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A solar-blind ultraviolet photodetector based on perovskite (LaAlO3)g3-
(SrAlgs5Tag503)07 (LSAT) single crystal has been fabricated. The Deep Ultra
Violet (DUV)/Ultra Violet (UV) (200 versus 290 nm) ratio is more than three
orders of magnitude under the applied bias voltage 200 V. Under illumination
at 200 nm, the responsivity of this ultraviolet photodetector reaches 4 mA/W at
200 V bias. The corresponding quantum efficiency and detectivity are 2.76% and
1x10'"" ¢cm-Hz"3/W, respectively. The ultrafast response with a rise time of 563
ps and full width half maximum (FWHM) of 1.085 ns is obtained. The high sen-
sitivity, ultrafast response speed, and good signal-to-noise ratio demonstrate that
the LSAT photodetector could be a promising candidate as the solar-blind ultra-
violet photodetector. © 2017 Author(s). All article content, except where other-
wise noted, is licensed under a Creative Commons Attribution (CC BY) license
(http://creativecommons.org/licenses/by/4.0/). [http://dx.doi.org/10.1063/1.4978053]

I. INTRODUCTION

Ultraviolet (UV) photodetectors have attracted much attention for their wide applications in the
fields of communication, flame detection, missile tracking, ozone holes monitoring, corona detec-
tion, and chemical or biological agent sensing.!™ UV photodetectors consist of visible-blind (below
400 nm) ultraviolet photodetector>® and solar-blind ultraviolet (below 280 nm) photodetector.”-3
Because most photons in the wavelength shorter than 280nm have been strongly absorbed by the
stratospheric ozone layer,” solar-blind ultraviolet photodetectors, compared to visible-blind ultravio-
let photodetectors, show superior advantages with lower false alarm rate and higher sensitivity under
sun or room illumination. Recently, solar-blind ultraviolet photodetector based on wide bandgap
semiconductors, such as diamond,">!% BN,!"1> AlGaN,” Ga;03,'*"!> have been widely investi-
gated. However, the fabrication processes for the photodetectors above are expensive and complex.
In recent years, perovskite oxides with wideband gap, which have strong stability against harsh envi-
ronment,'®!7 have attracted much attention, due to their excellent photoelectric property and potential
ultrafast performance. '8

In this work, we employed the commercial LSAT (001) single crystal (MTI corporation) to
fabricate a solar-blind photodetector. The LSAT single crystal, as one of the perovskite oxides, has
a wide bandgap of 4.96eV, so it may be a candidate for solar-blind detection. The photodetector
shows a maximum response under the illumination of 200 nm wavelength, and the responsivity of
the photodetector is about 4 mA/W. The response rejection ratio (R(204 nm)/R(280 nm)) is more
than three orders of magnitude under the applied bias 200 V. Importantly, the photodetector exhibits
an ultrafast response to UV light. The high rejection ratio, low noise current, and ultrafast response
demonstrate that LSAT is a promising material to fabricate solar-blind ultraviolet photodetectors.
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(C) Au interdigital LAST
electrodes

FIG. 1. (a) Optical images of the interdigital electrodes with finger widths of 10um on LSAT, (b) Magnification of the
interdigital electrodes, (c) Schematic diagram of the LSAT photodetector with interdigital electrodes.

Il. EXPERIMENTAL METHOD

The size of LSAT wafer is 10 mm X 10 mm with a thickness of 0.5 mm. Using the stan-
dard photolithography and thermal evaporation techniques, we fabricated interdigitated electrodes
on LSAT crystals. Here, we employed Au as the electrodes. The photographs of the electrode
patterns are exhibited in figure 1(a). Figure 1(b) is the magnification of the electrode pattern.
A series of interdigitated electrodes with different finger spacings of 10, 20, and 30 um were
fabricated to investigate the effect of the finger spacing on the photodetection characteristic.
Two platinum wires were connected to the interdigitated electrodes for electrical measurements.
Figure 1(c) exhibits the schematic diagram of LSAT photodetector. The photoelectric signals of
the photodetector were measured with a semiconductor parameter analyzer (Keithley 4200). The
spectral responsivity was measured using a monochromator combined with a lock-in amplifier
(Stanford SR830), and laser-driven light source (EQ-99X) was utilized as the light source. A 2.5
GHz digital oscilloscope (Tektronix TDS7254B) and an actively-passively mode-locked Nd:YAG
laser (EKSPLA PL2210A) were used to characterize the ultrafast photoelectric response of LSAT
photodetector.

lll. RESULTS AND DISCUSSION

The spectral responsivity of the LSAT photodetector with a finger width of 10 um is displayed
in figure 2(a). Inset of figure 2(a) is a logarithm analysis of responsivity for clearly displaying the
response rejection ratio. The applied voltages were 50 (black), 100 (red), 150 (green), and 200 V (blue),
respectively. There is an obvious spectral responsivity under the light illumination with wavelengths
ranging from 200 to 250 nm, while there is almost no response to the light with wavelengths longer
than 250 nm. Maximum of responsivity locating at about 200nm were 0.94, 2.01, 3.13 and 4.28
mA/W at 50, 100, 150 and 200 V, respectively. A sharp cutoff appeared at about 250 nm, which is
approximately the same value of the absorption edge of LSAT as shown in figure 2(b). The photon
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FIG. 2. (a) Spectral response of the LSAT photodetector with a finger width of 10um at 50 (black), 100 (red), 150 (green),
200 (blue) bias, Inset is a replot of responsivity curve in a logarithmic scale, (b) Absorption spectra of LSAT single crystal.
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FIG. 3. (a) Photocurrent variation with the light intensity under illumination of 212 nm UV light at 10, 15, 20 V bias
respectively, (b) Photocurrent variation with the light intensity under illumination of different wavelengths at 20 V bias,
(c) I-V characteristics of detectors with different light intensity under illumination of 212 nm UV light, (d) Steady-state
photoelectric response under different excitation wavelengths at 20 V.

energy that corresponds to the cutoff wavelength is 4.96eV, demonstrating a bandgap excitation
process. The response rejection ratio (R(204 nm)/R(280 nm)) is more than three orders of magnitude
under the applied bias voltage 200 V, indicating an intrinsic solar blindness. The responsivity of the
LSAT photodetector increases with increasing the applied bias. This phenomenon can be understood
as follows. A larger voltage will result in a higher electric field which can separate the photo-
induced electron-hole pairs more easily and reduced the recombination of photo-carriers, thus more
photo-carriers can been collected.”

Figure 3(a) shows the dependence of the photocurrent on the light intensity under the illumination
of light with a wavelength 212 nm under various biases. It is found that the photocurrent has a good
liner relationship with the light intensity and no photocurrent saturation phenomenon appeared from
0.06 to 1.306 um/mm?. Figure 3(b) displays the dependence of the photocurrent on the light intensity
under various light wavelengths. All the photocurrents have a good linear relationship with the light
intensity, and there is no photoelectric response under the illumination of the light wavelength 260 nm.
Moreover, we also carried out investigations on the /-V characteristics of the photodetector under var-
ious light intensities, as shown in figure 3(c). The photocurrent increases with the applied bias under
the different light intensity. At the same bias, the photocurrent increases with the increasing of light
intensity. Figure 3(d) shows the steady-state photocurrents of the LSAT photodetector under the light
illumination with wavelengths of 212, 230, and 260 nm, respectively. Obviously, the photocurrent
strongly depends on the light illumination. In addition, the time response characteristic was investi-
gated by the transient photocurrent method. The detector was operated under the illumination of a
pulsed 230 nm laser with 15 ps duration, and a 2.5GHz digital oscilloscope was employed to collect the
data. Figure 4 shows a transient response of the LSAT detector at 70 V bias. The rise time and FWHM
are 563 ps and 1.085 ns, respectively. This result indicates an ultrafast photoelectric response of
LSAT photodetector.

Figure 5 (a) shows the I-V characteristics of photo detectors with various finger widths. At
the same bias of 20V, the photocurrent increases as the finger width decreases. In addition to the
above performance indexes, we also investigate other important parameters. The quantum efficiency
7, describing the capability of carriers generation, is an extraordinary factor for the photodetector.
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FIG. 4. Ultrafast photoelectric response of the LSAT detector with a finger width of 10 um at 70V bias, measured by a
2.5 GHz oscilloscope, and a laser with pulse width of 25 ps.

n=Rihc/Aq ()

where R; is the responsivity, 4 is the wavelength, & is Planck’s constant, c is the light velocity, and g
is the electron charge. The spectral response R; can be evaluated by

Ri=I/(E-A) 2)

where [ is photocurrent, E is light power density, and A is active area.

Detectivity D* is one of the main parameters characterizing normalized signal-to-noise perfor-
mance of detectors. There are some factors influencing the noise and further limits D*: the shot noise
from dark current, Johnson noise, and thermal fluctuation “flicker” noise. Here, the thermally limited
mode may not be applied as the short noise is significant. Therefore, the D* can be calculated by>*?>>
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FIG. 5. (a) I-V characteristics of photo detectors with various finger widths, (b) Detectivity (red) and quantum efficiency
(blue) variation with the finger width under illumination of 212nm at 20V bias, (c) I-V characteristics of detectors in dark and
under 212nm illumination, (d) Detectivity (red) and quantum efficiency (blue) variation with voltage under illumination of
212nm.
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where kj, is the Boltzman constant, T is the temperature, R, is the detector differential resistance.
Here, g is electron charge, 1 4,,« is the dark current, and R is the responsivity at different wavelength,
A is active area.

As shown in figure 5(b), at a 20V bias with a wavelength 212 nm, 5 of the photodetectors
with different finger widths of 10, 20, and 30 pum are 0.2055 %, 0.0614 %, and 0.0317 %, respec-
tively. The corresponding D* of these photodetector are 3.92 x 10'°, 1.13 x 10'°, and 7 x 10°
cm-Hz3/W, respectively. Both the quantum efficiency and the detectivity increase with decreasing
the finger widths. This can be understood as follows. Narrower finger width induces stronger electric
field, which will promote the combination probability of the photo-generated carriers when they
transport between electrodes.

Figure 5(c) shows the I-V curves of LSAT in dark and under the 212 nm radiation with the
voltage ranging from 0 to 200V. The results show that the LSAT photodetector is stable on a wide
range of biases (below 200V). Besides, at room temperature, the photodetector exhibits a very small
dark current ~5.82 pA at 200V bias. This phenomenon is generally attributed to its high crystal
quality. The D* which corresponds to different voltage is also calculated and shown in figure 5(d),
and the maximum value is about 1x10'" cm-Hz%3/W. The quantum efficiency almost grows linearly
with the applied voltage.

In order to improve the photoelectric performance, we fabricated photodetectors with multiple
cells connected in parallel. Figure 6(a) shows the I-V characteristics of the photodetector with vari-
ous cells in parallel. It can be seen that the photocurrent increases with increasing the cell number.
Moreover, the photocurrent ~143 pA of the photodetector with three cells in parallel increases more
than three times compared with that ~38 pA of the photodetector with one cell. We also investigate
the dependence of D* on the cell numbers of the photodetector. As shown in figure 6(b), the corre-
sponding D* for photodetector with cell numbers of one, two, and three are 3.9 x 10' cm-Hz>/W,
5.1 x 10'° cm-Hz%3/W, and 6.1 x 10'° cm-Hz%3/W, respectively.

Figure 6(c) shows the steady-state photocurrent properties of the detector with different cell
numbers. The photocurrent is recorded by Keithley 4200 under the illumination of a 212 nm light
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FIG. 6. (a) I-V characteristics of detectors with different interdigital electrode cell numbers under illumination of 212 nm UV
light. Open data points are for dark currents and solid data points indicate photocurrents. (b) Detectivity variation with the cell
number under illumination of 212nm at 20V bias. (c) Steady-state current response of the devices with different interdigitated
electrode cell numbers under illumination of a 212 nm light at 20V bias. The power density is 1.306uw/mm?. The inset shows
the schematic circuit of measurement. (d) Photocurrent variation with the light intensity under illumination of 212 nm light
with different cell number.
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with an intensity of 1.306 WW/mm?, and the applied bias is 20 V. From figure 6(c), it can be seen
that the current is strongly dependent on the irradiation of light. The current is high when the light
is on, while the current is low when the light is off. This reflects its good deep ultraviolet charac-
teristic. The photocurrent increases from 41 pA to 141 pA, when the cell number increases from
one to three. Figure 6(d) exhibits the dependence of the photocurrent of the LSAT photodetec-
tor on the light intensity of a 212nm light at 20 V bias, showing a favorable linear relationship
between photocurrent and light intensity. All these results show that we can improve the per-
formance of photodetector of LSAT through integrating multiple cells on the detector in parallel
configuration.

IV. CONCLUSIONS

In conclusion, the solar-blind photodetector based on a LSAT single crystal has been fabri-
cated and the photodetector characteristic has been investigated. The photodetector displays a high
response rejection ratio with more than three orders of magnitude at ambient temperature and sharp
cutoff wavelength is about 250 nm which is located in the solar-blind region. The photocurrent
increases linearly with the applied bias and light intensity. This linear relationship keeps well when
the voltage increases to 200V. The photodetector also exhibits a low dark current of 5.82 pA, an
ultrafast response signal with a rise time of 563 ps, and detectivity D* of 1x10'" cmHz%>/W, under
the illumination of a light with wavelength 212 nm. We also investigated LSAT photodetectors with
multiple interdigital electrode cells connected in parallel, and found that the photocurrent response
of the photodetectors can increase linearly with increasing the cell number. These results demon-
strate that LSAT photodetectors have potential for the application in the solar blind photoelectric
detecting.
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