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Abstract  
Single molecule detection is of vital importance for fundamental biotechnology research and 
practical applications. Among the numerous single molecule detection techniques, solid-state 
nanopores have been developed as single molecule sensors for the investigation of unlabeled 
biopolymers such as DNA, RNA and protein owing to their robustness, pore size controllability and 
tunability of physical/chemical properties. The most commonly used method today to form ultra-
small nanopores relies on using focused high energy electron beams on a transmission electron 
microscope (TEM). However, the sophisticated operation of TEM, high cost and low throughput 
limit its extensive applications. In this work, we start with electron beam lithography combined with 
reactive ion etching to massively prefabricate nanopores with relatively large size in free-standing 
silicon nitride membranes. Then, electron beam irradiation is used to deposit carbon with a 
conventional scanning electron microscope so as to reduce the size of prefabricated pores. This 
process leads to the controllable formation of solid-state carbon nanopores sub-30 nm in diameter. 
We subsequently use the carbon nanopores to study translocation of λ-DNA as a demonstration of 
the capability of such carbon nanopores. By tuning bias voltage, the translocation events show 
regular changes in amplitude, dwell time and appearance frequency. With this advanced nanopore 
platform, detection of single DNA molecules is achieved with a high signal-to-noise ratio of ~6. 
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Schematic of the experimental system for detecting single 
DNA molecule with a nanopore. The inset shows a 
scanning electron micrograph of a 30 nm carbon nanopore. 
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