Faat ol
2024 4 6 A

H o= ® % 5 £ R ¥ &
552 CHINESE JOURNAL OF VACUUM SCIENCE AND TECHNOLOGY

RTINS TR0 UL 2 i
B HLER B T 25

FEAR ERY 3 AR B’ ERa
(1. KITAEE R A RS | I 4300785 2. AP RS K S0 kA B 501 430074;
3. AR K A 5 T2 B I 430074)

The Mechanism and the Prevention of Plasma Enhanced Atomic
Layer Deposition Induced Polysilicon Damage

HE Yadong', YUAN Gang"”', LI Tuo’, ZHOU Yi', CHENG Xiaomin’, HUO Zongliang'
(1. Yangtze Memory Technologies Co., Ltd, Wuhan 430078, China; 2. School of Integrated Circuits, Huazhong University of
Science and Technology, Wuhan 430074, China; 3. School of Chemistry and Chemical Engineering,
Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract

damage caused by by-products of the aminosilane precursors during the deposition of silicon oxide thin films with

In this study, electron beam inspection (EBI) was used to investigate the mechanism of irreversible

plasma enhanced atomic layer deposition (PEALD). It is proposed to replace polyamine based aminosilane with
monoamine based aminosilane as precursors to reduce the damage to polysilicon materials. The effect of
monoamine based diisopropylamine (DIPAS) precursors with small steric hindrance on the reaction rate of PEALD
silicon oxide was studied without the damage of polysilicon.

Silicon oxide, Diisopropylamine

Keywords Plasma enhanced atomic layer deposition, Aminosilane,
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{&7 DIPAS (Diisopropylamino Silane), BDEAS(Bis
(diethylamino)Silane ), BTBAS (Bis(tertiarybutylamino)
Silane), BDIPADS( 1,2-Bis(diisopropylamino)disilane )
SEUNER 1 IR o ik Joe ik T i KA v 2 (ND Ji 747
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Tab. 1 Basic information on commonly used aminosilane precursors
NameCharacter DIPAS BDEAS BTBAS BDIPADS
CHy
CH3 H3sC

HyC—— HaC,
HBC—\ /—CHS H3C CH3  H3C  CH3 . > o
Structure formula Hac N CH3 N—SiH2=N H3C >LCH3 e kﬂ\g '

y _< -
I HBC_/ \_CH3 HN—Sit2-NH CHs >—CH,

HaC

Chemical formula CH,,NSi CH,,N,Si CeH,,N,Si C,H;,N,Si,

Molecular weight (g/mol) 131.30 174.36 174.36 260.57
Vapor pressure/Torr 70@50°C 15.7@50°C 7.0@50°C 1.0@75C
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o LA 2R A o SRR ARG IR, SR H RO
UHLF, SR 5 R 0 AT ISR A Tl 42 2D
SR A B TTE AR I BN A B e . o, v R e T
FEL 45 M 70 45 1 JE 30 1 IR0 00 i 7 2L, AR X G2 I
Gyl B {3 A5 00 2], AE 2 I 56 25 52 ) A 55 FL - 119
ki, It LA 23 T8 G R B 25 5245, AT sz 00 1) 5 i
HL M 0 25 BRI B o A, R TR TR R R, A

N 25 SR AN 52 4P 3 T ) B 49 A 0 S R
AR AV BT )2 BB A 52 e, 3 AT TR IAR /N 3R T
SR8 ) A 22 1ok % B ) A . AR SR BRI TR, BT
DVC {55 5A7 B W iy al &l ok, 560E DVC {7 5 2
' BVC & 515 25 ik, i T4 6 07 =X Al BB K
%, % H BVC {55 40t e s B R w RME . PR
AR DVC 1975 2H W 2 8500, P9 2 37 5
155 (TEM) K 2 R 30451, I3 ) BB S 9k B X ST 4&
JEHEAL (EDX) 73 M R AL L5 4 10 JT R AR AR, B 0L 3 A
AT RE R R
1.2 RYRMLEFE

1 DVC(ASML HMI ESCAN 430) £l v, 234%
A XA bR A 5 Tk, A8 1 R o X ERR
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Fig.2 Fixed location TEM of DVC abnormal point. The con-

ductive channel polysilicon conversion into silicon ox-
ide proved by EDX element analysis spectrum, as shown
in the red box, the upper part of the polysilicon is not
damaged. (a) TEM original map, (b) spectrum of oxy-

gen, (c) spectrum of silicon
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Fig. 3 The proposed reaction mechanism of PEALD silicon oxide using BTBAS as precursor
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(b) Si-OH replaced by Si-F, it is hard for BTBAS
to adsorb to substrate surface
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Fig. 4 Schematic diagram of NF; inhibition. (a) Fluorine free radical adsorption replaces some Si—OH and transforms into Si—F

(1-4 are the block layer, trap layer, tunnel layer and channel ploy, respectively), (b) Si—F inhibits BTBAS adsorption
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Fig. 6 The proposed reaction mechanism of PEALD silicon oxide using DIPAS as precursor
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