

Scalar Pipeline

¢

ACE pipeline ---\--,«-
wide

commands

(RVV-aware)

HW Engine

Structured
Computation

Smart
SRAM
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4-7. Micronchip PolarFire® SoC FPGA (1/3)

-Keynote: Microchip and the Expanding RISC-V Universe - Ted Speers, Technical Fellow
- Hard Real-Time vs High Performance Real-Time Applications on PolarFire SoC - Hugh Breslin

(1) ARRDICASNSNE., Rm
WIS, BE. RS, BAtkEs. IoT, &3

(2) YEDFCHI 3=~ X
N~ RS,
BT

(B)ARFHEROHIE
-PolarFire SoC FPGADIIEZIBTT
-Mi-V(Michochip’s RISC-V initiatives)(C&3 I3 A7 AN

(4)BTBIIFEINER
-RISC-VEARIHAA L TSy 1A EVRAE T ABRMEFPGA(SRAMA— ZDFPGALDE509%ESH E 1)
-RISC-V#&/\— RY/0ELTFPGAICHEFHHAG ZERSoCHERN ETAE

(5)ARRERNEEINSEH
-2020£F(C(E, ¥A/00> MI—SOFIE THFEIMERD, MNITDIRYRES.6%EFT LR,
-NVMEESIZFPGAN S —EU TRy RL > SOFPGATIES TR FERVERL THD. IO AT LAOVENTREDEIRESE( R,

(6)XA{EETDRE
FHCRL
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4-7. Micronchip PolarFire® SoC FPGA (2/3)

o e Es
m TOvII{TIS A FLI7A

PolarFire® SoC Block Diagram PolarFire SoC O¥ENLXE ) RE

PolarFire SoC 2E 70w I FICNER AT UVES (PMP) 2R LTLET,

HIETIET,

User Mode
Supervisor Mode
Machine Mode

Least Privileged
Most Privileged
36-bit DDR3/4, LPDDR3/4 Controlier

L3 PolarFire SoC TM PMP O

FFFF_FFFF

4 Byte Region Lodked.

Oinly accessible after a rese

- [——

*DPA-Safe Ci supported in S devices
**SECDED supported on all MSS memories

orly privileges

S (32021 RISC-V SummitOFExRER %5 eD000_0000

NTTAT HE8 : http://ww1.microchip.com/downloads/jp/DeviceDoc/00003292A_JP.pdf

PMP X, BRENMBENE—FT (RARE, BT ) 0FEEERT S HIcEn
7. PolarFire SoC I3, BETEZVWIA—FE—F VIFITITOFIEAET
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4-7. Micronchip PolarFire® SoC FPGA (3/3)

+ Mi-V(Michochip’s RISC-V initiatives)(C&3Id3 X7 Ald. PolarFire SoC [CEDETIEEINL
RISC-V I3 X7 LND—EB

ARL—F42Y SRT L

yocto Bufld ot

RTOS
amazon HC/OS NUGLEUS
(RTOS aImre> 4
\f . Zephyr
a1
©IAR
AdaCore el
= | vk
ﬁ
h 2 7 .
WolfSs1 W SECUREJRF Menior:

Mi-V FHAL > N—=rF—E LU SoM R4 —

@ .trenz

. Qantmlcro w| ' oo M@
WAries  Siwos B oo \\/

WORKS . TECHNOLOGIES
*3% eNcLUSTRA x DIGITAL CORE PN W ES
TECHNOLOGIES

® NTTAT H# : http://ww1.microchip.com/downloads/jp/DeviceDoc/00003292A_JP.pdf 486



4-8. EdgeQ (1/3)

Extending RISC-V Instructions for 5G Intelligent RAN Base Stations - Gururaj Padaki & Sriram Rajagopal

(1) AERNICATNIDE. Hm

(2) HZDFFICHITRBMT——X
- KFIBEMBIN A —DFEI VAR ZEE T, A—TATRRICEDVWTBRICESES TR A —Di s TilFEahEAN3LI(CTS

[Open RAN |

-ﬁ,ﬁ?atx (RAN) OEIR-HIHOBEERL. A1LICLZRERIE
(B)ERROHEIE
EdgeQMDRISC-VR-ZA5GEMBA>FYIO7 —FF0F v 258
(DB (CAFEIANER

JINITT + )\~ RITTT 5 GR—Z\ RIMEEEIR “
EEQRISC-VIPICSGREUAT (ATHIEE) OU—70— KLU EBEGDHENL ThAIIAZ

(5)AFAERNEBRSNSHEHH
-EdgeQ(dQualcomm(IIL—YZRFOZI—h 7y I T, 202043 —-XATHI400075 RILZEFRHELLR .
ﬂiﬂlﬁﬂﬁﬁkﬁééiéitﬁv?’il’)d)jﬂﬁ777)!&“/7’(;% UTC, Jr—ADI7THEA-yh (DU) | #ERI-whk (RU) .
70EZmA>~ (gNodeB) (CZZEERJEETHD. SEOEEEH R EERT SR MEIRTRIAVNSGD. SEEENTUS.

(6)RA{EITDRE

202198 (CY > TIV e
BE(C, AEKDOKFOEMDTHA> 4 % IEEBLTVREDTE

(O NTTAT 487



4-8. EdgeQ (2/3)

B EEDRISC-VIFRV321(CHZ. 5GEAIFIMHIDZHDVAU (Vector Arithmetic Unit) &VAUZR{ESTZESUIBILREE T
tyheHD,

B S50J7MORISC-VI7%iEEYVINIIF TRESNTUVBPHYEBDHEEZ IR T 3 h(CBIFICTOI S ATES, BI7(3. Andes
TechnologyM551 2> AHE52NZEDT. 5SGELUAL (ANTITXIEE) OT—I0—RIHFHMEUIZEdgeQDE LR THAINAX
ENTLS,

B EdgeQMNENNUIZarD(L. EERI-UIZH (FFT) WERZH. IHRIZREAEBOITLIES. 1THDM. S EREDHFRFEZT
26D TS5GEAILIEM 5 TEDN S,

— Edgeq 5G+Al VAU Extensions

Standard RISC-V RV32I —

M RISCY”

EdgeQ RISC-V with Baseband Extensions

FFT (Fast Fourier Transform)
Complex modulations
Non-linear functions

Matrix Decompositions

Equalization

Function Specific Acceleration
Multi-support for 4G/LTE and 5G/NR
More ...

% EDGEQ

S (32021 RISC-V SummitOFExRER %5
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4-8. EdgeQ (3/3)

B SAJSURFFTREDESLIRY, KIEfE, B, SRESBEDA/MLS(TSVETR-K
B EED/\-RTEIRIBLEITERCYITNTRIR, UNbHIHEIIFAIN BT EZE> THRBIE T BRIz,

PZ RISC-V/°  RISC-V DSP Complex

5G SIGMAL PROCESSING
CONTROL PLANE LIBRARY Al / ML LIBRARY

3GPP Computations and b DL and UL path Signal . K-NN
Control Processing

HW Accelerator Control = FFT (Fast Fourier
L2 Interface Transform) select
Memory Management, . Complex modulations . Map
Scheduler,Timing = Equalization

ML Layer scheduling

Linear Regression

Dedsion tree

Filter

Hardware Abstraction Layer (HAL) + Low Layer API

EdgeQ 5G+Al SoC (Vector Arithmetic Unit)

S (32021 RISC-V SummitOFExRER %5
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4-9. Mythic & Codasip (1/2)

Lightning Talk: Using and Extending RISC-V in an Analog Matrix Processor for Neural Networks - David Luo,
Mythic & Dr Zdenék Prikryl, Codasip

(1) ARRPIEAEN 3D, B
AITY>7)\4 R (AloT) . JCADEFELTERO—> . ORy b, BEfRNXS, Bas)

(2) HZAFCHIHFHIM=_—X
EHES

(B)FHRRDEIE
-MythcDAITYSHERFVI DT —FTIFv—#81T
- CodasipHh'SIMDYR— MDRISC-VI7 7zt

(AR ETARS _
-RISC-V. SIMDI>>>., 7FOJtEI>>> . NoC(Network-on-chip) Z¥&a&EUAI#ERREOFYS
-Deep LearningDEH(IANEFRED TV IAEBUIAEHAL. VLA TMACEE IS

(S)FERNEBEhSEH .
TYSTORHBEENZERI B AT 1T I FED—DIEN, 0.5p]/MACHIKHEIE ]

(6)EA{EIT D:RE

-iETE. 20185 DHotchip30THKRA o .
-BEN-X(CTBCE 7FOJTFRESDOERE. I3Y21AEIOVthS T M ENHDHEIE AR ZHEAALBEN DD,

(O NTTAT 490



4-9. Mythic & Codasip (2/2)

B 7FO0JNVM+7F07FE + DAC/ADC + 7 SA)RISC-VA—DDTile. —DDFYI(C76/EDTile,

B DDOFVIOFINITIREDEILT, =0T AY MIE] ATS1IMDBER, AASEHROIY/\VRRE, BRI ITHE
BIEHTED,

Architecture of Mythic Analog Matrix Processor (AMP™)
— Mythic AMP integrates a large array of tiles -~

« Support for multiple concurrent Neural Network models
« All weights on-chip
— Each Mythic tile combines
« Analog Compute Engine (ACE™) ‘
« RISC-V processor, SIMD engine, Scoreboard and SRA
+ Network-on-Chip (NOC) router
— Each Mythic ACE™

« Stores weights in non-volatile flash memory

On-chip Network
Connections

« Computes matrix multiplication directly inside flash memory array

HiE ;32021 RISC-V SummitORFERZ5|
(©) NTTAT 491
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1. FAERIE

1. F{ERES
67th A | IEEE
2021%12811H - 15H (5HRM) |nternati::c:jIc|15Iectron

Devices Meeting

I Y R

12/11 FR&ICF1—-NTIL

12/12 #H>3-h1-R

12/13 K&, FECERRE T RE—iEE
12/14,15 Sk, REH—%EEHE

2. BMERZ
BB ! + 427 RET AT
*1 F1—-MN7)L, 23— b-R BFEEO—ENIEERENRMC TSI THERZITOIN — BRI INTERPERUILET ANRS
THBRSN . F1— N7, 23—~ I-X BFfEE CEHEREENMRMIATIRVSSEERINERET AR LSNT,
*2 RMEERO12R 178N SRS I TERN O ADIDICAS TV RET AN RSN,
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2-4. HBARIERIEL

FEIRam S 2 BB BICHD > MU TR LIERZLU T (RS . HADHBIZ BB T/RUE, SElEimech# MY D1{IERO TS,
Samsung&IBME_LAIDEE, FERIF I bR ARFNERIEZIEPL TWSTENDN D,

20184 20194 20204 20214
# HE A # B4 # BE A # BE 4
19 |IBM 24 |imec 25 |imec 19 |imec
18 [imec 14 [Intel 11 [Intel 10 [Samsung
9 [tERK=E 14 (IBM 11 |IBM 9 [IBM
8 |Samsung 8 |CEA LETI 8 |Samsung 8 |HEFZR
7 |ST Microelectronics 7 |[TsSMC 7 [Y3—Y7IHXK 7 |TSMC
6 |[ERXZE 7 |BEiIXEKRE 7 |hEFEER 7 |[AERKZE
6 |EHBR 7 |mXE 6 |ERXZE 7 |KAIST
6 |/IT1—K% 6 |REKXF 6 |TSMC 5 |Intel
5 |Intel 6 |¥A49L7 6 |EiLXEKRE 5 |CEALETI
5 |EEKE 6 |Samsung 6 |CEALETI 5 |UC/N—HL—
5 |UCHYAIN—INT 6 |PEFER 5 |MIT 5 |REAVITA—FK
4 |HhERZR 6 [FIV/—TILKE 4 [EERK=E 4 |BiBEAXEXRE
4 |93—VF7I®X 5 |/—MILELKE 4 |Macronix 4 |93—VF7I®X
4 |National Device Lab 4 |y=— 3 |[/—FILE LKZE 4 |/—FIE LKZE
4 |CEALETI 4 (MIT 3 |KU Leuven 3 |VY=—tz3a 5894
4 |TSMC 4 |EPFL 3 |Virginia Polytechnic 3 |ZDthowsrs

4 |(UCHYRIN=I\TF
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Xy

IEDMOHSEIR(FH T IZ971 TECATHND, 2019 (CH T IZyTA I EBIREN. ZOREFZENDOTULRL,
BEGODYI IZYT(ZUATIORT, o L
SEIROSYIRAMFALT BFEXEIREGMT, FERICEST/\ARE(FEDT TN 3,

(©) NTTAT

ALTAdvanced Logic Technology

EDT Emerging Devices and Compute Technology

MT Memory Technology

MS Modeling and Simulation

MAT  Microwave, Millimeter Wave, and Analog Technology
ODI  Optoelectronics, Displays, and Imaging Systems
PDS Power Devices and Systems

RSD Reliability of Systems and Devices

SMB Sensors, MEMS, and Bioelectronics
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AL ABI0TIREOFEIC6D0F1— N7 BEMEENT. — AOBINRIO N VIR OV TEREN SRS 3.
+0- KB TrRUE. IBMAFINFET LU0 )\ A DV TR T i, Ml 20 GaN/ (D —5 )\ X BED N Y
HAEF1—NI7)IEEETED BNz,

% | HEIA M REE /R

1 Beyond FINFET era: Challenges and opportunities for CMOS technology Kai Zhao/ IBM

2 TCAD based DTCO and STCO Asen Asenov/ University
of Glasgow

3 6G Technology Challenges from devices to wireless systems Aarno Parssinen/ Oulu
University

4  Selective and Atomic Scale Processes for Advanced Semiconductor Robert Clark/ TEL

Manufacturing

5 Machine Learning for Semiconductor Device and Circuit Modeling Elyse Rosenbaum/ Univ.
of Illinois at Urbana-
Champaign

6 GaN Power Device Technology and Reliability Dong Seup Lee/ Texas
Instruments
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IBMOF1— N7 ILEBE. BEFINFETHS TS —NT A AT —FFI0FvHEDZON. EOLSRBTOER-F/NA X EDRENHD
MDD FEER U, R OMEEL S )2 — M5OI RHCHERLTWVS,

1. Beyond FinFET Era (IBM)

FINFET Gate-All-Around Nanosheet Top contact
Gate NS width (D) o
....... - : : b _
- @ 0 | | | _contact
90°

Channel

UL

VTFET (Vertical Transport NanoSheet FET)

(H82) 2021 IEDM(URL https://www.ieee-iedm.org/)
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AEAIHOEER(C220>3— MN-XAHEENTC. ZNEN6RDBRINS12D. HIF. T—NX(EOSYIEAEITTINDHN
SEIFOSYIOFMNCIYZEIFEATHERD LiFBNnTz, ¥—0—-ReBB-TRUR.

Short Course 1: Future scaling and integration technology

# SR M HEE/ PR

1 Processes and Materials Engineering Innovations for Advanced Logic Benjamin Colombeau/
Transistor Scaling Applied Materials
2 Interconnect Resistivity: New Materials Daniel Gall/ Rensselaer
Polytechnic Institute
3 Metrology and Material Characterization for the Era of 3D Logic and Roy Koret/ Nova Ltd.
Memory
4 Beyond FinFET Devices: GAA, CFET, 2D Material FET Chung-Hsun Lin/ Intel
5 Heterogeneous Integration Using Chiplets & Advanced Packaging Madhavan Swaminathan/
Georgia Tech
6 Design-Technology Co-Optimization / System-Technology Co- Victor Moroz/ Synopsys
Optimization
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Short Course 2: Emerging Technologies for Low Power Edge Computing

# | — ) e

1 Mobile NPUs for Intelligent Human Computer Interaction Hoi-Jun Yoo/ KAIST

2 Brain-inspired strategies for optimizing the design of neuromorphic Giacomo Indiveri/
sensory-processing systems University of Zurich

3 Memory based Al & Data Analytics solutions Euicheol Lim/ SK Hynix

4  Material strategies for memristor-based AI hardware and their Jeehwan Kim/ MIT
heterointegration

5 RRAM devices for data storage and in-memory computing Wei Lu/ University of

Michigan
6 Practical implementation of wireless power transfer Hubregt Visser/ IMEC
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33— M- 1ORY)OFEIEEREX—N—EAFDApplied MaterialsDBiE T, HBEX—N—DRDINLDNEA
B CTdvolc, FinDOAZIR G, SREEMRIR. S/DRZE. EOTRT —U>J . IILFVEhEliEl, 32490 MEFUER. (E5 DS
E. EFSFRTOCRBEE IORE AR U,

Short Course 1: 1. Advanced Logic Transistor Scaling (Applied Materials)

High-k
Selective Epi Metal Gate FinFET Advanced FinFET Gate-All-Around (GAA)

<

4

‘ TEM of supper-lattice Epi growth
. . * AMAT intem
(H82) 2021 IEDM(URL https://www.ieee-iedm.org/)
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127 D>3—R1— A&, 1> TIVELTEL—T OEBIFERF O, 7:}\"(7\7\7 > ) mEB(TEDIZL FINFETODIRELTFH )
>— I\i%J_“J'BJIUB/ATGﬁiﬁ?}\*fZ"i’i*L)“TL\éo BRTTCTEI =T 2vIEEI)IVID2ENSD. BIE(ESI_ EDGaNT /{1 R

DOEEREICERTHD, BEFCFETEOO>Y) - XBRUILACEF], S5(C2IRTAHBISOVWTEARIMICHATZITOTLSHN
FIAERAEER DR RDTIN TUVIRUMERR.

Short Course 1: 4. Beyond FinFET Devices: GAA, CFET, 2D Material FET (Intel)
Sequential 3D

(d) 1,000
-H Top Ge o=
Top Device I I Device WSe, .~ sol
“Fabrlcatlon r ———— =10} Mos] P
I I ‘ & ﬁ"“
' l "N ERS Bottom NéE . e _x‘g GOl
L . . o ws
1
di 3D Stacked !! Filled: Electron
’ L | ==

0 1 2 3 4 5 6
tey (nm)
C. Dorow et al, VLSI 2021

Self-Aligned (Monolithic) 3D

iy
o

High AR fin

I xxxxxxxxxxu/ fricritins

0.7 nm channel thickness

Chalcogen atom (S, Se, Te)

2D-Material Channel FET for Ultimate Scaling

High AR poly

(H82) 2021 IEDM(URL https://www.ieee-iedm.org/)
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- ERAFEEEHFEED3ZTHOR.

«  Samsung®Kinam Kim(3201 08\ C2EIEOEFFEEE 4oz, BiIlEl&. DRAM. NANDJZYZ1EDOXEUA L
gr)_égz}ﬁii;'é‘aitb‘\ SEFOSYICA RSB EEH THER(CL DAV KK 2O BB THholt. (BRIUNERICEBET
AE

- 2AB(3Metatt (IHFacebooktt) DILERIRE(CEET2:EE. VRIPARZSOXREAMINSES0F(ICHoTIE I -
TAY) DERBAMICRBET AU (SBRIUERICLBET AEH) ‘

« 3ABEIBMIC&ZEFIEI-T4 I DBETHOC EFIVEI—T1>) FRIOIGEFEEDT - THODT.
IEDMNP@EFIE1-T(2IZBEERLUTVDIENIINN D, GRIBICHITZ51/T8E)

# | — ) e

1 The Smallest Engine Transforming Humanity: The Past, Present, and Kinam Kim/ Samsung
Future Electronics

2 Creating the Future: Augmented Reality, the next Human-Machine Michael Abrash/ Reality
Interface Labs, Meta

3 Quantum Computing Technology Heike Riel/ IBM Quantum
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o SEE520TA-HMAYI A MEENE (RIRIE6TYSAY) . JA—hAYIas(d. ROEENYIRXZER/IERTEL
Ty 3>z Ba 3 260 T, @EIINTBFTEECHD. ‘

« S BEOYITIZYFTACFIN S TA— DAY hZ o (RIRIFIANTEMOBIIZYF(THOR)

o O>YIBEE(ALT)TlE. ZIRTTEBENRFIORMIN > RTHD ., E/USWIERBENSERAFRMIE T, SESER3DIRAf
WFERSN, RATA RTEFUGETI B,

- EDTOEFICE1-T1>7(d 2018FUEES A _LIFSNTWS (FiEIECryogenic Electronics) .

- EDT/ODIONROZHIAARINTA—H Ry a> TED LTSN 2DEESHH T FAAHL - FTVEADEAFANADSN T

Do
% | 973vFd ty3a> g4
1 EDT Device Technology for Quantum Computing

2 MT/MS/ALT  STCO for Memory-Centric Computing and 3D Integration

3 ALT Stacking of Devices, Circuits, Chips: Design, Fabrication, Metrology — Challenges
and Opportunities

4 SMB/ODI Technologies for VR and Intelligence Sensors

5 EDT/ODI Topological Materials, Devices, and Systems

XF—J—-ReBBTRUL
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3Di&/E - 3DERILDIA-hAEY> 3>,

RRILYMO(TEL)N'CFETT NA AEREt DFEEEITOLCLITEREN D, BIGHKEX—H—DIAMTNIHREN TS,
—7, BAROBI)\AFINMEH LI 23DEET/)\1 ADHMCRE 3 258 EZ1To1.
3DEIERMTIDZ(F3DRESLIM THD. ZL<DIDERERAMNFERIN,

Session 3: ALT: Stacking of Devices, Circuits, Chips: Design, Fabrication, Metrology Focus Session

% RS M 5 R

3.1 CFET Design Options, Challenges, and Opportunities for 3D Integration TEL

3.2 3D Sequential Integration: Applications and Associated Key Enabling CEA-LETI
Modules (Design & Technology)

3.3 Inspection and Metrology Challenges for 3nm Node Devices and Beyond Hitachi High-Tech

3.4 Heterogeneous Integration Enabled by the State-of-the-Art 3DIC and CMOS  Synopsys
Technologies: Design, Cost, and Modeling

3.5 Design for 3D Stacked Circuits North Carolina
State University

3.6 3D SoC Integration, Beyond 2.5D Chiplets imec

3.7 Foundry Perspectives on 2.5D/3D Integration and Roadmap TSMC

XF-J-ReBBTRUEL
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o FRILIMY CREAINZ-) HMBOCFETRI>H—RUIERETCRET 21B4F:EE, BiExEX-1-N R -REll
DRD-I-QE_C@HTLJ_CL\éLtb\DD\éo

»  FIinFET, NSASCFETAEFEREY DL TRAIVH— R DE2%6.5THS3.5TICTED. CFETOTOTRAIRAME(FBPREME]
ISR, SequentialjﬂtX(atCFET‘@(Bt:IZ M EAFITHD. Monolithic CFETORIFEN WAL FERmUTUL\S,

Im = --‘- ! “"

__B5TNS | 65TNSBPR | STFSBPR |STCFETBPR| _3.5TCFET finF ET PRPET ik APR
FETW= FETW= FETW= FETW= FETW=
33nm 27.5nm 22nm 33nm : 220m
nfopS= ndop S = nto-pS=
44nm 44nm 11inm - o
Power W = Power W = Power W = Power W= | PowerW = Reference +8%
44nm 22nm 33nm 55nm 33nm
- (et
signal wires Werro
Otver
Pl gate contact F’
°"'V common gate A gate monolithic CFET sequential CFET

SD contact -

n-channel - n-connect

split gate allowed p-connect \

(tljﬁ) 2021 IEDM(URL https //www.ieee-iedm.org/) ek I
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o —REEEEO>YIRTE NIy ERBNT T D,

« Session 26(%. InmiEROARGIBIELESHN TS /S — MR EEDIZYI 3>, IBMYimech g HMIICH ) > —k~
DORFEZEHTLB,

e imecld. 2021FE6HDVLSIS VRSO ATTH ) — MNeELE B IA - — MBIED NS AR FERFH. NFETE
PFETDAR—R%HEHBND, 26.2TFTA=DI>—beF ) —MDDCIHEREZLEERL . TA—IS— MDODCMHEEF T )2 — Mkt
R CRENMVCEERU,

Session 26: ALT: Advances in Nanosheet FET Devices X #NRFOFEESFEHREL TR TS
% HESM M A
26.1 Vertical-Transport Nanosheet Technology for CMOS Scaling beyond Lateral- IBM
Transport Devices
26.2  Comparison of Electrical Performance of Co-Integrated Forksheets and imec
Nanosheets Transistors for the 2nm Technological Node and Beyond
26.3 Critical Elements for Next Generation High Performance Computing Nanosheet IBM
Technology
26.4  Highly Stacked 8 Gej oSng ; Nanosheet pFETs with Ultrathin Bodies (~3nm) and National
Thick Bodies (~30nm) Featuring the Respective Record Ioy/Ioee Of 1.4x107 and Taiwan
Record I,y of 92pA at Vo,=Vps= -0.5V by CVD Epitaxy and Dry Etching University
26.5 Gate-Last I/O Transistors based on Stacked Gate-All-Around Nanosheet IBM

Architecture for Advanced Logic Technologies
XF-J-R2FBTRUEL
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o fER. BCHRDFAEN (FIEDMTIIEEEBY N o fe i $F(IC Oy IC BT DECHRDEZENMEL, 20204 (C(FALT TS
BROITA— DAY HHEENT. 202 1 F(FECHRO—AY Y>> MR FN D X TICACHROFR X ENENNU.

o SFHR(HBAEFEAGFE(BPR)EEMEE ChHD. CNHZEAT 2ERT - R)LOKIeEIEHRE/ I\ a]EEE RS, 22.4T
imech'Z@mELHEZ FAVVESRAMYIOEOSYIEIRRICDOVWTEEELUR, 22.50imec®BPRAYIVEZRILER RS,

o SnmREOFAT/ — RTE, BiEIZAMEROZH3DI 7 TO—FHwZBER D, 22.3T(EQualcommhFvIzFvI Ly k
(CFT3DEIET B partition”7JO—F&. 1BNHEEZ 3DEFE T 3"Add-on" 7T O—-FOEREZLLEL TS,

Session 22: ALT: Front and Back-side Interconnects X #NIRFOFEBETFEREL TEIRTD
KR Y e
22.1 Fully Self-Aligned via Integration for Interconnect Scaling Beyond 3nm Node TSMC
22.2 Electromigration and Line R of Graphene Capped Cu Dual Damascene IBM
Interconnect
22.3 System Design Technology Co-Optimization for 3D Integration at <5nm nodes Qualcomm
22.4 Design and Optimization of SRAM Macro and Logic Using Backside Interconnects imec

at 2nm node
22.5 Buried Power Rail Metal Exploration Towards the 1nm Node imec

XF—D-ReBR-TRUL
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Session 13(30>YITHREEBINBZCMOSTSY N IA—LADTEYI 3>, SEFIT — N AAYIERHFED RIS ERo,
TEBINE3InmEAiOFERSRH O,

13.20Cold CMOSI377KEMEDCMOSHFER Tholz. Cold CMOSIF4REM_EHER{F N, IFFEBIHMlcN D DHD.
13.304nmEbii(d, IREF TICER THRESNEP TIREGHIREMTH B,

Session 13: Platform Technologies and Gate Stack X #NHRFOFESFEHREL TEIRTS
N HEIA M R
13.1 18nm FDSOI Technology Platform Embedding PCM & Innovative Continuous- Samsung
Active Construct Enhancing Performance for Leading-Edge MCU Applications
13.2 Design Technology Co-Optimization for Cold CMOS Benefits in Advanced TSMC

Technologies

13.3 High Performance 4nm FIinFET Platform (4LPE) with Novel Advanced Transistor Samsung
Level DTCO for Dual-CPP/HPHD Standard Cells

13.4  Al-doped and Deposition Temperature-engineered HfO2 Near Morphotropic Phase National

Boundary with Record Dielectric Permittivity (~68) University of
Singapore
13.5 Dipole-First Gate Stack as a Scalable and Thermal Budget Flexible Multi-Vt imec

Solution for Nanosheet/CFET Devices

13.6 Demonstration of Low EOT Gate Stack and Record Transconductance on Lg=90 UC Berkeley
nm NFETs Using 1.8 nm Ferroic HfO2-ZrO2 Superlattice

XF-J-ReFBTRUL
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« 2022FEHSEFELENAINM TEDLSRIBENMERIN NN EEEIN S,
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- In-Memory ComputingREFFLVIDE 1 -T2 EMEREN TS,
- SBCEFIAVEI-TA VI NDHAFHREL,
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26.1. Vertical-Transport Nanosheet (IBM)

(1) ARRNISHAENZHE, B
F(CCPUREDOSYIE TR

(2) MBAFCHIBR=—Z
EEEEE. X KEEEN. KIXb

(3)ARROBE “ |

- MEBFET(EimecS TIRFTSN TERD RSwXIUS I AL —HIDSRBT -5 R I BETREMBD TH.

- MBS CERFOREDOILDDAR—IANNETE, FESTELEIBEINDHEIEE RE THEAY M dEfEsmL TS,

- KO- RIVICHITEF )2 — MBCFET*ADFRNDIERAR L (CRVTE WX . SEIT3DERIENAIRENEIM D ER s D
Do
RO circuit pulse Voltage vs Time RO circuit capacitance
, 1.2
s 1 - = model
2
g' - g o8
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-5 g o S 04
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ot il S

Lateral FET VTFET
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* CFET(Complementary FET) : pFv>RILFETENFYRIVFETZS) I REEE

(ti88) 2021 IEDM(URL https://www.ieee-iedm.org/) MR
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1.0E-02
Vd=-0.65V Vd=0.65V
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<
.
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pFET \ | nFET
Ssat=68mV/dec | || ssat=6amvidec
1.0E-10 1 DIBL=27mV \ / DIBL=27mV
1.0E-12 . - . . .
-1.5 -1 -0.5 0 0.5 1 1.5

CE) LHEERICIER SN TRV, F1— N7 ILEEORENSEERUE,

(4) IS ETAES “
CNETERAUESN TIRNOTHEEUEIS N2 DAY TIERDIEEL NS DR 5% 2 C1ERE - EIEEE DZER U TOSR. UMY I A
SRR I IRETRRENF L,

(5)FRRIEEETNZEEH |
IBMOSIEHIS TOHEE hF> D RADFERTHD . A THEELESICHDFBA TS ZEN D N D .

(6)XB{EFTD:RE
SETRMIPRICUIEEDMERE, TOTXIR N, SHEBRE

(H82) 2021 IEDM(URL https://www.ieee-iedm.org/)
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22.5. Buried Power Rail Metal for 1nm Node (imec)
(1) AERN AN . Rm
F(CCPUREDOSYIE TR
(2) HEZABTFICHTH M= —X
SEERE. Bk, {EESEH. KIRb

(3)FRROME=
© OIVIICHI BB OB EIENMEL TVS, 255 — RV EEZHE)\ S S (HBABRICIR(BPR)FXATHS.
+ AGRSCT (3 ABAFARA RN L TW (DI 2T 2) [ HEFINIARETEBLORULT =V L) FIEMO(BUT T ) L B EFERR L TLVS,

Mint Mint E 35 7
E E 30 OM - _ <} CVDHT W
D - (high temp.) F-CVD
ActvT MOAT ¥
oL _ O s VDo =
Po|f|' ..... E (low temp.)
e
ActvT “ActvB . o 20 ALD W
) WDAS VBT - <:}:.\" ~n (type A or B)
b L - -E 15 ogic ™. ALD TiN
BER BB . ™ -
BLB i Vga . 8 10 SRAM -
. - e 3nm 2nm 1nm  1nm
VBB _18m J8m o (Forksheet) (CFET)
WL BPR BPR (48]

Technology Node

(H82) 2021 IEDM(URL https://www.ieee-iedm.org/)
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6] % O Mo (ALD) w/o TiN E 260
- I @ < Ru (CVD) 0.3nm TiN £, 240
E 24 | > O W (Type_B) 4nm TiN — 220 Line Iaper angle 90°
o ! %&’ O W (oid POR) 4nm TiN T :ano')
d 22 \, H~128 nm™% o 160
=5 dp/dT [QcmK™'] Q—J
=20 W -2.260-8 - 140
> _ H~132 nm
= 18 . Ru-2.97e-8 120
> ; Mo - 2.28¢-8 Z 100
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o o + < Ru (CVD)0.3nm TiN
o< — O W (Type_B) 4nm TiN
H~84 nm g. O W (oid POR) 4nm TiN
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(4)FHN B INRES
BPR (IBAEIRACHR) (FR5>5—- R EEZ/NKUEREE %J:D‘Zoc_t’i_] ECTBMTEL CERSINTVS, RiwmX TIEZE
OERMAHNSEBU T, (&L BB R e B IENSEAS NI LR
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13.3 4nm FIinFET (Samsung)

(1) ARRNLAETNS2E. B
F(CCPUREDODYI R

(2) HEZNFICHIBRIT——X
SEEEE. FE. HEEEN. HKIXb

(3)ERROBE |
- 5SnmediELFContact-over-RX (P)571IRRIEICS — b2 AT Mesml3dlE) MMRAEENZE. ZNLIHIEEFRLLREER
W B2 5T )\ R ELOL A 7D MRIELICL B MERER_ENE RO TVSIETRESNTLS,

- —EBT)\A ZFFHERA RSN TUVB A, Bhhta.u. (arbitraty Unit: EEEAD)EB>THED, FFHEOMEHMEITRESN TV,

SDB-DUT distance (CPP)

Tr. Level DTCO
{T-DTCO)
Performance boost
by Layout Optimization
to enhance RCvalue

===

- Process/Material

Performance boost
by pure Pracess,
such as Fin, SD-epi, 1P,

_ Thermaldesign etc.

contact

J

(Y Gate

e

0On? .

Gate Contact-RX boundary distance

Performance Boosting Component Ratio [%]

£
S
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| =
G
\ Y J s > Advanced
T Active Gates Fin Technology Node
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(Single Diffusion Break)
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5-3. 4anm#$iils (2/3)

FEFEFESE (IEDMEVLSIS VRS IL) TRERINZCMOSTZY N IA—Li# .
SE¥IHTAnmHSamsungMoFEZREN T, FZALE3nmMEAIORFEZED TUOBN, DRKEDBFERTEINMIFIRITEFTHRERIN
TLVRL,

IEDMEVLSID VR ) L
'S 20 =
= I
g - Samsung
o - TSMC Intel
Z 10
? i ST /
o IBM
= né L 2
= i
S 5 GE g
o _ TSMC \
Samsung
2 1 | 1 | 1 | 1 | 1 | 1 |

2008 2010 2012 2014 2016 2018 2020 2022
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= 11
Key o 3.:""] 5nm \ —HD - B 0.98
Feature (2 gen.) (5LPE) \ — UHD £ 1.0
o s 09 0.87
Fin 4%gen. 5%™gen. 6™gen. 7% gen. S j 3 0.81
< E 08
S/D 4thgen. 5thgen. 6%Mgen. 7% gen. . o
>° .6 0.7
Comtact  \or BV EUV  ELV B oo
/BEOL ~N— 3 NFET PFET = NFET PFET
MDB/SDB  SDB ;:t DIBL Isoff
Process MDB/SDB MDB/SDB Dual CPP Dual CPP Vin [A.U.] Fal @same Vtsat

Future DualCPP DualCPP Contact Contact
-on-RX edge -over-RX

ReferenceVLS!I 2018'VLSI 2018 1EDM 2020° This work

()BT AE S | o |
NFTCERTHREINLP TROEIML — ROEFE N NEWEATEENmToeh . SERISH TEETAnmAFERINTR

(5)ARFRNEEATNSEH
KERCHmISEILSNAFAMTH RSN TLS L

(6)RRBILITTDRE
OTXTRN FHERE
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5-4. 2D## (1/2)

7.1. Advancing 2D Monolayer CMOS (Intel)

(1) AERRNF AN, Bm
F(CCPUREDOZYI R

(2) HBEZNFICHIBRIT——X
SEEEE. SE, EEEN. KIXb

(B)AEREROBIE

- FIEERBMIREEISVEH VD, 2DMRI(EDFEFER) (XIFROT NI AFr LRI RIELU TERECEBEN TS,
- 1>FIUE300mmII—/\ EICCVDTMoS2E N2 DMz HEfES B BEOLIEH O JOv URE CFET 2R E LT,
- JERURBIE(R)\wO T — MEIE TH . 1T MEFIDERRICEDPFETEL TREDA Y EREIZEM U,

00 1
mV/dec
1
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5-4. 2D## (2/2)

Paper Intel [4] 7] [9 [10] [11] This Waork [12] [13]
NMOS/FPMOS NMOS PMOS
Material MoS2 MoS2 W52 MoS52 MoS52 WSel WSe2 MoS2
# ML 1 1 ~3 1 1 1 1 ~7
~ Dep Method MBE S5CYD | MOCYD | SSCVD | S5CVD | S5CVD | S5 CVD CVD
Single or Dual single -
Gate single single dual dual dual single single Ushaped
Imax (@ 1Vds) 240
[A/pum| 30 850 310 260 (@ 1.6Vds) S0 2 120
ss
[mV/decade] a9 880 117 250 73 141 97 260

(D) F(CFEIANER \
SR HECENCVDT300mmyI I~/ \C2DAAVEREL T/ RS A ST TS .

(5)ARRNEEINSHEEA
A 2T IALHARS T2 DA DREIFECERDFEA TLBZEN DN S I8

(6)RRA{EITDRE

FI13., SICLEgI2ae (RLA>ER. BIALYSal MRERE) ZEI L EREEEDEL,
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5-5. 3D#&EIEGaN-Silicon CMOS#Hiir (1/2)
11.1. 3D Layer Transfer GaN-Silicon Finfet CMOS Integration (Intel)

i L

(1) XRRHMVIGATNSDE. Bm
NI-ILIMOZIR &G, )NT-IC

(2) HEZDFICHIFIRIT——X
SME. BA>EGTL, SERE. EBEEEEOER

(3)AFEROME
- 300mm SiUI—/\ E(C/—XU—-ATDGaNhI> T X2 EE1L
- = RIE30nmEFEL, fmax(F400GHzIGET B, SHICCDF iz FERIE TSIER_ EDOGaNDNEFINFET E(CSiDpZEY

FinFET%3DIEMEL CCMOSA >\ —SBERFal L,
ST - SAKGaN FETECMOSEORIEE DAL BRI T,

Si channel
{Layer Top Contact

transferred) Tob Gat
op Gate

Intravias Intravia

) e Mk Gore (51 0

A
>
i
-~
8

Bot Contact

i
Bot Gate "

Ne

N | <
GaN Lo

Buffer
Si(111)
Backbarrier (c-GaN)
E-mode high-K GaN Transistor =
300mm Si (111) GaN NMOS Finfet
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5-5. 3DfAEGaN-Silicon CMOS#H:iilr (2/2)

1.E-03 1.8 0.2 16
(a) V,=-1.8V ‘UD;I.EV (b) (c)

LEos ¢ | 0.1 - L 12
pr— = -S- .E. —
< ) o [Fes- 200 - | g2
- | a 5 - 5

1.E-07 - > - 3

PMOS NMOS - -0.1 - L 4
finfet finfet

1E‘ﬂg ] 1 ] Uﬂ T T | ‘DZ | T ﬂ

-1.8 -09 0 0.9 1.8 0 0.9 1.8 0 0.9 1.8
Ve (V) Vv, (V) Vin (V)

() FECHFEIRER
JCO=ICEFC300mmSivz—/EALnELGaN FInFETO EICpELSi FinFETZ =R s8HEL TL3m. SN T/XD— 52 I25¢E
CMOSEEIREIIEDEENAIREL B D,

(S)FERNEBEhSEH
GaN k5> TRINMEEMBENTVS LIC. Si FInFETZEEFEL TCMOSIBRRZRIAEEL TVBTLFZRIFALL

(6)RABMEITDRE
OTRXIRN FHERE
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5-6. RissFEHEFEZ{EOIcFeRAM (1/2)

33.2. FeRAM using Anti-ferroelectric Capacitors (Intel)

(1) FRRN AN, Bm
SEHMDRAMB SR

(2) SZDBICHIHFIM=—X
SEEEE. BE. REEOT —5FRE. S S OIEm4%

(3)AFHEROBE

- FeERAM(MEKEBIEEMEOSERXEIEL TeDRAMDEEHRA NEZ D,

- KX T3, ﬁE%E(DﬁﬁE B4 (FE) TR, INEKEEEEN RGeS E5REE (AFE) 2D, e, 1N XA(1T)D
FEeFET TR D RAIEB =2 EEUIE1T-1COMEIE R LB EZIRELTLVB,

- 300mmUI—/\ LICMN OFEEERAVEHIRAFERS2/ERUTHD, BEF-1.6V/1.2VEHEL, HmHU/ESIAHFAE—R
(F2ns&iR<, 1012[B]MEndurancetiZpkL. LDERANLFeRAMZZEIRL TV,

T AFE 0.2 - - . . . -
FE WL - O !y =27 @85C
r,__ Bias Aty = 10ns @ 85C
015 || © toaue =215 @RT z&i 4
2 A treal:h‘lmire = 10ns @ RT &
= [ IN , c g
== >\ BL - = Sense transistor S A & %%
Access transistor g 0.1§ 4 =) |
[=:]
JR—— c
“ Vi, AFE capacitor :/C = 8
Measure currents “ 0.05 | ]
— V,I Y J 6
PL
Vare < Ve 0

10 102 10 105 10® 10" 10™2
read/write endurance cycle (#)
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5-6. RisFEEREZ{EOICFeRAM (2/2)

600

(b)

o

400 +

Material |Structure|Speed (ns)|Voltage (V)|Size (um?)|Variation| Endurance
This work| AFEHZO| 3D || 2 ||| -16/22 || o0.008 10 [1012 at 850
Ref. (7] | FE HZO | Planar 30 -4/4 0.1 No data | 10! at RT

200 |

=200 f

mmm Pristine (exp)

= Pristine (sim)

400 1 " |ww=sBurn-in(exp) || Ref. (8] | FE HZO | Planar 14 -2.5/2.5 1 6o 10 at RT

== = :Burn-in (sim)

-2 -1 0 1 2
Voltage (V)

Charge density (fC/ pm 2y

-600

(4 BRI ETRE R B
ABUEBEMMBROH T/ NSV LIS, BIEF-1.6/1.2VEHEL, 2nséLOEREEBULTWE 5. ESRIMEE 1001 25 [EZER L T

AFI=W

(5)ARERNEETNSEH
1>TISEEXEIORFICHZAN. EROLIBLVVEREZERL TS
(6)XAEETDERRE

SRz LIRS OERE, FEBRE
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3. FBERERK
3-1. JOtyYREFEE
3-1-1. A 16nm 785GMACs/] 784-Core Digital Signal Processor Array with a Multilayers Switch
Box Interconnect, Assembled as a 2x2 Dielet with 10um-Pitch Inter-Dielet I/O
for Runtime Multi-Program Reconfiguration: UCLA
3-2. AIFYITRRME
3-2-1. [7249)/57-4%70-4%5k] A 7nm Dataflow Architecture to Accelerate Software 2.0 : SambaNova
3-2-2. [730%/CIM] A 332.7TOPS/W 5b Variation-Tolerant Analog CNN Processor Featuring Analog
Neuronal Computation Unit and Analog Memory: KAIST
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3-3-1. A Cryo-CMOS Low-Power Semi-Autonomous Qubit State Controller
in 14nm FinFET Technology: IBM
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1. ISSCC2022 R E

ISSCC(International Solid-State Circuits Conference)ld. KEBREFF=(IEEE)NE{#ET 3. Eia
EBIREEEET DB ICHITIRBIEDOEEREIRL U TSN TVS, FEARDOADEYIEETEEIN S,

® FMERTEA: 2022/2/20-24 (A>51>FME)

® =T
“Intelligent Silicon for a Sustainable World”

® = AZEK

SEIOSINEIEIARINTORUVN, FEE(A> 51 U FE)HHI3,000 N fEofe B, SElIbRIZEEHER
® w54

- I9tEsm AN 651 / BRIRGESCEN: 208 (IR 32%)

- Ithiak - BEB B DERIRGE SN

iﬂJiZEBU BEERI
- 77
WX 80 99 67 117 27
& 38%  14%  48% 32% 56% 12%

v EBRETITHEZ
v FEROEFEIAF /AFTHEE
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2. ISSCC2022 JO0Y5LIE(1/3)

o EiiiEH
Bl K-BR-7ZTHSENENL1S + HuskENT 18 045F

Catalysts of the Impossible: Silicon, Software, The Future of the High Performance

and Smarts for the Era of SysMoore Semiconductor Industry and Design

Renée James, Founder, Chairman, and CEO,

Ampere Computing (5&)
Intel7TEFERNRIZELEAS Fr—1B2E
F=At A—-E T OtyY =R

The Art of Scaling: Distributed and Connected

Aart de Geus, Chairman and co-CEOQ,

Synopsys (K EllizBtE EEat

Intelligent Sensing: Enabling the Next

“Automation Age” to Sustain the Golden Age of Computation

Marco Cassis, President, Analog, MEMS and

Sensors Group (BRI o H—

Inyup Kang, President,
Samsung Electronics (Eﬁ)

)\ ILEIFSoC(AL, 3R TSR, HARIEE)

Head of STMicroelectronics’ Strategy, System
Research and Applications, Innovation Office

® Fi1—hJ7)L
YT AT — (R )NS 1 EHEBERERD, FEDT XDV TER(2127-Y)

(7— Yk

T2: Fundamentals of High-Frequency DC-DC Converters ... EIRLOIFZCDNT

T6: Wireless Power Transfer and Management for Medical Applications ... HE#RIGEBIFE(CDVNT
T10: Fundamentals of mm-Wave Phased-Arrays ... =i (HEfR ) [BIEE(C DT

T12: Advances in Digital vs. Analog Al Accelerators ... AIFYI(CDWT
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2. ISSCC2022 J’)O0Y5LABIE(2/3)

077r S5h>3—h1—X

—NI3A> T, 8RIZEDBETNERL CGEE. S TA—-3L064F, >3—hI-ZXHh' 1+

(IA—=3Ls)

F1:
F2:
F3:

F4:
F5:
F6:

Compute-in-X (CiX): Overcoming the Data Bottleneck in Al Processing ..

Chip Design for Low-Power, Robust, and Secure IoT Devices .. IoT

The Path to 6G: Architectures, Circuits, Technologies for Sub—THz Communications,
Sensing and Imaging .. RIS

Paving the Way to 200Gb/s Transceivers .. BffiE{=E

How to Improve Al Efficiency Further: New Devices, Architectures and Algorithms .. Al
Computer Systems Under Attack - Paying the Performance Price for Protection

S = = LY b

(23—bh1—X)
SC1: High Speed/High Performance Data Converters: Metrics, Architectures, and Emerging

Topics .. 77307 - 749 Z A
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2. ISSCC2022 J’'0YV5 L#IE(3/3)

® :5H
34ty a>, EYITIZvT—HZHFD(2~31y2a> /87 I2v574-)

<HYJI1v7(— —B>

AN: Analog ... 7F0OJEIR(7>TRE) &/

PM: Power Management ... EJR[EIFS

DC: Data Converters ... 7>4)L-7F 00 Z#aEEE

DAS: Digital Architectures & Systems ... T>4)VEIEE AT A
DCT: Digital Circuits ... 7>%)VO1F& - 235524

IMMD: Image Sensor & Medical Devices ... 1X=2t> Y
MEM: Memory ... Xl

RF: Radio Frequency ... EEfEESEIT (2R ) B

TD: Technology Directions ... & 4fi(2FI12E 1—4EIFEIFERE)
WLS: Wireless ... fE{RESMEFEH

WLN: Wireline ... Bf#R@EEEFEE

ML: Machine Learning ... #8870t 50 —AE1E(AIFV)

T 2A)VEEE - BREAOTYS A NS, TOyBICREIdRKRZ. R (2EFIDE1—IMIEIEERE) OyZazhns
EREMEEIER (V51 ACMOS) (CBIT2FRE. MRFEB 7504 (AIFYD) OyZashbAIFYI(CRIT 5%
RETNTNEREIBLZHES . BLUTORMNSEEFREREZFET D,
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3. FBARR

3-1. JObyRREAE (1/3)
ISSCCTI3, EFFBEVEORIIOYS IV, TOtYH(CRIT By as iHEFNBTENBAIL TS, A
YIS TRRROAENPET, SHOREHTIOTYIHFEREINS,

o AFEDFHEKENM
7HEOEEDSS, T—91t>45—(DO)EIFH44E, PCrIFH 144, BENAIILBEIFH 24 THolz. D55, 54,
EEOFvITOOYYZIBKRY 3. FIEEFYILYME&ELB-OTUS,

(BEX—E
2.1 Ponte Vecchio (Intel) .. DCEIFGPU ZFvIT18Ak

2.2 Sapphire Rapids (intel) .. DCRIFCPU 4Fv I i&hY

2.3 Telum (IBM) .. DCRIFCPU 2FYIJHER%

2.4 Power10 (IBM) .. DCAIIFCPU

2.5 SoC (MediaTek) .. Mobilem{}SoC

2.6 DSP array for 5G (AUJA)ILZ7X) .. MobilemI}DSP 4FvJ#Epk CEEFERLL CGElZZIMR)
2.7 Zen3 (AMD) .. PCEII}CPU 2-9FYIHERk (FvIE%=ZE 2 5L Tlaptophsserver® T/ =)
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3-1. JOtyORREE (2/3)

® IntelDRFHE
IntelMSIE2H0OFERK. FYTBEIK(E. 2021FE8A (CREINTZE S HOtChipsRETHERINTULA. BEIC
HENEABTEZ L,

2.1 Ponte Vecchio

H—)U(DC)EIFGPU. Nvidia A100DXIH 1R T 47/ DA ) EFEEN DHERET VT TR SN 2 s hVFE
Jotyd o7, TSMC 5nm(N5)JOTAT&iEEN 3,

RAMBO Tile

Compute Tile with x= Core

> 45 TFLOPS FP32 Throughput

Thermal Tile

Foveros

> 50 TBpS cache Bandwidth

Base Tile

HBM Tile
>8 prS Communication Bandwidth

Xe Link Tile

EMIB Tile

2.2 Sapphire Rapids
H—)U(DC)mEIFCPU(XeonFk5). 4FvT THBR SN D mhF . Intel 7nmIJOTA TR EEN S,

‘(WA —_EBE —
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3-1. JO0tvYREREE (3/3)

® AMDDFERIMNE

AMDNS(E1FDFZR. 556, 2021F8ADFRHotChipsTHRKFH. AMDIE. EEFVIHEM(FvT
Ly MBIE) DRGE THITLU TS,

2.7 ZEN3

PC/8—/\mFCPU, 1-8B0OTOySFvI (F&ItimIOLR)E MEDIORAFYI (R TOER) THERK. IO
TyBFYIOEEEZEZ DL T, J— MPCHSY —)NEllF £ TIRIL T GH Bl EE. FrvS 1 XE)ZRIFYI TH
BUT. JOySFvT EC3IRTHEBL TV mhMFEI(TEFH]) o CNUCELD. FERICEEARSBOF vy 14T
ZHEE T DIENTE, HaENE L. TSMC 7nmIJOTEATHIE,

* Two columns of TSVs on left/right
side of the L3 cache

| Ty aXEUFVT

« AMD 3D V-Cache extends L3 N j;:

Cache capacity by 64MB (3x) 32B/Cycle
Bi-Directional Bus'~~< N Y=

* Total inter-die bandwidth: >2 TB/s . A

+ All control and routing to the cores LS —N e WSS .
is implemented on the base die, so Q 3% / th‘yﬁ}“J j(8:|7)
AMD 3D V-Cache can be
completely focused on density

® SOAMME
JTOCR LD ENBRIGB> TETHED. BEFVIEBRR(FYvI LY MEE ) [C Lo TREm L ZEIRI D75

MENEFDEEZSND. FYILYMBETE, FYIEOBEFBNEZ THD. S, FEBEMOBO
2.5/3RTTREFIMORAFENRAIITONDEFRIZN S,
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3-1-1. A 16nm 785GMACs/J 784-Core Digital Signal Processor Array with a
Multilayers Switch Box Interconnect, Assembled as a 2x2 Dielet with
10pm-Pitch Inter-Dielet I/0 for Runtime Multi-Program Reconfiguration :
UCLA (1/4)

- ARRDPICASNSDE, B
AX— N IAPPEEEGRELRESGEEMEENERHIN SR m

. MBI BEM——X | |
SGEEMUBCUBEREEREIS N, AV NIAVRECABENSBEE BT 2LEBH EHEIX MEFRHEN S,
—75C. SGEEIMEIC (3 4 Bet BNRETHER. FAMEND3IEERHENS.

- AERNEESNSEH
REOFERSUVWMARERNEVFER, — AT KFEIBROR(CENMNDS T FyILYyMBETHIBE, TTHREFIFBICE L.

- RR{EITORE
AFERTHEAINZFYIT LY NEREFMOSI-IFIF. UCLADEAMTTHY, BEICEZDMNIIRIFRTEARIME. ERECEIFTE.
EREMEPIANMENEERRELEISND.
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3-1-1. A 16nm 785GMACs/J 784-Core Digital Signal Processor Array with a
Multilayers Switch Box Interconnect, Assembled as a 2x2 Dielet with
10pm-Pitch Inter-Dielet I/0 for Runtime Multi-Program Reconfiguration :

UCLA (2/4)
7&%&%0)1&%

SGREERECEREINS. ESUEERTOtYY (DSP)DIRE

« SGEEOMBCHEBNEESFZ VN AV— h?ﬁ/@&(&“ﬂiéﬂé%’&%)’éﬁétﬁ%b HEEARIZ MENSKDHEN D, —fRIC. HDUIB(CHFE
UBAFvI2F2ENEN - A NOMHE TRELN ., SGRIEURCEIRL BETENMNETHDR. AAMNHIEEEE THI(TRASE).

o AIRZETE. ESSUBOERERZTT (UDSPEMEIN D) ZZ LN, UDSPREIDECHRZ DBEEXDFE TR A RESUUIBZHEM(CERITTED
(FPGAD &SR Bl #IRR (T RIASHR). INICLD. FFADSPEERFYIOFEDRENHLRIAMEZBIE I (TRASR).

.ﬁ oy This

-R c Work

2 .

Ew 5::3 1 /.', Dedicated
=TS O

I >k

— 2¢ 01 |
=43
I

| © 0.01
2 et

L g

N 0.001

H 0.1 1 10

Average Area Efficiency (GOPS/mm?)
BN (=R A M)
(©) NTTAT

100

UDSP Core v4.2

16 bit fixed-point data paths
1.1 GHz clock frequency
256b D-Mem, 384b I-Mem/|
4 Inputs, 4 Outputs

EBEDOUDSPOOREH/ZZEZDET
R BMES IR ZEITR]HE

/\ DSP Kernels
connection Lattice Filter FIR Filter Mu M It

Adjust K @ % ziwi

= 33
W % om0

Balancing core granularity
and core utilization to
maximize efficiency
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3-1-1. A 16nm 785GMACs/J 784-Core Digital Signal Processor Array with a
Multilayers Switch Box Interconnect, Assembled as a 2x2 Dielet with
10pm-Pitch Inter-Dielet I/0 for Runtime Multi-Program Reconfiguration :
UCLA (3/4)

- BN [CREITANER
- (SSAUEI7(UDSP) £ 2 EUEH T 312, 2 OEE - BEEE(TTES, 20T, HEIREAIHR4TY TR AIRE, Fy RIBSIE. UCLAN
FLTL3. Si-IF(Silicon Interconnect Fabric)ZMA, A#TC LD, FyITEZDBRCIARIF(NT)DEYFIE10mm. FyITERER]
100mm ¢RIy F ST EBRE CIBHNET AL,
. IPBMEZBE, TNERCESORMEMET (ITHENETBEN20A—F—). KRR T FEACORSEN ITRECR S CRMEINDA -
H—)RtiEIRER, CNICED. WA T 3FV T EIRIEDMEN ST CEBTRE T, BT —SEUF 2 FH,

FyvIEE

4F VT HERK

§5T NEEE BEE EEEE

H Si Dielet
i M C
Silicon InterEnnect Fabric (2" m’ o
l 'I (<1 pg)_) ) MR‘ec‘ess @ En:)
——'—-‘—i—'—'-’——"--' _____ -I o ¥ :;"-,-' L

Damascene Cu wire :
( ) B s ) ) (10 pm)

* S. Jangam, Trans. CPMT, 2021. il
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3-1-1. A 16nm 785GMACs/J 784-Core Digital Signal Processor Array with a
Multilayers Switch Box Interconnect, Assembled as a 2x2 Dielet with
10pm-Pitch Inter-Dielet I/0 for Runtime Multi-Program Reconfiguration :
UCLA (4/4)

® BAFIAZTLDLEE
30 K‘)f(:l?\’]l’i YEVFTFy Iz

Spec This Work/| CICC'21 | JSSC'20 |ISSCC'18
Techology 16nm [| 16nm | 7nm | 16nm Voltage-Frequency Scaling
2-Layer/ |4-Layer |15-Layer| MCM/ 0.45
Package Substrate Si-IF‘l EMIB | cowoS | PCB — 04 - 10.38 pJ/bit @1.1GHz
Bump Pitch (um) | 10 [ 55 40 150 ] 035
Reach (um) 350 3,000 500 80,000 3 ’
Data Rate o 03
(Gbps/pin) 11 2 8 25 §025 - '
Voltage (V) 0.8 0.9 03 | 095 | &£ o024 0.09pi/bit
: T @ 580MHz
Energy Effc. (pJ/bit)] 0.38 | 0.83 0.56 1.17 s 0.15 A v
I/O Area 2 0.1 -
Density (um?/bit) 137 'T\ 203 500 10,175 E 0.05 -
Peak Shoreline BW
- 0 L] | L]
Density (Gbps/mm)| 277 2> 1609 292 500 700 900 1100
Layer BW Density
(Gbps/mm/layer) 149 64 107 25 Frequency (MHz)
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3-2. AIFYIRREE (1/4)

IEE ., ZRIEFE (Deep Learning, LUFDL)ZREULIZAIEAMN, BREIUVVERZEIT TS, CNICHL), BHE
BREEEIZELEMLTED, ATLE(ECDL)IIFELEEREIR (771351 —4). FRsBAIFYI OHFH
FDBRAICIIO TS, ISSCC2022TH., ZEOAIFYIBHEFR RN O,

@ FHIFXREH)M]
ISSCC2022T(d. ALICBHIET 324D TA-3 . SO (2540FER)HMTHNT,

(ALICREET B TA—3 L)
- F1: Compute-in-X (CiX): Overcoming the Data Bottleneck in Al Processing
- F5: How to Improve Al Efficiency Further: New Devices, Architectures ...

(AIICEEET B tzvs3Y)

- S11: Compute-in-Memory and SRAM

- 515: ML Processors

- S16: Emerging Domain-Specific Digital Circuits and Systems
- S21: Highlighted Chip Releases: Digital/ML (Invited)

- S29: ML Chips for Emerging Applications

AIFvIE, BEELTIEGoogletAppleREKETREENR VD EF TEH N, ISSCCTIEEDISIREENSDF
RFDRLL KEDNSORTREZRODEVRERIKFEZ DR THD. o AIFVITEERKROF NI, Zikd
BCIMBAEDFEERTHD. ESECEDFEALFTSMCERE - FEDOAENMBATLED THolc. COLIRE=HHD.
AIFYITERE(E, P2 7RGFHC. B - hE)NIERE(GRVGRIGE B TUVS,
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® ITFDIHZENM
AREDIT LT O200 A BN THITHFENMEA TS,

(1) 739 (F7—970-45t) > HEEER (DCHEIFAIFE . AN— R NIASDTOEERAIERRE)

*  DLICBEI2ETEDZERMBE TSN THD. (IERNSIENE 2R - SRIR(CEITTESGPU
(Graphics Processing Unit) iNLSFIBHESNTEN, i, GPULDE SR - SRR (ICDLAERRITI D
FitreUT. DUFBOT—970- (4 FHEL. T—YEnX R EZ EE b 9 25t FTAFENEA T LD,

- IRTE. Google®AppleRELEDIEENAIFYIZEILLTLBH, CNSEEARBIC, CO7TO—F =R
FAULTW3, REDISSCCTIL. AoFv—1BEE2%t (SambaNovatTenstorrent) DIBFE BN THNI,
SambaNovaDFEXZFBEFFKEU GGHEZZIL T3,

ERDGPU AlFvT (7—H~70-4Ft)
Temporal Architecture Spatial Architecture
(SIMD/SIMT) (Dataflow Processing)

Memory Hierarchy

Memory Hierarchy

Register File

DLICFH#I AT —5J0- %S RUIIBIE

ALU ALU ALU ALU

T TN > XEYEEERRIOT — TR,
o] L] Tl ol SR EECDLIMBERITATAE

laww] |Aw ] [Aw ] [Awu |

laww ] |Aw] [Aw] [ ALy
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® ITFDIAFTEIM (DDE)

(2) 770%(CIM; Compute-in-Memory) > {EEHER (IoTiHEk COAIHERRE)

IRTEDQAIFYI (L. BHRDIED, XEUNSEEZRCT - INENHD, COT —TELED IR T —%H|
I DR, X L TEEZRITI HiMI(CIM; Compute-in-Memory X(& IMC; In-memory
Computing BREEFIND)NMERESN TS, AL, BiROE ﬁnt’iﬁﬁb\R7TD’]n+%¢i/ﬁﬁﬁbt
BDTHD. /FOVERMEEYMBETRTDIIETELIDEENRCGGTERIGETHD, #58R. CIME. &
TRIF R TDLABEZEITO]EETHD. (BVEYMEENNERDLFEZ(C(EMEVTOVRY)

CIM(E SEEFEBEACHAFRAFEMTONTVSDEF T, REBAIFYIBEDOFEROFEIICIMBEETH O,
ZOHNS, 7FOJ XAV RERULKAISTOFRERZETBEFFREL GFllZEII T 5,

A% i JEYEIEERTZLNZERW-FENHEEE (CIM)

x BEH Yy V1%\ %\ &
W
Ry Raa BRI LA B EDLSICEIR ?

V2 v' SRAM
‘Ru%\ ,;%\ ,;Q\ vV HEERETRATY
| : (ReRAM, MRAM, PCM ..)
—a—JIIRYrT—2 Iy I I3
OEE )
=) Wy =) El € ENCRIORARICET:
] , BRICLZ7F0)5TE
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® SHOHENE
F—9I0-4HELIET SHIVAIFYI(E, ERMEISEA TS BEHD, FRZTHREL CERSEBAMERICH S

BEMEN'®D. —75 T, CIM(L, FITHAFERFE T, ERMESEAIEIRERL ERLICATHEAREFEN, SO
AATONBEHERIZN S,

H1E. CIMOFERDZA(E. SRAMAR-2DEDTHD. 1L DLALEZCIMTEITI B(CE. HIIZEDRIER
DAEINET, IR TIFSRAMTRIRIDENEZ THhHIN'S Thd. —/3 T SRAMTI(FHR{ReRAMI®
MRAMAREFRIERNEFRXE)ZEOLEDE. RERMBEZ DDH D (REDISSCCTIIIMFORERNHD, £T
TSMCHHEZE(CADTLD), CNET. INSDAE) -7 /)\A AZFWEIEE TCMOSEIISE SR E T D ENEE L.
ISSCCREDEIFMEBZEFT ROF S TORKRIIRENTOR. S8 XE)-TNAADFTHKE. CMOSEDSE
AT _EIBICON, BRBIBIILTUKEF BRSNS,

FFIENEFRATVZFF T DAV NE, (1)EBRZATCLCOIEHIRZRITAIEE. (2)AUEE CSRAMELDE
ABEE(LAIEE=CIMOERRT(F. EIEIHDIDZKDERZEITOIEE. D2RTHB.
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3-2-1. [539)/7—470-%5{t] A 7nm Dataflow Architecture to Accelerate
Software 2.0: SambaNova* (1/4)

- ARERNISAENZHE, 2SR
AN, F=AA-EFDAI7 IS5 -4

. MIAFICHI BRI \
T, BASEUIEZSEEICDLET VOEXENMEA TS, COERETIVOFBRICE. EABESTENGETHD. IR
[EAENNTUWBGPULDERN R (CDLALIEZ EIT TERAIFYIHRDHSN TS,

- ABRNTEENZEH \
DLEFIOARLESHEFEERBNTHD, ATER, TOFBEPRNCTITTEB(HIZIE, AROGPUTEETVINE
FolE0N, R EFyTRESE0.5597 CAIREIRS )60 THD. S EBIAET 5.

*S)ADNL—DAIFYT -ROFv—1ZET. 2021F4HOE S FHETIHMHER(ESOERILEBERO TS,
https://eetimes.itmedia.co.jp/ee/articles/2106/23/news038.html
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3-2-1. [539)/57—-470-%5{t] A 7nm Dataflow Architecture to Accelerate
Software 2.0: SambaNova (2/4)

- AEROME
+ DLAME(, F—F0I0—-LL TRITUNTES, B2 BT —9I0—(CRE(LTIRERY —+70F v I HAIFYT “SN10 RDU” ZIRE,
+ “SN10 RDU"(&. TSMC 7nmI O TREEN TS,

« 640 Pattern Compute Units (PCU) FyIBR
- 300+ BF16 TFLOPs SN10 Reconfigurable Dataflow Unit (RDU)

640 Pattern Memory Units (PMU) L s —
- 300+ MB on-chip memory FEEE PR HL AR
« 150 TB/sec Bandwidth

6 DDR4 channels up to 3200 MHz

« 1.5 TB memory capacity
« Up to 3200 MHz

Software Configurable 4 Tiles
4 PCle Gen4 channels
TSMC 7nm Process

« 40+ billion transistors
« 50 Km of wires

®
e AW
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3-2-1. [539)/57—-470-%5{t] A 7nm Dataflow Architecture to Accelerate
Software 2.0: SambaNova (3/4)
- FTRICHFEINEZR (1/2)

“SN10 RDU"(F, PCULMHINSEE 1w he. PMULIHINDXE) 1Y NTIBA SN D, PCULPMUIRHZFIRICECIE . PCU(L
B2 BT —H) R TETE, DLOEEZINZRMN(CEITRIRE

SiFtEK

TILE O TILE 1 - .
TILE 2 TILE 3 & 2 )
| virtual Memory Manager | . \

| Top-Level Interconnect I

$ 3

DRAM Host
[ (TBs) J[Scule-Oul]

Counters

\
Configurable Address ALUs
SIMD data path J
IE;IL?S - Data 'd ™ ' G” ™
Qutputs Data
o E> QOutputs
e e e J

—_——0 -

Data
Align

- 0o00QQ®M®XT

Control _.| Control Control
Inputs Outputs Outputs
T T B

Configuration and Pipeline Control Configuration and Pipeline Control
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3-2-1. [539)/57—-470-%5{t] A 7nm Dataflow Architecture to Accelerate
Software 2.0: SambaNova (4/4)
- FRICHFEINZE (2/2)
e 19K/ CSA—HEVSE AR BEAS EBNIBETILOFE(C. EROGPUTESSVIMERN, 12220 “SN10 RDU” %E2(30.5
Sy TRIEEC B, \
« JERICARMRE DS LN (50K x 50K)EHRDZBICDOLT, 1220 “SN10 RDU” HEmOEERIEZR

§PU'C‘(:J:8__5W?;‘K)§_

= * 8 .
| N N O A O P)/TorCh

178 1 f

3’:: ;; ﬂ :‘; :7”; : Out-of-Box Models

5 o T E 5% - - Huggingface Models
38 | o [osz | ) 76 - Write yours in Pytorch
768 80 | 10240 | 60 761 32

1458 9 [12288 | 80 1456 64 Developer Efficiency
3108 | 128 | 16384 | 96 3101 128 + Focus on ML problems
5308 | 128 |J20480 | 105 529.6 280 instead of System Engineering
1T 160 25600 128 1008.0 512

~— —

High Accuracy Models

+ No Compromise on Model
Architecture required to hide
System Deficiencies

SN10 RDU (IRX)
Tl30.55v%

Large Kemels
- To Hide Communication Costs
- Statistically Nonoptimal Transformer layer #1

Complex

System Engineering

To Enable Model
Architecture Exploration

------- }-ensor MP partition #2

Pipeline MP partition #1

SambaNova trains true-resolution Computer Vision models effortlessly World record accuracy in high-res convolution training

90.23%

World Record CosmicTagger Training Accuracy

c
Xe] 07
5 50k x 50K Accuracy
8 (e.g. oil & gas, medical imaging, 06
[0} anti-viral research, astronomy ...
% IEEE Xplore® o
@] SambaNova DataScale can run 04
g these workloads out of the box
&£ 4k images 03
{e:9. Autonomous drivingl Accelerating Scientific Applications With s ——RDU | bs64 | Image:1280x2048 | Ir3e-4 | Adaptive tiling

Low-resolution

(e.g. cats) —

SambaNova Reconfigurable Dataflow GPU | bs64 | Image:640x1024 | Ir3e-4
0.1

NNNNNNNNNNN
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3-2-2. [770%/CIM] A 332.7TOPS/W 5b Variation-Tolerant Analog CNN
Processor Featuring Analog Neuronal Computation Unit and Analog
Memory: KAIST (1/5)

. *%_ib‘“ﬂﬁﬁﬁéh?aﬁ!i %E.': ‘ \
ALERUIE (ZZE(ITHRV)ICBVIRINE-IRNKOHSN D8EEF(AN— N TIA> ., IoTHEEIRE)

- YEZDE(ICHITBIFHM=—X
ER. AILIR(Z, IS5 RTEITINZENSH MR, FIZIE. AX— M IACOEFERHE. AN— R NIA>D O TIERENE
BE2—BI739RGED, ZCTEERHMOVIBLZETL. CORRZIHRICRET . LLO—EOYIBNTHN S, T4, &
BT I IVT(DREDS. ik _ETAKRLIBEOEITHRDSN TS,

- ARRNMEESNSEH

FE. R EENTOBAIFYVIDREETIT SIIEBICLDED TH D ABERIIE(COVTI, EABEDEE THEA L@
BWT=ZANHEBN DD THED, BREDEE TT A LDEERERTHERGERTFOTEEDEAMRETESN TS, —73 T,
7FOVEECE CREREDRIBZELPRIEISDEICITFVERE, HONRENDD . COFRRZIRRL TV AREm (T, EAR1LIC
[E)FTeFkAiTE U CEEERZR U,

. ZREFTORE | |
IRZRORIE(E, WA TESDLETIUCHIBRN®D . JOFAMEZEZEIIROEIRNSEDRE Chd.
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3-2-2. [77#0%/CIM] A 332.7TOPS/W 5b Variation-Tolerant Analog CNN
Processor Featuring Analog Neuronal Computation Unit and Analog

Memory: KAIST (2/5)

- AEROHE (1/2)
- 7FOYEECLZDLAURT IEL S—SEIRR. PFOTEEICE. © HEORRCTT0Y - FOINEMOERNGET, TOBNA—/ Ny RIAE

IR

W\ @ BRE - -BEZ(LPERIEFSDECH, EVVSEREN B,
o REXRTE BEOCHUT, 7FO0JXEVZFERAITIEZIREL. SFREQIOOVTIE, BRD(ESDENREXKH I 1Mz ieR.
SRREQ@ 773079 -7 IINZERR(DAC/ADC)DA—=INAY RHKEL

Dataflow of the conventional ML processors Energy breakdown of the operation [l
A. Biswas, JSSC 2019

Dataflow Direction
4
Memory | pac Analog ADC | Memory
(SRAM) MAC (SRAM) Eapc+Epac
$ : : ~ 70%!
Low-power ©) | PIM
- High-power @ -

aRe Q) iERE - BERIEPRIER> S5DE(CEE
Y=A) INXW +C

100 s bl o s o 104 sl i
Dataflow of analog ML processor o Baseline=98.0% = u~ Baseline = 98.0% .
80+ ik i 80 -
R 7o | gL et - 0,
Memory _ Analog _) Memory| S % - S 9 ‘ 81.:"{;::
(SRAM) MAC (SRAM)| T 5.60- P — 3 601
= e Dataset: MNIST, Inference e g
»n 340 ini ations: No @ 3 401 \
Vulnerable to PVT Variations g L Network: 4C3-4C3-MP2-16FC-10FC 30 \
204 Quantization: INT4, -1~1 for IN & W 20- o
Activation: ReLU S
01— : , . . 0l . : . ;
-20 -10 0 10 20 -20 -10 0 10 20
Gain (A4) Error (%) Offset (C) Error (%) 549
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3-2-2. [770%/CIM] A 332.7TOPS/W 5b Variation-Tolerant Analog CNN
Processor Featuring Analog Neuronal Computation Unit and Analog
Memory: KAIST (3/5)

- AEROEIE (2/2)
o 28NmJOTXTEAEL. 100TOPS/WAFBZ D, IEEICEVIRILF—FhZREIER

[ ] Input Input Input Input
Register Register Register Register |
34kb || WeightRegister || 31kb || WeightRegister || 31kb || Weight Register || 3.1kb | | Weight Register nput
T 6.2kb T 6.2kb T 6.2kb T 6.2kb Interface
| 84cDACs 84 CDACs 84 CDACs 84 CDACs
g = 28 ANUs || T 2BANUs. [| T 2BANUs. I " 2BANUS | |
=) s s s s >
AR < [CIREA Bk
(] N iy Ao —
g Analog ANU: 7407388 1=y N(CIM)
a I MUX & DEMUX ][ MUX & DEMUX |1 MUX & DEMUX 1 MUX & DEMUX . 3
E | — A T ;| 5 T D s = Dt AMEM: 7707 X¥
- 2sxzsmsm| zsxzsmsml zaxzsmeml 2axzeAMEu| zaxzamsm' zaxzsmsul zs:zamsm“zsxzsmsul
= MUX 7 X WX 7N MUX 7 X - WX - 7
| 2BADCs | 28ADCs | 2BADCs | { 2BADCs
T T T T
i FIFOs || FIFOs | FIFOs | FIFOs Output
ox - Interface
- 200MHz
Technology (nm) 28
i i 5 (weight
Bit Precision (b) Iana(I:: zn; ut)
182 (peak)
R 303 (average)
(Datapath, pW) 604 (worst)
— 0.072 (peak)
}Wjo%g - Ensegyr 0.120 (average)

(Datapath, fJ/OP)

(28nm CMOS) 5052245(\:::;))
Energy Efficiency :
332.7 (average
(Datapath, TOPS/W) g 66_; (ngt) )
BRI RRRREEA R NRRRERRRRERRS Eull Procwssing wa Data o
— Conversion
Variation Tolerance O
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3-2-2. [770%/CIM] A 332.7TOPS/W 5b Variation-Tolerant Analog CNN
Processor Featuring Analog Neuronal Computation Unit and Analog
Memory: KAIST (4/5)

- FMBCAREINES (1/2)
SREQ FHOJEENERE - BEELOREEFESDECTELN EVIFREADIREL T, (a) X EUBADT(— RNy, (b) 3

=

B(CWEBR)CVLVATBOAT Y MREST ZIRZ.
(a) AEVESHAHDT1—RIN\YHHblT

ol
_|_

= (5 5] 1 st = = pu (|
AMEM mE - BEZE(CPRIEF 5 OEDREEKIEICHIR
0.490 r—— 0.52 4 [ ——— 250 250
WR . e ) e AMEM Output wio WFB AMEM Output w/ WFB
—/"TJ\) M RD 0.4851 050 @ 200 L= 202.0mY g 20 .
: = ! =
Y el B =t - j-
=] w w
I M; |—° Vhias > 04751 TR A =048 E 100 ;°;
. 047
Vin e Vout 0.470 0.45] 0 Ho=32mV
b 0485 LF=="== i b e ; oas =
= 0.90 n.gs I;\(;Ult 1.?3) 1.10 20 -5 Tm 25 u:m (5(5:) 70 85 P e e
Vi upply Voltage emperature (°
PR wcl AMAC

(b) NILARD AT Y MRZERLbi
A7ty MRERIE(IRER) imfE - BEZE(EORZEZ KIRICELR

L AMeZET&(CER
. ANU Output over Varylng Voo and Temperature
Voltage-to-Time Wo _)$l lwo V| InputPulse [Py Pyre 0170 —=—w/ Ref. Pulse Generator —=—w/ Ref. Pulse GE"EFHTOF
| )— —&— w/o Ref. Pulse Generator —_——

Generator
Converter (VTC) W 0.165 —8—wi/o Ref. Pulse Generator 0165 |
i C,
Veer | Ref. Pulse PVRE Tore = Tumﬁx(Vm Ve 0) 0.160 4 0.160
‘t W =< | Generator o s

/ e Q 0.1551
1| VTCH | Pyin Puin » N
LTt Ry [, 't = ol

P | )1 B Ton —

Co ! b—o Viac Puree t Prrer t 0.145 0.145
I ‘l v L Z r.w L Tvrer Turer ’ ‘
L ! MAc = Couc s VICAT & Cuac Pyre Pyre 0.140 0140
= TINK, I =0 Tore t 000 095 100 105  1.10 20 5 10 25 40 55 70 85
- Vin < Vrer Vin > Vrer Supply Voltage (V) Temperature (°C)

Block diagram of MAC operation in ANU
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3-2-2. [770%/CIM] A 332.7TOPS/W 5b Variation-Tolerant Analog CNN
Processor Featuring Analog Neuronal Computation Unit and Analog
Memory: KAIST (5/5)

- BB EIRNER (2/2)

PFOTEECED, IEBEICEVIRIF—FNZ%ER
[111SSCC 2021 | [2]JSSC 2019 | [3]VLSI2016 | [4]JSSC 2019 | [5]JSSC 2017 | [6]JSSC 2019 This Work
Technology (nm) 65 28 65 28 130 55 28
. In-memory Charge Charge Time-domain & Charge
Coipr e Computing VCO-Counter DSM Redistribution Redistribution VCO-Counter Accum.
Area (mm?) 3.3 (System) 960 0.9504 5.76 (System) 0.012 3.4 (System) 1.26 (System)
Clock Frequency (MHz) 105 753 0.1 - 2500 - 200
. C 4, 8 (weight) 4 (weight) 5 (weight)
Bit Precision (bit) 2,48 (inpu) 8 16 1 /6 (input) 6 | analog (input)
Throughput (GOPS) " 1720 2.06 3.23 478 5.00 2.15 100.8
4637 /182 (peak)
2) 3)
Aels (SySte(mW)/ Datapath®) | se4004/4060 | N.A./166 | N.A./38999 | 8999/5839 | 64799/- | 690 (peak)/- 5073 / 303 (mean)
H 5375 | 604 (worst)
. i 21.7 (peak) © | 552.5 (peak) © 3
d) d)
E”g;%;’ Eii‘;'i"g’gggﬂ;;"’ 28.699/13839| N.A. /317499 | N.A /g4gna | 21:3%/3280 74199/ | 449 (peak)/- [19.9 (mean)©/332.7 (mean)©
P 18.8 (worst) © | 166.8 (worst) )
— LT
(Dat%y zth) (B/o ¥ 0.2889 12609 47109 1229 ; ; 0.120 (mean)©
P P 0.24 (worst)
T S e B e B P B ey
Data Conversion X X X X X 0
PVT Tolerance X X X X X o/

a) Does not include the power consumption of feature map transfer from/to off-chip memory.
b) Does not include the power consumption of feature map memory read/write.
c) Calculated with effective number of input bits = 5.
d) Mean performance at the nominal condition

ymE - BEE L PRYE(IBDE(CHHL.
EVIERBEAD I SRZEEHE

1) 10P=1MUL or 1 ADD. (1 MAC =1MUL + 1 ADD = 2 OPs)

2) Total power consumption including the power consumption of datapath, digital logics and on-chip memories.
3) Including the power consumption of MAC and on-chip memory for feature map or weight.

4) Energy efficiency normalized for 5-b weight and 5-b input.

BVWIRIF—ZhEZAIERK
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3-3. EFIVE1- SR EIEREMFRIIR (V51 ACMOS)RRIE (1/4)
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3-3. EF1VE1—-YAFERIEREFEIER(V51 ACMOS)RREIE (2/4)
® TARDE= (0DJF)

B D@D, EFEYOFIHICEZHDESHENMBE THD. EFEYMEUEIERE DS (L, FLADBIESS
THEHTELN EFEYVIOEMCHV, HEROAEEZHEASHELER/N\- RII7MERENSLS(C
BTV, S8, EFEYMNYERT - BUSEROBRIF, NSO\ - FUTPHEE(O—8b% ) 2+ BAFyTICE
18, SBIOTRERNOEFEY NIFSIGRET 2FMREISN TVB(FTEBI 51 ACMOS) . CNICLD., /miRiEZ
HADT DT — TV - BB m &z B CEDCEN A EN TLS,

IRE 2R (2FEY > ~1,000)

Commercial-off-the- Custom in- house electronlcs R\ & g Indium foi
shelf -

< ™~20 qubits = |
* D.J. Frank, ISSCC, 2022. | Qublt at
"‘]g 10 mK -
SHHOHIFE/N-RI1Y
CHABmOEAENE) —>
1FvI(CERE

4 mm

* B, Patra, ISSCC, 2020.
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3-3. EFIVE1-SaFEEREMERIIR (V51 ACMOS)RERIME (3/4)

® ISSCCICHIFDFEREM

Intel/Delft TRIXFEEN, V51 ACMOSTHEFOIAFTHFEZU— RU TS, 2D, Googlet*IBM. LETI
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2019 GooglehEFEYhHIEIFVIZHREK .. 12 FEYOHIEEEZ =R

2020 Intelf*EFEyHEIFvT (HorseRidge)EFE .. =7y Na)BFHI ez 25

2021 Inteli"&HR D54/ ACMOSFYT (HorseRidge2)zFk .. EFEYMDIRRETR A H UILREZR 2SS
2022 T ECO—fEEE3M. B EE2

(—fixeAE

® IBM .. EFLYbOFIEIFYIZFR. (TEFERLL GHEZzEIR)

® POSTECH(8&E) ..EFLy hO#lH- SiHHLFyTEF R, POSTECHIRILEF(CRRL TS,

® EFPL(Z1R) .. BFLyMIMIEIEEICENN3RIREEFIF, T ETHTBE. CharbonZF(d.,
20165 F TDelft TRIKF THEHIFETED. ISSCCILHIFBHIDISA ACMOSHR
(2018F)6FEUL,
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3-3. EFIVE1- SR EIEREERIR (V51 ACMOS)RREIE (4/4)

® [FRDAME
D314 ACMOSIE. EFEYMINIRTELDBEH (B BRI ELRZFHTTHD. IBMEGoogleDIBF:E
SE(CLBE, 2,000~10,0002F LY MNA_ETHSAACMOSHRELRS, EVSREDEITHS. IBMOO—
RYvT%#BEEZDE . BRIR T2024FHICEROEFIOE1—-AEDNZATEEMEN DS

GoogledO—-k¥YD" (3. Bardin, ISSCC2022) IBMOO-KYYY (G. Zettles, ISSCC2022)

Validate Physics Solve Engineering Challenges

h 102 103 104 105 10¢ I 2019 2020 2021

Beyond Logical qubit  1logical Tileable module Engineering Error corrected
classical prototype qubit (logical gate) scale-up quantum computer

. Error correction
| Calibration

. :
2 3 Eec T T
S &
I Control/Readout ICs Required

Larger system with
lower error rates

Commercial-off-the- Custom in-house electronics

= ~ ; e

2,000=FEYRU LT
HS4ACMOSFYTH
DAE= A
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3-3-1. A Cryo-CMOS Low-Power Semi-Autonomous Qubit State Controller
in 14nm FinFET Technology: IBM (1/5)
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3-3-1. A Cryo-CMOS Low-Power Semi-Autonomous Qubit State Controller
in 14nm FinFET Technology: IBM (2/5)
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3-3-1. A Cryo-CMOS Low-Power Semi-Autonomous Qubit State Controller
in 14nm FIinFET Technology: IBM (3/5)
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3-3-1. A Cryo-CMOS Low-Power Semi-Autonomous Qubit State Controller
in 14nm FinFET Technology: IBM (4/5)
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3-3-1. A Cryo-CMOS Low-Power Semi-Autonomous Qubit State Controller
in 14nm FinFET Technology: IBM (5/5)
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™M B MM [2
_ ISScC’21 ISSCC'20 ISSCC'9 VLSI-C 2021
Ambient temperature (K) 3 4 3 3 77
— transmon spin spin & transmon transmon transmon
_ S e I envelope modulated pre-defined and
RF pulse rectangle
RF freqrange (GHz) 4555 11-17 2-20 4-8 2-7
IFfreqrange (6Hz) | Dc-03 DC-0.7 DC-0.5 low-freq. envelope DC-0.6
#channels 2 4 4 1 6
rotations
Sideband method SSB SSB SSB 1Q mod SSB
DAC speed (GS/s) 1 2.5 1 1 2
DACbits 10 10 10 ~11 9
Output gain/attenuation range 50x >56x 225x n/a n/a
Waveform points 8K 16K 40K 22x16 n/a
PUISSSEGUSRCSISAGIRNIIIINNN 4K or unlim 2K 2K - n/a
_ in:t? 3&1?;5 no E,Sn?;;: Il no (special only) no no (special only)
............ — - . - .
Technology . 14nm FinFET  22nm FIinFET  22nm FinFET 28nm bulk 40nm bulk
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