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Single photon generation using carbon nanotube charge-pumping devices
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Toward future quantum information and communication technologies, practical
single photon emitters with room-temperature operation and telecommunication emission wavelength are
strongly desired. In this work, we have utilized unique properties of excitons in carbon nanotubes
for developing such ideal quantum light sources. We have performed time-resolved optical
measurements on air-suspended carbon nanotubes and obtained emission lifetimes and diffusion
properties of excitons in detail, which lead to optimized device design for ideal single photon
emitters. In addition, we have demonstrated integration of dopant state emitters in carbon nanotubes

and silicon photonics. Emission from excitons localized at detects are coupled to photonic crystal
microcavities, which results in bright and narrow linewidth single photon emission at room
temperature.



1 nm

nm

PN

o

(NV

1 nm

2)

nm

Exciton
Generation\ ,#

Diffusion
and EEA -~ —

a x =

Single photon
emission

2.
(EEA)



@
SOl (silicon on insulator)

DOC (6,5)

« 3
3.
(
)
@
loﬂ L
E 10t '.
) S '5
E 102 :
( 5 ;
) ‘.
103 :
80 ps 05 10 15 20 25 30 35
Time (ns)
4.
50%
3um
@
50
30% 18
0.95
HBT (Hanbury Brown Twiss)
(9?(0)=0.1)
17 MHz

1550 nm



o

5
S. Tanaka, K. Otsuka, K. Kimura, A. Ishii, H. Imada, Y. Kim, Y. K. Kato, “Organic
molecular tuning of many-body interaction energies in air-suspended carbon
nanotubes”, J. Phys. Chem. C 123, 5776 (2019), reviewed.
DOI: 10.1021/acs.jpcc.8b12496
A. Ishii, X. He, N. F. Hartmann, H. Machiya, H. Htoon, S. K. Doorn, and Y. K. Kato,
“ Enhanced single photon emission from carbon nanotube dopant states coupled to
silicon microcavities”, Nano Lett. 18, 3873 (2018), reviewed.
DOI: 10.1021/acs.nanolett.8b01170
T. Uda, A. Ishii, Y. K. Kato, “Single carbon nanotubes as ultrasmall all-optical
memories”, ACS Photonics 5, 559 (2018), reviewed.
DOI: 10.1021/acsphotonics.7b01104
H. Machiya, T. Uda, A. Ishii, Y. K. Kato, “Spectral tuning of optical coupling between
air-mode nanobeam cavities and individual carbon nanotubes”, Appl. Phys. Lett. 112,
021101 (2018), reviewed.
DOI: 10.1063/1.5008299
A. Ishii, T. Uda, and Y. K. Kato, “Room-Temperature Single-Photon Emission from
Micrometer-Long Air-Suspended Carbon Nanotubes”, Phys. Rev. Applied 8, 054039
(2017), reviewed.
DOI: 10.1103/PhysRevApplied.8.054039

7
A. Ishii, H. Machiya, Y. K. Kato, “ Decay dynamics and diffusion properties of bright
and dark excitons in air-suspended carbon nanotubes” , International Conference on
the Science and Application of Nanotubes and Low-Dimensional Materials (NT19),
Wuerzburg, Germany (July 21-26, 2019, to be presented).
A. Ishii, H. Machiya, Y. K. Kato, “Decay Dynamics and Diffusion Lengths of Bright and
Dark Excitons in Air-Suspended Carbon Nanotubes”, 235th Electrochemical Society
Meeting, Dallas, Texas, USA (May 29, 2019).
A. Ishii, H. Machiya, Y. K. Kato, “Decay dynamics and diffusion lengths of bright and
dark excitons in air-suspended carbon nanotubes”, The 56th Fullerenes-Nanotubes-
Graphene General Symposium, Tokyo, Japan (March 3, 2019).
A. Ishii, X. He, N. F. Hartmann, H. Machiya, H. Htoon, S. K. Doorn, Y. K. Kato,
“Enhanced single photon emission from carbon nanotube dopant states coupled to
silicon microcavities”, JSAP-OSA Joint Symposia, the 79th JSAP Autumn Meeting
2018, Nagoya, Japan (September 20, 2018).
A. Ishii, T. Uda, X. He, N. F. Hartmann, H. Machiya, H. Htoon, S. K. Doorn, Y. K. Kato,
“Room-temperature single photon emission from carbon nanotubes”, 7th Workshop on
Nanotube Optics and Nanospectroscopy (WONTONZ2018), Hakone, Japan (July 9,
2018).
A. lIshii, T. Uda, Y. K. Kato, “Room-temperature single photon emission from
micron-long air-suspended carbon nanotubes”, JSAP-OSA Joint Symposia, the 78th
JSAP Autumn Meeting 2017, Fukuoka, Japan (September 7, 2017).
A. lIshii, T. Uda, Y. K. Kato, “Room-temperature single photon emission from
micron-long air-suspended carbon nanotubes”, Fundamental Optical Processes in
Semiconductors (FOPS) 2017, Skamania Lodge, Washington, USA (August 31, 2017).

http://katogroup.riken.jp/ja/

RIKEN Research Highlights
http://www.riken.jp/en/research/rikenresearch/highlights/20180727_FY20180020/



@



