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Abstract⎯The results of investigations of mid-infrared photodetectors based on InAsSbP quantum
dot (QD) grown on InAs(100) substrate by modified liquid phase epitaxy are presented. The atomic
force microscope measurements have shown that the surface density of grown QDs is (4–8) ×
109 cm−2. Also, the morphology and crystalline quality of grown QDs are investigated by a scanning
tunneling microscope. Photodetectors based on n-InAs(100) substrate with InAsSbP QDs on its
surface were fabricated in the form of a photoconductor cell. The photoresponse spectrum extended up
to 4 μm was observed. The optical properties of fabricated structures were investigated under He–Ne
laser irradiation with wavelength of 1.15 μm. It was found that the relative surface conductance
increases by 16% at power density of 0.15 W/cm2. Capacitance hysteresis with maximal remnant
capacitance of 2.17 nF at 103 Hz was observed as well.
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1. INTRODUCTION
It is well known that the main challenges of nanoelectronics and nanotechnology are not only the
fabrication and manipulation of properties of different types of nanostructures, but also their application
in semiconductor devices with improved characteristics. Because of quantum confinement of charge
carriers (electrons and holes in semiconductors) quantum dots (QDs) show a discrete spectrum of energy
levels like the natural atoms and can be considered as artificial atoms [1]. More than natural atoms, the
properties of QDs can be tuned on demand adjusting their size, composition and morphology, etc. In
recent years QDs have been promising for applications in solar cells, LEDs, photodetectors, quantum
computing systems, etc. Nowadays, the development of photodetectors is manly based on the nature of
semiconductor nanostructures. Especially, semiconductor structures based on quantum wells (QWs) and
QDs are of great interest for next generation infrared (IR) devices [2]. Quantum well IR photodetectors
(QWIP) possess the availability of the mature of A3B5 fabrication technology and their solid solutions.
This type of photodetectors has a narrow absorption spectrum that can be tuned by varying the quantum
well width, composition of materials, etc.
There is a large range of A3B5 materials and their solid solutions available for allowing the bandgap
tailoring. For instance, InAs/GaSb superlattices for advanced infrared focal plane arrays [2], a
microscopic model of QWIP [3], multi-band and broadband infrared detectors based on A3B5 materials
for spectral imaging instruments [4], as well as mid- and long-wavelength megapixel portable QWIP
imaging cameras [5] were developed and investigated. Despite the achieved success of QWIPs, quantum
dot infrared photodetectors (QDIPs) are predicted to have superior performances compared to QWIPs
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[6, 7] such as sensitivity to normal incidence infrared radiation, low dark current which enables high
temperature operation (up to room temperature), high responsivity and detectivity resulting from the
longer carrier lifetimes due to the suppressed electron-phonon scattering.
It is well known that the InAs, InSb, InP compound and their solid solutions are a promising material
system for mid-infrared photodetectors. Quaternary InAsSbP alloys have been successfully used for
nucleation of QDs. In the first experiments to grow nanostructures with that composition, GaAs was used
as a substrate [8]. The QDs were characterized by photoluminescence measurements at 4 K temperature.
In a result, a photoluminescence peak at 1.65 μm was observed. QDs with InAsSbP composition have
been successfully grown on InAs substrates as well [9–14]. In contrast, these structures were described
with absorption range of 3–5 μm.
In the present work we report our efforts to fabricate and investigate IR photoconductive cells with
InAsSbP QD grown from In-As-Sb-P liquid phase on the surface of an n-InAs(100) substrate. The
morphology of QDs is investigated, the spectrum of photoresponse and other optoelectronic properties of
fabricated photodetectors are measured.
2. EXPERIMENTAL TECHNIQUE
To grow InAsSbP QDs, we used a modified liquid phase epitaxy (MLPE) technique [9]. The growth
process was performed in a slide-boat crucible under a hydrogen atmosphere purified by a palladium
filter. The liquid phase consisted of In (7N) solvent and InAs, InP, Sb (6N) solutes was used to nucleate
QDs. As a substrate, n-InAs industrial single crystal with 11 mm in diameter, (100) orientation,
background electron concentration of 2 × 1016 cm–3, and electron mobility of 45000 cm2V–1s–1 at 78 K
was used. Lattice mismatch between the substrate and wetting layer was chosen to provide the growth of
InAsSbP nanostructures in Stranski–Krastanow mode [15, 16].
To investigate the morphology and crystalline properties of grown nanostructures, atomic force
microscope (AFM) and scanning tunnelling microscope (STM) were used. Then, IR photodetectors were
fabricated in the form of photoconductive cells (PCC). Actually, the PCCs consist of InAs substrate and
InAsSbP QDs grown on its surface (Fig. 1). The room temperature capacitance–voltage characteristics of
the PCCs were measured by a high precision LCR-meter (QuadTech-1920). The relative conductivity
change of the IR photodetectors was measured under irradiation of He-Ne laser at 1.15 μm. To investigate
the photoresponse spectrum of fabricated structure we used an IKS-21 spectrometer.

Fig. 1. Scheme of the QD IR photodetector.
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3. RESULTS AND DISCUSSION
The structural and statistical characteristics of grown QDs were investigated by AFM (Fig. 2a). The
results have shown that the average surface density and heights of the QDs are in the range of (4–8) ×
109 cm–2 and 0.5–21 nm, respectively. In average, the width of the QD exceeds the height by about 3
times. A STM image of a single InAsSbP QD is presented in Fig. 2b.

Fig. 2. (a) AFM image of InAsSbP QDs (oblique view) grown on InAs(100) substrate and (b) STM image of
a single InAsSbP QD.

The photoresponse spectrum of fabricated photodetector was measured at room temperature applying
biases up to 6 mV. It was found that the spectrum is extended up to 4 μm with main peak at 3.48 μm (Fig.
3). This peak coincides with the energy bandgap of InAs (Eg = 0.355 eV) at room temperature. The
observed additional peaks (see Fig. 3) are the results of charge carrier transitions through energy levels
created by type II InAsSbP QDs [17, 18].

Fig. 3. Normalized spectrum of photoresponse of the QD IR photodetector at room temperature and different
biases: 1 – 6 mV, 2 – 2 mV and 3 – 1 mV.

Also, we measured the dependence of the relative surface conductance (Δσ/σd) of the QD IR
photodetector on power density of He–Ne laser irradiation at 1.15 μm, where Δσ is the change of
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conductance under irradiation and σd is the dark conductance (Fig. 4). At power density of 0.15 W/cm2,
the relative surface conductance was increased by about 16%, that is a good result for the PSS based on
narrow band semiconductors and operating at room temperature.

Fig. 4. Relative conductivity change (Δσ/σd) versus power density of He–Ne laser irradiation at 1.15 μm.

Next, the capacitance–voltage characteristics (C–V) of the QD photodetectors were measured at room
temperature in the range of 103–106 Hz. The room temperature C–V characteristics measured at 104 and
106 Hz are presented in Fig. 5. The arrows show the voltage change direction during the measurement.
One can notice that a capacitance hysteresis is revealed, i. e. at increasing and decreasing the voltage the
value of capacitance does not remain the same (Fig. 5). Detected hysteresis can be explained by the
remnant polarization occurred in type II QDs due to spatial separation of electrons and holes. The
remnant capacitance (ΔC) with maximal value of 2.17 nF at 103 Hz is shown in Fig. 5.

Fig. 5. Capacitance–voltage characteristics of the QD photodetector at different frequencies. The arrows
show voltage change direction during the measurement.
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When we plotted the remnant capacitance versus frequency at room temperature, an interesting effect
was found; the remnant capacitance decreases at increasing frequency up to 104 Hz, then becomes
constant (slightly increases) in the range of 104–105 Hz, and continues decrease up to 106 Hz becoming
zero at 7 × 105 Hz (Fig. 6). After this ‘critical’ frequency the capacitance hysteresis becomes ‘negative’
and the physical behavior of C–V characteristic is changed to opposite. This phenomenon can also be
noticed from Fig. 5, where the increasing in the capacitance in the case of voltage increasing is changing
to the decreasing in the capacitance, when the frequency becomes higher compared to the ‘critical’
frequency.

Fig. 6. Remnant capacitance (ΔC) of the QD photodetector versus frequency.

4. CONCLUSION
The results of investigations of IR photodetectors based on InAsSbP QDs grown on InAs(100)
substrate by modified liquid phase epitaxy are presented. The surface density of the QDs is (4–8) ×
109 cm−2. The photoresponse spectrum extended up to 4 μm is observed. It is shown that at room
temperature the relative surface conductance of the QD photodetector increases by 16% at irradiation
wavelength of 1.15 μm and power density of 0.15 W/cm2. Capacitance hysteresis with maximal remnant
capacitance of 2.17 nF at 103 Hz was observed as well.
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