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Abstract: Flexible and wearable electronics, which require stable operation under mechanical deformation, are increasingly
utilizing Eutectic Gallium-Indium (EGaln) for their conductive components. This study presents a systematic approach to
fabricating highly reliable, deformable electrodes via a direct-ink-writing (DIW) 3D printing process using EGaln as the
functional ink. We conducted a thorough optimization of key printing parameters, specifically the extrusion pressure and printing
speed, to achieve stable and uniform conductive lines. Through this optimization, we successfully established an optimal process
window, achieving a stable line width of approximately 130 pm at an extrusion pressure of 300 kPa and a printing speed of 16
mm/s. The fabricated flexible electrodes exhibited exceptional electromechanical stability, maintaining negligible resistance
change (< 0.82%) both under severe bending (3 mm radius) and after 100 repetitive bending cycles. This work demonstrates that
the 3D printing of EGaln is a viable and effective method for creating robust, high-performance electrodes for the next generation

of deformable and wearable electronic devices.
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Fig. 1. Schematic fabrication procedure of flexible EGaln electrodes through 3D printing process.
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(b)

200pm

Fig. 2. (a) SEM image of EGaln line pattern on a glass substrate. EDS mapping image of (b) Ga, (c) In, and (d) O element, showing the exact
location of the EGaln pattern.
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Fig. 3. (a) Magnified optical images and (b) average line width of the 3D-printed EGaln patterns according to output pressure of the printer
nozzle. (c) 3D-printed EGaln line width as a function of the printing speed at various output pressure of the printer nozzle.
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