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Abstract:

Optical trapping force has been the greatest limitation of the
nanophototic tweezer platform. To overcome this obstacle, we Si nSWAT
designed and fabricated a resonator nanophotonic standing-
wave trap (RnSWAT) device that supports significant force
enhancement. As a result, the maximum force is no longer
a limiting factor for standard single-molecule experiments,
such as DNA stretching and unzipping. We experimentally
demonstrated bound protein localization through unzipping
a DNA molecule on the RnSWAT and achieved a maximum
trapping force of 20 pN with sub-pN and sub-nm resolution. The
RnSWAT is the first reported nanophotonic platform realizing
standard table top single-molecule measurements.

Summary of Research:

Our lab developed the nanophotonic standing-wave array trap
(nSWAT) device. The nSWAT makes use of two counter-propagating
modes to form multiple trapping spots along waveguides [1-7]. The
first demonstration of the nSWAT device used a silicon (Si) waveguide
(Figure 1) [1]. However, due to the strong non-linear absorption, the
laser power cannot be efficiently delivered to the Si waveguide at the
trapping region.

To resolve this problem, we developed an Si,N, device coupled with
1064 nm laser for the second generation of the nSWAT (Figure 1) [2].
To generate more force, we designed the waveguide path so that the
force would be doubled at the trapping region, which we termed as
the double-force nSWAT (Figure 1) [3]. However, these nSWAT devices
still could not achieve sufficient force for high-force single-molecule
experiments, which typically require at least 15 pN.

Figure 1: Development progression of the nSWAT
platform. Gray structures denote waveguides, and red
generate ~ 20 pN force using a resonator waveguide loop (Figure 1) [7]. arrows indicate light propagation [7].

The resonator nSWAT wavegudies were patterned with deep ultraviolet

Last year, our lab finalized the latest generation of nSWAT. We can now
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(DUV) lithography. Multiple heaters were deposited on the waveguides
(isolated with SiO, protection layers) to realize the control of the
standing-wave position as well as the resonance condition.

A 15-um tall and 100-pm wide SU-8 flow channel was patterned to allow
the biological sample injection to the waveguides at the trapping region
(Figure 2). The resonator nSWAT was then used for single-molecule
measurements.

We demonstrated simultaneous unzipping of five DNA molecules [7].
The capability of unzipping through DNA molecules opened up the
opportunity of more advanced single-molecule measurements, such
as protein localization. We also demonstrated high-throughput Zral/
dCAS9 localization at base-pair resolution with the DNA unzipping
mapper technique on the resonator nSWAT [7]. We believe the resonator
nSWAT can be a fundamental platform for a broader range of single-
molecule applications.
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Figure 2: SEM of the fluid pool containing waveguides
of the trapping region. The scattering gratings of the
four light intensity samplers from the two resonators
are clearly visible. Scale bar is 20 um [7].
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