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A Study on the Correlation between Curing Temperature and Thermal Deformation of a
Moving Web in Roll-to-Roll Printed Electronics
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Roll-to-Roll printing process has become a great issue as a breakthrough for low cost and mass
production of electronic devices such as organic thin film transistor, and etc. To print the
electronic devices, multi-layer printing is essential, and high precision register control is required
for this process. Unlike stop-and-repeat printing process, it is impossible to control the register in
a static state since the roll-to-roll process is a continuous system. Therefore, the behavior of web
such as polyethylene terephthalate (PET) and polyimide (Pl) by the tensile and thermal stress
generated in the roll-to-roll process as well as motor control of driven rolls has to be considered
for a high precision register control. In this study, the correlation between curing temperature and
thermal deformation of PET web is analyzed. Finally, it is verified experimentally that the
temperature disturbance generates the more serious register error under the higher curing
temperature.
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7|5M49H L, = span length between 1* and 2™ printing roll
L, = span length between infeed and 1* printing roll
R(t) = register error A = cross sectional area
E = elastic modulus of web
7 =time constant (L/v)
Vig» Va0 = velocity of 1% and 2™ printing roll E,, = equivalent elastic modulus of web considering the

V., V, = velocity variation of 1*' and 2™ printing roll temperature variation

g,(1), &,(t) = strain in infeed and printing section
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Table 1 Measurement standards and conditions
Property Elastic modulus CTE
Standard KS M 3054 ASTM E 831

Temperature 50, 80,
of substrate 100, 120C
100 kegf -

1 mm/s -

100 mm -
Temperature rate -

80, 100, 120C

Load cell size
Strain rate
Gauge length

35

3

2.5

Elastic modulus [GPa]

20 40 60 80 100 120
Temperature of substrate [C]

(b)

80 . . . .
40 60 80 100 120 140

Temperature of substrate [C]

Fig. 2 Elastic modulus (a) and CTE (b) by temperature
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Fig. 3 Behavior of thermal deformation by temperature
of substrate
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Fig. 4 Schematics of register error
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Table 2 Thermal strain under the various curing temp

Curing Thermal strain (10~)
temperature Temperature disturbance
[C] 75 | 25 0 25 | 715
0] 1.72 | 1.89 | 1.90 | 1.84 | 1.47
100 0.813 | -0.149 | -0.741 | -1.39 | -2.84
120 -435 | -5.77 | -6.43 | -7.05 | -8.20
(107
2r H :
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Fig. 5 Thermal strain differences by temp. disturbances
(£2.5 (bold line) and 7.5°C (dot line))
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Fig. 6 Temperature in dryer (a) and register error (b) by
thermal deformation of PET web (setting
temperature in dryer: 80 (bold line) and 120C
(dot line), temp. disturbances: 7.5C)
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