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2.1 Monolithic 3D (M3D) & Heterogeneous Integration (HI)
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[Edge AI 3F M3D on—chip memory]
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- 22 A+ 25 on—chip memory o] L=} o]
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[Monolithically integrated heterogeneous device]

- ZFAM| o] 3k&=32] IP: M3D EIC on PIC

- olF 7|ls9 EEEol idER AF/AdZAY
heterogeneous integrated o}7]€]x A A9} F+&7]|&

— EIC-PIC co-integrated system: M3D stacked module on
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SERE

[Edge Al 3F M3D on—chip memory]
(D BEOL-compatible logic/memory devices

- 400°C o)3} A= AEZA d Aad A 7%=
- Multi-tier A= 22} 33 7)<

- 1% A=9% standard cell design/integration
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- Back-end WA vlE A= AA 2 Fd 7)<
—SMMEQJP@F”HLOV‘Uw7wL

* Placament & Rout ing

- AUE AF wR B8 AT ol9A wE
[Monolithically integrated heterogeneous device]
@ M3D integrated EIC with optical I/0 chiplet

- on—chip BW 3= M3D, off-chip BW+= optical "2
- M3D logic core on optical interposer J-%

- Compute—in—memory ¢} optical network €% T+%
® 11I-V &2 7|9 power—, clock gate-driver

UE M3D module 7= Y 1 dHF, 118
ZF 2 clock driver MIV 7]¥F 3D A= 3=
T4 7=

- High—-frequency switching voltage regulator

b K

S power
%]

A<k

® Physical AI 8F M3D 7]WF CMOS image sensor (CIS)

- Bonding-free 3D stacked ROIC/memory/sensor

* Readrout integrated circuit

- CIM on logic stack Yo 2 1188, AXd A%
* Compute-in-memory

StH 7=
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8 g

m (

- A Al 7=
dlolE] Azl <
Superchip, %E}f\a

Nee AHH

%‘igi doly AE oAM= i
B Hado] Tk ©f
71, W& HBM ™=

interconnect 7] 9] ®

>mi€

B o )

x4l

o =)

- L oX
o
o3

’

- 719 A7) Az 7Iak 71e& s lAdel Al ekol
w231 Q0] (64Gbps/ A E , ~cm AEHo]), FATE o] &3t
Al XEY 2 V)=o] vl e o]z 4] 7=
(NVIDIA, Intel, TSMC &gollA ZpAILH QIE|#Ho] 2~ 7= AHE)

- AP TEYAE AV MG} FASTE S HE
35+ Electrical IC AA 2 &A, Electronic IC 24

2 Co-Packed Optics (Optical Interposer)”’} Al 7]<&<]

- Meta-Photonics & A&|& LEY X 7o A3sd
49 - dmE - AE FaAE 7E b
dolg e - Al Mol aqt== Ay - 2%k
JEAVES #ds}star, Chip-to-Chip - CPU/GPU - HBM &

Fon £F AYGE A4S w9 A FRA ATY
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A AL

(D Optical Interconnect A7 7]<

- dlo]y AlE 38F Rack-to-Rack Optical Interconnect =
?13+ 64Tbps, 1pJ/bit ¥¢ 314 A %™ Optical

Transceiver A4 7]1<

- NRZ 2 PAM-4 7]¥tF9] Optical Modulator % o|& &
st A7) 75 3= N vdEA, Equalizing 71

- 19 E Optical Interconnect & 93+ & A=7]
(Photo diode) % #7] A& =2 W3l8}= Trans-
Impedance Amplifier & X313l ojd =21 T E2EQE

2 A 7=

- Chiplet Z}(Chip-to-Chip), CPU/GPU &} it
w22 (HBM) 7Fe] = cm 79 QlE H o] 29 A&

7Fedt almd ob7| 8 A AA 7=

@ CMOS Hb=A] 34 -& o]-83F Photonics AR AZF 7<=

- BB 24 UF NS BH AN, 349 4L
53 238, 24 W wAE 58 8P b

3 Optoelectronic multi-chip module package 7]<

- CPU/GPU, FPGAs, memory 5% 7| module ¥} PIC
(Photonics IC)9] 2.5D CPO(Co-Packaged Optics)
packaging 7]&

@ Meta st 7wt AA 7=

- HE A VlEs et VIS AR xEY S

A g BAS FB
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2.3 B3 A AT w2y EZ (RRAM &A/E2 7<)

T Fo g
- RRAM &) EA/A18d SHAE d& A w2y &3
— ZFA| T eNVM-RRAM A%
st anop |- FInFET base bAlT] W8 w9t vixie]
- FAIT) MCU, CIS, DDI Soll A
Code/3H4 71 HB A& 03| wRe
— Al Weight Storage #% Memory
O AP 48 7H5 3 RSL (Resistance Switching Layer)
=4 7
- Retention, Endurance, Read &4 2H
- E WAL EF b Ew
@ MLC (Multi Level Cell) 7]<=
- nEg ngH APY vwe x4 e
@ AT MCU A&
/‘ﬂl‘%/\}ﬁ] - MCU Xﬂ%‘ Spec ’2}?3;}:5}?._ j]’/‘ﬂﬂ] MCU Xﬂ%‘ FinFET

node & migration 13§ =

- MCU A|F WE v3dg w2 dgolm 7]&
eFlash 7% Migration &7} XAt v 3dA] 22
Eav A

— embedded RRAM Cost-effective 2 Magnetic issue
free A% o]&3}o 53| General Purpose MCU,
[0oT, Security MCU ‘& non-auto MCU o] =% HE <

@ =FA CIS / DDI A=

- Ay dby) A xpolE B AE 7] Y3 Demura
HeolH§ AgE vxe Basy sdert
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a

® Al 7}&7)

— embedded RRAM 2
Weight storage Al

S SRAM Hi¥] e S3e) Al
&

S

- 9] Access HASIslo] =AAY AF 74
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2.4 33+E

e A AR}

T

U

-

28

of

M

Al F-AL

- GaN on Si 7]L% o]-g3t =33 HEMT A A}

- LAY tee AR FAF GaN &

- Vertical PDN &= %% Si CMOS/GaN
Heterogeneous Integration Scheme

- GaN A=A A=A e #1%F

- GaN AHubA] 22 4 s = Al 7

2k

oL

@ 114 GaN RF A%}

— GaN on Si/SiC RF HEMT 2=}
— N-polar RF GaN HEMT A%}

- Radiation Hardness & 7}%l RF GaN A=}

@ 1200V o]’} Super-Junction SiC MOSFET 2=}
@ Ultra wide bandgap (WBG) = whx=x
- GaN/SiC tin] 4 [k 54 =2 UiBG &4
(Gas03, AIN, Diamond &)<% H

=43 N

- Low-defect density & 7}*]+= GaN on Si epi A%
- N-polar GaN on Si A%
— AIN, Diamond, Ga)0s3 7|13 A%+

- A A3} Ohmic contact &7

b}
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2.5 ZHAH) oW A AA 2 L I2

2.5.1 Ax%E NS 93¢ Image AlA

T T8 g
1] R AlA+= Mobile, 7F#, Automotive, AR/VR &
Tk okl A T ool FobAaL = A
= %% Imaging Pixel Scheme, &74/A2AF 7fdS 31
Photon counting ©]H] %] AlA 2 ToF & AFY 99 &4 7Fs
- Ertd & XR &F AAME o TR SHEAME A Z4,
AAIZE AR/VR Q1E]Ho] 2~ 73}
5.9 Bof ot 9, AUl Axk @M= HF dfas
HAaztste] AAxYE G4
Zuty ~ntEE 2 KR JhHe 48 1t s AN V)
- AEFWELF AR SAZEAAE H8g Ale A,
AT AY 538 H AL 24
g9 7w AR Fy F e wF 24 L g
B HE B AEE A= 14 The
O AzxX ovx] 54 7§ (Low Noise)
- RTS, Flicker Noise 5 A3} Noise A7+S 93l
AM=ZE AR (SF Transistor) -3
- Pixel Scheme 3! Multi-sampling, PGA & 3= 7|W&
o] &3k Noise A%+
At - In-pixel ADC 7+d& 913+ Low Noise & Compact
Sub—threshold Operation Amplifier
@ HDR (High Dynamic Range)
- 7]& wAlo] Al Mg 2 Image Quality A8l dHA
ZE2S 3t A= HDR 7+ Pixel Scheme 2=
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- Digital Pixel Sensor ++% &-&3%F HDR +&
- Low-power & Low-noise ADC 3=, IA A33= 93t
CIS & In—pixel Memory, Chip Size H# A3} ¢t
3D Architecture(ex. Data Flow, Thermal Distribution &),
On-chip AI Image processing
@ = A Z%X% SPAD (Single Photon Avalanche Detection) Al
N
- ul Al A Dark Count Ratio A7FS $13+ (Low Noise)
AN ZE SPAD A} TF
- A %5 (Low Crosstalk) 54 F3& 93k
Metal-filled DTI & AI5F ¥ A Isolation &4 7]%
- 7+% (Photon Detection Efficiency) S7t& ¢t
vl A 3t &34 Al9F Pixel Scheme ¥ &4 W=
- Low Power, Low Deadtime 7§41 &% SPAD SF
T/ A F =
71% (Parasitic Cap. 4, Readout W2, &ud&F 5)
— SPAD & A5+ 44} 70 (Jitter—free, Low-voltage &)
% ZH} A4 (Visible Low-1ight Sensor)
Elgc 7Rk e 2 oH|A] AAME AxE Fe st
4 2ot g8 VeE AxE S A A o=

el 453 7% Al (Biomimetic Adaptive

- e AF Vs EWd Ats s =24 94 2
- 2~vntEE JheEl, AR S, 28 A AT 2=
42 IR A5 Sd3}




2.5.2 Image/Object/Gesture €148 $3+ H/W

T T8 Y&
) — Mobile, Wearable, IoT, Robot %5 Z-8<5 93 Always on
oh-8- F-of
g Q1A =g
D Ultra Low-power Image Capture
- Image/Object/Gesture €129 E3}% Ultra Low—power
Sensor
— Capture & Neural Processing < &Al°l Optimize & <
2+ Device
@ Analog + Digital Neural Network HW
- Ultra Low-power Image/ObJect/Gesture A& A,
High Energy Efficiency 2 & Layer + Analog ol 4]
] 2]3}aL, High Precision & Layer & Digital oA
A H-A ) 8] 8l+= 59 Mixed Neural Network System

@ Multi-stage

- Cascading 7|"H &% Detection/Recognition & #laj3s}H
AA A2l System Energy = Optimize & F UYS Ao =

B, o]lo] "3k Architecture + Algorithm

Co-optimization sf+= 7|%
@ Low-noise ADC 32, IA A33E ¢3CIS3F In—pixel
Memory, Chip Size H A3} ¢ 3+ 3D Architecture(ex. Data

Flow, Thermal Distribution s ), On—-chip Al Image

processing
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2.5.3 Automotive /] SWIR FAE 7|5 2 Readout 3= 7= 7|

r

:l_L

4 08

— Automotive: A7 ®A AH In-cabin

- Automotive HErHAA R FZA| B (ADAS) ¥ A&53 A&
Aol HAlE = AN EFH SR LIDAR, Laser Gated
Imager 59 AAM FA(FAY A, =, = %)

- Robot & Drone: 37 A4S AlA, A=A A= 74

- Factory Automation: &7 A&3} £t vtz HALE AlA

- LIDAR, Laser Gated Imager + &% (Active Light Source)}
FHa = Detector) T2 74, Fdo] WELH = H=olA 9
H P2} Eye Safety & L 49_?_ e ord. theksk 7]
(Order of Magnitude)?] 7= 3t #ol# =S =357
2%k SWIR ¥4 o<l (1310nm, 1550nm)<] A4 A& L3}

A A

A ke Qlo] Autbd 545 93t F3H = (Detector)F-9F

@ Detector: SWIR FFAE AFE3E &ALE 7]E o|w[X] AlA <
53l charge integration W] Y+ Avalanche
Breakdown & ©] 83+ SPAD HE]9] detector(d], QD-on-Si)
AL, SWIR 3 o< (1310nm, 1550nm)

- Si A Ik A7F &2 A e -

- AF FF S AT A fle A A9 =g

- Pixel Size (< 5um)

- a.7]% A 0 QE(>30%) & Dark(<1000e/sec @25 &)
b.SPAD W+2]: PDE(>20%) & DCR(< 500cps @25 &)

@ Readout 3= 7|= 7l
- Si I & SWIR A5 AMEsto 2 H WASk= offset &

noise A7 7hsd I 27]=
- Readout 3= 7|& 7R
- Si &A 719k A28 ROIC /(A #S Readout T+%/3] &)




2.6 24K 22 /03 vz R XEYX

B>

2

1
a

o

F8

m U
ofo
i

o
o

- Logic ¥ Memory

Al F-AL)

F>

(D Scaling Down & A =55 ¢t 2l9F &A%}

- High Thermal Stability 7}t AFstE Wr=A] Ad &4
- DRAM W] A3} A =35 7]
- 3D Cell A5 7%
- Beyond Zr, Hf oxide high k &2
- Ao A ol sTt w2 AE A ARE
- Beyond Moore's Law & 93¢t JEA & A ARE
- CNT, 2D Ag, M-V, SiGe &
- AAT At v A ARE
- Topological semi-metal &
- s A AFAA G827

- JEAYE AEY A AFHA 7=
@ Emerging Nonvolatile Memory

- Vertical memory 7I&E €3t Selector Only Memory
- Vertical SOM 4~=} TCAD 2 21¥]
- Atomic Layer Deposition(ALD)[n] Al=2 % Stack,
&4 /Precursor

ZEA Aol = 7]4¥k Self-selecting Memory

- %A= Selector Only memory (SOM)
- A4 Selector only memory 3= A 2 F% scheme

- AdE 5 7Fs SOM =2 it
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- High Endurance & Z¥+= FeFET

- ARE s w2 S4= 7HA= MRAM

® 49T TEYE 27

-Oud 1gs F3Y 4d 2 H1E T g
- A 234/ A8 F Modulator 3F A1EZ 7]HF Az}
714 (11

— Reconfigurable Photonic Integrated Circuit(PIC) 7]<
@ 7] % Modulator A % A=}

- At %314 33 Modulator & 4z 2 A%} 7]%?
- A g4l Fok 3EA19 Lane Speed $HA =

CYENe mng, A9s, T4d 98 $71 40

(5 CTIF 7]%F 3D VNAND Cell & oA & 9=
A3t B3 A (NVM) W =22 A VNAND ] A &2 o] &=

U =7t mE FA Jolr, Cost =71 5 A FE

- Al =4, A FE, AL d Y v H R &)
(ex. MO-ECRAM 7]4F)

- 3D VNAND *+Zo 7]9bsk Algf w3k wjwg] 4}

- B3] ARpe] T At

ol

- Memory Window
- Endurance

- Retention
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2.7 Z}A|th DRAM A=}

a

:l_L

o g

ru (
ofo
M

(o]
o

- 1T1C 7]%F DRAM Cell & A& <= 20+ Al9F High Speed
w2e] Az}

A A

O AHEEREA] % Deposition 75 g 7]wk 1T1IC A=A}

01)44
ol
-}

@ Si/Poly-Si/A&E4 AQd 7|vF 3D & RAM A=}
@ Ferroelectric Cap 7]¥F 1TIF 3D A= &2A}F
@ Capless DRAM7|HF A =3 A% % Integration scheme

(® 2T0C =+ 3TOC DRAM 7]®¥F A 53 A} 2 Integration

scheme
® Bonding 7]% 7]WF DRAM A A} 2 Integration Scheme

=2 72 High-k Gox, Low Leakage Gox, #]#3} WL,
Low-k A9 X ed] Etch Mask &4,

Silicidationless Ohmic Contact =%&

® 3 ANk =4 Silicide, High A/R Oxidation,
High A/R Contact ¥4 % Doping, Al=2 AHd =3 7=

@ AtahE A adel o A, Fa kA @ Ad A

A

S

it

3}
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2.8 DRAM 2 VNAND & Z-74AA &=

T3 T8 Y&
— Z}A| ] DRAM #|3%, Neuromorphic Synapse AA},
ToT Adg WA 24
- Z}A O] DRAM #|%+
530 - Vertical stack 7}t Cap-less DRAM & 2FshE wE=A] A d
- © )
= ° Ferroelectric AA}
- 3D stacked FeFET
- AT VNAND 2 918 7]& CIF WA 7153t Ak3tE bl
209 FeFET A A}
[DRAM &F 714 ]
(@D High Performance 79 7}s3t 734 =4 9 52 34
- Speed &4 H
- Endurance &4 &xH
- A 2 R
@ 74 A A kg e
- Domain Size % Uniformity =]
A F-A1)
@ Endurance 7HAS 3%} Gate stack
- Ferroelectric B2t
- Ferroelectric 99 =24 2 54 ¥H Mechanism
S
@ FAA AolE Az REH
- 224/ 2dd
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M

=

&

(@)
a

X

[VNAND & 7714 ]

O VNAND &2} 7453 AbshE WA 2l FeFET 3
Cell Stack 7%
- Memory Window

— Endurance % Read/Pass Disturb, Retention &4 &H.

o]
@ Domain Size #|°o] % Uniformity 7§41

— Domain Size ¥ Phase &4 HMH s

- Phase # &% /WAS ¢33 Ferro &2 A+
@ Ferroelectric ¥ Mechanism ©] &
- AR} wAYS B4 U Ao] AR} o]

@ Ferro &} Channel A Alo] ¥ Ferro &4 <3S 3+

X170 Channel =2 714
® Disturb 545 AT T &= 7= /L

® Erase &2 EA
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2.9 29 &8 vr=x) (MRAM ¥ Spintronics £ 3A})

T

R

- ZFAI Y] eNVM 2 Working Memory @F STT-MRAM =] 3=

- Automotive, AloT &F =}A| ) STT-MRAM €] Speed, Density,

Endurance, AlZA kAt
- z}A| o) Spintronics A}

- MRAM &) =/ A % $AE Y+ Spintronics &AF

rol

SERE)

O 2%, nAHAY 7d 7 N =42
- Speed, Endurance 54 1
- a2 SN A3t A 23 24
@ Emerging Spintronics 7)<
- SOT-MRAM, Racetrack, VCMA, P-bit
— 3D-MRAM, Selector =2

- 2WNERYA B/ 02/3 2 g
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1214 Al SoC
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3. Hle 5 ZA

3.1 A AE/AAH /DAY R AF 33 7)<

T T8 Y&
- ZFA| ) Automotive 3F 1A% MCU A&
-8 F-of - 5t = > 11 &
- Edge AI, Compute—in—memory &F Z}A|t] Z= 314 MRAM
O 12, IAFHA Automotive T MTJ A Z 7)<«
@ 114 NV-RAM &F Write intensive MTJ A&+ 7]<=
@ Last level cache 3F MRAM 7]
A EALE — SOT-MRAM, Ordered alloy, racetrack memory
@ =AMt MRAM Patterning 7)<
- Z}FA| Y Patterning = 93 fine pitch &4 7|
- Magnetic =} 7]& 11%=3}
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3.2 ZHA LAY AAE 7hdE AT H 2 RRAM) F87]<

i

:l_L

o g

ru (
ofo
i

(o]
o

- ZFA ) 2AIFE A Auto ] 7PHEAEH R Y] &

(auto & ALAIFA MCU)
- ZFA AL ) 7 A e W2 (Multi-level cell A&

ads AT S W)
- AW s ANE 7P A AR 28

(GP MCU, 10T, Security %)

Al F-ALE

@O AN LA auto &F 7 AF W V=

A4 (Rreset/Rset) A= /L= read vk 714

- high endurance @ high retentiondf A& /HT= A=A
oH

- Low A3ALE A7 ME2 AE vpR g1

— Endurance-Retention trade-off 7§41 9%t simulation 7]%

R ABINT W AlA

@ AAY Al 7PAA S 72 e

multi-level cell& 7FH A3 A5 7<=

- Low A& AL write algorithm A A

Alfl AAZH (A AL %, short pulse T+%) 7} A3
=4

— Al 3D stacking RRAM 7]< 7i4dt
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3.3 2D B8 (MoS2, WSe2)e] W4, Large Grain AF 7=

T T8 &
st g Hol |- XA 24 Transistor ¢ Beyond Si Channel &4

@D 300mm 7] A (== 300mm 7] ¥ &4 715 ) ol A
Grain size > 100 um & 2D &2 A=A 7)<

g BEAo w2 Ay AF dg A3 Z

@ 71 =
A F-AHE e

T

EK
rd g

A2 59 ¥4 7=

il

@ AEd =2 4% A] Doping 7|

O~

@ 3D G-z°l Conformal A 7|
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3.4 Oxide Semiconductor - FerroFET

i

:l_L

o g

ru (
ofo
i
(o]
o

- Low power 3 FerroFET &7

- High Bandwidth Storage 2%} 7§

A A

gHe o,

(D Oxide Semiconductor®} Ferroelectric =2&o| 2

low power &%Fo] 7}s3dh A A4 3
@ 4, 98 Fx9] Oxide Semiconductor ALD =2+ ¥H4

@ Ferroelectric &322 ALD =2 &4
@ Oxide Semiconductor ¢} Ferroelectric.

Zyzyol Z4o] intermixing ¥A|] & 34 7&E
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3.5 Selective ALD/ALE (Metal Oxide/Metal), Selective Deposition

;L

M
N
ko
=
ofo

— DRAM Capacitor Al

- Capacitor WF+S Melx o g ZFa&a A AstE 7%
- Logic 9] High-k /Metal Gate, BEOL/MOL ®jA
- 3D 7% FAE 3t Self-Aligned &% o] F Q3
ot-8-Fof 2= A3 VNAND, 3D DRAM, Logic =
- A o] DRAM A%

- High Work Function < 74+ A=9

- High Step Coverage & F+d & 4~ 30+ ALD & A

RC delay HA3E 93t dielectric &&4/&2A 7

[ALD/ALE]
@D Selective ALD (ASD)

- sjElE Fxo)A] Meld o= mbup

o : MoM (Metal on Metal) 52t

ol\
1

- Selectivity =3}
o : Inhibitor A&
Al AL
@ ALE
- Metal Oxide/Si02 & dEA o= 7124 A|A
o 1 Zr02 ¥k A At Si02 = 1A

- Metal/Si02 & A&Hd o2 A2 AA

o : TIN®RF A ASFAL Si02 &= FA
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[Selective Deposition]

@ A E4 Metal Silicide on Si, not on oxide

@ Spatial 21¥14 Metal(Ru, Co, Mo, bottom up metal contact
fill)

@ AEA Hardmask (HfO, ZrO) on EUV PR, not Si02

@ Non—metal, metal doped ALD =%}
- In-situ Doping & ©]-&3F Conformal Doping
- ALD & Doping Precursor 742t

- S/C(Step Coverage) A 7)<
[Capacitor Electrode]

@ High Work Function &

- ALD Precursor ¥ &#A
EE Ao 7=

- High Step Coverage 78 7153 &4

@D non-Si A-H-A A dretre] ALD S3F

|
9% 2

~ dha} =39 precursor &
- A AolE St T =3}

- &4 X (step coverage, thickness) A& ¢3+ 71& 7

51 / 192




[MLCC] MLCC WF-d=/2F-d= 44

@ Selective PVD: Metal & A€

- S| AaHow v FFE

2

o 7 dluk %?‘L

- BTO (BaTi03) $l°ll Ni + BT0¢] &

o[\
N

- ZZ = Liquid Maske] &4 BE
@ Roll to Roll & : Roll to Roll 1% ==& 93} Liquid
Mask A3 A A= 7<%
- RR S ol &3t A& F37 7=
- Liquid (0i1)< AF&-3+ Masking <14

- 7422 Masking & AlA
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3.6 HA] ¥tex] Td FA

T T8 e
[HEd 2 52
- Gate All Around ¢} 22 A2 72 E wlA Q=]
T TS A &4, Ad 3 &Ae &8&
[EUV =33l 23 Polarity switching WA YE]
- EUV #Hb-$A 11255 PTD (Positive Tone Development )
519 B o} PR (photoresist) 4]
- DRAM & Logic 8F SET (Single Exposure Tech.) &7
[ALD & m Adn8]/53%]
- High Aspect Ratio Device A|ZA] Void-Free %
93k Step-coverage & A& o+ AU+= ALD FAM
Anl /5 A Y
@ 13§42 2 Low Dose 7}s 3%+ EUV Patterning
- Etch W3 AaFe] 7Hsgk AAaA /4] Develop 574
- A3 S 913 Dose sh3F
@ 2HAITH Etch 78 7= 913 WA48 &
- Part &~% 2 defect #A3SIE $13 Plasma Wl/go] 7st
24
Al AL

@ N/P MOS Gate &+ " Metal ¥} Depo
- Sub Layer ©] Immunity 4 Film A<
@ ZFAM ) CMP Planarization & 93 7154 AA
- High Density 9| 4% Erosion ©] H4A3td 4+ J+=
CMP Slurry

- Recess & Ao 4 = Slurry
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® High Aspect Ratio oA Gap-fill A & o] F=¢ AbX
7N
® 1244 <k (PR, Thinner, DIVE) &3 % &

T
o
2

A =4, A 2 A Jide] Thed Eeh=nt 3 9
3}
= O

A ]j] 7H Hl—oﬂ

- Z2} =1} New Source 70+ (Microwave, ECR, Helicon
Plasma %) % CCP, ICP AW] Zz}=n} Ao 7]<& 7

©@ Z¢=7} Simulation & 283 AAZF Zeb=u) o] 4
2 Ar HA3 Ve
- Z¢k=v} Simulation 7|Wh Eek=wt 378 N
Ex) HARC 574 = Adn] 7
- Machine Learning 7|WF Plasma &7 /4d#7] =23}

Zalzul 24 AS A 95 An) Ak ==

[EUV %=33ol 2]3l Polarity Switching ™#H U =]
@ SET sAd= &l wAAE F4 752 New Platform 2Hi
- 7] Crosslinking ©] o} Non-crosslinking WAYF
s
- 253 AgEods Y=rF BV =33l o8

Polarity Switching = ©F7|A|7]+= Al EdolH 2 23
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- High Absorption & Metal, EUV-sensitive Ligand

F-34, 34 k8 A Simulation 87 2 A

[ALD &4 Anr]/53F]
@ ZFAIH Precursor 7] Gas Delivery
- Solid Precursor 7] Canister
- Solid Precursor Aol ¥ EUH

- 12/31%& /5% Gas Delivery

@ WreA| Al 2pAlY b
- Metal 3D ZA) B F-3& A=
- A /EAAE /A
- 3184 Heat Transfer/Flow #7243}
@ WreA] ARl WA 5"
- Metal &A1Y a2 HFAAE A (2A/518)
- High Aspect Ratio Micro Hole =¥

- ek} RER ALD 2

Z9,
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3.7 HlA ¥teA 7= 2 F2 ANAS Ts

:l_L

i

o g

[F]A] A -2 FHAH

- DRAM/VNAND/LOGIC WHZ=A] wAlsl 2 3D 7% 9k A7id
AAHAS /22 BV 2 SV 7=

- oA wbz B3k AAF 2 3D & Y Mis-alignment A=

! 31—

- Al 7|9k WA 1 AAHAS /A =3t

- B3 Tx 5 5

- "] A (<10nm) HE+= 3}1‘% = v ay] HA

[WHeA] 72 A5 7<)

- DRAM, VNAND, Logic, CIS A& +x% A

- Wafer Bonding & olA HAst= Metal Void HAHAS

- Metal &4 =/3 dAst= B 24 2 Ax(Void =)

(WA S48 AA 7= ]

- A8 /Leakage i #AEH RUHYH 7|&

A REA AFE/ABE 5 2

IN
N

A AL

@D 3D Stack "]A| EFF
- 3D Stack s} &
Wide DOF/Dual Focus 3%, &3 &)
- Multi-layer ¥7/=4 ¥ 54 7<=
- 3D Stack W] Crystal &% A} 7|&
- Pulsed & 7|9F A2 HAAS 7=

4 HANAS 7=
a

%
=% A} 7)< (Long Wave-Length,

s

(Complex freq. Source, RF OCD 7]<)
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- Volumetric optical inverse design 7|
@ WA 22 24 B3y 53 Vs

- X-ray 7|9k e, Wiz =4 Imaging 7]

- Si AAs/nzF 94 A= 7)< (Raman Spectroscopy,

SERS &)

A P S B o | R S R B ey

- Photoemission 7|9k H|9}3] A7) B4 54 7=
@ AAFAFE R G (SEM) 718 WA AANAS 7=

- 0.5nm ©]3} aLE3lT SEM 7|<&

- SEM 7|9k &2 A7) B EF AAVAS s
@ Al & &83F o|n A/ EY 7Rk HAHVAS 7=

- &7 Data ® 2 Ao FHE7] A Al stF 7=

- A4 Data & A/ AAS Hes Fol7] AT 7=
© "33 BIRkHE a1t 3D MI 7)<

- Visible, IR, EUV, X-ray 7]¥} Computational Imaging 7)<
® Advanced packaging W33 AAHAS 7]&

- 2595 ol & HA/AS Vs
@ 3D G+% Lateral recess/profile 7% A5

- X-ray/EUV 313} 3D o] Av] 7)<
3D DRAM Lateral WA % E%F(Recess) % Void #HAF 71
© 30um ©]%F Zlo]e] 0.1um °o]38} WAl &% = Void A= 7=
S m Al Residue B3] HAF 7]
@ 10nm ©|s} &= HA} 7=
@ ®]% %2 Radical Beam A< W& 4k 9 oq=] 7HA]/

e AlA T

- Laser 5 @38} 7|dt 7<=

(¢, Optical Emission Spectrometer 7|HF 7)< A 9])

- Radical Beam A& %, A oyx] 54

1

N
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- Radical fid Hx
- Radical '8 At =4
[RE=A 72 A5 7]=]
D Soft X-ray 7|9t FZ A=7|
- DRAM B! LOGIC "4l & ASS 9% 72 A5 wozhg
M 2 CD/Pitch AA AF 75
@ X-ray CT with Nanometer-scale Resolution
- Metal Void i+4] % AS 7=
- Metal 94 E%¢] 3D % 4 7=
- Metal Fill 23t FAol|A Buried Defect A5 % &4
@ Plasma In-situ 75 (PLIF: Planer Laser—Induced
Fluorescence Method for Plasma Scatterometry)
- Z¢}=nF =3 (PLAD) PM(Process Module) Chamber “g%] ]
LAste] Atk ASE AE dHolA we FE

- Etching ©]t} Depo FA g% 7}5

(!

@ A Adste) EUV &) & ' njA| A3SH(Defect)
S 9k A B3Eel e Se=v 29 7<=
- Y =t 3 AA V)=

aEE FY FY xR AA 2 FE EA o=
Zglzul ofm BWE AHA D oA o=

g A g s 2
- dlojA 7Hk Zeh=nt F Az Vs

58 / 192



[WHeA] F4 AAF 7]<=]
O AAdAnd 7t 7=
- Voltage Contrast Electron Beam HA} 7|<
- Capacitive Contrast Electron Beam HA} 7|<&
- Electron Beam -A7] & 7|< (EBIC, EBIRCH)
- 7143 g71= (THEMOS, PHEMOS)
@ A71H 59 SA47)=
- A&} /Capacitance A5 574 7|% (C-AFM, Nano-Probing,

Time-Transient SEM)
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3.8 A A3} Metal Interconnect 7]

TE To U
- 2FA ] Logic A= v A
5h8- ol
- ZFA o] DRAM A% w4 &4
O AAEG wfx 54 R
- Cu, Mo, Ru ©]%9] vjA vjXgE 4LA4/57
@ A #3F vjA patterning 7]< 7t
- A3 AE2 3F Hard Mask 2 Etch A1 €iH)
A F-AFE

@ AAE wA S A F27E N
- 3D % T3 93 ALD A H]/Precursor
- v A A% damascene &7 ALD/CVD AdH]

- 3137 dkuk pyp AH)/ Z=2H7)<%
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o] o] A (LCE: Localized Catalyst Etching) ZZA|X 7|<=

o 0

- QA g T2 e 249 Fesl 3o

A AL

O v} A2 28 free &, S H=¢ =5 o]-&3}
CMP &} A} 7he e Z oAl

@ Fv == Aol ol EHO] HAg (HHof vt
e A A= A7 7hs 7hest QP 9F 22
7l 2bgel ol Dishing o] dojd o {171 wfol
244 sdH Fesr 7hs

@ Si/Si02 9 A Aoz 7|z AZS Ay, Si 9 YA
Bl2f2o] A o] & #$0](0.3mm)7HA] Hetsts Ad

@ LCE(Localized Catalyst Etching)+ 7]1<& CMP 9
A 7] o] ol o]F A G-l A PD(Photo Diode)
FH FGekste] A gAY N Evd EFolu
HB(Hybrid Bonding)s9% A3 A=A HAE /fAst=

Advanced H&rs} &

® Etch rate A|ZF @5 (ol=del &4 " 20nm %7]
ol thel, sub-nm 22 HErslo] oF 6H Z Q)
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3.10 7|8} ¥I=A 4

1
i

4 0%

- HPC 111, Server [1<2] 3135 (High Speed, Wide 10,
Low Latency) PKG #|3 Power Efficiency %
- Decoupling Cap: PKG & Power Integrity SFA}
- IVR (Integrity Voltage Regulator): Power Delivery %

Power Loss 745 &3t Power @& 7§A

[Mobile [] Power Efficiency]
- Mobile [7] PKG A|3%2] Power Integrity SHH.

Al F-ALE

(D High Power Application -8 IVR 7l

- PKG W] Embedding & 3%+ Miniaturized IVR 7l
- IVR ¢ Switching Noise 7§41 & Passive 7| 7]
- Embedded, Discrete Type Inductor 7J%¢
- Hybrid IVR ™}-& Capacitor 7]<& 7§

@ 114 % Capacitor 7N

— Power Performance & =}A|t] Si Capacitor
- Mobile & Low Profile 224 Si Capacitor 7§
- AT/HPC = 2.xD PKG 9] Substrate Core Embedding &

Si Capacitor 7] 714

- Low Cost &HE €3 Ceramic Capacitor 7|&= 7l
- Low Profile & 1183 MLCC W
- A9F+ Form factor & &%+ Low ESL Capacitor EHH.
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4. 9= A 97X

4.1 Advanced Packaging AAHAZ 7)<

i

:l_L

o Wg

rut
ofo
i

(o]
o

- Multi-stack HBM HCB/TCB AA AIS
- 3D 1C/LED0S/CPO HCB/TCB ZAF 71=

— Wafer/Panel Level Heterogeneous PKG 7AAM A=

- e AEE 299 A5 0 AT u% AF/AT

o

AR

O 19 EF 1% 41 7s

- H]A| Pitch Wl i/l AA 714
- High Warpage Chip il
@ 3D See-thru 115 A} 7|&=
- Bonding Al EF(Void %) v HAF 7%
- W& wA A3t/Crack & ¥ HAF 7<=
- W2 2] damage free X-ray imaging 7|

Ex) 113%; X-ray, Acoustic Microscopy ‘&

- Metal/FH = &3} golo] ¥ o2} 18 A=
Ex) 112 AFM, 338 7|9 vl A @2} A=

- Chip Level 29 A3 4= 54 7|+
- In-situ bonding process A= 7]<

- Electrical/Optical Interconnection A} 7]<&
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® Al 7]4WF Packaging =32 o= 7<%

- Al 7]%F Bonding ¥4 AFd o= 7=
- AT 7]¥F PKG 2124 AFA o5 7]

il

- 1D AAIE d"loly -8 Transformer =3,
Full Waveform Inversion(FWI) 7]WF Z 3] =

3D A A4 Ve =

@ PINNs (Physics—Informed Neural Networks) 7|Wk 7)<
- 43 dloly H=5 A4 sds g gs WAy
A71/71A4 vk g 5 =2 HHs F 6

urstel s 7}

ofr
rok
=
!
e
=
il

@ Multi-Modal A% A= =24
- 253, X-Ray, A, x4 dvd & v
5

ulsha] 7L A E
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4.2 Laser Via hole 7}& 7]&/ Simulation Modeling

M

;L

8 g

- A PKG & =477 Laser Via 7}&

=
Al
=

A87F Wol Hal 3. PKG Aol thsh
Z1AA/EH A Wk a4 (Simulation Modeling)& &3
A ) Laser 71 7S Wa/g-88aA}t g

- AT PKG AE FE (2.5D/2.3D/2.1D #H 71X & 7))

A Ay

O =477 Laser Via 7}&
- UV laser (3556nm), Deep UV laser (266nm), Excimer &
- Laser yp/Hzo| wE 7he g, daH
- Laser 3}, Pulse Width (ns/ps/fs)ell W2 Via hole
718 A 7HEE 2] HAZ(Heat Affect Zone)

Fe ot

- AA THe At AlEdelds B3 WA
Laser Via hole 7}& 2d¥
@ A Laser 7F& W2 A9t
- Laser Via hole 7} Ed® 4= & A 542774

Laser 7}& "2l ot

(

- UV, Deep UV, Excimer &
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4.3 Logic Integration

T T8 W&
[Logic 1] 3D Integration]
— Monolithic/sequential Logic on Logic A=}
g2 FoF | - Heterogeneous Device on Device AA}
- Area scaling % 7B A £AS 2E+ 3D Integration
— Thermal management in 3D integration
[Logic 1] 3D Integration]
(D 3D Monolithic Integration
— CFET(Complementary FET)
- 724 43 e Source/Drain 3 Metal Gate
- (KA & 435 transistor 914 Interconnection &2
- Non-Si 2141 A7 A
— Thermally Conductive -7
@ 3D Sequential Integration
— Aligned Wafer Bonding
PERE - 3145 Transistor 54 & X 7}538F A2 Integration

- (110) orientation, Ge & “F3l% A3} channel &%
@ Backside €& Interconnection

— Backside o| A Patterning % Metallization & -&
@ 3D Integration [1 Scheme 3 Layout

- PPA ¥ A 3} 7} Scheme ¥ Layout &

- Diode 5 passive &4 &
(® Thermal management in 3D integration

- AR dEA ALl

- Multi-scale &z} A& oA

- A4 B3 474 EAS B0 ndd 24 A8
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4 = WA, 18F, 1%L 53 Package 7%

T

2 W&

X

m U
op
Mo

o
T—l

- HPC 171, Server [119] 1175 (High Speed, Wide 10,
Low Latency) A& && 7}5
- % Memory (DRAM)
- Mobile AI [1] 31405 (High Speed, Thermal)Al# €& 7}
- 732 Memory(DRAM) + Logic(AP)

olf

- 2-Phase Immersion Cooling & %7 Target &%
SSD, DIMM & A& 7N&E ¢3F Thermal Simulation
e 3hi

- 2-Phase Immersion Cooling € ¥7 Target A&
AA Al E B &S 93 Thermal solution EHE

e

D %= w43} &4 Interconnection PKG 7)<
- Pattern "|AM3} AIE =3 Interconnection 7|5 =
14 & ARE WEY FE Vs
- % U] A Pitch & Thin Die Stack 7]
- Fine Pitch Substrate 7|3 7|== v|Ag} g+A =3}
@ % n8&eF 24 §E3 Stack 7|4
- s Ry e &% A 55 V=

- 71& B T A Infra 802 AV A SR

©@
B

1-8-5F Wafer/WoW Defect free Dicing 7|<
- Single & Multi-Layer Wafer Dicing
@ = ayd 54 2 ENC F)
- AAFOR A WA @A 32 A% v 24
1 ox

® AP ¢} Memory 9] 53 A* 53 Package 7%




- 145 CPU/GPU & s ol ts 7t
=3} Package Platform
- System PKG A& 7} %
[2-Phase Immersion Cooling]

(D 2-Phase Immersion Cooling Thermal Simulation

— Thermal simulation WHE 4

- SSD, DIMM & Module level thermal simulation
model E+H

- Server & System level thermal simulation
model S+H

@ 2-Phase Immersion Cooling Thermal Solution

- X9 A& E3) Heat transfer coefficient &
- 2-Phase Immersion cooling & 3+ % PKG %

Set 7|7& & Aot

r
e
[
o,

A}
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4.5 Wafer Level Package

T T8 W&
— Z}A| o] Bonding VNAND
S Rl B VA
- kA1t DRAM A% / HBM A%
- A N/ & F7F /AL ol EE Aol A
- ZAlH Logic #l%
- /3% 7HA(BSPDN), Multi Function
h-8-3t-of § -
- kAT CIS Al
- s WA, Al AlES
- 2FAI T} Memory A%
A= 72 9 E EAS E3H5E= Wafer & Chip
Stress/Warpage o5 71&= Z &
A& LEsle] wWE Stress ol9F 3AE $I3F Zero
Stress ¢ EAAS Zt&= 94 g
[ %At Bonding VNAND ]
D Peri Wafer Multi bonding 7]<=
- Post bonding overlay/Bonding overlay -&A] "=
- nano TSV
A EA} ) - Saddle Warpage Wafer Bonding 7]

: X, Y Warpage Skew 7} J+= Wafer & Bonding
2 Edge Control 7]
- Edge @2} Alof, & 7| $13F Wafer Edge Trim 7]

=3}
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[ X}A] X Bonding DRAM]
(@D Fine Pitch Cu Hybrid Bonding 7]
- Metal Fill, Cu Pad &8}, dA ¢
@ Multi Wafer bonding 7]
- Edge &2} Al°], Trim 7]& 1%E3}
- Carrier ¥d 7%
@ Bonding Overlay/Post Bonding Overlay &A] ¥+
[ZFA T Logicl
D Low Distortion Fusion Bonding 7]<
@ Si Layer Transfer 7]<=
@ Wafer Thinning 7]<

[ZFA ) Memory]
@ Wafer & Chip Stress/Warpage Simulation
- B3e AE FE (ex.VNAND)O A €] Wafer/Chip
Warpage Simulation
- T}F3t 54 (Thickness, Stress, Modulus 5)< 7HA&
t}EHkel S0 A 9] Wafer/Chip Warpage Simulation
- 12 As A B BE o523 93 Wafer/Chip
Warpage Simulation
ex) RVE, EDA Modeling
@ Zero Stress Dielectric/Metal Deposition
- A9 54 9 Wet WS 2E= Zero Stress Dielectric
=4 2 ¥4
- Small Grain = %t A A& Zero Stress Metal
=4 2 =4
— Gap-Fill ©] 7}53F Zero Stress =& 2 Al

3 7%

70 / 192




4.6 AT Glass ¥7]X] 7]# o]F AE (Glass/AAA) 718 7=

T5 T e
- Al & AT 9=A A S 8 d71A] 7139
W &S gt ZoE EZetHAlA Glass = v =
Needs 7} =7Fstal S+
- Glass © ZgF2¥ gid] X4 ok 2 & 5Ao] 9351,
-8 Fof

FHAo] Fol HF % 7F& A] Chipping % Crack 2HAY
Ado] o, Glass ¥ ©59e AAAE A&tz
o]F A=l thslk eFg A<l 71 (Cutting) 7|&=°] HR3)

- kA Glass 371 A] 7] (Glass Core % Interposer)

@ olFA= (Glass & AAA}) 7F& (Cutting) =2 A<t
- 7bs A E ke wE 938 99
- Laser, Blade, Waterjet, Hybrid &
- Chipping % Crack Wx] HA H2] =&
A A - AP 7hE A dE
@ Defect o] ME B JIA o

(e} ‘O =~
— Glass Chipping = 7] W& Crack oA 714 2

—

AR B 5w

ol

Risk ‘= Simulation

- 7}& % Glass Crack @A x| weob mdz
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4.7 €83 Packaging
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- HPC [}, Server [1¢] 3145 (High Speed, Wide 10,

Low Latency) A% &8 7}5

- Memory(HBM) + Logic(Chiplets) + Interposer(2.5D + 3D)
- Data Center ] L]/ F FET4 Eg

(Co—Packaged Optics, CPO)

SERE

(D Hybrid Copper Bonding(HCB)
- Bumpless, Gapless Bonding &% Thermal 722 &1
- 71 B =9 CoW(Chip On Wafer) infra &80 =
47t A R
2 3D IC -8 FoPKG (Fan out Package)
- HCB 7]¥} Fine Pitch 7+&
Logic & Memory 3D Stack Architecture 7@ 7]<
Thin & Fine Pitch Die & Y& stack 7]&

!
=
o,

To =2 Qs W A S5 S v AA
=3 PKG
5 2.5D + 3D & 9|3 Interconnect

W4 Bonding ALAIFEA 34, &

©
2
oo

S

oL

|
£ K

F

@ EI

P

-PIC 3D Stack 7]<% (Optic Engine, OE) %

} Packaging 7]&

oo
(&) _ﬂ'ﬂ:
ol

- Optical Interface AFF3%, XA Glue
hermal/Optic/Electrical E4 S-S 3l +
} PKG (2.xD/3.xD Integration, &

2l 22} 2 PIC Integration 7|4

T~

|
o 3
3
-
ol
O
E (

|
PN
L]
fy o
o
N
e
N,
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5. Quantum/Bio IAFH

5.1 ZAE FHE ARH/o}7|EA] AA

T T8 &
- 2 L7l Aol e dA AFEES SAsiA =
FA o7 A T 7S opIgA FRIE Fa
512 o} o5 3 @Y FHIES HA AA L gEo YA}
OF AA F=E Jbto g 3 opy|da] A I
A

D AT P

- g FHIES] A A7
FHE 2 3 47
- &4 7153 FHE unit-cell R
b AZe 9 gEg A
g AA H Td
A} 9F AA aed FHE oy Hx A7

AZA (Quantum transducer) <1

o

ARa | -

|
%
Qi

N

& A% 2 74

T8

S
N

- THIE At S/ %1%‘ ?8”01 el E A7

- o7 AA3]

9% 47
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5.3 Cryo—CMOS RF/o}E21 A 7=

TE T e
- A4K)ANA 52 7Hes RF/obd =1 A
ZHAE AR g HES dste 7
58 Ko}
- Cryo—-CMOS 714Fe] 3|2 A 7|&S A4
-5 WA Fow &4 Jbs
O A "k
— Cryo—CMOS 7|5t Ao B2 A A
obd= B RF =5 A R A= A
TFH|Eof| A &2 A
AFEAE | - o8 Ao]F gl A|AE ol7|E A 73
YA o F AA 1H 3 ofF|HAH A
@ 8 7% 49 92 iy
- A (4K)ANA 52 7 CM0S A A 7=
- A& Ax mEE 9 PK
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5.4 Quantum Networking
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5.5 $&F ueE AR

T T8 &
- 8, LF7F A%t FAHEFHER $8&& AN Ese
dgsol e 1 Fda. voprl L /RE FAT =4
d-giof | FHIE 7|8 FAHFEH s LE3 S84 deE ARk
e et e
AR - B/ S 5 ggs o S Alold H
O A+~ 4
- "FAA-AT ZE A A eE /a8
SR N A ZmaA e AT 2§, AT 7HRT =
QPU &A1
- ARG -FAA stolBYyE FHE 7A/EE A E
ad gz "o go] A]2E: QPUOlA SR 3% HolHE
SA Agste] vhg FHIE sA el wkdats sh=selo] Ao
colF AFHE THE 2AE, o|2EY 5 oI =94
FHIE E45% IPCE E84208 At A~
A= s715F 2 H A 7 Al=E 2R HlolH dsE
A (Latency) & HA3sh= 7=
Al AL

- Practical A" 7+ S8l HW/SW Y th gt 7=
stack 14

cobA] Al MY FFol AHE A S thFet
FHE &2 74d WA(2A% 4 SR, 332 5)
g ZUE Y Wl %

@ T8 7= A% H 7

- NISQ ol A+ &8 <darels 4

- 29 BAsY ewE wire 2AE FHIE 79 %
FA o AR = TR

77 / 192




5.6

A AFES 9% Al 7% (Al for Quantum computing)

M
N
ko
=
oo

slgHol |- YA daEgs AL 2d
- A% 4R oF "ay
O A& olyA AlEEeldS 93 stojugl= Al &gl <
- B2 A2 AlEHolAS 9% A MEE A
- QPU-GPU A& &3 A A& sts Al 2d A A
@ %A dugE & fArel Al 2d A
A EA ) - FA} HlolE embedding 3|2 BAF Ed

® P oF BAL A% A Al mY o

_?‘
- RWN 7[¥ke] AJAlE Ak o7 Had 2d
- lps ofst & YIS A B ALE AT

- %A 32 @5 2 qubit routing F A3} daglE
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5.7 kAt vlo]l L HAFHY (Brain-Inspired Computing)

;L

M
N
ko
=

&

- AEF 5 VA g5 ded dHoly 49 TR
A3, Ad= 2aE dAito]l 7hesd J3 AJ=H"l Z g

- AEo R Atghe] WA § A4St Neuromorphic
Chip <, HPC, AT % 7|¥} ALS AlsFol 285 = ZpAl
SoC & &

2

(D Neuromorphic Computing & Neuroscience
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9.4 Verifiable Al @& 9% zkML 7|4} Trusted Al AFH

-
M

8 g

m (
op
Me

o
9

- A8 7hsgk Al tiuto] 2~
- ZRAIW AL 1=Ze) B sh=so] Kot

A AL

O Eutd 2tupo]l 2z Al ZEtolHA] S
- SA0A, AR EA A EE9-E AE glo] A
AYEHAS 59
- Ab&AFel Al privacy proof A& 7hs
@ tulo]l W Al 59 9z ¥

a1 914 S (Proof of Personhood)
2 s HolHE Y= =EsHA
EN ¥
TS ZEfo|H A 1”4 Oxg Al A5 AA
@ deoldE F4 % tXd =4 (Digital Provenance)
~ Al do]AES] A=EEI EWNM V]| Fo| Ho|XA ¢k=
A7t 7141 25&

Restn FHse 7l

{0

O]




9.5 On-Device Al B QF

- Al 24 AZH HS
- Al 2l foAR BT
- Al 22 gt etojHQl o5 At 9|/ HE W]

A AL

D Al 22 13 7]&
- Al 29 4353 9 dEg)
A A AT 2R 553, A g G
- Hob oddoq Al mdl A3 2 AT FE
- Al 249 9Ynty] 7=
@ dHeoly 2 VIR HE V=
- ZEto|HAIE HASE dHolE £ 2 4 s

- g dlolE sty A, ZabolulAl 2 A B

121 / 192




9.6 MY AE 4=

9.6.1 End-to-End Al 94 (¥]g2) ¢=

~ gy oy = E i
alg % ‘mm._ Jl 1:1_ A _glorw!
ER TR ow P = <
) MoE A o
% o + o =y %
i T %o H >
3 RO z
. o= 2w m
= i . o - o T of i
N R = T a2 W z
M\L T N (€ i ﬂAl m _ <
AR R .- - .
= =y N ~5 X i Md ﬂﬂ.mﬂ b
2 <0 KM o g mro ol
o S| ®HT & HT g i
i < n ¥
o | 2w R ol E g
o o ~ Mo o =" 0o N
o = D o= 8 mr awu P
g Zp P w BT ME R
e | @ % e ® & e B
= T i COuN I S T
T X 2 ooE Py omy T oMk T LN
Wdl MMLMQ& Mx% W o .
TO | EPabk® S0 we | W%
R S E AT g XM RNB OE AW
KO KO 1_m I _ v B
AN o | | |
L S Q) @)
\I.mr —
Tk iy i
S - a3t
o T
7A

122 / 192



9.6.2 End-to-End Al 202 =

- of 3 5 G
I - .o
® 2 ) A of
2] ~ EO O_.% ,:,._ ™
2 AT o =
S T = 0 Y gl s
. o = [ w D
S | Twg s WE JJo —
Fe | M 2T ¥ Ex S
e IS R s
= T i X EE._ =
| ™ [ oy o T o il
w T e ERR
o | o @ A Mg T
ﬁo | o ji — >
wi < = a W% m
TUE R 4T e "Moo P
o | - E R T gy o W
o LW e L, =R oF  pn Jo
N ~ b = ®
B O = Hr - mn B
= = ool o — M o N
i N N N o <0
0w — Z U g o B
e Al - TE o O ~
mK = < of X il = — ~ KR ~
~ _ - = ~ K ﬂAl ﬁo
O I BRI q M S w
<5 | E@ Gy dUNEY 3
ey | g v g TE = g g
kE | S E BT 25N TR VT
So | S8 EN L Ez o T od
S
TT |2 g | =N
of of | = = =
.| 8 S e
= ™
T TH <
| e i
B &

123 / 192



9.6.3 Foundation Al 2@ F&4] ¢k

i

:l_L

2 W&

- Al 29 g8 ;q]

]
=

m.
o
o

- Foundation Model 7]WF Al AH]2 (8, F&,

= 2= H

H3 (&mEXE ) TV, SoC 4§)

RS

Al 2dl Fa2] o

TEA 4=

By &9 dojxd 9 HjdE=e] &
FM 7]9F On-Device AI<] a*‘i}
ka}ﬁ}oﬂ O] &34

82k FNM 2 do

=

oF1-
o 1o

A F-AL ]

Foi'

O Ag= W x2e 7|9k A Foundation Model (FM) %%

124 / 192



9.6.4 A A 7|4 dlo|y U4H

:l_L

i

8 g

m (

ofo
i
o

— DNA Synthesis 2 Sequencing A& 2 F-x1A4 A #AX|
- 2T =AY S doly Ay % ZF=

- 87| AdE 2 AL 753 Long-term A AX

A2

@ODNA =4+ 725 ol &3 AH U= V=

- DNA9] A/C/G/T A& 7wk F&4 AR b=

@ DNA 7|HF AH AF A|AHE

- DNA Ex} % 7|§F ARB 9= 7<% Synthesis

=
Sequencing 71719 &84 A%

-

24 71 AAFD/ A A/ - A DNA A A A 7S

DALY G BE s 2AWEZ dolE AlE
- g% AY glo]x 10004 F8 AR Wi Jpsd
o] AMH|~ 2 =AY Al st Hloly A48 AH

A=
- oz 7|y Ao Ho] a3t el o8 AR AAA

n)

=

125 / 192



9.7 Al for Science

A AL

. A A A (Inverse Design) ¢} =& 232
- ek B audA, 2AEAR)S
T gE ZFXF FERE AQketal AHEA o=
Aot AR (EX AEs) V=) 5SS Al

o

DAL 71 B A R Al Ed oA

- 71¥ FYEAFHEY 953 wmE Hx9 Ee
2

@ AI Research Agent
g A A BEY

126 / 192




o
N

i

e

X

ol
ﬁo
W

e

!

o
ol
5o
H

TH

W

A L= 300 Wh/L o] 4]

A

T
N
i
T
o
B
K
Jmo
-

P
=

1—/\6] 7]

.
Dendrite

H

=l
=

al
=

o) 7)

<
o

F

7HAl A

=
=

gk

2 ] 5y

3

°

j'

7
fs

Al

PN
T
7}

- 5000 Wh/L ©]

Y
e
Gl

J)
!

oF

==
i)

Ho

B

10.1 ZOHAX XA AR A|2H

10. ZFAId HiE =

T

Al F-AL

P
=

1—}\6] 7]

o
H

]
=

2w 7%

7hAl A A
127 / 192

=]
™

4

5

A A

PN
T




4 A

_‘l

o

o
N

-

78 v 2

?J:

.
=)
DJ

)

- 37] 7 5}

YA L = HiE g
N e ] (g Ad %= > 500 Wh/kg)

A A 1 AW Al 7=

o] A <A} 7=

@ feF-v|Hz} 2lF vE e

A3

.

1

=]

FAT &% 1,000 mAh/g 1)

]

&=

)=
=

=

s}

(

- =73 (1,000 [1] 1)
— ok ¥aly) /=] 1A

— Physical Al [A]

¢+

B

Dendrite

o LUA D= (> 1,000 Wh/L) &= F+%

.
=
=]

T
) H

0]
DA

R
Al 90% ©] e AAWEe 10* S/cm

A3

1A

e
i
<)

ol
<]

o,

A

i

O
TH

o

SERE

a8 e HH s

1

-

4

128 / 192

B

REE R EE

- 500°C ©o]s}

@ B E- AA




10.3 AI 7|9k A A B

s o 1
T ™ ]
T Jlo Nd ;MIOI 1X_|
J'
™ Ny A_o e o Ml
RS 3 vﬁ o o ane
X Jjo H pre ﬁ% o =
E.U %O ~ o / .
= | @E < iy
- = i ° JJo o il
= < B mk e o AW — X0
A = = ~ X7 W L
AL — [ o
Py T o oE = BT
ol e m% MY %! =5 om0 W
o |z < Gl o X o &
ZI [ :;E %0 o) HT Eo mmo
w2 LI i ™ = Lo
— = g B owm T "
0 R - b _z:| o wn [ — i pod ~ o
—~ o) —_— = = = O w2 g
~ _zrl — Z.E B M M = T = 5 -
o B M _ o = = S
A = X0 % = o ! — — L
S~ = n__#uo il oy B ) Mo L < % TH o0 o
M N WM L R S N
= = T TR oo S T U3 < =L
—_— ~. — 1 f-
EEEEN =~ o TK o 7T < K B T = I ]
—_ (e ~ Iﬁ f— ﬁi ~ —_ = oﬁa
K ~ = %o il Hyl = T o 0 L o D i
= D SRR 2D N EX TR o gl &
> festd | M o g oy ‘T_uo E..E q m
o S | a _ | < N @ X
_
c) © |
i i3 —
™
s olo =
gl ol S
=

129 / 192



10.4 2A7} 1oy x] %, F4 LFP AX

T T8 &
5} Hof |~ Volume & xEV 2 ESS battery
@O H%= LFP %= &4 (PD > 3.0g/cc)
- FATA (FePO, &) &8 58 D% Si3tst &=
Al F-AF4
T e s g 29, qesa, 29 54 84
- 2AZIEE SRR e Ui 28

0/ 192



o FEolxdA Ay A &Hf 7=
= =

=

10.5

‘o) <
.3 Bo by =
;ﬂ 4. -
r olo il
ojp Gd o o% g
- B )
& CAN R
Ile} ‘_@r._ 3 _.E
o {F o~ - 2 g
62 =y o S .
- 5 & S = <
- <A A % <
X TO e N X . o
g2 . B x © :
) L.O " >
o )7 T "N N
OH.._W ‘_lﬁ_Al ‘Mﬂ_ E E._o HT_ HO =K X 50 1_7/,A|
% i g \O)
i . | . s
“ . ML @ wrw i v Ho X o
—= N o) " T i z <
) o ®o B 7o c
2y oo T o o _L_n X =
o T P ° T * I T
: <7 S E o iy =
— o#m AT - AL 7
oy o F o T 5 I i
e~ o ™ T o0 v oo N ' =
0 2 o N Mo = = O
i o Thy o M = i 5~ MM
o - B = ol B i LR T
0 i JH -
— T = X ] = 2
o T N & ® A4 T b
B —_ o o N KO oA i
= o NI [y i i
_ =2 _ h Mo op
Lw S & |
iy il z
e ojo <
T HAT
=

131 / 192



10.6 32&% A 3A Supercapacitor

ﬂ ]E —~
£ ® 2
AL — — 1o
o X G T = —
o RO il © o = N e
do . ~ = < X =n b o
olo x> = Jo <] o
7 N ~ O
L K S 2N SO
o = 5 - ~
o W T 2 W= ~ o B T
olo el -~ m - %o i) Wo X = O :m
T A =] T o X
of | A A CL R L T E BTN L TOW
oo S - % = = O o N
~ A N G - S o () oF
_Z_.* \AE ~— - —= 10 ~ z -
= W« 2 4R = M S
= _ — 1_ N~
o} N _ L§l X —_— 1: . —
o M = < T SR U LSO
N ﬂAl g 1 lﬂ il # Z‘.ﬂ yﬁ 0 xm ﬂ 1_,_A|L _50
T T Ao XK o = 2 N
7 L HF L Gew Tl
X0 = . . - I o [ R _ I
S i _ " _ _ _ bR _ _
L S) ) ©
o T
iz iz Y
In oo i
o T

132 / 192



11. 9 dyA &€FA4

&% ME ﬁT
= = B IF
4]
o = p :
X & Mo o N 5 : =
G A - £ ow 2 -
L pr X AR W R m :
alo ~ <V F X T g 5 5
e o}/ = < 5
= _ S NG — < T X v = -
of =7 w K 2 Ho = 3
il B T 2 & 2 5 D T
oW & o= Foeos - -
> 2 . _J > iy A X n_a = w:l,_ To
) fi'e} Mﬂ ﬂ ‘_L;.._ 1__/| ‘H_oﬂ_ ._l&l m : _/A MAr
F o oy T b = 5 " 2 Y o T
oy o a o N S W - H 5 3
_Mu_ _an_ ) I s ¥ T o e M i
= o= | N2 R zd X° Cr : EET
b o | X - S A N Gy :
LK T T S © Z - : =
W T 4 %X oM X s T OE -
£ X ; T S < : : - 1
_ _ 4 | _ o S o ™ 28 pa =
! : _ T ~ M 2
| S T
M_wr @ D) | |
il il 8 i
i ojo .
gl -
-
T

133 / 192



@ 7] T 0.2 viH= F/Adste 7=
- HIGHE Y] A S Ao R
7] =9 0 & viv= FF AAsts 7ls
(OAE: Ocean Alkalinity Enhancement)
[ dg 7]<=]
@O Aelld =]/

- (0,8 A3ste] 98 == 3EIIx] EA=2

3} 7)< (Carbon Upgrading)

fol
o
()
&
[-‘N

and Conversion)

- 00 24 5 Ad-TY-55F GAE sk, 02
5T FHE b2 08 4= dE8A7= 0, 1S
(d: reactive capture and conversion, carbonate

electrolysis &)

- 00, £H-Ag T 7wl ARRHE 24 (S,

=y, A 5) BH AEE

- A7lsker, dstet 5 AT Qe

[-‘.1

134 / 192




mK

To-

oF
ol
Bl
<N
ma
Nfo

4
e

il

O
itz

o

3)

3

o]
=13
=

A
vl

|

A

) H

T

7N

o

PN
=

be

<

_?

A

gl

25
B
ks

PN
=

Al
1) ZA)/A 7

[}
CO, 7} C0 = A 3tx

>=

[

q

A= (e-fuel) Ax 7|29
ZFA B SOEC 7]
&l

=
=

al
D2

P
T

]
=1

/ 19:

S
)19

T

k<)
pul

=
18

[¢)

T

2EAZGARY 24 2 A A

)

AYA

(FhE=7) <A

RWGS HH-Z Ao

1o A CO, ¢k H:0

(co-electrolysis)RFSS =

ol 7}

=

| N

Algte] 2A/A/ 84 7= R

s}
=
Ay A

4712~ (C0 + Hy) AAke] 7hs s, 7]

23

1

o
H

al

- SOEC

(2 PCEC(

SERE




1

=]
=

7N

& 710l

P
=

9

7]
AT

=
=]

Al
d/

1

o
H

A 9
, e-Nitrogen Fixation)

A

1

°©
Tl

9
N ohmfo}

[

=
=

P2

H] (SOFC:SOEC) %A
A=

7}

]

)
'lO

[

T

FC/EC

=i
P2

o

RIS
AW rSOC A= (A, 7x2)/4 71s

— rSOC ¢ A4 gx

- rSOC Ao J++4

@ Reversible SOC(rSOC, 719 aA|LtstE Al) 7)< 7
- rSOC 7% A

ol

—_—

o
|

110
o
e

.

A4 grEol Ak 7]

g

o]7] A% %

==
=

m}
_Z,._ﬁ

Ho

o

o

jm
_z‘.:l
ﬁo
o)
[mt
_z‘.rl

RO

136 / 192




11.3 YR & F A3 € & 7|

11.3.1 Energy Recovery 7|<&

;L

oo

M
ox |-
ko
=

|
T
-~
kil
2
XL
N
of
o
=
2
g
L
ol
ﬂ_l
rr
=
(e

i
ofo
Mo
o}
T_I
=
N
e
i
=
S~
=
r>~l
L)
olr
S ob
=
X

of
=
PN
2
J
=
ol
fifo
=2

ot T
du fow

4 2

ot
Ry
0o o] X

IN 2 X o
N N

N
-

g
El
ji S (1%
2
W= 2
jus)
weoT 2L
(i
2,
o

i{—l

2

5
- Heat pipe A}¢1 W7z}
g

Al

>,
uiti}
N
)
jie3

— Thermal bufferin
- o 4 A] Peak A E ¢

QoA SEE Y 4

|
=
-

iy

Ho
rok
g
= of\ )
)

T

- Heater Thermal Storage 7]& 7
-9 E oA A B A4EE 7
AL dlHd =] Ao 7=

aEEe] dd 3a/AAgs/ AEEE F

T Al 7=

A Ay

@ 714 dyA FF5/gdE 7=
- 2858 AW 59 24 2 Fx )
- Chiller Supply-Return ++% A<

AR A 7=

@ d5<E 2 7A AdyA 3¢/gE 7=
- Dry Vacuum Pump ¢=4< 3|4-/&8 7=

- BTk gH UA 8%/ o

~

>

137 / 192

N
i




11.3.2 A &3 7=

T T8 W&
519 Hof |- smaE UA B ede T T EE
A3 2 A )=
@© A Y2/ dnlgk 7]z
- @ Aol S gIAE A mas daA Jdzt
Eas @d aA 2 #7)A
HI S EF/ A7 W2 4aA 9 A]2El
AA/AA7] B2 s mEE 9 V=
- 4T g
Ad Wz &34 Heat-Sink A A7+
(A |14 1, 7 9491 Hrls)
- Data Center H &< Chip A 32t
@ g 2A 7=
Al AL

(<]

- Foldable/Flexible Heat Spreader 7]
cAAE 10% T, € =% 100W/mK 1
AAE, KIAT DAHAA (100 WoK T, 5 miK/W )
~ Stretchable/Flexible m@x = Wd de A7
- Z0EAE E AE &4 (2000 W/mK 1)
- Robot /i Compact W& A]~H

[t

iy

e

- AEHdE Faty G4 (20 mW/mK | )

- 29 5 2 25 24 (15 oW/mK | )

138 / 192




11.4.1 H2B2A5}0]E BjgA

o8
o] X IR =
T = NDoE N
7o ll = &o ~ UT.E X
g % |E —_
o2 o W ~ D
= N g | s = X
Ju; S _._ ﬂ .O ) ﬂvAl o A~ oﬁ:._ N
X0 2 [ - + o - = ~0
o o= X S |8 B 9 S %o o
w |4 £ X F S o|B © K s O ir il
e <~ % 2 |[§ ® T TR oy Mo -
I Jo z 2 rx 9
ﬁﬁiagaﬁvm@ﬂg@%%# S r o F
)} 1 5 — X o % o = = X =
i o oo B 2 ‘Mw ISR NN NN .
—we e BB E ~ = Z =
T~ 2 & E F @ o = W o o o
= ~ = < Ao = R m N =
oo <] T Lﬂo Nro m! Po oo " m N
e O O L O e .
© o o 2 w,umwgﬂa%me%w
o° Mo M ogp ©T w5 N w2
= ar = o ~ |® N i - N2 g o=
Eﬂywﬂz_awﬂrﬁ?mm%waﬁk
i 48P 4T, -, owox o
wom oW ow W s < w i+
< 2 o do o o M
et I vl R | <o e e BC ﬂw RO % =y B oo of TR
| | @ | X | ;OW )A..* ‘_QE CTO ﬂw_
) | Z
5 )
iy o D
In o =
ol <
) X
£3

139 / 192




olo

N

=

3] Microwave, @ ©°]

=)

T
.

=

s}

N FYS 7
Ao}

=1
=i

D2a
94 7=

o =
T

- B/ A w71 S AL, ddA mE Hg)
=4

T
T

Ao /#

AN A H

)
=

3k Ax Hl x|

= 3}k 9

N
of
;Qnﬂ
o

)

- Bl el A

11.4.2 95 ¥%3(Space-based Solar Power) &E&/A

il

A A

140 / 192




11.5 4 At SR (AR EYRE)

T T8 W&
— Micro SMR (Micro Small Modular Reactor)
A7 9ol 1-10MV o]3f =79 49 A=z =, 442
SMR(Z2] 300MW oleh) Bt} B& 2ol RE3} - o] F/d o] wh-E
TFHol 5AA 24y YAZE T
- o5 B AXA|7F &olsto] A AH o] FHTA| oA
Y34 9 7l
5} 9 Hok A Yeje] s AE, 59 S)E ARt HAFEI LR
7h2g27F iAol WYk glo] nd A The
- Data Center 2}9] &% 2434
Ao A kAo w AFa HA &go] &0
A48 + 4 2] &+ (Cogeneration) 7He
- 9 HEd oEEE Fo] YA AHE Data Center 7
ol fre
- =2 AT 3 AeE A4 Tk
- 3A Yo ®2 Aurora Powerhouse 7%, 5 of L %] F-9}
g 3
- 27k~ 2 7RF Xe-100 7', DoE HINASA &} Z=ZAE
RERE .
- Big Tech %) @4 3
- Data Center & BATHAHYOSZ Micro SMR =9 31d

141 / 192




12. 9|3 373 &FA

12.1 A A3t F4 7149 In-situ AR 7=

T T8 e
- A Z FA- AFEE+= Chemical &4 A|&-&
- Chemical &7 &&= S &4 o9 W= T4,
ey Ael v 3 WEA & e HE A 5%
- 5= Device A Z % Fab oA &%+ Chemical
51 9 B o} 2419 On-Site AAAS s 23 A4 AH]
- QA HAGol MY 22 FAME S HAE S
Clean A 7]
- odyA nags A 7E
- T}oF3t =3} Chemical ¢ #2/% A
O A Ar] 2g3s 7= T
- Fab &%t &-& 7153 55/8A dv] 2¥ 3} 53l
On-Site Chemical A}AY(HFZ=A]55)
@ Chemical &A] AA F-AHe Zero 7= 70
- 27 o9 wiEd o A 913 Clean 7=
A @ aix nae A4 V1%

- A Al AFREE dURe naEEE 53
A wlg Az, ¥4 5y S
@ tv}st =3 Chemical #8/A8A 7|+
- WA Faboll M ARS § E5HE o] HlE s =

23t Chemical® 1% 3 /AA 7<= &

142 / 192




12.2 £-3
o3 7tx Y 2 A3}
7)<

N
3 =
<N -
o 2 % BK
ol i = B2
= x 4 2R oy =
1o &) OL O#O XH o 1_.0 =
oF - T o M Ly nr
" g a <X ° o
oH m ) _ Jlm :'L ‘mﬂ WAI =) TH é.a —_—
T T U ol ) N ~ x
I T o %O N & z | (Y &e ) XO B
do |75 TH RO T~ i 4 N Ay N mM T o
= |=o o o = mw pa <~ X - A ®O ) i)
of [TV o T T g B T < °
d ™ iy ol —_ il = il =N % ﬂ, _—
N A 0 ~ qd 0« T = AN 2 o2
LI N O @ oo < = < R
= 5 ~ A Mo A e w5 <
o = o T® ol row o
o ofF o 0 o or B EElY < X ol
W T oy do T < ,Eiﬂﬂimou
= R o G o g 9P b ol o o B o
o ST @A7J1J¢Jﬂ}§aé
< - — ur M NS Ca 2 Al
° T ) Jo R o o =X " P <] <
Y <H H_Al ~ = o ny o ™ o oy o o X ) o .
RO go R w0 K T " N N
5 &b %aﬂﬂmxxma%%%g@gﬂh
w8 S I T (e R (R EO) = T
N1C§H Luqﬂﬂfri =T tﬂllovﬁ,
! DN ~ T ™N X o T < o I =K %VI —~
N I~ - oF i w N W K ok ir o we X o0 = G WL o
| L i ¢ {5 T o R o N
| DN M M~ 2N % o o U 1A )
o | zMﬂﬂbﬁoM%%dwnﬂo%@
T - < R © s gmﬂﬁﬁ
M- MT_ ) _ Mo mf = %o o a]e ol
d/m = 1 x 8°
) @ _ q OT._
H‘Lwl |
)A
-
T

143 / 192



12.3 24 FAEZ(PFAS) AAIZF BYHHA Al 7|/

TR SR
- Y5313} 5 (PRAS) 1 Al 7 stell mhE A AIA 284 S
ghg 2ol
- PFAS AAIZE FA] A7 7o W& AE A /A
@ PRAS %% 2 TR B4
- A Ag=do]l Al #AHS AAH PFAS B 9
He & HAYSE &2
@ 2ekel AAZF BA A
I R=
T e 2w waa 2ue B9 s 03 42 39
2 AP s AA 5
@ PFAS A g]7|s= 7
- Ag % wAYS 53 45 A& A

144 / 192




12.4 vjol k2 A H AL V)=

T o e

- QAR A 2 ks iE, NG 2 EY

AEA ek g A fA Befagoe] BT

slgRof | 3 wAl dAdd &&
- AA oy Ars) Aeishs Zalol g AR %
Tz e=dA (PP =42 L&
D vhole. FekrEe HasE Y] s Bed
MR, AX S N
@ @A29S EP2gHoR mas dust) 93,
R N L
AT @ e waEe AdskE g R A $ )

@ EAo] S PE 9 PP S} 2ES FESAEA
A sde w3l sl vhed 5 2= Lels)

rlr

145 / 192




13. AY =238

2R 4eAe

}

N

f—

13.1 u]q fo)

=
ofp = ﬂm.ﬁﬂ
—_ = :.L ~
LO Mﬂ ﬂ.ﬁ _Zl ﬁ
o gy 5 1) =3 N o
N2 Tor° iy R - jJ o Jlo
Gl ~ ﬂ X o Eo ~
5 = <O ﬁl s Gt X0
do N N X Gl o
= 9 R = i T
oo o} u:m o P =) o N o g = N )
| o - S o oo >~ T T
~ Ty = N = X < T
~ TR o= Ao = o < = X AL
o — sy S~ ~ < X GE Ko foR = =R n POI
N | 2 N oS e o W R el B =\
= - % ° 2 M e W olo X U N i I = W
= F W % 3o = N 4 To oK
o o = o ~ il ) L) 0 i
o N o A T Nj ol S o B )
N T 0 ~ E o ZT ™ =
Eo KO MJO; EE Lt Jo _ﬂi _L_l T Nro WO ﬁl ﬂx E _/T _ HWL ..m
o o v o e D Ul w2 L7
s ¥ HEF ® pirer iz b
—~ @1 o0 XT —~ I o e RO Bl B © ﬂﬂ oR B m ~
N K A oy T o= 0! | )
o % o) F K = = o M % —
= - ) Luﬂ ~ ~ oo <~ X o T ) < ) = s
= m N o = XM T ™ o | G T
o Jo T X R ) o 5 ="
= o = < W X Jn dom X o S
| < g ™ QAT e O g B
=% 0 i o ol o T el ol
| alil] < oF X No T 2 N
! s o< B o
_ | o _ o~ < & E O
_H;lL WAW_I @ I I | o
= il |
oo —
o i
)A
o
£3

146 / 192



13.2 2E /MY € FFE A A EHA
T T2 Y&
- AlZ2/E FHEolE, EAY 8 22X Y 2 425
5t 9 Bof |- A|Z/E Digital Twin 7|8F AH] &9 @& 4
(S =8 Y « AAZE HolH §3%)
O 25 ¢ A5 AlEHelA
- GPU 7} &9 ddeoz BA, FE, Ao FX 3D
AlEdolHd 7H
- AN e RoR HAE AR B
@ ZH-& Synthetic Training Data A4
- A d|lo]¥ Augmentation % Full 7} dlolg AA
AFA | @ e 3p w2 AR 2 F2F A Bl
- E&/A1% ¥ Digital Twing &3t 25 AA
(off, ZHHH/ AN — 2vtEA /S I3 2 AA)
- B4 BAGE, AT )Y B Avele 44
@D Az 34 HAst 2 A5 FH B
- 2AAIZF HolEH 9t AlEFHOlA A¥ T3 1 o5, 34
A3 Aot

147 / 192




Ad =& 7=

T T8 g
- Contact-Rich 22} ZF¢o| tjgt A x= gt
- HA @ WA o kgAY 25
h-8-3r-of _ )
- Occlusion A&tol| Ao 2 A& I
- HAE Al 7 A8 Ve AxER 22 Al 7=
@ Tactile A4 HW
- High-resolution contact sensing
- Multi-point Fingertip oA 2] AA &3+ 7<=
- At S A ALE THed WA /98 SR
@ Tactile AERE X33 dHoly =5 7=
- Ad#H Contact FAI7F 7Fagt Holy 3 &34
- Tactile HlolElol] thdt it R tlolE] A 7=
@ Tactile-based VLA Model
- Contact-aware action generation
- Contact & L& gk Ao B4
Al A - Tactile 7|Wre] B 22 7]

@ Multi-modal VLA/VLM -2 $I3F Tactile encoder
- Vision/Language align = 3133} tactile encoder T-%
2 sts 71H
- Contact—aware latent representation
- Tactile A4l HW W7ol agnostic g+ representation
® 374 A 7R 2] &Y 7=
- Az Cell WH &85 222 QA5 25 Alg
‘,4;(4 C/T Ht=/== QA =2} x]_E/\g/\% 7<%
- UEE 2L B2l Aol WMol s 7 g
A 715 No-Code A|Z2E Z2adW 7%

4

148 / 192




Me

o 0

® A% £3} End-to-End %2} Al 7)<
- A|Z =25 M\ Foundation Model (Z9, 2% & E3})
Ao) L/~ S o1x|s}e] FSA] AE 2

=
olE (G4} 4¢)7|HF 2 Retargeting 7]<

|

N

S
RO,
o)

149 / 192




4 43 7=

}

N

K

=

No

13.4 T o]7]

14 T
mH do o
e ~ =
JMMV 3 N o %o _wﬁ 2 :
= B Ho X 4 v R ok
z i 5 N - N s
= _, 0 ~ o oK — N X
=o 9 w_ gy e o = oF = 3 x
do o & B W . ® " Eo
Gl ) ~ N T . . - .
Z\.# ﬂm_l Em c._o o \E VI =l T o
On# Z,ﬂo - ‘_I§_v.._ ~ N It O ‘HEI Z_.ﬂ
Nk Hn B! N ™ K L {|n BH ) o o
oy oF o M_ = X M Tor = by : 5
57 o Cp of ™ ny op ™ gy
ro R T e o & T i1 e HC oV i
= N X ﬂ@ﬂ = B H {F )y o B
m ﬂ UT.C . ﬂ z ‘U! Eo J- X —
—_= oy 71_ _ =K 1_7|.._ [ ~ Eo = !
> < z oyl e S - ~N 1_,_A| zo = oﬂo
o = X° : ST ) ~ ° s
X W = 5 ¥ .
g = e MR ~ & 5 T « 3z
3 E T n 0 B o~ N S
e B o “LT N7 R = ol = e mﬂ G ?
= 1 5 o Eoﬁzmﬂﬂﬂ%m - o
_ _ - _ ;4 o T OEN WO Wﬂ R
; o o NI  Ho =
A @ _ io |
HT_ | _ _
¢ @
o ﬂr
YA
-
-

0/ 192

5



13.5 Fab &7 S 913 Physical Al 7]&

a

_?_

8

=

&

N

A Risk AAZ 9Jel Robotics AH53} 7]8ke]
| A/ B /AE &Y A ste] &8

v]C_)r
o =7 Asst dAE ¥ A 4 Fab
= &8
- AN GAY HAE AEsE Sl g Al ieskaL,

¥ Physical Al & 2%, =&, AGV(Automatic Guided Vehicle)
S =84 dolHES} Agtste] AA 3AF 9 HolHE
2 A 7H

stotal Wste] q5ek= e Als e

Nvidia Cosmos, Google Aloha
e AL §-8 AN &R 2

A AL

@ A& Planning & 9138k Al 7]+
- 27 ¥4 Planning, 238 Recipe H A3 dug&

- B9 AUAS Asw Adsk AsEhs Al

Al o= 239 Yol(Causality) 4 7<=

Human &} Al 9] A& d+<5 29 (Human-in-the-loop)
@ A& GtF robotics 7]&

- 22w FHY A4S sk, Fo% Task & 3 517]

1§+ A5 Robot Motion Planning

- t}ok3st Lab-ware = Handling & 9= )+ Dexterous
Manipulation 2 Ao} 7|<&=

151 / 192




a

o g

© 2g Asst Ala"e = S/W 7=
- A]2=®] Scheduler
- Scheduling Simulator
- 2% 253 A"l Operating S/W

@ AT

TN

& FRWA o F e AL AT

- Zhelg}, IMU, LiDAR %S w®}® O & Fab oA =459

92 34 % FAS AUA S SLAN
(& Continuum Robot Platform

- A9 AEE A4

o) &4, Formulation, H7}, &4, v 34

_gﬂlmﬁéi%ﬁ'% o= il

Y
O,
lo
(]
off

Rl

ol

o,

— ~—
™

oft,

~

-

of

HAYZ 2D Fo| 2 59Z ¢38, Path Planning 2
Configuration 1A

® FAB & =53}

- 3k FEje] =25 (Humanoid, AMR, AMMR)®l Physical Al
2 HEso] E e, 2Y, FANS WY A7 2

o]

o~

= T gl o
N B Agaketa A

;; 7

152 / 192




A

13.6 2% B3

=
E )
= T % g
o 3 © Fe gy &
do < < XA MAW Nig _Ho,ﬂ noN X ~ N
uu.Aw_zﬂ %7wﬁmﬂc%7ﬂﬂ SIS
- ojy = _ X 3 — N
ﬁmm_%@ﬂww_a@%mﬂ@w@ : 5% % .
T . S D) il S o B iy R o "
o J) o al o & O An = 2 o = o
~0 & my E; E_l c._ _L_! o < ~a e —_— Q8 Ry
A ° e =\ ° 2 H R~ S olo SN )| v S o —
k Wru m_»m T % = W m G T2 = o = {J o % o 8 e "
%A/LA@%@%7zﬂo@mﬂ_?iﬂmﬁ_/_}omwo o
¢ N = F % I R R o M o ™ ~ 2 I
i@%gggmwcgﬁmﬂ@ﬂ%ﬂlmmpmm 5
— :.L HLA ™ o — _ MA_I N M.ﬂl ~ 03 = +
Eﬁ o] 1 H.:l — D,.w o | EO ._A ) ;O E [§¥]
— :'L w Ene o R X oﬁ._._ &o o K I =
0 El Eﬁ - J_l — X — - N = X ..;1_ -
~ E ~ X0 X = %o o i Gy O
iurmﬂégﬂ% ﬂoﬂ@ x_gﬁwmﬂ%%v ©
T T I bo e % Bl oE 8o mw_l_; ey o L X — ﬂ_l N ~ m -
ol " A T B s o X o W 7o AK o o & F 0 o
DO 4 B N ] Lo XX R = BN = %O < w"T
I Mo _ Mo — = oF o X o n oE T o %
_ & |10 Mo < X o = X e~ N
_ T = L I r " {1 = ol N .
o _ = - Y o 1L ] ol 5 0 o M-
wﬁ = _ | & 8L %O ‘Alo )i TS il o ﬁo N .W. B
TH Q _ N X H o e H MO O = =
| w O a < =
ojo _ o m o . = g -
o o | b = o T 7 =
X -

S | o
= _ oF <
= © |
+
=

3/ 19

5)



14.1 ]
|]Z Eg HI—O]QUI—ﬂ 7!:”- 7-101 4

S ,
= Y il e
- - 5 o
_ ~ AU
B z; uﬁ .
2
) o .MM 1rn~ =y
B == _z:n ‘_lw_ 7L =
X \q ZE ‘M 1r
olo ) X RO .m .11@ mm_ T
2 E R wE - :: M
OL J.E ia = N W 3 K o ﬂu il N
~ - n o5 :
ZT o o TK < & HR E]L =R Kr X Ho o)
- & W - B O oo WL % T )
T T F = o = ¢T3 : : %
: s i g ﬂz._ ‘ao _ o~ =
o] o o D = w Z 5 5 mm_ ﬁ x
° N U w8 mu =) ST L “ i
] ~ ke ~ o N - :L mw
Ea AE o+ 3 - = N = UP o) jam uﬂ
§ _ﬂ_. 5 : _ __% i} T ~o ) — N
- T @ = s W R 5 |el = T ; DTI i
X R e o= Efo DX % < .
cCIY = W o4 X 5 o W ) & :
P o 0 = LY
ﬁ]W R ‘E| - a LMME Mu K o .% =W gl X ﬂmo :
N S T _ 0 __ g s = ‘o)
_ J : < 2 nm il aﬂ Mﬁ © > ) T MM
| _ == o " m a a > i
| | | @ - ‘m.._ :.;
ut Lor . i <]
M- i
alo -
o -
—_
)A
il
=

154 / 192




= T8 &
©® wtelemtA, dojdE dHolHE Al = FAste] i
HA Y Jgia BFAE AASE Vs
@ ADHD, BHZ T 214AANAEE A5E 93 vz AALNE
% 7N 438 HAEAEA
3zlo] HEIRY HolHE 7|Hlo R oI E o =3t 9A}Y

155 / 192




14.2 & AxAo 7&

T2 Fo U
- 2RtEE dolE A A% 3 &34
3o}

(D Personal/Home Digital Twin 7]5F &te] 2 =% 7|4

@ Hoda w4de EUEHAS] AT A= g kA
AAYSH Auls 7]

@ Smart Home 7]7] 2 ¢oje]E tlufo] 2~ 7|nke] oF H.Q oy

WA | A% AR FH, % L Ao A% v Aux
@ 79 A L BY PFF BUHGSE 20E WE A xd
® B A7t B 4F FEE 9% 2P LA

® F<et 3o A vigorous intermittent lifestyle physical
activity(VIPLA)E #Xkedtal &3t & o A= T4 A&

156 / 192



>
»

14.3 v AF T8 T4 € AdgH o

M
N
ko
=
op

:l_L

IR
1o,
oyl
E>
gl
i
e
=
__>.~1_51
a)
o
Y
1o,
39
Lo
=

- QI AA /A T

A5t f1% AlA At

ru (
o
Mr

o
—_

@ 1A ¥-23 (attachable) 23 % XA &5 W2/}
=, zuht ~ntE 95 (Smart skin), -9
=7} o]& (Muscle-enhancing Garments), AlZF B.ZF #X]
(Visual Augmentation), Az <% Al~=®l  (Auditory

Enhancement ) %

EA
AN o 20 2ge 2ow qagn (v g/paEe 35e

228 ShE), Wdkste g0 255k super Al V)=

} =

sk &arels,
Al

| &3t= Al

Olr
olo

A A
5t

Ry
10

® AR gEE 4%
Azke] AA g B

71 = =g S/ 7

ﬁo ri

O_u
XL

E.'#

OIt
JlN

m>m

157 / 192



2
=

2E 7

=
=

A A "gAE Ad

=

=

olo

N

B

A A

]

°©

A

=
=

FEREE

1

.
H

o

—_
fi%e)

P
=

) 7l

[e)

=

=

7IHE YA "

o] SW
Fo] Al

°

al
=

gk 3D 7dH doly A4

s SN, AHEIFE o)

- 3] WWe

1

°
=1

SEICRE

)

|

o
ze]

—_
110

{|m
o

Alg o] A
Synthetic

=

=

&714)

Al
=

Tt o] /g (4 :

T

&3l

Fol, Al Zdo] glo}

<)

- eote] o

i

~

;OO
o
o
O
v
e

L

0o

B

ad
T

)
ROLN
i
ol
A

14.4 o5 Al

il

)

/ 192

158




15. A FAR/dHd X 54

15.1 vlo]E 2 ¥E 7)ut A FAA X85 7|&E

T T2 Y&
- HAAA H A3} immune-evasive AAV WE] A A 7|<&
- Dual/split AAV 719 & -t G4A AE 7]
- 24 5ol4 promoter 7|HF F-H A} WH Ao 7=
g8-Fof o _
- AV FRAAAIEA A FRE AR/ EA)E T
ALk -8 A7t
— AT/ML 7]5F B}l &7] Eo] 4 AAV capsid engineering kA
— Accessory protein variants 7H2HS- £3F AAV AAXA SRA)
D Immune-evasive AAV vector 2 A 7]<
- WHE o] Al F3lEA o "55}% HAaslslr] 95k WA
23} AAV capsid AA 2 HA3}F 7=
- Capsid 3% epitope M8 S T3 HA whg A7 Z
AU AEA Y 7=
. - 71 43 div] |9 3y 5o FstE xAd) AAV
A F-AH]

wlE] A7 ZTYE

=2 AN d
@ Dual/split AAV 7]H¥F )&= U5 FdA AE 7<=

- AAV U] FARF A7) A S5ESH7] 913 dual/split
AAV ¥E] A7 V)=

- Trans-splicing, recombination 7|§F W& Fdx A4
2 ity HA35 7=

159 / 192




5 e
- EF A= 482 A% e wa4 54 AD 2 24
Ao AV A 228

@ %2 Eo]& promoter 7|¥F FHA ¥3& on/off Ao] 7|&=

[e]
o

- 34 A7 -AE EolAd FH Y3l tissue-specific
PN

promoter %= % AA 7|&

- Off-target &dE& FHAgsl= 1A F&H on/off =24
HAY S 7Rt

- A5 HAd U aF FANES 93 regulatory element
71k 9bE Al Ao} V)=

@ AAV mlole| s ALt ¥iE

AR S A A3 Full capsid B S 95%
A
S|

~
=
b
1E
v
N
oty
N

=

A<
- WY gz, 23, 753 on/off A &HH =4

7=

- AV W] A 5AA (GO1) A7) AEHS tiE Fol=(0>>
4.5kb) #H JdAYAH 7=

(B AAV w}o]#] A~ AA} A|EFE

- A 2AIL(200 - 5000 L)oll A -8 3 & A, &

Gu7t 7P d BHE A AEF L 9 54

160 / 192




Me

T2 UE
- AFE EolA AAF AEF(single clone) A2 ¢35k
71z, 2342 on/off 7] (A A rep/helper
T2 T off) HA A AlXF A4
- $1A 5ol A4 H single clone A8 7] (A5 3}
clone A 7]& E3h)
® AI/ML 71w+ E}7217] Eo] & AAV capsid +217]&

- B} 7] Eo]& AAV capsid library screening A]Z~Hl

o
AN
-

— AAV capsid variants ¢ packaging A&A 2 G884

7%
- ML 7|¥te] A5 38 As3 U=
- AI/ML 719k Al9F 42 @8 =4 24 (miRNA &) 7i

(D Accessory protein variants -5 2 AAV AAHA] SFAF

A 2w 7=

- T}t accessory protein variants @ AAV titer 7he] /g3

A Ex) Membrane-associated accessory protein (MMAP)

- A 2% Mutagenesis 7]<= % NGS 7]<= = accessory

protein variants 7H5F 2 AAV titer AYAHA A

161 / 192




A

)

A

Ag F2E %

?_]__

15.2 7]& HpolE| & [HA A 549

JJo N e =
o N _ B = E]J@ S
XO — X
° M %0 < it i A
T o 2 = o
Y ST -
= P
AT.C OW ,Ql AT.: él Nro i JXI‘._ ~
-~ A_.E —_— — X ;OE
T N W o W W ON Fow
) N — — 5 %o o= =~ o
I S TR R ow ¥
v —_ —_
Tk lzm TS LeTE T
J)) fau o T % W % 9
oo | X wm of Ak = ® P o X OB X
= orR o ) o) o w S o =y
ﬂ o fite] W&u w N ~ LQL
od | R g W BE g%
N 5O gy = 3K oF %en
o o T~ O & - ooy 2
g e 8T 2E xR RS
63 = 0| = S e R o N
L TN S ERom AL
X 1ﬁr.1_ =z - 2 — S o Mo © W
S L
o ME %o~ KE T BTG
AE —_ = = O o= — ~5 ~ z; jo]
oF — T o S o = NoORY a2
N o 52= 2 _ = o @
e |CTx LS e XEOXNE S S
~ Ho oS B a8 &5 ®H o wN 52
| S S ) S ©
o T
Th iy ~a
In oo i
o T

162 / 192



15.3 H]-3}3rA 33 active targeting AR AGA| A

T4 o e

- ASO, CRISPR/sgRNA, mRNA % t}¢Fst -2 X EAE A<

14 A2 ga8402 AEsd & e 55 14 AEA

iy
gg-Fof
- 7]¥ NHS-ester, maleimide-thiol %3 Z+< chemical
conjugation W4 tH] FAN o|HE 7IAH AL A7F H
H|-& A7}o] 7}53%k Al 28l s
@O wv]-3}skerd Active targeting AEA 7%
— Antibody Y peptide ¢ &< targeting moiety =
H|g}eh et WAl o2 {AR deA] THe| Est=
7%
- A FAo] Exbelx] i, & % LUt Eol FAS
sl /7S U or A 5 Qe Vs
REERAE: - 71 spshAd WAl o] moiety =2 tiv] sl
ARE /T8 5 59 AFoAM &5 ol 5 Hole
7=

A1)

163 / 192



— & OE
) M g X s
" " {
0| o 0
oR ol = " <
w0 Z i <
- oy
T = m; o
Col oju Q J L
70 3 e LN
G n & "
Mo o)/ - R
— e i o I
do |0 O _ I
= |y Ho o N o o~
) Ca L ot <T
ol |og X i =~ wm Mo
N~ MM _1”% o WHM oS T ok
Y = = e M
70 Gy a a T <
i i) = = =R e )
%o A D T o =
o ® N~ ® N N L
o i o - oo wr AR
SR B ox  x W ogw
M) o) T o OF A of Ny o o
O = ISR~ S v A v A b R~
| v | | |
)
iz

164 / 192



15.4 A

ADC(Ant ibody—Drug Conjugate) 2 A9t payload S=HE

Mo

_—[L

712 ADC ol AF8& 9l payload & 23l zg7|do=w
W =5 % &9 &5 S 7Hsd payload W

7] payload = H| 50| A1 A|EANE 7|Hke] AE7|H o=
off-target /4 /I 2 X5 7|29 tfgstm 4l4f
payload 7%t

A5 W ATg ALY o okE i W AAbe] sk v)4

A F-ALE

@

®

®
o>
i

g3 Masking 71= &3, =Y 504 3}
A

s
A 7 7] (On-target toxicity #F

)

e/

SN

)
ol

%

- W/ A3 A

-

pN

Vs, & AN AShr) s

’

- Dual payload T+@7}Fs3st 1% 5o Ast/HAH 7=

1obs AE /9ol ARt A7 B4S 7HE 5 S
FA/ER/BA-5L 7=

O
rr 2

FAstE WA/ F54 b ABA v o] =4 &S A
U= 22-7]% payload

~ Dual-payload ADC & &7}53 Al =2 s 2874
payload &=

165 / 192




Al

o g

Cytotoxic prodrug
- SFAM| 3 M| E o] AQl payload A 54 A7 7Fs3%H

prodrug FEfe] Al5f payload 73

Targeted protein degrader (TPD)

g
=
=
o
2
o
10
4,
[
=,
Bl
1o
o,
X
tlo
i
1
o
il
x
o2t
1/

Non-oncology payload

- ot 4 A A8E Y3 FEEA A HETlE
2131 payload

A=A, Fetol=, @A 5 FAWEHE o] &3 WA

of of

- T AR JoRE R AN %

-

- off-the-shelf 7}&3%F WALY o] ekE 7]

166 / 192




15.5 g53A A SHE
T5 T2 U

- FAIE EolH A 3l 7|eE e FEEH, a9
T =54 A oFE Uit &8

- A A& A, AadF He g%

- o] 3}A| 9 cytokine fusion % recombinant protein ©l Fc
fusion sfo] AE1Ad Ao 2 g% 3}

- o]z &Ao v}t payload 5311 7]—;é ADC 9] =9F

518 o} Aela] 2 g5 SEAME BsADC 7l el &

- THE, SAE L HIZxA QAAE FA|o EZAIE S AFA o)
HAgO A Z &8

- A5 AolEFRIY AGAE F8AE Hdeoz 24351
Aegy s 2 B2 FHAas)

- BBB(blood brain barrier) shuttle + AHWEF] + half-life
extension 7]%5< £33t HAHAS X542 F&

O EA-ZIAANAT &4 7K = olF A st

@ Cytokine ©A] o]&3A|
- 1ot EMAS 2= o|Fs A 54 wAE 553

=]
Al-AREl engineered IL-2 ¢} < cytokine & A 7]%

@ Payload §#] °]=3HA

A3 Wtz Qs Aete &5 7|4 1) payload
<= (BsADCs)

167 / 192




=y
Al

o g

@ Fc-fusion protein

- Recombinant protein o] Fc & fusion 3}% half-life
= 7=
® CD3(T cell) x Tumor antigen x Immune checkpoint
- T cell engager + HEAdA] A= TA] F+ds] g
microenvironment =¥ %2k

® 954 AtolEFkel(e.g, 1L-17, TNF-A, 1L-23, IL-6 5)

HERA A
- % WENZ SRR A Avbie] AR At

(@ Brain endothelial cell target (shuttle) x CNS target x
Albumin binding

|kl

- BBB FHet 45 % vy] A T E90F A=

168 / 192




15.6 Universal Programmable Modular 3] S HZ

M

;L

o 0g

— Programmable modular antibody platform <& Ao F+%2&
A1 B2 EA 7159 module & o] o] F Qo
e} 2] 23+l plug-and-play platform 7]&=S 2]H]

- 7]5HE W& scaffold & T+53l, slye] EER vlH o=

S OU2 AMESHE B8 7heet, MET 2

A e AAE 7FAagtele] A A @ E vbs

|

- o] AgakElelol A BE W scaffold & AR, Hod

uet 4%s Mtes dHE AL 84S wolal, 0 3

SERE

(D Universal scaffold engineering 2 library 7=

- g3 gaglel, FRA AN, Ax A, PKRA,

LI

effector 715 52 7F3t3t ¥ A3} scaffold module 7HEF

- Target binding module library (scFv, nanobody, Fab),
effector module library (Fc variants, immune cell
engager module, cytokine module), half-life control
module (FcRn optimized module, albumin binding module)

7} 7159 scaffold @ library 7%
@ Modular interface engineering 7§

- & & scaffold module ©] Kil &= 7 7|&S l—f,:z%ﬂ
ezl el Aee] A== dAst] A &

169 / 192




Mo

o g

=3} 2 multi-specific targeting ©] 7}5 3] & (long-

half life, high-penetration &)

@) Al-based antibody engineering 7l

2 A3 %%mﬂﬁlﬂﬂﬁgstMdmmﬂe?”%
dZst= 7w MEE, =& ALk I =Ao] gl
S

70 / 192




o
N

| 205 Bora ] AI/ML 715 AL3519

Jo

A

l

A

)n |
1>}

_zrl

o

A ZH/ M)

([l

Al ok 7

LIS

st 4

Al 2 7}s

S
=

) AI/ML

L=
o

bl g

s}

= O

3}
BN
=

O~

=
=

Hl o] E

A A 7]
st A= 7

T

)
1

A
[e]

e)

]

o

T

[

Ao = (Low immunogenicity, Toxic antigen

Al F
- AI/ML 7]

Bl

payload A%
D De—novo
J‘

i}
3

H

@

3
ﬂo

K
Nd

‘umo
o

v}

=]

A=

YA
n ol

A A

°©

% o]

=
L

o pH <]

A
Ls

1—7]

ko)
H

)

—
Ife}

(internalization)

AT/ML 7]

15.7 AT/ML 715t A dg2AHE 2L HZF3 7=

il

O
il

T

A AL

Elabd iy
171 / 192

@ High throughput 4




TR o]
N Cl
T ) 5 -
o WL uy %O (Y
ﬂlL ‘OI =) J)AIO ﬂ_,lﬂ ‘OI
T 0 T
i T o by = -
:‘L I __ _ZTE 0 N X
3 AT - i
‘_I ‘mwo ﬂﬂ - m Vi ‘mV_IL
ot TR A Fg, B R
= 7o X ] ~ " b 2}
_ mon o X T
o | o o MO o N
NF 0 T T w2 I ™
%o B %O Jo K@ o B
G S RPN . S
%o = ™% g g o oo o
o MR T )
o _ = o Nk
oo T o A o AR 7
B ow » op P owa oa
How a2 @A e Tk
= ~ "o T OER O
L= SR ™ N T Ho
= T _ | _ =T ! |
© ©
i

172 / 192



15.8 A19F 7§ Digital Twin 24 7|

T Fo Ul
- Aok e dAPEE A e Digital Twin (DT) EE&
SR TE3te] Hggtown Aok JfE AIZH/HE TS
- 53] Woigk nlol o wit)A dlolE9F AI/ML 7% 8o 2 DT
g o8 A
D Drug discovery % Aol H7}
— Al 7]%F DT 22 #8319 Omics dlolHeF A4 HolHE
5 HAsle] A2 EpA wba
- A FFE - BE 2 $F H T 29 TEY TR
oFE- o] whe A W =AU}
@ Aot 9w AAAE MHA HAH g}
I=Np3
AT ae) wen A, B4 9], Be AAHe 4%
AEE viE o2 7ba Edel Digital Patient Twin (DPT)
T35
- DPT &3} Multi-Omics dlo¥] 7|Wto = H# A7
=
- DPT 29 7]¥} in silico clinical trial & =3 $x}<]
oFE WS A Eg ol Az AA AAE A HAsk

173 / 192




16.1 A0 =

-

= X B —x
_ 7 I TR o F R

WM - ox > K S rhy = !

X! = — =~ T ﬂAlL EL
CoM LIV I LS = x
mw - ®"r 3 X X w o e up ®° M B w

>« § 2 & o’ s Fr & I®

o X ®O fi o g B PR - 2 A K =

= 0w o~ X e < ) R

= 0 B e ] i T %

R T =M w G 5
ao X o T = T X T " el o
=y L T34 X s
ole o 5 5 s LT Es CR! 5 @
N |= oy WP o el <R TE q AR E T ) g

S = T o o ¥ OSSN i

S w L oy -~ W TR

ny o 0 ) T = Ko o T ]

N I~ o = T T & N
7 2 N g sE A NP W op — wﬁ
mK ~ 2 N Do X o B o SN P
-~ ~ ~ - - | ! ™ ey

»w imm%ﬂmﬁyﬁ B P L vw T9T,

X = =i g T oy ) oy B o 0 iy = -

= = o H [Ire L wjr —— I

= ol BT g B , [oF W = T T or )

T A Ay 150 by — il o wo #

_Lx'lﬂ% o= _ ) ~ AN EK i o o

N o A e - a = 3 < oo 2

N RO My |2 T ~ g < 1l =l

| X 1I ‘.L.O — — »A.._ fan ZO —i 110 1 A_.t a

[ 1o ~ ﬂ o ﬁi = — # K _E ;Imﬂ bl iu ﬂ_OI ,.i —

S R SETER L2 P®

! S) & of M B Hp N R
e o N N )
il 0 © &) X NN
b T © ©

do —
P il
I
T

174 / 192



2=
=

|

7

=

d

X
=

.J..g]’ juth BRS

G il
~ v < % %
Mg = _ il % " :
r — 0 ) NT™ o i kil
Jo ﬂ Mﬂ = % — o 3 5
Jo e = 4w B R g
N 70 X e wﬁ ) e VE : mi
o <0 do T e 25 ; X1
o 750 ~ Tk o ~ N u_ko ) A b
—_ Ly — X G ! i
i < g S % T X G " -
do 5 =0 o 3 o e %) o -
: : I~ =
= |~ TK w ojp pl ol w2 o "
< o s | N :
i - Jo 160 1o o N G
i [ o= oy T g B 1y o
o T = H W . g wm N a) D
Q) ~ mk o JJo o & NS i ¢ ®
WL o = ¥ I S :
~ w god ~ o To° wm ~ =
o 3 - . AR -
r = ajo - T o
Nd B a N kX = N G ) W %o
;‘Imﬂ Mrﬂ : _E 0 ﬂJ Mum o ‘Dr,._ _i s e~ Zﬂo
O S R R wow AN
— N = = m | < e .
2 F . s S oX A = I G
= = % Ul N L% o 3
s : ﬂ — HE o ~ 5 T o_H = Wi
| H = x0T S IS ool BOX d =
| | = oo [T HE o RHE
_ [ S ToET 7
uf } ' N
| : @ S)
i i
\0]
gl :
)A
il
=

A7l 7=
175 / 192

}

601:




Iwre] UA9 w3t e 9 Y A

H

3k 7

- U AR F

N

Hn
=
K
Z_l

—_—

S
=

oF &Y Amel HA N AA

A A N

A

)|
110
A

[¢)

=

)

=
=

AN

4

=]
=

=
=

5}

°©

#llof =

A]

)

[

T

o AF
7]

=

]|
, organ—-on—a—chip, multi-organ chip

=

}od biological age
Q 7} o]

°©

T

S|

-

1

k<)
=

E]
S 3}

=

[€)

5

—_
Ile}

T
o
Hn

Hn

WA 2AL

T

i}

{]

)|
_
Ile}
NJo
R

o

"0

KW

olo
T
=K

Hin
<
Hn
)

Ile}
A

To-

A& 3}

) H

T

]_

A

=r

!

T

O
T

o

A AL

176 / 192




8 nholomts 7%

%

]

N

3t 3

16.4 A

A
b
— ~ ]
x o =
W M n B
~ Xi ) Gl _,dﬂ
<9 T o
o o ~ £T ﬂ% - m@, m@
3 . i N ﬂ,_-x_ o ‘WAﬁ il ‘Mbl —
N o s N = = & - < T
o il ~ ~ oL N = Lo
Bk H TK Yo = O o~
~ i ay BH T N s iy 2 o
do |X e < W = = Ea o I
= il > _ A - I g
H gae oy ~o =1 fro I~ ol - iy =
o o) fry _h ‘_M| oh oo o ﬁ_vo £ o K T %
El X Mﬁ — ﬂw MW EE hb — bL "o g mm. 5
2 e i . T L B X
—
ﬂA_.O ‘_WM N N ;ow_ o Z.E ‘ao .‘WE En_ ‘ul_._ m_x 1E_|ww
< 9 K oF = M 5T S . ﬁw
= X 0
i & = il i S T o ) w
i ® N 5 o ™ bt T
5 {F Ju o L — ﬁw mn@ I nwm =
) —_ = Jlo oy . .
g mm T o v ® B e o
o) oV K <o 3 MH . X = . = A. MM -~
~ ﬂ_uu ~l IxH ~ = L Ty ol my 1? o
~ ﬂmo — ,ﬁ N 0 = o~ s ) e - AT
o W
I N oy HE Oxﬁ ‘wu yA ,.* X 17_.0
| i _ _ZE ﬁ.E ;IJV' dl wA \_a [ml -
| _ N JIJA ~ _&O o ,WE \H_OI 1# ) Y |
— N _
+ S o Yo %) ma do = Yo
oﬂﬁ @ m ﬁo
=
—_
)A
-
=

177 / 192




2
=

16.5 E 34
3 HZ3 A Aol H x7] I
a= 1..9_‘ 7]

L
TN
N 1)
= W Gl i
oo T = T = v )
~ O~ 25 o] i i
N file} ~ ~
3w o N ﬂm 10 ar go 4° il oWy
< . ! 3 N
m_ Do Ao o o o oo = H 2
Do T < =0 W~ R ¥ = o o0
3 2 ] N —
- i) oy oo 2 % X
T - X % T T < N o 2
do | Aﬁ_ ﬂwﬁ X ol K - DY - ! F =0 vl
) — —_— ~ =
= = = =K N = gva m.a ‘A|o K - % o =
OL ‘mo L #O — .';A \OW O#O XO ) )AO N — \_If__OMD
- N < = W X o
T R I - w9 &
ey o %o =z Nir o N T oy . B
! il T 5 S K T 03 s el _.E TK M 1)
- % ~ Mo | ~o T w X ol 9
~ X ~ N X _E ~ oﬂa E —_ —_ ]
X0 =y N 5K (7 w0 o o o 0 o
P o o = o P T
ﬂgﬂgmﬂ o A ,}ﬂuﬂ
Mo B T e IE S 5
e = Rk R ~ |o B~ U uo . i ww o o 3 7o A
@mogﬂﬁﬂﬂoyuuﬁwdam%zg% "B R
—_— s "o T
a0 m o T o - o o B B
- o X T B 4 B0
Ao = oS 0 To = < & = TN T o
| D m B o e o i N %
! o T O o oF O ~ i T ) o % A
| or (g X
| oE ) RN T
_ @ X lo Gl lo ~ Tk
i ) ® B nsgﬂLﬂ
Jl HI @ o) OT = o~
olo S, o W N
W = ©
g}
—_
)A
-
T

178 / 192



37 L A
17. vlol FA/EHF 7|l
17.1 FAAAET 719 g4 [ 7|e
T T2 &
- A& A|2"la APAE DA 7|9 WA BT
Bt Eo] v X3d AL A 5
S —Q—J—?LO]: Ps BN = L =
=0 - A&7Fss 7l 7|6k Aozl dgk F Aded AEA
T5& 93 A 7=
- Hpol e B Fofx A Jhsek AAY A 84 Ve
O A2 22 7<=
- A FAAZ F 2 2 2 AAE A8
7€ WAEY g8 9 S527F RAE AAIY FA )
s O
@ A = AA 7=
- A= 874 ®Wste] met FHAA T W a4 dAdS
A B A} 22 Aojstr] % A 3 Z(Genetic circuit) 7B
@ hHAF 3 Z Modeling 7<%
- ME J 3 e UESIAE 8 Rd=
ATAdetal H4 Z49 Aiks 913 HA YAk =
oS 2 A7
- A7kl mE giA} 5 WHIE AlEH ol st 2
Holy Bty 3 Fo Ax dHE AE 952 5
i 22 7 (Dynamic modeling)
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- §2 3x Fx 7|8k g4 =) 24 oLAA
Co-factor EolA =&
- @ 9825 (Kinetics) o= =g st

® AL 7IRF diAksl = AdA 7<=

- O] Omics 4] Hlo|HE A& A thA} Hb

= = =
FHsa, ek BA NS o9 A Ea £
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- Root cause analysis % bio A|FXAA Hyglxoz &
7}t vertical Al model (foundational model or fine-tuned

for bio manufacturing)

SERE

@ BioGPTE A& =& % ARE AF=E 53 2 1
A5, curated 3L ontology7b St3] A-8-FH Rdo|

°oF maE FAsT 94 2e

Hm

@ Lila Science™ &4 Adi+s dHS o,
Ad ARl — 2AF 38t AH] F3k A3 (validation) ¥
dolEH #2419 loop — A3 A4S A Y3s= Bio Vertical

ATl =gl 7|49F Agent A% 5
@ Bio A% ¥ A-specificdt d<5o] = Model

- A% Z Y Z(ChatGPT, Claude Cowork)ell LLME thAl&}e]
g8 73t FE

@ Bio Manufacturingol| 419 PFS(Pre-filled Syringe)s 2]
o] E-ZA} 4 Bio-vertical Vision Al 7]<
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- GLP-1 & 30 7} ©°]A&9 amino acid = JFAAE dol7} U
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- 718} tHAl/ S B nkol

A AL
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O Y%t 29t modality & Zb& wlo]l e o ofE A SHAIE
H5tAY AAAAES AL 7 e AMEST/A

A 7k

- Bi-specific A  E3  multi-specific  SHA|
2D multitargeted fusion protein &3 2 AL FA
7= 7

- Al9f linker-payload 7]& 70 2 ADC A A &4
7l T

@ Felole= FA FA a&3) 7=

- 7]%& solid phase peptide synthesis %FAl (production
yvield, scalability % purity 5)=8 7|&

- Ton ©9 peptide A+ Al 5= = F7] £9j9
AMNEFS 5438 =9 T UTE V=

A E} o]
acid 30 7§ o]X)E linear WAoo w 3dAE = A+
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- Non-natural amino acid =& modified amino acid ¢
G849l incorporation ©| 7}s3t 7]

@ 71AIE5 L) 2 QAFH]5(AD)

- ML/AT & &-83) vlo] e ook Ax T4 7= 7

=

- MCC (multi-column chromatography) 7]& %
A 37 it

- og 49 34 A2 7=

(® Manufacturing-compatible expression system 7=

- CHO expression system =243} (stable cell line with
high titer), developability 2323 (aggregation,
solubility, stability), purification platform 7]<
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17.4 High—throughput 3A] £4 7]<

T T8 &
- Hpo]Q oJekEo] % Y glycan o= U, A HMER
A AT Qe Vs
- AEZEF Y dACdAREY Ak Buk ooy £k ¥
-8 F-of glycan & I 3slo] AXF 7 7
- AEF AR 2716 HE3] AsiAE Y T AEF
SHTNA  AAE mg o WA o g high-
throughput A % #A4o] 7}53joF st
@ High-throughput ¥A AA| 7]<: Protein A, Protein G 5=
o] 23} high-throughput BA 7|&
@ Electrophoresis, microfluidics & AH]E FX& o]&3}d
T FFo] AZo 3 =% 2 glycan pattern < F A9l
A Ve
A HF-A1H)

@ Biological assay & &3+ =% % glycan pattern &A] &4

7|
@ High-throughput screening platform

- A 2Ee HAY 2FE & A7F &S screening
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