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Modeling of RF Sputtering Process for ZnO Thin Film Deposition
using Neural Network
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Abstract

ZnO deposition parameters are not independent and have a nonlinear and complex property. To
propose a method that could verify and predict the relations of process variables, neural network was
used. At first, ZnO thin films were deposited by using RF magnetron sputtering process with various
conditions. Si, GaAs, and Glass were used as substrates. The temperature, work pressure, and RF
power of the substrate were 50~500 C, 15 mTorr, and 180~210 W, respectively : the purity of the
target was ZnO 4 N. Structural properties of ZnO thin films were estimated by using XRD (0002) peak
intensity. The structure of neural network was a form of 4-7-1 that have one hidden layer. In training
a network, learning rate and momentum were selected as 0.2, 0.6 respectively. A backpropagation
neural network were performed with XRD (0002) peak data. After training a network, the temperature
of substrate was evaluated as the most important parameter by sensitivity analysis and response
surface. As a result, neural network could capture nonlinear and complex relationships between process

parameters and predict structural properties of ZnO thin films with a limited set of experiments.
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Table 1. Conditions of RF sputtering to deposit
ZnO thin films.Sputtering condition.

Parameters Process conditions
n-type Si(100),

substrate GaAs(100), Glass

target 2 inch ZnO (4 N)

base pressure 3x10° Torr

work pressure 15 mTorr

RF Power 180, 210 W

pre-sputtering time 10 min

deposition time 3 hr

substrate 50, 100, 150,

200, 300, 400, 500
4 N high purity
Ar, Oz

100/0, 80/20, 60/40

temperature(C)

ambient gas

Ar/O2 gas ratio(%)
target—substrate
distance

178 mm
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Fig. 1. Structure of nerual network used in this
study(4-7-1).
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Fig. 3. XRD patterns of ZnO films on GaAs
substrate with various Oz gas ratio.
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Table 2. The effect of variables to train a net-
work.
No.[ Vet e By | s | fine
1 0.1 05 | 80,000 | 0.01729 16
2 0.2 06 | 80,000 | 0.01321 12
3 0.3 05 [280,000| 0.03139 56
4 0.3 06 |440,000| 0.1184 66
5 0.4 0.6 - divergence| -
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Table 3. Comparison of actual data with output
of neural network.

No. Avc;luzg Output | Error rgg?oré)
1 20244 19971 273 1.35
2 20307 19971 | 336 1.65
3 34836 3381 105 3.01
4 2310 2247 63 2.73
5 2163 2100 63 291
6 4200 4074 126 3.00
7 4221 4074 147 3.48
8 1428 1365 63 441
9 4263 4179 84 197
10 4494 4305 189 421
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Table 4. Sensitivity analysis by using trained
neural network modeling.
Substrate| Temp. p};{vlffer Arraggs
Rank 2 1 4 3
Error | 0237352 | 0.265688 | 0.15912 | 0.174237
Ratio | 6.898583 | 7.722176 | 4.62479 | 5.06416

2.23813
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Fig. 4. Response surface between substrate and
temperature condition.
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