)’

20265

1[0

AARIM- B+~ TU7 LR ESF—

ALDIZBI+5T)h——DOlE-Eio7n+X

ALD-SiO,[Z# T2 TDMASR¥ D B &

~THEBILMA R ET BE

NE - HH RS

BB RF



H X

1. One cycle ? or half cycle ?
2. Ti#ER{E W L DALD-SIO, &
3. GaNE#R L DALD-SIO, &
4. InO, E DINEtCp/R IR
5.F&H

2026 %/ F1[EARIM - EF~7 37— 2026.07.29 Toshihide Nabatame



ALDE—FIEEC?
= E RTINS R G 1 5E
| W% 5 & Rt e A8 ST T 4 B
(1)\\‘\ 3) / B ) iRk

(2)/ YR¥ g
(5)".
| > o

e

R R REE

BEEE
M. Ritala, handbook of thin film materials Eﬁ
il
ALD-ALO, FEIE _ 0,0
‘= )
1 cycle £ el ®

‘WI Lo | %305 %0'3
val L Ll g -

I I I I | = r ~ RN
Ac o mml L E g2 ALDE—F

I 1 I [ | : C ;

I I I — r = @ Y PS ] )
HZOE : | Ii H i O"’IOE EO,] : O ( @
Ar | ol w2 S

I I [ I I - © .

Time [s] " 00 300 %% S0 100 150 200 250 300 350
Number of ALD cycle Growth temperature (°C)

2026 %/ F1[EARIM - EF~7 37— 2026.07.29 Toshihide Nabatame



One cycle? Half cycle?
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2. FihES{L ¥ EDALD-SIO, &
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TDMASJﬁﬁEmL\T—ALD -Si0, B &

—————————————

Si precursor : Ox1dant gas E Substrate T, (°0) Reference
TDMAS 0, | P-Si 100 - 300 (a)
TDMAS | 0, | P-Si 200 (b)
AN o, . Psi 275 ©)
TDMAS E Radical-OH i P-Si, Ge 25 (d)
%1))1\1}%5 O, plasma 100 - 250 (e)
TDMAS i H,0, i P-Si 150 - 550 ()
TDMAS . O, plasma i P-Si 300 (2)
TDMAS i O, Plasma GaN 300 (h)

—————————————

TDMAS Ili
(CH;),N—Si—N(CHj;),

N(CH;),
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(a) L. Han et al., ECS J. Solid State Sci. technol. 2, N228 (2013).
(b) S. K. Pradhan et al., J. Vac. Sci. Technol. A 33, 01A107 (2015).
(¢) S. Kamiyama et al., Thin Solid Films 515, 1517 (2006).

(d) M. Degai et al., Thin Solid Films 525, 73 (2012).

(e) J. W. Lim et al., ETRI Journal 27, 118 (2005).

(f) B. B. Burton et al., J. Phys. Chem. C 113, 8249 (2009).

(g) E. Maeda et al., J. Vac. Sci. Technol. A 38, 032409 (2020).

(h) T. Nabatame et al., Appl. Phys. Express 12, 011009 (2019).
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T. Nabatame and T. Onaya, to be published in Appl. Phys. Express.
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E. Maeda et al., J. Vac. Sci. Technol. A 38, 032409 (2020).
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E. Maeda et al., J. Vac. Sci. Technol. A 38, 032409 (2020).
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E. Maeda et al., J. Vac. Sci. Technol. A 38, 032409 (2020).
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Metal-O F i & 47 F DALD-SiO, B &

PE-ALD-SiO, condition
H

(CH,),N —Si—N(CH,),
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PE-ALD-SiO, thickness (nm)

TiO,

i

GPC of PE-ALD-SiO, (nm/cycle)

/\ A1203 ‘
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1
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Number of ALD cycles
Element  Electronegativity*

Hf 1.23

Ti 1.32

Al 1.47 2.27
Si 1.74 —

1.76
O 3.50
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E. Maeda et al., J. Vac. Sci. Technol. A 38, 032409 (2020).
*A. L. Allred et al., J. Inorg. Nucl. Chem. 5, 264 (1958).
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HfO,&Si0, FTih EiR L TOSIRHDOREDE
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E. Maeda et al., J. Vac. Sci. Technol. A 38, 032409 (2020).
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3. GaNE#Hx _EDALD-SiO, k&
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T. Nabatame et al., J. Vac. Sci. Technol. A 39, 062405 (2021).
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ALD-SiO,, HfO, D [EEvs XPSi&E
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T. Nabatame et al., J. Vac. Sci. Technol. A 39, 062405 (2021).
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Ga-OTihE R EDALD-SIO, &
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Element  Electronegativity™
Hf 1.23
Ti 1.32
Al 1.47
Si 1.74
Ga 1.82 —
1.68
(0 3.50 —

Toshihide Nabatame



HfSiO,. AISiO ##&ZIED(Me0), /(Si0,), SZIR—kMDSDIERL

(MeO), /(S510,), laminate HfSiO, , AlISiO, films
MeO : HfO,, AL O,

n SiO, A I TDMAS
m HfO,, ALO, nneafing H
n Si0, HfSiO ! %, |'
m HfO,, ALO, AlSi0 >4 [ (CH;),N—Si—N(CHj),
n .
o N(CH;),
m HfO,, ALO,
n-GaN n-GaN
n*-GaN n*-GaN
1) T. Nabatame et al., Appl. Phys. Express 12, 011009 (2019). 3) D. Kikuta et al., J. Vac. Sci. Technol. A 35 01B122 (2017).
2) E. Maeda et al., Microelectron. Eng. 216, 111036 (2019). 4) A. Uedono et al., J. Appl. Phys. 123 155302 (2018).

(MeO)_/(Si0,), T3 R—ME(Z., PE-ALDETHESRIL T, HI/SiRTUAl/SiLE
[X. ALDY AL THIMTE S,
HfSiO, R UAISIO, #EZ IR T RNETERLE-,

HfSiO [EZTH AT BLT, Sio, RRZERITIENEETHS.
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K. Ito et al.,, IEDM2023, T26-2 (2023).
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R. Ochi et al., AIP Advances 10, 065215 (2020).

T. Nabatame et al., Appl. Phys. Express 12, 011009 (2019).
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4. InO, E DINEtCp/R IR
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H,0/0, O ERr— 3> MDALD-In,0,

1. InEtCp 2.N,purge [3.H,0 4.0, 5.N,purge

Sequence InEtCp | N, purge HzO 0, N, purge [ InEtCp

1 2 3 4 S

F. Mizutani et al., AIP Advances. 9, 045019 (2019).
R. Kobayashi et al., J. Appl. Phys. 60, 030903 (2021). R. Kobayashi et al., ECS Trans. 92 3 (2019).
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ALD-C-doped-InO
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Time E 10 150°C 0,
O: H,0+0, 0.0 303 -
. o ~ o z 4 6
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»4«%‘;@;‘ —e ‘T’\i, —&
0O, . v %

R. Kobayashi et al., ECS Trans. 92 3 (2019).
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ALD-SiO, ki ;
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BEEXRTET D,

Hf-O > Ti-O > Al-O > Si-O > Ga-O
ALD-In,O.F & ;
& (X. In-O > In-metal
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