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Abstract: The roll-to-roll (R2R) printed electronics system is one of the most promising technologies for the printed
electronics industry because of several advantages in terms of productivity and cost. In the R2R printed electronics
system, the characteristics of the printed patterns are an important issue that determines the functional quality of the
printed matter. This study analyzed how several main factors may affect the characteristics of printed patterns,
especially the thickness and surface roughness. The statistical model for estimation of the printed pattern was developed
as a function of the main factors using the design of experiment (DOE) methodology. Based on the statistical analysis
results, the R2R printed electronics system can be designed to control the characteristics of printed patterns.
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Fig. 1 Roll to roll printing system
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Fig. 2 Direct gravure printing equipment
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Fig. 4 Measuring equipment (a) interferometer (b) image
of Roll to Roll printed pattern
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Table 3 Factor effects for thickness (coded unit)
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Table 4 Factor effects for surface roughness (coded unit)

Item Result Item Result
Main x,=-0.0075, x,=-0.0625, Main x,=-0.04231, x,=-0.00012,
effect x,=-0.2028, x,=0.0416 effect %,=0.01294, x,=-0.14075
2-way x,x,=0.0800, x,x;=-0.0078, 2-way x,x,=0.04925, xx,=0.01356,
Interaction xx,=0.0109, x,x;=-0.0541, Interaction x,x,=0.05300, x,x;=-0.02050,
effect x,x,=0.0072, x,x,=0.0269 effect x,x,=-0.01169, x,x,=0.03263
i&—way _ Xx,x,=-0.0059, xx,x,=-0.0266, i&-way ) x,%,%,=0.00450, x,x,x,=-0.01356,
t t t t
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Interaction X,x,%,x, = 0.0050 Interaction X,%,%,x, = 0.00231
effect effect
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Fig. 5 Main effect plots of thickness
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Table 5 Analysis of variance table for thickness Table 6 Analysis of variance table for surface roughness
Source SS DF MS Fy Pyatue Source SS DF MS Fy Pyate
X, 0.00180 1 0.00180 0.2 0.655 X 0.057291 | 1 [0.057291 | 16.54 | 0.000
X, 0.12500 1 0.12500 | 13.96 | 0.000 X, 0.000000 | 1 [0.000000 | 0.00 0.990
Xy 1.31625 1 1.31625 |146.96 | 0.000 X3 0.005356 | 1 |0.005356 | 1.55 0.216
X, 0.05528 1 0.05528 6.17 0.014 X, 0.633938 | 1 [0.633938 [182.99 | 0.000
XX, 0.20480 1 0.20480 | 22.87 | 0.000 X, X, 0.077618 | 1 10.077618 | 22.40 | 0.000
X, Xy 0.00195 1 0.00195 0.22 0.641 X, X5 0.005886 | 1 [0.005886 | 1.70 0.195
X, X, 0.00383 1 0.00383 0.43 0.515 X, X, 0.089888 | 1 |0.089888 | 25.95 | 0.000
XXy 0.09353 1 0.09353 | 10.44 | 0.002 X, X5 0.013448 | 1 [0.013448 | 3.88 0.051
X, X, 0.00165 1 0.00165 0.18 0.668 X, Xy 0.004371 | 1 0.004371 1.26 0.264
X3X, 0.02311 1 0.02311 2.58 0.111 X3X, 0.034060 | 1 [0.034060 | 9.38 0.002
X, X, X, 0.00113 1 0.00113 0.13 0.723 XX, X5 0.000648 | 1 [0.000648 | 0.19 0.666
X, Xy, 0.02258 1 0.02258 2.52 0.115 XX, X, 0.005886 | 1 [0.005886 | 1.70 0.195
X X5, 0.05281 1 0.05281 5.90 0.017 XXX, 0.018818 | 1 [0.018818 | 5.43 0.022
Xy X5 X, 0.00151 1 0.00151 0.17 0.682 Xy X5 X, 0.011026 | 1 |0.011026 | 3.18 0.077
XX, X5 X, 0.00080 1 0.00080 0.09 0.766 XX, x;x, 10.000171 | 1 |0.000171 | 0.05 0.825
Error 1.00315 |112 | 0.00896 Error 0.388011 [112 [0.003464
Total 2.90918 |127 Total 1.346416 127
# + Not significant effect 99
o # Mot significant effect
0 B Bignificant effect . B Significant effect
) Symbol - Factor Simbol  Factor
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