Chapter 6 — Conclusion and Future Work

6.1 Conclusion

An innovative double-corrugated C-aperture was proposed and successfully
demonstrated by simulations and experiments. The combination of the corrugation
and the single-ridge-like nano-waveguide, which signifies the hybrid of the surface
plasmon coupling effect and the propagation mode, stands for a dual applicability in
data storage system and biosensor engineering. Such a nano-aperture design
transcends over the conventional concept and extends its feasibility to another
applied technology.

The physical mechanisms that lead to unusual transmission through the
C-aperture, the funnel effect and the existence of the propagation mode, were
derived by analyzing its power throughput as functions of its dimensions. Another
remarkable contribution lies in thelinear scale down effect and the invariance of the
correspondence relation, greatly facilitating.to design a C-aperture that possesses
adequate power throughput on arbitrary dielectric substrates. In this phase, the
power throughput is enhanced by.a factor of ~10* in comparison with a 60*60 nm?
square aperture at a comparable spot size.

As the grooves were introduced, the physical meanings corresponding to its
parameters are deduced by quantum mechanics and solid state physics. The
incident-side groove can conduce to a further field enhancement by a factor of 3.84
so that, compared to a 60*60 nm? square aperture, an enhancement with ~10° in
power throughput is obtained. Furthermore, the exit-side groove will change the
tield distribution of the emitted light and can diminish the spot size by 44 nm
accordingly.

Experiments were also carried out to demonstrate the calculation and analyses.
Employing FIB with critical dimension of 100 nm, the apertures can be re-produced
well. The near-field field distribution was scanned by an NSOM. While the

transmitted energy of the circular aperture was obscured by the background noise,
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the C-aperture yields a signal-noise-ratio up to 40 dB, indicating the strong near-field
enhancement. Exploiting FTMS, the far-field transmission enhancements of 17.8 and
33.0 were obtained, demonstrating the propagation mode of the C-aperture and the
surface plasmon polariton coupling effect by the groove, respectively. These
experimental results qualitatively agreed with the calculation, suggesting both the

academic value and practical utility of this aperture design.
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6.2 Future works

The core in the future works is the integrated case. The simulation will proceed
to the C-aperture with the surface corrugations on the fiber tip. The experiment of
the C-aperture on a slanting end face of a fiber will be implemented in the near
future. If the simulated power throughput is further enhanced by the surface
corrugation applied on the fiber, it will be also fabricated to demonstrate the
calculation. Nevertheless, the fiber-based light delivery module, especially the

integrated case, is attempted to realize the hybrid recording, as shown in Fig. 6.2-1.

Suspender

Fiber-based Light
Delivery Module

Fig. 6.2-1 Fiber-based light delivery module in realization of hybrid recording
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