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A Study on the Shape of Printed Circuit to Minimize Line-width Change
by Film Thermoforming
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In-Mold Electronics (IME) is a manufacturing method that integrates printed decorations and electronic circuitry with
thermoforming and injection molding processes. The method enables the production of ergonomic, lightweight and durable
parts through cost-effective processes that require less assembly. Herein, the effect of circuit shape on line-width change by
thermoforming was investigated through experiments and analysis based on the K-BKZ nonlinear viscoelastic model. Two
circuit shapes, a horseshoe and a coil, were proposed and their line widths after thermoforming were measured and
compared to that of a straight line shape. In the horseshoe-shaped circuit, the line width decreased as the radius increased
due to the influence of vertical stretching caused by thermoforming. However, the effect of the angle on the line width was
insignificant. In the coil-shaped circuit, the width of the line decreased as the pitch increased. However, as the amplitude
increased, the line width also increased, but the effect was not significant. For the circuit shapes of the straight line,
horseshoe and coil shapes, the rate of change in line width was 4.4, 0.4, and 0.2%, respectively. After conducting
research, it was found that the coil-shaped circuit is more effective in minimizing line-width change caused by film

thermoforming.
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Fig. 2 Application model of a room lamp
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Fig. 4 Schematics of thermoforming mold
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Fig. 6 Structure of trimming mold
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Fig. 7 Trimming mold

Table 1 Processing conditions used in T-SIM analysis

Parameters Conditions
Temperature [°C] 113
Material PC
Film Thickness [mm] 0.25
Heat transfer coefficient [W/m?k] 238
Friction coefficient 0.11
Mold Temperature [°C] 85
Pressure time [s] 20
Liner Thickness [mm] 0.6
Temperature [°C] 25
Ambient air
Heat transfer coefficient [W/m?’k] 5.6
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Fig. 9 Circuit deformation after thermoforming
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Fig. 11 Circuit patterns printed on film

Fig. 12 Thermoforming machine
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Fig. 13 Photograph of microscope
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Fig. 14 Measurement of line width (all dimensions in mm)
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Fig. 15 Line width for straight line shape
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Fig. 17 Minimum line-width according to horseshoe radius
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Fig. 19 Minimum line-width according to horseshoe angle
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Fig. 20 Minimum line-width according to coil pitch
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