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Key Sentences :

1. Investigate the optical properties of nanomaterials using device structures.

2. Elucidate the physics underlying operation of photonic devices at the nanoscale.

3. Develop methods for manipulating quantum states by utilizing nanoscale photonics.
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Outline

Control over the quantum nature of photons at the nanoscale opens up unique opportunities in quantum
information processing. We study the physics underlying the operation of nanoscale photonic devices to explore
new approaches for manipulating quantum states, with focus on devices that make use of individual single-walled
carbon nanotubes. By combining microspectroscopy with electronic techniques, we investigate unconventional
methods for manipulating the optical properties of nanomaterials within device structures, which should form the
basis for future quantum technologies employing integrated quantum photonic circuits.

1. Room-temperature single photon emission from micron-long
air-suspended carbon nanotubes
A. Ishii, T. Uda, Y. K. Kato, Phys. Rev. Appl. 8, 054039 (2017).

We have demonstrated single photon generation at room temperature and
telecom wavelength using air-suspended carbon nanotubes, where exciton
diffusion length is long and therefore exciton-exciton annihilation occurs very
efficiently. Autocorrelation measurements using a Hanbury-Brown Twiss setup
are performed on air-suspended carbon nanotubes (Fig. 1), and we observe clear
photon antibunching, where a peak count at zero delay is smaller than other
peaks. The degree of antibunching is smaller than 0.5, indicating that single Fig. 1: (Top left) Scanning
photons are generated. We use individual carbon nanotubes with emission image of the subsirate with

. trenches. (Top right)
wav_el_engths ranglng_from _1280 nm to 1510 nm and show that all of them Photoluminescence image of a
exhibit photon antibunching, which means that wavelength selectable suspended carbon nanotubes.

room-temperature single photon emitters are achieved. (Bottom) Autocorrelation
histogram, showing single
. . . . L photon emission at room

2. Spectral tuning of optical coupling between air-mode nanobeam cavities temperature.

and individual carbon nanotubes
H. Machiya, T. Uda, A. Ishii, Y. K. Kato, Appl. Phys. Lett. 112, 021101 (2018).

We utilize heating-induced molecular desorption to tune the nanotube
emission in and out of the cavity resonance. Air-mode nanobeam cavities are
fabricated from silicon-on-insulator wafers, and carbon nanotubes are suspended
over the cavities by chemical vapor deposition. We have measured excitation
power dependence of the photoluminescence spectra on those devices. As we
heat up the device by increasing the laser power, a large blueshifting of the 0 100 200 300 400
broad nanotube peak is observed, while the sharp cavity peak slightly redshifts. P (W)
When the nanotube and the cavity peaks are overlapped, we observe the largest "] 2o
emission enhancement, which is 10 times brighter than the off-resonance
emission.
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Fig. 2: (a) Excitation power
dependence of PL. (b) PL
spectra for small (orange) and
large (green) detunings.
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Single carbon nanotubes as ultrasmall all-optical memories
T. Uda, A. Ishii, Y. K. Kato, ACS Photonics 5, 559 (2018).

We report on operation of single carbon nanotubes as optical memories where
we utilize a unique nonlinear optical effect arising from molecule induced
screening. In Fig. 3, we present excitation power dependence on emission
spectra from an air-suspended carbon nanotube. This result shows that the
nanotube can takes two different output states for the same input, depending on
the excitation history. Our results could lead to an unconventional route for high

density integration of all-optical memories.
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Fig. 3: Excitation power
dependence  on  emission
spectra from an air-suspended
carbon nanotube.
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