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χ

ʾ ʾꜛᾪ ᵒ
ʾ͏ⱳᾕᴟΥ Ϛ ДНϱІ 
ʾй˔Ѓ˔ФкЈЄрϽχᾝ

ЕжрЅІЌʾкЅАϼᵕ ʺ ЕжрЅІЌˢBEOL-TFTʺMonolithic 3D IC ˣ
τΣΪϥй˔Ѓ˔ϯИ˔иṪ

ם Ῥ τΣΪϥй˔Ѓ˔ФкЈЄрϽ

ʾḩ ᾆẕ ᵒ
Ὣ ЂϱЇ ῈΥᴦ σй˔Ѓ˔ϯИ˔иτϢϥSi Ὣ ᴟρЕжрЅІЌ
й˔Ѓ˔Ж˔СрϽτϢϥ SiЕжрЅІЌχCMOSᵕ χ ⌠
й˔Ѓ˔ τϢϥIGZO-TFTχבּ ᵠ
AIϬ Μθй˔Ѓ˔ϯИ˔иʾЖ˔СрϽῬ χ ל

ʾᾝ∕χᾆẕᶨ
ᶤ Ίᾒ Ốχ ᵒˢй˔Ѓ˔ФкЈІῬ ϱрФкЈІЯИЌзрϽˣ

‰ ϹиНЛІϺаЗ ꜠Уи˔й˔Ѓ˔ϯИ˔иχᾆẕ

ʾϘρϛ

2



ꜛᾪ ᵒʾ 3

1992 3
1994 3
1997 3 ( ⁸ )

פֿ 1997 4 2005 3 ╩כ◙כ꜠ ™√ ─
2005 4 2011 8 ⌐◓ⱪ꜡☿◦fiכ◙כ꜠ ∆╢

2011 9 2023 3 ⌐◓ⱪ꜡☿◦fiכ◙כ꜠ ∆╢
ⱨ◊♩fiNext GLP●◑ה 2011 9 2016 3 ⁸2016 4 2021 3
ה ◦☻♥ⱶ 2021 4 2023 3

2023 4 ( ה ╩ ⇔√ ─ )
ה ♫ⱡ♥◒ⱡ꜡☺כ☿fi♃כ / ♦fi◔fi ☿fi♃כ ☿fi♃כ

◑●ⱨ◊♩fi ⁸ ⁸2011 9 2023 3
♃ⱴꜞ ⁸ ⁸ ⁸2021 4 2025 3
♦fi◔fi⁸♦fi◔fi ☿fi♃⁸כ☿fi♃כ ⁸ ⁸2024 9
♃ⱴꜞ ♦Ᵽ▬☻ ꜟכ♬▪כ◙כ꜠ ⌐ ∆╢ ⁸ 2025 1

SIP ⁸CPS כ◙כ꜠ ◦☻♥ⱶ─ ≤ ⁸ ⁸2019/7 2020/3
SIP ⁸CPS ─ Ɽ▬꜡♇♩ ─ ⁸ ⁸2020/4 2023/2
JST A- STEP ⁸AI ◙כ꜠ ─ ⁸ ⁸2021/10 2025/3



⅜ ╗ ♦Ᵽ▬☻

ЕжрЅІЌʺкЅАϼᵕ ם

͏ⱳᾕЮЯз
3D-DRAM (VS -DRAM)

ЕжрЅІЌˢBEOL TFTˣ

4



⅜ ╗ ♦Ᵽ▬☻

ЕжрЅІЌʺкЅАϼᵕ ם

͏ⱳᾕЮЯз
3D-DRAM (VS -DRAM)

ЕжрЅІЌˢBEOL TFTˣ
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ꜟכ♬▪ ─♩꜠fi♪

100 µs

1 ms

Anneal

Blue Laser Anneal

ϯИ˔и
ᾧ
ϯИ˔и

ᾧ /
ẽᵦ

∙ ЬϺЄрϽ∙ ЬϺЄрϽ

6



S/D -Channel › ӽπχϺазϯӱ χ ᴞˢᴿ ͍ˣ

ӱ ᴞ

ELAϢϥ ᶈ╩ τϢϤᵠ ⁮

S/DЀрЌϼЕ ớχ Ό ﬞˢᴿ ͎ˣ

ʾNiSi ớἹ τϢϤ ﬞ ᾚ χᾋ₅

ʾLAτοϢϤẍ σ ›ᵦ Ϭםᾝ
̣

ήϣσϥ ΰ Ṅ χᴦ

GAA-FETʺNanoSheet -FET ᵠ τΰΪθᴿ ᵠ ϒχϯФк˔Ў 7



ϵϺЄЫй˔Ѓ˔ϯИ˔и˴ ᴛRTAτϢϥFET ᵠ

ᵔὨβϓΦᴿ ͍ʿS/D -Channel › ӽπχϺазϯӱ χ ᴞ

S/DρGate › ӽτΣΪϥṄ Όχ ∕

GAA-FETʺNanoSheet -FET ᵠ τΰΪθᴿ ᵠ ϒχϯФк˔Ў 8



ᵔὨβϓΦᴿ ͎ʿS/DЀрЌϼЕ ớχ Ό ﬞ

Silicide Ἱ ͎ʿExcimer  Laser Anneal τϢϥ‰ ӡNiSiχἹ

SilicideἹ τϢϤ Ό ﬞᵠ

Silicide Ἱ ͍ʿTi  CapἹ

Ж˔ОрЕ τϢϥ
›ự πχ ΰ

‰ ӡNiSiϬἹ
NiχЎаКи ᶈ╩χ Υ

Niχ▒ᴟϬ ΰ
‰ ӡNiSiϬἹ

ᾖ◓ τ σᵦ χםᾝ

NiSiἹ τϢϥNS-FET ᵠ ⁮

GAA-FETʺNanoSheet -FET ᵠ τΰΪθᴿ ᵠ ϒχϯФк˔Ў 9
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imec 2016

imec

TFT

RF SRAM

Monolithic 3D IC BEOL FETЕжрЅІЌˢBEOL TFTˣρψ 10



11ЕжрЅІЌˢBEOL TFTˣᵫ χ ◊ 11



12

Monolithic 3D ICṕ Ṗ

Mono 3D
CAD

MONO3D SRAM 16 4.5
69

SRAM 46.3%

Intel 2021

Intel 2021

Intel 2021

ЕжрЅІЌˢBEOL FETˣᵫ χᾖ 12
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RFIC SRAM

Monolithic 3D IC

2021 IEDM, Taiwan Semiconductor Research Inst.
CoW

WoW
Ṍ ȋm

BEOL FET
20 nmṌ100nm

BEOL TFT IC צּ ḮIGZO(n-FET)/Si(p-FET) SRAM ḭ
RF

ᵼBEOL TFT Monolithic 3D IC ṇ ︡ḭ ︣
Ḯלּ

Monolithic 3D IC BEOL FETЕжрЅІЌˢBEOL FETˣᵫ χᾖ 13



χкЅАϼ χ 

ṁ ЕжрЅІЌ

ЕжрЅІЌ

ṁ ЕжрЅІЌ

ˢЕжрЅІЌ ΰˣ

ⱳ кЅАϼ χ 

∙
ῡή:˙2 nm

∙
ῡή:50 nm

ЕжрЅІЌχ 

ṁ ЕжрЅІЌχ 

ẉόⱳ кЅАϼ χ  ρЕжрЅІЌ  χ ᴟ

й˔Ѓ˔χộ ϯИ˔и τϢϥ
ФкЈІᴛ χ ᴛᴟ

й˔Ѓ˔χ ⱲϯИ˔и τϢϥ
ᶈ╩

ЀрЌϼЕ ớ/ ᵦ χẍ ᴟ
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⅜ ╗ ♦Ᵽ▬☻

ЕжрЅІЌʺкЅАϼᵕ ם

͏ⱳᾕЮЯз
3D-DRAM (VS -DRAM)

ЕжрЅІЌˢBEOL TFTˣ
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◄◐◦ⱴ꜠כ◙כ⌐╟╢▬fi♃כⱳכ◙ №↑ 16



UVСЀ й˔Ѓ˔τϢϥὪΚΪᴥῬ

UVⱧ◖ ◙כⱳכ♃fi▬╢╟⌐כ◙כ꜠ №↑ 17



Ⱨ◖ ☻☿꜡ⱪכ◙כ꜠ ►◄♇♩◄♇♅fi◓⌐╟╢●ꜝ☻ 18



LPKF Laser & Electronics ˢ ⁯ˣ

כ◙כ꜠ ►◄♇♩◄♇♅fi◓⌐╟╢●ꜝ☻▬fi♃כⱳכ◙ 19



FoWLP⁸3D כ◙כ꜠╢↑⅔⌐

SiϳϵМ ϢϤ

TEL HPϢϤ

Si ϢϤй˔Ѓ˔

20
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Si-TFT CMOS ḱ
ṇ ṇ ṇ

p-MOS n-MOS TFT

ḱ ṕNAIST Ṗ
ELA IZO-TFT

ḱSi TFT
ḱ ṇ ṇ n p

ᵼBEOL TFT ךּ CFET
ᵼ ṇ ṇ

>600ᴈḭBEOL TFT<400ᴈ

23



AI
Ῥ χ ϘϤḚ

ᾖ ˮϺϷϼЄϯ◌ ◕Ῥ ²ІЫ˔ЕТϮϼЕз˔ρΰοχ︡ ϙ-˯
ῢ VOL.37 (NO.3)(2022 5Ὦ‹)

Ῥ τΣΪϥAIᶨ χᾝ

ὧḪᾁ₰
̰ᾁ₰ᵊ χ ᶘ τϢϥ

 ὧḪ

РАϼД˔Ќᶨ τϢϥ ϘϤᵔ
̰ϳϵМ ἱΰϬꜛ
ˢжрЍЭ ʺ ἱΰσςˣ
̰ ᾖԍ χῙ Ϭᾁ

ϘϤᵔ Ϭΰ βϥ‰ σ
Д˔Ќχ ằΥ
̰IQC,MQCД˔ЌΥAIᵔ τΩ Τˁ

ᾆẕχ
̰AIτϢϥ ל τ ΰθД˔

Ќχ◙ Ϭꜘβ
̰ ԁῬ χIQCД˔Ќτο χל

AI Υᴦ σάρϬꜘβ
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AIᵔ τϢϥй˔Ѓ˔ϯИ˔иʾЖ˔СрϽῬ χ ל



Si

a-Si LTPS

a-Si LTPS

a-Si

LTPS

ŸLTPS

Ÿ

Si

SiO2

Sameshima, T., Usui, S. MRS Online Proceedings Library71,435ς440 (1986).
https://doi.org/10.1557/PROC-71-435

150 mJ/cm 2

(  6~20 nm)

200 mJ/cm 2

(  10~100 nm)

240 mJ/cm 2

(  20~300 nm)

c-Si

Top view

Excimer Laser Annealing

ќ-Si LTPS
(Low Temperature Poly -Si)
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LTPS-TFT

TFT a-Si LTPS

 [ cm 2 V-1 s-1] <1 50 ~ 100 1 ~ 30

Ioff [A] ~10 -13 ~10 -12 >10 -13

(>500 ppi ) (<350 ppi )

https://www.j-oled.com/product/

The size of display

P
ix

e
l 
p

e
r 

in
c
h

Oxide

LTPS

350 ppi

TFT (Thin Film Transisor )

Low Temperature Polycrystalline Silicon LTPS) = 
ήϣσϥ‰ᵊ
ἷДϰІФйϱ

https://www.j-oled.com/product/
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imec 2016

imec ӛ

τTFTϬ ⌠βϥάρπʺ
ӗᴣτRFᵕ ϞSRAMσςχ
₤∏Υᴦ ʻ
▒ᴟ Ϭ Μϥάρπ

Υᴦ ʻ

BEOL IC TFT
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a-Si  by LPCVD

(100 nm)

poly-Si 

poly-Si 

SiO2 

(100 nm)
TiN

(150 nm)

SiO2

(200 nm)

 /  / 

Al 

100 µm
Laser irradiated area

200 µm x200 µm

Poly-Si

20 µm

CNN CNN

A

Id-Vg 

KrF

a-Si poly-Si



Amorphous Si

Poly-Si

LTPS
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target grain size[ɛm]

[c
m

2
/V

s
]

 1ů [ɛm]

0.44 0.29

0.92 0.47

1.58 0.21

1.93 0.05

2.27 0.17

1.19 0.61

1.04 0.49

0.5 ɛm&  ELA

target grain size 0.75 ɛm

0.42 ɛm

Ÿ

target grain size 4 ɛm

Si ~ 3 ɛm

Ÿ

20 ɛm

20 ɛm

20 ɛm
20 ɛm20 ɛm

20 ɛm

20 ɛm

678 TFTs

678 Д˔ЌЈАЕ
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 from VGG16@ImageNet

Prediction [cm2/Vs]

M
e

a
s
u

re
m

e
n

t 
[c

m2 /
V

s
]

RMSPE = 14.96 %

Conv2d

ReLU

(kernel_size=3, stride=1, padding=1)

35 75 64

GlobalAveragePooling
7 7 128

&FlattenLinear

ReLU

Conv2d

ReLU

(kernel_size=3, stride=1, padding=1)

Conv2d

ReLU

(kernel_size=3, stride=1, padding=1)

Conv2d

ReLU

(kernel_size=3, stride=1, padding=1)

35 75 64

35 75 128

35 75 128

4096

Linear

ReLU
128

Linear

1

60% 20%
406 sets 136 sets

678 sets
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=0.75 µm 

Prediction [cm2/Vs]

M
e

a
s
u

re
m

e
n

t 
[c

m2 /
V

s
]

0.5 ɛm

0.75 ɛm

1 ɛm

1.5 ɛm

2 ɛm

2.5 ɛm

3 ɛm

4 ɛm

1 ɛm

2 ɛm

Ίᶘᾒ Ố ᴍ /

GradRAM ♪

1 µm 

Ίᶘᾒ Ố ЖАЕОЌ˔р

GradRAM
ЖАЕОЌ˔р
ˢḧᶖˣ ♪

=1 µm 

Ίᶘᾒ Ố
ḁ ЖАЕО
Ќ˔р

GradRAM
ЖАЕОЌ˔рχ
ộ ♪
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Prediction [cm2/Vs]

M
e

a
s
u

re
m

e
n

t 
[c

m2 /
V

s
]

0.5 ɛm

0.75 ɛm

1 ɛm

1.5 ɛm

2 ɛm

2.5 ɛm

3 ɛm

4 ɛm

1 ɛm

2 ɛm

< 100 cm2/Vs
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4H- SiC

ON

4H-SiC Si

S G

D

n+n+

n+

n-drift

pp
SiO2

MOS-FET

+

500ᴈ
~800ᴈ

1700ᴈ

10¹  cmϖ³ 10²¹ cmϖ³

SiNx

4H-SiC Sub.

Excimer 

Laser 

Y.A. Vodakovet al. Amorphous and Crystalline Silicon Carbide III, Springer Proc. Phys., 56 (1992) 329 

T Yasunamiet al. ñLaser doping mechanism of 4H-SiC by KrF excimer laser irradiation using SiNxthin filmsò.    Japanese Journal of Applied Physics. 2023, Vol.62 



KrF excimer laser

(ɚʿ 248nm)

Optical pulse stretcher

Attenuator
Beam

profiler

Power

meter

XY stage

Z stage

Ūstage

Vacuum chuck 

table

CCD

camera

Light

Flow 

meter

Z stage

Ūstage

Vacuum chuck 

table

3D laser

microscope

Ar gas

AEROTECH PRO Series

Stage specifications

Max speed:      300 mm/s

Resolution:      0.1 Õm

Repeatability: ˶1 Õm

Max size:         6 inches

Sample

n++

line scan

change 

stage speed 

SiNX

4H-SiC substrate

n+ bulk N dope, ~1019 cm-3

Ni
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Surface roughness

Schottky
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Not 
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TEM
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1

2

3

5

6

7

Ni

(850 30

SiNx (100nm)

CFO

BHF

Ti/Al

Al

n+ 4H-SiC

Ni(200nm)

SiNx (100nm)

n++

A

A

A

4

150

SiNx

C

SiNx

&

STEP 1 532
380

152

STEP 2 266
190

76

2.6 J/cm2 10 shots

200 ɛm

Ti SiO2

Al

Contact hole (Î Îɛm2)
n=5,6,7,8,9,10,12,15,20,30,40

2.6 J/cm2 10 shots

200 ɛm

10-6ɋ cm2

-10 -5 0 105

0

0.10

-0.10

V [V]

I [A]

-10 -5 0 105

0

0.10

-0.10

V [V]

I [A]

-10 -5 0 105

0

0.10

-0.10

V [V]

I [A]

10-6ɋ cm

STEP1: 

STEP2: 
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Symbol Name Kernel Str ide Padding Activation

Conv2D 3 1 1 Relu

MaxPool2D 2 2 0 -

AdaptiveAvgPool2D - - - -

L inear - - - Relu

Dropout - - - -

1.6 J/cm2

5 shots

2.4 J/cm2

10 shots

STEP1:

Schottky

STEP1:

Ohmic

STEP2:

6.7015 10-6ɋ cm2

‌
ρ

ὔ

‬ώ

‬ὃ

ὒ ὙὩὒὟ ‌ὃ

ὔ Ὥ Ὦ

ώ: ( C )

ὃ : Ὧ

Grad-CAM 2.4 J/cm2

10 shots

MoRAM

ώ ÓÉÚÅȡρ σᴼώÓÉÚÅȡρ ρ

‌ ᴼ ‌

Å
ImageNet

Å

VGG16
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Å

Å

Å F

1

5

10

20

100

[J/cm2]
0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8 4.0

AI

74

52

26

78        51       23

&
ς

152
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1.40E-05

1.60E-05
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Non doped
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]
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S
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c
e
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u
g
h

n
e
s
s
 [n

m
]

Contact resistance

Surface roughness 

Solid-phase

diffusion 

Ohmic

SEM

3.8J/cm2  

10shots

n++

2.6J/cm2  

10shots

1.4J/cm2  

10shots

1.8J/cm2  

10shots
N

Grad-CAM

(56 56)
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100

[J/cm2]
0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8 4.0

AI

AI



44AI

AI
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-0.08
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-0.04

-0.02

0
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AI
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0.02

0.04
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-10 -5 0 5 10

3.6 J/cm23.6 J/cm2  5shots

AI N

n++

I [mA]

V [V]

I [mA]

V [V]

200 µm

200 µm

200 µm

200 µm
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5

10

20

100

[J/cm2]
0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8 4.0

AI



-0.1

-0.05

0

0.05

0.1

-10 -5 0 5 10

2.4 J/cm2

AI

Ÿ

2.2J/cm2  5shots

2.4J/cm2  5shots

N

n++

N

3.6 J/cm2  5shots

AI

AI

AI

VGG16

224 224

1 = 3.5ɛm

I [mA]

V [V]

200 ßm 200 ßm
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Measurement:

7.4˷ 10-6

˶1.3˷ 10-6ɋƋcm2

Prediction:

9.2 ˷ 10-6ɋƋcm2

Ίᶘᾒ Ốᵊ MoRAM SEM

SiN

SiC

n++

n+

בּ τ▪

C

Si

N

1.8 J/cm2

10 shots

ТиϵрІχ
▪ ψ

SiNX χ
SiπἹ

ᾕ χТиϵрІ ᴟ

N

1.4 J/cm2

10 shots

Ίᶘ

Si SiC SiN

בּ
32~

52%

11~

13%

20%

Ϸ˔ЬАϼ ЄдАЕϺ˔

Fluence [J/cm2]

A
to

m
%

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
0

10

20

30

40

50

60

Si

N
C

Schottky Ohmic Not ohmic

10 shots
1.8 J/cm2 10 shots

жϱр χᾋθבּ

▪ χᾕ

EDXЫАСрϽ

SiC

SiN

SiзАЎ
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STEP 2ʿ ЀрЌϼЕ Ό χ ᵕṑ Ὣᴮ

ᵊ

3.0 J/cm2

10 shots

RMSPE=27.2%

Ίᶘᾒ Ốᵊ ˢϵАЎрϽ ˣ

₢Ấᴦ♪ᴟ

ᾝΰοΜϥ ᾝ
ʾЂрФи  τϢϥ Ḅ
ʾΊχ╩ ˢ   ʺὫ ὧḪˣ

ὙὓὛὖὉ
ρ

ὲ

ώ ώ

ώ

ώȡὖὶὩὨὭὧὸὭέὲȟώȡὓὩὥίόὶὩάὩὲὸ)

άχ◙ χ Υ ήΜϕςʺ
Υ‰Μ

ᵕṑχ ◙


