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21 3D NAND= =0| =017 Jcl) & E= HE6| X2
5= O OF ot =12

1.Flash BI2¢2| 2|= &2l (CTL #X)
1) Flash Memory 2| GIOI & X & 2ed

| Flash memory2| &4l 22|: MOSFETSl Vth(SE X 2HE HZA ol HI0IEHE
NE

n Vthet? Ei X AE D HXID| 2o HIOIE 0 200k St =

n CTL(Charge Trap Layer)0il & X}(electron)Jt trap =l & — Vth
(GIOIE 0) & XIDF Bt X LE Dt 2 (erase) — Vth 2t A — 'Erased &HEH (CIOIE] 1)

n ol

oS : S8 MYS Z0AM A0l HAXIE Vthot £ CH=1), &t A XIS =CH=0)

2)FGvs CTL a & 3D NANDOII A= CTLS £0t?

(a) (b)

Lo P
2D NAND 3D NAND
Poly Si channel
Control gate Control gate
Tunnel and block
dielectri ]
ielectrics \ Slorage
Si substrate Storage
Tunnel and block
dielectrics
Fig. 4. Cell architectures of 2-D NAND planar cell and 3-D NAND GAA

cell.

| J|Z 2D NAND: FG(Floating Gate) 24! AIS
N FG =doped CtZ2 & A2|2(poly-S)2 2 2tE EHE
n &otS FGOl SM=Z M& — 28t retention(3 Xl 012+ 2d), 2 & potential well & & (& Al
g 2
n 7 =: Control Gate / Blocking Oxide(BO=ONO, 13~15nm) / FG(poly-Si, = 0| 250nm) /
Tunnel Oxide(TO, SiO2 ~8nm) / Si channel
n XM FG =0]J 250nm — 2/ & A 2t capacitive coupling(l4 & A = 0] It A s Ao

T Y M0 BB B) Y AR
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n 20nm 0|5t half-pitch (£ 2F =212 Z8HZ Z0|H cell-to-cell 2HE 0l ZEE X2 2 ZIt - 2D
scaling 27| 2| &4 OI
| 3D NAND & & =: CTL(Charge Trap Layer) 24! XH &
N CTL=Si3N4(2stalc|2) 22 HEAHM L2 trap site(Z & 29 )0Il A5 H &
n S <10nmZ &8 — FG(=50nm)2 Ct & 2t interference 2 X =&
n XMoo B ool 261 U A 2t 22l(isolation) 3 222 > 33 the
n ¢t&: CTL-based 2D NAND= erase §EJ_} retention ALO| trade-off Z Xl =X : TOE

U (=5~6nm)3H OF erase JtS(erase= MAHE L= &, D20 CTLE Z M ot M XD
AN BHLHOIOL E X % S) — 2 331'34 charge loss &2t MOl EAIE MIT HHE)

n o 2 &: A S & (cylindrical) 7 Z=2| 3D V-NANDOl Al Ol trade-offJt dH 2~ &.

= FG (Floating Gate) CTL (Charge Trap Layer)
H&E M= < HMl(poly-Si) H 17 (Si3N4) trap site
SEMH 250nm (S 3) <10nm (&£8)

4 2t 2td &2t (capacitive coupling) A2 =g

3D =4 0124 E (FG isolation & R2l (S& &)

2. 9 3D NAND= =0| & 0tOF 5t=2t?
1) 2D NAND &t : lateral scaling 271
| 2D NAND= Jt= & &t (lateral)22 2= £0I0 &
n 20139: F=22nm0ll M =l = 24Z 3D NAND S &
n 20194: F=14~15nmMt Xl &0l= 0l &3
n JciLt 0l OISt E & JHXl SRl SAl 24
U M=HE& ES (EUV € 22 242040 2R)

1
H
iy
Hir
2
gto
00

u AX &S XAl €3t program/erase S &, multistate leveling, reliability 25 243t
n — O 014 2| lateral shrinking 2Jts — 3D & &
2) 3D NAND & &t
| 3D V-NAND: ==& 2 2 channel hole2 & 1)
n 2016 : 3D NANDJ SSD AIEHAM =8 S
n 820214 J1E): 1763 M3 24t =, bit density 10.27 Gb/mm?, 512 Gb/die

2t S0t A= &4

=
i |
=

n =28 &:F= 206/d1 =38nmZ HE —» A0l 32L& = O 014 &4 M0l otg
n s 50l Rest L =5+ scl= A

| WL stacking == X&EH22 S0, 0lchlls 8 S 0lA2 AXI QFE Ho=2 04t
n &= }ED} a channel hole depth &7t + hole width2f & a + = 2| aspect ratio 0f <

HE.aHAR Xl (KHAISH BIAH LIS 2 481)
3) =012 2l & 8

| HE0l= BEE S E &AM EM
n 88X 38 & SMH:=30um/ 1 & =15pmE passivationOll 8 & (B M2H B35 S5)
n &4 4 HE0l £ = A= =0/:=15um
n H 4k gate 2 0| + isolation layer = 14 & 40nm — Z| (i =375%4 = 4005
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n &M 1765 — 2026 4005 & =2 il &

| S48 0 S212® 2 5 S (pitch)E S0{0F &
n Je&iLt pitch 24 — lateral charge spreading 2 3t
n 10005 284S M JI&2= M & Ells

3.2 XNRH0I 2RE 0l
1) Channel Hole & ONOP =
| 3D V-NAND M| =2 S a): a4~ SO MOl Si0/Si:N: BES 222 &0 channel
hole & &
n Ol hole ¢t0fl SAIR REZ & REQLAE S5
n WS P2 -> o) : W gate (Control gate) a Blocking Oxide a CTL(Charge Trap
Layer) a TO (Tunnel Oxide) a Poly-Si Channel

SIOJ/SiN/SIO, SiN,
(BO) [(&15)
-» -
(hollnou]
SiN/SIO, Hole Block oxide Charge trap layer
deposition etching deposition deposition
o (o) ok -
¢ ¢-@-
Tunnel oxide Channel poly-Si Oxide SiN, wet etching
deposition deposition filling & Gate metal deposition
2) GAA 2 X
| 2D NAND: gate 2t Xi'2 9101 A 0 & 2| & 1D} (S8 HI0f)
| 3D V-NAND: W gate 7} poly-Si T2 S 360 X5 S 4 — GAA 2X

n GAA = Gate-All-Around: gatedl JHE 8 2ME X

n GAAQS| sHAl AA: MIIEA AE 12 TO MI|&0| & 40% 2 &

n =2 Al2d0l& Z 1 (Figure 5) : 2D & NAND: =5.86 MV/cm, 3D V-NAND: =8.13 MV/cm
(=40% &4}

12 Ote EETCHNENE cr- | e

~9— 3D Vertical NAND
~@— 20 Planar NAND _

o
~—

-
=)

8,13 MViem |

5,86 MV/cm

Electric Field [MV/cm)
o

0 10 20 30 40 50 60
Distance [nm]

| GAA 7= E =0l CTL-based 2D2| D& & £ Xl(erase & E vs retention trade-off)2t 3D0I Al
A& CH Ol230l CTL+3D &0l =FJ/It & 0IR

| of LXt=??
nYXE S X THL0|0]0FF GAA Xt A elst
N holeOl 2L XtJt OtLI G4 — gatedt HLE S R oHH LMK 28
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n FAX0ICH EDIEOl Eet8 - GAASl B AetE - 2 s =0g

4. HAR Z& D2 i g
1)HAR? 0| &L == iR X = 0l
| HAR(High Aspect Ratio) = 2! 0/ &3 2| HIE0| 1< 2 =+ &
n It s0€4+= hole0l 2H& — ARO| HE
n M =&:AR =100 (% Z =80nm, 2! 0| =8000nm)
n 3D V-NANDS| E44: =&~ F9| Si0/Si:N.Jt WHE X0l 2XE SAIO
A2t GHOF B
u WS OHCH A2 S0 Eet ILSHH 1 O oS

| ion vs radical HIALI &
nion: MIIBC=2 % a &4 =& (anisotropic etching) a
a A

& & a material removal 8 &N &

n radical : chemical reaction & &
n AR SJtAl 2H
u radical transport M| &t a etching non-uniformity
u ion ; scattering + energy loss a profile distortion
n ARDE : ARO| ZI& 4= etching rate)} 224 0ts &4
u upper / bottom region = & X} 0| a severe non-uniformity

2) Etch Slope : ol 2 X2 2Kl L EN

(a) (b) Filler
s ‘ e . * a
Si0, sore
SiN/SiO, Hole dry Filler
deposition ctchin; deposition
SiNJSIO, Hole dry s .
deposition ctching My stign
Topihottom
Thoic
-» g g k>
SiN,/SiO, Hole alignment Filler
deposition & Dry etching removal
Figure 6. Schematic diagrams of the channel hole etching. a) Using single-deck processing in 3D V-NAND. b) Using double-deck processing in 3D
V-NAND.
| 212t JbA0F 22 hole &HOIIAl S=201 WML Rots Sof 2
N 8IS 2420l hole SHEION QY - SITIOR A4S A0 € 8
n Z1t: hole & Eh(top)2 & 11, ot Ch(bottom)2 S 'A AtCtel B HEH

| tapering
n taper profile a Z0tCt channel diameter &2t & .
SH A0 A8AH

n channel resistance S Jt + current non-uniformity + WL variation(*!
\ SH UEHE ) +

TEOIA A0ITH HOIH 23 Tet0l 60t LR 6HK &0 2L 51
leakage current S Jt
| microloading effect
n IHE L0l M2t etching & &0 &2t Xls 84
3)CD 2220l &AXt &0l OIXl= &
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ICDETY - d™I&E 22 XH0| &
n hole &0l Ct=2 2 GAA 7 =0l A gate2t channel AtOl 2120t €ct& — Z0tCH CHE
HII& — 22 WLOIA & Z0tCHVthot TS

| Z2UH ZHE
n S2 HOIX L &2t 8s B —
n TLC/QLC: Vth &l & 2¢240] FSO0F B X
n £3& 3|2 Z peripheral0il =2t — chip 2 & |

9 > 00IH 2F% 25

4) single deck vs double deck
| Single-deck: 1283 MtXl & Xl H&E2 & B0l &3
n ARO| HZ& 45 etch slope E Xl & 5}
| Double-deck: 1285 =t Al = & olff 2 =
n ot Bt &I - hole £I| —filler2 S — &S U &I — CHAl hole & 2¢
n JtE Hed2 =S: S S holeS E=6| =
U misalign 28 — = hole0l 01 ZLIAI & - Y 29 & 845 M6t
U ol Z 2: deck A 220l dummy cell i Xl — OIOIEf M& RotD A& AXZC DS

U-S==s8dxE R dHIE 2L (RERHISE)

5.HAR £ &Xl
1) 2H 3 S
| Wafer bowing (HI0I1IH &) X
n =% & Si0/SiN:E B 2 & 2t 52 stress + & — wafer & Xt &
n hole etching + WL-cut & & &3 Al J| & stress)t 24822 o4& — HlZ 2 bowing
n HS: wafer X H0ll counter-stress layer & Al2t LLIHE & Z2, Z Al MH

| Wall leaning & Xl

n WL-cut 2 (EEE trenching: =22 22 = S 2 Zot0te)otH €2 IHE 0l &1

=2'ef2 S '8
n = wetetching s 250l A2 JIZEHXIHU E2tE = leaning & & L4
n HZ: &Y WL scheme(StLISHLE &2l 6ted i A WLOHCH trench 2 2) — Word
Plane(WP) scheme & &
u WP: 04ci & 2| channel holeS i
U SHEE IR 8N &

W

Iote & © 92 trenching

+

o>
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() (b)
3D structure
i Top view Top view
. I

Low aupect rotie

Figure 7. Structures of 3D V-NAND with WL and hole arrangements. a) Single WL scheme. b) Word plane scheme.

2) poly-Sichannel2| %2 0|SE : 50| =02 %= AUJ|JF =&,
| poly-Si channel2| 2 Xl: 01 S = (mobility)Jt 0H =S
n &7 3D V-NAND cell read current: =200nA (965 7|&) — DRAM (it 5l & S
n ot 2 mobility: 0.1 cm?/V's — £+2 & Si (H| 100081 Ol & ¥ S

n It 545 channel 20| 3t - ¥F U 24— =Y S0 M= E & sensingOl
SsolE = US
| oHZ &
n Ge & &: ON/OFF current S Al S0t —» St M &tA
n XA =2: &2Z F Si £ &= AOS(Amorphous Oxide Semiconductor)

i

=
0333

u AOS: electron mobility 10~1008 =3 — JeiLt hole(E33) E& HE
Oloi &

3) Charge Loss : S0| HO0tE 4= OIOIEH It A4,
| 42! 2 5F charge loss: TO(OF2l)2F BO(F)E S &t leakage
= pitch 242 — BOE &l ol 0F & — leakage =D} trade-off
TO S H & reliability (HE 0l 4 014 Z010| HAS
28t charge loss (lateral spreading): CTLE et #dtJt F22 0l=
OHOH&: & & trapS — N-vacancy(trap energy =0.53eV), Si-O bonding(=0.18¢V)

= pitch 204 — Q1 F AN Xl el HOIE — spreading O AoH&(H 222 & 015)

ala
> 5 5 B o5 o

01 & gate bias?l stray field & 0t (& 6t k| 2 = &I 2D} lateral spreading2 G = & 3t

6. ALD Challenges
1) o ALDOt 2 QEN? (CVD &HH)

| 3DNAND HAR & W20l 22§ 942 &4 — iR =8 conformality 2 7
| JIE CVD 2412 2 Hl: 8BS JtAJ SAI0 B0 S2ots g4l
n AROl 2 22 2 X0AM A4S SHEHS ST XH0l A 245HH 2

O
| &7 3DNAND 230X ALDJF 1Al S& D=2 AI2E.
2)ALD 2|9 &E
| self-limiting surface reaction JI gt 33
n &8 2 Hl(precursor)E St Bl & SX ZHU B'S A2l = layer-by-layer &4l
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| HAR 2 20X & O =8t step coverage Nl =
| atomic-level & M Jts
| CVD tid] & ¥ =& conformality & Jts
3) Thermal ALD &t : 25 9| &4
| NN Jisst 2% 8210 0l < M &tA (ALD window)
n & US =& — precursor decomposition &4 — self-limiting S & 1| —

CVDHE =202 5%
F gk AH

2

n 8¢ UR &8 —surfacereaction 255 —» =2AXEH S

=g
| 3D NANDZ2| =2t 2 Hl: 010l ot 4 Xt(peripheral circuit) )t & & & AHER
n 02 B3F XAMILGHR AR &4 /A8 S A2 s 22 U= MEtE
4) i Z = : PEALD
| plasmalil A 24 & & radical speciesE & a X2 2 HAME =2 BIS882
sy

TH3DNAND BHUA F2 )£2 A8
2 33

n N2 38 Jtsaoct? &4

oo

24

Ik
0z
10

n BtS4 =J} a deposition rate SF&f
n £ =8 film quality &%

n thermal ALD CHHI = & surface reactivityd Z D& E 2 X0 M & 2Ct
CHEXNQI S5 S48 P8

n Sl : plasma damage ,ion bombardment ,charging effect
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RIE basic problem & Cryogenic Etching

<RIE2| J| =2 &2l L HAROIA 2 22X &>

1. JIZ RIE(BIS 4 0|2 Al2h)o tiHLISH JI= el

RIE= Z2tX0F UM MAE SietA Bt E(2t02)2 2 518 83, Dt E 2 XH012)0t ¥Lot= 22l A
0

5
NLIX ¥ S WSS ZES AR B

o CHES JOUXILE 22l AHHEY HEC2s 22 5
ctCIZ 2l "AlH Xl & 2(Synergetic effect)'ct D £ ECH.

Ol2i8t AIUXI €20l RIEE D22 2 JIotXl &% 3t&t B2
AN ANALS 0120H 22 PEE £0IUHE 012 & (Anisotropic) 12t S 78 &HC

Charge-neutral Energetic
radical species ions
“— 00— 000
PN
kY

(a) (b)

(a) Radical® S24, (b)lon2 O]&a

2.RIEQ| S2I8t5HE 8H: ciCI2 Dt 0|22 42X 2&
3D NAND®2H 20l Z%&H|(Aspect Ratio, AR)Jt 40~100 0|42 ILAC=Z =0HXes AXNAM=, RIESE
Sots e FHel iz ol2 22Xl S2/d 42 UMt 32 SHHE sesttt

21. ctC1Z9 420 S & 5 8 (Transport Limitation)

X %2 54 S22 HIIFe &S 22X ¥ =&

H)E JIXIH S AL

Al
S0 HE 2 g
20(=S EH 28 =E), 210 52 7Y IR 2 Y W b0l
o

e CiCIZEE B8
Seobi= Hol
AT EIC}

0x
2

SrEolt el AAZ THZ &(Surface recombination)dt O
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o ZUEC
NEE LS
=2 a0

2 90| AHEL2 i
b 2000 met DGt +A

o A29 HOUX StHM= ZHX00IM ai2lE S 4 2tCIZH(FY)0l 0l 2 EHA gi0l & 54 2&se B0
e EQl Sety Al2HBowing)S S E & UCH

o 0lZ2 YHGH| Qo JI1E sF2 Yo FNH &L Z&H(Fluorocarbon polymer)E &
goaez Iz dHF00F &

e il 0 E2H go%de YPE SOHXA 2UEE Clogging &S RLS 2t 82
W LOHs 2 Jt2240t 8122 & £=%(Transport Limitation)2 2 83| Mot 2R 0l
LA AIZICEH
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Electron lon Radical or neutral Radicals Neutrals

B @ & &
Upper Lower
Deposition film |

r
Radical lon/hot neutral - Neutral Neutral

\
Q

1
I
uppﬂ‘[ |
I

Dielectric
or
conductor

_——————

Substrate Surface

diffusion

<=X & A2 9| High-ER(Etch Rate) 2 RIEC| 2HI& o Z HIZALIS>

-
Ju
>
o
=z

|2}(Cryogenic Etching)2l J| &2 & 2|

N

omat . . J
650 67 700
Procecs time (min)

10+

SH2 A2 JIE2 2T E F0ot 605 0I6t2 SHR22 L2060 A2E MESHE LA0ICH 0l SE=2
ChESl 2EE e A0 OXX @1, M20M 2ddts 'E2l &= (Physisorption)' 1t 'HE 2 &4r0|cts S5
HH BIESS 8200 JIE 42 SHUHANE SOHHSHE SASH 2 E 460
2 A2 £C(ER) S39 S&X 2 OI0IH 24
2 =22 22 HF F UM A2 {5} HIAMOZ AE6ts AQS '|SA 54! (Pseudo-wet)' B3 LISt
‘At =0 (Autocatalysis) BHS 22 ™ ST

@ Cryogenic temperature Temperature ramp to 20 °C

40F— T T T T T T T T T =T T T—
= Ar Sputtering HF dose + Ar Sputtering Ar Sputtering
k= s )
= (©

g 30 z < 150 .‘ c<

:; 20 i § s ac%%ag330

[ ;

=

©

=

L

20°C i,
1 N " 1 1 N 1 N 1 A

. " 1 " |
2 4 6 8 10 12 14 16 18 20 22 24 26
Process time (min)

bRl ==, 2% 2t sputtering 291012 SHGHH €2 Al2HE ER(Etch rate) 22 0| Ct. Etching
ZI|, SH20IM S8t Ar sputteringlll A= A1210] o TEEIX 42 HS &2 & 2 UL 0|F N2
2C0AH HFE F8 21 ERO =0 9 a0 -80%2 22 30nm/min)tXl EROl SALASES
EOIGIRULL 0% 255 A222 Sl ER2 24060 Ar sputteringdl A2 (22 =& 5tALE 0l= H202*

=

rlo
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HF 8:89 EXIOt =2XME #Z0MHM2 ERS 3N MESIASS AASHCH Ofeie diZE= HF JtAE
A2H0 A2l EROI CF4E ASSH Al2IOIM 20 EEES EHELHSEI 2 M2 22H0AH). 0= H20 M4
=S Xtololct
Y a— {— L ——
by HE0
100 % B CFyHy| 1
> 90} o) 4
E 8.0 \ ]
E 70 ]
9_.(; 60 L ]
= 501 0 i
'E) 40 \\ 4
m 3.0+ U‘D Q'\ -
20k D“Q:.D»:"D_
10F 001
0‘0_1 1 1 1 1 1 1 |
80 60 -40 -20 0 20 40
Substrate temperature (°C)
ZERCOZ Y =2 WA= SiO20lM E0H L2 AtAQ HF JHAOAMS HOF BHLY S A&E 201 |FAISA
HAHLISE Solf Aot S01 ¢SS L22ICH =ZSICH Ol0l CHEH 2H = otehel A7 202 SHECH
241 2435 04Xl 2l 22 (Figure 3 TIOIEf)
= 0,03—(8)
f =
S 0.02F
£
& 001F
® .
e 0.00}— Qr—s
8
g -0.01F ‘\\/J*"
0o
-0.02}
S SiO-H stretching
002000 38'00 36'00 34'00 32'oo aoloo 2sloo 26'00 24Ioo 22'00 2c;oo 15'00 16'00 14loo 12|oo 102)0
=1
Wavenumber (cm )
e JeHZE 2tCto|l RAGHAIY 0.002 E-SEIIECZ RI0 U= LXSS ERO0 202 230/22 OtcHol A=
URES A2tE ROIC

Figure 3(a)2 in situ FTIR CGIOIHE EY%, -60& ZX20AM HF2t H,O0Jt HHHH =S
£ % (Co-adsorption) | 0f J{THE =24 2 o
0l '|SAt &4' 2 Si0, &k 282 =

00l JHZ A 2B AIRICEH

& & :
S22 ASHAI & IS0l 2RE 45t 0K 2HS HYY
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I
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Eotcde JHES 29 HF/H202 HA I ERC H{S0| 2 XIdts A S &g = A

H207t 2IHSUIMS ERS BAAIZICHs Z)12 Figure 3MUAS E21X0t $F 90l S5l HF
JhADH F2U(Dosing)ME WS SIO, HTOl AAZ ZOILIDME "TE A2 #a0| DEEL HE
GIOIEfE B2tX0t LS QIISHA YD X JIABIS FYUGH0 A4S HOIE0IC JHTS 2o
HFE ¢ 51X Z00IM 0129 E12 g0l Al2t0] L0jLis 2 &oIg 4 ACH 0l WS HY
20| 518 BIS O o BN IS AW LUTUSE 2A0IBCH
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Figure 4(a)= 0l 2& 2 JI& S4AIHQ HI0IHE B0 ED. 42(205)0 e 012 ollH XI( "-f’l‘v""")
2 Sotgo et A2 ZEI) dE8(linear)2E BItokXIe, S X2(-60%)0AME

%= & ==& (Exponential)
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104 'S 5 o

lon-enhanced é
6 autocatalysis

Etch rate (nm/s)

T
~Q
N
Y
L

dHE 5o E2/A 90I:

719
o XEH( "’l“ “)2 ZeotX0H W 0l201 D1 O o
Energy)2l = SOICH X% 3t01 HE %= 01201 JIBS O 25 W2RS
o YE2 P AI2IE Si02 20| ZOILIIE A2 & LhCl

£ 0l XI(Kinetic

2 008 24: DVX SS 0122 &

GIL

=)

o A2 BA(MIEAM HIZ)MAM A2 ZZ= 012 WX HUldshe &8 = (Linear)2 2 20k
ERlUv
e Olz 1™ 229l 'E=-H M 24 (Collision-cascade model)'S & &3] == Z WOICt 0I=20] It

Ao Si02 282 BHUEZ, HIHXIE = IS0 RXF=H a2

Ho
oo
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SCE 602 WS (L2t sDet
Xl ==& === (Exponential) S EiZ2 B2

e Si02 L2 SO ZE HUAS 252 WROD oA B6HK =0l SR B2 HHUS0l
SYSI0Y 20 WAKIHAE O B FHE A2 £20| SHS RGO B0 ol
5I0I510 EAIE & & (fit linearity)0l 21E 0120] 0 S8 H& 0|5 &0/CH

o AT CIOIED Ol BAS £D X484N02 EXHUCI= A2, 0|20 S2UX B EM 518 812
AOIO EHE 8t HAS HOAE M22 SME o BIS0| HUBSS +8HO2 TSI

I

C EZO EX &2 HIAUS: Tt S0l (Autocatalysis) %14l BHS
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o I XgxHoZ ELsls 22X 0lfs A2 2420 H202| i £ = (Re-adsorption)
BIHLIS0 UCH

o HOIGA FHAS =0/¢ 0120] HIES 26HAHl EtASHH H0UJHs Si028 201 sOHHCH 3tst
BESAIQ et 2400 20l HI2IGHe SAS0 2 Xt HZo 2 LAt

e 3IXS EBZO0IBZ 0| 2 BENUES SLGIR A1 XIS EHU SARNS=Z CUAl 2HE=CH ESH
a0l 22 2&AS Z0H(Autocatalyst)E HESINH, IB 2| BISS0 HF JIASE HYHOZ Egxoz
20o1g2ICH

o ZUYNOZ'0I2 EIA B, S MHS S, 20| 0 YSHFER R, 20ls 5= WA E2S'0l2ts
A4 1| S 9 2 I (Positive Feedback Loop)Jt & & & Ct.

e Ol DEHO A 0l2 AHEHZO0 2 M2 EZHAMAM "KL S0H SHA BHS'OZ SHSN OIS
LOUSE BEUFE Y SHOIL

0l 20l A2 2J| 2l AXZ2 EtA Z2IM(Polymer)S E0I0F 2L, S HE HF
F
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Figure 52| LI & el Z(Inset)= ==&E0I BHXHIE S ==(Anhydrous) 2| #S -60=2 L2l HF JIAS EF A2
S, ZEO B RAISIH 23 eVel U1 22 HUXI(Ar 22tX0HE I8 A& Z0E BOHE0L A& 20,
4124 210/ '0 (No Etching)', = S 1LH = DIEI & 210/ XI &AL
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o CHEHSHSIO ZE O XI(~4.1 eV)LE H-F 2 & I XI(~6.0 eV)0ll HIGH, S XM EHW HF SXtOF &%
%ol A= 2l EH UK =~05eV +=FE2Z EHQU0| ECt.

o I, FHE els Ut 0IZREMUUA 012)2 WU XIDF LS 4ol SHEHSE SI02 A X E B = 3t
UrS 0| BHOtAl S YIIXI REHCH R36led O OIS SAH0| S0 20 S0 HE S otdE HF 2SS
518322 S (Vaporize)AlZ4 E01UI Hel Al €C

ZE: 0l HE2 AXNZ ECIHE Lot S22 UX HOete, 'SHU =ot= 0l22 K2 U2t "5
S & 2XE2 J|8H(Vaporization) 8 &'0| Z &St SHU A &5t B1S0| AAZ 25| HHE (X} ES)S
St=RNOZ SHBIC}

3. JIZ RIE(CFx JtA) (HHIHF &2 & SN 83 UEEF

JIEQ CFx JIgt &2 RIES 2 =20Ad M2 SN2 HF 22 'S E5'Y% 'E2 &' LAHMH 22X
X0l QI

E2IA XHCFx) vs S X SZ(HF)

e JIERIE:= S8 E55t)| ®ldl B & S& M (Fluorocarbon polymer)E 2| &0l SHU 2 ALESHTE
0l Zalg B oz 2RIt 246l = Clogging 84S =BH8tCt

o B == HF ST EBA(C)IF 20 E2IHE A MoK A=l A Y5t $60Mcire CHete
2CE 020 S NLA 22 SEE OtaILISA HA Miet 2clE 22 SZ(Frozen)Al2!/Ch 012
Qg HE2 E59 gl0|& e o|LYd S &#88 = UL

g3 2

20I: JI&E CFx JtAae X7 2tts X=(GWP)Jt 01 =XI2H HF JtAE 0128 8EE 2H0A

4.RIEQ DEX 22X diZ

ARDE(Aspect Ratio Dependent Etching) o Z: Z&U|Jt =0t B0l SE6t= 02D A0l
SOISHAAS, YN 28 N4BLH0 YIS 58 24 51 S0l 22 RUANE 52 A2 a58

FAE = AT
Clogging 2 Transport Limitation oHZ: Zcl0 22
SOtXIX %20, X0l &S HF JtAJF 1 A
SHHIE 2 =8t

g =Ll

M| 2= Zero-polymer 20|22 220}

7Y URZ A8 2ML0 22 =35

[¢]

Bowing 2XI: 420AM 2SE0l =2 ciCIZD €2l, HF EXte 3N SHUIM 2H9sx22
243t AEHE [XGI22 SH0| IHAUS|= Bowing S AIS 22X 22 XHEEHT
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JIZE ALDY| &t
- 3D NANDOIAl 10nm 01312 2E2 S Z2A0A S2S 511, A2AS ot BROIA 20 Jet

- 88 QIHEPE, Edge Placement Error): =& B10| & BF S DXIHAM maskS F&&H AR FE6t= 29
S2IH SHH =<

2 o
I 0
rr o

- J|EQ ALDE UR Z SHEOA JASHK s FEMNI SHGII0 SZol S0t I3 AlIZH0| 20

SOLUTION: AS-ALDE S3iA JtA 22X AAZ AXGHOF 8 BRI AXGHA LOH0F & FoAS ARGE =,
mask 210|E @I 80| B El= 2y

AS-ALD (Area Selective — Atomic Layer Deposition)

AS-ALD2| 3 4!: InhibitorS AFSHA 2K AAZIH 2010F 2 S 2K 0I0F 2 FAS PEGHE 2
Inhibitor®| &&

1) SAM(Self-Assembled Monolaters): 281 S -CH32 2 S0 M Hl2td MEHZ 2= A MM

BtO1210] 45K 2X2 A0l Z0IAM 3D NANDSl LH=O0lE SH91ol 2LHISNK &5l S2atlos

0182 D20 =6tCh.

2) SMi(Small Molecule Inhibitors): 22 SXt £&02 X EHsts

-
=
=

XL EHOLM E2 HWENXE 2 AFHH LU = ACH DM &t J=0M= O 201 ALSSHCEH

precursorl| =& J|E ALDOIA = precursorl =2 'S4 e &
c
=

A2, AS-ALDOIA =
fots %“E\MIHDF 82512 inhibitor)} &4 € 2 S0l A b

fIF
x
0jo
o
b
62

1)TMA

HEARCZ Q0| A5 = TMA (AI(CH:): )= AS-ALD SZ0lA SAM 8 ALE5HI] 012 M2 2 2N
QUCH 22X 3010t = =10 BrS 40| HS 26t H20ICH

AHZ TMASE SAMI &H MEE B2 4 cycle 0IF2H TMAJI SAM ES N BX E&E&J| AIZGHH
ZUNOZ oK = SHUAM T SE0| LA &0

ZI0lE =2 MEHE S 20X BHO0| BHEE == selectivity lossIb 2 A SHCH,

2)TEA

TEA= AI(C2H5)32 [ 2! carbon chain, I 2 molecular size SZ 0] A0 SAM At0l2] SS FF5HI)| Hd <
0] &M

2l
SN S 450 4 R25tCH

SRS




S EMIST

M| 3: AS-ALD

AS-ALDOIA At E F2 =2 & &7l
1. Al:Os

ALOs= AS-ALD 9IR0AM JIE EEOZ AIE2CE SZO0ICh F2 AIE6ts ®2HE TMA(A(CH:):) 2
TEA(AI(C:Hs):) 0| Ct.

AlLO;= ALD £+8 UIHLISO0l Hln= St&Esta, Self-limiting reaction S40| H&6tH, @&t 219 E40] &EI|
20l AS-ALD <18 d 2122 J|F material & AHS € Ch.

2. HfO:

HfO.= MEZAQI high-k dielectric 222 AMEZELH JIE SiO. HHl =2 |SIES IJHAI| K20l leakage

currentS &2 = 2A0f advanced logic 2 XtAICH NAND SEUAN I SQ6HAH AIEE =2 dFHZ =
HfCl., TEMAH, TDMAH S0| AtS & Ch.

=

536l HfO.= gate dielectricOlLt ultra-thin insulating layer E& 0l AFEZI(H, = nm 0I5t &2 HR HE Y S
KOt 225610 IH20l ALD SJ0| iAo 2 S=E

ol
rr

CIet Hf HIE M PHE 2t840] 26t EX chemistryJt S&G6H0 AS-ALDOIA A S HEROZ ||
20l o4& ©OICH.

P

2 AFAUEGHIE A RAE)

AI(CH,) Gl
 aowsi < A

Low ————— High
usy

% N e
X AlGH), . ACH,
3 B [Aowsi S|
= 1 -300a) < - AACeH)s
o, &

Surface Area Coverage of Aluminum Precursors

Grawth per Cyle (A/oycle)

Growth per Cycle

Growth per Cycle (A/cyole)

Precursor Exposure (Torr - s}

AS-ALDOI A= q—i—ﬁl 9sSd

o = recursorJt &2 210l OtLlch, 0L dHEC=Z BHS6HEDL,
inhibitor(SAM) S & §6t=2t, #6HAl &

2 20l A nucleationOl 24 5tH=J10t X S Q0tCH

Mo

XZ: Surface Area Coverage of Aluminum Precursors

HAM oL HHNIAM XXists SHAES Q0I8tCh RLEXZCZ 222 22X )| Bdliotl O € HH
Xt XI5t 04 steric hindrance SJHE 2|01 8L 0l = SAM A0l & & {24 T Ch

YZ: Growth per Cycle

ALD cycled dZ &2 EtS

0x

0l

Hr

225 growth per cycleO| ZI}&tC}.

<QEZX Jd >

AI(CH:)xCl-x M€ HI

SA(CHt HIEII(CHs )2 HIE Batol HE 4& S& S Hlwdt 20(CH

CHs ligand ==Jt SJt& 5, Bt 40l SIt56t1 nucleation0| Zct&l

I
Q
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TMAZ2} TEAHI !

JeH=ZE 29

StA =2

TMA(AI(CHs)s)= precursor exposurelt SItg 5= growth per cycleO| WE2H ZIt5
HEES UEHHCHL 0l TMADL IS =2 BHSdS JtXID| HE20ICH 2He TEA(AI(C:Hs))= & X & e
O ZXSHL O 2 24 2012 2 B2 AS 2EZ 2IoH SAM AL0I2] S2 B0t Hed A dE A
S=0tH LEHHCH J, TMAE 2 d& ST 8 JHAIX L selectivity |RAI0NE 2cl6t, TE
AURCZ ZXILHAS-ALD & Z 0 M= O 2HE A Q! selective deposition S& S Q1T

= SSE& =~

J

Table 1. Summary of Growth Characteristics of Al
Precursors and Film Properties of ALLO,

Al(CH,), Al(CH,),Cl AlCl,  AI{C,Hy),

GPC (A/cycle)
projected area
(A%)
experimental
coverage (%)
theoretical
coverage (%)
ALD window
(°C)
activation
energy (k)/mal)
GPC at LT

intermediate state

124
31.36

1.05
32.10
324

27

2

20.8-326 20.1-29.1

50-250 100-250

70 (for
~CH,)

1 1

-108

88 (for —CH,)

32.46
194
19.2-
29.1
150-250
128 (for
-Cl)
fiet

-253

0.80
46.67

20.7
15.0-20.5
50-200

67 (for
CH)

-110

(kJ/mol)
purity of AL,O,
films (%)

Cl<15C<1 Cl<1 C<1

Al Precursor S4 Hl !

e =

Table 12 Ct2&t Al precursor?| BHS St AlOs
Sd A 3212t H el H(selectivity) Ol HHE S &

[=13=]3
==

FEl

1. GPC (Growth per Cycle)

=2 M

TMA(AI(CHs)s)= 1.24 Alcycle2 I}

=2 dF3ES LIt
Ol TMADHOH S =2 Bt 4E JHXIDI 2010
Ttet A

LB Ol ALD S E 0 M= WHE nucleationt =

a
e

TEA(AI(C:Hs)s)= 0.80 Alcycle@ ATE O 2

Ole O 2 &4 Ats X 2 2XHA0IZ2 =2z =2lJl =20ICH

»

2. Projected Area (2 Xt 301)

e TEAE 46.67 A22 D} & 2 projected areaS JHZICH.

2, AS-ALDOI M &7 H 2 3t

=

rir 1o rjo

SHA

=
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M| 3: AS-ALD

o UIBITMAE 3136 A2ZF02 AYFC2 XS 21 2I|E JHEICH
AS-ALDO| A &

e SAM(Self-Assembled Monolayer) 2t 2 £ inhibitorJt
e inhibitor ALOI 0l = nano-scale =Z2| &2 S0/ &M

TMAS A2

o EX3AJIJFAD BHESA0| 25t W20

e inhibitor At0| 2 B F& JtS40| =0

o ZUHOZT RS = A0 AME nucleation0] 224 & = AL
TEAS Z =

o H2EMAESREZ

e [ 2 molecular size

e =2 steric hindrance

£ 2tXI2| 20l inhibitor AO12] &

o
o
in
ol
]
<
o
Q

TEADL 228! selective deposition S& S LIEHHCE.

3. Activation Energy

activation energyE &I Ch.

e ACL=E & =2
B2 E ok O =2 iU XIOF 2 236tCHs 2/010ICH

e Ol=sEH4

6}I\P_ S-ALDOIAE E&ol BHSE0l =& 210l R 20| OtLlch, 0L M8 2 |RIIE &

TMAE =2 S84 4ZES XX
BF cycle0| BHSE 5 SAM H2H(fl X 20| M50
e selectivity lossJt LIEFE 4 QUCH.

A=Kt
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