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Fig. Image diagram of the ratio of O; and O, and the lifetime of ozonel!]
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[2]EE Times Japan https://eetimes.itmedia.co.jp/ee/articles/1809/28/news040.html
[3] Raul Zazpe et al, J. Langmuir, 32, 10551-10558(2016)
[4] Niko Heikkinen et al, Phys. Chem. Chem. Phys., 24, 20506-20516(2022)

B SARADIE=—X

BRI TS SR/ MHMEC2EL), 3D-NAND / MEMS F/\{ X TAR> 100D E=—ZXDE %N
JEHERTEFCH, AR, #p1R. FE. 3D/\wFJ-DALDIGA (HAR~100) OAZFEHZEEGERES514]

Paradigm Shift: 2D to 3D NAND

Planar NAND 3D NAND

n—ll—ll—ll—IHl—ll—ll—ll—IHl—"

Lithography Driven Materials Enabled
Scaling | Scaling

CD definition: Lithography CD definition: Deposition & Etch

Deposition: Single layer Deposition: Multi-layer

Film stacks: Thin Film stacks: Thick

Etch: Multi-patterning (SAMP) Etch: Staircase, High aspect ratio
Epi: New adoption in NAND
CMP: 3X steps vs Planar
Thermal: Added steps

Ao — Applied Materials Investor meeting,2016 @:},ﬁ’;k!ﬁ@,
Fig. Summary of 2D NAND flash scaling (densification) methods Fig. TiO, nanotube image and cross section (AR 180) [

and 3D NAND flash scaling (densification) methods!2!
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3-2.GARBADEEBEEFHERY > JIL

[5] http://pillarhall.com/description.htm

(] PillaI‘Ha||®LHAR4 teSt Chip[s] X Pillar Hall is a registered trademark of Chipmetrics Ltd.

KEABOFARMN >FH>TIL (LHAR-trench) (CTAR<10,0000&EH CHEE 450 &8
PR FEERIBEL. TEZIEMD ERECTRUVNERIATYT (5um)(CTREE D fAIE

Optimise purge times ({5, {g,) Optimise reaction
_ . Understand reaction mechanisms times/doses
Pillar Hall® LHAR4 Test Chip X/ (ta: G Pas Pe)
S — | 60 Extract kinetic
| 50 parameters
40
~—Scan 1
30—
Caver ratio ——Scan 2
= Distance/Cavity height 20 —Scan 3
Reflectometry
10 AL0,ALD A—
Cavity height 0
0.5
(0.5um) 50 0 50 100 150 200
Distance Distance from LHAR opening (um)

Fig. Schematic presentation of the idea in lateral high-aspect-ratio test structures
and results from the film thickness series of ALD Al203 [3]

14 / 31 Copyright © MEIDEN NANOPROCESS INNOVATIONS, INC. All Rights Reserved. M EI DE N
Quality connecting the next


http://pillarhall.com/description.htm

3-3. BARBNA\DKARE 5Tk 515

m 0,75XAV-ALDIC&BLHARA Lz B IRERES 6]

FRIE(CLOTEEEHR (O3 h)) BERREIEENZEL
OSTHIERRKREEDRIG (BESHEEr) (CLB03THILEKE

[6] Guang-Jie Yuan et al, J. Phys. Chem. ,123,27030—-27035(2019)
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Fig. A) Correlation between O radical reach distance and exposure time inside trench and recombination probability
for each oxide film B) The measured thickness profiles(®l
MEIDEN

15 /3'] Copyright © MEIDEN NANOPROCESS INNOVATIONS, INC. Al

| Rights Reserved.

Quality connecting the next



4. E 3

4-1. A

T A %=

R56 AL 2 FTTD

PO-ALD & EDMEE IR & DLEER

JLVZ bL 2 FEEAN\ DR

16/31

Copyright © MEIDEN NANOPROCESS INNOVATIONS, INC

MEIDEN
Quality connecting the next
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B Fv>INCBWVWT., BB{E T AZ2Z{ LS BIREZ (ARS6) | fREEZ 5T 8 @ https://www.tia-kyoyo.jp/object.php?f=18&code=198
Az https://www.tia-kyoyo.jp/object.php?f=1&code=204

] iﬁﬁ*ﬁ: N --;.M Sy et TN\ I
FEEEMSMAIFT .70t Jhs% (NPF) ALDE&{tiE e - S

OX(E : AD-100LP (Samco®) H,0

OHY>FI  : Aspect ratio(AR)56 RL>Fi&iESIDT/\ | O, plasma

OFARIHZ : MIXFILTILEZUL (TMA) Pure O; (PO 05>80%)

OAYVERE : Ozonizer O; <180g/m3(<8%) Ozonizer O; (0OZ 03;<8%)

PO >1,700g/cm3(>80%)
OTJ3XNYHH : 100W %RF power supply is ON only during O, gas supply
OREREE : 100~300°C |
OBSLHR : 4TEFE X TMABHE~HISISRIZE—RMAEL T UL HZOHZE POGH}MER

Sl N
m 5HihSE | ,
SRR, BEHZCTALOZMIS0NmERFEL . GPC. #ER, HER% ALDZ=E M
TMA T 4 Oxidation source
orgom  Q RF 13.56 MHz, 100 W &, | (10/0spiesa/FO/02)
PO = ' d .
or _ |  Upper electrode . Zu%:: TMA
0O, —> 50-400C ) 5 < >/ < > \
or T SS1 155 — = g Purge Purge
H,0 Hotplate :
AD-100LP (Samco Inc.) O >

time[sec.]

Fig. Image diagram of ALD chamber and process cycle image
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B EMEHADENCKBAL O IRFFIEDELEE

ARS56(ZX1 9 2#E %3 PO-ALD,H,0- ALD(102757\V-ALDJ:DB"F&’«EEEMF%
PO-ALD. 0,75X~-ALD OGPCREMFIEIEZFTHD. WINEEML T REYNIRIRESNZEBOTMAZE L TE DL ZRE

a) Step coverage (AR56) b) GPC(AI,Osthickness / ALD cycle)

—@-PO(03>80%) & H20 < 02plasma A OA(03<8%)

1.20 _0.16
R S 0.14
2 1.00 | S
S =0.12 ®
£ 080 | E o
s =0.10 e ~
= Q O
Q @) R O
o 0.60 S. 0.08
o o o O
v 0 0.06 | A
> 0.40 N 8 A
S R < 0.04 :
$0.20 r A 2002 |
n 5

0.00 : : : 0.00 : : :

0 100 200 300 400 0 100 200 300 400
Temperature[ C] Temprature[ C]
Fig. SEM cross-sectional view of coverage Fig. Comparison of Al,Oj film characteristics depending on deposition temperature (100°C to 300°C)
evaluation sample (AR56) and oxidation source (a) Step coverage (b) Growth per cycle(GPC)
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mE{EHADEWNCELBAL O IRFFIED LEEE

HEBERDFERE H,0 < RPE = POTHD, BAEHRCFOTIRE (RAPARHFED) H2bI DTz RE

9.5
9.0
Au ) | 8.5
Al O | o 0O 2
23 rg
Ru ~ 8.0
Si
SUS304 7.5 —e—PO
/ ——02 plasma
%j -5 H20
0.0
0 100 200 300 400

Temperature[ C]

Fig. Structure of C-V characteristic measurement sample and comparison of Al,O5 film Relative permittivity (k) depending on
deposition temperature (100°C to 300°C) and oxidation source
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s

[6] Guang-Jie Yuan et al, J. Phys. Chem. ,123,27030—-27035(2019)

SEATHZRIC B A A A S DE TPO-ALD, 0,75X3-ALDDHTE A LS

m SERRSEH

FRIEZEE : PO-ALD (smNeD)

PAEEE : 200°C

JRRIAZ  : NIXFILTZIZZ0L (TMA)
BEHR : E17AY> (PO)

H>7)L  : Pillar Hall® LHAR4 test chip (chipmetrics Ltd.)

Aspect ratio(AR) ~10,000

CycleZf : 385cycle
SHMEREE T YEARIEET F54-XY-200-UV Gvshszisstatt)

Pure Ozone gas ALD Chamber

TMA
M o o5
el Hotplate &4 N

Exhaust gas i’

Abatement system E
(0Os. Precurser) H
Pillar Hall® LHAR4 Test Chip
http://pillarhall.com/description.htm

% Pillar Hall is a registered trademark of Chipmetrics Ltd.

‘©
&. A
Q
Table Al,O5 film deposition conditions with the same TMA supply amount = 0, Purge Purge
(0] 1 1 1 |
PO-ALD O, plasma-ALD®! £ ' ' '
| -
- 120Pa*sec 804Pa*sec @
. a
Oxdation gas dose (40Pa*3sec.) (6.7Pa*120sec.) e
©
TMA dose 122Pa*sec. 111Pa*sec. 5
@)
Fig. PO-ALD process cycle image time[sec.]
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B PO-ALD&0,7’SAYALDEDLHARM VO FRiAEH 8

AIFEE TR U B ERS50% (PDsyy,)lE. 0,75 XYALD A.R.80. PO-ALD A.R.500
FR{EHA (Pure O3/ O* ) MEWVICLD. SA.R.DWEZXCKI10BDEVNRSND

1.20
—o—PO-ALD (120Pa*sec.)

100 ——02 plasma-ALD (804Pa*sec.)[1]

0.80

0.60

0.40

0.20

Cover ratio(Normalized thickness)

Cavity height
0.00
0 200 400 600 800 1000 1200

Aspect ratio(Distance/Cavity height)

»
»

Fig. PO-ALD experimental results using LHAR and comparison with O, plasma-ALD

Distance

Caver ratio
= Distance/Cavity height
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4-2.SARNL>F B> T)L (AR100~) THPO-ALDHEE

[6] Guang-Jie Yuan et al, J. Phys. Chem. ,123,27030—-27035(2019)

] PO_ALDt 0 27°51“7ALD&0) LHAR I\I/\/;ﬁﬁﬂﬁtbﬁﬁ [7] Harm C.M. Knoops et al, Chem. Mater., 23, 2381-2387(2011)

EAEHANALO,REICEZEUBRIC, KEIIHER (=REBHESHEE r) (CLHHOTREMENZE(LIS]
FEATHAROIVNCT, ALOED r (3N O5: < 106 / O*: (1-10) x103] (DRSS
= REBESERN103 L EMENCELD, PO-ALDIFO,TSAYALDELEEL TEVVREENESN D ERE

=
N
o

——PO-ALD (120Pa*sec.)
—e—02 plasma-ALD (804Pa*sec.)[6] (a) O, plasma-ALD (b) PO-ALD

i:Z".
Of/ \/\/&02 03 / ﬁ\&é’ /\N,,03
PDso \Sd & \,;‘,,zx 2, &

N

=
o
o

o
foe)
)

0.60

0.40
Fig. Schematic image of oxidation sources diffusion in trench
0.20

Cover ratio(Normalized thickness)

0.00
0 200 400 600 800 1000 1200

Aspect raio(Distance/Cavity height)
Fig. PO-ALD experimental results using LHAR and comparison with O, plasma-ALD
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o . [8] Arts, Karsten et al, J. Vac. Sci. Technol. A 37(3) (2019)
B LHARY > TV A DB 1B, ZE F (8]

FATIRAFRRILD, BREHRICH,O0 (REKERL) ZRHVHAZRICTTMARRBEICLDREBEERNIZIL
= LHARDIRBR(CHZEI DA FNRERAR (TMA) HiaEDn]Eet

Distance (um)

ol 15 0 200 400 600 800
E 1-[] [ | Ylilammi (2018) Linear fits |
@ . at6=1/2 |
> 1 - - S 08} T :
30.5 \) E 04k limited \Iimitnd -
o N :
> —
o) o 0.2F 1 7
O 0 - E u D M M .k i M Lﬂ' .
2 0 400 800 1200 1600

Distance [ cavity height

Fig. Normalized thickness profiles of Al203 deposited in LHAR3 structures with varied TMA dosing(8l
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TOTREHEEZTLESELHARD L B 3RI(CR

m SERRSEH

72 R (F T I\NSA—H5% 5

Pure Ozone gas

ALD Chamber

[><] TMA
i fE=E : PO-ALD (mzneD é (200 T SS
RRAUERE 1 200C el [ omate | [ N2
JERIAR  NIXFILZILZZDL (TMA) —
ALHR  E17AY> (PO) Exhaust gas
H>7)L  : Pillar Hall® LHAR4 test chip (chipmetrics Ltd.)
~ Aspect ratio(AR) ~10,000 [A‘;gtﬁ";fggusr\;gtgm
CycleZX : 385cycle EEL'S?/E'.ﬁ‘a"r‘?ah*éﬁﬁ‘}diiitr.ﬁt’?éﬂ
Ezlz4ﬁ§|% : J.I!,E\fh&ﬁﬁléﬂi I:l-I_ F54 XY 200 UV (74}|/>( FIJOXH_tA*i) # Pillar Hall is a registered trademark of Chipmetrics Ltd.
E A
o
Table Al,O5 film deposition conditions by PO-ALD § 0, Purge | Purge
JOtEX® JOtX@ JOtEXG g | >
AR 500 &4 POMtHGE TMAHIG= - |
(0]
120Pa*sec. 400Pa*sec. 400Pa*sec 2
PO dose (40Pa*3sec.) (40Pa*10sec.) (40Pa*10sec.) i:%
TMA dose 122Pa*sec. 122Pa*sec. 1171Pa*sec. o >
Fig. PO-ALD process cycle image time[sec.]
MEIDEN
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B ST O AR & SLHARBE A DRSS

E17AV>O#teEMA (JOTAOQ) (L& THEROZMEFRANAL
TMADEFESRADOZEL (TJOTRA@®) (L& T. #EZEKS50%I(E500m051500A [ £
= WERZROTVWIRAFNTMAKGEETHDEZRE
. 1.20
§ —o—JOERD ~o-JOtRQ@ —e—-JOtZG . L
€ 1.00 Table Al,O5 film deposition measurement results on LHAR
= JOtR® | JOtR@ | JOEXG
3 AR 500 &% | POftiE= TMARIGE
£ 120Pa*sec. 400Pa*sec. 400Pa*sec
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Fig. Al,O5 film deposition measurement results on LHAR
with different PO-ALD deposition conditions
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Fig. Al,O5 film deposition measurement results on LHAR
with different PO-ALD deposition conditions
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' n(z,t) : Number density of gas-phase reactant species (m-3)

t : Dose time of (co-)reactant (s)

D : Diffusion coefficient of gas-phase reactant in high-AR structure (m2-s-1)
z : Distance into high-aspect-ratio structure (m)

e i n T}th_ g (Sﬂ ( l S H:] _I_ }-") N \éth : Average thermal velocity of gas-phase reactant species (m-st)

an a%n
at dz=

! :Surface area of high-aspect-ratio structure (m?2)
Y : Volume of high-aspect-ratio structure (m3)

i s, :Initial sticking probability (0<s,<1)

' 9(z.t) : Surface coverage, with =1 when being in saturation (0<6<1)

. _I____iSurface recombination probability (0<r<1)
i)i~. o
Of/ »0, 3 /3\&& 03
\g‘é) \ <,
(a) O, plasma-ALD (b) PO-ALD

Fig. Schematic image of oxidation sources diffusion in trench
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