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Abstract-- In this paper a photodetector model containing InAs
Quantum dots (QDs) and InGaAs Quantum well (QW) is
discussed. We discover absorption peaks of InAs QDs and InGaAs
QW in the photoluminescence (PL) spectra simulated. The
photocurrent spectra shows that the most appropriate wavelength
which can get best photocurrent response is 0.86pm and
photocurrent response under positive bias is better than the
negative bias. It can be seen from the current-voltage curve that
current-voltage characteristics of photodetector model have
resonant tunneling phenomenon under both the positive bias and
negative bias, however the function part is different which is
energy level of QDs under the positive bias while energy level of
wetting layer under the negative bias.
L INTRODUCTION

The QDs structure has caused widespread concern in the
past few years because of its potential application in electronic,
magnetic and optoelectronic. Its electrical and optical
properties can be changed by three-dimensional quantum
confinement effect which makes the semiconductor QDs
widely used in single-electron devices and optoelectronic
devices. Meanwhile, its longer electron lifetime in the confined
states and inherent sensitivity make them ideal for the
photodetector. In this study, a photodetector model including
InAs QDs and InGaAs QW is chose due to their unique
properties and potential applications. We found that QDs have
a great effect on the current-voltage characteristics at any
different bias. Also, we observe a negative resistance
phenomenon under both the positive bias and negative bias.

IL MODELING

The model based on a 0.6pum GaAs buffer layer n-doped at
2x10"%cm3, and an undoped 500nm GaAs spacer layer was
grown on the bottom contact. A 15 nm Ing2,Gag73As quantum
well follows the GaAs spacer. InAs QDs capped by 2 nm of
Ing3Gaop7As wetting layer, were separated from 2 nm of GaAs
spacer, 2nm of AlGaAs barrier and 5 nm of GaAs spacer. On
the top contact region, an undoped 10nm GaAs spacer and a
0.3um GaAs cap layer n-doped at 2x10'8¢cm™ were overgrown.
A window of 10x10 um? opens for optical access. Both
contacts on the top and bottom were ohmic contact. The
structure of the entire model is asymmetrical. The band of
structure is calculated by Apsys device. The layer structure of
the model is shown in Fig 1.
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Fig. 1. Schematic band diagram
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Fig.2. Photoluminescence properties

I11. RESULTS AND DISCUSSION

Fig.2 shows typical photoluminescence spectra of the model
including three main peaks. The simulation temperature is set
to room temperature and the InAs QDs PL band is observed at
~0.97um and 1.02um which corresponded to the energy
1.27¢V and 1.21eV. The peak of InAs QDs PL at the lower
energy is associated with the first (s) level and second (p) level.
The absorption peak observed at high energy is related to the
InGaAs well. The corresponding wavelength is 0.92um and
energy is 1.35eV.

Fig.3. (a) is the room temperature photocurrent spectra of the
model at the different negative bias voltages (-3V. -2V and
-1V). With the negative voltage increasing, the photocurrent
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increases significantly while the position of the peak does not
change significantly. Response range of the light is
approximately 0.43um to 1.06um. Photocurrent response
achieves the best performance when the wavelength is 0.86um.
Photocurrent response under positive bias is an order of
magnitude larger than under negative bias.

The model is the relationship between the photocurrent and
excitation power under light irradiation of different excitation
energies as shown in Fig.3. (b). Excitation light intensity range
is from 0 W/m? to 107 W/m?. From the picture we can see that
the size of the photocurrent and excitation power is a linear
relationship, and high slope illustrate the model has a better
response to this intensity of the excitation. It is shown that
when the excitation energy is 1.37eV the slope reaches 4.02
which is the best response in this figure.

As shown in Fig. 4, the current-voltage curve under positive
bias (forward voltage is applied to the bottom) at different light
intensity has two resonant tunneling peaks at DC sweep
voltage range from OV to 4V, and the intensity of the second
peak is much higher than the first peak. As the light intensity
increasing, the intensity of tunneling peak greatly increases and
the position of tunneling is shifted to the right. There is no
remarkable tunneling phenomenon at the dark.
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Fig.3. (a) Room temperature photocurrent spectra of the model, insets:
photocurrent spectra at positive bias voltage. (b) The photocurrent at different
photon energies with excitation intensity changed.
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Fig.4. Current-voltage characteristics at different light intensity

With increasing light intensity, the number of electrons in the
s state of the QDs and resonant tunneling electrons increase,
thus tunneling current increases. At the same time, because the
number of electrons in the s state of the QDs increase, the
position of the level will be sinking and closer to the fermi
level, so it needs more bias to align to the E; and E; states of
the QW then the position of tunneling shifted to the right. The
simulation also finds that current-voltage characteristics of the
model in the dark and negative bias also have resonant
tunneling peak (inset of Fig. 4). The most outstanding peak
corresponds to the alignment of the ground level of InGaAs
QW and the WL state of the QDs’ wetting layer.

IVv. CONCLUSION

The photodetector model including InAs QDs and InGaAs
QW has built and simulated by Apsys software. We have
studied the optical and electrical properties of this model and
find that QDs’ energy level and wetting lay’s energy level have
a great influence on the optical and electrical properties of
photodetector model.

V. ACKNOWLEDGMENT

This work was supported by National Scientific Research
Plan (2011CB932903) and State Scientific and Technological
Commission of Shanghai (No. 118014546).

REFERENCES

[1] Golovynskyi S L, Seravalli L, Trevisi G, et al. Photoelectric properties of
the metamorphic InAs/InGaAs quantum dot structure at room temperature.
Journal of Applied Physics, 2015, 117(21): 214312.

[2] Cerulo G, Nevou L, Liverini V, et al. Tuning the dynamic properties of
electrons between a quantum well and quantum dots. Journal of Applied
Physics, 2012, 112(4): 043702.

[3] Barve AV, Krishna S. Photovoltaic quantum dot quantum cascade infrared
photodetector. Applied Physics Letters, 2012, 100(2): 021105.

[4] Lin Ding, Yan-Qui Li et al. “Weak light characteristics of potential
biosensor unit,” Micro&Nano Letters, 2013, Vol.8, Issuel0, pp.594-597.

[5] M.De Zoysa, T.Asano, T.Inoue, K.Mochizuki,S.Noda. Investigation of
narrow-band thermal emission from intersubband transitions in quantum
wells. Journal of Applied Physics 118, 103101.

[6] Xiao-Jie Yang, Takayuki Kiba, Takafumi Yamamura, Junichi Takayama,
Agus Subagyo,Kazuhisa Sueoka, Akihiro Murayama. Ultrafast spin
tunneling and injection in coupled nanostructures of InGaAs quantum dots
and quantum well. Appl. Phys. Lett.104, 012406.





