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1.

HEe=) Al

1) 9t=A vAgle] & YA +F Simulation L=}

T T8 W&
- WA v A st WE R 93 5% Simulation I 840
S7Fstal Aol o] & F3l vhFet wrEA Aol thgh
519 Ko} AR - A - d71A B R Rkg sAle &8
- 2L YA == Simulation & ZPAIY wEEA] AA T4 L
TEE WY F e A T &E
@O =2 HEst 2 Simulation &3}
- 92} 425 Molecular Dynamics Al Ed# o] S 2 Full Device
B AA 3 BEAVE 7 d B E EEs B vdd
Rare-event Sampling / Accelerated Dynamics & # &
- Algt o} 7] ¥ 4 (GPU/CPU hybrid S)eol HAsld ¥Hd FA4k
ALt dag]F 7 2 Accelerated Dynamics/Rare Event
Sampling 59| 78} hag]s HE55 S8
Al AL 71= MD Al EE ol e A =i

@ Tk A AS 2o gk WHE

A (ALD, CVD, PVD 5)3 249 AFS 5dF

I
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o
o
of




@ AI 7]¥F Meshless 3D Simulation

- Mesh 7]Wto 2 F3x= the3lk 52 Simulation &
TAT-Coverage-d A Tradeoff & Al & =&

- A3 /943 Mesh & Graph Network W3+ 2! Simulation
Aralol| whe} A -S4 o0 =2 Network & Resolution A3}

dagls de
@ Al 7]69F &2 A2 14 Solver

- Simulator W59 =3 WA A (PDE: Partial Differential
Equation)®] 3|& XA 7|H o] ofd mlF 7}tk

Deep Learning(DL) < AM&stod A5 FFsh= WH AA|
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2) W #24 AT 7=

;L

M
N
ko
=
of

- ASTAT A} AT &5 HHEoe] I Q
v}

- SW Component =
gRop | QAT H, 3

o
AAS e, 7% e Ae

u{uf”

- Flash Solution <] Embedded Software A A|/7A= Fof

D Software Product Line & $| 38t Software Engineering

7 38A A=, Side-Effect A=,
%!

A AL
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(@)
L

- Clustering, Deduplication 59 7]&=S =3 &4

Test Case & 3ral F A3} 5= 7=
- Test Case Auto Labeling 7]<

(® Embedded Software ¥ Fuzzing 7|4¢ HIAE WHE s

(05
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3) AI/ML-based design 343}

T T2 UE
— Design ¥ PPA A3} recipe XA
+-8--of _ i

- Design PPA Z7] o5 2d A

@ AI/MLE $3F Design representation 7l
- Designe vector® ¥ &E & J= =Y 4
- Design PPAE &5 T8 EAHAE=Z 14

@ Design representation®} PPA recipe A3 =4 7|t
- A3 datas &-83}o] trainingstal Ed s

Al F-ALE

- A FAL transfer learningl = X g update

@ HAH, design'® PPA HA 3} recipe 7] FH
- Design—-customize® recipe 7f2ol] ¢ & A|7F R
@ Design PPA Z7] o= E3l TAT-#4&

- o A e A= ° B A & T e
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4) ML 2 Al & &£3 Simulation Platform (V-NAND 3 3] &)

i

:l_L

8 g

- A Fol= FUbe] wE TAT g4 2 9A= 3 Fg

- Machine Learning ¥} Artificial Intelligence & ©]-&3%t
MR B2 AA 2 A5

~ VNAND 7} 3258} WA, WL Loading & %37 913
Punp 3] 9] 8 Amel WAo] AXIL 9l

- o]Z FEa7] Y3 Ha g& WNAND & HH At

= "1 7

A3 Pump 3=

A AL

(D Analog Layout A}=3}
- RE 22 A A Mismatch & #4233 = A4 3}

q
bael %

=

=

- Clock Power 2 Decoupling Cap ®i#],
Clock Driver ®l=], Clock Routing Pitch 42

@ DRAM Core IP(BLSA/SWD) Library 7H%F
- Area HAHY3gE A &9 1P 74 U 2 FAE
Place & Route ®*HE zbal Library 3} s}
PPA(Power, Performance & Area) H %3} AAZS 93t
Template 712+
@ Analog Input/ Output 3= A A3}
- Memory Tx/Rx I1/0 Path ¢ A %5S ZAAS= Analog 3| =
(CML Divider, Phase Splitter, Sense Amp &)
A Qo] ARkol ghi= 2 AA AAF Sizing(PPA) <
AI/ML 71¥Fe] MR d ®PHES H83le] H4 1/0 s 43
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@ =}A ) VNAND 3 %31G-S Pump

- Q)3 Ak 2.5V ZRE 30V, 12V, 4V S vheFsk At
A2 Pump 3] 2ol thal] o] =A sA o =A3A
o5 HoFd L 21 a59 Pump 3= AA7|H

® =449 Pump

- FAske] Power & AE3HH we VNAND ©] High Cap.
Loading & 7%

- 23185 Pup =& A48 Pump 3= A7

o8
o

- LEE, AAYe GAEA B2 wHe Aasd &

2= H 2} VNAND &F Pump 3= A7)
@ A719] @, ®, @= BT WA Ay 215
VNAND 5o A3t 124 Pump 3|2 A A
HEE A s HAstE 913 SW 7<=
I XRE 24 5/AAE SW/Tool &
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5) Al 7|¥te] AF A3
T T8 g
- SoC ¢ & % function & H=s ZA4% F7hstal 1o
olo W& simulation AIZF T7F R Aol Q3 AvEl e
Nre 571 sk 54
h-8-3r-of

- BARE SoC AA WBA FolAE A T/,

ol F¥) AT MR 4T Yol A

— AP/Automot ive/wearable <] SoC A A #AZ= Hof

(D ML(Machine Learning) 7]%W+e] A= oy 7] A3

- Debug Assistant: ML 7]W+o. 2 7 Z=x}o) Al Debug Point =
ZbolEste 98 Felsie Ve
- Debug History Finder: ©]# Debug History & 8}53}d,
AA LA el AEE o€ fHS Ao Al Alwslo]
ELQ3 U S S5 Vs
@ ML 7|Qke] A 43 #4535}
- HARS LA st AFo 2 I Regression 741 3

A EA =
AT L 1 Sinulation 2@ 41702 o) Zeke] Regression A

T T 210 AP L JASAV BEELQEHA 7YY=
A7 @5
@ ML 7]"F Coverage Closure

- Scenario ° W3t Clustering ¢} ML & E3F AUg]e &
HAast, HA AYE L o2 Coverage H3E €49
&k TAT @5 53, Bug 27 &7 5o AA AT
TAT &5

@ 919 ML W EE

o

Q3= £33 Al A= System

-
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(5 ALD/Cleaning/CMP &# 2] 7] Inhibitor 2% H7 749

- ALD/Cleaning/CMP & A}-8%+= 7] Inhibitor ¢
7 B % 9 Iphibition ¥ 714

=]

® Wet Etching & HolA 7] stg=9 A WA 2
kS vl AYSE
- Wet Etching &AM &5 3gdE9 W HbgA 2

q7t WAYE 73
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7) A AZ/7EE 9% Foundation Al Model
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- WA FA/A 2 ol e B3 A
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r{d

7}
Copilot A&

- Fab In ¥ Fab Out 7FA] Orchestration 2 Autonomous Fab
SR

A AL

@ ARE vgoz 222 Judstal Algstal As)shs

I+ Large Language Model 7]< 7§+

- MEA Text & Sgdtn AR ta AR} FEOE

@ Text¥qt o} g} Image, Chart, Graph, Table, ¥+AZ

= Multimodal Foundation Model 7]<= 712+

7] ek

- Sub-task ©¢]¢ &F

<& S#ato] Insight 9} Suggestion &
A& W= Copilot F+<

do] Task o ok Role 3}

Objective & A3 Al 7} Planning 5-¥| Execution 7}4]

Autonomous sFA <+
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e N§S aTats AEg Bd o8 wi
g/l s e

— Transformer & A= AM=2F EE o} 7| €A

(State-space Model &)
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2. A ¥vt=A] A%}

D At 23 23, HITA f2yg R XEYE &7

a

:l_L

ru (
ofo
M

(o]
o

- Logic ¥ Memory

A AL

@ Scaling Down & &FA] FES 9t Al A3}

- High Thermal Stability 7}&3t Atsl= vE=A 2
DRAM ¥ A3} §7 S 7)%

- 3D Cell AT 7=

- Beyond Zr, Hf oxide high k &%

AN O FE S AY HaA ALE

Beyond Moore's Law & 9%t JEA ] AA] AR

- CNT, 2D Mg, M-V, SiGe &

A At WA A ARS

- Topological semi—metal &

Bl AT ARAA 48 27
IR E AL A AFAA Vs
@ Emerging Nonvolatile Memory

- Vertical memory 7&E& €3t Selector Only Memory
- Vertical SOM 24xx} TCAD 2 21¥
- Atomic Layer Deposition(ALD)[n] A1&E2 2 Stack,
&7 /Precursor

ZEA Aol = 7148k Self-selecting Memory

Eav
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- oot nEE 39 7@ L YA A& A
- 23 PAA oblEA % FE IC A
- DEE ANY 290F 2% A

- Reconfigurable Photonic Integrated Circuit(PIC) 7]<
ks
@ 7] 3 Modulator &) 2 Az}

- A 2315 33 Modulator 8F A4 % AA}F 7|
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2) X}A|th DRAM &=}

T T8 W&
- 1T1C 719k DRAM Cell & tiAE 5 = Al High Speed
HEEE L e an
D A=A 5 Deposition 7Fs g 7|9k 1TIC A A}
@ Si/Poly-Si/Al&=4 g 7|vt 3D 453 DRAM &=}
@ Ferroelectric Cap 7]WF 1TIF ¥+ 1TnF 3D A5 A=A}
@ Capless DRAM7I®F 2153 4%} 2 Integration scheme
(® 2TOC DRAM 71¥F A =3 AxA} 2 Integration scheme
® Bonding 7]% 7]WF DRAM A A} 2 Integration Scheme
A=A

@ =4 702 High-k Gox, Low Leakage Gox, *]*]3} WL,
Low-k +4d9, ;24 ¥4M] Etch Mask =4,

Silicidationless Ohmic Contact =%&

® A 7hd: =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

A 7l

i)

3}
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3) DRAM & 7+ A &=

T

8 g

mi
op
M

o
9

- 2l DRAM A%, Neuromorphic Synapse 4~A},
ToT A% = RE=A] Az}
- ZFAId] DRAM A%

- Vertical stack 7} 3+ Cap-less DRAM SF Ferroelectric 24}

- 3D stacked FeFET

A Ay

of\
a0
of
o

(D High Performance 7+& 7}53% ZHdA =4 2

- Domain Size % Uniformity <]
@ Endurance 7HAS 3%} Gate stack
— (MFMIS FeFET 8F) Ferroelectric 24t

- Ferroelectric

it

ko] Z8] 4 Gzt 54 ¥ Mechanism
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4) CIF oiA] &=}

- Memory Window
- Endurance

- Retention

TE FQ UE
— CTF 7]4F 3D VNAND Cell & WlA|& & 9=
A 9F 1132 (NVM) W =22 A=}
s}g Hof
- VNAND 9] x|&Ael A= w4 ZF7to s 34 dolx,
Cost =7} & SHA =%+
O A B2A&, A Fx2, A g v3ed wEg A
(ex. MO-ECRAM 7]4h)
@ 3D VNAND Fz=¢f] 7]dkgh Al5f 3] W] Az}
H| 3| A Azpe] T Aok
A @ "3 lel 5 od
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5) VNAND & Z+/-AA A=A}
T T2 UE
ZEEOF |- AAY NAND E 98 71F CIF WAl 7}e & FeFET 227}
@D VNAND =2+ 7153 FeFET &F Cell Stack 7|4
- Memory Window
— Endurance % Read/Pass Disturb, Retention &4 &H
Qe
@ Domain Size Aol & Uniformity 7§
A2 AL | - Domain Size R Phase 4] W 7%

- Phase # &% /NAES ¢33 Ferro &2 A+t
@ Ferroelectric ¥ Mechanism ©] &
- AA3 HAYUSE

@ Ferro ¢} Channel Al Aol 2 Ferro E4 3= 93t

AN Channel &2 79

A2 Ao A% ol

Al
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6) XAt =2 Transistor

- 14 % Logic Transistor (A%, Ad=), Logic 2A}F

Area Scaling

- 1nm ©]%E 93k 2D MOSFET

SERE

D 2D MOSFET EA S 93k KA 3 Contact

— 2D MOSFET 38 v& A" %32 7}A] = contact Metal 2=
- 2D/Metal Interface H A= &3 A8 A3 714 7)==
7Nk

- 20 E45 S A Ve R AT = Y

doping & I Y= 4] 4]

@ 2D MOSFET @&F Gate Stack
- Gate Dielectric, Work Function Metal &2 7|
- 2D MOSFET 3&F gate Dielectric, Vth =& &2 7|t

- EOT scaling & 93k 2D A% 1134 dielectric =%+

7%, interlayer ¥4 7|& 7
- 2D/dielectric interface trap density A4S ¢
A/ FAd &4 N
@ Alternative channel
- Wafer—-scale, High quality (crystallite), Low temp.
34 7|4F Channel growth
- Surface Treatment (Dit 744, Gox ¥A)

- Si 55°|%9 Band Gap &%
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@ 2D Channel MOSFET

- Gate Length Scalability <%
B GAA = MOSFET

- Multi-channel Stacking %

- GAA 7% FAES 93 Integration




7) 29 & vl=A (MRAM 2 Spintronics £A})

-+
Mz

o g

—

- ZFA ] eNVM 2 Working Memory 3F STT-MRAM =] 3=

- Automotive, AloT 8F XFA|t STT-MRAM ¢] Speed, Density,

Endurance, A2 A kA
- At Spintronics A}

- MRAM ©] %=/ A% SHAIE Wi Spintronics AA)

A AL

- Speed, Endurance 54

- a2 A A3t 4 A B
@ Emerging Spintronics 7|

- SOT-MRAM, Racetrack, VCMA, P-bit

— 3D-MRAM, Selector &%

- AWERY A BA/a2/3 87 nd

—_—




8) AXE /MAES ¥F Image AlA

o 0

- o|u]|x] AlA = Mobile, 7FA, Automotive, AR/VR =

M

;L

e okl Fael el Qe 43}

- A %% Imaging Pixel Scheme, &74/A%} 7h4dt
=

Photon counting ©]"|A] A4 2 ToF & AFY <
A

AAIZE AR/VR Q1E g o] 2 73}

&oF copgh &, AW AxE SN E A s
Haiglsto] AAA el FA T

28y ~utEE B XR FhlE 488 98 e AlA

7= A

m (

- RTS, Flicker Noise % A3} Noise A7+S 93l
M Z2F 22 (SF Transistor) T+%

- Pixel Scheme % Multi-sampling, PGA & 3= 7|HE
o]-&3+ Noise A7+

- In-pixel ADC 7+d= 913+ Low Noise & Compact

A5 AL
Sub—threshold Operation Amplifier

@ HDR (High Dynamic Range)
- 71 W29 ulAst ¥ Image Quality A3} 3HA
5 918 AJZE R T4 Pixel Scheme ¥

- Digital Pixel Sensor % &3+ HDR +¢&
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- Low-power & Low-noise ADC 3=, A A33}l= 93t
CIS & In-pixel Memory, Chip Size A3} ¢t
3D Architecture(ex. Data Flow, Thermal Distribution %),

On—-chip Al Image processing
@ =A% SPAD (Single Photon Avalanche Detection) 34
iy
- Al A Dark Count Ratio A7+ 913k (Low Noise)
A Z& SPAD &R} %
- A% (Low Crosstalk) 54 T3S 93
Metal-filled DT & Alqf 4 Isolation &4 7=
- 7ZF% (Photon Detection Efficiency) =71= €3t
v A3t gd Alat Pixel Scheme % &4
- Low Power, Low Deadtime 7§’ 572 SPAD &F
SR/ 2R/ 3 &
7% (Parasitic Cap. 72>, Readout ¥4, <185+ 5)
- SPAD & Al9F &4 7l (Jitter-free, Low-voltage )
a7+ Z+e} Al (Visible Low-light Sensor)
JEFgs 719k dE s ojmx] A= Axk de Stist

Zet B8 Ve Axk AA A ¢

¥ T
- Al A2F o g ~AnEFE XR7|7]A HAATF AZRE

B

o

/] (Biomimetic Adaptive

d
-

® A% £ WP 45Y 4w A
y

Sensitivity Sensor)
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- 2uEZ bk, AR e, 23 A AR A=

=t 3}

=
(e}

%22 HDR A
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9) Image/Object/Gesture $12]& €3+ H/W

T T8 Y&
) — Mobile, Wearable, IoT, Robot = #8&<S 93t Always on
oh-8- F-of
A" QA Fdg
D Ultra Low-power Image Capture
- Image/Object/Gesture €129 E3}% Ultra Low—power
Sensor
- Capture & Neural Processing < =Alol Optimize &
2+ Device
@ Analog + Digital Neural Network HW
- Ultra Low-power Image/Object/Gesture 21215 93],
A F-AFE

High Energy Efficiency ¥ & Layer == Analog | A
ﬂﬂé‘}l High Precision ¥ & Layer & Digital oA
22 sk= 59 Mixed Neural Network System

@ Multi-stage

- Cascading 7| ©. 2 Detection/Recognition <
A A2 System Energy & Optimize & 4 U= AL
B, o]lo] "3k Architecture + Algorithm

Co-optimization sf+= 7|™




10) Automotive [ SWIR FAZ 7]< Y2 Readout =& 7)< /N

i

:l_L

o g

- Automotive: FAT ¥4 2'H, In-cabin

- Automotive T AFH ZA| B (ADAS) I} A&F3] A&
Aol gAlE = AA EFH OS2 LIDAR, Laser Gated
Imager 59 AAM FZ(FAE A, =, 4= )

- LIDAR, Laser Gated Imager + &% (Active Light Source)3}
FAZ Detector)F-= T4, Fdol WEsH= F=oA 9
B2} Eye Safety S 4oz adsforst. thokst 7]
(Order of Magnitude)®] 7=k #lolA 39&E &=}V
3t SWIR =+ o)<} (1310nm, 1550nm)<] A A8 Q3

A AR

@D 2.5D/3D A A
- Si ¥4 71dE A7F A2 A2 3 A
- Cost(Si Wafer 7]1): 2 x Si

- InGaAs SWIR detector %5 o A% TH(AHAS &

=]

)
- SNR(> 60dB @1310nm) and Responsivity(> 0.9 A/W)
- Sensitivity(< 1 lux, 10° W/cm?)
- QE (> 50%) and Dark Current (< 10°)
- Pixel Size (< 5um)
@ Readout 3= 7]< it
- Si T4 719 2448 ROIC 7id

- A#S Readout 7+% % 3= AA
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- Cryogenic CMOS 3 =AA 7|=& A&
(opd =21 3|2 AA (PLL, Frequency synthesizer)
2 Cryogenic PDK &H)

- Integrated quantum processor

- D, =33t Integrated Quantum Processor ++&
@ Efficient AI Computing
- Efficient Al 249 A7

- W2 AMEFS HASS Al 2d 2 9 gk v

3
CRE £EE 4 A7 AL B9 TR 9 S5 g

- AT Model HA 3} 7<=
- AAEFS FY 4 U= Al Model Approximation W
(e.g. Depth wise separable Convolution)
- HE AYE Fdst & 5 2+ Neural Networks 7-3
- Mixed Precision, Knowledge Distillation 23 g5
— In-Memory Computing 7]<
- AdY, 1EEE GASHAAM A8 EE AT T
U= VAC A4 Wy 9 3= 2
COFRE Al B2 op7EAE AYE e
Reconfigurable 32 A7
- Low-power ADC 7N (MAC 52 HAg Aol
7} 3k ADC A A
- Efficient Al =2 & 7}<% Device
- Efficient Al RE¥& S&82 0% F5317] g Al
7} Device A A
- Efficient Al 92 &
Mapping 2 Dataflow 7]
@ NAND architecture 7]¥F in-memory A=A}
- 9 &}
- In-memory computing ©| # % 3}¥ gate stack

(CTF, ZHAA 5)3 e =4 &=
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2) %A} AF
F2+ 79 (Quantum Comput ing)
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13) A8 xEYA

T

m U
op
Mo

o
T—l

- Y Al 7 EHo
o]y Agjef A4t
Superchip, &&]2~F

7| A A=Y, Z231<% interconnect 7]<=o| W =9

W

- 7129 A7) A5 7ak 71 A5 A Al okol
w231 1o (64Gbps/ A2, ~cm AFHo]), FATE o] &3t
AEE TEYZE Vo] vy AH o]~ A e
(nVidia, Intel, TSMC 4§l A ZAIT) Q1B Ho] 2 V]2 AHE)

- AP E IEYAE A7) Ase FAsE Js g

=% Electrical IC A7 7= % XEYXA FAH7|E0]

RN

A F-ALE

(D Optical Interconnect A7 7|<

- djo]E] AlE 38F Rack-to-Rack Optical Interconnect =
?38k 64Tbps, 1pJ/bit w¢ %1% A d= Optical
Transceiver A7 7]<

- NRZ % PAM-4 7]4Fe] Optical Modulator ¥ o]& &
st A7) F5 3|2 AN ¥4 384, Equalizing 71

- 1 9ZE Optical Interconnect S 93 4 A=V
(Photo diode) % #7] A& =2 W3}8}= Trans-
Impedance Amplifier & X SIdl ofd=2 1 TE2EQ
=2 AA 7&E

- Chiplet ZF(Chip-to-Chip), CPU/GPU ¢} Ilth<d%
w22 (HBM) $FY] 4= em 9] Qg Fo] 2ol A&

7hsd nEs of7|Ex AA &
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@ CMOS ®Wh=xA] &4 S o]&3F Photonics &4 #|ZF 714

- BB 24 U ANS B A%, 3ad 4Ae
B 2%, 24 W2 NS 5 JEF b5

@ Optoelectronic multi—chip module package 7]<&

- CPU/GPU, FPGAs, memory &< 7] module 2} PIC
(Photonics IC)¢] 2.5D CPO(Co-Packaged Optics)

packaging 7|<&




14) X}A) o] HPC/AI S Device Platform

o g

- Data Center W Rack to Rack 2 Chip to Chip °llA GPU %t

Interconnection % GPU A& &+ [VR=E &

A7

(D 400Gbps/Fiber ©]%+2] Data Bandwidth & 7}A]+= Co-
Packaged Optics (EIC/PIC/FAU W7d)
~ Photonic IC (PIC)
- 100Gbps/lane % %2 44l Ge Photodetector 7@ 7]
- 100Gbps/lane £5X=2] F41 Si Modulator & 7]<
- SOI wafer 7] TSV 7] (<50um depth)
- Package 7]
- 2.5D F+2E &3t FAU/EIC/PIC/Interposer 4% 7|&
— Photonic Device ¥ Photonic IC Test 7]

- 35 %3 TEG Wafer Test, Wafer Sorting Test,
Optical Engine Test, CPO Final Test 7]& ¢

@ AAHEE 93t [VR(Integrated Voltage Regulator) 3F
Magnetic Inductor & 7]<

- Magnetic Material/Ad%e] Multi-layer 7-%%
A F3bo| A Eddy Current Effect HA3 sl &4 2 F%

- 7|4 Aglo] 22 1gE Inductor 7+F
- G H A G Inductance & FAA TS B 2 42

-G EAY ARE AU T2 5 = B L 72
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— Thermal diode, Thermal transistor 52 & Ao &2AF




3. BI=A A J7|=

1) VNAND Channel, Charge Trap Layer 78 &3

i

:l_L

o g

- Z}FA| ) VNAND &4
- Channel mobility Sk
- Cell current T& 93 @24 9 Large Grain
- Silicon &A

— VNAND &F ZFA|t] 0SC (Oxide Semiconductor Channel)

- On—cell Current @3 =&5& #13 A7ld Channel

- ZFAItH VNAND A&
- AlE AEAE A
- PGM/ERS window &X.
- PGM/ERS bias o WA o] sk =2 7

I

i
i,

iyl
i,

A AL

[ X} At VNAND &4 |
(D Channel Silicon Grain Size =7}
- 2 A channel silicon FA FA

7

of

- o Wl Hydrogen A% 52

@ L3 channel A4 =&

— High mobility % High Step coverage
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[VNAND & Z}Alch 0SC &2 ]
@ VNAND &2} 7He 3k 0SC &4
— Dual Channel, P-type 0SC &
- On Cell Current $-573F 0SC &2

- Memory Window &X. 7}&3 0SC &2

2 VNAND Integration 7}&3+ 0SC =3

— 31 Hydrogen WA 2 dA 0SC =

- 0SC ¢} Metal Contact A] A& ZFA Metal
@ 0SC =4 gt 94 o]3|

- Electron, Hole Generation HWlAY S 2 Ao A=}
[VNAND Charge Trap Layer]

@ SiN =t &&

- 455 o] 83 Band Gap =4, Shallow Trap 724,
siel A3t 2 Fx M St

@ High-k Trap Layer
- SiN 9] Trap Density & 2+ High-k &4

- Doping & =3} Shallow Trap A

@ Thermal ALD &4 7}k 42

- SiN ALD ¢} #ZFo| Thermal ALD 7} 7}k =+4

@ Selective ALD SiN

- 7] High Temp. ALD SiN <=9 Trap 4 ¥ S/C =

]
=3k 4= 9+ Selective ALD SiN 7]
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2) Selective ALD/ALE (Metal Oxide/Metal), Selective Deposition

Me

;L

DRAM Capacito

- Capacitor ¥tHS MeElx o g =233 A|ASHE 7=

ﬁ
o
Ho
N
o
.y
2,
AN

- ZHA A DRAM A5
- High Work Function = 7FA+= A=
- High Step Coverage & T8¢

RC delay HA3E 93k dielectric

- Logic 9] High-k /Metal Gate, BEOL/MOL ®jA

- 3D X FAE 3t Self-Aligned & o] HQ 3k
ot-8-Fof 2= A% VNAND, 3D DRAM, Logic

o

A/ A Tk

[ALD/ALE]

o :

o :

A F-AFE @ ALE

o :

o :

- Metal/Si02 & AENH o= A2 A

@D Selective ALD (ASD)

R EL RIS R

=

MoM (Metal on Metal) =%}

- Selectivity =tjj3}

Inhibitor #*-&

7r02 v+ A A S}l Si02 = 8-X

TiN Tt A A Si02 & 74

o|N
Dy

- Metal Oxide/Si02 & MAEld o= A2 #|A

7

0/ 162




[Selective Deposition]

@ A E4 Metal Silicide on Si, not on oxide

2 Spatial €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 & ©|-&3 Conformal Doping
- ALD & Doping Precursor 742t

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

@ High Work Function 7+¢&

- 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
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3 g 3o} T
- Zo=v} Simulation & &3 AAXE Feh=n) o]} 4
2 A H A5t Ve s
@O HARC &7 2 Aw] 7
- Z¢}*2v} Simulation 7|¥F S8}=vl 34 7
@ WA 3F Plasma AH] 7
A B} ) - New Source 7H2+ (Microwave, ECR, Helicon Plasma %)

- CCP, ICP Aw] Zg}=vw}l Ao 7= /i

@ ML 7]wF Plasma &74/44] A3}

- Zozel 24 A% AUsE 9% An A% v E
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4) 9t A A2 FA (Polarity switching, 3D Integration, AH]/H3= %)

T T8 &
[EUV =30l €3+ Polarity switching ™ # U]
- EUV 394 3159 PID (Positive Tone Development )
PR (photoresist) Al
- DRAM & Logic 3F SET (Single Exposure Tech.) &7
-8 5-of
[ALD &-Am AH]/F3F]
- High Aspect Ratio Device #A|ZA] Void-Free %
93k Step-coverage & A& 4 AU+= ALD FAM
AN/ RE e
[EUV %=33ol 23l Polarity Switching ™#H U =]
@ SET A4S T3l vA=e 34 7153t New Platform &H
- 7]$= Crosslinking ©] o}y Non-crosslinking WHY S
s
A F-AHE

- F%3 Aol Fr=sF BV =%l o3

Polarity Switching & ©F7|A|7]= Al&Ed o]l 2 Ag

- High Absorption & Metal, EUV-sensitive Ligand %3,
B FA oFF A Simulation &7 2 A
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[ALD &) An]/HF3F]
@ AFAMI T Precursor 7 Gas Delivery

- Solid Precursor [ Canister
- Solid Precursor Ao} ¥ RUYEH

- /3% /5% Gas Delivery
@ wrEA AnlpE A A
- Metal 3D 42 ¥ F=E Az

- A2 /EAA /A
- 1 &% Heat Transfer/Flow 3 2% &}

© "r=A] AnjE WE-Ad 29

- Metal 2719 & WHRAA A (2A)/=

- High Aspect Ratio Micro Hole =¥
- Aty BEm ALD =9
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5) 1A ¥t=A] +&d FA
(3= EUV e d, Etch, 24t CMP, Spinner %)

:l_L

M
N
ko
=
oo

ru (
ofo
M
(o]
o

- A dE 917 Dose &
@ At} Etch 34 32 93 WA 4A4
- Part &% 2 defect HA3ZE Y3 Pl
A
@ N/P MOS Gate &7 *H Metal = Depo
- Sub Layer ©] Immunity 9+ Film #|o]
A ation & 918 7]
AR @ =}Alt) CMP Planarization < 154
- High Density 9| 5] % Erosion ©] & 43}
CMP Slurry

- Recess & A& 4= J+= Slurry

(® High Aspect Ratio 9|4 Gap-fill kA %
7Hd

® 1234 <kl (PR, Thinner, DIV %) &%

@ A 43 7=

- Dose AAS 93k 2% 7}1HE Develop

=]
=

asma WAdo| 733t

A7)

2=~ 0] =
"I*}J]\L.
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6) FIA W=A 7= R FE AA/ASF 7le

-~ DRAM, VNAND, Logic, CIS A& % AZ

- A3+ /Leakage
- W22 /=4 A|EF In-Fab
- 34

]
A

7]

. A

H=%

T Fo g
[P Al RE=A) -2 A
— DRAM/VNAND/LOGIC ¥F=A] mAls} 2 3D 7% 918+ Al7hd
HAHAS /A I 2 SW 7=
Fetd vl T3 HA 2 3D 72 9 Mis-alignment AlS
CARAY BHEA] A TR/ AEE 54 LU
AL 71 WA AANAS /A st
s e e s
- WAI(<10nm) HE+= s =% B9k AL
[BFeA 72 A5 7<)
oh-g-it-of

==

— Wafer Bonding &0l A EAY3l+= Metal Void HAAHAIS

2 AxH(Void &)
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SERE)

[U] A HE=A] G222 HAF
D 3D Stack "A &= Ad AAH/AZS 7=

- 3D Stack 35 &% HAA} 7]1<=(Long Wave-Length,

Wide DOF/Dual Focus 33t &3 %)
- Multi-layer +7l/=4 W¥E 54 7|+

- 3D Stack W] Crystal &% 7AA} 7<=

- X-ray 7|9F a3fA, 7%= EA Imaging 7]&

- Si A&/ v|=F Y94 A5 7)< (Raman Spectroscopy,

@ AAFFAFAT A (SEM) 719F 9y A AANAS 7<=
- 0.5nm ©]3} L3l SEM 7]
- SEM 7]Hb 22F 7] 54 &
@ Al & &83F o|nA/2=HAERY 7Rk HAYAS 7=
- 2 Data 2 ¥ S Frp] A% Al 85 7ls
- A% 4 Data & /A8l A& =ol7] AF V=
v oh3) w)ekE s ake 3D MI 74
- Visible, IR, EUV, X-ray 7]4¥} Computational Imaging 7]
® Advanced packaging ¥|33 AAHAS 7]+

- 2802 0 8F WAAS %
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@ 3D 7+% Lateral recess/profile 73 A5

- X-ray/EUV 323/ 3D o]w|g ] 7]+
3D DRAM Lateral "]A| +% &% (Recess) % Void HAAF 7%=
© 10um o] Zlold &F A= 7=
Sk~ WAl Residue W33 HAF 7]

@ 10nm ©]s} &% HAF 7<=

@ W] A F2] Radical Beam A< W= A 2 oA 7HA]/
e AA 7

- Laser & 33t 7|4t 7<=

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

Radical Beam A& A% Ak¥ oYX 4

Radical fid Hx AdisF =4

Radical fi¥H 2 =4
[WFeA] 2 A5 7]+
D Soft X-ray 7]HF #+x% A=7]
- DRAM & LOGIC ®Al F+& ASS 93 +x A5 waZ&
A = CD/Pitch A A= 715
@ X-ray CT with Nanometer-scale Resolution
- Metal Void &4 2 AF 7|=
- Metal wjA E=F2] 3D % 4 7=

- Metal Fill 323+ &Aoo A Buried Defect A

I
S,
iz
J
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@ Plasma In-situ A= (PLIF: Planer Laser-Induced

Fluorescence Method for Plasma Scatterometry)

- Zg}=v} =33 (PLAD) PM(Process Module) Chamber Z%]ol

T35t Ak AlSS AT HolAd = JFH
- Etching ©|Y} Depo X% 7}5

Ca5E AR EFA

- Voltage Contrast Electron Beam #HA} 7]<&

Capacitive Contrast Electron Beam FAA} 7]&

Electron Beam -2 7] §3%7|% (EBIC, EBIRCH)
- A 7]-%38 gg7]< (THEMOS, PHEMOS)
@ #7149 B9 5AH7=

- A&} /Capacitance 238 =74 7]%= (C-AFM, Nano-Probing)
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7) A A3 Metal Interconnect 7|

F2 e

a

:l_L

- ZFA A Logic Al v &4

ru (
ofo
M

(e}
o

— A Y] DRAM A= ujA EA

O AAZ i =2 A

- Cu, Mo, Ru o] %-9] 1A wjxg

@ A A3 v} A patterning 7| 7t

A 5-A )

- TEA et pyD Hu)/ 2%

A&7

- A A3 AEZA 3F Hard Mask 2 Etch A &H]
@ AAYE wA s 27| st
- 3D % T8 93k ALD 28]/ Precursor

- A% damascene 373 ALD/CVD AdH]
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8) =& Zu] oA (LCE: Localized Catalyst Etching) Z2A| X 7|&

M

;L

m (
op
M

o
9

A ezt Tz el 24w Peks ool

A AL

@

®

AA Azel J1ew 58 29 74 3

@ =1 AL &£ free 2, =] =9} E& o] &35}
CMP &} F-AF 71338l Z2A X~

S sj=i= ZAleln] slols EWe] vl A A
A5 A4 AW A7 bE shseke] ap b 2o

A gl ola) tgo] Do = gly] wFel 24
AW Fesst b

Si/Si02 ¢ &A) HE o=z 7% H=s A, Si Q At
glgl2~o] 34 o] 2 £0](0.3mm)7HA HEEE Ad (A7
H*x)

LCE(Localized Catalyst Etching)+ 7] CMP ¢
Al 7] & o] obd o]F &A Ao A Eld PD(Photo Diode)
T Hesle #EE 3thEe M Eidd B oy
HB(Hybrid Bonding)s ¢ A% 2184 HAE WAlst=

- Fo]3t Advanced HEFS) FH

AA A Al E AIZF @dFo #3A N HE F
(o) HAe] &A1 ¥ 20nm x=7] Tx}ol| s,
sub-nm =9¢] HEl3}ol| oF 6H Q.
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4. V= A 7%

1) Logic Integration, Thermal management

T T8 W&
[Logic [7] 3D Integration]
— Monolithic/sequential Logic on Logic A=A}
gt 87 oF | - Heterogeneous Device on Device A=A}

- Area scaling % W& X &A4E& 2= 3D Integration

— Thermal management in 3D integration

[Logic 1] 3D Integration]

@ 3D Monolithic Integration
— CFET(Complementary FET)
- 74 A5 e Source/Drain I} Metal Gate
- {£A 3 Interconnection &2
- Non-Si 2141 A7 A
— Thermally Conductive %A

ALl @ 3D Sequential Integration

- Aligned Wafer Bonding
- 145 Transistor 54 &H 7} A2 Integration

@ Backside €& Interconnection
- Backside o| A Patterning % Metallization % -&

@ 3D Integration [ Scheme 2 Layout
- PPA H A3} 7} Scheme ¥ Layout &




M

o 0

(® Thermal management in 3D integration
- AREe] ABA AN
- Multi-scale &4} SA]&do]A

- A% B4 4714 54S BAY e

IS L
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2) Wafer Level Package

TE TR g
- Z}A| o] Bonding VNAND
- A A ) & ST
- Z}A| Y] DRAM #|% / HBM A%
- A A ) & S /AL o EE Aol
g8 Fof
- ZFAI A Logic A&
- A% 7R (BSPDN), Multi Function
- ZFA T CIS A&
- A WA, Al AlET
[ 2FAlt Bonding VNAND]
D Peri Wafer Multi bonding 7]<
- Post bonding overlay/Bonding overlay &A] %=
- nano TSV
- Saddle Warpage Wafer Bonding 7]<
: X, Y Warpage Skew 7} J+= Wafer & Bonding
(@ Edge Control 7)<
A F-AHE

- Edge @2} Alo], =& 7§ $13F Wafer Edge Trim 7|<

AR
[ X}A] ) Bonding DRAM]
@ Fine Pitch Cu Hybrid Bonding 7]
- Metal Fill, Cu Pad €3}, Az
@ Multi Wafer bonding 7]

- Edge ©AF Ao, Trim 7] =3}
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- Carrier ¥# 7]
3 Bonding Overlay/Post Bonding Overlay =A] TF=
[XFAI T Logic]
D Low Distortion Fusion Bonding 7]<

@ Si Layer Transfer 7]<

3 Wafer Thinning 7]<
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3) Wafer & Chip Stress/Warpage simulation, Zero Stress
Dielectric/Metal Deposition

M
N
ko
=
ofo

:l_L

- ZFA ] Memory A3

ST
AE T2 2 gE 54

ru (
ofo
M

(o]
o

Stress/Warpage o= 7]
A& px3le] wE Stress ©]9F 2L Y3t Zero

Stress 9] EA & zt= "2 4@

(D Wafer & Chip Stress/Warpage Simulation

- B23F A% % (ex.VNAND) ol 41 9] Wafer/Chip

Warpage Simulation

A (Thickness, Stress, Modulus 5)& 7MA]+=

Fok 5
Zubuk Lo 4 9] Wafer/Chip Warpage Simulation
- 312 As A B HE A5 93 Wafer/Chip

Warpage Simulation
A F-AL ex) RVE, EDA Modeling

(2 Zero Stress Dielectric/Metal Deposition

- dd 54 2 Wet WA Zr= Zero Stress Dielectric
=

- Small Grain & z¥+= A A& Zero Stress Metal

=4 9 T4

- Gap-Fill o] 7}53F Zero Stress =& 2 Al4f

s 7=
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4) &

-3} Packaging

1
i

rut
ofo
i

(o]
o

T8 e
- HPC [}, Server [¢] 3145 (High Speed, Wide 10,
Low Latency) A% &8 7}5
* 7%= Memory(HBM) + Logic(Chiplets)
+ Interposer(2.5D + 3D)
— Data Center /] /18 FE4A &

(Co—Packaged Optics, CPO)

A AL

(D Hybrid Copper Bonding(HCB)
~ Bumpless, Gapless Bonding &2 Thermal 4= 1
71¥€ B4 &% CoW(Chip On Wafer) infra €82S =
47t B FHE
2 3D IC A& FoPKG (Fan out Package)
- HCB 714} Fine Pitch 7+&

- DO A% WL WA T A% v 24

@ 3.5D &5 PKG
- 1A% 2.5D + 3D 7+&d 93} Interconnect
_q] 4%mmgLNﬂH~%ﬂ Aﬂ

@ EIC-PIC 3D Stack 7]< (Optic Engine, OE) %
¥ 53 Packaging 7|&
- Optical Interface FFH= FAS £3F 24 (TCB)
- Thermal/Optic 54 ¥d= 918 +x (HCB)
- OE Co-Packaging & (Interposer, Substrate ¥¥
2A/EH F)
® I11-V 7]4dt Optic Block & % #7 Integration 7|

- [II-V Epi &#, Auv] 7]&
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5) Laser Via hole 7}& 7|</ Simulation Modeling

M

;L

2 W&

X

- At PKG & =477 Laser Via 7}&

(0]

% A4 Via hole 52774 H87d0]

Tt AEe B3 24 HAREE ndg)e

ol i 9ls. PKG &Ael g

&4 (Simulation Modeling)= &3t
X}/‘ﬂﬂ] Laser 7}& 7|2 Wa/d&staxt st

- At PKG A% 3% (2.5D/2.3D/2.1D #H7]|A]-& 7))

A Ay

@

1

A7 Laser Via 7}&
— UV laser (355nm), Deep UV laser (266nm), Excimer &
- Laser 3}3/H 2o wE 7la 4y, A
- Laser 3%, Pulse Width (ns/ps/fs)el W& Via hole
7V FA 759 HAZ(Heat Affect Zone) 33FAl w}otb
- AR Ty Aol AlEdolds B3 uj Ay
Laser Via hole 7} 24
@ ZAH Laser 7F& WA A<l
- Laser Via hole 7}& 228 45 & AW 54174
Laser 7}& w2 A<t

- UV, Deep UV, Excimer &
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6) LAY Glass 71X 7|& o]F AE (Glass/ALAA) 71F 7=

M

;L

- Glass = Zgl2E fgiv] %<3 okAA = 3 Exo] 9=},
F7de] ok A5 B 7ke Al Chipping 3 Crack 24
Jom, Glass ¢ ©59 AdAAE AHgstnz

o]F A= thgt k-2l 71F(Cutting) 7]=o] Qg

- ZFAHH Glass 3 71A 7] (Glass Core 2 Interposer)

A AL

O olFAE (Glass & AAA) 7k (Cutting) WA AlQF
- 7Fs WA by FE dEA 9o
- Laser, Blade, Waterjet, Hybrid &
- Chipping % Crack Wx| HZA H2] =&

- A bR oA wE

@ Defect o] W& &5 ¢ L /fA Wk wdgy
- Glass Chipping 7] W& Crack &4 7l 9 Risk &

Simulation

- 7}& % Glass Crack @Ay x| weob mdz

59 / 162




7) % "Ag/ 18/ WE 54 Package 7|

T T8 e
- HPC 7], Server [M2] 3145 (High Speed, Wide I0,
Low Latency) A% && 715
5] g Hol * -2 Memory(DRAM)
- Mobile AI [/} 245 (High Speed, Thermal)A|¥E && 715
% -2 Memory(DRAM) + Logic(AP)
D = " A3t 54 Interconnection PKG 7]%
- Pattern "|AM3} SHAIE =3 Interconnection 7|5 =
14 & ARE WEY FE Vs
- Fine Pitch Substrate 7|3 7|&== v M3} A =3}
@ = 18 54 g5 Stack 7]+
- g WEY e &% A 55 Vs
PERE - 71& B T S Infra €802 7F AAE SR

- wABoR QF WY WA 2 9% v 24

i

@ AP ¢} Memory ¢ E3t A% 853 Package T+%

I

- 14% CPU/GPU & A5 Aol ts 73t € 54

=13} Package Platform

- System PKG A& 7} T+%
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5. ZHA|t) W=A/HFHE oI EA

1) X}A|tH Memory System Solution

i

:l_L

o g

- Large Language Model ¥} %2 Transformer A& Al §
223} Scientific Simulation 2 Graph Analysi
& &o] %35 HA] Memory Coupled Computing
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