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Abstract: Currently, active research is being performed on printing of electronic devices such as RFID devices, flexible
displays, solar cells, and e-paper. This technique has several advantages over existing technologies such as lithography
and etching. In particular, RFID devices, flexible displays, solar cells, and e-paper require flexibility and a mass
production system. Thus, attention is being focused on the roll-to-roll process. High quality should be guaranteed in the
roll-to-roll printed electronics systems, and good thickness and roughness qualities must be ensured. Experimental
design was applied to this problem to analyze the main effects and interaction effects of various factors. Matching
technology between the nip roll characteristics and the quality of the print pattern in roll-to-roll printed electronics
systems was proposed to improve the printing quality.
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Table 1 Factors of the experiment

Factor Level Unit
Viscosity of
conductive 624 cp
ink
Tension of
substrate 2 kef
Drying of 100 e
temperature
Velocity 3 6 m/min
Press of Nip 0.2 0.4 MPa
Nip Roll N%R NSBSR Silicon85 | Shore A

Table 2 Experimental results on the Thickness and Roughness

Factors Thickness(um)

X; [X2 |X3 | Rep.1 | Rep.2 | Rep.3 | Rep.4 | Rep.5

Run

1 -1]-1{-1] 078 | 072 | 0.85 | 0.76 | 0.82

2 |-1]-1|1] 084 | 093 | 085 | 093 | 0.87

3 -1(1(-1] 081 | 0.80 | 0.81 | 0.80 | 0.80

4 |-1]1]11] 076 | 068 | 0.79 | 0.77 | 0.76

5 0 (-1|-1] 08 | 074 | 0.73 | 0.83 | 0.81

6 O(-11] 073 | 079 | 087 | 091 | 0.87

7 0Of(1]-1|071 | 079 | 0.78 | 0.75 | 0.78

8 0Of(1]1| 084 | 080 | 0.82 | 0.77 | 0.79

9 1|-1]-1] 083 | 097 | 0.79 | 0.94 | 1.00

10 |1 |-1|1 | 087 | 086 | 0.89 | 0.85 | 0.84

11 1|1]-1] 083 | 077 | 0.82 | 0.83 | 0.77

12 |11 ]1}] 083 | 078 | 082 | 0.81 | 0.80

Roughness(um)

X; [X2 |x3 [Rep.l [Rep.2 [Rep.3 [Rep.4 [Rep.5

Run

1 -1 ]-1(-1] 0551 | 0559 | 0.480 | 0.586 | 0.578

2 -1 [-1] 10605 | 0.541 | 0.445 | 0.490 | 0.528

3 -1 |1 [-1]0.670 | 0.833 | 0.718 | 0.522 | 0.422

4 -1 1 (10733 | 0862 | 0.528 | 0.664 | 0.639

5 0 [-1]-1] 0501 | 0.589 | 0.599 | 0.501 | 0.365

6 0O |-1]11]0.831 | 0399 | 0457 | 0.361 | 0.461

7 0|1 {-1]0.797 | 0.812 | 0.774 | 0.390 | 0.520

8 0|1 |1]0.607 [ 0499 | 0.509 | 0.541 | 0.626

9 1 |-1(-1] 0426 | 0323 | 0.806 | 0.424 | 0.317

10 1 |-1|1] 0858 | 0718 | 0593 | 0.501 | 0.584

11 1|1 /]-1]0572 | 0.829 | 0.739 | 1.000 | 0.820

12 1|1 ]1]0931 | 0685 | 0422 | 0.545 | 0.497

Factors Unit Range

Rubber(x; ) | shore A |NBR75(-1) NBR85(0) silicone85 (1)

Velocity(xz ) | m/min 3.0(-1) to 6.0(1)

Nip

pressure(xs ) Mpa 0.2(-1) to 0.4(1)
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Fig. 5 (a) Nano CAM measurements on the print pattern with
Silicone Nip Roll. (b) Nano CAM measurements on
the print pattern with NBR Nip Roll
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