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devices. (g) Parallel read/write (left) is achieved by programming and then inferencing one row at a time, using the same circuits (and any non-idealities) encountered during
full inference (right). (h) Single-device (“backdoor”) read/write circuitry can measure device conductance in 1.S. (i) Correlation between measurements using (g) and (h).

Fig. 1 (a) ARES chip, (b) micrograph and (c) components: input
LP, output LP, PCM tiles, and duration transport across tiles
using a 2-D parallel-signal mesh. (d) CDF of bit-errors in
duration transport, for various travel distances. (€) TEM of a
PCM device integrated in 14-nm back end. (f) Each MACC
weight is encoded using 4 PCM devices. (g) Parallel read/write
(left) is achieved by programming and then inferencing one row
at a time, using the same circuits (and any non-idealities)
encountered during full inference (right). (h) Single-device
(“backdoor”) read/write circuitry can measure device
conductance in uS. (i) Correlation between measurements using
(9) and (h).
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and BPR technology. Smaller IR-drop values are predicted for this
configuration (¢) leading to enhanced system performance (d).

Fig.1 - a,b) Illustration of the concept to move power delivery I 1-a,b) {ffH n-TSVs F1 BPR £ 1l Ea4dEs (PDN) &
networks (PDN) to the backside of thinned wafers using n- S B RS T RS 2R o LA (C) B TE IS /N R-
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predicted for this configuration (C) leading to enhanced system
performance (d).
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Fig. 6 TEM analysis of the
RWHZO/Ru MFM capacitor shows
a very thin interfacial layer (<1nm)
formation between the 10nm HZO
and metal electrodes at the top and
bottom interface.
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of cyeling shows a recoverable imprint
due to de-trapping process by high-
field recovery pulse after cach low-
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Fig. 6 TEM analysis of the Ru/HZO/Ru
MFM capacitor shows a very thin
interfacial layer (<1nm) formation
between the 10nm HZO and metal
electrodes at the top and bottom interface.
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Fig. 17 Internal field Ein as a function of
cycling shows a recoverable imprint due to
de-trapping process by high-field recovery
pulse after each low-field cycling loop.
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4 > DRL PR s (EBRGEAEES /1 (CNI) h e S5 8UY(EN E4t% (EMDE) - DItk
fERBRYER (F2E 1.6 (%) W R FRIUEE (F(K 23.3%) - K& - BEMGTHE
HEES (SWT) - &R DRGEEENEE - DU NIRRT FEL © &
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FEZSERA 28nm CMOS #3 - A B3 4.18TFLOPS AV (EXAEAT 29.3TFLOPS/W
i {ELRE A -

"OmniDRL - A E R e /7 L il 1% B E 7547 29.3 TFLOPSIW /B # L2 Z w2
£, » fEZ - KAIST #7Juhyoung Lee Z£A

[EXT] -
,—d 3 uning
Pseudo T & g M ;
RNG saicsaicall Egiegt Interface | oo | E DRL DRL
s = s iyl Core Core
Rstc: / ; T
o 5 & dand i 18~23 12~17
i i <8
gé WMEM (52KB) S[ExtvFo | TopRISC Ctrirs PRNG [ExtiF |
< g DRL | DRL
TopRISC || | o — 5
Clrk. el ?Tc g% Weight Router & DRL Core0 | Core 5
> Prefetcher c =] DRL | DRL
Qo I ore E Core1 | Core4
DRL Task osTC - i ~
Scheduler m 8x8 Processing Unit z el é c?)':eLz
(PU) Array
LuF |

(&2 716.).87A 24 dFasisIkZ 0 (GSTC) - BRgE4E5 7 (CNI) FIFF o B
a5 (SWT) #4117 DRL @ B a5 R AL g /7 AR
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LRSS

s L (JFS2-5) [C0301] L CMOS 1 PCM RABERVECIRAE N ER XL - BEF&R
#{b CCO &lHy ADC FEFIRNIA B fir BR B
IBM R T 2&Inf a2 @& R (PCM) - £/ 14nm CMOS *’L”r)i'zﬁ*”
Fy 256x256 SCiEAeNEREZL - HEEHE 256 (EGMEERZERIrEe (CCO) »
BRI 4pm FHEERY ADC > DUR—{EBRTT 15 5 fﬁﬁi%ﬂ ReLU 1’!5%8’]2&%%&1@1)%@
T o HE A —FEETEENY CCO SERGME(LR T » BAF 1 GHz LAJ:E’J?E?T? EPERF -
TFéE”r’ tery & R B R SRR (MVM) © S50 A (EZ O TR EERE (DL)
S o R MNIST #1 CIFAR-10 BRMERHIE S EEE - ﬁﬂ?ﬂﬂ’]ﬁ%é&% 10.5
TOPS/\N » SUEE R FE By 1.59 TOPS/mm? -
THERMES £ - £{ 14nm CMOS 7 PCM 228052 e 8B EH » (/5 300ps/LSB &1L

CCO # ADC fEZIFIA A& (7 ERE - , » fEZ © IBM Research Europe 77 IBM Research, Albany &7
IBM Systems and Technology A7 IBM T. J. Watson Research Center #7R. Khaddam-Aljameh ££A

gl al|=
z ol |ed
2[5 5|z
Tri-state bus f = -]
> 2|z
7 == i HBLN[0]
: [ST4R[ --- [ST4R[] 2
1 HRL_P[253]
e LT HRLN[255]
1= [EERH --- Eorg) B-NS
ol e Vi Vi
= % etk o K
§ é h_ h
\A Slog
; v v
kX IN[O] IN|255]
(& 1185 15 A2
EI=Y; =254

532 (C16-1) [C0295] #%F 5nm & K {[E4: BRI FinFET CMOS 1y 16Kb [Z1E
—R MR ER
TSMC B Ll 5nm = K (B4 /&R FinFET CMOS %”LEI’] 16Kb —Z M fE =t
seat (OTP) IaskeCEng - BfF BB s EEAZAAE (BHVS) ~ EHUmEL (N (REPD)
%EW%F TECH] (PDS) » AEIHAERY 1ppb HYEG RREES (BER) PAEAE 5nm SoC
BTSN S AR 125°C 1Y 10 &R EEHA -
I EEEBE BB - Bhma AR 527 BUAIZIEE + #R/FH Snm & K [H2/E /% FInFET
CMOS 49 16Kb LIB4F— K M TTiE et a0 s, » /EZ : TSMC #9 Shaun Chou A
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=
$6KIy Antitfuse Embedded Charge

g = T
i BN

= s SRP,REPER Anti-fuse Banks &

Hierarchical BLs

BHVS, Local HV
Switch,

WLPA WLR.
Drivers

- =
= SRP,REPEF AntifuseBanks &
& PDS & Hierarchical BLs

L& 14] 425 #5 -
SEERE/D B

#m3L (JFS1-3) [C0188] $fkA 7nm CMOS it R B BN BEAEIIRES
F ¥R e

PEEZERH T AN EAEERE (USR) &5 i @il iy S & - REREERTE
TI#EHY Mlink (MediaTek Z#45) PHY - $2HiHY Mlink £8F TSMC 7nm FinFET 1P15M
CMOS i fig#l# - G {4454 TSMC Chip-on-Wafer-on-Substrate (CoWoS) #1
TSMC Integrated Fan-Out (InFO) £t fiTE{TRE R  Mlink PHY £ EEE SR HY4E
T EFEE—SUmel ~ WEEEs By 2 — PRI E 2868 - B/ NEE BB
AR AP 5 0% o &£ Imm BEFEEEEE& T » o] 20Gb/s/wire A
0.46pJ/bit » L) BER 1E-25 £ HHE - SHE 253 FILL Shoreline 5.31Th/s/mm F1 Area
2.25Th/s/Imm”2 #EF TR -

TR NETE H B2 ERIIREE N » & BER 1E-25 Y 7nm 0.46pJ/bit 20Gbps 484 &g/ #
&,  (EZ - MediaTek Inc #7Ying-Yu Hsu A

T R

XK

I@l] F# /e BB 2 Tx/IRx-Slice #7Mlink PHY 22 -
DR R BB R IR AR BB B
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Fm3 (C3-1) [C0097] efalfk=3FEFIEY 5V 2 1V DC — DC B aSH R o=
GaN IhZREH

Intel $2H T —FES4E - S HE (9 A/mm?) [ERERERES > RS EE —(EKEE
GaN I8 ffe (FoM Lk Si St 5-10 %) - %4 CMOS EEEhEs 1C - EEER ST Ky
4mm x 4mm - 7£ 3 MHz (AT > 223 E 5V 2 1V SRREH b 2|
94.2% HYIEAE % -

! FRFEEE S A KB GaN NMOS L8 E dafe ~ 32A 5V B A ~ 94.2% IE [EXCERTEARL)F IR
FE4H , - fEZ - Intel Corporation #7 Nachiket Desai & A

< 4 mm >

Power
GaN Die

i

ww

Driver IC

I Companion Si I !c‘i

4.2 4 A A GaN J?ﬁ—%é‘gﬁ °

-7 (C18-1) [CO165] 20.3-fs £EhHY 19-GHz PLL
UCLA 155 N EifffErn—3kER A 28-nm CMOS Fffr 42 ~ i EFIEHY PLL « #rHY
BHER AR A T EIERER - [RAFE 250MHz 25050 12mW ThE N EH

T 20.3fs [y iR R -
720.3-fs AEH719-GHz PLL ; - /EZ" - UCLA #YYu Zhao #7Behzad Razavi
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#m3L (JFS4-4) [C0210] &5 &4k ADC NI SHE SR CMOS RIS
AREoCERH T — S0 H#ERY CMOS 2@ EUHIES - FEECHIZSERFEE & =0 65 nm EHIES
FO{SE FH#E ¥ (C2C) E@%WAEI’J 28 nm ZER S5 o HERASL#ERT DRAM £l -
IR 2.6 e-rms MRFEMEFEER - 27 2R T 116.2 mW FYED% - DU S 960 fps
HYE 2R 200 B (G e CIVIOS RIS (CIS) » By 7B S SRERY I
F9 CIS » ExERH — AN AL G ZECHZSAV A 2440 - AR E A Ry
FIR(E CIS » £FRHZ 52 ADC FIEECIERS - BHEGZ B A NMEREN & S0
/N BE S 8 7 s - (I B G AU REE/ N Sum > By [E]EF R A 254k ADC
22 fcsc fRps s M 2 -

THRfF B Z 4R ADC FIGZE 0 ERE ~ 2.6 e-rms [HEEFESA ~ 116.2 mW [EZIFE 200 BB ELEA
P77 CMOS EEELAIES , » {EZ - Samsung Electronics #7 Min-Woong Seo £/
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Digital Pixel Array

DVand VSC |

(including photo-detectors
and pixel ADCs)

Digital Pixel Array : ;
(including pixel ADCs 7
and memories) =

Logic Blocks (ISP, OUT-IF)

o o7 |

[& 5] BF EE (4 - _EgfF » B TEA)

& (C19-1) [C0013] H &G EFEIR BRIy RS
Robert Bosch #i1 Bosch Sensortec #i2H | —fefRIS el SR ES > 3% BEES AT IROHI ~ BUKR
FEA K E 3 HlEE A REA PR EECH ZR S EAVEIR - EENE RN ZEHEE
i A& 52 +/-8000deq./s » EILARLMIHY 4 £ o i 7 EEA Tt IR LD
HIREE » 5140 0.0047 deg./s/NHz FASEEIRES -

T £ ZERE +1-8000°/s + ZEGIEZE 0.0047°/s/NHz HIEBEE ) LA FEAEGERTY , » /EZ © Robert
Bosch #&7Bosch Sensortec #7 Chinwuba Ezekwe £ A

T ———

1) Drive CDC
12) X,Y and Z Coriolis channel CDC
3) Charge pump and drive circuitry

4) 3 axis accelerometer circuitry
5) References and digital controlled
3 oscillator

B8 8 6) Digital

[ 5] 42/ &7 /E (1.94 mm x 1.8 mm)

am 3 (C15-1) [C0189] AR RIEINFERTEEIRELR SAR ADC

seAERIPIOR S ~ IR R bR R ey F 2B RR AT IR FE T ADC HYERIFN
e S Imec FEEH—TERHEEFHREEL SAR ADC - it ADC FIHIERZ UK
e B R SR o MEORIRE M R A ERE - 1T R B IR SR RN S DR
fER T E G EAT BN B Las AR EEA - FIIRNEI DAC KHC - SRfEhg
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BRI IR 28w R B (B AU R ~ 2 EIYE =4 - It ADC JME &8 A L EH
- RS E I IHET L4 - ADC £ 500 Ms/s NHYZhFEF 3.3 mW > HJZEF|
10.0ENOB #1 75.5 dB SFDR - f¢[fE4: 6.2 filc.s i) Walden FoM -

T#RA 16nm CMOS - ZE EICERIBIRESESF47 ~ 10.0 ENOB - 6.2 fl/conv.-step ~ 500 MS/s 2

A BB SAR ADC
[ 1] ADC 2

s fEZ - imec #7J. Lagos FA

G)SI:

Chy

Da

VCMs

L,

R _L L A

L 1 1T T

16(: 1 Cul 64Cu2 32Cu1 Cuz Cuz
Ol LNV A A4
._lj/_ DACLp M DAC2p
IN, i I
Dither Stage 1 quantizer Stage 2 quantizer
generator (5+1 bits) (7+1 bits)
e T T 1 il B e B [ | EETI | [ -I
INm »— (N- s.'d e} i
VREFp,externa\ B— Reference |- VREFp,dirry; VREFp,cIean . .
Vemextenal—  regulator |- Vemsdirty, Vemdirty »| Bit alignment =8 Doyic13.05

A YRR

a3 (C2-2) [CO174] fmégid/ NURE ORI ZS HYFHAE ST R & 1
EN ﬁi%ﬂ e - ERRDGH AR - AR M ervE/ N

I ECECE - A R L HERAE NS & A Bt - (EEEIE T B
af o BIfE CMOS R EHERZFIRSMDCSR RS > A DIGREF HIhRE - (FEEEEE

300 pW/mm? SE4RIRES (BBAAEREIR) AV R MTE: - 38°C THEE K 0.57uW - i
HEEA AR T R (KRR - FEIRFEE G &R R RO L e -

T ERATEL S 5B B H B T R A4EEC#% \C L+ B - BIGIRALE - BRI T
BrEa g A7 Jongyup Lim EA

LED l " NIR data uplink
i

External Device
with RF link

NIR
data

ower /

External Device ownlink

ower /
ownlink

¥ NIR
data

Reference
Electrode Pad

PVLED layer

\ Cerebral
cortex

Carbon Fiber
+«— Electrode

[ 1] NIR AR S stk et e



