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Excellent photo detectors need to have the rapid response and good repeatability
from the requirement of industrial applications. In this paper, transport behavior and
opto-response of heterostructures made with Lag 9gHfy MnO3 and 0.05wt%Nb-doped
SrTiO3; were investigated. The heterojunctions exhibited an excellent rectifying fea-
ture with very low leakage in a broad temperature region (from 40 to 300 K). These
thin films presented persistent and stable photovoltages upon light illumination. Rapid
shift between small and large voltages corresponding to “light OFF” and “light ON”
states, respectively, was observed, demonstrating reliable photo detection behavior.
A semiconductor laser with a wavelength of 650 nm was used as the light source. It is
also noted that the observed photovoltages are strongly determined by light intensity.
The injection of photoexcited charge carriers (electrons) could be responsible for the
appearance of the observed opto-response. Such manipulative features by light irradi-
ation exhibit great potential for light detectors for visible light. © 2017 Author(s).
All article content, except where otherwise noted, is licensed under a Creative
Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).
https://doi.org/10.1063/1.5003914

I. INTRODUCTION

There are numerous studies on perovskite-type oxides due to their attractive and complex prop-
erties. Heterojunctions composed of different oxides may even exhibit potential in different products,
such as photo detection, diodes, solar cells, electric devices, and so on.!™* Therefore, perovskite
oxide heterojunctions have been extensively investigated over the last decades. Because of good
lattice match, niobium doped SrTiO3; (NSTO) is widely used as the substrate for perovskite
oxides. Heterostructures composed of (doped) strontium titanate (StTiO3) and manganites have
been intensively studied. Partially substituting Ti with Nb makes STO become n-type semicon-
ductor. Previous studies demonstrated that LagoHfyp MnO3; (LHMO) was electron-doped man-
ganite as a reliable n-type semiconductor.>® Heterojunctions composed of NSTO and manganite
showed some fascinating characteristics in comparison to the conventional semiconductor n-n
junctions.”

The magnetic and electronic properties of manganese is highly sensitive to strain, current, electric
field, magnetic fields and photo illumination,®~!? these extraordinary properties make these simple n-n
junctions promising for practical application in the near future. The complicated interactions amongst
their charges, spin, orbital and lattice degree of freedom cause many interesting and phenomena.
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The response of manganite to lights with various wavelengths and energy densities have attracted
much attention recently. Various techniques have been used to identify the light-induced effects.
J. R. Sun et al. studied photovoltaic effect of heterojunctions composed of Lajy7Cep3MnO3 and
NSTO (001).13-15 Photo-induced effect have been report in Lag 67Cag33Mn0O3/Si, LHMO/STO/S],
Lag, 1 Srg9MnO3/NSTO and Lag gHfy ,MnO3/0.7wt% Nb-SrTiO3 heterojunctions.>*1%16

In this study, LHMO and 0.05wt%Nb-doped StTiO3; (0.05wt%Nb-STO) thin films have been
designed, and their structures, transport properties and optical properties have been systemically
investigated for light detectors for visible light.

Il. EXPERIMENTAL

Epitaxial LHMO films were prepared onto (001)-oriented 0.05wt%Nb-STO single-crystal sub-
strate using pulsed laser deposition.!” The deposition was carried out under 2 Pa oxygen pressure at
700 °C.'3 To enhance crystallinity quality and to reduce possible oxygen deficiencies, LHMO films
were in situ annealed in 1.5 x 103 Pa high-purity O5 at 700 °C for 2 hours.'” The thickness of LHMO
films was approximately 40 nm measured by transmission electron microscopy (TEM) and step pro-
filer. The ohmic contacts were achieved using silver electrodes, which were deposited by thermal
evaporation.”’ Transport properties and photoelectric effects were measured using traditional two-
probe method at various temperatures by a Superconducting Quantum Interference Device (SQUID).
Semiconductor lasers with wavelength of 650 nm with variable power densities were applied to
investigate the photo-induced effects.

lll. RESULTS AND DISCUSSION

The as grown samples were examined by XRD (SIEMENS D5000 with Cu-Ka radiation) 6-26
scan profile. For all LHMO films on 0.05wt%Nb-STO, there are strong overlaps of reflection peaks
for LHMO and 0.05wt%Nb-STO as shown in Figure 1. This is because the lattice parameter of
bulk LHMO (aramops~3.894A) is very close to that of 0.05wt%Nb-STO (ansto~3.905A).2! No
extra peaks other than (001) peaks of LHMO and 0.05wt%Nb-STO could be found from the graph,
this indicated that the LHMO films grow along c-axis orientation and are of single phase. The
insert of Figure 1 presents the schematic diagram of the heterojunctions composed of LHMO and
0.05wt%Nb-STO.

Figure 2 demonstrated the relationship between the current versus the voltage. Compared with
most other reports on manganite-based heterojunctions, the heterojunctions composed of LHMO and
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FIG. 1. XRD pattern (6-26 scan) of Lag gHfy  MnO3/0.05wt%Nb-doped StTiO3. The insert is schematic view of the junction.
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FIG. 2. Rectifying characteristics of Lag 9 Hfy,; MnO3/0.05wt%Nb-doped SrTiO3 heterostructures in a wide temperature range
(from 40 to 300K), the insert is schematic energy band diagram for Lag 9 Hfy ; MnO3/0.05wt%Nb-doped SrTiO3 heterojunction.

0.05wt%Nb-STO showed more obviously asymmetry of I-V relationship. They exhibited excellent
rectifying properties with small leakage current in a broad temperature region from 40 K to 300 K,
which are comparable with those p-n junctions made of classic semiconductors. A clear asymmetry for
positive and negative bias was noticed (Figure 2). Although the comprehensive transport mechanism
is still uncertain for manganite-based junctions, previous studies indicated that the I-V characteristics
for these heterojunctions could be considered using p-n junction or Schottky junction models.?>>3
Itis widely believed that this might be caused by the energy band diagram of LHMO and 0.05wt%Nb-
STO heterostructures, as shown in the inset of Figure 2. The energy barrier could be obtained between
the interface of LHMO and 0.05wt%Nb-STO. It would be decreased at the positive direction. When
the positive bias is bigger than the energy barrier, electrons would transfer from the conduction band
of 0.05wt%Nb-STO to conduction band of LHMO. This results in the rapid rise of current. However,
at the negative bias, the energy barrier could be increased, resulting in forbiddance of the electron
transition between the conduction band of 0.05wt%Nb-STO and LHMO. Thus, the electrons in the
valance band of LHMO could only be transferred into the conduction band of 0.05wt%Nb-STO when
the negative bias is large enough. Compared with our previous reports on Lag gHfp 2MnO3/0.7wt%
Nb-STO heterostructures, one significant difference was that a higher leakage current occurred at
high temperature in LHMO/0.05wt%Nb-STO junctions. According to the reference, it is suggested
that strain and different phase of LHMO were attributed to such a phenomenon. 3124

To examinate the microstructural features of this heterostructure, a typical sample was examined
by TEM. The results of TEM were shown in Figure 3. It demonstrated the excellent epitaxial growth
of LHMO layer. In Figure 3(a), a clear interface of the LHMO/0.05wt%Nb-STO heterojunctions

La, oHf, ;MnO,

0.05%Nb,SrTiO,

FIG. 3. (a) Cross-sectional TEM image of LagoHfp ; MnO3/0.05wt%Nb-doped SrTiO3 (b) HRTEM image of the interface
of Lag 9Hf(y.; MnO3/0.05wt%Nb-doped SrTiO3,
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was noted. The thickness of LHMO film was about 40 nm. High resolution TEM patterns of each
interface are shown in Figure 3(b). It displayed the atoms in LHMO Layer are quite distinct and with
high order. The interface was very sharp and clear. No obvious atomic inner diffusion was observed
with the adjacent materials.

In order to view these heterojunctions composed of LHMO and 0.05wt%Nb-STO for the potential
applications in optoelectronic detection devices, the relationship between heterojunction voltage and
illumination time was investigated under light illumination (A=650 nm) at different power densities
of laser at 300 K (Figure 4).

In the beginning, the temporal recovery of electric conductivity of this heterojunction was
explored at 300 K. To test this, a laser with wavelength of 650 nm was illuminated perpendicu-
larly on the surface of these thin films, and the power density were 15, 10, 5, 2 and 1 mw/cm?
respectively. To start this experiment, the laser was turned on firstly then it was turned off after
several minutes. The results were shown in Figure 4(a), and showed how photovoltage behave with
the changing of time. The voltages abruptly increased by exposure to light. After 1700 seconds,

- 2
035 L — P,mr-15mw/cmz
——P___ =10mw/cm
ON OFF laser )
—— P =0mw/cm
0.30 |- 2
oAt AN P se,=2mw/cm
P_._=1mw/cm?
__ 025h laser
S
£ LA AP A A A A A
< W
" 020 |
0.15 - ‘rﬁuv’w e AT AP, AV P A WA ey
MU D L 1
0.10 |
d
1 " 1 M 1 1 1 " 1 .( )
0 500 1000 1500 2000 2500
Time (s)

0.30

0.25

0.20

-V(mV)

0.1

0.10

(b)

1 . 1 . 1 . 1 A I : 1
0 500 1000 1500 2000 2500 3000

Time(s)

FIG. 4. Figure illustrating (a) The relationship between voltage and illumination time for Lag 9 Hfp ; MnO3/0.05wt%Nb-doped
SrTiO3 heterojunctions, showing persistent photocurrent (b) Response of photovoltage to the intermittent light irradiation
(sampling current: -1 pnA; Wavelength: 650 nm; power densities: 1, 2, 5, 10 and 15 rnw/cm;2 temperature: 300 K).
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the persistent photovoltage stabilized at a high level. Then the illumination was switched off, but the
voltages almost recovered to the initial stage immediately. It was also found that with the increase of
photon energy of incident light from 1 to 15 mw/cm?, the change of photovoltage become more and
more distinct. Figure 4(b) demonstrated the photovoltage responses for twelve cycles. It presented
quick switch between small and large voltages corresponding to “light OFF” and “light ON” states,
respectively, suggesting LHMO/0.05wt%Nb-STO heterojunctions to be nice photo detectors due to
persistent and stable photovoltages observation.

The rectifying I-V and photoelectric characteristic of the junctions usually originate from the
energy band bending. For references,”>*° the energy gaps of LHMO and 0.05wt%Nb-STO are approx-
imately 1 and 3.2 eV, respectively; and the electron affinity of LHMO and 0.05wt%Nb-STO are
approximately 4.1 and 4 eV, respectively. The Fermi level of LHMO is supposed to be close to the
bottom of the conduction band due to an n-type semiconductor LHMO. Since the photon energy
of 650 nm wavelength (1.91 eV) is larger than the bandgap of LHMO and smaller than that of
0.05wt%Nb-STO, nonequilibrium electron-hole pairs can only generated in the LHMO layer. Under
light illumination, holes and electrons are created in the valence and conduction bands of LHMO
layer, respectively. Among them, electrons can be transferred to the 0.05wt%Nb-STO across the
interface, whereas holes cannot cross the interface due to the large barrier. As a result, photo excited
holes and electrons are spatially separated, leading to the appearance of the photovoltage.

IV. CONCLUSIONS

In summary, heterojunctions of LHMO/0.05wt%Nb-STO were fabricated by PLD method. XRD
spectrademonstrated a good epitaxy and crystallinity. The heterojunctions showed excellent rectifying
properties in a wide temperature range, which is comparable with those p-n junctions made of
traditional semiconductors. Photo-induced voltage was also observed as illuminated by visible light.
It was found that the observed photovoltage strongly depends on the light intensity. Opto-response of
these junctions and transport behavior are tunable. These results revealed the feasible manipulation
of electrical transport of LHMO/0.05wt%Nb-STO junctions by light irradiation, and suggested that
these junctions can be good optoelectronic devices based on manganite perovskites. According to the
mechanism of photovoltage in the LHMO/0.05wt%Nb-STO structure, whose energy is larger than
the bandgap of LHMO, LHMO/0.05wt%Nb-STO has the potential to be a good detector for visible
and ultraviolet lights.
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