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Abstract. Broad spectral detection device based on single a-MoO3 microbelt/p-Si heterostructure was fabricated by a
simple way. The device based on the a-MoO3 microbelt/p-Si heterostructure shows a fast, high responsivity and broad
light detection range from 365 to 660 nm, covering the ultraviolet (UV) and visible regions. The high responsivity, broad
spectral detection, fast response and stability make a-MoO3 microbelt/p-Si heterostructure to apply for constructing
optoelectronic devices. Furthermore, it will provide a new way for fabrication of high-performance broad spectral
detection device.
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Introduction

In recent years, various one-dimensional semiconductor
nanomaterials have been extensively investigated. One
important property is photoconductivity which can be
applied for photodetector applications [1–4]. However, for
most of the research, it involved complicated process to
integrate the one-dimensional semiconductor into functional devices. Furthermore, it will always damage one-dimensional semiconductor with additional fabrication steps.
Meanwhile, it can only work in certain single wavelength
light or the light with a narrow range [5–8]. Broadband light
detectors range from ultraviolet (UV) to visible and have
great importance for varied applications [9–12]. And broad
spectral detection is beneficial for extending the application
range of photodetectors. However, there are a number of
difficulties in fabricating such broad spectral detector. For
example, inhomogeneous responsivity between the UV and
visible regions. Meanwhile, it will also need large-scale and
low-cost integration.
As a wide-gap n-type semiconductor, a-MoO3 has
received much attention in the field of opti-electrical fields
[13–15]. Due to the high work function properties, a-MoO3
was widely applied in various organic electronic devices.
For example, it has been used for organic light emitting
diodes (OLEDs) as a transparent anode and hole transport
layers [16]. Recently, Liu et al [17] reported the MoO3-x/Si

heterojunction photodetectors with nanoporous pyramid Si
Arrays. These findings suggest that the photodetectors have
great application potential in optical communication.
In this work, we introduce a simple way to fabricate highperformance broad spectral detector by simply transferring
an individual a-MoO3 onto p-type Si substrate. The device
displays a fast, high sensitivity and stable photoresponse
with broad light detection ranging from UV to visible
region. It will provide a new way for fabrication of highperformance broad spectral detection device.

2.

Experimental

The fabrication of a-MoO3/p-Si heterostructure involves
two steps. Firstly, a-MoO3 microbelt was prepared by
vapour transport method which has been reported formerly
[18]. In a typical experiment, about 10 g of (NH4)6Mo7O244H2O was placed in an Al2O3 crucible in the furnace, and it was heated to 1250°C and maintained for 1 h.
Finally, a-MoO3 microbelt was collected near the door of
the furnace. To fabricate single a-MoO3 microbelt devices,
a thin layer of SiO2 was partly coated on the p-Si to serve as
an insulating layer. And subsequently, Au thin layer was
deposited on the SiO2 insulating layer. The single MoO3
microbelt was placed on the p-type Si across the region with
pure Si and Au/SiO2/Si. Finally, Au/SiO2/Si was contacted
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by Ag paste which served as the cathode, while another Ag
electrode on the one side of p-Si.
The photoresponse measurement was performed by
switching the light from a portable LED lamp with a fixed
bias voltage. In a typical experiment, four typical given
lights of 365, 450, 550 and 660 nm crossing over the UV–
visible range were used for excitation. Keithley 2400 voltage source instrument was used to test the photoresponse
characteristics at room temperature.

3.

Results and discussion

Figure 1a depicts an optical microscope image of as-grown
a-MoO3 microbelt/p-Si device, which reveals the formation
of the microbelt. The diameter is typically around 5 lm
with length of *200 lm.
Figure 2 shows the typical I–V curves of a-MoO3
microbelt/p-Si device which is exposed to different wavelength lights with 365, 450, 550 and 660 nm ranging from
UV to visible region. It can be noticed from this figure that
the a-MoO3/p-Si heterojunction exhibits rectifying behaviour under forward and reverse biases. The device is a

Figure 1. Optical microscope image of a-MoO3 microbelt/p-Si
device.
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typical diode, and presented an on-state in the reverse bias
and an off-state in the forward bias. This rectifying behaviour is attributed to heterojunction potential barrier at the
a-MoO3/p-Si interface. The device is a photovoltaic
detector because the currents under the forward biases are
not changed. The photocurrents are around 102 times larger
than the dark currents under the 5 V reverse bias.
Figure 3 illustrates the time photoresponse of the photodetectors with different wavelength LEDs at a fixed
reverse voltage of 5 V. The incident LED light radiation
was switched with an on/off interval of 1 s controlled by
rapid shutter. It can be seen under different wavelength
LED illuminations; the photocurrent of the device is consistent and repeatable with no degeneration effect and persistent photoconductivity behaviour found during the light
on/off interval process. The on/off ratio is *46.7 (365 nm),
*45.1 (450 nm), *29.3 (550 nm) and *62.1 (660 nm),
respectively.
Figure 4 shows the single period process for a-MoO3/p-Si
heterojunction under UV–visible LED illumination. From
the magnified rising and decaying edges of photocurrent
device, which indicated the rapid characteristic of the
device. A fast photoresponse was clearly observed for the
MoO3/p-Si heterojunction photoconductor under different
wavelengths. The rise time (tr) which defines the photocurrent to reach from 10 to 90% of its maximum value is
&20 ms for UV–visible LED illumination, the decay time
(td) for the photocurrent to decrease from 90 to 10% of the
peak value is &20 ms under UV–visible LED illumination.
The results indicated that the device has rapid photoresponse characteristics. This is faster than most of the other
photodetectors [19–23]. It should be mentioned that 20 ms
is the present experimental setup limitation. Meanwhile, the
comparison of device performance with similar photodetectors was provided, and it was listed in table 1. It can be
seen that the individual a-MoO3/p-Si heterojunction shows
rapid response time than that with the similar structure.

Figure 2. I–V characteristics of the a-MoO3/p-Si in dark and
under illumination of various wavelengths.
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Figure 3. Time photoresponse of the a-MoO3/p-Si under illumination of various wavelengths: (a) 365,
(b) 450, (c) 550 and (d) 660 nm.

Figure 4. The single period process for a-MoO3/p-Si heterojunction under illumination of various
wavelengths: (a) 365, (b) 450, (c) 550 and (d) 660 nm.
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Comparison of device performance with similar photodetectors.

Structure

Responsivity (A/W)

On/off ratio

Spectral range (nm)

Rise time

Decay time

Ref.

MoO3 nanobelts
MoO3 film/Si
Individual MoO3
Individual MoO3/p-Si

*0.03
0.41
—
2 9 104 @365 nm

[100
16.7
11.7
46.7

375
365
254
365–650

1s
320 ms
45 ms
20 ms

1s
230 ms
25 ms
20 ms

[21]
[22]
[23]
This work

Figure 5. Time-resolve photocurrent response under the UV–visible illumination with various light
powers: (a) 365, (b) 450, (c) 550 and (d) 660 nm.

Figure 5 shows the time-resolve photocurrent response
under the UV–visible illumination with various light powers. The incident UV light power was changed by adjusting
the current of UV–visible LED light source. It can be seen
obviously that photocurrent step-like increases as the UV–
visible LED light intensity is increased. The results proved
that the device is sensitive to the UV–visible light power.
The measured absolute current increased significantly with
light illumination, which indicated that the device can be
used to detect the UV–visible light power.
Figure 6 displays the relationship between the photocurrent and UV–visible light power. The photocurrent is
linearly increased with the incident irradiation intensity.
The relationship between the photocurrent and UV light

power which obeyed the power law function Ilight µ Pk, and
the power law factor k is 1.31 (365 nm), 1.33 (450 nm),
1.75 (550 nm) and 1.28 (650 nm), respectively. The nonunity power law factor can be attributed to process of
electron–hole generation, hole-trapping and recombination
process [24].
Figure 7 illustrates the spectral response of the photodetector based on single a-MoO3 microbelt/p-Si heterojunction. It can be seen that the heterojunction device has
broad spectral detection range from UV to visible region.
And it is highly sensitive to photons with wavelength
around 550 nm. The a-MoO3/p-Si photodetectors present a
photoresponsivity at -5 V bias voltage up to 4 9 104 A/W
and time response of B20 ms. It can be found that a-MoO3
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Figure 6. The relationship between the photocurrent and UV–visible light power: (a) 365, (b) 450, (c) 550
and (d) 660 nm.

Figure 7. Spectral response of the photodetector based on single
a-MoO3 microbelt/p-Si heterojunction.

microbelt/p-Si heterojunction possesses high UV and visible range response performances, especially for response
speed when compared to other results [25,26].
Meanwhile, the device based on individual MoO3 or
MoO3 on different Si photodetectors were also fabricated
using the same method. Figure 8 demonstrates the typical
single period process for individual a-MoO3, a-MoO3/n-Si
and a-MoO3/p-Si heterojunctions under 365 nm UV LED
illumination. The comparison of response time performance
with similar MoO3 or MoO3 on Si photodetectors was

provided in table 2. For the individual a-MoO3 structure, it
is typical metal–semiconductor–metal structure device. It
shows low UV/dark ratio and suffers from slow response.
Likewise, the a-MoO3/n-Si device displays higher large
leakage current and show response. The high performance
for the a-MoO3/p-Si structures which can be attributed to
the presence of the p–n junction. It enables fast exciton
separation and charge extraction.
Figure 9a shows the energy band diagram of a-MoO3/pSi heterojunction. The electron affinity potentials of
a-MoO3 and p-Si correspond to 6.7 and 4.05 eV, respectively. The DEc can be calculated by using DEc = vMoO3 vSi = 2.65 eV. DEV can also be calculated by using DEv =
(vMoO3 ? EgSi) - (vMoO3 ? EgSi) = 4.83 eV. Where
vMoO3 and vNiO are the electron affinity potentials of
MoO3 and NiO, EgMoO3 (3.40 eV) and EgNiO (3.69 eV)
are the band gaps of MoO3 and Si, respectively. The electron–hole pairs will be generated in the a-MoO3 due to the
high valence band offset. Figure 9b showed electric
potential distribution of the a-MoO3/p-Si heterojunction
simulated by COMSOL multiphysics. It can be seen that
when the reverse bias voltage was applied on the a-MoO3/
p-Si heterojunction, the potential drops mainly in the area of
a-MoO3 microbelt region. It can generate an electric field
about 100 kV cm-2 under reverse bias voltage. The electrons will obtain much kinetic energy and impact a-MoO3
lattice to induce the avalanche breakdown process. Thus,
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Figure 8. Single period time-resolve photocurrent response process for (a) individual a-MoO3, (b) a-MoO3/n-Si and (c) a-MoO3/pSi heterojunction under 365 nm UV LED illumination.

Table 2. Comparison of response time performance with similar
MoO3 or MoO3 on different doped-Si photodetectors.
Device
structure
MoO3
MoO3/n-Si
MoO3/p-Si

UV/dark current
ratio

Rise time
(ms)

Fall time
(ms)

1.9
3.7
46.7

120
25
20

120
350
20

a-MoO3/p-Si heterojunction has high photoresponse properties in the range of UV and visible regions due to the
involvement of avalanche breakdown effect.

4.

Conclusions

In summary, broad spectral detection device based on single
a-MoO3 microbelt/p-Si heterostructure was fabricated by a
simple way. Electrical analysis revealed that the a-MoO3
microbelt/p-Si heterojunction device displayed pronounced
rectifying characteristic. The device demonstrated a fast,
high sensivity and stable photoresponse and also a broad
light detection ranges from 365 to 660 nm, covering the UV
and visible regions. The excellent performance of the aMoO3 microbelt/p-Si photodetector will provide a new way
for fabrication of high-performance broad spectral detection
device.
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