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ABSTRACT

Phenomena like double layer overlap, high surface-to-volume ratios, surface charge, ion-current rectification, and entropic 
barriers can influence transport in and around nanofluidic structures because the length scales of these forces and the critical 
dimensions of the device are similar. As a result, ion, particle, and fluid transport in nanofluidic devices has received a lot 
of attention over the past two decades.1,2In order to study these phenomena and their effects on ion and fluid transport, 
advancements in micro- and nanofabrication techniques have made it possible to design a variety of well-defined nanofluidic 
geometries. This review focuses on recent advancements in nanofabrication techniques as well as studies of fundamental 
transport in nanofluidic devices.3,4 The integration of micro- and nanofluidic structures into lab-on-a-chip devices enables 
increased functionality that is useful for a variety of analytical applications.
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Introduction

The study of nanofluidic transport has been influenced by three 
common nanofluidic structures: nanopipets, nanochannels, and 
nanopores. We have restricted the scope of this Review to studies 
using these three structures due to space constraints, and we 
concentrate primarily on work published between January 2011 
and August 2014.Examples of the three nanofluidic geometries 
discussed here are shown in Figure Figure11, but we do not 
discuss work with carbon nanotubes, nanomeshes, nanowires, or 
nanowires [1]. Conductance, scanning electron microscopy (SEM), 
and transmission electron microscopy (TEM) measurements 
can all be used to measure the critical limiting dimension of 
nanopores, which are typically formed perpendicular to the plane 
of a substrate. Pores can be made of polycarbonate, polyethylene 
terephthalate, or silicon nitride, among other materials. Depending 
on the method used to make them, they can be symmetric or 
asymmetric.Either hourglass-shaped symmetric pores with a critical 
dimension in the center or cylindrical-shaped symmetric pores with 
a constant critical dimension determined by electron microscopy 
are examples of symmetric pores [2]. Despite the fact that exterior 
pore dimensions can be measured with electron microscopy, the 
exact inner geometry is frequently unknown and may contain an 
asymmetry between two symmetrical features, such as cigar-shaped 
pores [3]. 

Materials and Methods

The geometry of asymmetric nanopores is typically funnel-shaped 

along the pore axis, with a narrow tip and wide base. Tip and base 
aspects are estimated by SEM, however the specific pore calculation 
is in many cases obscure. IN-plane structures with either symmetric 
1c or asymmetric geometries are frequently referred to as 
nanochannels. Depending on the method of fabrication, channels 
may be restricted to the nanoscale in either their width or depth.
SEM and atomic force microscopies (AFM) are commonly used 
to characterize nanochannels, which are typically constructed on 
glass or polymer substrates [4]. Any two-dimensional (2D) channel 
architecture can be designed due to these channels' in-plane nature, 
which makes it possible to incorporate well-defined features into 
more intricate geometries. Specialized nanopores made of pulled 
glass or fused-silica capillaries are called nanopipets. Nanopipets 
geometry is conical, and electron microscopy can measure the 
critical tip diameter, which ranges from tens to hundreds of 
nanometers. Not at all like nanopores and nanochannels, can 
nanopipets be effectively combined with position control, which 
permits the tip of the nanopipets to be situated in unambiguous 
areas or utilized in filtered test microscopies [5].

Advances in Nanofabrication 

Although colloid and membrane sciences have investigated 
nanofluidic phenomena with nano- and microparticles and in porous 
media for many decades, fabrication methods to form individual, 
well-defined nanoscale structures are a major development over 
the past two decades.8 Advances in nanofabrication techniques 
have contributed significantly to the recent growth of nanofluidics 
[6].As previously discussed in reviews a number of established 
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nanofabrication techniques, such as high-energy beam milling, 
damage-track etching, dry and wet etching, laser writing, laser 
pulling, and imprint lithography, continue to be widely used 
in nanofluidic research. Additionally, recent advancements in 
nanofabrication aim to reduce critical dimensions, simplify device 
production, and increase device reproducibility. For the three 
nanofluidic geometries described above, we present a synopsis of 
recent advancements in existing nanofabrication techniques and 
new nanofabrication methods developed during the course of this 
review [7].

High-energy beam milling and selective etching of ion tracks 
through a polymer membrane are common nanopore fabrication 
techniques for creating nanopores perpendicular to the substrate 
surface. By using electron beam or ion beam irradiation with low 
energy, fabricated pores can be sculpted to a desired shape and size 
[8].

Result and Discussions

By irradiating a thin membrane with a concentrated, high-energy 
beam of electrons, transmission electron microscopes can produce 
nanopores smaller than 10 nm. Ablation of the membrane results 
in the formation of a single nanopore. Drilled pores are tuned with 
electron-beam sculpting, which employs a low energy electron beam 
(e-beam) to controllably close a larger opening to single-nanometer 
dimensions. A focused ion beam (FIB) instrument is also able to 
mill single nanopores in thin membranes by two primary methods. 
Milling through a metal film deposited onto a silicon nitride 
membrane is used to create nanogap electrodes adjacent to as 
with e-beam sculpting, helium ion beam milling drills nanopores 
directly in unprocessed silicon nitride membranes and generates 
pores with diameters 4 nm with low electronic noise. Nanopores 
milled in silicon nitride membranes by a helium ion beam also 
have reduced background fluorescence compared to pores drilled 
with gallium ions [9]. Pores sculpted by an The unpredictability of 
the inner pore geometry is one disadvantage of using track-etched 
pores. The geometries of pores in track-etched membranes can be 
tuned to a degree, with asymmetric etching of polymer membranes 
producing funnel-shaped pores and single-sided surfactant-assisted 
etching producing bullet-like pores. Conductance measurements 
and SEM observations more accurately reconstruct and predict the 
longitudinal geometry of pores in track-etched membranes, which 
has a direct impact on rectification.

The goal of new approaches to the fabrication of nanopores is to 
shorten the amount of time and money required for production. 
Single nanopores are created by nanofractures in economically 
accessible vessels as a reasonable nanofabrication method. Metal 
nanoparticle-helped plasma carving produces narrowly molded 
nanopores in silicon substrates. Ordinary photolithography and 
wet compound drawing create varieties of pyramidal nanopores 
with a typical side length of 60 nm, which are utilized as a reusable 
lithography mask. Nano apertures are likewise delivered by a 
minimal expense, corner lithography procedure in which isotropic 
diminishing creates a nitride nanodot which is taken out to frame 
a nanoscale opening.26 Nanoporous materials, for example, 
anodized aluminum oxide can be changed by nuclear layer 
statement to successfully lessen pore diameters28 and increment 
performance.

Nanochannels

Nanochannels are ideal calculations for researching key vehicle 

and natural sensing because of the capacity to control and portray 
each of the three channel aspects. In addition, optical and 
electrical measurements can be combined using nanochannels 
in the substrate's plane to provide complementary data.There are 
a number of ways to fabricate nanochannels in-plane, including 
one-dimensional (1D) and two-dimensional (2D) ones [10].1D 
nanoscale-depth microchannels can be made using conventional 
microfabrication methods like photolithography and wet chemical 
etching; however, 2D structures that are restricted to the nanoscale 
in both lateral dimensions typically require e-beam lithography and 
focused ion beam milling.

Conclusion

On a surface coated with a thin, electron-sensitive resist, electron 
beam lithography (EBL) is used to replicate a desired pattern.Either 
the exposed positive-tone resist or the unexposed negative-tone 
resist can be selectively removed to create 2D nanochannels. The 
nanochannels design can be directly transferred to the substrate, 
for example, by reactive ion etching (RIE). In contrast, the removal 
of unexposed negative-tone resist leaves raised nanofluidic features 
on the substrate. Only the desired sections of the substrate are 
revealed when exposed positive-tone resist is removed.Nanofluidic 
masters can also be shaped by e-beam induced etching to produce 
smaller critical dimensions. EBL can also deposit metal films onto 
a substrate by e-beam deposition35 to form nanogap electrodes in 
nanochannel arrays. The pattern on the substrate is then used as a 
master to mold nanofluidic channels in polymer materials.

References

1.	 Bocquet L, Tabeling P. Physics and technological aspects of 
nanofluidics. Lab Chip. 2014; 14:143-158.

2.	 Gao J, Feng Y, Guo W, Jiang L. Nanofluidics in two-dimensional 
layered materials: inspirations from nature. Chem Soc Rev. 2017; 
46:5400-5424.

3.	 Duan C, Wang W, Xie Q. Review article: Fabrication of nanofluidic 
devices. Biomicrofluidics. 2013; 7:26501.

4.	 Le THH, Shimizu H, Morikawa K. Advances in Label-Free Detections 
for Nanofluidic Analytical Devices. Micromachines (Basel). 2020; 
11:885.

5.	 Zhong J, Alibakhshi MA, Xie Q, Riordon J, Xu Y, Duan C, et al. 
Exploring Anomalous Fluid Behavior at the Nanoscale: Direct 
Visualization and Quantification via Nanofluidic Devices. Acc Chem 
Res. 2020; 53:347-357.

6.	 Rahman M, Islam KR, Islam MR, Islam MJ, Kaysir MR, Akter M, 
et al. A Critical Review on the Sensing, Control, and Manipulation 
of Single Molecules on Optofluidic Devices. Micromachines (Basel). 
2022; 13:968.

7.	 Kamai H, Xu Y. Fabrication of Ultra narrow Nanochannels with Ultra 
small Nano components in Glass Substrates. Micromachines (Basel). 
2021; 12:775.

8.	 Zheng DC, Yeh LH. Improved Rectification and Osmotic Power 
in Polyelectrolyte-Filled Mesopores. Micromachines (Basel). 2020; 
11:949.

9.	 Ching T, Toh YC, Hashimoto M. Design and fabrication of micro/
nanofluidics devices and systems. Prog Mol Biol Transl Sci. 2022; 
186:15-58.

10.	 Ouyang W, Han J, Wang W. Nanofluidic crystals: nanofluidics in a 
close-packed nanoparticle array. Lab Chip. 2017; 17:3006-3025.

https://www.researchgate.net/publication/264091717_Physics_and_technological_aspects_of_nanofluidics
https://www.researchgate.net/publication/264091717_Physics_and_technological_aspects_of_nanofluidics
https://www.researchgate.net/publication/318550916_Nanofluidics_in_two-dimensional_layered_materials_Inspirations_from_nature
https://www.researchgate.net/publication/318550916_Nanofluidics_in_two-dimensional_layered_materials_Inspirations_from_nature
https://www.researchgate.net/publication/236189791_Review_article_Fabrication_of_nanofluidic_devices
https://www.researchgate.net/publication/236189791_Review_article_Fabrication_of_nanofluidic_devices
https://www.researchgate.net/publication/338522244_Exploring_Anomalous_Fluid_Behavior_at_the_Nanoscale_Direct_Visualization_and_Quantification_via_Nanofluidic_Devices
https://www.researchgate.net/publication/338522244_Exploring_Anomalous_Fluid_Behavior_at_the_Nanoscale_Direct_Visualization_and_Quantification_via_Nanofluidic_Devices
https://www.researchgate.net/publication/346339617_Improved_Rectification_and_Osmotic_Power_in_Polyelectrolyte-Filled_Mesopores
https://www.researchgate.net/publication/346339617_Improved_Rectification_and_Osmotic_Power_in_Polyelectrolyte-Filled_Mesopores
https://www.researchgate.net/publication/357804745_Design_and_fabrication_of_micronanofluidics_devices_and_systems
https://www.researchgate.net/publication/357804745_Design_and_fabrication_of_micronanofluidics_devices_and_systems
https://www.researchgate.net/publication/318577368_Nanofluidic_Crystal_Nanofluidics_in_Close-Packed_Nanoparticle_Array
https://www.researchgate.net/publication/318577368_Nanofluidic_Crystal_Nanofluidics_in_Close-Packed_Nanoparticle_Array

	Title
	Correspondence to
	ABSTRACT

