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ABSTRACT

Since the technical realization of self-aligned planar complementary metal-oxide-semiconductor field-effect
transistors in 1960s, semiconductor manufacturing has aggressively pursued scaling that fruitfully resulted in
tremendous advancement in device performances and realization of features sizes smaller than 10 nm. Due to
many intrinsic material and technical obstacles, continuing the scaling progress of semiconductor devices has
become increasingly arduous. As an effort to circumvent the areal limit, stacking devices in a three-dimensional
fashion has been suggested. This approach is commonly called monolithic three-dimensional (M3D) integration.
In this work, we examined technical issues that need to be addressed and overcome to fully realize energy
efficiency, short latency and cost competency. Full-fledged M3D technologies are expected to contribute to

various new fields of artificial intelligence, autonomous gadgets and unknowns, which are to be discovered.

olz| At

=20, O

oot
oy

SrsitieR|, =3, SESet

KEYWORDS BtTH| 2|4 3D EXs} AA

. M2 &5 L WA aapel FE 3RO 754
7Vs/3& dolFolet, BRste] 1965 0| Fair—

1960 )] 35 ZREAE Si 7|9 MOSFETS] 7] child Semiconductor2} Q1812] F-54AAF Fo(G.

* DOI: heeps://doi, org/10.22648/ETRI. 2021.],360302

* o] =E-o AR & BE AR Q) YR St A A XMIEHZl% AN 7| A (DA A QS Rhof el il
(AT AL LA A uhw ] 7]k 24 Tel3xbel 1A 22 Az} 2 o7 ElA ZfHHNRF-2020M3F3A2A01085791)],

2 xjai2e 23re| HiRE
FABA YA § A+ AR FA 27l ek o] 82 4 ghuieh, ©2021 SRR NS




2A 2| / XM XI5 &K 7

Moore)t= HHEA] 27}0] il W7} Adsr]s
28] 2718k Aoleta ol &l i1l Folo] o2
| @2 Ql ol AL Qlnt. o9
o AR 22 7]E0}7] $15te] Meindle
“Drpek 48 AN, o714 N
Z|2E Q] Ffg=o|tt. Fo} D= Zyzk AA}
FAbe ao) 2149} o) WAolt), P
x| 2E 0] WAY FAgolth hEd] 3
HolAE Foll 71e4] A&l 2 HTH o
SHATE. o] Aol o5t F7F1/108.2 2}
NE 10082 AHL oF 5= gl 2
d 399 Huete axaEs 7
l—iiﬂ} %— 2.2 4] fABIA EobAl

SRR PASERECES. WL PN
P
2 oPysl 52 ek wast
200041 e} Z317}4) o] 2 Fofe] wo] 1l
A A2y 7|72 EAF O 2 7] SFekA] A
(Geometrical Scaling) AJth2t F-2t}, o] A]7]9]
2 A B AE ] AL 7
217

1z o]
L i S

]

D
filo
nm

2&031%
m
&‘?

N
ON

].

r 2 o re o rlo

[

L)

Eol

N
tat

o

m[m

v|ekz o 7 WA syl
MOSFET<] g o]
Mo axj0] 2

,_Y‘a—wrlrmem__ﬂpﬁéf;i

m\l

10](1)2] ol a1z
oPh /o= Hoe 2
astE R 2o 1/n
3t 37)7} 2ol o m g 4x}o] i
A % Sick, 091 8 A

9 —rrd*o AR
E e (09 A D Lol n)el whHle ekt
(Io~ksW/Lx1/¢). ThebA] G o] [ Zolwl [,7}
Z7Ric, o2 23] Slsto] Lol BaE X4
o 2742 25K A7k B Wt
2A UL B A G, AH A o] H L
7o) EshaAlel] wekstgict, olo] that thg-o2

715FeHE A AR 75 248 2
L tjol(Dig g AF3H Yol AzehA A
SJ7] AJRBRc, chol 852 Aok ABshs
TSV(Through Si Via) 7]l 217 &Igich, 2 31
oA olel W fA17} 714 A Eet

Aol 884 Hzbe|a 9l w -] 4] 3249
(M3D: Monolithic 3 Dimensional) 7] Z5}of tjja}oq
Al 31 s,

Il =X 2 R M3D2| SF

TOF 12 Ao whE g ar]el 2EE AT
o] AREH FA o)L HojErh, 200019
o 2717HA)= L =248nm KiF o2 -85t of
100nm =7] $=30] sjgldo] LA E o, o]
ol A=193nm ArF L8 -850 2| A~20nm
A P EA s e g =l 2004 o= =l
20t 7|33t Atolof] ZEEo] 2 AAE 1A

AA " Falls= S/ A3 2l
(Immersion Lithography) = A~7] =] 1T}, 2015H o] %
of] Yld#=2] ASML(Advanced Semiconductor Ma—
terial Lithography)of| A Ad3-4] 0 & =2}-9] 4] (Extreme
Ultra Violet (EUV), % =13,5nm) 8] 7jaks}o]

1000

Wavelength

OPC
Phase shift
Immersion

01 f 100

MICRON
NANOMETER

0.01
1980

10

1990 2000 2010 2020

Z£% Reprinted with permission from IEEE[2]

121 1 CMOS THEiT} 2| A J2Hm|Zelo] M



14 HXIEASEHEAM K367 M35 20214 62

Parallel integration (e.g: TSV ) Sequential integration

1/ Wafers separately processed 1/ Bottom transistor processing

2/ Stacking and contacting

2/ Top FET processing

[I

3/ Contacting

SESER | bbbk
0, ~1000 nm Alignment performance Ogeq ~ 10nm
Challenging & costly 3D Contact process planar scheme like
Unlimitted Top layer thermal budget Limited

Z£7X Reprinted with permission from IEEE[3]

T121 2 M3D 13 i, ez §|( 2Imi)o}
HEETSHEH) B4

10nm ©]3}2] sfjE o] 7Hga1A = 9lct,

2018y o] ¢ & HhwA| A3 27} Awgh HH
o) 2A G thA | 913t e A F 7HA]
2 o 4= Qthad 2), AR A= el

7|HE 7Esle] AL F71E o5 A Bt =
More Moore 11 Hh4joch, Sl B 243 2

1] &}o] 4=Z|HlEko 2 AATLA] 2915 3310

%]5-3H= More than Moore ®4]o|t}, A A <] ofj i
Q) 92 BUV B4 5 % ek, ol o]
Lol 0 sl 4881 4ol ofo] 2
H 3, LEYRAAE upAm HEE vdbo)
Ik, SA9] 9= £3] 334216D) 1

[‘Ej:_lZi

N
= B
ft
<)
o

Aohz Atk o] A WAA S AR 5
55o] AASHETE, AHET 5HEL 7)%50]
UL Aolstct, M3D T A ShE 5
/)H 07 AR T AAF Via 7t 1
% 719) 34 E3o] WS Fa3het, 3D W5}
£ TEP] $I7 71eAlel AR opgste]
B WRe L Ak YA 7L gk,
A

o
i)
— 2
Lot
ol M
ke
=
S
rir
o
of\
o
N
el
=
b
_>‘i
~
toh
fru

)
2
(0]
)
o
)
H
=
1
N
rEl
ok
o
¢
fu
o
i)
1>4-‘
o
o

A A AR A A Ao
o] LaFE| ATk 712 A4Sl Via(@Hg =) 4
g 9 gAo| Al Y nYHE Rz A
B3] ot WA ee] ol 2= TSV7H 2184
th5-9] DRAM 25 & = itk TSVE] X5
A Gezolt} TSV} 24

735 ITQI 23 3fo]| eHA7} Sk, A%}
A S FE3517] 9)5}ke] SOI(Si On Insulator) 7]
% AHEShE A9 QT AEHASE 3 ollA =
. MOSEET 7]8Fe] CMOS 342 #1835t &
ol AAuyE JHalsal 7|54 o' Aolgk 4R/

5252 AR} o] 240 did 14/}

o

o

t}, 450 oAt M E ETE SAE 2REA
gl A 2|17 %3?; CMOS 2] A% =5}
ZhUER R R RS
sk= fAIgho] UHT %ﬁéh‘«k

2o M= WHeA Y APl A 3] AH] Ao}
2 A2ARY] 914 Z=2 Yol FHHaL qlet, 1t

Aol 2 AzAL A A 9 AA =S Bt
Ftolis 2% 214 AE AR A7 A}
oL AR o2 WHER] Aele] HAHE 3
Uk, 3, 28)E A2APE AL ABSS] 7147

52 aéﬂ% Hol 8 olabA si5iek 2

F517) Slat 9 b 8 7)4S

£X Reprinted with permission from IEEE[4]

1! 3 MR RIE S 24 Tl



ZH 2| / XM XIS 2K 7S fle 22|14 3D HEE} J|E ol 15

o AA|E|o] 9lth, FinFET 22 7|42 53] A}
89 7o datEe] Yiel H4stel M3D7}E
3t Aole] B A aiero e ws
A = Ao w dabEt,

ll, BHEX| 20 IR

WA 0 207} S7e] RES WISz [EEE
AFs} IRDS(International Roadmap for Devices and Sys—
tems) Of| A<= 2020 HLa1ojlA] wlel o] HgolE, F=}
o 0T mHE So Av 0w ghest] 9
sto] 2xp S o)A 8415 = PPAC 7|52 A|oTsh
At} PPAC= Z+Z} Performance, Power, Area, Cost
o] 3 FAE e ofololt), 2ol Ui}
QTA713} o] Do tfgugel A A
sfjof 3= S-8-2oF wordofl whet PPAC 8HAF
she 1 FR0P AR ek, ol9] T

(e JN¢)
« Cost: 15% 52Z=0] A7} 24

& Reprinted with permission from IEEE[5]

I 4 SR RIE S 24 Tl

el 714, AlolE & o]Zh-=(GAA: Gare All
Around) T8} 3D 1 H3kk AA /A A=k %
A oiger Hwae] 7jskeke AA A 714H o
Aol ofe] 744 2olH Y] ARSI,
o540 2 ] Zol7} 10nm oJs} o ol
AA S BT} 2 2 o) 5
3171 ARSIt olsh BT 2913 474 On/
Off 2 FE X3¢ o]5} 2% (Subthreshold Swing) 5
3

e 24877} ol YRT. 7164 T

E7]&0] AAE ST dEH e &2 HfOU
7210, Z-& A771E Alo| E A, v 22
FinFET, A'd o] -5-82 ¢17}8k= Strained Channel
5ol A= SAet. FinFETOA] 573k 7249

E ZOR 2= GAA TXE Ao Qict, 9]

3|AHE m3p B 7S 59
25000

20000
15000
10000

5000

||
CANON )
HITACH B

| ]

=

o
1BM ]

SAMSUNG I

TEXAS IN

T. )
{N ——]
H )
TOSHIBA ET
TsMc BT
NEC

EC.
SEIKO EPSON EET

5 m
[SR--a]

INT

MICRON TE

APPLE I

MICROSOFT I

MATSUSHITA ELEC. I
SIEMENS =
HUAWEI

SONY

FUNTSU
QUALCOMM B
BROADCOM ]
INFINEON

GENERALE|

=t m3p T 7|5 53
6000

5000
4000
3000

2000

=l ﬂ

1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015 2017 2019 2021

E=

£ Wips 24 21t

2
=

M
o
o
=
)
re
H
ME
=<
w
=]
m
oI
o
ol



A o] Al71E 571 e 78 AA| Y ¥ (Equivalent
-2 Fffective scaling) A|tlj2} F-2t}, 20254 o] 5=
EUV =3} AT} 317 GAAZ} 22 7% 2}
e A0 RDSE o2} olct 19 4ol &
SR AY) B 2R a A
Atk

1% 5+= "Monolithic 3D integration™ = 4] 4y
o|2 Ao} ALA3E 53] 714 Atolct, vl BM
o] oF 17%°] Hl&= 19|15 AAISkL 3lew, ofo]

A Aol 9% A8k Qik, olEl TSMC, of
Z d npo|ARAZEL 2}7} 6.7%, 4%, 2.7%,
2.5%2] W& AAIBHAL Qi = }Ei i ol

T} Qo] & uES st glom, FFe)
shgllol= 209]e] Abe] L ik, A B3] 4
= 73] Z7h8ka glck, 201090 53] 53] 4
7} 3215 Z7454aL Itk o A7) FinFETo] &
HA 0.2 ARG VHEA| Arjoll FA] ARt
A71oleh, Heiak A Aeo] Ao Eeye

o M3D 537} g5ok= o= o194l &7 ©|
e, 7edons EX ]Aa Holr} 714wk
o Q4 7|eRL o vE ujA mEy ot
W,

IV. M3De|7|=X 0|4

o] Aol Az WA Hok 1] T 7]z Aok
= M3D9] 7|47 ol4g Abwlnii} 3
t}, 3D 437]%-2 o|u] 2] NAND(V-NAND)
EEREE RED R el IS !
3 2247} WEE S A] o} 2 el wmelo
FEHIL G AR 4% 71ETHe De) M3D
490l Aolat 7% ek 1A
o] A3€Ich oA V-NANDS| Ho17} ek

V-NANDOJAI F2%H 71352 a5t e

M HI363 HMI3= 20214 6&

i 2P
.

3, Eilm
2. 24} die y
1. 1A} CMOS die

£% Samsung Newsroom,“Samsung’s new 3D integration technology
X-Cube(eXtended-Cube),” 2020, Reprinted with permission from
Samsung.

2! 6 AHIMRIR| 3D MET[&2| X—Cube & BAIE[6]

Aol=7t 715 Wz Aol 43wl olet. 19
6 M3D9] 2%714:] oA 2 Te mAlEo|tt,
ol 2 4= Qo] Sel w4 2RO
2 24} ofdjo]7} FH]Elof glor], ARR.o] Helm
Aolli= sHR9k 715 0] Aolgt ofdlo]7} ulslo]
oI}, HEa 02 BAupo] AL,

=

o B 3100, RSO B FEAYW A
olollt= POV BATL ik, mreba] 4o =
717} ZolxH Alo|E Helute] Cr Folx|nz
A3 PO A £ Fulol A 5ol 71&——5}
t} E T2 7Aoo 2 Tols) Zuldrof A=

292 % gk, weba] 247} ol vqwr,
TEAL A 2R i o 50| UL % 9



o}, AR 2obx] 217

a0l 222 FAL B2

o}, 5457} CMOS 7]
BEOL(Back End of Line) -?—)'—7@

Ml

%] —%E 7P°lEﬂ}
- EfHA|2H HPEZﬂ Aol &84 = 3l
=9 Bt A]Ql o] F =t Hi=To] A Eof gl
OlEE Hol A= a7 52k o= A2t

EFALEEH (CNT) 7} ~1,000cm’/Vs& 71 =0
oAM= HlEr 2 AtekEo] 4.6eV
o 71AF Yt AR AA o) slEo] ZA A
SHolA = gl Ado] i T astetal sl

EZE AT u R o

e =

1T—"d

_‘EL

o

2

|
)

~

o el
=2

b

l

]

z ot
S,
=2
i)

oo oo

" @
flo
[}
oflt

u%
|

a2
ﬁn

o & f 40 rlo 30 ox
,_VLHPF-lzﬂJIOdEEHm

N
4
g <
ol o>
- %=
N4

=
H
N

—_

At
L2

4 WA Aislelol 2
ATEY T2 WA 33

o] golahH, ZEa|ATT ﬂM

T
=)
=X

ot oN, N

ox. Ho o

o
o
i)

)40}

o

st 2e2|A] 3D TH3SL 7|= Ol 17
@ Holes
| ® CNT (CVD) ® Electrons
3
107 6L Inse
D Tent (solution) « BaSnO. .:Eer B-Ga,O.
e (JCrystalline-Si K0 B e
> ° Na,Sn,0,*
o

% WSe, o, %20 ©5b,CLO.”
S Ve
z | Polysi o 5, oB o S
= 00 ] 3 NaNbO,* ,V,0;"
§ :Cryslallme»S!.WL WSe, o o Ca,P,0" " = i

1 Q- ° SN cO. HISO"

1,0, Sr,P,0 °
Poly-Si 1LMoS, CUz0 20
@ AlCuO,*
ZnRh,0,'¢
eMoTe, *Theoretical value

10’ T T \15 T 1
Bandgap (eV)

4 5

& Reprinted with permission from Nature[7]
T2 7 BEOL 2H1} 20| = M3D ZI=ist

I:“EI_

e =2

0]

shat el WAo] 715 sith EaL, Siel u]a) AL
Aol s 8tn, il WL off A5E 7HH a1 9]

o14 M3DE| 4% 4R 25t ek,

3. Al2|2 | M3D2] AlA| of]

M3D 25t gL HALe] 4t A2k} b]
o] 2% AnpRo] A A Ei ofux &

o
o|N
n)
N
tot
it
et

hi2a)

Mo 4

hole etchmg) E‘] Ac}ar ’S}Zj,l
3t Ao tigt =

aspect ratios



18 HXIEAMSEEM HM36H HM3S 20214 62

e L~ 7
& L

LB: Configurable Logic Block 7'%_% 4

SB: Switch Box 2 SWEc SBges by

s CB: Connection Box ©

&£X Reprinted with permission from IEEE[8]

72! 8 M3D EHESKE 085t FPGA HA =

Complementary 22} 728 0] g-0]A] 12|31 3jj&
U 52 5 7 U o] HolM= 3= F51
HE o5 A H AT} git,

FPGA= AMEA7E H Qof ot =832 2
£ WY 5 e = el=r) Z3he axfoln),
FPGA®| M3DE HEA171H A= 7IAde = 3l
¥ 8), B4+9] FPGAO] A+= CLB(Configurable
Logic Block)7} g of| vl d=|w] CLB Ato] 2] H
O] E]+= SB(Switch Block) 0. & A& 3.2 2198l %
o}, Aol A= SB Abe] 9] | At
St sE7] 917k A A (Delay) wiZofl &5 A5H(La—
tency Loss)7} AR CE, TE9F 422} 7kO] A4
¢] CB(Connection Box) 2] &2]4] o]A4 o & AH]A
ejo] 27151 ek, HEAe] B4 0= lste] 4
Almof A7} QUet, o] & s dshy] S ko=
CLBE 5Hiofl $12|A7]aL 4] SBet CBE $14]
A 7] F27FAIRFE T, )10l oshd o] =
© 22 Uk 108 F7F, &%= A5 4u) s 9l 4
S e £ = Uk

=
27 §3F 249] Y7L 4510

Z7kst

(e}
< ol HZoll DRAMO| AA U2 A4St 7=
s

Cell
—
- R s
-
e oo ik

EX| Reprinted with permission from IEEE[8]

T2l 9 M3D EHstE 0128 DRAM OflA|=

AL ol 7} 2o AR 714S $8/3

=] i
2= 9l 7144 HIQRS A|AIFTE M3D DRAMO]
‘]

M3D H-e 1Y w9 ICo| = froju]sl]
25 2= 9lt} Z=A] nm 0|3} =7]2] Si CMOS 7]
AR of 1V JE] T Ao R SR,

gAY, RR-AF YR 9=, 3] 1
T3] 82 5 AAl= 2Voll A ZAl= 100Vl A &
2=t} whebA] System—on—Chip(SoC) A1 A IH 9]
A AL A 718 Microcontroller Unit(MCU)

ik

)
b

A} Power Management 3] 25 Monolithic
3D & ®HE o] gsto] AT -, Aol

A s 5= ket ARl As = Ak 3

@ofl ZnSnO 7|HHe] Abohs WH=A|E 0]-§-51o]
E AL 0] MISFET (Metal—Insulator—Semiconduc—
tor Field—Effect Transistor) 2} Schottky—gated B}2HE
2] ~E] o] MESFET(Metal—Semiconductor
Field—Effect Transistor), “1&] 1l Schottky Diode&
100nm—node FinFETo] &% gjo]w o] 217
A2F3Eo. 2 MCU T4 8491 Si CMOS T-5-§-
AR} 20T TAY 2] QIHE 9} Y A

2
oy



AR 2 / XMIt] X5 Axt

Operating voltage (V)

1.5
Switching voltage (V)

2.0 5.0

S AN i ©
SO H s
croi Ves2
RF harvester
© /
- oS _ Audio
‘ Display
Applications
£X| Reprinted with permission from Nature[9]
2110 AskE His (@} Si CMOS £ESIE 0186t

et el $3e| oAM=

2715 =3 4= 98-S Nature Electronicso]] X .31
SEoTt, ofnf o 3 2= 520C — 2417 271

o] A8-x)9it) &% BEOL(Back End of Line)of] &
£ % 7] AL 400 Tle] AR e T

o] 371 Fpaol 3 o sk gl

4.0|= Tx{a} 3D2| HA| of

o]}— M3D YAsH= S22 o]u| 2] AlA] FofollA]
8]t o] S-goll A= 3kl Si 714t
MOSFET oiaﬂo] S ARSIl Aol = BEE A 7]
HE gk 4} o|u| 2] AAE HASHAZI, i

1 o| &2 AnpEZo] A2t tA g 7H|ehs &
o}, Fol= T HaEg o7t 84
AR/VR(FZAA/7HFaA) Fokol 5Ygh 4
WAlo] ZRE-E| L Qlet, ARl o & no]a R

o

kel

X

-
%1 —J—OH Ie)

S [ S

Tog s 2l2|A] 3D THSL 7|& Ol 19
Photo Diode
Top layer

(Back-illuminated CMOS image =&
sensor processing technology)

Mid layer
(DRAM processing technology)

Storage Node

Bottom layer
(Logic processing technology)

Sectional view of 3-layer stacked CMOS image sensor with DRAM

Z£%| Reprinted with permission from Sony[10]
2111 AL|e| DRAM FH| CMOS o|o|X[MIA{e]
EHHTLE AR

LED®} T34 E OLED 7|18 & 4= 9it}. &)
F83HE o 2= A4 9 35 -2 CMOS ©|u|#|
AlAZE THH 11), o] HHe FHESE 2

oF %) WAl A9 o|F-2 Ake] RC A A& 7]

=2 T AR ol A

IoT Xu}e] 7]7)= &ojgolats EA uof
Agardiro] vl Fagk ofgroltt, Axfold
ol A A gl ti-E t7 /g El ol Al YRk
oh. o] atehEEiee theAgol B ule- b

AR oft AEjollA EHI} 7Stk A
o] 2ketsto] HeEAr S £o]7] 213t Noff(Nor—
mally Off) CPU 188 @ 47|42 65nm Si MOS—
FETZ} 60nm AR} HE= A7} 24 AR 7} 2oLk
UCHLH 12),

o] Hilof oJ5tH Fo 2 A3} ilo|Fe
IGZO7} A7)0, o]o] 8o F ~107'A 4
2] mj Off e o] AFa/dol 7Fs3rh
A719] ol L& E17] Js)A = Si MOSFETH2)

o [e]
_'—]7/%—1__



20 MAEMNSEEAM FM36H M35 20214 642

1017
1018
1012
102
1021
10-22

2x10-1° A/cell (1h retention)

125°C m85C

I [Afcell]

1023
1024

&% Reprinted with permission from IEEE[11]

12! 12 65nm SiFETZ} 60nm OSFET ME1x0}

— AX

9 Jo|=r ASHE 3HE 7 A olo) AR AR
512 915t 2 28 Al Si MOSFET?] 452 7]

SHAIZ1A] 242 578 7ol - S ashrtal 53
o}, E3F w2 AF S S5 sl
5471/ @ B2 22391 Hesial Als
e,

olF AT ® thE == 54l o] At
RAME 7|9EO 2 31 o] 417" (Binary Neural Net—

work) & FAFA 0.2 1} o] 2 ZolA] 5

elstAet o] 7 B W o] A ol

Cut (i)

E 3 layer FET
e 2nd layer FET

1%t layer FET

100nm
FET stack B

Z£X Reprinted with permission from IEEE[12]

12! 13 Hf0: RRAM2} IGZ0 FET HEFXE 7= 3D BNN

IGZO FET 221l G-z 2 A &sh= 1 o] AotE]
Qlct, o] Lo A+= RRAM/IGZO FET®] 3% -
X7} AREEY 0| BNNO] 2-50] HSE tH
g 13),

A1 seld BHO R
o s BHE T3 5 13 Adel
MEDE HAWE 2@ 2A A ol9)9] Fagh A

A= AETEE 3, 5L 7 244 F2 vl

MDY Aitoll B2l o] 9t} o]%2] 7]
S50) 2ghe Wl mel 7Rs e 497k B
7100 M3DE 412 0 2 A o] gl s 2

7] SIaIAIE ol 74K 7143 Aho] EApet
31 gick, A% tel ol st BRI 4
242 AP} felsicka weke, o] Hae
A AR 2 A3 A] BHE S MOSEET A5-2
A3HAI71A] b £E7} A Ejofof Btk 12
2] 7} Ao AR A o] IEle] o]
B A2 ket Z03 olset 3 4 ik F8
= T AR BREA 7L AAE 52

3



2H 2| / XM XIS LK T

,=N=
=
ol-N
oot
i3
:_>‘I
_?L
=<
1S

ia =4, Jol5 = PR
p—3 AlSlE HheA| /‘ZH 59 7ol T8kl
AR M3D= H8 27 UT $45 @A More
than MooreE 7|54 0.2 L8l & = Q= 7117
Zo] =2 AL At 582 AFol & &
T SA A= 7L SIS S 8AE
Alk= F Whalo] obd HEEA] M3DE ARg-3fioF
T oh= S-8AE WEthe Aol S8kt
AR ET 7 M3D Alqf §-8-EokRs | KA
A 7S 24 ARl shol= AlE
AlVd-& 283k= CMOS ofgo]7} ¢
Hofls AtekE 71HE A2/ AR
Ef ofgo]7}F $1x[8h= M3D =7+ Zﬂ"iﬁ%
& z27)ol= Wk S
= 7857 HiF-2ol 7]%94
deert wobrlol| whet Alat 71s2 e S5
B HFoR N2 7R FEE 7
F7F of HIshA FIEE o] it M3DIE o|<}
22 IS AR 2t 7RI

ALY BITH| AXE ot Q4SS DIMER SAl0
_+_x|.g| )5"5 o|l— 7|AI-I JH:LtH

FET(Field Effect Transistor) Bt=x[2tof| %17

s
WERIS S5i0f B2 FR0| ¥S oRolN T 4 9
= AX}

Monolithic 3D technology 20 MOSFET 7| A
0|7f -r|7<| t ARl A0[5 7|5S 2= HIEHIES 3
HZEot= MAAKLHE 7|12

SERIM
ol

X} ofe
xelo

rol
ifo

(3]

71

(8]

gt ==2]4] 3D THSE 7|& Ol 21

ofof 2|

AR Augmented Reality

CMOS Complementary Metal—Oxide—
Semiconductor

DRAM Dynamic Random Access Memory

EUV Extreme Ultra Violet

FPGA Field Programmable Gate Array

MOSFET  Metal—Oxide—Semiconductor Field—
Effect Transistor

OLED Organic Light Emitting Diode

TSV Through Silicon Via

VR Virtual Reality
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