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We report high-sensitivity SrTiO3; photoconductive detectors with multiple photoelectric cells connected
in parallel. The photocurrent of the detectors increases significantly with an increase of the cell number.
The photocurrent responsivity of the detector with three cells can reach 237 mA/W at 10 V bias under
illumination of the 375 nm laser, and the corresponding quantum efficiency is 77% at 10 V bias.
Furthermore, a transient photovoltaic signal with a rise time of ~490 ps and a full width at half-
maximum of ~900 ps is obtained. These results demonstrate that the present devices with further
improvement of performance have great potential application in high-sensitivity and ultrafast ultraviolet

photodetectors. © 2013 Optical Society of America
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1. Introduction

Ultraviolet (UV) photodetectors with excellent ther-
mal stability and reliability have drawn a great deal
of interest in recent years due to their various poten-
tial applications in the fields of solar astronomy,
short-range communications security, biological
research, fire alarms, and military services [1-4].
Conventional semiconductors such as silicon and gal-
lium arsenide can be used in UV detection, but they
exhibit poor radiation hardness and have high dark
currents with increasing bias owing to their narrow
bandgap [5]. Perovskite oxides have attracted consid-
erable attention due to their abundant properties,
such as dielectric, piezoelectric, ferroelectric, ferro-
magnetic, superconducting, optical characteristics,
and photoelectric effect [6-8]. Recently, we have
reported the visible-blind or solar-blind UV photode-
tectors based on perovskite oxide single crystals with
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wide bandgaps, including SrTiO; (STO) [9,10],
LaAlOj [11], LiNbOg [12], and LiTaOs [13], with
Au interdigitated electrodes. These photodetectors
based on perovskite oxide single crystals have high
UV sensitivities and low dark currents [9-13]. In this
paper, we present high-sensitivity SrTiO; photo-
detectors by fabricating an interdigital electrode cell
array on the surface of a SrTiO; single crystal. One
important part of our work is that it can reduce the
difficulty of large-area lithography and facilitate
integration. The photocurrent of the photodetector
can increase significantly with the cell number
without the need for an amplifier or high-precision
instrument, as we can integrate multiple cells on the
detector in parallel configuration. In addition, the
response speed of our STO photodetector with multi-
ple interdigital electrode cells connected in parallel
is faster than before [10].

2. Experimental Details

The STO single crystal used in this paper is the
commercial single polished STO (001) single crystal
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with a purity of 99.99%. The size of the STO wafer
is 10mm x 10mm with a thickness of 0.5 mm.
Figure 1(a) shows the schematic diagram of our STO
photodetector with four interdigitated electrode
cells. A Ti layer with a thickness of 20 nm was depos-
ited onto the surface of the STO, and then an Au
layer with a thickness of 100 nm was deposited onto
the Ti layer by thermal evaporation. UV lithography
and etching were performed to fabricate the inter-
digitated electrodes. The finger width and the inter-
spacing of the interdigitated electrodes are both
10 pm. Due to the shadowing effect of electrodes, the
irradiated active area of one interdigitated electrode
cell is 0.086 mm?. Multiple interdigitated electrode
cells can be connected in parallel using conductive
silver epoxy in measurement. A tunable DC voltage
source (Keithley 2400) was taken as the bias supply
V4. The photoelectric properties of our photodetec-
tors were investigated under the irradiation of an in-
candescent lamp, a continuous blue laser (Oxxius,
wavelength of 375 nm), and a Nd:YAG pulsed laser
(wavelength of 355 nm).

3. Results and Discussion

Figure 1(b) shows the I-V characteristics of the photo-
detector with one cell and three cells in the dark and
under illumination of an incandescent lamp. From
Fig. 1(b), it can be seen that the photocurrent of the
STO photodetector with three cells is larger than that
of the STO photodetector with one cell at the same V.
The mechanism of photocurrent for the STO photo-
detectors with interdigitated electrodes can be easily
understood as the following: the STO absorbs the
incident photons and generates the photocarriers,
when the photon energies are higher than the
bandgap of STO (~3.2 eV) [14]. The photogenerated
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Fig. 1. (a) Schematic diagram of the STO photodetector with four
interdigitated electrode cells. (b) Comparison of I-V characteristics
measured in dark and under illumination of an incandescent lamp.
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electrons and holes are separated by the electric field
of supplied bias, and then the photocurrent forms [10].

Figure 2(a) shows the voltage dependence of photo-
currents for the STO photodetector with multiple
cells under illumination of a 375 nm laser. At a fixed
power density of 1.23 mW/cm?, the photocurrent
increases linearly with the applied bias. It is easy
to understand that a larger V, will provide a higher
electric field as a driving force to separate the photo-
carriers more efficiently. The recombination of photo-
carriers will be reduced, and more carriers can be
collected. Thus, the photocurrent of the photodetec-
tor increases linearly with V,. We also measured
the dark currents of the photodetector, as shown in
Fig. 2(a). The dark current of the STO photodetector
will increase sharply when the absolute value of the
bias voltage is larger than 30 V (not shown here),
which will lead to the reduction of the detector’s
signal-to-noise ratio. Figure 2(b) shows the depend-
ence of the currents on the cell number measured in
the dark and under illumination of an incandescent
lamp or a 375 nm laser at 10 V bias. From Fig. 2(b), it
can be seen that the photocurrent increases with
the cell number at the same bias voltage due to the
influence of the parallel circuit.
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Fig. 2. (a) Voltage dependence of currents in the devices with dif-
ferent interdigited electrode cell numbers. Open data points are for
dark currents and solid data points indicate photocurrents under
illumination of a 375 nm laser. (b) Interdigitated electrode cell
number dependence of currents measured in dark and under illu-
mination of an incandescent lamp or a 375 nm laser at 10 V bias.
The power density of the 375 nm laser is 1.23 mW/cm?.
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Fig. 3. Steady-state photovoltaic response of the devices with
different interdigited electrode cell numbers under illumination
of a 375 nm laser at 10 V bias. The power density is 10 mW/cm?2.
The inset shows the schematic circuit of measurement.

The steady-state photovoltaic properties of the
devices with multiple cells were studied under illu-
mination of the 375 nm laser, as shown in Fig. 3.
The inset shows the schematic circuit of the meas-
urement. The photovoltaic signals were recorded
by an oscilloscope with a 2.5 GHz bandwidth and
an input impedance of 1 MQ. The power density is
10 mW/cm?, and the bias was 10 V. From Fig. 3, it
can be seen that the photovoltage is high (low) when
the 375 nm laser is on (off), and the photovoltage
increases from 2.4 to 8.1 V when the cell number
increases from 1 to 4.

Figure 4 shows the dependence of the photocurrent
of the STO photodetector on the power density of a
375 nm laser at 10 V bias. The photocurrent has a
good linear relationship with the power density, and
no photocurrent saturation phenomenon occurs in
the power density range of 0—-70 mW /cm?2. The photo-
current responsivity R; was calculated by [15]

1
R; Zm, 1)

where I is the photocurrent, A ¢ is the active area
of the device, and E is the irradiance of the light.
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Fig. 4. Variation of photocurrent with laser power density at
10 V bias.

Under illumination of the 375 nm laser (power den-
sity 30 mW/cm?), a photocurrent responsivity of
237 mA /W is obtained for three cells at 10 V bias.
The corresponding quantum efficiency ; for three cells
is 77% at the bias of 10 V according to

R:h
n=" 2)
q

where R, is the photocurrent responsivity of the
photodetector, £ is the Planck constant, v is the fre-
quency of incident light, and q is the charge of the elec-
tron. Here, we did not consider the incident light on
the electrodes. In our current devices, the open area
is almost equal to the area covered by the electrodes
because the finger width and the interspacing of the
interdigitated electrodes are both 10 pm. By adjusting
the parameters of the interdigitated electrode, for
example, by reducing the finger width, we think it will
be possible to have much larger open area and further
improve the device performance. The photocurrent
responsivity and the corresponding quantum effi-
ciency of our photodetector are comparable or even
better than those of many other UV detectors based
on semiconductors [16—18]. Compared with photode-
tectors reported previously [9-13], the main advan-
tage of our STO photodetector is the interdigitated
electrode cell array; thus the photocurrent can be en-
hanced and tunable.

In addition, we also measured the temporal re-
sponse of our devices at 10 V bias using a 355 nm
actively passively mode-locked Nd:YAG laser with
15 ps duration. The energy density is 1.5 mdJ/cm?.
To reduce the influence of the measurement circuit,
we connected a 0.5 Q resistance in parallel with the
device. As shown in Fig. 5, the detector with one cell
has a rise time of ~330 ps and a full width at
half-maximum (FWHM) of ~600 ps. Moreover, the
detector with three cells in parallel has a rise time
of ~490 ps and a FWHM of ~900 ps. Measurements
on devices with different cell numbers showed that
the temporal responses of our detectors were related
to the size of the devices, and a smaller device should
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Fig. 5. Temporal photovoltaic response of the devices under the
excitation of a 355 nm pulsed laser with 15 ps duration. The energy
density is 1.5 mJ/cm?.
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have a faster response speed due to the reduced
capacitance and RC time constant. Thus, the mea-
sured rise time of the detector with one cell is faster
than that of the detector with three cells. The
response speeds of the device with one cell and with
three cells are still faster than the results of previ-
ously reported photodetectors [10]. The variation of
the photovoltages with different energy density was
also studied. The timing characteristics, such as the
rise time and FWHM, remain almost unchanged.
This indicates that the timing characteristics are
the essential characteristics of the device and are
not related to the energy density, which is important
for device applications.

4. Conclusions

In summary, we have fabricated high-sensitivity
STO photodetectors based on an interdigital elec-
trode cell array. The photocurrent of the detector
can increase significantly with an increase of the cell
number, as we can integrate multiple cells on the
detector in parallel configuration. Moreover, the
present STO photodetectors have a high photocur-
rent responsivity of 237 mA/W at 375 nm at 10 V
bias and an ultrafast response time of hundreds of
picoseconds.
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