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1. WA AA 2 Simulation

1) ZHAIH SoCeF A &3 &

T T8 Y&
- HPC, Al 2 7]E} ALY AlFol] A&5 = At SoCe
Big Die%} Heterogeneous Multi DieE AF&3F 114 %/
51 9 Ho} a8 Designe] Z &
- w|2¢] BW(Bandwidth) =7} we} HBM €A =5Fo]
S7Fsle FAIE 2.5D/3D AA 7Nt 7)ol "ig Y= F
@ 2.5D/3D A A
— Die-to-Die Interconnection= 3t High-bandwidth
Interface A7
- 3DIC A& Testability (DieZt A&4 7|WF DFT)
@ Big Die A A
A F-A1 ] — High Power SoC(>1000W)3F A ®WHH =

- 2FA ] A8 SoC8F Virtualization Solution®l| ©j3h
Feature &= % #& Solution

@ Machine Learning 7|%¥} Advanced Design Wi &
— ML7] %} PPA Optimization
- AA TAT ©=




2) ML % AIE &-83F Simulation Platform (V-NANDSF 3] =)

o g

Mo

_?_

- AA ol FUbel] wpE TAT A1 2 A% T FQ

- Machine Learning¥} Artificial IntelligenceE ©]-&%t
A 3 E AA 9 FHAs)

S8-5oF | - WANDZ} 32238} HW A, WL LoadingS T-E317] 9%
Pump 3]=9] g AR WAool AL =

- olE F&3l7] fer Ha a9 WNAND & 24 <t

37 Pump 3=

@D Analog Layout A}=3}
- RE 22 A A MismatchES HA3}s vl X H 43}
daeF
- Clock Power % Decoupling Cap Wl 7]<,
Clock Driver %] 7]<, Clock Routing Pitch,

A 7=

2 DRAM Core IP(BLSA/SWD) Library 713

- Area HASE A o9 P 74 HY 2 A9
Al F-AH] Place & Route ®¥-& 23l Librarys} sho]
PPA(Power, Performance & Area) A3} AA=
213t Template 773

@ Analog Input/ Output 3= AA =HZ 3}
- Memory Tx/Rx I/0 Path®] XS ZA73d}+= Analog 3| =
(CML Divider, Phase Splitter, Sense Amp &)
AA Qlo] ApeFel gt Fx 2AH,
A2} Sizing(PPA)oll AI/ML 7]¥Fe] 2R ¥ WHhHES
Agstol H4 1/0 A5 748
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A AL

@ ZFATH VNAND
- 9JRASt 2 5VERE 30V, 12V, 4V 5o t}eksl

Y23 Pump 3] 2ol toff s SHAo 4 3FA
Hojde x31g5° Pump 3= AA 7|H

® Z=A7%% Pump

o] &4

- A% PowerE 4R

LoadingS &

o

1aE, A
A= v VNAND

@ 371 @, ®, ®=
Tl HAstE 1S Pump 3=

Sk Pump 3= A7
oA A XA
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3) Fab Al-&3+E 93+ AI7]WF Robotics

T Fo ue

Fab AR 4]/Ha/82] 2 Abs 3ol &8

- 37 ¢bd Risk AAZ 98l Robotics AFE3}F 71k

k8 Tof
7159 T =7 AEd dAE 9= A 74 Fab
75 &8
O AtgA B/ AbES WEA QA e s (Fast &
Reliable Sensing/Perception)
- AAgto® wWEA =4 9 SAES <14
@ AtHAH A =4 2 S 7|WskA =4 (Dexterous
Manipulation)
- 2% Z3} £02 Manipulation 35 F3 3F
W bty 24 23E AF 95 A4
W g nane we sand 0% Asd mEY AeTa

9H F4 % FYL FUsP s SN

Configuration nlA|

- 7hHlg}, IMU, LiDAR & HlE O = Faboll A =59

- M AR B SAYS AW APH/AP/TE

HAYSE 2 ol & 335 9 3%h, Path Planning %




- 2 YA = Simulationd =AW HE=A AA A

9 T T S e 2 dEd T8

—

AR

@O = #H=EHs 2 Simulation 1153}
- Y=} 4= Molecular Dynamics A& @ o)A S 2 Full

Device 2 AA] 34 HAZF 7Fsd HHE 7L 2

U}%F st Rare-event Sampling / Accelerated Dynamics
o {4

= Al o}718 A (GPU/CPU hybrid &)oll = std ¥H
B2 AlxE darg]s e 2 Accelerated Dynamics /
Rare Event Sampling &9 7143 dudF A&5S

23 )% DA Eelo|de] dA =

@ AI7]4¥F Meshless 3D Simulation
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- Mesh 7|¥to. = 3% = thFsh %ﬂSmMmmﬁﬂMP
Coverage-d & Tradeoff&E AlEZ =&

- A8 /143 Meshe Graph Network W3 % Simulation
st wal 252402 Network®] Resolutions

= YdugE

ES !

48

—

Solver

B%Q %E] Ho]'ﬁ}‘] (PDE: Partial Differential

@ AI7|¥E =32 v a a4
- Simulator
Equation)®] 3E %] &

Learning (DL)

A7

~

2 Agetel 4%

|Hol obd w&E 7153k Deep
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2. A7 HEEA

1) Scaling Downs 918k 219F 44 2 A B3 HA] w2

a
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(o]
o

- Logic % Memory

- Scaling down®] 3HA|

X+ o
1=

A3 A 2 AT

- Power % speed 3S 93l Nonvolatile memory

A AL

IH O

(D Scaling down9] 3lA =&S
- Gx}9d § ¥ (Short channel effect)<]

3 At 24

2RO
-1 1 =

ks
2D material 7|¥F 2ZF2] component

A

- A2 S 9% precursor 2 A

- FAAAI IFe contact A¥S ZE= metal contact

AL
rlo

trap densityS Zr+ Gate oxide interface
- High stability %
+ Al bias AEA S A 24 A7 2 AE
43t 79 24
- p-type A7t & R
- Power % delay Z4E 93k AlF A A3
- 104+ o] 3} DRAM wlAl8} ghAlo me "= &
- 3D Cell Line 7-%3} (TR+Cap. 43)

- A2 ol FETt 2 AE HiAA

p—type oxide semiconductor

3L

3




o g

A At

@ Emerging Nonvolatile Memory

- Vertical memory 7H%FS 93+ Atomic Layer Deposition
(ALD) 7]4} Phase Change Memory

- ALD[A] AR 2 stack, ALD FA/precursor Aot

- High EnduranceE 2%+ FeFET

- Endurance &S 913t Alf Al 2 Ao

b | 1__7_4
Ao}/ %

- A & S4= 7HA= MR

- Magnetic domain wall motion H=+=

Y+ Spin orbit torque
MRAM-E- A1 &2 2 % Aot

© AAI AAE =4

- v ] MZo] 10mm olatE A Pl )
scatteringell 93t FZA3% v A3 F=7} A4
a2

- Grain boundary scattering 74

- Interface scattering 4

Ba2o) Uy, whBulk) U E7F =2 ALD Metal 3%

CAeE gad R 9H5
Z

- Interface scattering




2) CIF WA &=}

TE F8 Yy
— CTF 7]4F 3D VNAND Cell& tiA S 4+ A+
Al4F B3 (NVM) w22 2%}
58 Fof - CTF Cell 7]®F 3D VNAND 9] A& ¢l A= ¢
Z7k e FA dolx, Cost =7} 5 3HA oA
- (Logic &4 =% 7}'s 7-%) NVM-in-Logic 5§
DO 2 =4, A Fx, A g v wEe] 4Ax)
@ 3D VNAND ==l 7]wksh Alqf w3 Hmg LA}
@ Si 7§k FA I 338k 7bs (A" AFS)
A F-ALE (1) At Spec
- Bit density: >"100Gb/mm*
- Mt G4 (30% ©]7d/Gen.) 7HsAd AA e
- Endurance: SLC 7] 100K
- Retention: 100C, 10Hrs
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A g8 W= (DRAMSF Ferroelectric 4A}F)
T5 T8 &
- Z}A Y] DRAM A|3%, Neuromorphic Synapse AA},
IoT AAE dt=A] 4%}
- DRMA®] 4H] A= Scaling $HA] 5ol we}
NVM o]= A High speed, 3D T4 7FsAo] A=
k8-t of -7 A (FeFET) o digk &4 =7}
- A HW 22 (D0b) A=
- BCAT(Buried Cell Array Transistor)/Cap 3HA] ==
Vertical stack ¥} Stack height 7+4& 7}53h
Cap-less DRAMZF Ferroelectric 2 I 9
(D High Performance & 7}&3%t ZHdA &4 7
- <10ns 9 Speed 54 &H
- >1E12 +59] Endurance &4 &H
@ A A 2 A g e
A F-AFE

— O-phase portion >95% S+H.

- Grain size % uniformity #|¢]

<
- 24/ 2 2d Y
- 39-45 E5A Metric
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A

=84 Gz EA T

— diuto]] Aets 7}ehe % W39} ferroelectric

® Ferroelectric AAFe] AFEE 74
- Ferroelectric BF2F9] grain size &4
- Ferroelectric Br2he] kg x4

® Ferroelectric 2AFe] 13 =4

- 1GHz ©]7oll A A% &ZF monitoring
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4) 1A5 =2 Transistor _ Alternative Channel MOSFET

T T YL
- 1A% Logic Transistor (A%, A=),
Logic 2A} Area Scaling, 3D logic® 2% transistor
k-8 of 2nm ©] % thH]S $J3F 2D MOSFET 7Hdk 2 EA 3kAb
o] ) 2D Channel =%
: Graphene, TMDC, MoSs, WSz, Di-chalcogenide &
@ 2D MOSFET 574 &3S 13 K43 Contact A
- 2D MOSFET 3F Contact Metal 2=
- 2D &4 - Metal Interface HA 3= E3 A 7
@ 2D MOSFET 3&F Gate Stack A
— 2D MOSFET 3F Gate Dielectric, Work Function Metal
=4 7
@ Alternative channel &4
- Wafer—-scale, High quality(crystallite), Low temp.
A 7]9F Channel growth ¥ layer transfer
=] A -
AATE — Surface treatment (Dit 74, Gox ¥A)
- Si =%o]49 Band gap &34 7
- High-k interface #A|¢] (EOT scaling)
@ XA Contact A
- Contact As+HA
- {§ A 3}interconnection
(® 2D channel MOSFET
- On/0ff current &4 7|4
- Si MOSFETZ}2] Co-integration
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5) 1A% 24 Transistor

ZFA ] 2D Transistor ¥&H

T T8 &
- 2}AH Logic A3 Channel =3
- A% %= Scalingol w2 Si 7]¥F MOSFET Logic Tr9]
Mobility SFA|= Channel® mobility 4 &
o8 ok
- BandGape %Y= TMDC(Transition Metal-Dichalcogenide)
HEEA] S0 oA, A&} level F70lM =
=2 MobilityE 7F4 AAIW Logic AMEZE F%
(D 2D Channel materials high quality A%
- tH A /AAA 2D channel A &4
- 2D mobility >200cm2/Vs, &% <700C &4
- Defect A7 A4
®@ 2DsF IL A H
- 2D Ad T} heterod e 7538 IL &4
SERE

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

@ 2D Channel3F Doping/Contact
- A= 2D vdW air gap Ao WE F=A43 A4
(Si ~100 @ - pm, 2D materials ~1000 @ - pm)
- A3} o]% %33 (charge transfer doping)

- in-situ =3
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A e 22 FAe AR T R A

1) VNAND Channel

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

@ Y3+ channel FA =4
- High mobility ®& 3} High Step coverage &4

T T8 &
— ZFA|d] VNAND A%
- 52 A FdEE 913 Channel?] mobility &7do] Q&
- Grain size S7Fs 913 poly silicon 52 2 AAS
5} 8 Hof 70 BE= high mobility®} high step coverageZ
zb= wkz Jiak g Q.
- Cell current & 9t EZ2A % Large Grain
Silicon 84 &4
(@ Channel Silicon Grain Size <7}
- @44 channel silicon ¥4 &H
- 91y micro-crystalline A4 A &4
- W) Hydrogen A% =2z &4
@ Channel Silicon Crystallinity <7}
A B A - Wl Defect©] A< poly silicon %32

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

=>95% @A/R =100:1)
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2) Selective Etching/Depo _ Metal Oxide/Metal® Selective ALD/ALE

a

_?_

o g

ofo
Al
o

m (

— DRAM Capacitor®] &=/ A=
- capacitor HHehS AEF o7 FAfstal Al sk 7HE e

- Logic®] high-k /Metal Gate

SERE)

@ Selective ALD (ASD)
- Y FxollM dgHgor v
o . MoM (Metal on Metal) <
- Selectivity =3} (Selectivity S > 0.99)

o : inhibitor %*-&

o|\

2

@ ALE
— Metal oxide/Si02& el o= A2 AA
o : 7r02wt A AL Si2E &%
- Metal/Si02E& A8y o=z A2 AA

of . TINTF A ASF3L Si02& A
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3) Selective Etching/Depo

Selective Deposition

Al

_?_

- Scaling 34 &3¢} 3D % FAHS 95l
Self-Aligned Aol BR3% & A%
: VNAND, 3D DRAM,
- WF=A] DeviceZ} ZWH 3 A3} challenges=
=823}l 9sle] DL Self-Aligned 209} 3D F-Fol A
Aot T d3te S =@ glo] Agye=

~Z =
=2

A F-AH2

D MEA metal silicide on Si, not on oxide
— 3D DRAM. =9l photo§le] SiAH-ollwt contact &2

=2 Oxide inhibitor

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

@ A A hardmask (HfO, ZrO) on EUV PR, not Si02
- EUV Hardmask Boosting.
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@ Non-metal, metal doped ALD <2}
- B, C, Hf, Al & source? otAA T w2 7
- in-situ dopings ©]-&3F conformal doping 73
- 22 A E 93k a1 ALDE doping precursor 7R
- &4 S/C(Step Coverage)ES &M 3t7] €3t doping gas
gatet S/C A

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

ol A vertical conformal doping & &4 S/CE &HT 4=
A

i&
T
oK
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4) Selective Etching/Depo _ PAl &%} F+&S 93 thaksk AE1A Metal
U+ Dielectric =2

T T2 &
= ZpAIT WA Al %%(DRAM, FLASH, LOGIC)
51 9 Hof - ZpA ] RE=A] e % S2-8 Inhibitiondt
=2
@ 3}gAQ1 ©]&F ®W inhibition
- WA T A A HE vYd olF 1Y T
E7 ®WRE inhibition
Si02/SiN, Si02/Metal, Si02/Si, SiN/Si, SiN/Metal
— F& FF 2o bg Ao, FA Ao 7hsg
Inhibition, €4 A F-7tol] W&
inhibitor ¥ 22
A B @ A ¥A<) o]F ®W inhibition
- WA FAlA FEA e thFe oA
E %%t inhibition
— Flat ¥W/ZAAY Fol= 3,
=W /HH (top/bottom), & 3L/
® =z
- Inhibitorg A3k &2k Si02, SiN, Si, A1203,
Metal, SiOC, SiCN
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5) %3 Packaging

Tt T YL
- HPCla), Server 2] 3145 (High Speed, Wide 10, Low
gk g-of Latency) A& 28 7l5
* T2 Memory(HBM) + Logic(Chiplets) + Interposer(2.5D + 3D)
(D Hybrid Copper Bonding(HCB)
— Bumpless, Gapless Bonding®. % Thermal 7442 &H
- 71¥ ®H{ =< CoW(Chip On Wafer) infra g0 =
A7t HAAY SR
@ 3D IC A8 FoPKG (Fan out Package)
AERE

- HCB 7|4} Fine Pitch 7o = w| A3} gtA =3

- A ToR 1% Ed A =5 95 v

@ 3.5D &3 PKG
- 114 % 2.5D + 3D +& |3+ Interconnect

- A Bonding A EA FA, 2A)
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4. M)A A2E BEA] 22 FES 9 27 34 2 A

1) Logic [ 3D Integration

o g

— Monolithic/sequential Logic on Logic A}
- Heterogeneous Device on Device AA}

- Area scaling 2 7§ X|&4ES 2= 3D integration

A AL

(D 3D monolithic integration
- CFET(Complementary FET)
- High Aspect Ratio 7=l A metal gate A

- X A3} interconnection

@ 3D sequential integration
- <10nm aligned wafer bonding

- 1145 Transistor 574 FH 7}Fs3 A== integration

@ Backside &-& interconnection

- Backside©l 4] metallization %*-&

@ 3D integration [ layout
- 3D +% HZA3 layout T+
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2) Selective Etching/Depo _ Metal Oxide/Metal®] Selective ALD/ALE

o g

i

_?_

ofo
i

o} |- Logic® high-k /Metal Gate

m (

@ Selective ALD (ASD)
- Y FxollM dgHgor v
o . MoM (Metal on Metal) <
- Selectivity =3} (Selectivity S > 0.99)

o : inhibitor %*-&

o[\

7‘_(1}

Al F-AL
@ ALE

- Metal oxide/Si02& AElH o w2 A2l #|A
of: 7r029F A ABFAL Si02= 9%
- Metal/Si02&5 AE1d o=z A2 AA

of . TINTF A ASF3L Si02& A
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3) Selective Etching/Depo

Selective Deposition

T T2 UE
- Scaling 34 =3¢} 3D 7% S 95+
o8- Ho . o .
8ok Self-Aligned &4 o] Q3 A= (Advanced Logic)
@O AeA SiN on Si(Ge), not on SiOCN(SiN)
— 3DS FET Isolation. SiOCN(SiN) inhibition,
inhibitor damageT*] &3 FZAe] SiNT 2
@ A eA hardmask (HfO, ZrO) on EUV PR, not Si02
- EUV Hardmask Boosting.
@ Non-metal, metal doped ALD =%}
- B, C, Hf, Al & sourced <rAA & W2 7dt
- in-situ dopingS ©]&3%F conformal doping T&
- 2 AskE 9ok a2 ALDE- doping precursor 7HE:
A 51|

- B4 S/C(Step Coverage)E #H3sl7] 93t
doping gas sttt S/C WAl

@ = W total trap density =7} &xH
- Deep trap Z=7F(1.5e20ea/cm’ ©]%, Eirap>l.2eV)
— Shallow trap 724 (1.5e20ea/cm’® ©]3})
- Total trap density Z7} (3e20 ea/cm’ ©]%})
— SN & 7|Htoe 2 st 24t 529 conformal
dopingS ¢ 38t new precursor ALD %}
High A/Ro A vertical conformal doping =

4] S/C (Step Coverage)S &HT 4= &= 34
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4) ALD &Ah) Adu] /5=

T T UE
- High Aspect Ratio Device #|ZA] Void-Free %
519 Ho} 2423} Step-coverageE A& 4 A= ALD A
A/ FE s
D AFAI Y Precursorfd Gas Delivery
- Solid Precursor|n Canister
- Solid Precursor Aol ¥ EYEH
- A2/ 3E5 /Y% Gas Delivery
@ WH=A] Ad|E) ZFAY 7
- Metal 3D &7 2 H-3F A=
A F-AFE

- g /A g/ AA
- IG5 Heat Transfer/Flow 3 24 3}

© "k=A) AnjiE HE-A4d 219
A

- Metal &71e] ar WF-24 ¢ (

- High Aspect Ratio Micro Hole =¥

- Ay FBEE ALD 7Y

_24_




5) A WrEA L2 HAF

T T2 UE
- Gate All Around &} & AN =2F % % 1A HEEA]
AAb] &8
_ Ad == A3A 9 A wA™ gk JA B
g8k Risk 47 2 23 7xle] 28
WA A Zol] AFE-E = A (Chemical ]) 2] Metal
2oE AlAY &8
O =" s A=y
- < ppt 94 A= (ICP-MS WA & 7RA)
- oppt 2AEA BE A A A=
(GPC tiA] =2 7A)
- 30nm ©]3} $E]F A<= (Liquid Particle Counter,
A =2 7hA)
@ PDS(Particle Deposition System)
- OFsE Size(20~300nm) o] &% . Size A=
A B} ) 23l Min Size 745 34 ¥ Effective SizeE A 29|35}

HA AAF W T4
@ eBeam A}
- eBeam A 7]%4 Image®} GDS(Gas Delivery System)ZF

Image *Fo]=Z Chip Full

Scane F3 WA E¥FS A=

Physical 735 (High Resolution, See Through)<i 7]
@ Deep Learning 7]4WF Defect #H=

- Big Data Defect Image 7]%¥F Clustering 3}¢]

48 B2 Targetingdl Defect AE ATA A
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A (= BV HEl, Etch, 2HAIK] QP %)

6) P A RFEA Y
T T W&
- Gate All Around ¢ 22 A=Z2F 7% 2 A7lA HHEA
T 7S A ¥4 2 &Ad &8§
- Pixel Shrinkage % High Aspect Ratio Gap—fill
&8 F-of 93t Insitu Boron Doped Poly silicon Depo & Etch &4
- kM) A3 Etch 3739 Systematic % Random Defect
a8 st
-GAA & A|E3F Logic AlFAl A&
@D E’BH’E}E—% 2 Low Dose 7}& %+ EUV Patterning
- mEdE TE  Etch &4 vzl SH.E 93] 77
kol 7}%— U%Ur Etch WA ddol s AlaA/A
Develop &4
- A= #13 Dose 13 Dose FaF2 93l
EUVET /ol 2 Al A/ o] % &}eidkg g8&0o]
At 714
- 30nm ©]3t H}HE A= (LPC Al =2 7§4d)
@ AHAIT Etch &8 TS 918 WA2d &4
A FA ) - Part A% % ¥3F Induced defect HA3IE 93
Plasma W/do] st A4
@ N/P MOS Gate &+ H Metal ¥+ Depo
— Sub Layer ©| Immunity 0+ Film A <]
- GAA 3D ++%(Channel 3, Depth ¥) =<3} Thickness,
5% ¥k Depo
- %< Thicknessol Al Film EA (FX, Density)%FH4
Scane F3 A E¥HS A=
@ Module Process 43} #l°o] (Module &78 <AA)
- =2 Metal ¥+9}F Depo 213 3 Area’™ A EHA
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Mo

o g

Implantaion(o] &%) %18 &3 Modulation
& B9 Targeting?dl Defect A= AIA kA

- Selective Etching ¥+ Surface Treatment -3+ Film
Property H.A

® Z}A} CMP Planarizatione 93+ 7| AA
- High densityoll A% erosion°e] 43} = 4+ I+
bulk W CMP slurry
- Metal Oxide®}2 CMP& slurry:
Metal Oxide corrosion®] &3t recessE Ao

2+ Slurry

® High Aspect Ratio Patternol|A Gap-fill &= s %
O]% —;FO] ALSE 7H/\4
- High Aspect Ratio Pattern & % Leaning %~
- Depo/Etch Gap—fill T2 dA 2 Void 7HA

— Boron Doping Depo$- Insitu Etch
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7) €33 Packaging

Tt T YL
- HPCla), Server 2] 3145 (High Speed, Wide 10, Low
gk g-of Latency) A& 28 7l5
* T2 Memory(HBM) + Logic(Chiplets) + Interposer(2.5D + 3D)
(D Hybrid Copper Bonding(HCB)
— Bumpless, Gapless Bonding®. % Thermal 7442 &H
- 71¥ ®H{ =< CoW(Chip On Wafer) infra g0 =
A7t HAAY SR
@ 3D IC A8 FoPKG (Fan out Package)
AERE

- HCB 7|4} Fine Pitch 7o = w| A3} gtA =3

- Ao 1% Bd A =5 e v A

@ 3.5D &3 PKG
- 114 % 2.5D + 3D +& |3+ Interconnect

- A Bonding A EA FA, 2A)
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5. Cognitive Map

|

o
i)
X
of{
o~
o
o
M
12
o
of
ol
)
o2
e
>,
=
>
=
>

A A

(D Large Scale Cooperative Visual SLAM
- b2} 2 inertial AlA] 7]¥Fe] SLAM 6 DoF
- Crowd sourcing & 93+ cooperative SLAM
- §A wAE 98 AE A fault BA ER
—> Sub-space (i.e.submap) reconstruction %

progressive stitching/pruning Z &

@ Voxel Level Semantic Labeling

- o]u]#] 7|8t dense semantic labeling

- Locally consistent labeled voxel map 273

- Fast semantic searching & 93} index ¥
spatiotemporal

—> Visual surface estimation %!

voxel labeling ¥ &

@ In-the-Cloud Spatial Intelligence AH]Z~

- Tile 7]®F localization ¥ semantic layer ¥
- RESTful API 7]d} database access
— On device localization frontend

—> Tile 7|¥F in the cloud database ¥ %

thin—-client localization frontend ¥ &
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6. AHA) ZrhE & EAE

T

T8
- AAF A3k He 7)7)ek 46l 2], AlE 283
Aﬂ]ﬂ]/\ ELHLO] x%Q.Q 1.9..
- Cloud H+F%® 39 9+ Privacy ol A
- 2~ulE 7)7] S7kE 9 HiFE glhs U

— Sy AnkE 7)7] 289 Rdge WHE BAe

[
_,‘l
[t
ot
e
P
alid
re
4
=
=3
WE,
a2
ofo
ko
-4
o|\
=

A H-A )

@ o Ahed A R BA, A A Al

- ] 771 ERe 2 FAdE Al AT Al2=wlel] A3

}‘H i?’: AI ‘E

N
— Embedded 7]7][n] 3A}/&7F <14
N
N

Embedded 7|71 G124 (FAH/ 331 949%5)
vl

_30_




[——
o
S
B N
= i - Ay o o
= v M et Nfo }m jm_
) «l =)
) an o no o = X 7!
W_ﬂ.e B/ ‘m_wl Y O ﬂArO o O#E 3 ]
%o = = w© - B = . ar =
ﬁo N a ~ — ) ™ ﬂ - oR o "
% X B o = Ho® o T
ﬂ_lm Q.L — —_— N —_— o »Aﬂ — O#E
= o] o o B = = <" w - o~ S -
T o W = ch Lo e o
of | 7 - - = o = 4o X oo X of
B = - ) in
%l%mﬁ&%ﬁ%ﬂ ﬂHW%&m@ o Jalﬁﬁo
mﬂ%%%&%#w ﬁrxpm_xA% Ezubaﬁ@
Guﬂzw-gogﬁah lﬁmgﬁﬂﬂﬂ mﬂﬂomrlﬁ%
o émlo? wrvﬁﬂﬂ N =+ F
~ = o —_— o Ho X o X — 0
bk NO ™ N oy ~ " of e KO ajo o o B ~ =
= ol < op I} N o O a0 H = plo ~ =
‘Nﬂ E, M= _.:1_ dﬂ Hmm MV_I mmu ﬂ_l \M‘Iﬂ T._ < ﬂ_l g_ﬂE X - H_Al AW_A ~
T O..# # L — ~o T _.# 1oH AT ;I‘_wﬂ ~ — . E# ;O* = ° o-
oLouAl Vu G ﬁﬁolo#uuoz u_._*ohﬁﬂlimlmﬂ
% %%do 0 ) J > I o = VLL(
= o T A b oo @ Mo M WO = o 9
ﬂevéﬂvE 1L i o E mjh;: | © o
N ! N A «® X o ® W
zggﬂ#mzéﬂfrﬁmﬂamu%@H%
! - il X — K bl N B ﬂ Vﬂ = W | =
;mofi 2 o P R
. JAII L &O N 7U EO ﬂl 2:._ ﬂArO ,_L.O - dﬂ E#
h ﬂyﬁ@%ﬁaﬂ E_Lmoéﬁog}ﬂ
M- " _-Aﬂl,o%odﬂmﬂ ,oﬂudﬂoﬁwdﬂ
: |8 %}%égm 7w
HT _ < AT o o ﬂl; ﬂ ~ X
dlo | NE B Nﬁm o % "
ﬂ = O L Ko %L ‘ﬂou
o _ T =K o T
S o7 oo
_ A
=
—_
)A
i
3

- 31 -



- Enld golgHE &3 AAA} =4 D Ay
-H A o], <§ AR o]¥ 5 Digital Footprint®] 4]
AR BE Fdiglsle] dlolE =4

=
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. 7HO] A=y %

LY - A1,

=

SERE

@ Digital Footprint 4
- AANAZ Ay #H d= A2 Digital Footprint
=
- NMAAE B9t giEo AAEEdS BEste] £
AM8-3E = 9= @574 Dara Aggregation
- Digital Footprint9] 3j®13} 2 | ~EH

@ W13t d Al & A
ol &

- AR SRR SF A AR 5)E 59

it

- AA AR, S|A2EY, AGAE embedding 7] R+
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SERE
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@ Z&wARF A= (text, image, video) &2 2

- g&Fsk v o] v A (Y F, FRE, SEFHH 59 7
Hl= F2A1 5 NLP sentiment analysis, Multi-modal video
sent iment analysis, Video captioning
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23] =3 featureE ©]-83}9]
7} = Brand online reputation

~

A
SRS

R ENR

o fllo

@ Online Stored] 172 5 2 9 doly 7|4t vlAH
53}

- Online store®] Customer Journey Map A4 % H413}aL
)% Fa AHel wA AW AT

=

- Online stored] m7A9] 3FS AA7E
UE st 17 uks npAlY 2 a7 o

o=
A

!

o ol

1T, WE,

- 2 71E AHH 9 Online storeo| A9 17 & HAH
E TPHo= %‘f%} A3k customer segmentation
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10. AW G534 ZIHY A28

(Driver/Occupant Monitoring System)

T Fo e
- AR/ GRS A HAE Q& Jh e/ Eeltt &
A et ATE 83 sat Ui BRUEE Al 2&H
—°ﬂ441_ﬁ%ﬂ%ﬂ&i(ﬂa@ﬁﬂﬂ@éﬁmé
gk g -of s
RUYEHSL ol & & ¢ JdEF A
- E3 g o gs EEA Auja /R AEE 93]
A A dA (A, A 5)S oldlE] A
O AR/ G2 BYEPE AlA F4d
- Zhelet/eold/doly & vYe T/ AAE §eke
AANE, B5 5SS 1A
@ A Q1A (DF/FF/AE <12 F)
- F2H AL8A} Identification, AW /tro] 5 21X
Q) A/ HEHSA AA g 24 2 s A Al
- AR/ HEAY] Fo AL/ A A /A A 5] 4
Al 5L - AAAE 7 AA dEH 24 (JEE, E5 )
- SF/GEEE 59 #A
@ A A2 72 AT Ox AAAN 1 =54)
- 73 A g AR/ HESA A AH 4
- 2 87 Wste w2 Ale]/A0A e Wk B4
® A2/ HESA AE A AF 374 25 Aol Al
- 2EYA/REFY/ES T W & Wl 890 Azt
- dn /32 F ©@eArY dHeld Ask o<l Az
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11. ZpAI =& o]

D ZAd A dA 98 HaEe ol

Fa g

oF |- (Pseudo) Hologram, Light field
@ o]ﬂ] oﬂ}\]- /\1/\]7} Bﬂlﬂa/ﬂ}\

- AN ZE QA A A w KA
'%?hwlﬁﬁéwﬁlﬂﬁ%
— Contents CG to 3D W3}

— A} to 3D W%
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e

Me

i

RER

rir
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A F-ALE)
FAokzt (FoVEy) 7hs3h 3

[e)
AA G4 A 7Fs3 Light Field =+

(~
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=, 1 AY T o2 B s 0|3 o

'E_OHO_L..L_

Flat Panel 33s}/34<

2) &%+ "ol 2 Display
TE T8 Y&

- AR/VRs o] 7}&3td e 7HedEd Aol o A=

s}l Q Ho
-g-of 43S AFd= AlGF Device B A H] 2~

ing 3l AW 72 A X E Mastering
A A K E Embedded 3l 7H2HS 3

o 1+

o> Mo
()
[ab)
(o]
=4
=
=~
=

- ]'LH % =
st 2% 949 95 2 A4
AL @ AR E H%3t= Tele-haptic
- AAARE REAY /U5 st 94 dF
@ 72t F4E Adste] mdsk= Display
- G A E 14T 4 9+ Rendering ¥
7+2; Display HV %2 SW 23FsE A] A~ El
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12. ZpAI &A1

1) Digital Twin for Wireless Communications

Fo g

- Call/Air &aglss AA
- Digital Twinel|l 7|®ek A5 HZA 3 Al daels A7

A AL

(D Unified Channel Simulation
- Digital Map (Clutter, Satellite, ---) 7|8k A3k
Channel Propagation 2]
- Field Data 283 A% BA
@ Unified Data fitting
- o) BAY T8 AT ARES HA field data 7]
HFO 2 fitting
- A/ /IR /A7 AR E 3D map/ray tracing 7]
ko]l Ajd AH & &83k 315 fitting
@ Unified L2/L3 Protocol Simulation
— O-RAN Reference Architecture #|
L2/L3 8 7]s 283 A4d (E8d Hulo|E7ls)
LTE/NR H Al 1+4 A/
Field Data &3 418 % BA
@ Network Traffic Modeling

- Voice, Video, Data, Interactive Gaming, Hologram

image &
® Simulation 7}=3}

® &= AJEHYolA (i.e. 100 sector x 5 carrier)
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2) Beyond 5G and 6G Communications

Fo g

o [
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M | Ao
o
9

- AAY FA AT R

A At

@ Terahertz/Sub-Terahertz e =4l
- A2 Mlti-Chain RFIC(CMOS), io]5/a& PA W
Al 11" A Phased Array SHE|U

e ADC/DAC (=5 Gsps)

n<s Bdl glogloly #i3l 2] (=20 Gbps)

@ ZpA|t) Duplex 3 <HHIY
- Full Duplex A& &3 ~FEYH a& F4
(Self-interference €3}/#|A, Full Duplex
719ke] Tt QHHIY 41 LdargF 4F)
- 188 tUsst o)l5S ¥ 7 de
- Hgt=d 79 X5d FALEHS o]
) (Reconfigurable Intelligent Surface 4%
@ Al B4l
- 5G o] sE2 HEHA #deo & HAs 2 AT
WA 913 Network A 53 Al
- AIE UAIS) st Al A2 d4ldo= Jdste
2RI 66 A HE 2 U ES A
@ Cloud %3}4 Network %
- 7PdstE A HSERAN) ZAR|EI 7o UEY A
Arlse x5 HAslelo] A & aEAola
Cloud M38}&Ql WESY T % A &

BN P

o
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3) At B¢

Mo

_—[L

- Multi-Hops A48} UE-to-NW Relay
- Y AdEE Adste AR 5 3 A4

A AL

@ 5G NPN = 7|§to = 3 A3y 4
- 5G NPN 3}<] D2D ¥ Mesh &4l A1 913 <5
- 5G NPN 3}] AN/CN on Vehicle g vt 7}91/215
- 5G NPN #} Satellite At BAIY A5 A A= HAA
¥ NPN: Non-public network &2 =Ho=z & 7
NW
@ Multi-hop & A3} Layer-2, Layer—3
- A A4& 93 Path Selection % Relay Node
Selection
- QoS &AL (e.g., latency*, reliability)=
WH=3}= UE relay
- 94 @] oy &4 gl 42 WA

—|~
olr
<

¥ ZFal: U2N Relay U2E latency &7AF8 30 msec (3GPP
TS 22.261 Release 17)
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14, A AlA

1) Al 7]®F Image signal processing (&ag]= 2 H/W)

T T8 W&
- Al 94 A= daEls, W (ISP), ZhdEl/ Al A
sanor | Fhele} Al ~Ele Fe-AA-ISP-L e Fe] n5F =4f
A 2~"lo|L} | System-Level Optimization §-A =,

A T2 A PEE B

AA Fhe e 3
@O Al 94 Ay dadgds A8S A HA W 4=
- Al &85 - Computing - W E8 F*%

(d¥ 7t 94, HA Precision,

A 7= /High-throughput Video A2 &)

A

@ Al AA SHEE 716 HF Fhd e/ A4

— Deep Optics ‘&, End-to—end System Optimization 7]®F

A E-A
e At AheE 55, A A
(FsH/ MA-1SP-2118]= Co-Optimization )

@ 34 Metric
- Noise/Structure/Artifact/Perceptual 1Q Metric&
2 Ultra Low-Lightoll A Super Resolution 5ol

X
0% 7Hsd 3d Netric 29
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2) AZE NAS 93k Image AlA]

T T8 Y&
- o]n] x| AlAM = Mobile, 7}F&, Automotive, AR/VR &
oSl Fofl A FQ Aol molxal Qe AFst
o8& F-of
- %% EA 7143 High Dynamic RangeZ 938t
Pixel Scheme, &4/4%}, =2 HQ
O Ax%x on|x] 54 7l (Low Noise)
- RTS, Flicker Noise % A3} Noise A7+S €3t
M Z2E AA(SF Transistor) 7%
- Pixel Scheme % Multi-sampling, PGA & 3= 7|WH&
o]-&3F Noise A7+
- In—pixel ADC 7+d= #3F Low Noise & Compact
Sub—threshold Operation Amplifier
@ HDR (High Dynamic Range)
- A 22 HDR 73 Pixel Scheme =
A F-ALE

- 712 Multi-exposure, Multi-gain, Overflow Cap.
< DR o g4 oy, Image Quality A 3}<}t
4 xfo]= ol% £

ol & sidstr] fI%k A= HDR & ek
(Pixel Scheme) W= ZQ

- Digital Pixel Sensor T+% &£3F HDR &

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

A AF3E 93 CISSF In—pixel Memory,
Chip Size H A3} 93+ 3D Architecture

(ex. Data Flow, Thermal Distribution %)
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3) Image/Object/Gesture?l AL 3k H/W

Tt T8 Y&
] - Mobile, Wearable, IoT, Robot = &L 93t
oh-8- ok
always on =43 <12 g
@D Ultra Low-power Image Capture
- Image/Object/Gesture ¢12)ol] £33} Ultra Low-power
Sensor
— Capture & Neural Processings sA]°l Optimize
sk 4 31+ Device
@ Analog + Digital Neural Network HW
- Ultra Low-power Image/Object/Gesture ¢1241-& 93f,
High Energy Efficiency ¥ & Layer+= Analog®l 4]
SRR oo ! ’ °

% 2]s}aL, High Precision €& Layer+ DigitalelA]
28] 8F= 59 Mixed Neural Network System

@ Multi-stage
— Cascading 7] ©. 2 Detection/Recognitions %3§&}H
A A A el System EnergyZ Optimized 4+ U2 Z o=
B, o]o] HQ3 Architecture + Algorithm

Co-optimization 3f+= 7|
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4) 28 SoC A A

T T8 W&
Js ol - A2k Smart Devicest 9 A& F3 2pF A1 Ef
- o]Z 3t x}=F8 Infortainment SoC®t ADAS SoC Z &
(D System Modeling % Performance Simulation
- Al Y A 23 Spece WHESH7] A Systems
1) 2] Modeling 3}al, Application Level® A &H7I=
]38k Simulation
@ SoC Safety &7 4=
- Fault-campaign Platform T3
- ASIL-D Grade €1
- 3 3745 12 3sk DVFS 2 Thermal Management
- 4 & SoC HealthEs et
AEAE | @ Multi-chip ¢4

- 47 o] Chip& CCIXY (XL B3 32 Coherent
System©. 2 A2
- 3 3 A Chip 7ZF 315 Interface®] HAA S x
@ AA B3 mE 73 HA43)
- Y AA=ZRIL)Z5-¥ Highend #|#-2 Power, Areas
o Ad% FdststaL, Volume AF2 d5&
Area HA3} 3l+= 5 92| Segmentg SoC

A THEo] @ 4= 9+ Backend
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15. =AM wiE 2l
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A AL

- aA ARG AA Dol £F A-g= ] LIB tin)

A N Theskd, HaAHA diE] TR A

- WA £F Al SR GHA Fust

ARANA-AA AN [ 2 Fole o]%
ol A 2] Fol o

23 o5 F9 1A A% Fu Fa

T

al
- DA AN A A A A
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HEAE 5 JF BEY
- AR SAAND K D Hg B4 he

@ AL P
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- W2 FHAA AB5AE afHor AGS § Q=
7l (Aol A FARE A1)
- HoA BolAHor ANEFdxE HIAE F U= V=
@ DNA/RNA/Epigenome W4 32 HAY 71&
- ZHAY A AR B AEE A W
A 7] E A2l gene engineering 71EE (o
CRISPR/Cas9, 10, 13 &)

ofl
>~

N
¥

© 71& AE AE5A Y FASZ 53 7=
- of f-the-shelf cell therapy”} 7}s3F ex-vivo
engineered cell 7% 7] (CAR-NK, y6-T cell &)
- iPSC 7]&=& ©| 83 off-the-shelf cell replacement
therapy 7| 7<=
® 417+ 341 biologics 7N
- &9, APEY, NS dg 5 T8 A8 55 9
At 71 @] multi-specific antibody ¥+ ADC &
antibody derivatives 7]& % $HEZ

— in-vivo immune cell reprogramming && 7]<
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T T2 W&
- kAT vlo] @ X B A AAHE Ag HA A TIE
&g F-of - B AAV AR BHA] 28 viral vector AAF, mRNA &
g GA 7= =
@O 7]+ wpol /g WY 7Rk AR X 5A4] A & 7]
- Current AAV A4 SHAIE =835t Al ASA
7=
- oJofE & viral vector Aiks 917 71 A Wiy
EE
U (A19f helper system, L& host cell
engineering s )
@ 7]E mRNA 7|¥F i Ap A 54 Ak 24 Ve
— O] oFE8 pRNA AJAFS Y3 11 AJAA /lower risk IVT
Al AL

TANAE A AlqF 4 A
(high-temperature RNA polymerase, new pseudo—

nucleotide, new 5'-cap molecule &)

©® 71&

- o] % -
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