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Fig. 5. End-of-process TEM images (a) across
co-integrated fork- and nanosheet structures
and (b) along a forksheet channel (NMOS).
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Fig. 6. Cross-section of PMOS (a) and NMOS (b) device. (c) Id-

Vg characteristics of NMOS and PMOS transistors.

Fig. 6. Cross-section of PMOS (a) and NMOS (b) 6.PMOS (a)F1 NMOS (b) 2 Ef#k T . (c)
device. (c) 1d-Vg characteristics of NMOS and NMOS Fi PMOS (& 475 (1 1d-Vg £k .
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Fig’s. 6. (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.

Fig’s. 6. (a) TEM image of 10nm wide Co & 6.(a) 10nm % Co H.i%4k 1) TEM K% (b) Co
interconnects (b) RC comparison between Co (10 (10 A/ 8.5 A TaN)F1 .4 4.5 nm TaN/Co [ Cu
A/ 8.5 A TaN) and Cu with 4.5 nm TaN/Co. > Al RC L.
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Fig. 2 (a) Possible configurations of Kl 2 (Q) G0 KR A T T 1 (Bswo) HH AR
nanomagnet and slanting field at the center | 7 mT et & . (b) BsL VA& T S 7E X /7
of the quantum dot (Bsto). (b) Bs. 6 F 45, (c) TR B E o BsL [ 2D 43
distributions in x direction around the 1

quantum dot. (c) 2D distribution of the Bs.
in configuration E.

Fig.4 Rabi frequency depending on Bs. 4 BT BsL 11 rabi SR . 8RN
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of bit-errors in duration transport, for various travel distances. (e) 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 w.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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Fig. 10. Ip-Vas characteristics of
an In2Os transistor with Len of 40
mn and Te of 2.2 nm with O;
annealing at 350 °C.

Fig. 10. ID-Vgs characteristics of an In,05 transistor with L, of 10.350°C O, 3B kI, Ly 40 nm, Ten A 2.2 nm [ In,03
40 nm and T¢, of 2.2 nm with O, annealing at 350 °C. SRS Y 1D-Vgs B 1
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stacked CIS (b) TEM image of eMRAM arrays.

Fig. 1: Cross section image of eMRAM integrated into 3D A1 B =4S CIS ) eMRAM #TH K% (a) =4k

stacked CIS (a) SEM image of 3D stacked CIS (b) TEM image S CIS ) SEM 14 (b) eMRAM [E %1 1) TEM 14 .
of eMRAM arrays.




7

“JH TN =288 H CIS T ZF#ZH7 40nm MA L STT-MRAM”, M.Oka Z&A, &/EFE#

WX (JFS2-6) TO0046

imec B FE N AR & AR, Gl BLR 7 SRS AR TR B E FIinFET  (Lgae>20nm,
45nm &R ERD AT EERE: SRAMRELT) dn 2086 E (W2wW) i i & )5, 545
i AR AR (ST ALY NEEE R LR HARJERE: 29 370nm F]2y 20nm) HH
A S E (5 RRAEEA O 1 WIEARGPK E@EEEL-TSV). ZHEN
H b5 2 SIS 5 A0 FE YR ) 4% (1) R, O ik 5 3 B8 B A 5 T T SR TR S
IRdrop UM B, 7EULIEAE b, WP T =48 T2 8 Rk, &
s 1) nmos IR R FIRF B FIE R T (Eik 15%) 5 2)%F T pmos, lon 5/
(2] 3% % 10%) , RexK, ik NBD (WEKIRATH) 1AL 7 & FhAn 5 @ 1
AF; 3) AVr~-130mV, X —A3b ] DUE I R R S AT AU ME KRR, RIS R R
AN O RN R VS ECHE ] . A WS R BTI iB1k, Ht— D3RR 2B Kk
AR T # e A A] SRR R

Frontside (FS) FODN wn s oF
& signal FSMI+eDUDNEpUEEEY

FS @®FSPDN OBSFPDN
FDN 1.0

L ‘power

G096} (c)f| #| switch
! designs | F

0921 16m (N2)

20 40 60

Backside (BS) PDN

Fig.1 — a.b) Illustration of the concept to move power delivery
networks (PDN) to the backside of thinned wafers using n-TSVs
and BPR technology. Smaller IR-drop values are predicted for this
configuration (¢) leading to enhanced system performance (d).

Fig.1 - a,b) lllustration of the concept to move power delivery A 1- a,b)fliH n-TSVs Al BPR £ A s fi. X 4% (PDN) 2 50 E
networks (PDN) to the backside of thinned wafers using n- T Y T AR A U . T RIS (C), TR R
TSVS and BPR technology. Smaller R-drop values are RRAE 2T BT 2 Gt B8 (3R 6 (d)

predicted for this configuration (C) leading to enhanced system
performance (d).
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Process II including 20° Ar etch
(angle between out-of-plane axis)
can reduce tFoot less than tsor.
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Interfacial layer

Interfacial layer

Ru

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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Fig. 17 Internal field E;, as a function
of eyeling shows a recoverable imprint
due to de-trapping process by high-
field recovery pulse after cach low-
field eyeling loop.

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.

K 6 X} Ru/HZO/Ru MFM HiL 25 2% 1)
TEM 43#1& B, 7E 10nm HZO 5Tii#56
ARG HR T 1T 1 42 @ F A TR AR 1 AR
R A JZ (<1nm).

Fig. 17 Internal field Ei as a function of
cycling shows a recovera ble imprint due
to de-trapping process by high-field
recovery pulse after each low-field cycling
loop.

K 17 VAR R BRI N 3 Eine FE BRI
AR 2 )5, BT m I KR kR
FEBOE AR M0 7 H m] B

“HfZrO BT F I IEREH R ST, P.J.Liao A, TSMC




10

HL B R

5G k%%

WIC(CL1-1) E M B ARBIIEE K 28GHz Tt gkl ZHL

M 1E] 5G M 2K HA IR SR 0 5 ey M A 4 EAE PE S, BRI T 5G PIZ% I AR
FAEH . AR E T KRN R T — AN KB R 4k 2% LAy K 5G fl 5G
DA RGN S B A . X SRR T PRI 28 GHz MHfaRE 4k
WCRHL, FHEEERAALBERSSR TERT /N ET 56 = KRR 400 MHz
64QAM i il 1 JC £ I8 A5

“GE/TRA 24 GHz TLZJER LO fEHAI R FIEA KB 5G P4 28 GHz LT HUL
Bl”Michihiro Ide ZA, FH T A%

SG NR 28GH, ~ Relay node o eenno
PR 50m 5G NR Relay node
. HINI|E

BS fry 28GHz Bm fry 28GHZE

/(:\ \

fow ii WPT 2 WPT5m

fpr 24GHz
WPT 4GHz WPT
station  5g5H5 28GHz station
Large loss@28GHz
1.8mm

R':IIOS F\>':I106 RFI/O7 I:u:I/OB

1.0mm
OUT rxs  INg 1x  OUTpc  OUT gyo

RFI/01 RFI/OZ I:zFIIOS RFIIO4

L& 1 15| (E/H 24 GHz TEL8 L) FfE51H7 28 GHz FH#3EF B RH



11

KT EESHE

W IFS3-4:FTREE F I AHI 221 4 x 112 Gb/s WDM R 5} 2%

K H TR R R E SR T —F T 400G LUK AR AN g o 2 sk VR A 4
B 4Ax112 Gb/s/h W% B H(WDM) K88 . 6T IC (PIC) L& — /N S o
IR A HI 2 (MRMYEE S, T 54 WDM. %ET 28nm CMOS L. 228l i H 1 IC
(EIC) A ARLLME FFE FIEHI IS PAM4 MRM ZXzh%%, LAEEE MRM PERE(E
HAZ TEMREALRIR M. (& FRRIX AT O WA WDM K5 4%
B st i B -0 B R

“HFHEN T IRHI5847 4 x 112 Gbls O £ WDM

28nm CMOS FHZEFEH FEH IR IR H RS 7 Tahnavi Sharma FN, FFFRA 7]

PIC Pin

(a) External monitor PD

tunable laser

- (P, info to thermal controllers)

:

Ext. 28G +( {feedback signal on PCB]
clock

Htr. TxCh3 B
ctrl. ipy sense

[
Htr. TxCh4 B W 8.7 GHz
ctrl. ipy Sense 0| OE

EIC ~'N1092
PCB temp control

)

A&7 1(a) O B WDM Si-Ph TX #IZEHIRIE S S o



12
A58, L%

WIL(CFS1-2) ZEZ B AT B AAE R HILGFIH RRAM KR M4 W45 1N 2%
WriH g KA TSMC B4 7 —304% Al IniE#s CHIMERA. XM
A DU NI B SN H AR . BT — M EE S R H A % %5 (RRAM),  IF
T BA S TR BB ) 2 0 A Al i R O VR R R R . VR A E IR A A
ANANGH (CO & C5) E, REBitESEREN—NOHERER T NS, —H
BAG AR T EERS s, ek, BT EEICZNIES KM, iR
[N 33us, FEANE R foidrse e, VR IB B T —Fiok A 50 397 Fa &8 e A1
IS, D@ RRAM B4 DL & 5 N e M EER 7@, %0 F >R A 40nm
T2, ATSeIlAFAN S A 0.92TOPS, F1 2.2TOPS/W [ e &3k %,

“CHIMERA: —NHFRINGFBERBE 2 I EHHH LREEBME RAM 49 0.92 TOPS, 2.2
TOPS/W 24 Al JTE A2’ Massimo Giordano A, EiHEA#F TSMC

M1: Mapping 1 - Lower Energ
L1
¥

L11

L12

C2Cdata L100KB

c1 | co

¥
L14(2/3)
i leixls)
o
L15(2/3)
L15¢1/3)
) 3
L16(1/2) 63 KB
3 Llsi"” Total C2C
L1701/3) EIELCH soxB
3 Lbllﬂzlsl
v
Classification  L18 1KB

>

[& 14 FIA]5 Z . |DNN FEZEWFH HI 2 HR F AL B HEZE 55 5 s # 45 PCB i

WL (CFS1-3) AT g IS it AE 1 Be iR 94k ¢ ] (DRL) b BE 88

KAIST BIWFFN R T —Fh s Re R IR B 5 b 2% 2 (DRL) 4 # 28 OmniDRL, H
F I NGRS, OmniDRL HAG 2145 24 AR 4% (GSTC), F)H k5 fa fi 1
BRI E 2, IR 3 2 f5. BbAh, DRL AbBE 27 1K 46 W 2% 4% 1
(CNH R AR E IS 4w (EMDE), DMESTREUES A% (1.6 %) HFEMKATTF
Vil ge /) (23.3% %MD « &Ja, T — MR E AL Z(SWT), LLSEHl A
FIRAERE LR, DL AN G2 115 W) . 1ZALEEES KA 28nm CMOS &
11, AISEE 4.18TFLOPS [HUEAE P14 AT 29.3TFLOPS/W HUIEAHE fE B 308




13

“OmniDRL: REXBEARELFRN LFRRELNL A9 29.3 TELOPSIW JREHIL F T4 PE
#8, 7Juhyoung Lee %A, KAIST

~ 3 uning
e ) Unit
Pseudo T Network
RNG Interface Sparse
i = | Weight
Hes H Transposer
i|GSTC |}
oy o
(64KB) i i =@
gE WMEM (52KB)
Top s g coreo|
ctrr. §-§ Weight Router & COtG GO
P Prefetcher =] DRL DRL
I &| Core1 | Core4
DRL Task —+ 3| DRL | DRL
Scheduler 8x8 P(I:.c»e::;g Unit 2| core2 | core3

(&2 FIE 6. |.BE 24 ABH % L(GSTC) L ML5£EL(CNI) I H I E #
17 B (SWT) BB DR 4f BEAEZE RN 1 BRI B
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HFHE 1k

WL (IFS2-5) —FhfE R T2 4k CCO By ADC REFIFIA B A 3 K E T
CMOS 1 PCM KN E N 1%

IBM JE /R K — 3T 14nm CMOS 15 11 il 38 11 17 J5 it B Bl 22 S0 AH 22 A7 23
(PCM) 1] 256x256 WAF TS W%, & EHE 256 %38 4um ] FE (125 F 2R AL LR
PR 25 (CCO)H) ADC, DAL — AT 7 ST 48 TN ReLU #5247 1 A% th 2 7 b B 1
JGo ARLFINT —FETH CCO MIRLEMEIEI AR, £ 1 GHz DL LR TAERS, w]
FEARE IR AR B IRIE(MVM) . X5 LA T RA A WAZ TR 2
>](DL)HEHERS 72 MNIST #1 CIFAR-10 ##i4E LIS 1 /0 J5KEE . £ 1.59 TOPS
Imm2PERE SR, M3 A RE R %N 10.5 TOPS/W.

“HERMES % - —F{E/HZET 300ps/LSB £61#4L CCO #J ADC FEFFIA M- FAL B RIEET 14nm

CMOS #7 PCM #1721+ E 4 #, ”R. Khaddam-Aljameh A, I1BM Research Europe & IBM
Research, Albany & IBM Systems 7 Technology & IBM T. J. Watson #F5 #40

A= ==
Tri-state bus E E = 5
| —
o . HBL_P[0]
ADC 2Tt i HBLN0]
(. [EmERY - [FEREY :
’\R : : || mBLPpsS)
';_,_:, Eord| .. EaRd| PN
gl |2 5 b
Ml =
vy
: V- V-
LOPU IN[0] IN|255]
(& 1A R A LR TR

W3 (C16-1) 7E 5nm & K £ BMH% FinFET CMOS H1i1) 16Kb K& 2 — k1] %%
yEyaX

TSMC & k&R 748 5nm & K &)@ Mt FinFET CMOS Frilid ) 16Kb — 1 A 2 F
(OTP) e M 22 {7t 2%« K FH H 28 =i I 5 2 (BHVS) . 132 A Il (REPD) A1 £h 22 43
fa Ul (PDS) LAFE 5nm SoC AT Il m e iy, WISZILAC T 1ppb HY [ A R %
(BER), FF1E 125°C il fRFE 10 4Ff %

“BEEEBETFR BSR4 5nm B K 2 E#I8% FInFET CMOS #7447 16Kb
JRAEL— KM A G PR 548, ”Shaun Chou ZEA, TSMC.
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faannn fuse Embedded Charge
Pump

=  SRP REPE Anti-fuse Banks &

52 PDS & Hierarchical BLs

BHVS, Local HV
Switch,

LIWLPE WLR
Drivers

P, REPQ Antisfuse Banks &
'8 PDS ® Hierarchical BLs

& 14154 A
B RH4/3D Bk

WIL(IFS1-3) AF 7nm CMOS HiAR = 2% A48 B 5 2 B AR Th#EE TR I8
.

RS SRR T — b T P (USROS TR] 3815 1 7 25 (AR AL R A Th 4%
Mlink (MediaTek #£#%) PHY. Frigii) Mlink X TSMC 7nm FinFET 1P15M
CMOS Hi ARHIETE A, H%EIH I & 5 & R 2 35 2% (CowWoS) Fl & 7 HL 48 B e 1
(INFO)H AR BT /R . Mlink PHY XA T —R¥ ST RERI T %, WL
Fyh . 3EF quarter rate strobe FIANF# 7 RPIBCRALEIAR . S /NEA H 36 R4
PP AL vk . 7E 1 mm G RE BT & 1 S 20Gb/s/wire AT 0.46pd/bit [ ( H A&
BER &y 1E-25). 7 % %5 243 %I shoreline 5.31Tb/s/mm AR 2.25Th/s/rmmA”2 )4 —
1k

“—PEHENPEFH E SRR A A BER 1E-25 &4 HEHHT Tnm 0.46pJd] £
20Gbps, "Ying-YuHsu A, BARFIAL A

[E 1] B fa] —Xf TXIRX K B ZEHEEE PHY 2274,
L, R 4% 6k B G L B L G
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B (C3-1) BHEEE R GaN BIEELR, HTRS[/BNMNHK S5VE 1VDC-DC#¥
Has

BERRRIE T — M S, =59 AImmd) R A e 8s, %A e —AMIKE GaN
hZE GRS (FoM e Si #F 5-10 %) 5 CMOS Ikzh#s IC £ —ie, FFscil T
Aamm x 4mm 2, 7E 3 MHz I SBIR N, 1IZFEMESAES VE 1V HEEHFsL
b2/ T I 94. 2% AR RCR o

ﬁ#ﬁé@ ”Nachiket Desai %A, 9@#36/]‘(4\\

= 4 mm

Power
GaN Die

CBdOT I Za |
» ‘ l Companion Si !C1i
4 Driver IC |

[ 4 2 BB GaN L.

3L (C18-1) [CO165]—/NEA 20.3-fs B3 19-GHz PLL

BN R AL KL (UCLAY I T S0 o —Fi 6T 28 nm CMOS T Z #titH
EREL SN PLL. 38T T 2 e B RSO I R AR RO, X0 78 250 MHz 1)
FEUERTBP AT 12 mW B DIFE S8 1 20.3fs (IELB(rms) .

“ A7 20.3 fs #5359 19 GHz PLL,”Yu Zhao #7Behzad Razavi, UCLA
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k4 o

’--q ~

©,l

e

[&75] &f&# 50 PLL ﬁﬁzﬁfﬁﬂﬁ?#ﬁ#

e RS AN B e et

®IC(C15-1) BAERRENEFIBRKLE SAR ADC

EGASEE (WHAEHRDE. SISEMIARIELR) 123t T ADC ik a2
Fto A4E, Imec K H —FCRIBIE 23S /KZ SAR ADC, 1% ADC FHIFIEL
Kag, B E SRR E AR ALPERE, T [FIA SEB a7 9 A iR RE A . A
P T =M sh S EAZSAAEFRIEN, S TX DAC KRS, 2 [H)3E a5 i
WK Z i B U PuE . 2 s k. X4 ADC BHE— " B &
. 2ESE Y £24% . ADC7E 500 MS/s FITHFE T8 3.3 mW, %] 10.0ENOB
1 75.5 dB SFDR, =¥ 6.2 fl/c.s f] Walden FoM.

“«—AHZF10.0 ENOB, 6.2 f)/E#HA1, 500 MS/s FFFEH K AEHIR 7K 26 SAR ADC,
16nm CMOS #.A A R ILHER ) &S E T )6, ”J. Lagos FA, imec

GJSE
Vems f N
(DS 1scul-]_ 8Cul_]_ Cul_L Cull MCUZX 32Cu1J- Culi culi
._d«_ mquk Z ‘M DAC2p
IN, + !
Dither N Stage 1 quantizer Stage 2 quantizer
generator (5+1 bits) (7+1 bits)
) ] T .1 il | | | T | I
INm— (N-side)
VREFp,external.— Reference |- VREFp,dirtv: VREFp,cIean - Bit ali i
Vemexternal—{  regulator | Voms dirty, Vem dirty »| Bitalignmen out<13:0>
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[ & 1] ADC 274

WIC(IFS4-4) AHFBES ADC I Cu [EE K CMOS Bl 415 83%

AP T — RS HER CMOS UL S, 12 RS thIE T 65 nm L ERIEERUE
JEISANE ] Cu [A)(C2C) ELIERS Y 28 nm LEERZHEE M. BERT 2.6 e-
rms HIKBEALEE S, 116.2 mW F{RIIFE (FEMAUEZE ) , LK SR 960 fps (1)
200 Jifg = mim A R 17150 CMOS G A& 143 (CIS) HR I J6 it ) DRAM iR, N
TR E R A R CIS, AT NEUTAR RAL AR T — P 2k, %
ZEMA S R MG R ADC FIEUFAF s 1 H B R [ 134E CIS. B MERESR
PEAN/NEEE Cu I HESSH T RBESHES, BN RAERMERE/DNT 5 um, X2t
FE R R ANE R P ADC F1 22 (A7 6w i) B /ME & .

« TS5 3 NDC FIEZ I TZHT 2.6 e-rms MEREFIBERT. 116.2 MW fEZHH 200 /7
BF2/T I TCMOS FEf4/@4%, "Min-Woong Seo A, =£HF

Digital Pixel Array

Digital Pixel Array

DV and VSC |

o oo || —

(including photo-detectors
and pixel ADCs)

(including pixel ADCs

and memories)

Logic Blocks (ISP, OUT-IF) %

LB S\ EH BHAES (L TBEEH, H: B A)

W3 (C19-1) 55 EFE PR AR AN Ao . B

Robert Bosch & Bosch Sensortec #&H 1 —Fh FEMSEACHT v FEL %, FH TN JHORAIEL
AR B =l F AN B BRI R AS A I . KR SCE MR AR R mIA
+/- 8000deg/s HI T NJEFE, RIAHARM 4 5. ZO0 K AR R I A Y
IPERE, 120 0.0047 deg/s/NHz IR .

“ B BEHFAE FF IS AE L BT B A A +- 8000°/s HO M B FE I A 0.0047°/s\NHy B K JE BB
JF, ”Chinwuba Ezekwe 2/, Robert Bosch & Bosch Sensortec
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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
oscillator

[ & 51 A B R A(1.94 mm x 1.8 mm)

A YIER F BB

WI(C2-2) A TR&iE MK RBRIMEIL R F

ARSCER I T — T AT LD A /N R ORI A I b 2 R R RV B L AR I S 1%
Bt Fr o AT 2R RO IR 10 R OGP 1R SCil 1 — MR s Uik,
Bl CMOS i 32 2R B IR AMDCE IR, T DURFFHDIRE. 1EF LI T
ik 300 pW/mm?® BEOGH) R B G B (i T AR, JfFAE 38°C I #E
0.57uW , 3 22 FE S T AORE A AR 5 I 0 TR B B 1l 17 P B ARG AL S BURT b 37 39 2 478
il o

“—FH TS B BIIZ S A HIE #4210 \C, “Jongyup Lim N, ZHRAF, HRMEE
FBEE T B FIfF K

External Device : NIR power /
with RF link Eﬁm!al Device l‘ data downlink

) LED l “NIR data uplink
NIR power / i

data downlink Reference
Electrode Pad

PVLED layer

Cerebral
cortex

CMOS layer

Carbon Fiber
+— Electrode

"""""""""""" Biocompatible ]
............. packaging

(& V| T A L 48 10 RAA P I



