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ABSTRACT 

Conductive surfaces and patterns are at the forefront of electronics research with a need to go smaller and create more 
intricate electronic designs and devices while still maintaining easy manufacturability. This paper investigates an 
approach of patterning conductive traces for microsize electrically driven devices with the focus on enabling and 
patterning complicated geometries. The approach includes the design and fabrication of hydrophilic microstructures 
along the channels with hydrophobic borders on devices’ surfaces. The channels are connected to larger electrodes 
outside the device. When a conductive solution is applied to the outside electrode area, hydrophilic morphologies 
stimulate the solution to feed along the channels and fill the predesigned patterns. Therefore, the major objective of 
this study is to explore different designs of microstructures to increase surface hydrophilicity for liquid electrode 
patterning for variously oriented surfaces. Due to numerous physical forces, material domains, and interactions 
involved, experimental approach is selected to study the method of surface electrode micropatterning through wetting. 
Microstructured surfaces are fabricated using the two-photon polymerization 3D printing technique due to its superior 
resolution. Analysis of various morphologies is completed, a microsize electromechanical device with selected 
hydrophilic morphologies is fabricated, patterned with liquid electrode, and tested. The findings in this paper further 
the development of electrode patterning and help determine which hydrophilic microstructures show superior 
patterning ability along horizontal and vertical vectors. 
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1. INTRODUCTION 
Numerous electrical technologies rely on translating the signals and powering devices through electrodes constructed 
of electrically conductive materials. Within the field of smart materials, electrical type of stimuli remains the most 
common type due to its reliability, low interference, and relative simplicity. Particularly, numerous 
microelectromechanical systems (MEMS) and robotics heavily rely on small size patterns of conductive traces. While 
a great progress was accomplished in micropatterning for electrical systems for last several decades, some challenges 
intrinsic to novel MEMS are yet to be addressed.1, 2, 3. Firstly, the dynamically growing field of MEMS and small 
robotics can benefit from a manufacturing method of producing electrodes and conductive traces that can be 
effectively adapted to various designs4. Secondly, a method that is capable of micropatterning electrodes on top of 
complex geometries is essential for many biomimetic or topologically optimized designs of MEMS and small 
robotics5. One solution for these requirements can be application of additive manufacturing (AM) to directly fabricate 
electrodes on various surfaces. While this allows various electrode designs to be fabricated, performing that on 
complex geometries requires sophisticated 3D printers with multiaxial coordinate stages, so called conformal 3D 
printing6, 7. This paper presents an alternative approach of creating complex and conformal electrode patterns in which 
AM is utilized to fabricate the main part, e.g., MEMS or small-scale robot body, with auxiliary microstructures on its 
surface (Figure 1a). These microstructures are then used to control surface wettability and drive the liquid electrode, 
e.g., liquid metal or conductive polymer solution, into a desired electrode design (Figure 1b-1c). The challenges of 
this approach are an appropriate AM technique, which is capable of producing both the main part of the MEMS and 
the auxiliary microstructures, as well as the design of the microstructures that properly alter surface wettability in a 
local fashion but do not compromise MEMS’s functionality. 
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