(ALD]

2fl o] & 2l M)

(]
o

el

P X|-C| A

H
—

2| /

(=1,
=1

diol Zd HzJlEs S

layer deposition,
(Chemical vapor deposition, CVD) &82| &8 & SILIZ, Yt K| X}

dlo]7|=

el

(Atomic

£

x

X (Self-limiting)

F

—_
o
—

=H
e[S ES

§

H
—

o X7| A

1. 72
7. o]

il

EX AXto|
=

¥

—

—

= OlLt

=

HIS Ol At

3D NAND A=

—

=x

PO AHX|SH
0|

a
~
(<

F

=

DRAM 0O|A
=& C|AFY 0|, E{LTX|, HiE 2|, HO|2 & Li: =X

x

5 7tX|9| HtE Z|HE
=27t &l ™A (Precurson?t BFS = (Reactant)2 =AtNMCZ

—

—

|

=

—
o

—

® ALD
9|

O M=tof| k2t Xt A

1 ALD
HiO}
=1

100
Jjo

HtO

T1=

H HH

!

[

-
o

7| K2k

g
=AE
g5, Ofe

THE= =

_l
Al B

[

-
o

3

7| K2k
ALD Tt AMO|ZEE o

|Of
M
o

=

=

A 7|
e 45t

=

O &
Z

St BHOA S| 3tEt
o 7|2t

2 HizE.

JoO
o

K
14
)

-t

Kr
Klo

ol

KK

Ko

of



[ Basic Steps in the ALD Process ]

1st Half-cycle Purge 2"d Half-cycle Purge
ti e @ ction % ¥

AN i Y77 [ g =

33.8838.8.388] }3338833883338] §8888888888838] }8835888538553:
T CvD CVvD

saturation saturation saturation saturation
®
g under under
a saturation saturation
(]
Exposure —» Time —>» Exposure —» Time —>

* ZX . H.CM. Knoops, et al., Atomic layer deposition in Handbook of Crystal Growth (2015)

[ Comparison of CVD versus ALD ]

EM CVD ALD
CHXH O &5 AD (~70%) 2+ (~95%)
=%k 2o > 400 °C < 400 °C
SE S HEAT R HE KO B
otE|Z O|7 T s L=
2% 0lfF (C 0O LHE (5~30%) A4S (<1%)
FH =3 ltAgE 25, A7t AO|E =
=8 =3 = Al
RS Uz o

[ ALD Equipment ]

* ZX : NCD, Lucida M200PL Series ALD System
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® Plasma ALDE= Ect=0r 2 Jdo| w2l 2™ ESk=0r (Direct plasma)
= ¥A2[E2=0F (Remote plasma), 2tC|Z 42} (Radical-enhanced) ALDE

T2 7tsdtH, E2t=0F A0 2t CCP (Capacitively Coupled Plasma), ICP
(Inductively Coupled Plasma), HCP (Hollow-Cathode Plasma) €22 &=

General
Direct plasma  Remote plasma Radical-enhanced
plasma gas
plasmagas& &
precursors iplas ma
i H ) plasma
electrode 4 precursors | igeneration % generation
showerhead & ,L:. H plasma
gas :
pump
pump
Temporal, wafer type
(with or (with or =
CCP without mesh) ICP without bias) HOHOW CathOde ECR
plasma gas plasma gas microwave
plasmagas&  giglactric tube 4 ——
precursors with coil cathode plasmages
. % & ol magnet
electrode pr Bcummi precursorsi' precursors | oo
showerhead -
pump § pump pump pump

* =X : J. Vac. Sci. Technol. A 37, 030902 (2019)
) 7|Ef 25 HH

0 ALD &% &H|&= 83710 et A= (Single), HiX| (Batch), AlOJHiX]|
(Semi-batch) EIC2 F& 7t
® Single HEff= oHH0| 1&2] {O|HE X 2|ot= RSV
® Batch HEH= THRHO| CHEFQ| O|HE SAI0 XN2|st= EHS7|
® Semi-batch YE{& SHHO| o2 Zo| O|HE SA|0f H2lg = U2,
=

d2 dHe 2o/ o2 o o|mH7t sEet Sd= JHRl= S



Single wafer chamber and cluster tool Mini- (semi-) batch Large batch furnace

4 = A
E— ] [ .
E IE: |- 4
@ —— — AT
le]e] = =T
6 1 —

|
Definitions: 1-gas inlet, 2-pumping, 3-heater, 4-wafer, 5-showerhead, 6-wafer cassette, 7-robot arm, 8-gas input

* &KX : C. R Phys. 18(7-8), 391-400 (2017)

]

ALD FH|= HEfo| et MSHQl Al ALD (Temporal ALD) E&
S22 ALD (Spatial ALD)Z2 #+& 7ts
® Temporal ALD= #AtS S AO|20| FFH =, MX|, 3K 35, L
X| CtAZE A2t o2 TEE0 GHFOE HETY| LHREE FE

® Spatial ALDE =22|HSZE L2 X|of EXist= 2742 MMt €S
=XHo2 ZZEO0 7|Z Q0|AM ALD half-reaction0] ¥o{Y #= Q= O

27} ol4 ERg. ojigt wAle nHE yjma g0l Jr S FE B
Aol 7 I8E 7tA S5 JH 2 T Us
Titna s q{%___ Constant supply of precursors

Time 4 Purge step Inert | L Inert Inert
N W) gas ‘\\\\/,f ST < gas
Time 2

- — L e ———) mal —

Time 1 I -

Moves between diff. precursor regions

Temporal ALD Spatial ALD

* £X : Vasilyev, Vladislav & S.Chung, & Song, Y.W. (2007), Conference paper

0 ALD THl= #H 3= 2 2 Z5 FHEfO| M2t Laminar flow 24
L= showerhead HAICZ A2 Jts

® Flow type ALD= g Z|H|7t ol FEC=
I =HoE TIdst 2 Qo|mo| CHE HECE HiEL[= EA

® Showerhead type ALD= Btg Z[M7t fojm ®#HBO =Xo=z= ERE|L
HtS O|20= oI 7hYAtZ| W= HIE D = B4

[



[ Type of ALD Reactor ]

Flow-type Showerhead

inlel
precursor/purgefreactant

-lIlIl-IIlIIII Il IJ Il IJ -]

I

exhaust

Single wafer « Thermal ¢ Temporal

2
—

gas inlet —

Batch Energy Spatial
_ Enhanced
s inl inlet
substrate gee.inie! bearing reacﬁnl bgaan?ngplmmrbega?ng
= Coy o s:rhuusr\ axhoust | exheust | extoust
= LINELJEEL]
= 2L (Mzalsal

r
\
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gas inlet gas inlet gas
bearing purge bearing purge bearing

exhaust
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[ ALD EH| MA AlEge U MY

(Bt : M$, %)
= 20 21 22 ‘23 24 25 CAGR
LS|
= 8,800 9,100 12,300 12,600 13,200 12,900 79
E—PCE)H:”
ALD
xHH| 3,455 3,763 4,100 4,436 4,800 5,194 8.2
o
* ZX : Semiconductor Manufacturing Equipment Market with COVID-19 Impact Analysis — Global

Forcast to 2025
ALD Equipment Market by Film Type (Oxide, Metal, Sulfide, Nitride), Deposition Method,
Application (Semiconductor) (More-than-Moore, Research & Development Facilities, More

Moore), Application (Non-semiconductor) and Region - Global Forecast to 2027 (2022 7|&
CAGR &2t 38 b

Yal
Tl

i
i
do
o

k7

[ALD A]

Others

%Eﬂla\

* EN : JtEY, RTUEXSH
(2) =UAIE

O =W Bt=X| F2F FH| A|lE 2= 8 WA 68 %= S7t5t 20254
19,665 A2 120 O MY

0 3L ALD FH| AR FE& 4K(8t 8 K27k 8oL AD M AT
el 2 7lYe] MRES SO 9F s



o =L 7[@el A Ips, o, FUHIATL A4 27 %, 12 %, 3 %2 =3
2 MNA Al o 42 %E BRstn At =F Jts
[ Bt SEEH I AE[RE 3 Y ]
(EH2l : A&, %)
= 20 21 22 ‘23 24 25 CAGR
HF o A
=%t x| 14,103 15,132 16,170 17,221 18,403 19,665 6.8
* ZX : Semiconductor Manufacturing Equipment Market — Global Forecast to 2023, 2017 (20202 CAGR
o 8 A
Single Type ALD A E HEE
fEHI
3% ILH
ASMI
40%
TE‘!E
Lam
27 %
*ZXN YA Atg, MotagFAf, 2018 & 7|E
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[22 Ipse| Br= | S% FH|]

WIDAS

WIDASE WINASS| 2H5 BB o2 M, Bix| B e

ahat Al HOMN MR 9u% #A Module 215

e

(Heater, Robot, Contraller)0] HE5|0] @40 245

g ME610 Uaec)

# Oxidation #Anneal #Alloy  #Pl bake #Poly
HALD Ox/SIN

NOA ALD

NOAE= Chye! 24 v fE S K7 AHEY & U=

R T 2ELICE ALB X} UR0) T

NOAE 2 0=

wera

#TIALD-TIN #ALD-TIN #ALD-W #TOT (TiN/Ox/TiN)

GEMINI HQ

GEMINICVD Al ASI2 Z22}E0HE o] R0 93E7| B4
7158 AHE GO 2rANY (Anti-Refective Coating) %
St=0kA3 (Hardmask)2h 22 S5

FYsi=0) ArEELL

A

#SIOMN  #A-Si #TEODS

GEMINI ALD (Kairos PE-ALD)

SADPSHSAQPRH 22 02| THE|H S S8

13

15]

L8 CD
(Critical Dimension)2 E4517|04 Ol= i ZQ0t
EHEE O GEMINI ALD SYSTEME 0j 2 7 st

u{elO2 [} TElY OHZ2|H0IMS 9ot $FHS

HE gk,

#ALD Oxide #SiN _ Ternary oxide
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GEMINI ALD

H=ELCh

#ALD Oxide

HYETA

HyEta ALD AIAEIE 28 ALD 7|3
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