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Technology Highlights

Advanced CMOS Technology
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Advanced Packaging
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Process and Materials for CMOS Scaling and New Devices
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Process and Materials for CMOS Scaling and New Devices
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Process and Materials for CMOS Scaling and New Devices
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Device Physics, Characterization, Modeling and Reliability
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Memory Technology
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Memory Technology
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Memory Technology
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Memory Technology
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Image Sensor Technology
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Image Sensor Technology
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Circuit Highlights
Biomedical devices, circuits, and systems

"PANDA: A 3.178 TOPS/W Reconfigurable Seizure Prediction And Detection Neural
Network Accelerator for Epilepsy Monitoring” (Paper C21-1)
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IRy D=0 TF7O €S L—4" - AEXRFE. BAERKE. BARBEXZE
(Paper C21-1)
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"An Active Silicon Perforated MEA for Seamless 3D Organoid Interfacing with Low-
Noise, Scalable Multimodal Electrophysiology" (Paper C24-1)
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Data converters

"An  11.9-ENOB 560-MS/s Subranging ADC Employing Amplifier-Switching
Architecture with Multi-Threshold Comparators"” (Paper C8-1)

"REHEIE ZIF DL F N BNt E R T —F 7O FrICLBFHE Y F#H
11.9 E'w F 560MS/s # I L > 22 5 # ADC" — RRAKZ (Paper C8-1)
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Devices and Accelerators for ML/DL and New Compute

"NuVPU: A 4.8~9.6 mJ/frame Progressive NTT-based Unified Video Processor (for
Stable Video Streaming and Processing with Neural Video Codec” (Paper C10-2)

"NuVPU : Za—3J)ETAA—T v II(IxiE LI=REMBESE - LED-HD.
48~96mJ/ T L—L - BREREMR (NTT) R—RA#EEBETFAH IOy Y -
KAIST (Paper C10-2)
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[Zxt L T&K 9.2 EDELMERL TLVET, Selective Convolution-mode Neural
Engine (SCNE) & Progressive NTT Unit (PNTU) [T& Y. STE KA U ZBRAICEIY
B2, REBLUAEIDA—/IN—~y FZERXK 80%HIFE L. RIL—Tv FEHEXK
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Overview of Neural-enhanced Video Streaming (Neural-VS) 4.5mm
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Digital Circuits, Hardware Security, Signal Integrity, 10s

"A 77 fJ/bit 8 Gbps Low-Latency Self-Timed Die-to-Die Link for 2.5D and 3D
Interconnect in 3nm" (Paper C7-3)

"3hm FTOERIZHEITD 25D LUV 3D A4 —axo a3 D=HD 77 fJ/bit 8
Gbps DIEELE - BCRHAZ 4 1 to &4 1 &1E" — NVIDIA (Paper C7-3)
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2 logic
clk2
Self-timed PLL

clock
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"A 0.71nd, 1.63GS/s Throughput 256-FFT using Floating Point Analog Computation"
(Paper C23-1)

NSRBI OEE AR -071nJ153GS/sMD 256 A FFTT VYV -394

> K% (Paper C23-1)

SUAVRKOHRITIN—TE, 7HOTEBHNMNERERERAN 256 AOFFTT YD
VERELTVEY, REFETE., ZHNMROBEHBZEBEZL/LABOMAI T,
EETOAN4EY FTTYva—FLET, 22nm CMOST A R[ZEE L.
0.71NJIFFTE VWS EIRIILF—E1.53GS/sE VS EVRIIL—Ty FEEHRLFE L,

—2.0 - High Performance

u o . £ & lowEneray

P @ 25°C 194 3 3 &LowE'n\er/

248 *1.83 ©.This Work al2]
5 z. 5 20# .

& 1.7 g M2

?1.6 4 1 =

_::9 53 ‘,:9 o ~aE1441 Bl

£1.4 £y

2 4 6\ \15 20
VDD Norm. Energy/FFT [nJ]
bubsbibiiit Chip Summary

Specifications
i w
: ; Technology| TSMC 22 nm

¥ Dieara | 31mmx24mm

SUpDly 0.7-09V
e

2.4 GHz

Throughpuf  1.53-1.94 GSIs

System Performance

Op.Cond. | 0.7V | 0.8V | 0.9V
H (25°C) |1.9 GHz|2.2 GHz|2.4 GHz|

0.71 0.84 1.13

211 182 167

H: EBREEVAdE RIL—T v FOBER - thDFE L DFoMLELER
?SJZU:?: v jE‘Eo

Frequency Generation and Clocking Circuits

"A 24.5-t0-45.2-GHz Dual-Injection Clock Multiplier with Folded-Inductor-Based

Magnetic-Flux Cancellation Achieving 32.83-fsrms Jitter and 0.037-mm? Core Area" —
(Paper C19-1)

"0.037-mm? T 32.83-fsms DU v R ZEM L. 24.5~452-GHz ZH N T HHRF v
vELERAVEEARBRE S OY JEERE" - 7AIUL5 0 FELREL T U1K
(Paper C19-1)

FANLSY FEILIREZST) OBROMETIL—T X, [EWEIRBGAZESERESEND
VAEERT HFARPE IOV I BEFZRE(ILCM)ZHRELFT, S VEFEICH
WTRERSBAREFDILEE M/ A ADBREZBEISES-HIZ. 2 DODE—F
EEFDOLCEINY VI L—2 &2 BREARREGRAZRE L. LWIL—THEIEEE
B 5-OICEBEFTEIEALTVET, EEEERE 28nm CMOS [ZFHLMT 0.037
mm? DEEBETEERIN, HAHo0ov o ORKRMEHIE 24.5~45.23 GHz TH Y.
395GHZ IZHE VT 32.83fsMRMS Uow A EZERLL TWVET,



Reconfigurable wideband ILFM [6]
458G 4th.order Ath-order
iy

by XFMR - XFMR © Low phase noise

‘“{:_l_r @. “{:'ulr_, ®Smalllmult.|-ra.1m(<8) -
aing Yo tug 5 @ Require wide input range (32%) and high input
D Dasxrms  H I fiter T 224 power (8dBm)
-7 40.66 @ Large area (0.22mm?)

Time-alignment wideband ILCM [7]
© Small area (no inductor due to 5nm technology)
@ Single node injection -> Narrow loop
bandwidth (30MHz) & RO poor phase noise
=> high jitter (>200fs)
@ Large Kya=> poor VDD noise rejection

Proposed differential-time-alignment wideband ILCM

@ High multi-ratio with sub-integer mode
- narrow input range (5.84%)
Differential injection = large loop bandwidth
© Compact LC-assisted dual-mode RO with
edge-combining doubler = small area,
low phase noise & jitter (~40fs)

: KEEOD b5 Y AZRAVDEFHEOTARARERBOEE RO EITHE.
MEBETIASNLTIARBEY O TF L L—2 DETHR.
RETH2ETEIASNIIARPAE I OV I BEFEROI VLT K,

Memory Technologies, Devices, Circuits, and Architectures
"A 3nm FinFET 563 kbit 35.5 Mbit/mm? Dual-Rail SRAM with 3.89 pJ/access High
Energy Efficient and 27.5 uW/Mbit 1-cycle Latency Low-Leakage Mode" (Paper C4-1)

"3nm FINFET HfiTIC& b, TaFIL—ILBE - TRILF—%EI8pJT7TI X -
27.5 yW/Mbit @ 1 Y1V JLEEE!) —9 E— FZ K X = 563kbit - 35.5Mbit/mm?
SRAM" — TSMC (Paper C4-1)

TSMCO#ZE Y JL— JldeXtended Dual Rail (XDR) 7—F T F ¥ X UVLUTD2D
DEEGREMEAVENMIILARRAITSEE (HD) 6T SRAM #H&XLFT,
Delaying-Write-WL (DeWL) #ffflc &k U, EILEEZFAH KT 14/N (WDRV) HDEE
AAFDEEHEHEZMRRLETAABNZEBMLET, -, 14V ILEEE
)—2F—F (1-CLM) ZB AT S5 & T. FEIME (NOPH A VL) BEICEY FS1 Y
T)Fr—C&FTICTEHILETHBEANZTHEIBLET . 3nm FInNFET TR FF v
TI2kY, FOT4TEDIRILTE—F17%. REAUNAEFEDY) —9 EFR%E10%H|
BMTEDIELHEEIELFEL,



Venip domain V.o domain Conventional Proposed
s|n_g_le Rall Interface Dual-Rail IDRdesign |  XDR design
' ’"""""‘ WL [] [ ] Technology 3nm FinFET
e — : ‘Nl Iasamoeylls PG1 U2 PD2 Bitcell High density 6T (1-1-1)
8 Arr:;y VR Amy Macro configurati 0.563 Mbit
! Lo Highest metal M6
ICRL o ! cTﬂL w Lol L PG . 1.689 Mbit 5.067 Mbit
e LW B 2 g LA o Total capasty |0 563 Mbit  3)| (0.563 Mbit  9)
External logic . 1-1-1 (HD) Macro area 0.0159 mm? 0.0159 mm?
— — etended Density 35.5 Mbilimm? | _35.5 Mbitimn?
Ral design ‘ Single Rail | Dual Rail | Dual Rail Standby laakaga 28.5 PW/Mbit
Memory Asy | Ve Ve Vea av,, =040y | aripmet | GITE I
) V., <0650V, 25 °C :
D WO"r: '::::‘L] Venip Veat Vet @Low leak mode
o Bitie Kick Vorip Vea Ve Read active energy
= Bit [,"e (EL) @V, =040V | 3.85 pJiaccess | 2.1 pJlaccess
pre-cha Vanip Vear Venip V,,,=0.650 V, 85 °C

Write active energy

@Vv,;, =040V | 827 pJlaccess | 5.70 pJiaccess
Level shifter (LIS)| No required | Venp/ Veer | No required | V.,=0.650 V, 85 'C
Typical energy

Write Driver Venip Vean Venip

CTRL o) Write Assist | Required | Required Required

=04 6.06 pJiaccess | 3.89 pJiaccess
(SN S eotaset | ossvi- o20vi0ssV] 040vioesy  Blong =040V
External logic chp__oal a1 =0.650 V,
Ei efficiency|
| + " av, Thesy | 178GHE 122 GhHz

X: BRL—ILERE FEDLEE & MRERFFIE (XDR) DFFiE

Power Management Devices and Circuits

"A 0.087 fs FOM Current-mirror-based Analog-assisted Digital LDO with Vo Ripple
Optimization"” (Paper C18-1)

"BREE Vo BNEBE)) Yy TWEEBHLI-ALY RS 5—AR—X7F+OJHHE
T4TEIEROYTF7H FLFaL—4%(LDO)" - Sogang X% (Paper C18-1)

Sogang KEDHAR T IL—T (I, BRLBEREEL/NSLBEAEE (Vo) Uy TILE
ERLEALVEFES—  R=ADT7FTAITT7IVRITOZIILLDOEFERELET .
BRER200 mMAEEDVo!) v FILIE1 mVELTFTY, 28 nm CMOST O+ X CHIES
NH-RERKIE, BEAABETC2IILLDONHF T0.087fs& LS BN -1EREIEIEZ T
LELT,

Heavy Load Rmple w/o CL
8@ o [ b o
2'ps 10mV |@ Vin=0.8V, Vo=0.75V, 1,=200mA

i l : WW
T TmV > Vo Ripple

. LDOM H K EIE K D BIE KR
(200 MAD BREFRICHELINTVo ) v FILH1 mVELT)



Processors and SoCs

"MAVERIC: A 16nm 72 FPS, 10 mJ/frame Heterogeneous Robotics SoC with 4 Cores
and 13 INT8/FP32 Accelerators” (Paper C10-5)

"MAVERIC: 16nm A+t X(Z& 5427 - 138D INT8/FP32 7o S5 L—2 %K A
1= 72 FPS, 10mJ/fframe AR T 4 V ARIFATAPZF X SoC" - A T+ IL=F XK
#/3—% L—# (Paper C10-5)

AV IALNZTREN—YVL—ROHFEELIE, 4BOCPUD T L13ED
INT8/FPR2D7 V25 L—41=y b &HTH. BHEELORT 4V AAEITOA
TA =7 ASoC (MAVERIC) B AHIRZHMELFT . SRTBERZALSA
RF 49 RAGT7 T 45— 3 TRBES XY ICEVTRSHE (DE) vHDULE
HE - ATy EYT (SLAM) OFE=HIHEEZERL. 77E€5 L—2HEPLR
roa—) U JICESRENHY T, MAVERICIE RS 1GHZEIEIZ T8TOPS/W
DE—YIRXNX—PFEREFRBELET, L—THLRAHAIZHIEL. DEESLAMO T
v RY—I Y KE{EIZT10mJ/frame. 72FPSOMEEZEIEL £ L 1=,

g Depth M:
=] pth Map
&, Gstage 1,0 g 300 Result
RISC-v | RISC-V | RISC-v | RISCv | |9 11;2591%05 E 2 Ea00 (DE)
; 2 T + Pre-LC
CPU cPU CPU CPU g|lis |L1bs| © £ >100 - Postic
|  L_Crossbar . =3 «GT 3DRecon
% FP32LA|  Global || Global || Global | Scratch M 3 ;§ 150-75 0 75 2 e Image
AU SPAD SPAD SPAD | Memol X (m
= 2 ('o) Data Router 1) 640x192 image, 2) DE, FE: quantized to INT8, 3) DE: 0.118m abs err on KITTI,
I: 4 | Z o0 Router- 4) GT: Groundtruth, 5) Post-LC APE: 2.24m (88% reduction with LC), RPE: 0.06m
@ LLc Bank INTEML| INTS ML| [INTE ML) INTEML{| | § 4LAU gm = [
o AU AU AU AU E — Technology Intel 16
I:‘ _E 110 1 ‘bz 503 Spad Spad Spad Chip Area 16 mm2
= =
5 [FP32LA ~ Global | Global | Global | Global - l!- LA Precision INT8, FP32
AU SPAD SPAD SPAD SPAD L INT8 INT8 INT8 INT8 M 2504 KB
Ii = ] F= BL:lﬁl R ] | Supp;"\:z:rlrage 0.52-1.0 V
= ] .52-1.
i INT8 ML INT8 ML INT8 ML INT8 ML : ; = Frequency 100 MHz - 1 GHz
- " FP32 Spad Spad Spad Spad
|F LG Bl AU AU AU cE s LAl g = Power 20-1802 mW
. @ Control | it INT8 INTB INTB INTS Peak Perf. DE 213
FPa2LA | FP32LA FP32LA[ _ gopk (MEY [MLy MLY ML (TOPS) | Superpoint| 3.07
AU AU AU 83 Peak Enel DE 2.68
o 128KB Data oy
56 il Gl | =t (ToPSW) [Superpoint| 383
1: Data, 2: AU control, 3: Snoops ﬁ

. (@)MAVERICD 7 —F 74 F ¥ 15, 8EDINTSML7 £S5 L—4,
SEDFP32AZMMABT 75 L—4 . 4EDRISC-VCPUELEEZEH T IOV £
fERBDNOCIH 5% B, (b)F v TEE R USLAMEMEN % & O ERERIRR

Sensors, Imagers, loT, MEMS, Display Circuits

"A 25M points/s Back-llluminated Stacked SPAD Direct Time-of-Flight Depth Sensor
with Equivalent Time Sampling for Automotive LIDAR" (Paper C27-2)

"25M m/# CRIFERIEE %R E & LIDAR M (T EmEBRHTHEE R SPAD Ei% ToF AXIEREt
B - YZ—wza F 942 1) a—1) 32X (Paper C27-2)

YZ—tE2avF9429)a—)a v XOMRITIL—TIE EX TS LER. &
BB, T—FHADNATF4 e F v THNERHERMEHQEIC LS HNT—
SEDHIBIZE Y., 25M R/ DREZRBLELz, ChITKY., BEELZ LA
SUELIZHELLIDARMRET HHBEAKT120° /EE26" . AETAEEE0.05° &7



L—LL— b20fpsZEMI LIz BIBEZERBELTVWET, £, EMHI/ VI ZHL:
ST T VO AREFRT A EICKY, T—2EFXENSETIEAES
fREEFEMR L L TWWET, 250m®DEEEE(C 5 5 25cmD YRR AT, 300mE THBRIE L
UUIZEVWTRKRI17TcmDBIREREFRE L TWVET,

3D Point Cloud
< Building (160m)

Garage (290m)

Enlarged view of 250~290m
JM Garage¥ Garage (290m)

I:eq__.prle (100m)

B: REL=t oY AT LICEDEE - 5HRIT—2 4

"2/3-inch 2.1Megapixel SPAD Image Sensor with 156dB Single-Shot Dynamic Range
and LED Flicker Mitigation based on Weighted Photon Counting Technique" (Paper

C27-1)
"EBAFT I R AY Y ML D 156dB BENX S A F I v L& LED 7
sy hH—EHHEEE B A= 23 41 VF 21 A HE €I SPAD /£ A—S 85" —
x4/ > (Paper C27-1)

XY/ UOMRITIN—TIEEEERERAITOSPADS A=t o —2REKLFE
Yo HLLEAT T I brADOY FRITEREL. LEDT Y v h—{EREHKEEE &
—LLARBTA—NILo Yy 8 —HEREEH LGADL, 156dBOF A FI v oL
VEERLEL, 612, VA XLABAELEBEIZEY., 0.1 AKRFEDIER
ERETHERDEBEZNAIREELGDSEEZRALEL,



Exposure time HDR image (aﬂen: Vlinearization & tonemapping)

recharge cycle 2048 - g <
poik Last Lo b Il ¢ 1% 5st N
weight *8+7 +4 +3 +2 +1
Wind0W= I S — H i H i
0t ¥ 5 6 7 8
bright tii i I  !photon !
T CLKH—* iv FY¥FY YYFY ¥ VW VIV ¥ vJv
onl In+3[n+4 [ n+5 n+6 n+7 [n+8
Counter = i i _ e
ey ~——F 73
n [ nt1 | n#2 n+3 [n+4 5%
" S 5
| | [ <] { -§_ 3
n n+1 [n:2 2
T
|J| [T 1 [ |9 J ©
dark n [n+1

HOEA: () EAFIT T4+ boho 2 T (WPC) OEIMEIRIE,
() HDREH& & £ DR E S,

Wireless and RF Devices Circuits and Systems

"A 150 GHz High-Power-Density Phased-Array Transceiver in 65nm CMOS for 6G UE
Module" (Paper C28-1)

"6GIHKABENEE 150GHz B 71— X K7 LA B - HREEKRE - TV
—vY - FIHRELRITE (Paper C28-1)

HREEXRZ - NFVYZv ) - FABRIEOMESIIL—T &, FE ot BENEE
VAT LBG)THOFANAF SN TULVS 150 GHz(DH) THIBAM AT ReA #Ewin R @ (F
DENUBERED 21— ILAICEHK K L ET, AiP(Antenna in Package)(Z1&65 nm
CMOSTHR L7z —X F7 LA EZEICH2ERH N TUVET, 7oTFH1R
M-y DHEBENIL. EIEFICIZ150 mW, ZIEFFICIZIBmMWTH Y. 56 Gb/sD
EEREEERLTLET,

Temp. Sensor

—i30mm —,
1 42_1 64GHZ 8_Array TRX :. \r»ﬁﬂ( e e e f
-‘ {IRF1
antennas TRX1.. 0B
by ARF2
1: mRx2
3 iv.l Bl
ES om ||RF3
H TRx3 I}
= N
"2 lFo | RF4
e TRXA
IF LO i ‘{LO Buffer _|IF Bi-Buffer

H: (EYRETDA4IL AV DAV RS UO—NFuTI2LD
BILAV T UTFAUNYT—DAP)EDa—IL, (RA)FvIEBE



Wireline and Optical Transceivers, Optical Interconnects and Processors

"A 128Gb/s 0.67pJ/b PAM-4 Transmitter in 18A with RibbonFET and PowerVia"
(Paper C12-2)

"RibbonFET & PowerVia #&¢ 18A 7O X THE L= AH%EFE 0.67pJb D
128Gb/s &1 PAM4 X {E[EEE" — 4 > T )L (Paper C12-2)

A4 TILDOHE S IL—TFIE. RibbonFET. PowerViak U EERLEHBHEEZ ST 18A
CMOS7 O+ X CRFELT: 079)L/7TD7T?@(DAC)’EH§L‘T"T 2 L— k128
Gb/sDEERB(TX)ZHKRLFET, FERBREIIAF 7200099 EHADE
BIZHLFERAINATWWET, TXIX, PAMAGEEREOEIELRa L TSA4 7oA EHKE
BREL. BEDIRIILFT—%F 0.67pJ/Ey FPLL ZELIHEIZIE 0.75pd/E Y k)
ER/MNOEBEEZEHRLTUVETD,

(a) [

Pattern

Vcc}nnu=l.zv

Gen
8-tap FFE

ckea] Foaw

LC-DPLL Clock distribution
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[ g o =
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{Div 5500,
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H: (a) DACE AULVF-PAM4AREERIE N JO v o H.
(b) BEEmOEEERBZFIALI-HAE. (c) £ET7 M KREDORAERZR
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