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1. Introduction
Single-photon emitter (SPE) plays an important role in
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quantum key distribution (QKD). There are many candii-GaAs (50 nm)
dates for SPEs. Especially, the quantum dot (QD) is one of
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the strongest ones, because of its quantum states that arise
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from three dimensional quantum confinements. Optically
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excited SPEs with QDs were demonstrated from visible to
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near infrared wavelength [1-5].
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Electrically driven single-photon emitters (ED-SPE)
with QDs are the final goal for SPE, because devices of
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QKD systems have to be small and controlled by electrical
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signals. Several groups focused on development of
Fig. 1 (a) Schematic illustration of the epi-layers. (b) Atomic
ED-SPEs [6-8]. The realization of QKD for telecommuniforce microscope image of the QD.
cation needs operation at longer wavelength which is called
optical fiber bands (λ > 1.26 µm). ED-SPE with the longest
wavelength has barely reached the optical fiber band [9],
In order to access single QDs, we fabricated nano-scale
though optically excited SPE had already been demonsmall apertures which had small ohmic contact area, on the
strated at the C-band (1.55 µm) [5]. For practical use,
top Au electrode. There were seven main steps in fabricating the device which was consisted of sputtering SiO2, patED-SPE needs much longer wavelength and other requirements (for example: lower electric power, higher-speed
terning by photolithography, etching an SiO2, etching
operation etc.).
p+-GaAs, evaporating SiO2, evaporating a Ti/Pt/Au elecIn this paper, we report on an ED-SPE operating at an
trode and removing the resist. In fabricating this device,
optical fiber band. We succeeded in fabricating small ohonly wet etching was used to minimize the damage that was
mic contact area and observing the electroluminescence
caused in fabricating the device. The SEM images (Fig. 2
(EL) from single QD at the center of the O-band (1.32 µm).
(a), (b)) show that the ohmic contact was limited only small
area around an aperture (Fig. 2 (c)).
The small contact area reduced parallel current leak and
heat generation.
2. Experiments and Results
The InAs/GaAs QDs were grown by metal organic
chemical vapor deposition on an n-type substrate. In order
to tune the wavelength of photons emitted from QDs to the
optical fiber wavelengths, InAs QDs were capped with
InxGa1-xAs strain-reducing layer (SRL) [10]. We used SRL
with x = 0.17 for 1.3 µm EL at 7 K.
The device consist of six epi-layers. (Fig. 1 (a)) The n-type
layers are a GaAs buffer layer and an Al0.1Ga0.9As barrier
layer with doping concentration of 1×1018 cm-3. The intrinsic layers are a GaAs, an InAs QD layer, an In0.17Ga0.83As
SRL, and a GaAs layer. The p+-type layer is a GaAs with
doping concentration of 1×1019 cm-3. The QD density of
this sample is about 8.0×109 QDs/cm2 enume rated from
the atomic force microscope image. (Fig. 1 (b))
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Fig. 2 (a) SEM image of the device. Small ohmic contact area
was realized around an aperture. (b) Cross sectional SEM image
of the device. (c) Schematic illustration of the device.
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Figure 3 (a) shows current I of this device as a function
of external bias voltage V at 7K. The current was increased
rapidly over threshold voltage Vth = 1.2 V. The EL started
to appear above Vth. The small ohmic contact (Fig. 2(c))
realized clear diode behavior without parallel leak current.
Figure 3 (b) shows the current dependence of the EL
spectra from a large aperture whose diameter is 20 µm. The
current dependence of the EL spectra showed that the
ground state (the first excitated state) of exciton concentrated around the 1.32 µm (1.24 µm).
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Fig. 3 (a) I-V characteristic. (b) EL spectra from the large aperture.

We measured the micro-EL with conventional microPL setup at 7 K. The emitted photons were collected
through an objective lens (Numerical Aperture is 0.5).
Photons were dispersed by 0.6 m triple grating monochromator and detected with a liquid-nitrogen-cooled InGaAs
multi-channel detector. The energy resolution of this setup
was about 60 µeV in micro-EL measurements.
Figure 4 shows typical micro-EL spectra for various injected current over an aperture with 650 nm in diameter.
Narrow emission lines were observed from 1319.9 to
1324.9 nm in the region of the ground state (Fig. 3 (b)) assigned by the EL measurements from the large aperture.
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Fig. 4 EL spectra from single QDs. Arrows indicate wavelength and Imax of the single exciton emission.
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With increasing the current, the EL intensities from single
exciton emission increased linearly, then showed saturation
behavior. The current Imax for each single exciton, which is
at maximum intensity of the EL, was distributed in the rage
from 26 to 127 nA. They were lower than the former report
[5-7]. These results showed that our device has advantages
in realizing ED-SPE in the point of a low electrical power.
On the other hand, due to the low damage device fabrication, the maximum count rate of these lines (20 cps) was
about five times larger than that of the previous device [11].
3. Conclusions
In summary, we succeeded in fabricating single InAs
QD LED which has small ohmic contact area. Due to the
reduction of ohmic contact area, the device showed clear
diode behavior without parallel leak current. The EL lines
of single exciton were clearly observed around the center of
the O-Band (λ = 1319.9 to 1324.9 nm) at 7 K from the aperture. The current Imax for each single exciton was distributed in the range from 26 to 127 nA. These results were
expected low power ED-SPE. Comparing with the previous
device, the count rate of this device was increased due to
the low damage fabrication. Further improvements of the
photon collection efficiency to realize a QKD system using
an ideal SPE at optical fiber bands is now going on.
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