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[FATRAZANEEDEOD VLSI VAT L] THYHFL T, Av—FRATA
AREVRATLPANAZDAI 2= —vavohrkbiEx, HofzZz v
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Technology Highlights

Advanced CMOS Technologies

Paper (T2-1) T0030 7 +—27>— bEE DNP kT2 X ZFAT

Imec I, #¥—bA—AT IV F--F /o= ERAHLE7+—2 v — ME © NP
IO RAOERBERERE LTS, Tr—2s v — MRy REXT, S/ v—}
BLF%HFDT — MR 2m ETHET ¥y ANMDIRPHcE L 2R LT LA (TR
LyvalFRA VT 66~68mV/idev) . £72. Fy¥ AR EDO Y2y b7 ) —=v
SERELTEZLIcXY), F=FrREDO Ty TEENGIL, T vV RADF Y
7R ESRELE L, VA -2 v — MEEEZH VS 2L T, EREIC K R T —
Y v 7O R TdH % Dual work function metal gates DfflfE% 17nm ¥ THi/Nd 5 Z & ITHK
HLELZ,
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“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

Paper (T2-3) T0035 2D # £l F + %L MOSFET i

Intel 1%, 2D #1F}F + 2423 MOSFET + 7 v Y R X DFRMD 27— ) v 7% AJREIC L,
L — T OFERNCED < BB 2 SERBOHEICD 72 o THREIC T 2 T & 2R %%
BREAHE LT, JEE Inm AT O BJE TMD (Transition Metal Dichalcogenide) 7 ¥
LEHWT, CVDiE, MBEE, v — PR ECRLEL 72 n 3 X O p-MOSFET O #jif
Fikz LE L7, ilvavyx s P X X%, MBE ETEKL 72 MoS, 7 % AL
NMOS 754 ZiE, E62& D7, PR TldfEva vy 227 &I (Re) 0.4 kQ-pum,
INE e AT Y v R 77 mVidec DRIFRY7TAL Yy v albzu—7 (SS) H%1F
L7z, CVD ETIALL 72 WSe, F + L PMOS 734 Z T3 CVD ExHW/zFE T L
THed RIF7% SS {H 89mV/dec 2353 HN7z—77. & V&EHIZ NMOS I XX & oy
0 F LT, BMEPAERERKE WS B2 A v/ b7 vyxz2cid, v— FlR%EH
W2 WS Fry AtV LCiREDA VEG 10 pA/um Z3ERK L F L 72,
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“Advancing Monolayer 2D NMOS and PMOS Transistor Integration From Growth to van der Waals
Interface Engineering for Ultimate CMOS Scaling”, C. J. Dorow et al., Intel Corporation

Paper (T15-2) T0039 BE GeSi+ /> — b - F/ 74V —FrFV PR 4%
ELZBERFOWIETF — 2 10%. 88 GeorsSioas 7/ ¥ — ME &, 78 GeoosSioos
FI 74— HEE HHO Vxy b2y F V7 THILE L7z, 88 GeorsSiozs
IEWTF ¥ A VEE—EEZ R L T E 9, L valley I35 1T 2 /0 X Rk AR E &
(my) & REDREBELEHENE R (mpos) « £ L TE WV Rsp/Row I X 5, 7
GeoosSioos D WIEREZ EAEL £ L 72, Vov=Vps=0.5V ICB VT —EH 7=V
Ion=110pA (F¥ A7 v b 7V v b H72 Y 4100uA/pum) DL 2 — F & Vps=0.5V
TDE Gmmax=340uS (13000uS/pum) 23 Ge/GeSi 3D nFETs TS b LT\ 3,



“First Highly Stacked Gey.95Si0.0s nGAAFETs with Record Ion = 110 uA (4100 uA/um) at Vov=Vps=0.5V
and High Gm,max = 340 uS (13000 uS/um) at Vps=0.5V by Wet Etching”, Yi-Chun Liu et al., National
Taiwan University

Paper (T5-2) T0107 —BEEEG DX~ > v BELiREAN

IBM Research |3, 7 = 7L &~ ¥ v(DD)% i\ 7z Fic ke LR O EREL A 28 nm vy F
UTE oWttt 2L Ed, 2 200 L wrrezx7uo—¢ LT, (DEHE
HxEELE) e TEIZERTE 2 X 51T TaN N ) 7 REOEREME 2 @ L 7=
Cu R X~ VR, QMAMECHR & IRA AR O TERE IR I 0 72 & (<< @A RHE AT % BiK
i L 72 Fofi i 72 —F 4 JE EC AR (dual metallization scheme)Bififf. ZBAFL L 72, Th
b7 aeAEM EOFEHICL o T, BT, BB X UCENROBEYLE KIFICUEE L
¥9, MM - N7 =R VRV 2—T 4 VIHPOMETIE, BT A2 Mo
BIR L — i SR AR (dual metallurgy)Z V2 Z & Tl tEREZ TRt L £ 97

20%

Cu Reflow

Bl s —
45A TaN/Co |:|:I

Cu Reflow Co/Cu10ATaN Co/Cu8.5ATaN

Fig’s. (a) TEM image of 10nm wide Co interconnects (b) RC comparison between Co (10 A / 8.5 A TaN) and Cu with
4.5 nm TaN/Co.



Dual Damascene BEOL Extendibility With Cu Reflow / Selective TaN And Co/Cu Composite”, P.
Bhosale et al., IBM Research

Quantum Computing

Paper (JFS5-5) T0150 >V AV ETFE v MAEITIEOAABIBIEIEAOER
PEERAMHR AN IZ. HoABRERIHEMICERZE T, MBI OKIES D E %
vVavARvvETEy FEIERFEET 3 HoRARRIBNGE OER BRI TRE
LET, ACVERTFE Y P O ICHIA T N MUNEA 23 E S 3K & 7 RS
kY, EEARTS - MEEEFEBL, 220, HEEAE Yo 2 ZHni LT
HEREG DI > X ICERT 2817 — MEFORFERL TS O X 26 L £ 3, TCAD
KOy Iab—va vEFEML, ETUIE L HEL TH 10 ffHE 7 e IRE) (3 2
YRR L, —ED T B RADIEH DX DEAT T 99%LA o BT % KIATHEC
52 ehbrhE L, KREOHUNEAERTIEIZ, 2 ZOUEFECE 2 V72349 5T
IErfRE R KRR E a2 v o —XICEEETH Y., vV avzHuezEHNEKR
HEERE a2 v Pa—2~0Ez2U VA b0 L fFE N T 5,

(a) 800 ———
B5 =8.6 mT/nm
. |BsLol 700 ¢ _csoMHz ]
Configurations (mT /nm) fabi= z
600 |- -
A:mim B: .
1 — 0.00 i 4 2 0 2 4 ’5:? 500 -~ E
€ 400 - on .
C D: (c) g &
i | L 4.28 20 [Bg(mT/nm) so; ~ 300 Sy
. oy Q
- £ o fQDqu 200 | /% 1
Moo . Be, =0.8 mT/nm
BNM SiOo, 100 |- SL =
+ [ IO fa=50 MHz [3]
. ~ 8.57 -60 -40 20 O 20 0 | | |
AN " {nm) 0 2 486 810
Bg, (mT/nm)

“Buried nanomagnet realizing high-speed/low-variability silicon spin qubits: implementable in error-
correctable large-scale quantum computers”, S. lizuka et al., AIST

Devices for Artificial Intelligence / Machine Learning

Paper (T13-3) T0077 14nm 7O+ X TPCM %{£->7-DNN/\— K7 = 7EHE

IBM Research (&, 14nm 7' 7 & ZAHAMCilfFE L 72 7 v 2N —=HBIHZAL X £ V (PCM)D T A
FFy ZICOWTHELET, 2OF v 7Tl PCM 137 F u ZKHIET(ARES) & LT
Hobh, 7oz =8 PCM 7L A DX A APEEESN I TAy > 22 BKL, &
Z AN 512x512 DEMIBATY 2 KB L GHERAER T3, FE=a2—-7 1%
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v b7 —Z (DNN)NDIEHEALETIZ RICA v v a bxk, “ARREFASRNTX 4 Ap
LT YVALT—2D /O %45 Landing Pad(LP) ¥ Tt L £ 3, BE% 3% I X
2 EMEREAMRROEEIAAD DTS L OFHZIARTXERAL, 4 00 PCM 754
AT Fa ZOEMIENENICEEAALTT, KR ARES Fv 7%V 7 vz
TRELIZIEE UCRBEEEZ LD 22D DNN D —F v = 7FEELZTW, 1 2HIZ
ARES v 7WNTESRZ A VBEEGEHT 2 2 Boary P 7 —2ic X 2WE7ZHE,. 2 oH
X ARES v 7'¢ A7 F v 7OEHE BRI ZHA GO - HBIRHEEFHAAEY
(LSTM)#* v + 7 — 27 iC X 2 E 5 ORMIcN 3 2 a2 iR L £ L 7%,

c PCcMm Sl Phase-Change Memory

tile G G- g [1 =
Parallel inference input o
F—— = Ol Ve(®) - E
- ev] avl gvl gv g
2 PR Backdoor
row-programming 5 = * = % =
Tl - RS

oa| et 2ties
& osftile-to-tile ‘ 512512 5

° z; Output / weights

[ — Single Row-wise % Multiple Rows % !
2 -1 0 1 2 4 { o -] 4 6 8 10 12 14
Error [tick] Read/Write = Inference Conductance [uS]

“Fully on-chip MAC at 14nm enabled by accurate row-wise programming of PCM-based weights and
parallel vector-transport in duration-format”, P. Narayanan et al., IBM

3D Heterogeneous Integration, Non-Silicon Substrates/materials and
Devices

Paper (T2-4) TO011 SBEIE In0: 1LY b T > 2 R XA

Purdue KX V. #l® CHEBE I N7z, BEOL TREICEMAIEESL D ALD THR X iz

03 F ¥ A N%E(H A 72 3D Fin i b 7 v ¥ 2 & & 2 0ERAERICOWTHRE WL F

T £F IOs F¥ A A VMG F 7 VPR ZICBWT, F v 2 A EERIE 72 & I

PO T = —AHHIC XY 113 em’V OFEWF v A ABEE L 2.5 mA/um OFEWF L

AVERZFEFHLE Lz, 2D ALD Inn0Os Z HW T, Hw/NKEIEE(Vop) 0.5 V. i KE

JE7 A4 v 38 VIVNDOXRT — N4 T7RHNA v =2 %EH L E L7, £7- ALD 05
— R A T, 3D Fin G F SV VR X EBLELE, ThODEEICK Y,
ALD TR L 72 BEALY -8R T N A4 ZADMEN - EREZ 8D . BEOL LR ICGEFEEZ: 3
RIC— R ERE % A BT 2 20 0 FL R ch 2 FEE2 R LTI,
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“First Demonstration of Atomic-Layer-Deposited BEOL-Compatible In;03 3D Fin Transistors and
Integrated Circuits: High Mobility of 113 cm?/V -s, Maximum Drain Current of 2.5 mA/um and
Maximum Voltage Gain of 38 V/V in In203 Inverter”, Mengwei Si et al, Purdue University

Paper (T2-5) T0142 BEER CMOS A X =2+ > Y (TEB A EREES STT-
MRAM Fz#f7

V=—3, HEYOREBEE CMOS 4 X — ¥ % v ¥ i H A GE 7% 40nm embedded
STTMRAM (Spin-Torque-Transfer Magnetic Random Access Memory)IC D W THEK L £ 3,
CoFeB _— A DMEAIGR P v ALY v v 7 ¥ a V(p-MTHORELIC XY, v = FEE
TR RICKoTH ER I NI EOLLZMFI T2 LicBILE L, TH
2 RWEIT XD, -30°CICE T B 40ns AT O EEE EAA, 105°Cic BT % 10° [ Eo
HEHZMM, 2L T 85°CickiF s 1 WU LT — 2R FEFZERKLE L, THIC,
embedded MRAM (eMRAM)D Fi&fE KD 7=, FNEFKMA €D L eMRAM %2 [F—F v 7
ISR T 2RAHEMZIREL T, ZoMAEEMIc LY. 77— X REFERH 1 #~10 £
ER1Fy FeERINE T,

“3D stacked CIS compatible 40nm embedded STT-MRAM for buffer memory”, M. Oka et al., Sony
Semiconductor



8

Paper (JFS2-6) T0046 n-TSV & EEEREM CERT 20V v 7 AITEEREIR
v b7 — oA

Imec 1&. {Kifk (LT) TO Tz~ 7 xv (W2W) G5O, Wiz v = ~#Eifl (STI
FE(LIE N @ SiJE& % 370nm 2> 5 20nm % THifk) &, 7 o N JEXICHE) L 24 i &
DO W FHEF /7 TSV (n-TSV) 1T X > THEEIC 72 o 2 HIH AT D Si F + 4L FinFET
(Lge>20nm, 7 4 ¥ ¥ v F 45nm) ##WEL 3, o, BHLEEHROA Y + 7
— 7 ENMET L EHNE LT, BEAY V-2 %2 2 EHICBEIT 2 Z LT,
IR Fuevy 7OEBASHEFCE TS, 3D e AnTF N4 Z0EHEICE 2 2 8 % 3
ICEFA L 72455, 1) nmos OFSENEE & BXENE RO M E (K 15%) . 2) pmos DURENE
e ZADRA (~3~10%) & KE7 Rewn 3) AVe~130mV I, REZECEMDOT =—
179 2 L CHIEMEETH V., IX52% &~y F v 7/ 2 EEICHIEHE., ZoMR1E
biE L7, £7. BTI DH{LIERONT, BT = — L OERPFHERECHEHEMED
o EicESITchs bbb I,

@FSPDN

OBSPDN

‘power
switch

0 20 40 60

Active Power (uW)
[ T = 7]
[ .

]

| 120 160 200 240
Backside (BS)PDN gy [Bspon Frequency (GHz)
Fig.1 — a.b) Tlustration of the concept to move power delivery
networks (PDN) to the backside of thinned wafers using n-TSVs
and BPR technology. Smaller TR-drop values are predicted for this
configuration (c) leading to enhanced system performance (d).

“Enabling Logic with Backside Connectivity via n-TSVs and its Potential as a Scaling Booster”, A.
Veloso et al., imec

Memory Technology

Paper (T11-3) T0071 SST 7 > R k% {# > 7= SOT-MTJ D EI{EREE

BEEAFI L v X — X, CMOS 2 V85 70T 400°COfit BV % H> 42nm ¥4 X
DA VP A ST b Y A (p-SOT-MTNT S 4 2 & HiE L ¥ 3. ififs
Y% GE L - ARG (SAF) E EINA F v v — L4 v F v ZABE)ITIC X
D, DT 130%E 05 b Y AASIESIHLIMRZEFHLE L, chEoHiEsh
72T D RV 440°CE W D HEEEZFFD SAF (T Y £, SAF g5t e =30 b
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(Co)/ H&E (PHDO%ELAY (ML) &V 7 7L vREEolAEEIZ. MAREAESIH
7= O AL JT FT i E (feo) D ARG E 2 Fr D % JEIE (MCFTM) Yy 7 7 —IC X b igfb &
NTCwE T, TaN/'W & Ta/W OflAHbLEDRL L7225 SOT F ¥ A i B-W OJE X [RH
(<~5nm) ZATHWY . MTI DT v F v 27y 4 v F oKL ET, & 5iC, TaN/W
F v A NE~-027 LWV RELFEMAC Y RF—AABEEZRLEST, REVEAILY
(STD)7 ¥ Z M2 X v, RIS 72 L CHEEM 72 SOT EEXAARFEHI N T E
ERS

(a)
MTJ
footing

\

IBE (a) process I and (b) process II.
Process II including 20° Ar etch
(angle between out-of-plane axis)
can reduce tFoot less than tsor.

“First Demonstration of Interface-Enhanced SAF Enabling 4000C-Robust 42 nm p-SOT-MT] Cells
with STT-Assisted Field-Free Switching and Composite Channels”, Ya-Jui Tsou et al., TSRI

Paper (T6-3) T0052 8B A HIZrO O & U AN Y —DFHE

TSMC 1%, B4 RERA P L AFTD SILC (X L AFERY — 27 EHR) HIE K
72 HIZrO HWFBEF ¥ 5o 2 O WEH OFEMBICOVWTHE LT, SERX L
L AN ClEmosdli & SILC DINIC X VHBIRfR 2 H v . T it HIZO I Tig
Lo Fa i kT EME TD percolation path (GRIEFEEE) DOEKICERE L. FFICE
JARe A4 7 VBRI E L3, — . ARER A P L AT TOSEIE ST 1E SILC Z X ¢
52K FELTEY, TE P-E loop (DiB-EROEREFL) HIE S TEM / PED
(Vv avETEY) KX2MEOIcEY, EMb 7y v 7R ELRERTH
LZEHBHLICRY L, FRTIE, KERX L ATRET 2005 % &

A ML RADOHEAY A4 7 % EHNICAIAL C & TEM M7 v vy IR ELD 2
vhu =i X W ARAICEE & &, Filoomic X 3 FRmMEE SILC £k LT,

102\ L FiceEE L 2R R A2 AL £,



Interfacial layer

Enterfacial layer

Figz. 6 TEM analysis of the
Ruw/HZO/Ru MFM capacitor shows
a very thin interfacial layer (<lnm)
formation between the 10nm HZO
and metal electrodes at the top and
bottom interface.

10

0.0 pr 5 =

17 low-field | 12 low-field {3 low-field|
eycles | i

1.2

Fig. 17 Intemnal ficld E;, as a function
of cyeling shows a recoverable imprint
due to de-trapping process by high-
field recovery pulse after each low-
field cycling loop.

“Characterization of Fatigue and Its Recovery Behavior in Ferroelectric HfZrO”, P.J.Liao et al., TSMC
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Circuit Highlights

5G Transceivers

Paper C11-1: 5G it 28GHz %/3 v 7 U — L X fEHG 1
5G TlE. fER X W VSN T X 7= 6GHz LA T DR W JEIREGT I H b1 T,

LR —DODRERFHICR>TE T,

TV HEERW

TV BITEGIRERER RS, £, GikiE

HELRONSE Z e hn, HHMF—8%70 ThN—C% 2BEEMEIHL R 3EESH
DFE L7, HELEKRFL, PHEM{Z2SBECE T 2 < & T 56 OBEEHF L BER
HEPKT 2Ny 7V — L APk 2 6K L £ 37, 24GHz 7R E Bk % Of
32z, Ny 7Y=L AT 5GHBHERDBELERE I L T 3,

“A 28-GHz Phased-Array Relay Transceiver for 5G Network Using Vector-Summing
Backscatter with 24-GHz Wireless Power and LO Transfer,” Michihiro Ide, et al., Tokyo Institute

of Technology
SG NR@2 Relay node &find
8G sle
g % Be2™ , 5G NR Relay node
BS for i B fr, 28GHZYE
CW Yeoe W - > Sm e
fiupt 24GHz
o WPT o WPT |
station  5g51, 28GHz station "
Large loss@28GHz
L 1.8mm I
) RFyos RFyos RFio; RFis
- -
e "
3
ECP
o &
<K
i
=
(s}

RFI.U‘ RFI.'CH

RFI!")B RFI:\'J-!

[Fig. 1& 5] 28GHz i 7 = — X F 7 L A ke fi b
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Photonics interconnect and compute

Paper JFS3-4: > OV 74 hZo 2D~ A o0 Y v EREERAEA N 4x
112Gb/s WDM 3 5 D & (S 44

Intel |X. 400G 4 —¥% A v b EY 22—, KU, Co-Packaged Optics ICXfIGL 7z 4 A X
112Gb/s/ A DR EIZ HEWDMEEREZRE L E3, 74+ b=y 7 ICPIC)ICIE, t
—2ffE2o~<47n ) v 7ERHBEMRMAELEINTHET, £/, 28nm CMOS &
IC(EIC)iC 1. FEHRRIE FFE % i 2 7= PAM4 MRM EXE)[H]E& & . 7'0 & 2L EAH I L
T.PIC Dt —%EEa vy bun—1d32 ¢ T MRM HREE2 R el ¥, Bk
WDM DEFHEIE % EH T 2 HEIRE A EEINTCWE T, FEFIZ, O SV FicbsiF 3
Vv 7B E G WDM%EHE LT, REETH I LFRL VTS,

“Silicon Photonic Micro-Ring Modulator-based 4 x 112 Gb/s O-band WDM

Transmitter with Ring Photocurrent-based Thermal Control in 28nm CMOS,” Jahnavi Sharma, et
al., Intel Corporation

PIC P, AR
(a) b monitor PD | %
tunable laser ;
‘-i [Py, inf0 10 thermal controliers) = 'L h3
Htr. | TxCh 1 > ;
ctrl. HH<—{To; sense h—B ¥
[ L e ch
Htr. [ Clk 1 Patt gen | D3
T -
ctrl. lpy sense
Ext. 286G (L k signal on PCB) | e
clock
Htr. TxCh3 B
ctrl. ipy sense
I‘J’ . £ :

Scope 5-tap
TDECAQ filter |

—

¥ N
Htr. 'F TxCh4 B 38.7 GHz |
ctrl. -1+ i;, sense | L 0O| OIE
’ ::ﬁ
EIC N1092
Pic DCA-M
PCB temp control

Fig. 1(a) O "Y' F WDM MG ) a v 7 4 b = v 7 4SO s 7 v 75 H
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Artificial Intelligence, Machine Learning

Paper CFS1-2: WL F XA - R —57)L - 7Oty ¥ D RRAM 25FRL71-T
yORTA =T Za—F) -2y NT—=0 - TIOETL—X&

ARV T H—FK¥L TSMC I, CHIMERA ¢4 ffF by y AT T 27271 —%
ERERLET, COT 7TV —xIE, Hame A v oV AvaLgHEe 2 -7y b L
TWwEF, CHIMERA (I, FEXEOESIEAEY (RRAM) L. ZOFEL F
y I VKRN FEAL - Ry —=F TN TR —=FTHHALTWET, FEEDH
. 6 2D F v 7 (CO~C5) %+ 2 LT, 6 {5DHLD DNN IcHifiz 27—
Ty 7Z7LTwET, EF v 7iE. TNZTNOFEPKRT T2 EEAUY T, EAX
TV RAHERETCH 2720, VoA 7Ty 7L 3Bus LEET, AL TRV E T
TR N7 =X VHHEETT, /-, HAOBEHFEZR/NMBICHZZ FL—=v 7T
TY) XL %A L. RRAM DfifAtE, HEXABAZALF - LA T vy —b ozl
KCHHOWHATHEST, 2OF v 7E, 40nm e A CHEI N, 1| Fv 7 H2Y
0.92TOPS. T A ¥ —%h% 22TOPS/W ZiEK L T\ E 7,

“CHIMERA: A 0.92 TOPS, 2.2 TOPS/W Edge Al Accelerator with 2 MByte On-Chip Foundry
Resistive RAM for Efficient Training and Inference,” Massimo Giordano, et al., Stanford
University & TSMC

¥

ILLUSION

£

4

o5
F. e o0

4

[Fig. 14) ¥ A7 4« 7V v P ERO#E & X 4 B

Paper CFS1-3: FL—=V 7% MNET 2 TRILF —PXRICEN-RERLEE
(DRL) A+ v Y

KAIST Of5EE S 1. PL—=v 7227 Z@mEfbd 2 7201c, mERETTZ A LF —5)
Ko iFEEREL?E (DRL) vty + [OmniDRL] #¥#% L £ L7z, OmniDRL i3,
BE Q4 ) orn—7 28—+ FL—=v 2 a7 (GSTC) %z TEH. 7
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N—z=yrtTuay 7 - H—FaTVF R—ROEAINV—VY v %I 2 2 & T,
FL—=v 7dEE 2fficmbEEeE LAz, E5IC, DRL T, Effiry P 7—24 v
£ —7xz—2A (CND) WK FEFAr2 Ly a—F 4 v 7 (EMDE) M L. T
fERomE (1.6f5) LAV T 7w AENOHRK (233%) 2FEHL T L, 5T,

AN=R ez A b FTVRR—=F— (SWT) 2EHE T2 LT, EfEN-EHAD
BLEE AV F v 7T, AT ) ~DT 72 FEBLTCWEST, 27ty ¥
lZ 28nm CMOS THLE X, v — Z7IKFDOMREIX 4.18TFLOPS, ' — Z KD T 4 L ¥ —%)

% 29.3TFLOPS/W % L ¥ L 72,

“OmniDRL: A 29.3 TFLOPS/W Deep Reinforcement Learning Processor with Dual-mode
Weight Compression and On-chip Sparse Weight Transposer,” Juhyoung Lee, et al., KAIST

EXT
/—d Prunin
I%‘ 7 Cul|||.. ing Unit 9
Pseudo fa & Network *
RNG [69] GsTC l'é'STcl GSTCl Interface r—
0 1 2
0 1y - Weight
GMEM GSTC |i| @sTC |i|GsTC I Transposer
Amg [ 7 8 i
(64 KB} 5 3 E l
> o
IR peconfigurable Accum. & Activation Network g = WMEM (52KB)
Top RISC PN - ] g
Ctrir. GSTCl l"G'STcl GSTCl ilGSTc GSTC 3 H Weight Router &
12 13 14 il 15 16 _Ji| 17 Prefetcher
| el el B e el B T 11
DRL Task [¢ GsTc | [GsTc| [GsTC GsTc | [GsTe| [GsTe
18 19 20 21 22 23 - 2
Scheduler| ¥y 8x8 Processing Unit
[EXT (PU) Array
| IIF

[Fig. 2] DRL 7' & & v Y% (24 group sparse training cores (GSTC), compressing
network interface (CNI), sparse weight transposer (SWT) modules)
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In-memory Computing

Paper JFS2-5: /2 CCO Z W/ AD BB T L A B L VT ¥ RIVIEBE % 18
HLIHETEXEVICEICA Y XEY AV E2a—F4 77

IBM (3 14nm & 7' v+ i X 2HZELAE Y (PCM) ZFIFH L 72 256x256 7 L 4 HERK
EROA VARV AV a—TF A v ZaTiconTHKELET, a72=y MCIIEE
BIRHIEA IR 2 (Linearized CCO) Z 3 2 & T 4um [MFEICECE ATREZ: 256 B D
AD ZHERB L, 74 =T 7 ==V 7 ICHOLNET 74 VA7 —1Y v 7L RelLU il
BAFITARERT Y 2 VIR 2 B8 L w3, Fillsdii e U< 1GHz £ CEifERTAE
TR AR R R ml it 2 Vv 2 & & C, MM RAITHIN 7 PARRZEBL TwE T,
2O0ODAVEa—T 4V aTEEST ST LT, MNIST ¥ X U CIFAR-10 7 — & & v
FERAWHERAE A EIF L, T AALF—%E L LT 10.5 TOPS/W, HEMEREL L <
1.59 TOPS/mm2 % #E L T\ ¥ 3,

“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,” R. Khaddam-Aljameh, et
al., IBM Research Europe & IBM Research, Albany & IBM Systems and Technology & IBM T.
J. Watson Research Center

1§ il N 5 § ==
AN l‘duuu' | A
' ' Tri-state bos = gl
ﬂ'ﬁl | 5 = [ E E
1L ~||* HEL_P[D
=ADC=— i HHLJJD]
I EER - EERp TSN
HED : .|| HBL_PP23S
+ADC S i HRLNLT'SJ
== [E@Erd - - [EERLY [253]
- |2 Vi Vi
= |7 e . %
sl [l
L e
i INjO] IN[255]

[Fig. 1.] 7 v 7 X4 BEE ¥k L > 27 LIEX
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Memory Technology

Paper C16-1: 5nm High-k X X)L — F FEFET&8& 7 0 X (L BT F b 12—
XEI16Kb 7V XA LATEY

TSMC (Z 549D 5nm Higk-k X £~ — } FinFET & 7o 2 2A@FOT7 v F 7 2 —X
B 16Kb 7 v x4 L A%Y) (OTP) 2HKEKLET, 77—+ A+ 7 v FHoEEFEARE
fifi (Bootstrap High Voltage Scheme: BHVS) . HEiAA T v FHR A v FiH (Read
Endpoint Detection; REPD) . %¢{LEEHi A H L (Pseudo-Differential Sensing: PDS) % 92
Wz lickh, SoC O 7Tv 77 I v 7icEnT Ippb U FOZI7—L—t+F
LU, 125°CERBE T C 10 4EM 7T — 2 2 FHIAEL £ L 7=,

“A 16Kb Antifuse One-Time-Programmable Memory in Snm High-K Metal-Gate FinFET
CMOS Featuring Bootstrap High Voltage Scheme, Read Endpoint Detection and Pseudo-
Differential Sensing,” Shaun Chou, et al., TSMC

b
"B
$6KIy Antifuse Embedded Charge

SRP, REPER Anti-fuse Banks &
& PDS & Hierarchical BLs

|BHVS!| Local HV
i Switch,
UWiLpla WLR

| | Drivers

&
T i
! SRP,JREPEp Antifuse:Banks &
& PDS ® Hierarchical BLs

[Fig. 14 7 v 7 X 4 B &
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Advanced Heterogeneous /3D Integration

Paper JFS1-3: 24 2BEOF v VEBDO - HOBEE, EEH. TnmCMOS F
v 7 TEBERAMT

Kiw ., BEE, K 7 —F, {KE ) oMk E#E(USR:ultra-short-reach) 7 v 7 i@ (E
D7=® D Mlink(MediaTek V v 7)OVBEZIREL £ 9. KT % Mlink I TSMC O
7nm FinFET KV v Y a3 v IJEX XV 1S5ECMOS 7u kA CcliidhCcnEd, Fv 7
fi] D P B BEHE 1Z TSMC @ CoWoS (Chip-on-Wafer-on-Substrate) 2 Uf InFO (Integrated Fan-
Out)y ¥y 77—V v 7 i v CERHINTWE 3, Mlink OPFE I, Hinkl > v
IVIVED 14 L—FRA IR =T LT UVRTVRARAF—LEHALEZFN I vy = X
AIVIZOTNHERENCR/NE 2D HET 74 2 v Pl 7 4 XitEo@Ewa -7
4 v I7EA, ARALEZ AT K, SR AT L RoTwET, Imm D
FEEEERIC, [S5EH 1 KRB 72D 20Gb/s T 0.46pl/bit ZFEK L, =7 —L — X 10D
RAFRBFLHFLTCWES, EIROFEEIL, BRI H7 Y Tl 531Tb/s/mm,

HA R Y 7= D Tl 2.25Tb/s/mm?2 & 72 > T\ 97,

“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, et al., MediaTek Inc

DieA Tx-Slice DieB Rx-Slice

[Fig. 1] Mlink PHY 7 —% 7 7 F v (HJj[A 1 X7 Tx/Rx A 7 4 R).
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Power Conversion Circuits & Clock Circuits

Paper C3-1: Y —/N[SAMI; 5V A1V HA DC-DC 2> N—R % /Ry r—I R

ICERBL/-GaN /N7 —FET 1 —)L

Avernig, ¥VavobrIvY2E2E0dH 510 FENEREOKELE GaN X7 — +
TFVUYALXECMOS F7A4NIC% 4mmx4mm DXy 77—V WICEB L 725K - &8
TEEO Amm2)D Ny 7 Ay N—ZX 2 RELE T, A4 v F v 7RI 3 MHz, 5V A
TIVHAOEEICE T, a3 v =X DR KEIEENEIL 942 %% ER L F L 72,

“A 32A 5V-Input, 94.2% Peak Efficiency High-Frequency Power Converter Module Featuring

Package-Integrated Low-Voltage GaN NMOS Power Transistors,” Nachiket Desai, et al., Intel
Corporation

Companion Si
DriverIC

[Fig. 4 . 2] KA Ry —IfbE N7 GaN N —FY 2 — )L,

Paper C18-1: 20.3fs > v X Z %3R4 % 19GHz & PLL

UCLA 1% 28nm CMOS Hifli CER L 7z Ky v % PLL 2 %K L £3, iz y P9 v 7Y
v e 24 2 v I R A A DE B LT, 203fs DY v XERER KB L T
WE 9, 250MHz O A EHEREEUC T LT 12mW OB T )T 19GHz O FEHR A EEL
DI ZAREL LE 3

“A 19-GHz PLL with 20.3-fs Jitter,” Yu Zhao and Behzad Razavi, UCLA



[Fig. 5] XY v % PLL © X' 4 B &,
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Sensor and Data Converters

Paper C15-1: /N 7 75 7 v FRIEBEN E T2 XA T I v VE8EXA T 54~
Y SAR ADC

WTHED ADC DENFRE EIZ, Vv 7T v 724 F iy 7B LRI LA F 3
YILF AL =R LORERICEAF Iy 7EMET AMIRIC K > CERLCE L7,
KRN, Tmec 23, U v 77 v 7O X ) @i & EEE WL DD, Ny
2779V FIRIFICE ) N R FEZRHEE LA B L 72— F ¥ AL DTER XA
F Iy 7EEANAL 774 VB SAR ADC 28 L ¥ 3, DACD I A~wv F, AT —UfH]
TAVERE, V7T v TN T AgGE I SR D JAFH IS IG5 Ny 7 75T
YV IFRIEQFEBHDO oI, FHOLAF I v 7B Li L IEHEO T 4 FEABIRE S
NELE, Ibic, #EIN ADC IZIAWL YU TREXAF I v 78+ 2 HuEH
FLFal—vaveRTaet vy 7HEL L3, ADC D 500MS/s B)jfERFD
HEESL 33mW TH Y, 100 £y F DAZNIEREL 75.5dB @ SFDR %ZiEK L. &

MR DIFHECH % Walden FoM 13 6.2fJ/c.s. \ZE L 37,

“A 10.0 ENOB, 6.2 fJ/conv.-step, 500 MS/s Ringamp-Based Pipelined-SAR ADC
with Background Calibration and Dynamic Reference Regulation in 16nm CMOS,” J. Lagos, et
al., imec

mss (ﬂ, (DA
Vew u;’L_J' ol =
5
) 16Cu1‘L SEUL—L Eul—]_ Cul—L 7 64€uz‘L32Cuz‘L an_L Cuz_L
S
Bw = =2 a e T
IN p- I I I
’ I I — | [ [ |
Dither Stage 1 quantizer | Stage 2 quantizer
generator (5+1 bits) (7+1 bits)
e | [ 1 | I T T | -|_
[N m— (N-side) !

VREFp,externa\ ®— Reference B VREFp,dirtw VREFp,cfean —— D
Ve, external 90— regulator — Vems,dirtys Vom dirty g out<13:0>

[Fig. ]ADCD7 — %7 7 F

Paper JFS4-4: Cu-to-Cu 7 v 7EERAMIC & 5 B )L ADC #EHE CMOS 1 X
-

A A=YV HFHET LA F v 7(65nm 70 R)EEFUH - 0Py 7 F v 7F28mm 70k
Z)% Cu-to-Cu(C2O) A L7 CMOS A A —3 2 VH DI TT, 2 AHAE 7 A D a—
Ny ZRIA X =y THY, T4 L — MTHEWT 116.2mW OIKHEE ) & 268
TFTOZF VG T7 v Z L) A XL RVOMRE, &7 L — 4L — P id 960fps DPERET L 72,
COEMRERER T 37010, B2 T LI ADC ZEET 27 —F 727 F v ZEIR L.
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Cu-to-Cu B TOV 2 AL _NVEEZFEBLELEZ, €271y Fd S5um LT TH D,

HZEL_LD ADC+22 €y P A Y ZHBH Lz v LTCRED/NIVHDTT,

“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,” Min-Woong Seo, et al., Samsung

Digital Pixel Array
(including photo-detectors
and pixel ADCs)
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Digital Pixel Array 1
(including pixel ADCs
and memories)

Logic Blocks (ISP, OUT-IF)
Electronics

[Fig. 51 F v 7EH (f£: EfkF v 7, G: THEF v 7)

Paper C19-1: ¥ v/ OXa—7@B74 FL v 7ayv bTv FEK

BA— bRy YatkB IRy a2y I Ty AR 3y fura—T®
VDo o7uy by FEKERELE T, ZORKORKORR MK 4 51
HUT 5. £8000deg/s DA X ZFHllL v ¥ TF, BRI NAEMKIE 4 X707 2
0.0047 deg/s/y Hz TH 2 7 &, fthDFFEIC T AER IS & PEiis 2 g T3,

“A direct-digitization open-loop gyroscope frontend with +/-8000°/s full-scale range and noise
floor of 0.0047° /s/¥ Hz,” Chinwuba Ezekwe, et al., Robert Bosch & Bosch Sensortec

1) Drive CDC

2) X,Y and Z Coriolis channel CDC

3) Charge pump and drive circuitry

4) 3 axis accelerometer circuitry

5) References and digital controlled
oscillator

| 6) Digital

[Fig.5] ¥ v 7B H (1.94 mm X 1.8 mm)
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Biomedical Circuits

Paper C2-2: J8/NA 7T A vV L Xyt > Jralf#RESREF v 7

TRAMEER B TR NG 78 4 2T % 720 0 BIHE B - BfE 55 X Ok
EHIEBEREZER L 727 v 7 CF, KF v 7ORE RBHHIZ. 754 2B D 720 Dk
Sk E ORI L CRE L B2 EH L Wb 8HTT, FHEINV—TRIERF v 7
DFHFAL VICBNT, Ny r—Y2EE LT 2 EmCEIELEn2EHR L TH D,
AFRHBORATH 2 300uW/mm2 OREHPELAERL L7z, HEEIIE 38° C T
0.57uW TH Y, A7 A vilfl & P e 2 W L 72 2 2 v F 7 v v oiEHN 7
NAZRTHERNE o THET,

“A Light Tolerant Neural Recording IC for Near-Infrared-Powered Free Floating Motes,”
Jongyup Lim, et al., University of Michigan & ETH Ziirich & University of Delaware

External Device

with RF link External Device

I NIR power /
data downlink

- " e I NIR data uplink

" NIR power |
] T data ownlink Reference
, P NIR data uplmk Electrode Pad
o TT Tﬁﬁ PVLED layer
. \ cerebral
\ CMOS I
I‘. Cu"ex N o T Biocompatible aver
!?ff_'_‘ff””g Carbon Fiber

+— Electrode

[Fig. 1] FRAMREREIRL Y £ ¥ L 2t 7 N4 2D a v+ 7 X



