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Here we show the ability to use additive manufacturing to construct 3D polymer microstructures in a single 

step directly on a silicon substrate. After a pyrolysis process, these structures are converted into pyrolytic 

carbon to be used as microelectrodes for electrochemical energy systems. 

 

Pyrolytic carbon is obtained by pyrolysing polymer precursors in inert atmosphere at high temperatures. 

During this process the polymer decomposes and the remaining carbon atoms are rearranged to form a 

glasslike carbon structure. During this process the overall shape of the polymer precursor structure is largely 

maintained, which allows for the tailoring of carbon electrode geometries by fabricating a polymer structure 

of the desired shape. 

 

Currently pyrolytic carbon microelectrodes are predominantly fabricated using the CMEMS technique, 

where a photoresist is patterned lithographically followed by pyrolysis, often with SU-8 negative tone resist 

as precursor material [1]. These lithography based techniques allow for high resolution patterns with high 

aspect ratio. However, due to the limitations of photolithography, the freedom of design is often limited to 

2.5D structures such as pillars and lines. Several advanced techniques can be used in order to fabricate 3D 

structures, but these usually are challenging due to a small process window, include multiple processing 

steps [2] or require specialized equipment [3]. 

 

In this study, an S140 projection µ-stereolithography (PµSLA) 3D printer (BMF, USA) was used in order to 

fabricate 3D polymer microstructures with high aspect ratio and freedom of design directly onto a silicon 

substrate. This drastically reduced the processing time and complexity for preparation of precursor structures 

for on-chip pyrolytic carbon microelectrodes compared to traditional approaches based on UV 

photolithography. By using PµSLA 3D print it was possible to fabricate micropillar structures with a 

diameter of 50 µm and a height of 500 µm connected by a 20 µm thick circular 2D bottom polymer layer 

directly on a Si substrate(figure 1). The total print time for a single electrode chip was approximately 180 

min. These micropillar dimensions are comparable with structures achievable by UV lithography with SU-8 

photoresist. During pyrolysis these structures shrink due to the degassing of the polymer and material loss as 

the structures are converted to pyrolytic carbon. The remaining carbon structures retained the microscopic 

features (figure 2). However, the height shrunk to 36% of the initial dimension while the width shrunk to 

40% of the size of the polymer structure. 

 

By using 3D printing instead of photolithography to fabricate the polymer structures, it is possible to achieve 

a higher freedom of design. This enables the tailoring of the final electrode geometry for specific 

applications and potentially allows for more complex microelectrode structures. Figure 3 shows examples of 

interconnected grid-like and fractal-like polymer precursor structures. At present, pyrolysis of these 

advanced 3D microstructures is investigated combined with evaluation of the electrochemical performance 

of the resulting 3D carbon microelectrodes. 

 

In summary, by using PµSLA to fabricate polymer precursor structures for pyrolytic carbon electrodes, it is 

possible to maintain similar resolution and aspect ratio compared with UV lithography, while drastically 

reducing the processing complexity and gaining freedom of design. This allows for the tailoring of electrode 

geometry for applications such as biosensing, energy storage or microbial fuel cells. 
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Figure 1. 3D micropillar structure with a height of 488 µm and a diameter of 56 µm printed on a 20 µm 

thick circular 2D bottom electrode 

 

 
Figure 2. Carbon micropillar electrode structures after pyrolysis with a height of 180µm and width of 22µm 

 

 

 

 
Figure 3. a-b) Interlinked grid-like polymer precursor structures on a  2D pad with a diameter of 4 mm. c-d) 

Fractal like polymer precursor structures 

a) b) 

c) d) 


