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Abstract:

It is a challenging task to fabricate thermally stable Photodetectors (PDs) working in
visible light spectrum range due to the degradation in photoresponse characteristics. Herein,
excellent performance parameters with photoresponsivity reached up to as high as 50 AW-1,
and ultrahigh specific detectivity in excess of 2.3x10!> Jones have been obtained
simultaneously in a single photodetector based on vertical MoS, (v-MoS;) at a high
temperature of 200°C. The TiO; interlay layer is ascribed as the main factor to enhance the
PDs performances by reducing lattice mismatch between v-MoS; and substrate, separating
photogenerated electron-hole pairs (EHPs), and the formation of the vertical MoS,
nanostructures. Besides, the optoelectronics performances of the v-MoS,/TiO,
heterostructures based field-effect transistor (FET) have also been examined under various
operating temperatures, and the mechanism on how gate voltages affect the PDs
performances has also been studied. In a word, the present fabricated v-MoS,/TiO,
heterostructures based FET PDs will find practical applications in high-temperature

environment.
1. Introduction

As a typical device that efficiently converts optical signals to electrical signals,
photodetectors (PDs) have been widely used in the fields of medical instruments, pollution
analyzers, flame monitoring, and astronomy [1]. Recently, MoS; has been highly interested

in being developed as PDs owing to the high density of surface states, excellent optical
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absorption characteristics [2], and satisfactory carrier mobility [3]. The above unique
characteristics facilitate 2D MoS, achieving high photosensitivity and the increased
lifetime of a photocarrier. Another important aspect that makes MoS, a good candidate for
PDs is its tunable bandgap width, which is very helpful in designing multispectral PDs.
Compared to the parallel MoS, nanosheets (p-MoS;), MoS, nanosheets with vertical
arrangement (v-MoS;) have raised great interest for their large surface to volume ratio,
catalytically active sites [4], and a large number of exposed edges with extensive dangling
bonds [5]. These properties make it highly promising in the field of PDs. However, there
is a tough puzzle in the fabrication of high performances PDs devices with MoS,. The PDs
based on single nanomaterials show low optoelectronic performance, such as
unsatisfactory responsivity or narrowband usage, due to the limitation of collecting
photogenerated electron-hole pairs (EHPs). Thus, the PDs based on hybrid or composite
nanomaterials are usually synthesized to modulate the photoresponse characteristics to a
large extent [6].

Normally, the temperature of PDs is always raised by absorbing light energy because
the absorption area of PDs is always close to the irradiated source in order to obtain a high
absorption coefficient of various spectral lights [7]. Hence, high thermal stability is
required for PDs’ material. Meanwhile, for flame detection and explosive environmental
applications, the PDs capable of operating at high temperature are of great importance [8].
Several materials like AlGaN [9], GaN [10], Ga,O3[11], and CuOs [12] had been utilized
immensely to design and develop as PDs. However, the high-performance PDs made of
those nanomaterials worked at high temperatures are still difficult to obtain.

The traditional silicon-based PDs are sensitive to temperature fluctuation, and dark
currents will be significantly elevated at high temperatures [13], leading to limited practical
applications. Hence, it is still a challenge to fabricate the PDs with enhanced high-
temperature performances via effective processes. Furthermore, the low performances of
PDs at high temperature are normally attributed to the large dark current generated from
the lattice mismatches between detecting materials and substrates [14], or transitions of
EHPs between narrow bandgap. Therefore, the realization of PDs with good-performance

based on the relatively low bandgap of MoS, (~1.8 eV for multiply layer) in contrast to



other materials for PDs e.g., GaN of 3.36 eV, ZnSTe of 3.6 eV, SiC of 2.2 eV, and SiCNs
of 3.77 eV, is even more difficult in a high temperature environment.

Here, we have successfully fabricated high-performance PDs based on chemical vapor
deposition (CVD) v-MoS, nanowalls on Si substrate using TiO, as an induction layer. The
usage of the TiO, buffer layer induced the growth direction of MoS, changing from parallel
to vertical. The aggregation of TiO, caused the increase in surface roughness, which helps
to the nucleation of MoS, during CVD growth process [15]. The photoresponsivity,
detectivity, photocurrent and response time of the PD devices were influenced by many
factors as bias voltage, light illumination density, operating temperate, and gate voltage,
etc. The PDs presented here have remarkably large photoresponsivity and detectivity at
various experimental conditions, making it possible to apply in harsh environment
detection.

2. Experimental

The TiO; induction layer and MoS; nanostructures were grown on n-type Si substrates
by a chemical vapor deposition (CVD) system. Prior to the MoS, growth, the Si substrates
with a 300 nm thick SiO; insulating layer were pretreated as follows: The substrates were
successively put into ultra-pure water, ethanol, and acetone for 20 min by ultrasonic. And
then, the substrates were stored in alcohol for keeping clean. TiO, thin film with a 20 nm
thickness was deposited on the prepared substrate as induction layer by magnetron
sputtering method for 30 s.

Then, the Argon gas was introduced with a flow of 70 sccm into the quartz tube of
CVD furnace. The optimization of both the ratio of precursors and the gas flow is important
for the v-MoS, nanowalls formation. The sulfur powder (0.5 g) was placed at the entrance
of the CVD furnace, and the substrates were buckled upside down on a quartz boat
containing molybdenum trioxide (MoO;) powders (0.02 g) in the center of the furnace. The
temperature inside the tube was kept at 800 °C for 30 min. Then, the samples were cooled
down to room temperature (RT) naturally. For comparison, a pure MoS, nanostructure
sample was also synthesized under the coincident experimental conditions except for the
absence of TiO, layer.

The nanostructures and morphologies of the as prepared samples were characterized

by scanning electron microscopy (SEM) and transmission electron microscopy (TEM)



(VEGA3SBH, Tescan and JEM2100). The chemical compositions and bonds were
determined by energy dispersive X-ray spectroscopy (EDS) and X-ray photoelectron
spectroscopy (XPS). Raman measurements were performed using a microsystem with a
laser wavelength of 514 nm (LabRAM HR Evolution, Horiba), and the crystal structures
were determined by x-ray diffraction (XRD) with Cu/Ka radiation.

After surface characterizations, Ti (30 nm) and Au (60 nm) double-layered metal
electrodes were deposited by e-beam evaporation technique on both sides of the sample for
optoelectronic characterizations. The probe station (JANIS ST-500) with various lights and
a semiconductor device analyzer (Agilent B1500A) were used to measure the electrical and
optoelectronic characteristics properties. To further explore the PDs’ performance, the
response behaviors to light sources were also tested under different bias voltages, light

power densities, gate voltages, and temperatures.

3. Result and discussion




Fig. 1 Top-view SEM images of (a) p-MoS; thin film, (b) v-Mo0S,/Ti0, heterostructures;
(c) cross-section SEM images, and (d) corresponding EDS spectrum of v-MoS,/TiO,

heterostructures.

Top-view SEM images show the P-MoS; thin film and v-MoS, nanowalls with sharp
edges are uniformly distributed on the surface of the substrate, as exhibited in Fig. 1(a) and
(b), respectively. Fig. 1 (c) shows the cross-section image of v-MoS,/Ti0, heterostructures,
proving the existence of 20 nm TiO, interlayer and the v-MoS; nanowalls with a height of
approximately 200 nm. The formation of the v-MoS, nanowalls was ascribed to the p-MoS,
thin film extrusion and upward growth. The extrusion was origin from the gradient strain
effect caused by the thermal agglomeration of the TiO, film during the growth process [16-
17]. The EDS spectrum (Fig. 1 (d)) indicates the existence of Mo, S, Ti and O elements
with atomic ratios of S/Mo and O/Ti approximately 2:1 and 2.6:1, respectively.
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Fig. 2 Comparison of (a) XRD patterns, (b) Raman, and (¢) XPS survey spectra of p-
MoS, thin film and v-MoS,/Ti0, heterostructures.

Nanocrystalline structure and compositions analysis of p-MoS, and v-MoS,/TiO,
heterostructures were conducted by XRD, Raman and XPS, respectively. The diffraction
peaks of TiO, (marked with red stars) in the XRD pattern (Fig. 2(a)) are well indexed to
anatase TiO, [18], with two peaks appearing at 25.1° and 52.6° are assigned to (101) and
(105) orientations, respectively. As for the MoS,, the diffraction peaks (marked with blue
stars) found at 14.1°, 32.9°, 39.5° and 58.7° correspond to (002), (100), (102), and (110)
hexagonal crystallographic planes.

The Raman spectra shown in Fig. 2 (b) clearly illustrate the crystalline structures of

the two samples. The peaks at 382 and 407.8 cm™! could be ascribed as the in-plane Ezlg and



out-of-plane 4,, modes of hexagonal MoS,. The difference between E,, and 4,,is 25.8
cm!, indicating multilayer of MoS,. The peaks belonging to TiO, at 149 cm™ is the E, (1)

mode arising from symmetric stretching of O atoms around the Ti atom [19]. Another peak

4,, of anatase TiO, located at 520.6 cm™! is red shifted with respect to the pristine TiO,.

In this case, the redshift is an indication of small scaled agglomeration of nanocrystalline
TiO, caused by the uncertainty principle [20]. The agglomeration is a benefit to the
formation of vertical growth of MoS, nanowalls, as illustrated previously.

XPS analysis was utilized to check the surface chemical bonding properties and the
surface composition of two samples. As displayed in Fig. 2 (¢), the full-scan XPS spectrum
survey indicates that the main elements are Mo, S, Ti, O, and C for the v-MoS,/TiO,
heterostructures, which reveals the successful heterojunction loading of MoS; and TiO,.
The elements Mo, S, Ti, and O elements were from the prepared v-MoS,/TiO,
heterostructures, and the C element was from the XPS instrument itself. Also, the XPS data
of v-MoS,/Ti0; heterostructures show the element concentration are well fitted to the EDS

data.

100 nm 10 nm’

Fig. 3 (a) HRTEM, (b) TEM, and (c) selected area electron diffraction (SEAD) spectrum
of the v-MoS,/Ti0, heterostructures.

Fig. 3 (a) shows the lattice spacing of 0.35 nm and 0.62 nm, corresponding to (101)
lattice plane of anatase TiO, and (002) lattice plane of hexagonal MoS,. Fig. 3(b) presents
the overlapping multi-layer morphology of MoS, agglomerated with adjacent nanosheets.
The SAED pattern of the sample is also measured, as seen in Fig. 3(c). The exhibited

diffraction rings were mostly caused by well pronounced spots indexed to MoS, and



anatase TiO,, demonstrating polycrystalline of the v-MoS,/TiO, nanocomposite phases.
The above measurements are applied to examine the interface status of v-MoS,/TiO, and

prove that the superimposed diffraction patterns of TiO, and MoS, can be distinguished.
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Fig. 4 The deconvoluted high-resolution XPS spectra of (a) S 2p, (b) Mo 3d (c) Ti 2p, (d)
O 1s of v-Mo0S,/Ti0, heterostructures.

The deconvoluted high-resolution XPS spectra of v-MoS,/Ti0, heterostructures show
the binding energy of S 2p, Mo 3d, Ti 2p, and O 1s peaks located at 162, 233, 459, and 529
eV in the XPS survey spectrum, respectively. Fig. 4(a) shows the binding energy of S2p
state in the v-MoS,/Ti10, sample. The binding energies of S 2p 3/2 and S 2p 2 are 163.1
eV and 164.5 eV, respectively, indicating the S>~ form in the composite. Furthermore, the
peaks at 164.5 eV is assigned to the existence of Mo-O-S or S on the surface of MoS, [21].
The spectrum of Mo 3d in Fig. 3(b) demonstrates two peaks located at 232.13 eV and 235.6
eV, assigned to Mo 3d 5/2 and Mo 3d 3/2, respectively, indicating the existence of Mo**
[22]. Fig. 4(c) displays that the binding energy of Ti 2p 3/2 and Ti 2p 1/2 are 458.3 and
464.1eV respectively, which belongs to the Ti** [23]. In Fig. 4(d), the main peaks observed
at at 529.8 eV and 532.3 eV can be ascribed to lattice oxygen, Ti-O and C=0 [24]. The

hydroxyl may come from air ambient during the sample transfer process.
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Fig. 5 (a) A spectroscopic photoresponse under a broad band ranging from 450 nm to 1000 nm; (b)
The current responses at three different illumination wavelengths, and (c¢) The response and recovery

time to 650 nm light of the two PDs. All the experiments were conducted at RT without bias. The light

power density is 1.6x10° W/cm?.

The optoelectronic characteristics of the two PDs are studied after surface
characterizations. Lights with various wavelengths were illuminated on the detecting
materials connected by one pair of Ti/Au electrodes, and the photoresponse was measured
by a two-probe method. Fig. 5(a) represents a spectral response of two PDs, indicating both
devices are insensitive to the illumination with a light wavelength longer than 750 nm.
When the wavelength is shorter than 750 nm, the responsivity increases gradually and
reaches maximum values at about 650 nm and 640 nm for two PDs, respectively. The peak
location of the pure MoS, based PD demonstrates that the photocurrent is mainly from the
photoexcited EHPs with the energy higher than the bandgap of hexagonal MoS, material.
The redshift of the peak to 650 nm for the v-MoS,/TiO, based PD indicates the decrease of
the bandgap of the material attributed to the existence of the TiO, induction layer.

But further wavelength shortening after 650/640 nm causes a drop in current. Since
the recombination rate of photogenerated EHPs near the surface region exceeds that in
MoS, bulk materials. Thus, increasing absorption of high energy photons at a short
wavelength (less than 650/640 nm) range will accelerate the recombination and
consequently lower the photocurrent across the PDs [25]. The peak position differential of
two photoresponse vs wavelengths in Fig. 5(a) may be due to bound-to-continuum electron
transitions and bound-to-bound transitions originating from the corresponding energy
spacing of the v-MoS,/Ti0, and MoS, nanowalls.

The effect of illumination wavelengths on the current transient behavior is clearly

displayed in Fig. 5(b). The time-dependent photoresponses of the two PDs were measured



by periodically switching in the repetitive cycling test for all three lights, showing good
stability and high reversibility for two PDs. Two PDs are very efficient in producing EHPs
when exposed to 650 nm light since the wavelength is the closest to the bandgap of MoS,
nanomaterials and thus produces the highest photocurrent values [26]. The photocurrents
of two PDs to three wavelengths lights are around 10 to 20 nA, as exhibited in Fig. 5 (b).

The response and recovery times of the two PDs under 650 nm light illumination are
presented in Fig. 5 (c). The fall and rise in current in response to light illumination on the
PD can be expressed by the expression:

I(t) =Ip+ A1p~ - t0)/T1 + Age ~ (t-t0)/72 (1)
where [ is the dark current in this case; # is the time, scaling factors are denoted by A; and
A,; the time constants are T, and t,; It is displayed that the photoresponse/recovery time is
faster than 0.1 s from the magnified view of a ON/OFF cycle in Fig. 5 (c). Fast
photoresponse/recovery speeds were achieved due to quick separating and recombining
EHPs because of the high density of surface state and narrow energy bandgap of the two
PDs. The reduced recovery time of the v-MoS,/TiO, based PD is owing to the larger
surface/volume ratio of the v-MoS, nanowalls than that of the p-MoS,. Since a larger
amount of dangling bond on the v-MoS, surface can serve as recombination centers and
consequently, it would accelerate the recombination of EHPs [27].

Compared with the PD based on pure MoS,, the v-MoS,/TiO, PD shows higher
sensitivity and faster photoresponse/recovery. Since two processes originated from surface
states and EHPs are contributed to photoresponse behaviors, the significantly improved
performances of the v-MoS,/Ti0, heterostructures can be ascribed to: (1) The high surface
states density and high specific surface-area v-MoS,, in which electrons are the dominated
carrier. Holes traps on the surface of v-MoS, are conducive to the multiple electrons pass,
resulting in photoconductive gain [28]. (2) The appropriate space among vertical nanowalls
can be served as a light mirror and allows refraction and reflection of light inside the surface
of the v-MoS,. Therefore, the photocurrent is enhanced by multiple refraction and
reflections of light waves. (3) The reduction of lattice mismatch between photoactive layer
and substrate. The hexagonal MoS,, anatase Ti0O,, and SiO, are normally supposed to be
with lattice constant ¢ of ~12.53 nm, 9.51 nm, and 5.4 nm, respectively. The TiO, induction

layer is acted as a lattice-matching transformer between the MoS, and the SiO, surface.



During the growing of the MoS, on the surface of the TiO,, parts of Ti and O atoms are
gradually substituted by atom Mo or atom S. Since the atomic radius of Mo and S are larger
than that of Ti and O, the lattice of the TiO, layer is expanded continuously to the MoS,.

Therefore, the lattice mismatch between SiO, and MoS; can be decreased automatically.
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Fig. 6 Schematic diagram of (a) the fabricated device; (b) conduction band (CB) and
valence band (VB) positions of TiO, and MoS,; (c) generation and transfer of
photogenerated EHPs at TiO, and MoS, heterogeneous interface with staggered

energy band structure.

The band structures of the v-MoS,/Ti0, also contribute to better performance than the
planar counterpart. The schematic diagram of the PD device and the CB/VB positions of
TiO, and MoS; are shown in Fig. 6, exhibiting a staggered energy band structure of the
heterostructures. The large specific surface area of the v-MoS, based PD can provide a
longer photon transfer path than that of a parallel aligned structure [29]. The high detecting
performances are mainly attributed to photogenerated EHPs transfer and carrier separation
between the interfaces of v-MoS,/TiO, heterogeneous. Since the CB position of TiO, is
higher than the VB position of MoS,, a large number of EHPs can be rapidly separated,
and a large photocurrent is induced.

In summary, the v-MoS,/Ti0, nanostructures have advantage of high surface to
volume ratio, high photo utilization, long photon path length [30], and carrier exchange
between heterostructures. Since v-MoS,/TiO, heterostructures based PD shows good
photoresponse to 650 nm light, the study would emphasize on this in the following

experiments.
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Fig. 7 (a) Photocurrent under various light power densities under 0 bias (b)
photoresponsivity and detectivity as a function of light power density, and (c)
photoresponse behaviors under different bias and photocurrent as a function of bias of the

v-MoS,/TiO, PD at 1.0x10-7 W/cm? light illumination and RT (inset).

Fig. 7 (a) shows the photocurrents of the v-MoS,/TiO, under 650 nm light with
various light power densities at RT without any bias, demonstrating the photocurrent is
completely excited by the light illumination. Increasing light power density induces
enhanced photocurrent, and the photogenerated EHPs rate is proportional to the
illumination photon flux. The corresponding dependence is well fitting to the well-known
power law [31]. The enhanced photocurrent can be attributed to the rise in Fermi energy
and fall in work function caused by increasing carrier density [32].

Photoresponsivity (R;) and detectivity (D) are critical parameters of the MoS, PDs to
evaluate the capacity of PD converting the light signals to electrical signals and detecting
a weak signal under a certain wavelength, respectively. The expressions of R; and D" are
as following:

Ri:AIph/P/l (2)

D'=R, X\/Z/\lqudark 3)

where A7, is the photo-excited current (A7, =1,

—1,,..), Py is the light power density,
and A is the effective area of the PD. In Equation (2), g is the absolute value of the electron

charge, /,, is the current density in the dark.
A comparison performance of the PD under different light power density is exhibited

in Fig. 7 (b), from where the device shows a high responsivity and specific detectivity

values under extremely low light power density. The highest values of R, (=130 A/W) and



D" (=6 x 1012 J) are recorded at a light power density of 1.6x10°® W/cm?2. However, the

light power density higher than that induced lower values of R, and D", indicating the

photoexctied generation rate becomes lower at this condition.

Next, we fixed the illumination power density of the light to the minimum value (1.0

%1077 W/cm?). The dependency of photocurrent on bias voltage was investigated for the v-

MoS,/TiO, PD, as exhibited in Fig. 7 (c) and the right-hand-side inset in Fig. 7 (c). When
the bias voltage applied across the metal-semiconductor-metal structure device increases,

the photoexcited EHPs separated by the bias voltage increases accordingly, and thus a

raised photocurrent could be generated [33].
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Fig. 8 Photoresponse behaviors of v-MoS,/TiO; to 650 nm light under different

temperature (a) 25 °C, (b) 100 °C, (c) 140 °C, (d) 200 °C. All the measurements are

performed with a power density of 1.6x10-¢ W/cm? and a bias of 0.5 V.

It is very important for PDs to have reliable stability when working at high temperatures.
The photocurrents under different temperatures ranging from 25 to 200 °C were measured,
as shown in Fig 8. The lowering of the photocurrent value and signal-to-noise ratio at a
high temperature can be clearly observed, which is attributed to the consecutive growing
in dark current with temperature [34]. It is observed that 650 nm light can be detected by
the v-MoS,/TiO, PD even at 200 °C, with high photoresponsivity and detectivity of 39



A/W and 1.8x 10!2 J, respectively. Although noise to signal ratio is increasing with

temperature, the photoresponse peaks to light illumination can still be visible.

It is worth mentioning here that the high incident power density normally creates
unavoidable heating effect in the layered materials [35]. However, the power density in our
case was too small to induce any temperature enhancement in the device. Moreover, at a
high temperature of 200 °C, the Joule heating is calculated to be as negligibly small as 1078
J. Therefore, the v-MoS,/TiO, PD has been found to be promising even at high temperature

because light heating has no obvious influence on the performance of the device.
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Fig. 9 Photocurrent of a v-Mo0S,/TiO, FET to 650 nm light under various light power
density at gate voltages of (a) -5V, (b) 5V, and (c¢) Mechanism diagram of the effect of

gate voltage on detecting performance of v-MoS,/Ti0O,.

To improve the high-temperature performances of the fabricated PD, gate voltages of
5 V and -5 V across the device were applied with a bias of 0.5 V under various power
density. The effect of gate voltage is clearly reflected in Fig. 9. The device shows improved

performances under -5 V gate voltage (Fig. 9 (a)), with improved photoresponsivity and

detectivity of 50 A/W and 2.3% 102 J, respectively. On the contrary, the different

photoresponse behaviors were observed under 5 V gate voltage (Fig. 9 (b)).

The electrons and holes get separated to the band of MoS, and TiO,, respectively,
because of the presence of the upwards electric field created by the applied -5 V gate
voltage. The separation of the EHPs leads to the depletion layer between the v-MoS,/TiO,,
while the opposite situation happens (or happened) when 5 V gate voltage is (or was)

applied, as illustrated in Fig. 9 (c).



Table 1. Summary of the PDs based on 2D nanosheets and related materials.

Device R D* Response Recovery T Ref
(AW (Jones) time(yus) time(is) X)
Multilayer MoS, 50.7x103 1.55x10¢2 / RT [36]
Dye-Sensitized Mo 117 1.5%107 5.1 23108 RT [37]
Encapsulated MoSa(with Gate Controllable) ~10+ =77 %101 3x103 RT [38]
MoS: (Driven by Ferroelectrics) 2570 22x101 1.8%10% 2.0%10° RT [39]
2H-MoSy/ 1T@2H-MoS; 1917 ~7.535%101 / RT [40]
Graphene/TnSe/MoS: 110x104 =101 ~1x107 RT [41]
Graphene/ MoOs/MoS:z 670x10-3 4.77=1010 / RT [42]
Reduced graphene oxideMoS: ~2.1 ~5x 101 18x102 RT [43]
InAs—GaAs Quantum-Dot 03 101 / 175 [44]
Multi-Layered(100) Facet-Oriented p-Gax0s nanobelts ~851 ~3x107 ~3x10 433 [31]
GaSe Nanosheet-Based 45 1.0x1012 0.7x108 1.2x108 393 [45]
v-MoSyTiO; heterostructures FET 130 6.4x1012 <100 <100 473 [this work]

The detecting performances enhancement of V-MoS, by applying -5V gate voltage in
comparison without gate voltage, is comparable with previously reported values (table 1).
They includes: several kinds of nanostructured MoS, such as: multilayer MoS,,
encapsulated MoS, controlled by gate voltage, and MoS, PD driven by derroelectrics [36-
39], or MoS, composites or heterostructures, like 2H-MoS,/1T@2H-MoS,,
Graphene/InSe/MoS,, Graphene/Mo0Os/MoS, and reduced graphene oxide/MoS, [40-43].
Although good detecting performances these PDs exhibited, they are all worked at RT.
Also, several PDs were designed to work at high temperature [31, 44-45]. The PD based
on v-MoS,/TiO, with -5 V gate voltage in this work displays a satisfied performance with
ultrahigh photoresponsivity and detectivity, as well as ultrafast response and recover time

comparable to those exhibited in those publications.
Conclusion:

It is demonstrated in our experiments that TiO, induction layer in 2D MoS,; system
can be used to significantly enhance PD performances. A significant increase in
photocurrent was observed when the PDs were illuminated with a 650 nm light at very

weak power density, giving the photoresponsivity and detectivity of 130 A/W and



6.24x10'2 J, respectively, under light power density of 1.6Xx 10°® W/cm? and RT.

Furthermore, the response and recovery time of the v-MoS,/TiO, PD were both less than
0.1s.
The photoresponse behaviors were kept stable even at a temperature as high as 200°C.

It was found that the detector was giving a maximum photoresponsivity and detectivity of

50 A/W and 2.3x10'? J, respectively, at 200 °C, thus offering potential applications for

high temperature and reliable visible light detection. The FET structure of the PDs under
-5 V gate voltage further improve the high-temperature performances at 200 °C, with low
noise and higher photocurrent and detectivity than the situations under 5 V or without gate
voltage. The results prove the potential application of v-MoS,/TiO, heterostructures FET
devices as visible light PD.
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