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Abstract

Compare to conventional Indium Tin Oxide (ITO) film deposition methods, cesium assisted sputtering
method has been shown superior electrical, mechanical, and optical film properties. However, it is not
easy to use cesium assisted sputtering method since ITO film properties are very sensitive to Cesium
assisted equipment condition but their mechanism is not yet clearly defined physically or
mathematically. Therefore, to optimize deposited ITO film characteristics, development of accurate and
reliable process model is essential. For this, in this work, we developed ITO film deposition process
model using neural networks and design of experiment (DOE). Developed model prediction results are
compared with conventional statistical regression model and developed neural process model has been
shown superior prediction results on modeling of ITO film thickness, sheet resistance, and
transmittance characteristics.
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Table 1. Input factors and their ranges for DOE,

Parameter Range Unit
DC power 50, 100 W
Pressure 2, 10 mTorr
Carrier flow 3, 10 scem
Cs Temp. 80, 150 T
Sub. Temp. 27, 100 C
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Table 2. Considered responses for ITO film

characterization.
Parameter Unit
Thickness A
Sheet resistance Q/cm
Transmittance %
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1. Effects of plasma DC power and
chamber pressure on deposited ITO film
thickness.
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Fig. 2. Contour plot for effects of plasma DC

power and chamber pressure
deposited ITO film thickness.
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Table 3. Regression analysis results for deposition

rate of ITO film.
Predictor Coef. T P
Power 10.566 353 0.012
Pressure 36.37 1.86 0.112
Carrier flow 20.56 0.88 0.414
Cs temp. -0.296 -0.14 0.895
Sub. temp. 2.285 1.07 0.327
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Table 4. RMS prediction error comparison for

deposition rate.
Test (Validation) RMSE
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Fig. 3. Effects of chamber pressure and substrate
temperature on sheet resistance.
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Table 5. Regression analysis results for sheet
resistance of ITO film.

Predictor Coef. T P
Power 1.216 0.64 0.547
Pressure -23.26 -1.87 0.111
Carrier flow -5.37 -0.36 0.731
Cs temp. -0.051 -0.04 0.971
Sub. temp. -2914 -2.13 0.077
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Table 6. RMSE comparison result of neural
network model and regression mode
for sheet resistance.

Test (Validation) RMSE
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Fig. 4. Effects of chamber pressure and Cs
temperature on transmittance
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Table 7. Regression analysis  results for
transmittance of ITO film.
Predictor Coef. T P
Power 0.3105 0.82 0.444
Pressure 1.910 0.77 0.470
Carrier flow | 0.366 0.13 0.901
Cs temp. 0.6656 2.46 0.049
Sub. temp. 0.0136 0.05 0.963
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Table 8. RMSE comparison result of neural
network model and regression mode for

transmittance.
Test (Validation) RMSE
AAszy 2y 13.77%
RN 29 39.43%
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