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This study investigated effects of energy levels, pulse durations, and pulse frequencies during an IPL (Intense Pulsed Light)
sintering process on surface morphology and resistance of screen-printed Ag patterns on PET substrates. Surface
characteristics, including primary profile (Pa), roughness (Ra), thickness, and sheet resistance, were measured before and
after sintering. At fixed energy levels (13.18, 32.96, and 46.14 kW), increasing pulse counts (2, 5, and 7) at 6 ms durations
significantly increased Pa and thickness, while Ra was not changed. In contrast, higher pulse counts (4, 10, and 14) at 3
ms durations improved surface roughness by reducing Ra. Statistical analysis (Paired T-test) confirmed these results. Sheet
resistance analysis showed that lower pulse counts at 6 ms caused greater variability in resistance, stabilizing with higher
counts. At 3 ms, surface resistance decreased with higher pulse counts, showing reduced variability. These results suggest
that adjusting pulse conditions and counts during the sintering process can optimize both electrical properties and
uniformity. Additionally, morphological changes before and after sintering indicated that these adjustments might influence
upper-layer printability in multilayer printing. The study highlights the importance of considering both functional and
morphological characteristics during sintering for optimized production of printed electronic devices.
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2. Experimental Setup
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(b) Screen printer

Fig. 1 Experimental equipment

Table 1 Specimen specifications

Substrate PET
Thickness of substrate [pum] 150
Pattern shape Square
Pattern size [mm?] 5x5
Number of patterns per each condition 7
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Fig. 2 (a) Screen mesh, (b) Zoomed mesh image, (c) Printed patterns
on PET, and (d) Zoomed image of the 5 x 5 mm square
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Fig. 3 Schematic diagram of the IPL system
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Fig. 4 Interferometric images of printed Ag pattern: (a) 3D image
of the sample, and (b) 2D images color bar
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Fig. 5 Area setting for substrate and Ag pattern to measure thickness
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Fig. 6 Box plots of Pa at 2, 5, and 7 pulses
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Fig. 7 Box plots of Ra at 2, 5, and 7 pulses
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Table 2 Mean, standard deviation, and p-value of pulse 2, 5, 7 sample measurements

Pulse Energy .. Pa [um] Ra [um] Thickness [pm]

number (kW] Condition Mean STD Mean STD Mean STD

Before 0.8548 0.2015 1.0426 1.0426 10.099 0.553

2 13.18 After 1.0426 1.0426 0.1731 0.0155 10.569 0.466
P-value 0.005 0.01 0.008

Before 0.949 0.225 0.1665 0.0098 9.872 0.432

5 32.96 After 1.749 0.709 0.1667 0.0142 12.086 1.663
P-value 0.000 0.96 0.000

Before 0.9161 02173 0.1692 0.0101 9.080 0.541

7 46.14 After 13892 0.5808 0.1688 0.0083 11.335 1.274
P-value 0.000 0.871 0.000
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Table 3 Mean, standard deviation, and p-value of pulse 4, 10, 14 sample measurements

Pulse Energy " Pa [um] Ra [pum] Thickness [pm]
Condition
number (kW] Mean STD Mean STD Mean STD
Before 1.038 0.3046 0.167 0.01939 10.543 0.808
4 13.18 After 0.826 0.2335 0.1536 0.00911 10.703 0.46
P-value 0.000 0.000 0.419
Before 0.922 0.1774 0.1703 0.01761 10.437 0.325
10 32.96 After 0.886 0.2607 0.1559 0.00887 10.451 0.945
P-value 0.467 0.000 0.960
Before 0.986 0.2389 0.1650 0.01169 10.460 0.334
14 46.14 After 0.862 0.2139 0.1536 0.01115 10.291 0.705
P-value 0.015 0.000 0.494
5 &
. - - B AToAE Tl Ma A7 ofqx] 4ol IPLE
B I 5 I 5 A5}E Ag o] FejH S4T H7)H S4o) vjAE AFS
2 z = FA519lc}. Table 204 HA X|7to] 6 ms wf A3} S Pag}
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Fig. 8 Box plots of Pa at 4, 10, and 14 pulses
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Fig. 9 Box plots of Ra at 4, 10, and 14 pulses
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Fig. 10 Box plots of surface resistance based on pulse count
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