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Extended Abstract

In the past two decades, solid-state nanopores have become a popular tool for the detection and characterisation of
biomolecules such as DNA, proteins, and virus. The basic experimental setup for nanopore sensing comprises two
compartments of electrolyte solution connected solely by a single pore with a diameter ranging from 1-50 nm. Nanopore
techniques measure the flux of ions in a nanopore within a detection volume of 102 litres and can detect biomolecules in
the nanomolar concentration range. A target molecule diffusing into the nanopore excludes some of the conducting ions,
resulting in a measurable ionic current blockade that directly corresponds to the molecule’s volume and residence time.
Compared to biological nanopores, solid-state nanopores are garnering increasing interest due to their robustness and their
potential to be fabricated at virtually any size below 1 um.

While current nanopore fabrication processes using ion or electron beam drilling can produce nanopores with 1-nm
precision, these methods often require advanced skill and specialized instrumentation, limiting broad access. In this
presentation, | summarize several of our research works on nanopore fabrication in the attempts to address challenges in
DNA and protein sensing [1-6]. It will be shown that controlled breakdown can generate cone-shaped nanopores with precise
size control of 2 to 4 nm.[2] These nanopores are able to discriminate 20-nucleotide single-stranded DNA composed of
homopolymers (poly(dA)2o, poly(dC)2o, and poly(dT)z) by their ionic current signals. Analysing and classifying proteins
using nanopores, on the other hand, comes with different challenges due to their wide size distribution ranging from 1 nm to
100 nm. The attempts to fabricate large nanopores with diameters exceeding ~20 nm via breakdown often result in the
undesirable formation of multiple nanopores in SiNx membranes.[3] To address this issue, we employed laser-induced
breakdown (LBD) to improve the probability of formation of single nanopores with diameters of 20-50 nm.[4] In addition
to the problem of pore size, protein detection was limited to low bandwidth measurements due to high signal noise, limiting
the ability to determine the conformation of proteins that translocate quickly. To mitigate the detrimental effects of signal
noise, we increased the recording bandwidth by designing and fabricating glass nanopores that exhibit low noise
characteristics, resolving protein translocation signals using up to 1 MHz bandwidth recordings without compromising
signal-to-noise ratio.[5] By conducting a rigorous analysis process, we have demonstrated that data gathered from a nanopore
can discriminate proteins based on their size, shape and dipole moment without any tethering.[6] We believe that these
approaches of generating nanopores for various applications will further accelerate the development of nanopore-based
characterization of single molecules.
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