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Abstract Challenges exist in current flexible waveguide devices, such as the fabrication difficulties, mechanical
flexibility limitation, and poor reliability. Based on the neutral-plane theory, flexible multimode polymer
waveguides with a sandwich structure are designed and fabricated on the polyimide (PI) substrate. The flexible
waveguide is endowed with excellent structural reliability and mechanical flexibility by constructing multiple neutral
surfaces. The resultant flexible multimode optical polymer waveguides exhibit lower propagation loss (0.16 dB/cm
at 850 nm) and lower inter-channel crosstalk (<C—40 dB). Excellent mechanical bending property of the flexible
waveguides (bending radius less than 3 mm) is also achieved by using micron-mechanical designs to minimize strain
exerted on the waveguide core layer during mechanical deformation process. The transmission loss is not
significantly increased when the bending radius is 1 mm and the bending is repeated 1000 times. Besides, the

reliability test results reveal that the optimized flexible waveguide has excellent thermal stability, aging resistance,
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and machinability, for which, the resultant flexible waveguides show no performance degradation after humidity

cycling, temperature cycling, and lead-free reflow soldering tests. Hence, this work provides theoretical and

technical guidance for the practical mass-production of high quality flexible polymer waveguides with excellent

mechanical flexibility and environmental reliability.
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reliability
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Table 1 Elastic modulus, Poisson’s ratio, and film thickness of materials

A B AR A R 0, SRR s d,
SRR JRBRE R o A b TR 6 SR T Y

Material Young’s modulus E;/GPa Poisson’s ratio v; Thickness d;/pm
PI substrate 2.9 0. 38 110
Cladding material 2.2 0.33 40 (under layer), 70 (upper layer)
Core material 2.5 0.34 50
Adhesive layer 1.3 0.32 50
PI cover layer 2.9 0.38 50
@ i ® T

PI cover layer
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PI substrate neutral plane | e onslf)l;%ssssive
M stress
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Fig. 1 Diagrams of stress distribution on neutral plane and flexible polymer waveguide with sandwich-like structure.

(a) Diagram of flexible polymer waveguide with sandwich-like structure; (b) diagram of stress distribution on neutral plane
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Fig. 2 Tllustration of fabrication process of flexible waveguides
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Fig. 3 Results of morphology characterization. (a) Three dimensional shape of waveguide obtained by laser confocal

microscope; (b) cross-section micrographs of polymer waveguide observed by optical microscope; (c) typical top

view of waveguides (SEM image)
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Fig. 4 Transmission characteristics of flexible waveguide. (a) Diagram of waveguide coupling test system; (b) insertion

loss of 10.5 cm waveguide channel; (c¢) measured propagation loss of waveguide using truncation method; (d) test

results of waveguide channel crosstalk
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Fig. 5 Relationship among bending loss, bending radius, and channel number. (a) Relationship between bending loss

and bending radius; (b) insertion loss of waveguide after 1000 times bending with bending radii of 1 mm and 3 mm
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Fig. 6 Experimental results of waveguide reliability. (a) TG and (b) DTG curves of polymer waveguide materials at heating

rate of 10 °C » min ' under N, ; (¢) temperature-time curve of reflow soldering; (d) propagation loss of waveguides

obtained by environmental reliability test
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