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Three-Dimensional Wiring Membrane
J. Torii, K. Nishiwaki, and K. Koshimizu
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Conventional technologies for forming three-dimensional wiring structures are largely restricted to single-layer circuit
configurations, with multilayer circuit formation and application to exterior components being difficult. As a result,
numerous design constraints exist, limiting their practical applications. To address these limitations, we developed a novel
manufacturing approach that enables the three-dimensional forming of planar multilayer printed circuits without inducing
structural damage. This technique facilitates the integration of electronic circuitry onto plastic components possessing
complex geometries, including curved and uneven surfaces.

This paper presents the materials development efforts undertaken to overcome key challenges associated with realizing
three-dimensional circuit structures, and reports the evaluation results of applying the proposed technology to three-
dimensional wiring membranes in prospective product applications.
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Fig. 1. Vacuum forming process.
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Fig. 2. Printed coating transfer method.
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Fig. 4. Stress-strain curve of silver paste.
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Fig. 7. Stress-strain curve of the protective resist (at 150° C).
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Fig. 8. Appearance of three-dimensional molded products
before and after substrate conformability

improvement.
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Table 1. Method for three-dimensional structuring of printed circuits.
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Fig. 9. Connection part with external terminals and the bending flexibility of the connection part.
(a) Connection part with external terminals

(b) ®1 mm, bending resistance under internal bending
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(a) Multilayer circuit formation.
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(b) Circuit formation on corners.
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(c) Circuit formation on a hemisphere.
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Fig. 10. Three-dimensional wiring membrane compatible with complex shapes (transfer method).
(a) Multilayer circuit formation.
(b) Circuit formation on corners.

(c) Circuit formation on a hemisphere.
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Fig. 11. Three-dimensional wiring membrane before and after bubble improvement (transfer method).
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(a) Three-dimensional capacitive sensor.
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(b) After mounting as a steering switch.
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Fig. 12. Examples of application of three-dimensional wiring membranes to exterior design components.
(a) Three-dimensional capacitive sensor.

(b) After mounting as a steering switch.
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(b) LED-mounted cylindrical inner wall circuit.
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Fig. 13. Examples of applications of three-dimensional wiring membranes.

(a) Three-dimensional trackpad (capacitive sensor).

(b) LED-mounted cylindrical inner wall circuit.
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