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Introduction

Recent advances in micro- and Nano channel fabrication technologies
have revolutionized various fields, including biomedical applications,
materials science, energy conversion, and microelectronics. These miniature
systems, which can have channel dimensions on the scale of micrometres
(um) to nanometres, have garnered significant attention due to their unique
properties and their ability to manipulate fluids, heat, and matter on extremely
small scales. However, despite their potential, challenges persist in terms of
fabrication complexity, material compatibility, scalability, and the precision
required to achieve the desired performance. In this context, it is essential
to examine the latest developments in micro- and Nano channel fabrication
technologies, explore their restrictions, investigate their diverse applications,
and compare the advantages and limitations of different approaches [1].

Description

One of the most significant innovations in micro channel and Nano
channel fabrication is the advancement of lithography techniques, particularly
photolithography and Nano imprint lithography. Photolithography, a process
that has long been used in semiconductor manufacturing, has been
adapted to create intricate micro channel patterns in a variety of materials.
In photolithography, ultraviolet light is used to transfer a geometric pattern
from a photo mask onto a photosensitive material, which is then etched
to form channels [2]. However, photolithography has limitations when it
comes to nanometre-scale resolution, particularly for creating channels with
precise sub-100 nm dimensions. To overcome this, various enhancements
to traditional photolithography, such as extreme ultraviolet lithography and
multiphoton lithography, have been explored. EUV lithography, for example,
uses shorter wavelengths of light to achieve smaller feature sizes, while
multiphoton lithography employs a nonlinear process to enable the creation
of high-resolution three-dimensional microstructures, including complex
networks of micro channels. Despite these advances, photolithography-based
methods are still constrained by factors like high cost, limited material options,
and the need for expensive equipment.

Nano imprint lithography is another technique that has gained attention
for its ability to fabricate Nano scale patterns with high resolution and low cost.
NIL involves mechanically pressing a mold with a Nano scale pattern into a
thin film of material, transferring the pattern onto the substrate. This process
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can achieve resolution down to a few nanometres, making it an ideal choice
for fabricating nanochannels. One of the key advantages of NIL is its ability to
produce large-scale patterns rapidly and at a fraction of the cost of traditional
photolithography. However, the major drawback of NIL is its reliance on the
production of high-precision molds, which can be expensive and challenging
to fabricate. Additionally, the material selection for NIL is somewhat limited,
particularly for applications involving flexible or bio-compatible materials [3].

Beyond lithographic techniques, other approaches to micro- and
nanochannels fabrication have been explored, including soft lithography,
3D printing, and micro-molding. Soft lithography, which uses elastomeric
materials like polydimethylsiloxane to create molds for channel formation, is
particularly popular in the fabrication of microfluidic devices. Soft lithography
offers advantages such as low-cost, simple fabrication, and flexibility, making
it ideal for rapid prototyping and for applications in biomedical research.
However, it is limited by issues related to reproducibility and the resolution of
structures, especially when trying to achieve high-throughput production or to
fabricate extremely small channels [4].

3D printing, or additive manufacturing, has emerged as a powerful tool for
creating complex micro- and nanochannels structures. With the development
of high-resolution 3D printing technologies, including inkjet printing, stereo
lithography, and two-photon polymerization, it is now possible to create
intricate and custom-designed channel networks with precision at the
micrometre or nanometre scale. 3D printing offers the benefit of enabling rapid
prototyping and the ability to design highly intricate channel systems that
would be difficult or impossible to create using traditional methods. However,
challenges related to material properties, resolution limitations, and long
printing times remain significant hurdles. Additionally, achieving the desired
surface finish and ensuring smooth fluid flow within the printed channels are
areas that need further refinement [5].

Conclusion

While recent advances in micro- and nanochannels fabrication
technologies have opened up new possibilities in diverse fields, they
also come with significant challenges. Lithography-based methods, soft
lithography, 3D printing, and micro-molding each offer distinct advantages
and limitations depending on the desired application. The scalability,
precision, and material compatibility of these methods continue to be critical
factors in their development and adoption. Moving forward, further research
and innovation will be necessary to overcome existing restrictions, improve
the cost-effectiveness of fabrication techniques, and expand the range of
materials that can be used for micro- and nanochannels systems. The ability
to create highly functional and reliable micro- and nanochannels systems will
undoubtedly continue to drive advances in fields as diverse as medicine,
energy, and electronics.
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