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This study introduces a novel ice lithography system integrated with a low-vibration micromachined Joule-
Thomson cooler. Ice lithography is an eco-friendly method for high-resolution nanofabrication on delicate
substrates and requires to operate below 130 K in the vacuum of a microscope chamber. Previously, liquid
nitrogen rather than cryocoolers was used to cool the system due to its low vibration, but it is both bulky and
costly. To overcome these challenges, this study employs a low-vibration micromachined cooler in a scanning
electron microscope (SEM) for ice lithography. The design and methodology of the system are described in
detail. The results show that the substrate can reach a temperature of 105 K within 30 minutes with a measured
mechanical vibration of less than 10 nm, enabling high-resolution nanofabrication. As proof of concept, the
system successfully fabricates nanoscale patterns on a silicon chip. This low-vibration cooling system has
great potential for use in cryo-EMs in the future.
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