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We fabricated a heterojunction of La0.4Ca0.6MnO3/SiOx/n-Si and investigated its electronic transport and ultraviolet photovoltaic
properties at higher temperature up to 673 K. The rectifying behaviors vanished with the energy-band structure evolvement from
300 to 673 K. Under irradiation of a 248 nm pulse laser, the peak values of open-circuit photovoltage and short-circuit photocurrent
decreased drastically. This understanding of the temperature-related current-voltage behavior and ultraviolet photodetection
of oxide heterostructures should open a route for devising future microelectronic devices working at high temperature. PACS:
73.40.Lq, 71.27.+ a, 73.50.Pz.

1. Introduction

Ultraviolet (UV) sensors have several applications, including
flame detection, radiation analysis, drug detection, and envi-
ronment monitoring. In some cases such as the optical
electron sensor for oil and gas optics and the flame detection
for a hot engine, thermally stable detectors with high perfor-
mance are required. Perovskite manganite is a typical system
that shows multifunctional properties due to strong electron
correlation and magnetic state dependence of the band struc-
ture with a chemical stability, which is insensitive to harsh
physical environment such as fluctuations of temperature
and pressure. Many researchers have devoted time to study
the nature of carrier transport in the photoelectric process
and explore photoresponse characteristics of devices based
on doped manganite thin films and heterostructures [1–8].

Recently, there has been an active study of th photovoltaic
properties of the perovskite manganite thin films [9, 10].
Among the different types of detectors, silicon-based pho-
todiode has a great potential for high-temperature detection
owing to combine the functional properties of oxides with
that of Si electronics [11–13]. In this paper, we aim to develop

an UV photodiode for high-temperature applications, which
was fabricated by depositing the La0.4Ca0.6MnO3 (LCMO)
thin film on the n-type Si (001) wafer. The transport charac-
teristics and UV photodetection were systematically studied
in a wide temperature range of 300 to 673 K. The carrier
transport and photoresponse properties are discussed with
regard to the evolution of band structure by the variation of
temperature across the interfaces.

2. Experimental

We fabricated the LCMO/SiOx/Si heterojunction by deposit-
ing the 100 nm thick LCMO thin film on a native n-type
Si (001) wafer using facing-target sputtering technique from
stoichiometry targets [14]. The two sputtering targets with
a nominal composition of LCMO, were prepared using
standard ceramic technique. The Si wafer has the carrier con-
centration of 1 × 1016 cm−3, and a 3 nm thick native silicon
oxide layer located on its surface was confirmed by the cross-
sectional transmission electron microscopy (TEM) image.
During deposition, the substrate temperature was kept
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Figure 1: The I-V curves of LCMO/SiOx/Si heterojunction measuring in a wide temperature range from 300 to 673 K. The right inset is the
schematic structure of the electrode settings and the cross-sectional TEM image. The left inset shows the diffusion potential VD as a function
of temperature.

at 680◦C. The sputtering gas pressure of Ar and O2 was 60
mTorr with 1 : 1 gas flow-rate ratio of Ar and O2. The film
thickness was controlled by sputtering time with the deposi-
tion rate (∼0.03 nm/s). After deposition, the vacuum cham-
ber was immediately back-filled with 1 atm oxygen gas to
improve the oxygen stoichiometry. And the sample was then
cooled to room temperature with the substrate heater power
cut-off.

The LCMO/SiOx/Si sample was 5 mm × 5 mm in-plane
dimension. Before experiments, we carefully cleaned sample
using alcohol and acetone. Colloidal silver electrodes of
1 mm × 5 mm area were printed on the LCMO film and Si
substrate. Current-voltage (I-V) characteristics of the junc-
tion at different temperatures from 300 to 673 K were meas-
ured in a four-probe arrangement using a Keithley 2400. The
voltage polarity and the layout of the device are illustrated in
the lower inset of Figure 1. A 248 nm KrF pulse laser (20 ns
pulse width, 0.15 mJ mm−2 energy density, and 2 Hz rep-
etition rate) was used to irradiate the LCMO film surface
perpendicularly with sample pulse energy of 2.25 mJ. Pho-
tovoltaic signals of the sample at different temperatures were
recorded with a sampling oscilloscope terminated into 1 MΩ,
50Ω, and 3Ω, respectively, as shown in the insets of Figures
2 and 3.

3. Results and Discussion

Figure 1 shows the dark I-V characteristics of the LCMO/
SiOx/Si heterojunction at different temperatures from 300 to
673 K. Electrode settings and the voltage polarity are illus-
trated schematically in the lower right inset of Figure 1. As
can be seen, the heterostructure at room temperature pre-
sents a typical rectifying characteristic of a junction diode,
which was ascribed to the presence of interfacial potential

obtained from carrier diffusion. The diffusion potential VD

of built-in field in junction can be measured by the voltage at
which a current rush occurs in positive bias, and its variation
with temperature is presented in the left inset of Figure 1.
With the temperature elevating to 673 K, the I-V curves
become more and more linear and steeper, and it is nearly
linear when temperature was over 523 K. The VD decreased
monotonically with increasing temperature, indicating that
accompanied by elevating temperature, the built-in field
gradually reduced.

The UV detective property in LCMO/SiOx/Si hetero-
junction was measured at different temperatures from 300
to 673 K under a 248 nm laser pulse irradiation. The
open-circuit photovoltages (PVs) across the 1 MΩ input
impedance of oscilloscope are displayed in Figure 2(a). The
PV peak value Vp1 decreases drastically from 215 to 36.4 mV
with increasing temperature from 300 to 673 K as evident
shown in the inset of Figure 2(b), and the 10–90% rising
time τ1 of the waveforms decreased from 175 to 25 ns
with increasing temperature from 300 to 673 K (inset in
Figure 2(b)). We note that the photoresponse is composed
of a fast rise time and much slower decay. The RC constant
in the circuit should be responsible for the slow decay
phenomenon. For the impedance matching, a 50Ω resistance
was connected in parallel with the detector. From the tem-
poral profile of photoresponse waveforms (Figure 2(c)), the
PV peak value VP2 shows similar tendency as VP1 and
decreases from 71.7 mV at 300 K to 12.4 mV at 673 K, while
the rising time τ2 drop dramatically and maintains around
∼17 ns for different temperatures.

For further studying the temperature-dependent pho-
tocurrent responses of the LCMO/SiOx/Si junction, a 3Ω
resistance was connected in parallel with the sample (see the
lower left inset of Figure 3). A typical temporal profile of
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Figure 2: Photovoltaic responses for LCMO/SiOx/Si heterojunction at different temperature from 300 to 673 K under the 248 nm laser
illumination recorded by an oscilloscope terminated into (a) 1 MΩ and (c) 50Ω. The insets of (a) and (c) display the schematic measurement
circuits. (b) and (d) present the dependence of PV peak values Vp1 and Vp2 on the temperature, respectively. The insets display the temper-
ature dependence of rising time τ1 and τ2 of PV pulses shown in (a) and (c).

photoresponse waveforms measured at 523 K is shown in the
upper right inset of Figure 3. The peak value Vp and full
width at the half maximum (FWHM) are reduced to about
4.3 mV and 7.6 ns, respectively. The peak photocurrent Ip is
calculated approximately by Ip ∼= Vp/3Ω where Vp is the

peak voltage across the connected resistance 3Ω. IP decreases
monotonically to 1.16 mA at 673 K, which is 1.88 times
smaller than 3.35 mA at room temperature.

The photon energy of 248 nm wavelength (∼5.0 eV)
is larger than the bandgap (∼1.2 eV) of LCMO and Si
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Figure 3: The photocurrent peak value IP as the measurement temperature. The upper inset shows PV pulse at 523 K under 248 nm pulse
laser irradiation. The lower inset displays the schematic measurement circuits with a 3Ω resistance connected in parallel with the detector.

0
0.1 0.2 0.3 0.4 0.5

50

100

150

200

250

1

2

3

4

5

6

1.5 3
0

80

160

240

VD (V)

I P
(m

A
)

IP

VP2

VP1

IP (mA)

V
P

(m
V

)

VP1

VP2

V
P

(m
V

)

Figure 4: Diffusion potential VD dependences of Vp, Vp2, and Ip. The inset shows the relations between Vp1, Vp2, and Ip.

(∼1.12 eV). Valence electrons absorb the photons and transit
to conduction band, resulting in the photogeneration process
of electron-hole pairs. The internal electric field separates the
photogenerated electron-hole pairs, leading to photovoltaic
responses between two sides of the junction. Based on this
understanding, photovoltaic responses would deeply depen-
dent on the built-in field across the junction. The Vp and
Ip dependences of diffusion potential VD are summarized in
Figure 4 and Vp increase monotonically with the IP (inset of
Figure 4). We note that the Vp and Ip almost linearly increase
with increasing VD from 0.11 V at 523 K to 0.48 V at 300 K,

indicating that photovoltaic effect due to the built-in field
makes the main contribution to the PV signals when the
temperature is lower than a certain value (∼523 K).

At room temperature, the conductivity of LCMO and
Si is mainly due to the n-type doping. With increasing
temperature, intrinsic excitation gradually becomes the main
role in both LCMO and Si, which makes the Fermi level drop
down to the middle of band gap. Consequently, the decrease
of the built-in field leads to the decrease of the VD shown in
the inset of Figure 1. When the temperature rises to a certain
value, the conduction and valence bands in LCMO flush,
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respectively, with that in Si, due to near-identical value of
band gap in LCMO and Si. The positive bias, driving the
intrinsic carriers across the interface potential barrier, has the
same value as the negative one. Thus, the I-V curves show
symmetry on positive and negative biases at the temperature
over 523 K as shown in Figure 1. Meanwhile, due to the high-
er temperature, hot carriers carry more energy and can be
driven over the interface potential barrier induced by SiOx

even by small applied voltage due to Richardson effect. As the
temperature continues to rise, hot carriers that carry more
energy can freely cross over the potential barrier. Thus, the
I-V curves become linear. The experiment results in Figure 1
reflect the evolution of band structure with the increasing
temperature.

As mentioned above the 248 nm photons irradiation
produces a photovoltage perpendicular to the LCMO/SiOx/Si
interface because of photovoltaic effect. At room tempera-
ture, photoinduced nonequilibrium carriers drift under the
built-in electric field within the junction. However, with the
increasing temperature, the built-in field becomes weaker
and weaker and consequently the diffusion effect plays the
main role. So we can see that the peak PVs become smaller
with the increasing temperature and then get stabilized.

4. Summary

In conclusion, we fabricated the La0.4Ca0.6MnO3/SiOx/Si
heterojunction and investigated the electronic transport and
UV photodetection properties at higher temperature up to
673 K. The I-V curves of the junction change with increasing
temperature, which has been explained by considering the
energy-band structure evolvement at different temperatures.
The open-circuit photovoltage and short-circuit photocur-
rent peak values decreased drastically from 215 to 36.4 mV
and 3.35 to 1.16 mA with increasing temperature from 300 to
673 K. The temperature-related UV photodetection proper-
ties of oxide heterostructures should open a route for devis-
ing future microelectronic devices working at high tempera-
ture.
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