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Abstract:
As a fundamental tool in single-molecule science, optical tweezers have been used broadly for decades. The Wang 
Lab has developed a nanophotonic standing-wave array trap (nSWAT) device, which integrates the functions 
of a conventional microscope-based optical tweezer into a centimeter-scaled chip. Here, we present our latest 
progress on nSWAT applications, focusing on high enough force generation. This increased force enables us to 
unzip an array of DNA molecules along the waveguide, thus providing a platform for parallel single-molecule 
measurements.

Summary of Research:
In the past few years, the Wang Lab has been working 
on developing the nanophotonic standing-wave array 
trap (nSWAT) device, aiming for high-throughput single-
molecule manipulations and measurements [1-6]. In 
principle, the nSWAT is generated by the interference of two 
counter-propagating waves along a single-mode waveguide. 
Polystyrene beads attached to biomolecules like DNA can 
be trapped within the antinodes of the near-field evanescent 
waves at the waveguide surface (Figure 1). As a result, those 
biomolecules can be manipulated in parallel by modulation 
of the trapping array. For instance, a simple application of 
parallel DNA molecule sorting has been demonstrated [2]. 

To further make use of the nSWAT platform for fundamental 
single-molecule studies, such as an unzipping assay for 
protein-DNA interaction, we have to overcome the force 
limitation of the existing nSWAT. Recently, a more advanced 
version of the Si3N4 nSWAT (operated at 1064 nm laser) [3] 
has been developed to enhance the maximum trapping force 
applied to the biomolecules, and includes features such as 
minimized absorption and bending loss as well as a fastest 
heater reset time. Increased trapping force enables us to 
unzip DNA molecules, and expands opportunities to study 
protein-DNA interaction in a high-throughput manner. 

Figure 1: An SEM image of the waveguides at the trapping region (fluid 
pool). A standing wave is generated along each waveguide, forming a 
trapping array for 380 nm polystyrene beads. The dot arrays near the 
waveguides are fiducial marks for monitoring the global drifting during 
operation. (See cover for more detail.)
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So far, this technique has been applied to locate a bound 
protein with nearly nm spatial resolution, which serves as a 
benchmark of on-chip optical trapping techniques. We hope 
this high-throughput technique can become a fundamental 
tool in other aspects of biological studies.

The achievements based on the nSWAT have led to six 
publications [1-6]. The latest demonstration of unzipping 
DNA to map a bound protein has been submitted for 
publication this year.
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