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AT (A 2 Simulation ¥3&)

=2 283} Simulation Platform (V-NANDSF 3] 2)

8 g

- A7 dol= Frbe] wE TAT 84 2 = 3tH dg

- Machine Learning®} Artificial IntelligenceE ©]-83h
REA] 32 AA B H A g

- VWNAND7} 1153} WA, WL Loading= T-&37] 913k
Punp 3|2 2] 2] 2we} WHo] AAT U

- ol =& A Ha mae] VNAND & HA et

23] Pump 3=

A AL

@D Analog Layout A}=3}

- RE 22 A A MismatchES HA3}e vl X A4 3}
ELEIA=I RS

— Clock Power 2 Decoupling Cap HA],

Clock Driver #JX], Clock Routing Pitch$1Z4
@ DRAM Core IP(BLSA/SWD) Library 7i%

- Area HAstE Q1% @9 IP 74 W H Y
Place & Route ™™ Zral Library3} s}hof
PPA(Power, Performance & Area) 23} HAE
213t Template 7%

@ Analog Input/ Output 3= AA &3}
- Memory Tx/Rx I/0 Path®] A& ZAA3}+= Analog 3=
(CML Divider, Phase Splitter, Sense Amp &)
AA o] AeFel B 72 2A,
2 AF Sizing(PPA)ell AI/ML 7]wte] X B ¥ WHES
Agste] A4 1/0 s 4
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- QJRAF 2. 5VERE 30V, 12V, 4V 59 vt u
A2 Pump 3] 2ol thal] o] &2 Al A stAY
ol oW 21&E& Punp 3= AAVIHY
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2) Fab A-53E 98k AI7]WF Robotics

T T &
- 37 ¢bd Risk AAZ 98l Robotics AE3F 71k
g vop Fab AH] F§A/X24/32] 2 s3] &
—1-,_.—0
° - 719 @ BR A%E 4AS dE A8 59 Fab
T &8
DO AFEHAH 3G/ AM=ES w24 o1X]3tar 48S (Fast &
Reliable Sensing/Perception)
- AAZEO 2 w2 B4 2 IAHS A4
@ AtEAE A &4 2 A4S 71UsHA & (Dexterous
Manipulation)
- 28 Z3 £02 Manipulation BE F3 %
2 JEgks A4 24 A de A
Al - @ AtEHAHHE F FHNA olF 7heet s A&
- Zhd2}, IMU, LiDAR & W}E S =2 Fabolxl Z 59
AA =4 2L FPS AUsHA = SLAM
@ Continuum Robot Platform
- Avl N P4 T HYS A G/ A/ s
HAYS 2 FollE 3]9]E 9|3+, Path Planning
2 Configuration nlA|
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@ AIZ]HF Meshless 3D Simulation

- Mesh 7|¥to 2 5= tgst &2 Simulatione] TAT-
Coverage—-A A TradeoffE Al®E =&

- 48 /943 Mesh®| Graph Network 3 2
Simulation Z3te] we} 282402 Network<]

Resolutions Fdst= d1ug]= I8

@ AI7)HF =2 WA A 314 Solver
- SimulatorW]&-¢] &2 A2  (PE: Partial Differential
Equation)d] 3lE X84 7]Ho] obd mE 7}F53F Deep

Learning (DL) & AF&3slo] A4 G5l W AA
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4) Al 7|uke] A5 A3}

- S0C Y X% ¥ function 9 EFE
Ao olo] wWE simulation A]Zt
HAR Ay A= SVt sk

- AR SOC A A AZel FoAAE Al F
ato, ol& =&3l7] fgk =S HE WHEo

— AP/Automot ive/wearable <] SOC A A A= Hof

AR

@ ML(Machine Learning) 7]¥te] s YW A-&3}
- Debug assistant: ML 7|¥to. = ZZAe] Al debug point
g 7holeste 93-S Fdete Vs
- Debug history finder: ©]# Debug history & ghs53}¢],
AA AR Haet BHE olH e AT Aol A Alest
EZa3 gAE S5 7E
- %73@*0* E“ 0}04 X} 2 73 regression 4 3
IS o539 regression Al

ks =
T TR 20 AN B ASAE B ask Tite s

@ ML 7]4F coverage closure

— Scenario ©] W3+ clustering & ML & £3F Ao &
A3k, HA Ay O 2 coverage HE &
gk TAT @5 &3, Bug 7] 24 522 AAA
o=

@ 914 ML 7|9 HHEES A

(o,

3= =3 Al 4= system
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5) ZFAIt SoCqF AA ZAF

T T2 W&
- HPC, Al 2 7]e} LA}E AlEe] 85+ AW SoCE
Big Die9} Heterogeneous Multi DieZ A3 1A%/
a8 Designe] E &
g3 of
- W& 2] BW(Bandwidth) Z7Fell we} HBM © A +Zo]
Z7Feke AR 2.5D/3D AA 719 7)o tgh
= =
@ 2.5D/3D A7
- Die-to-Die Interconnections 9|3+ High-bandwidth
Interface 27
- 3DIC A& Testability (Diext &4 7|¥+ DFT)
@ Big Die A7
Al F-AHE] - High Power SoC(>1000W)3F A7 ®H =

- ZFAI Tt MY SoC8F Virtualization Solution®l tf 3}
Feature ®r= % #¢H Solution

@ Machine Learning 7|%¥} Advanced Design W &
- ML”]%F PPA Optimization
- AA TAT @
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® ALD/Cleaning &#A 2] &7] inhibitor 2% 97 749

- ALD/Cleaning & AoA AF&%+ 7] inhibitor ¢
¥ B 3% 9 iphibition Y98 74

® Wet etching &AANA 7] gFE9 FH w-gA 2

S WAYS 1

- Wet etching 3 AANA 55 stgtEe W Hb-s-A4 2

47 WAYE 73

- 10/83 -




7) Al 7|4t Image signal processing (&g 2 H/W)
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- AL 92 A9 daElF, HY (ISP), ZHelEt/AlA A7)

- Jhelet Al AR Feh-AlM-ISP-dare|E Y R} A}
Al ~8loj L} System-Level Optimization A=,
AAY FheEt g, A TR AR BEE A

SERE

@ Al 9% A s 485 9 HA W = A4
- Al €385 - Computing - HXE8 F%
(HE 7Hdet 94, HA Precision,
# 7 4 /High-throughput Video X8 &)

@ Al AA W& 7Ie HA FHe et/ AlA
— Deep Optics ‘&, End-to—end System Optimization 7]®WF
At gl 2E, AlA A7)
(3 AA-1SP-2+318] = Co-Optimization 5)
@ 34 Metric
- Noise/Structure/Artifact/Perceptual 1Q Metric&

X2 Ultra Low-Lightol A Super Resolution =9Il

s 7Fedh 34 Metric ¥
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8) ZFA ] Memory System Solution
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- Large Language Model ¥} #& Transformer A€ Al $&
3HAky} Scientific Simulation ™ Graph Analysis 22
HPC &8o] 11%=3tE ™A Memory Coupled Computing
T2 Ze

- H MS, Meta ‘& Hyperscaler Ao = CXL 7]< 7|4t
Scale—out 7F& 3k Memory —+Zol thsh A7} &bg)
A= o] (XL 71=S 83 Memory Solution

= kY3
5 48

SERE

DO A4t 7153 Memory
- CXL Memory 7]¥F A"l 7|5 714 7|9 2
T-Z (zSwap, Gabage Collector &)
- Memory =4 Al &8 7F&5& g
CXL 7|3t PNM(Processing Near Memory) —-%
(Transformer, GNN %)

AP

- Memory 4! Al 58 7F&5& 913 PIM (Processing In

Memory) 7% (9, 44214, ChatGPT &)

2 Composable Memory System
- CXL Switch 7]®F Node A7 71'H (Hot-Plug/Remove)
- ZFA ] CXL SwitchdF x}H3} Feature W=

3 Memory Pooling/Sharing Solution
- Kubernetes 7]4¥F Container 73oA wlxEe =AY g

- Partitioned Global Address Space (PGAS) 7]®F
w2 ¥ 7]
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9) HW Implementable Al Image/Video Processing

T T8 &
- Capture A|Y8] 2= general NPUE &85 XA AHg =
2831} video recording AlvE] Lol A= A 2] 9
AN FRE el AL HeE vnle
s gxop [ Video recording AlvtE el -8 7He gk A8 HY 2419
tiny network® J-&#3sl= 7|& SRV Q
- Mobile, XR & Camera 7]% X3 Consumer WFE=A] A=
el A8 e 7=
@D AI Scaler
- DL 7]%F scaler = %ol destt, W +d =7s
T dAis Zg
- 7] interpolation WA Ht= 13tdS WASHE
Al 7]14¥k9] scaler 7]& 7H9
@ Al Codec & Tool WA
FERE - G dEE & d5ES H&st] A

@ End-to-End ISP/Codec 7+&E& 3% Al 7|& 7ie
- Classical approach & F+d% ISP/Codec ¥} HA}SH

AELE HAow u3 A/ ANFHES GAAT = A=
Al HW 78S E3] JLR3 1 AIHS Aad

= 7le e
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10) Storage [] Embedded CPU 7]<

T T &
- StorageA| =9 CPUA -or Load/Store operation®] Th=
o]F 1 9o} o] =RE2o] TATZF do] CPUY] =% §8&
5o pol (CPD)o] Wy, A % TS Qe xR A ZQe
- Storagel] Embedded CPU(RISC-V)eoll A $t3st custom ISA
Aol "1 oolE g W 7+ AT ZQ
@D Storage =%+ H A3} custom ISA B¢ 2 toolchain 7§
- Storage®F Embedded CPU =%+ A
— Custom ISA A9 7}53F ToolchainZlaF
@ Custom ISAS 13k CPU +x% A7)
— Custom Vector Extension A4S 93 Core 7+%& 2
A EA} ) pipeline 7% 7|

— Storage workload®] %'+ branch prediction 7% 27
- AAlE CPUY # & 3l¥ backbone A7)

@ Model 7]¥F AA 2 H7} 374 7

el

o

L
L

o[\

- modeling”]WF A4 2 A A
H

- model 7]¥F HA3tEl HV 484 compiler 7R
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2. AN WR=A] A}
1) Scaling Downs §8F Alaf 2 2 ZA) v 3 e w Ry
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- Logic ¥ Memory
- Scaling down®] A S5E& 93 A4F oA AF

- Power % speed 3S 93l Nonvolatile memory

A AL

@ Scaling downe] A =53 A3 A+ &A
- € &9 (Short channel effect)?] =523 3
2D material 7]¥F A=}2] component
- A S 913 precursor 2 A% WY
- 34T W contact 43S ZE= metal contact
- Y2 trap densityE Zr+ Gate oxide interface
- High stability % p-type oxide semiconductor

312 bias AFA FFS Y 2 A @ AFA

dst 71 A

- Power % delay #AE 93k 219+ A A3 metal
= 1041 o] sk DRAM W A8} Al & [HAE F
- 3D Cell Line 7+%3} (TR+Cap. A=)

Aol M OBt Ee AY i

- Beyond Moore's Laws 3%+ JEA T2 A A)
- M-V, SiGe, ONT &
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SERE)

@ Emerging Nonvolatile Memory

- Vertical memory 7§22 93+ Atomic Layer Deposition
(ALD) 7]¥F Phase Change Memory
- ALD[m) A=z H

=

stack, ALD &4 /precursor A<t
- High Endurances 2zr+=

- Endurance &S 93k Alf Al Hhe A
Aol /5=

2~ = o
- ARY 1554 54

=1 o= 7]—%]15 MRAM

- Magnetic domain wall motion B=+= Spin orbit torque

o =

r -

AL

MRAM-E- Al&d 2 3= A<tk
@ AAH A A =4

- v ] MZo] 10mm olatE A Pl e}
scatteringol] 93+ FZA3F A A
a4

- Grain boundary scattering #F

a
- Interface scattering 4 WH

- HoAE BEH ANY 2% BA
- gg o 1 Au-tlo B ALE| 7t EA

- A E A B F A3t

- Interface scattering 74

-
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2) CTF WA &=}

T Fo U
— CTF 7]k 3D VNAND CellS thA|e & 9=
A4t 8] 3 A (NVM) H2e] A}
kg Fof - CTF Cell 7]4F 3D VNAND &] A|&:29l 2 Z& v
S7bel W FA dolx, Cost 57F & A oA
- (Logic 34 53 75 4%) NVWM-in-Logic <&
O 2 =4, A Fx, A g vEdd WEe A
@ 3D VNAND 220l 7]4bel 25 W3 ukAd v &g Az}
@ Si 7]¥F A4 53}t b (A" AREH
A F-AFE (Za1) Ak Spec
- Bit density: >"100Gb/mm*
- Al A4 (30% ©]7d/Gen.) 7HsAd AA Za
- Endurance: SLC 7]< 100K
- Retention: 100C, 10Hrs
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3) kAt DRAM =7t

T T8 U
- 1T1C 7]49F DRAM Cell = A 4 = Al4f High speed
w22 Az}
i - 1T1C 7]4F DRAM Cell 9] Scaling 3FA] 5o w&
ol Fof
4 Wol%x | Cost 7} & A ol/dE o,
High speed, 3D 74 7Fs/do] A= 29+ &2 Q.
@ Ferroelectric Cap= &-83%+ 1T1F 3D 453 AR}
@ Ferroelectric Cap= &-83%F 1TnF 3D 453 AR}
@ Capless 91 2T0C 3D A=3 A=A+
A F-A |
N (#1) Ak Spec
- Bit density: >1Gb/mm*
- Endurance: 1E15
- Speed: Cell =2} 7] bnsec |
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A &8 WF=A) (DRAMZF Ferroelectric 4A}F)

o g

m (

- ZFA|t] DRAM A|3%, Neuromorphic Synapse AA},

[oT Axde QbxA] A=}

A# | Scaling 3HA Sol wek

DRAMS] 2:M] e

TR NVM o]¥ Al High speed, 3D 4 7}sAd
- ZpAlY w52 (Dob) AFE

- BCAT(Buried Cell Array Transistor)/Cap 3+A] ==

Vertical stack Z} Stack height #4 7} 3k
Cap—less DRAMSF Ferroelectric &2 Q&

(D High Performance 73 7}53 746
+F9] Speed EA I H

- <10ns I+
- >1E12 459 Endurance &4 &xH
1 A S

@ ZIHHAA AE
=]
AARE — O-phase portion >95% &4

- Grain size % uniformity #|¢]

@ A AlelE Az} 2E=]
- 24/ /3 2 2dE

BQ-A5 EA Metric
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@ Ferroelectric ¥4 1% EA
o

- Ferroelectric B}ake

=84 Fxe EA T

I
s

Perel Aghe sbakm

= sAld 54

rE

3}e} ferroelectric

4
o

® Ferroelectric 2AFY] AL E 7|A

-

- Ferroelectric ®9}te] grain size =4
- Ferroelectric Brehe] wjskd x4

® Ferroelectric A&#Fe] A3 Z4

O

Ay

- 1GHz o]l A 4A} &2} monitoring
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5) 1A% =2 Transistor _ Alternative Channel MOSFET

Mo

_—[’_

- 14 % Logic Transistor (A%, AdH),
Logic &4} Area Scaling
Inm ©]5 thH]= 3+ 2D MOSFET 7i 2 54 a4

]) 2D Channel =% : Graphene, TMDC -5

T~

A AL

@ 2D MOSFET 54 &&= #13F (A% Contact JA
- 2D MOSFET & Contact Metal =
- 2D &4 - Metal Interface HA3E &3t A3 A4
@ 2D MOSFET & Gate Stack ¥/
— 2D MOSFET 3&F Gate Dielectric, Work Function Metal
2
@ Alternative channel 3743
- Wafer—-scale, High quality (crystallite), Low temp.
A 719t Channel growth
- Surface treatment (Dit 7+4, Gox &Ad)
- Si ¥50°]42 Band gap =& 7|

- High-k interface #A|¢] (EOT scaling)

@ 2D channel MOSFET

- Gate length scalability A& A=

® GAA T-Z MOSFET +-&
— Multi-channel Stacking -3
- GAA 7= S 9138k Integration
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6) 1A% =2 Transistor _ XFAlH 2D Transistor &

T o &
- Z}A| ) Logic A3 Channel &%
A4 %= Scalingo] W& Si 7|9k MOSFET Logic Tr<]
Mobility SFA|= Channel® mobility 4 &
k-8 ol
- BandGapS %Y= TMDC(Transition Metal-Dichalcogenide) ™
A=A S540] JowA, dA} level FAANAME
=2 MobilityE 7FA AFAMld] Logic 8= F%
D 2D Channel materials high quality A%
- A A /A A 2D channel A A
- 2D mobility >200cm2/Vs, &% <700C FA
- Defect A7 &4
©@ 2DsF IL A%
- 2D A" heterod e 7Fs3 IL &4
RERE

- Grain Control % 3}5 2D damage free IL &4

@ 2D Channel3F Doping/Contact
- A= 2D vdW air gap =40l wE HEAY o
(Si ~100 - pm, 2D materials ~1000 @ - pm)
- A3} o] %3 (charge transfer doping)

1:_‘
_]—
- in-situ =34
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3. HAl REE=A] 22 Fels 9% v /4

1) VNAND Channel

A

_?_

- ZFA ) VNAND A&
- 524 Ae FHE 93] Channel @ mobility SkAto] X
- Grain size 5 7F& 9% poly silicon &2 2 Z2A3
B == high mobility9} high step coverage®s
zb= wrg i da

"+

- Cell current S ¢33k @+24 2 Large Grain

Silicon 84 &A

Yo e

o
a1

A F-AL2

(D Channel Silicon Grain Size <7}
- @24 A channel silicon 84 &
— ") micro-crystalline A A FA

- 9] Hydrogen A7 & 34

@ Channel Silicon Crystallinity <7}
- "l Defect©] A< poly silicon %32

— "My Defect Curing(ex. Void, Grain boundary)

@) L3t channel A =+4

- High mobility ®& 3} High Step coverage &4

(Mobility > 20cm2/Vs, Off current < le-10A @Vds=5V,

=>95% @A/R =100:1)

- 23/83 -




2) VNAND Charge Trap Layer

T T8 W&
- ZFAI T VNAND A&
- A% 2124 (Retention) 7HA1S ¢35 Deep Trap Level =
AR s e TN
PR - PGM/ERS windowS &13}7] 9@l =53 Trap Density=
7}A A Electron 2 Hole Mobilitys @& w3
- §H5-21Q1 PGM/ERS biasell iAol & 2d dg
- Al F oA AF-E3E7] 913l Thermal Atomic Layer Deposition
o] 7}sg =
@ 7]& SiN 94 &8
- Er=< ©]&¢ Band Gap £F
- B45ES 0]83 Shallow Trap Z+4, Deep Trap =7}
— Shallow Trap Passivation
- Electron ¥ Hole Mobility 74
- Ast /5o mE g9 A % 4x A" S
A @ High-k Trap Layer
- SiN 59| Trap DensityES 2zt High-k &2
- Doping= &3} Shallow Trap 4
@ Thermal ALD &% 7}s3st =3
— SiN ALD (Si Source + NH3)%} #Fro] Thermal ALDZ}
7bse =
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3) Selective Etching/Depo _ Metal Oxide/Metal® Selective ALD/ALE

=

—Z
T YL

a

_?_

- DRAM Capacitor®] 49/ =
- capacitor MHa AEF 0w FAekaL A A s 7HE L

- Logic®] high-k /Metal Gate

ru U
ofo
i

o
o

@ Selective ALD (ASD)
- HE oA AdEH o uiep
of : MoM (Metal on Metal) 52}
- Selectivity =3} (Selectivity S > 0.99)

o : inhibitor %*-&

o|\
N

A F-AHE
@ ALE

- Metal oxide/Si02& AElH o w2 A2l #|A
o : 7r02ut A A3 Si02s 54
- Metal/Si025 AElx o=z A2 AA

of . TINTF A ASFaL Si02E A
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4) Selective Etching/Depo _ Selective Deposition

Mo

_?_

o g

- Scaling 34 &3¢} 3D +x FAHS 95l
Self-Aligned &7°] ZQ3 X&= A&
: VNAND, 3D DRAM,

- HF= A DeviceZ} A3 A3} challengesE
=237 9sle] A3k Self-Aligned 2D¢F 3D ol A
dah= AT Pt G glo] deHo =

d
il
M

~Z =
=2

SERE

O XEA metal silicide on Si, not on oxide
— 3D DRAM. =<l photo§le] Si%F-ol%t contact &2

=2 Oxide inhibitor

@ Spatial AEA Metal (Ru, Co, Mo, bottom up metal contact fill)
- SFO°} H5AFSHAl, W= A Bottom Up Contact Metal Fill

@ A ®A hardmask (HfO, ZrOQ) on EUV PR, not Si02
- EUV Hardmask Boosting.
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@ Non-metal, metal doped ALD <&}
- B, C, Hf, Al & source® A4 & w4 7t

- in-situ dopings ©|-&3t conformal doping 7&

- 24 A E Y3 12 ALDE doping precursor 7id

1]
- &4 S/C(Step Coverage)ES &M 3t7] €3t doping gas
Astet S/C 7RA

® 2+ W total trap density =7} 3H
- Deep trap Z=7}(1.5e20ea/cm® ©]4F, Eirap>l.2eV)
— Shallow trap 724 (1.5e20ea/cm® ©]3})
- Total trap density 7} (3¢20 ea/cm’ ©]7)
— SINHA S 7|wto 2 g Algt Z2 9] conformal
dopingS 93+ new precursor ALD ¥} High A/R

ol A vertical conformal doping = EA S/CS st 4=

ol

T
I A
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5) Selective Etching/Depo _ H|A| A2} TS 93 t}ekst HAeA Metal
W+= Dielectric =%}
T T YL
- A Y] Qb= A] AF 35 (DRAM, FLASH, LOGIC)
5] 8 Ko} 2P o) WE=A] A8 A 52k [nhibitiond)
=2
@D 3}8F#2l o]F XW inhibition
- B A FAA HoA H e gt ol 1
EX4 FWHY inhibition
Si02/SiN, Si02/Metal, Si02/Si, SiN/Si, SiN/Metal
— B4 T Lo b Holal, FA Ao 7t
Inhibition, €4 A F-7te| W&
inhibitor &% &
A B @ A ¥A<l o]F EW inhibition
- WA FAAA Ho A e st 3ol A
EA %4 inhibition
— Flat WA /ZXAY Aol 32,
= /3 H (top/bottom), &S /A8 L
Q@ =2
- InhibitorE *3k 52k Si02, SiN, Si, A1203,
Metal, S10C, SiCN
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m (
op
M

o
9

[ S =

)
(W

| Aol &8
I53te Z2F=n} Simulations &89k AA7F Z8=n}
1
(e}

B4 % A HH8 7% A

I
N

o

SERE

@ HARC &4 = A#H| 7|t

- YA 7]¥k Z2k=0} Simulation 7]¥F 2 A 4(< 10mTorr)
Eoh=nl 2 e

- Plasma Chemistry DB &% S &3 Real Gas Etch Process

&A1 719k CHH Etch &4 2 New Gas 7§

g2

@ Zu A3 %A & Plasma A8 7
— New Source 72 (Microwave, ECR, Helicon Plasma %)

- CCP, ICP AW Zet=wt Alo] 7= 7B (Customized
Waveform, Electromagnetic Plasma &)

- EUV A#] 7 (Laser Plasma )

@ ML 7]¥F Plasma 374 /48] A3}
— In-situ Zg}=n} 225 93k TAT

- Eebzvt 39 A% ADSE A9

—Il
>

2
R
™
>
o
bt
i
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7) EUV %= 93k Polarity switching 2% WAYZS A+

o g

- EUV F¥k-534A 3155 PID (positive tone development)
PR (photoresist) A

- vl A WEd Dram & Logic3F 2AF SET (single exposure
tech.) &4 #-& C/H i ++&

A A

% Dram device ZE ¥4 C/H o9& 3
- SET &4 S =3 High rsolution C/H & Azt
A<

- FEI PR 24 B R B A Fu

FRol4) HEE9 inorganic PRY A$ &=
dissociation, hydrolysis, condensation WF&S =3}
7Fal 9F$-9] mechanism©e. & Z3§%E (NID)

- low EUV dose®F inorganic PTD 2z H-Zj

® PIDEF 7)) SET &78< &l C/H viAlsie 94

7} 3} new platform 34

- &, 7]¥ crosslinking®] o} non-crosslinking
HAYUSE A4

- 753 AgE U= ZFETE BV 33l o ¢
Polarity switchings ©F7|Al7]= Al&Ed oA
A needs

- High absorption®F metal, EUV-sensitive ligand

Zor A7 FA b A simulation &7
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=3} Packaging

o Fo s
- HPCla), Server2] 1145 (High Speed, Wide 10, Low
o8- F-of Latency) A& €& 7}&
* -2 Memory(HBM) + Logic(Chiplets) + Interposer(2.5D + 3D)
(D Hybrid Copper Bonding(HCB)
- Bumpless, Gapless Bonding®. % Thermal 7442 &H
- 71 B =< CoW(Chip On Wafer) infra g0 =
o7t A R
@ 3D IC A8 FoPKG (Fan out Package)
A ALl

- HCB 7]%+ Fine Pitch 7+d S = w| A3} A =3t

- SAoR A% WA @ 5 9% v i

@ 3.5D &3 PKG
- 3114 % 2.5D + 3D +& |3 Interconnect

- ¥4 Bonding MAEA &4, &A|
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4. PIA] REEA] 22F e 99 24 g/ A

1) Logic M 3D Integration

o g

- Monolithic/sequential Logic on Logic AA}
Hol |- Heterogeneous Device on Device 2R}

- Area scaling % 7| x&A] S ztE=

+— 3D integration

(D 3D monolithic integration
- CFET(Complementary FET)

2~ ] A=

- (X4 & interconnection &34

@ 3D sequential integration

A EA ) — <10nm aligned wafer bonding

@3 Backside &-& interconnection

- Backside©l| 4] patterning % metallization

@ 3D integration |7 scheme 2 layout

- PPA H A3} 7}s scheme 2 layout 7+

- 72 A= 9 source/drain¥ metal gate &

- 1145 Transistor 574 FH 7}s3 A== integration

4§

3
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2) Selective Etching/Depo _ Metal Oxide/Metal®] Selective ALD/ALE

o g

Al

_?_

- Logic®] high-k /Metal Gate

ot
ofo
Mo

(o]
_

@ Selective ALD (ASD)
- HE oA AdEH o uiep
of : MoM (Metal on Metal) 52}
- Selectivity =3} (Selectivity S > 0.99)

o : inhibitor %*-&

o[\
N

Al F-ALE
@ ALE

- Metal oxide/Si02& AElH o w2 A2l #|A
o : 7r02ut A A3 Si02s 54
- Metal/Si025 AElx o=z A2 AA

of . TINTF A ASFaL Si02E A

- 33/83 -



3) Selective Etching/Depo _ Selective Deposition

Tt T YL
- Scaling ¥4 =3¢} 3D 7% FAS 95+
og-Ho . o - .
8ok Self-Aligned &% o] Q3 A= (Advanced Logic)
@O A&A SiN on Si(Ge), not on SiOCN(SiN)
— 3DS FET Isolation. SiOCN(SiN) inhibition,
inhibitor damageTA] &1 &9 SiNZ=ZH
@ A eA hardmask (HfO, ZrO) on EUV PR, not Si02
- EUV Hardmask Boosting.
@ Non-metal, metal doped ALD =%}
- B, C, Hf, Al 5 sourced <HAA &3 =2 7t
- in-situ dopingS ©]83%+ conformal doping T &
- 2 AskE 9ok a2 ALDE- doping precursor 7HE:
A 51|

- B4 S/C(Step Coverage)ES #H3sl7] 93t
doping gas “gstet S/C 714

@ = W total trap density =7} &xH
- Deep trap Z=7F(1.5e20ea/cm’ ©]%F, Eirap>l.2eV)
— Shallow trap #F24 (1.5e20ea/cm’® ©]3})
- Total trap density =7} (3e20 ea/cm’ ©]A})
— SN & 7IHte 2 g 24t B2 9] conformal
dopingS ¢ 38t new precursor ALD I}
High A/Ro A vertical conformal doping =

4] S/C (Step Coverage)S &HT 4= = FA

- 34/83 -




4) ALD &An An]) /53

T T UE
- High Aspect Ratio Device #|ZA] Void-Free %
519 Hol 23} Step-coverageE A& 4 Y= ALD FAM
A /FE A A
D AFAI Y Precursor [ Gas Delivery
- Solid Precursorfn Canister
- Solid Precursor Aol ¥ EYEH
- /3% /Y% Gas Delivery
@ WH=A] Ad)E) ZFAY 7
- Metal 3D &A) @ X3ZE Az
A F-AFE

- g /xAAE/AA
- 31845 Heat Transfer/Flow 3 2 3}

@ WAl vl Ry 2

- Metal AAje] & WHFAA Fd (AA/=ZY)

- High Aspect Ratio Micro Hole &Y

- Al RE[E ALD F7H
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A T3 FA (2sE BV JElYd, Etch, 2Rt QWP, Spinner =)

o g

- Gate All Around ¢} 2 A ZF T7+F 9 1A HEE=H|
T2 TS A% A, AY] 2 Ay &-&
- Pixel Shrinkage % High Aspect Ratio Gap—fill
213l Insitu Boron Doped Poly silicon Depo & Etch &7
- ZFA| ] A% Etch 3749 Systematic % Random Defect
s 743t
- GAA 73 A &3 Logic AlFl A&

SERE

O malAE 2 Low Dose 7}s3F EUV Patterning

AE Fd ZQ: Etch 4 vl FHE 3 74

Absko] 758 AY Etch WA Adko]l 7153 Al AA) /A
Develop &7

- A4S 913k Dose 3H&F: Dose BF
EUVEF /o2 A ¢A/ o] % &}e)
At 71

- 30nm ©ls} FEEF HEF (LPC A =2 7]X4)

f

ool
ol

o

_CH

°
o

ol

o
T

m

50

fol

]

@ ZFAIH Etch 34 TdS $3F Wa2d &)
- Part A% 2 B3E Ipduced defect HA3I}E 93t

Plasma W’ o] 73k A

@ N/P MOS Gate &+ ™ Metal ¥ Depo
— Sub Layer ©| Immunity {0+ Film A<
- GAA 3D % (Channel 3, Depth *H) =<3}t Thickness,

5% F+&¥3F= Depo
- %< Thicknessol 4] Film EA (FX, Density) %4
A

Scane T3 A EFS
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i

Fo g

@ Module Process A3} Aol (Module &7 AA)
- 5% Metal ¥4} Depo 8 = Area’™™ A%
Implantaion(o]2F94) %18 &2 Modulation
a8 E%o) Targeting?dl Defect A= AeHA kA
- Selective Etching =+ Surface Treatment &3+ Film

Property H.A

® Z}Alt] CMP Planarizations 93 7|54 &)
- High density°l A% erosion°o] 43 9 ¢ U+
bulk W CMP slurry
- Metal Oxide®}2 CMPg slurry:
Metal Oxide corrosion®l] ©|%t recess& A&

21+ Slurry

® High Aspect Ratio Patternol| A Gap-fill T2 34 2
o2 F9 AE WA
- High Aspect Ratio Pattern 7& % Leaning %~
- Depo/Etch Gap-fill =34 2 Void 7|4

— Boron Doping Depo$- Insitu Etch

™ 137 2kl (PR, Thinner, DIV &) &5 % E= A3
2 A 2 xR, AT A4S

HFZ] Coating 2 A A
okl Particle AAIZF RYUHY 2 A7 A

)

oXe:)
X T
!

o

)\

2 A Vs
- Thin Layer Coating formation ¥ PR %
- w3, FF A7+ (PR Setup 713F @)
- Dose A7S ¢k 2% 7FH Develop

Az 7=
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=3} Packaging

o Fo s
- HPCla), Server2] 1145 (High Speed, Wide 10, Low
o8- F-of Latency) A& €& 7}&
* -2 Memory(HBM) + Logic(Chiplets) + Interposer(2.5D + 3D)
(D Hybrid Copper Bonding(HCB)
— Bumpless, Gapless Bonding®. % Thermal 7442 &H
- 71 B =< CoW(Chip On Wafer) infra g0 =
o7t A R
@ 3D IC A8 FoPKG (Fan out Package)
A ALl

- HCB 7]%+ Fine Pitch 7+d S = w| A3} A =3t

- AABOR A% W @A 33 9% v 24

@ 3.5D &3 PKG
- 3114 % 2.5D + 3D +& |3 Interconnect

- ¥4 Bonding MAEA &4, &A|
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7) Laser Via hole 7}& 7]</ Simulation Modeling

T T &
- 2FA ) PKG& =477 Laser Via 7}&
- PKG "lA|ste] & A5 AZA Via hole =477 F QAo
g/ Z7beta Qla, 7S B3 271 AR nYr)s
A =)ol AJZFA 9 A7) Wol Fa e, PKG LAl sk
71AA/E984 wk-g- &4 (Simulation Modeling)S &3
ZFA Y Laser 71 7S wWa/gd-88lax}f 3t
st g Hol |- AT PKG A& &% (2.5D/2.3D/2.1D H7|X|& 7|H)
DO <A77 Laser Via 7}&
- UV laser (355nm), Deep UV laser (266nm), Excimer &
-Laser ¥/ H 2o whE 7k e, A
- Laser 3%, Pulse Width (ns/ps/fs)el] W&
Via hole 7}& 43 7}a-5<9 HAZ(Heat Affect Zone)
2 9)%) dekAd et
PSR - AA 7S A} AlEEH oIS Tk ul A3

Laser Via hole 7}& 24dg

@ ZFAW Laser 7F& W2
- Laser Via hole 7}& Edd 5 %
MY =477 Laser 7FaHk2l A<t

- UV, Deep UV, Excimer &

2
r.
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5. PAl WH=Al 22 7S A AS/AA 7=
1) wAl RE=A] 2 AAL
T T8 W&
— Gate All Around ¢} Z2 A =ZF T E H A QLA
AALel &g
A == A3 9 34 WA dg A =%
EEF | Risk By R BY Aol 28
WA A ol ALE-E = A A (Chemical ) 2] Metal
Eow A &8&
O =% B A=Y &
- ppt 94 AE (ICP-MS thA] =2 714)
- 9 ppt RATA B 2 AZ2A HE
(GPC tHAl =2 74Ad)
- 30nm ©]3} FE¥F A= (Liquid Particle Counter,
A =2 7hA1)
(@ PDS(Particle Deposition System)
- TR Size(20~300nm) o] =% . Size T2
¢ Min Size 1% 97 % Effective Size® A3}t
A A A gy rE
@ eBeam A}
— eBeam A 7]%4 Image®t GDS(Gas Delivery System)ZF
Image ZFo]2 Chip Full Scans &3l A EFS AF
Physical 7% (High Resolution, See Through)<d Al
AL7d 3 E-beam A& #old 7R SR
@ Deep Learning 7]t Defect A=
- Big Data Defect Image 7]®F Clustering 3}
fra Bl Targeting?dt Defect AE A T
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® %A X-ray ©|#]%

- X-ray ZI3L3|A+

Iy

kJ

|
[e =1

J

=

X-ray source,

7=
&8

(CT, Ptychography)

g IRk S| o|m) A T

™1 A /314 X-ray detector,

s X-ray imaging

HA

AA s
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z], gz
T T8 W&
- ZFAI ] Memory, Foundry 217y 34X & T4 E=Gas
Cluster % Radical Beam &2~ &8 oA
— e W R A HA3 gk v F2] Radical
Beam & AFE H oyx] 54 7]=o] H8
g o
- 24| Foundry &7l 4 Radical Dominant RFE=A] | %
sAol T7F A
— Ad] R R A HASE fg v FA
Radical X% Aoj=F/2FEo] thst 54 7]wo] ¥ Q
@ B F4] Radical Beam A< k= Abx Bl o A] HA]
A A 7R
- Laserd &3t 7|9k 7]<=
- Radical Beam A< U= dAj® 54
- Radical Beam A& At =3
A A} - Radical Beam 9| A =7
@ Bl EFA Radical BE 2FE 2 AlA 7
- Laserd 3t 7Rk 7|

(¢, Optical Emission Spectrometer 7|HF 7)< A 9])
Radicalfid "% AUz 54

Radical fiid

R

=
x 54
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3) WteA| 2 A= 7)s e

T T8 W&
[Soft X-ray 7|¥F 7% A571]
- DRAM ¥ LOGIC "A] & AZS 9% % AZ7]
- =3 7]Wke] 7]1E 00D 7= @A sS4
— w52 74 2L CD/pitch BAH AF 75
[X-ray CT with nanometer-scale resolution]
- ZFAd] LOGIC, VNAND, CIS A%
- Wafer bonding &4 &4F=™ bonding ZFAlA void
-g-7of

dA) - wEbA] metal void ¥4 2 AS Ve IR
- BEOL &7l A4 Metal?] o] A% &<l
eletromigration (EM) 2AY. Metal ®jd &9
3D TE Y Vs L
- Metal fill ¥3F F4o)A Buried defect A5 %
Aol Fe 7w ARE EVF. kA X-ray €8

3D TFE ASF Vs 2L
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A A

@ DRAM 12 AZ A

— BCAT trench etch (FIN height)

- BCAT Zlo] A=

- GBL POLY 3}5- profile A=

- DCC to Active misalignment 7=
@ LOGIC 7+& A5 A
- RL/RG RCS depth: 73t nls 2807 <laf] ol A~A

A3 22 248 48
- CB bowing: X-ray YHAFE hole profile A= 7%
- MBC formation: SiGe wet etch ¥ V-SPC
- PC profile % Roughness
@ Wafer bonding & golA TA3F= Metal void

- LOGIC BSPDN bonding &7

— FLASH BVNAND bonding &%

~ Disruptive DRAM bonding &%

- CIS C2C bonding &4

@ Metal 34 = / & A= B5F 4 2 HA}
— DRAM, FLASH, LOGIC BEOL Cu HiA F#A

— DRAM BCAT Metal fill void
— VNAND tungsten fill &4 2AS= void
- LOGIC CB Metal fi1ll void
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4) RE=A] E42 HA 7

T T8 &
[ A3/ /Leakage’d FAEY EUHY 7]+=]
- W2/ 224 AF InFab A714 B3 ZUEH
slgHol | - R4 FEEZFU NT AW A3 /Leakage &2
A71A A=A 28
A=d EFY d714 54 SA4sto B AFs da
O AAR A 77 =
- Voltage Contrast eBeam #HA}7|<=
- Capacitive Contrast eBeam A<
- eBeam-# 7] §3%7]<% (EBIC, EBIRCH)
- A 7]-%3F g7« (THEMOS, PHEMOS)
@ A71H EAY 547+
AFAREL L — g ab/Capacitance AR SA 7%
(C-CFM, NanoProbing)
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6. M) HFE 2R
1) AT HFY 5%
T8 F9 e
- HPC, Al & <7}l whe} AAF o] F538HH A,
AAE x5 AFE SWPHEe] 2 Q
g Bof |- g HFEA] AR 2 AlEY ol T AAe, H9-9 FU)
755 wol J1E AFE AEne FAd oy Aa,
204 AFE BT V1A AAAE HS
(D Photonic Computing
- Photonic IC, W] AE FAhx A 2 =)=+
S OF g BE, # AE ARz YR 48
- FAy P32 FPAES 93 Integrated Photonics 7]&
- Photonic Computing® FEA1S AH AAsto],
REERAE: PF-A7] Mstog 213k Latency E A& &2 H A3}

@ Quantum Computing
- Qubit 4, Quantum Volume =7} 2 <+ 3}
RASE S

— Quantum Computing-Classical Computing & A|2~Hl

— Quantum Computing -&
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2) Bio-Inspired Chip

T Fo e
- AT 5 VA gEY 2Ed doly 4o SUIE 4,
AAE 2% Aol 5@ A3 Aag de
- AHE o g Al ¥y AA4FSH= Neuromorphic Chip<,
HPC, AT % 718} 1AL AlsFel 485 = At SoC® &8
- 23 A%, 2VEE 5 e J&el 28387 98,
AFAY e a4 A8
2ok | - gy e d rERY
2 tuelx 8% AL A% 54 24 54 Ba
A¥ls ek olle 52 @ 24% @ Aa
- 224 gWt= SR & A S Qe
Alf B3 A (NVM) w28 Ax)
W2 Wi 74
FERRY azg g3
(D Neuromorphic Computing & Neuroscience
- Abghe] A A o] A4k 4= 1= Neuromorphic
Computing A]Z~®3} Neuromorphic Chip
- Abghe] AT Neuroscienceol gk o] & & A
— Memory Wall =&& 93 At HFEH F+%
=] —
AlS-ARE FEEI  In-Memory Computing %5 JEE-=o|7F %
@ Bio-Inspired Semiconductor Device
- QA B AAAG] EAEs T2, AxE, 37 7|9
52 BASD 83 WE 24 @ A2Y
- A AR T 32 wolEd 4 AL,




41
i

- 1FA dHelER 9% 27] B4 Fo
ol A Aoz ue

- FE F A5 34 bed a4
- e A A ol elA e 24
- Azt B BPOR TA sE a4 (AE A}

® NPU 3F Scratch Pad Wl=# T3
- NPU-DRAM W= 7B 913 SRAM &3 S0 22

-9 2R B WA S oA

® TEEY F2 3F Analog MAC 73

=
- Y oy FAS A% AWz a4 Be

1 = =

@ 723 CAM (Content Addressable Memory) —+&

- dolE R A% EEA WE A de

- 48/83 -




3) CMOS-Bio Interface

Mo

_?_

m (
op
M

o
9

SERE

(D High Density Storage Device
- AA W 79 HAYES &83)

A% A

aw 4%

=

T~

- AR BAE FEH AUE

@ Brain—-Computer Interface (BCI)

- Abg AT A%, M2 YAE ZH9E A=
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4) In-memory computing based Al accelerator for ultra-low power

voice/audio systems

Mo

_—[’_

o g

m U
op
Mo

o
T—l

- Mobile/Wearable/IoT ¢ application®] A always on
% 2sk= voice/audio 7|59 oA 7}

- A wE g ® Qlsto], o
7l SHI7F Ee

— Mobile/Wearable/IoT 5<¢] A& &8 75

i

2AdY o TH5

rr

SERE

@D Ultra low-power AFE (Analog front end) 7]< 7%
- %172 MEMS microphones ¢k high input impedance
MIC-boost amplifier 7]< 7t

— Reconfigurable SAR quantizer based continuous—time
delta sigma ADC 7H4t

- Fast transition analog system, low—noise microphone
bias 7|& 70

2 In-memory computing 7]< 7§+

HAigel s Wy et AAES s Ve N
@ Mixed signal neural network system 713

- Audio AFE, €4 A¥], neural network €12}, data
buffering ©AI=Z F+A¥ % #d= VIS (Voice trigger

system) 7H4F

- 50/83 -




7. Custom SoC : HW/SW Co—Design

o g

— Custom SoC for Algorithm to Hardware Holistic
Optimization

- AR/VR 5 Always-on 71712 93 =442 Al 7}&7)
Tx

- FH 2k, TV, 1oT 59 Application A3 SoC T+%

AF-71=

(D On-Device Deep Learning Model Optimization 7|%

— DNN Quantization ‘5 Model Compression 7]<

— Knowledge Distillation & On-device [ Model
Training 7]<

- NAS & Automatic HW-Optimized Model Development 7]<

— On—Device [ Unsupervised Few-Shot Learning 7]<

@ Al System Software 7]<

- Privacy % Personalization 9%+ On-Device Training
7] %

Multi-Device 370oll 4 Distributed Al Processing 7]
[oT 71715 38 =74%F Al Runtime 7|<

CPU / GPU / NPU = t}esk Backend A9 AI Runtime
7] =

— NPU Compiler Optimization 7|<

@) Custom HW Accelerator 7i4F
— Transformer—Based Model & A3} Al Accelerator 7]
— Ultra Low Power Machine Vision Accelerator 7|<

- Power Efficient Image & Video Processing Accelerator

7=

- Language & Voice Processing Accelerator 7]<
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@ Custom SoC Architecture €1

— Commercial Application End-to—-End Workload Analysis
A

— Mobile & Embedded Device [ SoC System Architecture
AT
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L AA e E

_:L;EZ_
= AT

T Fo U
A2 Asd He 7171 A6 %A, AR T8I
Au] 2~ ghre] A48T 3l
panor | Cloud A% 9 =43 ¥ Privacy ©laF f
o -
o srtE 7)7) S7hR G A e 57
— ) 2vlE 7)7] 243 Bdge AFY B9
~RtE F EYE AT ML 2 48 2T S
TR e Blanel & 2ntE 772t
A AL Ze 9= Vs
AAbE FARE IALE PO7LA] ob§-2 i B4 AF Y
= ol 7I7] it AR ZEdeld Ve 28
- U 540 | AR V)% A 2 A
@ B AREA e 9 B, 3 B4 AL V)%
g 7)ERe R AE A AL Az 43
AR %
i

1
g&ote 7 AA 9 #E Tl g
— A3t A A s
— Embedded 717115) 3}AH/ &3 914 7<=
— Embedded 717111 97302 7<= (A3

al
— )] A5 = golE ®ot 2 Privacy B 7|
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9. ZAIH H2Ee o]

(1) A 2733 JA G =& o]
T T2 &
g 3ol |- (Pseudo) Hologram, Light field 7]|%
@ o1;<] Oﬂ/\L /\1/\]7]_ ;qql;qa/;q/\ 7]/\
N /\] 7]_ o] Xﬂ }\]- 7]1:1}% ) /kgj\l{ 7]%
- YA ﬁ?‘ﬂ% gk AYy 7=
— Contents CG to 3D W 7<=
— A} to 3D W V)&
- AATE G ASEE AT dF B GAAE TE
AHF-7) <=
@ FPDHl YA [ 74 7<=
- HHA (TVHD, ZAlokzt (Foverd) 7hs3k %
Azl AAFE FA 7Fs T Light Field =
Hologram 7]§
-3l AR, 3 Ay 7 7lEE2 57 5em ©]sk ¢
Flat Panel 3%/3<¢ 7<=

(2) 27 "o} 2 Display

T Fo e
- AR/VRs°] 7F&stE wg 7HddaA AeA A ] Al =8
o8- of O ] : ]
48 S AFs= A9f Device E AU~
@O 7+7HE Capturing shal 97 72 JHE Mastering
sl 71E
- G EAE A2 HE Embedded sk TS
Tdsts AZE 939 g5 2 Ay
AF-71E | @ FZAAHE A453tE Tele-haptic 7=
- AAARE B /A4S oo ¥4 dEste Ve
@ 7+zt AAS A Este] T e Dlsplay 7=
- G AAAHERE TdAT 4 & Rendering 2
7+7F Display HV 2 SW 331 J\]i@ 7 &
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(3) Micro LED Display®F Monolithic RGB ulLED 7]

Tt T8 &
Sanop | ZFA ] Micro LED Displaylil X€7F =2 Micro LED
= Chip
DO 59 4 7|F Lo =aS RGB Epitaxial A% 7]<=
- HAAA A3 A V=
- RGBS &5 7w ZE 47] A Clly =
= AAA GaN-template A A 7)<
— BE Aol W < 10° (em™)
aEE MAAG Al fg 2 whA S H a8
ME-7 <=

- RGB =9 Aol #1% Bpi A/ = A 7=

@ 4% Chip 7% AA 7]%
- RGB #5MH "ol o3 ME AsE WAk Chip
TE
- A 25 WA SE 919 Chip PAD 7=
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10. At 2

=dol a4vle

T

a0

i)
fo ©
ox. g

- Aol gl AAIY t=Ed o] Alaf Device B RA 5

- 71& f2=&d o] Platform® AAs3sA =52 ¢35
A/ sA7E g .

—E]/_\_

il

dlo] g /& / 5/

of

7

Al F-AL

@ =A% Micro Display 7)<
- 37 =88 Red LED, 2284 Monolithic full color
Micro LED 4¢

- A AL FgREECEEE, sz EY S )

>

@ Stretchable 2A/3A 7]

® Hologram t]j~Zdo] 7]&
- WA/ A 7=

— A G A=/ A/ AE TS
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E Al (5G-Advanced and 6G Communication)

T 8 0g
FgRor |- AW BN AT L W
D66 2dHY o]F T4 7=
- Upper-Mid Bandjn] A= %3t < (Fractional
Bandwidth > 30%) RFIC(CMOS) % & -&/343 PA
71<% (Envelope Tracking, Average Power Tracking,
CFR/DPD)
- Upper-Mid Band[f] TF& RF ¥4=9 Als9 A/ 7]
B
7}s @ RF BIST (Built-in Self Test) 7<=
- A /A LA extremely massive MIMO-E Steu A A
7=
- 23 ADC/DAC 7]1% (=5 Gsps)
- AEFIE/34F extremely massive MIMO A& =] 2]
daeF
Al -7 <

@ Joint Communication & Sensing 7<%
- o]lF FAl X% E &8ste] A4 (Radar 2

Positioning) 713 &4l 7|5& TAld A Hs=

EA /AN B3 2=

FFA 7=

=L
H

AHE g3

1] N

P2

- AA ZA ATE NMAsE AlE A
7= BN 2 EeF
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@ Cloud &4 Network =&

- 7PdEE 74 AHES (VRAN) FH], FZo] U EYA
(vCore)9] S/WE Cloud Xs}H oz F2E A 3351
YELZ9 g3 (Scalability),

78 (Availability)= =o]al AH 2 89
a&42 Cloud X34 UMESA 732 2
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12. 2pA| ] AlA]

1) AZ%E 7

S 93 Image AlA

T T8 &
- o]u]x] Al = Mobile, 7}F&, Automotive, AR/VR &
ChFeh 2okl A T84 o] mobAaLl = s
g8 rof
- %% EA 7343 High Dynamic RangeZ 9|3t
Pixel Scheme, &4 /4%}, 3= 8
O Ax= olnx] 54 7§ (Low Noise)
- RTS, Flicker Noise 5 A3} Noise A7HS 93l
M2 AA(SF Transistor) 7%
- Pixel Scheme % Multi-sampling, PGA & 3= 7|WHE&
o] &3l Noise A%+
- In—pixel ADC 7+d= 913+ Low Noise & Compact
Sub—threshold Operation Amplifier
@ HDR (High Dynamic Range)
AEAta - 2% HDR & Pixel Scheme ¥

- 712 Multi-exposure, Multi-gain, Overflow Cap.
2 DR Ao a3 oly}, Image Quality #3)<t
A Apol= o] =4

o5 sfdsty] A A= HR & et
(Pixel Scheme) W& HQ

- Digital Pixel Sensor % 283 HDR

- Low-power & Low-noise ADC 3] =,

A AF3E 93k CISSF In—pixel Memory,
Chip Size #ZA 3} $3F 3D Architecture

(ex. Data Flow, Thermal Distribution &)

[4 (
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2) Image/Object/Gesture?l AL 3k H/W

T T8 Y&
) - Mobile, Wearable, 10T, Robot & #&L 93t
ok 8ok
always on 249 <212 dg
(D Ultra Low-power Image Capture
— Image/Object/Gesture 12)ol 5-3}¥ Ultra Low-power
Sensor
— Capture & Neural Processings 5A]°l Optimize
g 4 31+ Device
@ Analog + Digital Neural Network HW
- Ultra Low-power Image/Object/Gesture <1218 93l
High Energy Efficiency ¥ & Layer+= Analog®l 4]
SRR oo ! ’ °

Z2]8}aL, High Precision & Layer+ DigitalolA]
8] 8= 59 Mixed Neural Network System

@ Multi-stage
- Cascading 7|"H .= Detection/Recognitions
A&stH AA A<l System Energy= Optimize
g S Aoew B,
ool ™ Q3 Architecture + Algorithm
7] ™

Co-optimization d}+= 7]™
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3) 28 SoC A7

T T8 W&
Js ol - A5 2F] Smart Device3} B A& F3) 2= Al S
- o]Z 3t x}=F8 Infortainment SoC®t ADAS SoC = &
(D System Modeling 2 Performance Simulation
- A% L A ZQ3F Spece WS 938k System=
1] 2] Modeling 3}al, Application Level®] A5 H7I=
213k Simulation
@ SoC Safety #74 -5
— Fault-campaign Platform 7=
— ASIL-D Grade Ex.
- 3 &3S 113 DVFS 2 Thermal Management
- 52} & SoC HealthE ZI&t
AEabeg] | @ Multi-chip 94

- 47] ©]49] Chip= CCIXY CXLS &) 3fute
CoherentSystem©o. & 172

- 738 Ao A Chip 7+ 2% Interface?] HHA S
ox
@ A Hx mE Fd HA g
o AAE(RTL) ZH5-E] Highend #|3¥#-& Power, AreaZ™

®nat] s Fdgsta, Volume AlFS A5
F1L Area H A3} 3l & 9] Segment-&

SoC A= W&o ¥ 4 2+ Backend
- Al 7]¥+e] Backend % 3}
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4) Automotive 3F SWIR #HH= 7% % Readout 3= 7|= 7

Al

_?_

o g

- Automotive: A7 ¥4 21" In-cabin

- Automotive Heh-&HARH ZA] ~E(ADAS) I} A&F38) A&
2ol HAE = AA £FH 02 LIDAR, Laser Gated

Imager 59 AN FZH(FAZ AA], =, A= F5)

- LIDAR, Laser Gated Imager+= 3 (Active light source)3}
B = Detector) T2 74, Fdo] WEHv FEAA 9
H YA Eye Safetys B2 o= alglsforst. thgst 7]
(order of magnitude)?] 7= 3l #ol# L5 == 35}7]
&k SWIR o) & (1310nm, 1550nm)2] XA Ab-g 2 gt

A AL

@ 2.5D/3D A A
- Si &4 7|9k A7F A2 AR w8
- Cost(Si Wafer 7]15%): 2 x Si
- InGaAs SWIR detector &5 % A5 FH(AFs H3k)
- SNR(> 60dB @1310nm) and Responsivity(> 0.9 A/W)
- Sensitivity(< 1 lux, 10° W/cm®)
- QE (> 50%) and Dark Current (< 10%)

- Pixel Size (< 5um)

2 Readout 3= 7]<&= 7%
- Si FA 7]¥F A28 ROIC 7|

- %8 Readout 7+%& % 3= A
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13. Cognitive Map

I
o
e,
e
of{
)
o
%

d HE
it
o
ol

ol

> O
o2
%

>,
=
>
=
>

AF-71=

(D Large Scale Cooperative Visual SLAM 7]|<
- Zble} 2 inertial A4 7]1¥ke] SLAM 7]<= 6 DoF
- Crowd sourcing < 9t cooperative SLAM 7]<
- A HeE e A A Ve fault B4 2
—> Sub-space (i.e.submap) reconstruction %

progressive stitching/pruning 7]& &

2 Voxel Level Semantic Labeling 7]<
- o]u] %] 7|4t dense semantic labeling 7]
- Locally consistent labeled voxel map A4 7]&
- Fast semantic searching & 93t index ¥#E] 71+
spatiotemporal

—> Visual surface estimation %

voxel labeling 7]& ¥ &

@ In-the-Cloud Spatial Intelligence AH]X 7]<

- Tile 7]¥F localization % semantic layer ¥&|7]|<&

— RESTful API 7|4} database access 7|<

— On device localization frontend 7]<
—> Tile 7|4}t in the cloud database ¥¢] %

thin-client localization frontend 7]& ¥ &
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15. Artificial Intelligence
1) A AL 21Z Aol gk A+

T

o 0

m U
op
Mo

o
T—l

o - —
EﬂﬁiiiE

E9jo] A sjejriel A

E=Zof| o3t oFx Ax| wfH
% Al et

SERE

- Fairness, Explainab

ility, Interpretability &9 A%

@22 AFAT A A4 PA BA

=
=
€9
>
=)
D
o
—
QO
(_,k
O
=
~

® AL A2 BHeslr] 913 SW Engineering, UX 47

- Bdutrg =245
A e TR
3 Bk A A

=2

Al AXFTEE o] 83 A E QY
D AR AE FA A 952}

® Al FairnessE 93t 223 Fairness =74 HWeol o

- Al A (bias) & HAs & 5 3l
Aol biasy fake?7} A=A =

rlr
1%
Y
ok
L
&
=
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DAL A FRE 9@ doly
8% dolE7t AA @S
Aol YES s volg

#d 7] wo] 9 Safety &

® Al

=

A

ool sk, AlE o] &
9] Safety &xH wrol A+

3)
=
[

>

[ AZEE ASAZIE AT A2
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D FA - AAY 2895 HFY 7
T T8 &
- Al 71E WSS 93 On-demand W2 AFE 74 A&
st Fof |- Al 7] o83t S99 dxegt & A Asg
- do|HAIH/E89-5 7|=2 ESG S A3 4 Al 73]
DAl A=2=5 93 2455 =g HA g
- 9 U2 Al az2= AL E sl s At 7HESTE
o] &3t Zgh-E Azt HA )
@ AL 719F S99 Ha" 29 &3 2 scheduling
- 2995 AFEY 7% AYS Fola, JHE
FH A3 el AL T 2 scheduling &g 7
@ 2= 7IHF X538 Agent
- E95E Q=g 9 2 #e 2 Applicationse] A%
A F-AHE w23 S AESE Y% X153 Agent
@ 1A a&42 E¢95-5 dlojy ~EZXA
- =Y E A 45, dHoly TEAA Ee ol
A= £ 24 o2 Y+4fE dolH AFZE oA
agdo=z Fst7] 7|+
® A &7Fss AlE 93 Se9-5 Q=
- ARG R ALE- YA a54<Q dolHAlY Wd7)
VETs X A& Al S AY SEFE
dolgAlE <Q1xe} A7
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4) 2AH wlol e A=Al At
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upole) 2 A7 2
High Titer &4

[¢)
AA &
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Mo

as49l
o) ekE A E (Powderd) A

O vlolyf = Iy 7
- A3 20 Nano Pores 7131 wlolej2~ IE 7
- o}A}s] F}Al Sk, Merckiit, Sartoriousit ¢ &
TEAE AAHRA F T Hlol e 2~

-
S hol e SloRES] wholH s pelE 919 WA
A% AA GR

0] =

ooy 9] =

@ I (Chromatography Resin) 7%

- 71 d R o] 7}A]a 91+ Dynamic Binding Capa

W 3 &% Jde] We

—_ —1-

A AL
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@ Manufacturing Automation
— PAT(Process analytical technology)

- On/1in line sensorw& E=YO=E o 1ne
On/in 1 r59 =4O off |

sampling . 2 5F-¥ WA= Z+E issueE AAT 4 A=
- Real timel % monitoring 7}&3dl] ol &4 & o772

Al w2 s Ths
— Operation Automation

- PAT Sensor®} Recipe AutomationS =3 FHolg] A3}
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