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Atomic Layer Deposition of High Barrier Films Based on Response Surface Method
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ABSTRACT: The work aims to study and analyze the process optimization of deposition of ultra-thin Al,O; barrier layer
on PET surface by plasma-assisted atomic layer deposition (ALD). The deposition rate (GPC) of Al,O3/PET film was op-
timized by single factor combined with response surface design method. The growth mode and surface roughness of the
film were obtained by AFM analysis. Finally, the barrier property of the film was characterized by water vapor trans-
mission rate. According to the experimental results, the deposition parameters of the largest GPC were: TMA pulse time
0.17 s, purge time 11 s, O, pulse time 0.35 s, purge time 10 s, deposition rate 0.215 nm/cycle; the film grew in a layered
growth mode with a rough surface. The root mean square (RMS) was 0.58 nm; the water permeability decreased
from 7.456 g-d/m? of the original film to 0.319 g-d/m? after 500 cycles of deposition. The preparation parameters of ALD
are optimized by response surface methodology, and the water vapor barrier was increased by 25 times when Al,Oj; is de-
posited on PET surface at about 100 nm.
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Fig.1 Schematic diagram of plasma assisted atomic layer
deposition equipment
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Fig.2 Saturated growth curve of ALD aluminum oxide films
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Tab.1 Response surface test factors and levels
KF TMA ik nhtiif [] A/s TMA WA [H] B/s O, ik ofrit ] C/s O, KA [] D/s
-1 0.1 9 0.3 9
0 0.2 10 0.4 10
1 0.3 11 0.5 11
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Tab.2 Box-Behnken response surface experimental design and results of ALD growth rate

=S A B C D GPC/(mm-cycle™)
1 1 0 0 -1 0.193
2 0 1 0 -1 0.201
3 0 0 0 0 0.214
4 1 0 0 1 0.196
5 -1 0 0 -1 0.21
6 0 1 1 0 0.2
7 0 1 0 1 0.2
8 0 0 0 0 0.213
9 -1 0 0 1 0.202
10 1 0 1 0 0.194
11 -1 0 1 0 0.198
12 1 1 0 0 0.193
13 0 0 0 0 0.214
14 1 0 -1 0 0.196
15 0 1 -1 0 0.2
16 0 -1 0 -1 0.203
17 0 0 0 0 0.213
18 1 -1 0 0 0.196
19 0 0 -1 -1 0.205
20 0 -1 1 0 0.195
21 0 0 0 0 0.214
22 0 0 -1 1 0.204
23 0 0 1 -1 0.201
24 -1 -1 0 0 0.206
25 0 0 1 1 0.197
26 -1 1 0 0 0.206
27 0 -1 -1 0 0.208
28 -1 0 -1 0 0.214
29 0 -1 0 1 0.199
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Tab.3 Analysis result of response surface regression model variance

7 228 A il ¥y F{H P B
Model 14 0.0013 9.548 26x10° 221.07 <0.000 1 BE
A-A 1 4x107* 3.791 25%x107* 877.81 <0.000 1
B-B 1 3.933x107° 3.933 08x10°° 39.1 <0.000 1
c-C 1 1x107* 1.426 92x107* 330.38 <0.000 1
D-D 1 0.0025 1.723 2x107° 9.89 0.0092
AB 1 1.796x107° 1.795 6x107° 117.04 <0.000 1
AC 1 1x107* 5.05521x107° 72.73 <0.000 1
AD 1 0.0001 3.141 6x107° 4.15 0.006 08
BC 1 0.0001 3.9x107° 5.03 0.041 5
BD 1 3.96x107° 3.960 1x107¢ 9.16 0.009 0
CcD 1 2.176x107° 2.175 63x107° 90.29 <0.000 1
A? 1 3x1074 3.070 34x107* 710.89 <0.000 1
B? 1 3x107 2.700 63x107* 625.29 <0.000 1
c? 1 2x107* 2.32639x107* 538.64 <0.000 1
D? 1 2x107* 2.289 63x107* 530.13 <0.000 1
ik 14 6.047x107° 4318 98x1077
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Tab.4 Statistical analysis results of response surface regression model error
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Fig.3 Contour map of interaction of various influencing factors
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Fig.4 Optimization results of ALD parameter response surface
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Fig.5 AFM image of deposited film after parameter optimization
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Fig.6 Relationship between water permeability and
deposition period of ALD-deposited aluminum oxide films
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