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High-sensitivity and visible-blind ultraviolet (UV) photoconductive detectors based on SrTiOj3 single crystal
with interdigitated electrodes are reported. The responsivities of photovoltage and photocurrent can reach
2.13%x10% V/W and 213 mA/W, respectively, at 330 nm at ambient temperature, and the corresponding
quantum efficiency 7 reaches 80.2%. The dark current is lower than 50 pA at 10 V bias, and the UV/visible
contrast ratio is about four orders of magnitude with a sharp cutoff at 390 nm. The experimental results
demonstrate that SrTiO3 single crystal has potentially wide applications in UV detection. © 2007 Optical

Society of America
OCIS codes: 040.5160, 040.7190, 260.5150.

Perovskite-type metal oxides, which could be ex-
pected to exhibit novel characteristics and display
high sensitivity to external magnetic and electric
fields, have attracted considerable attention [1-4].
One of the important characteristics of perovskite
materials is the photoelectric effect [5—7]. Ultraviolet
(UV) radiation detectors have drawn a great deal of
interest in recent years due to many civil and mili-
tary requirements. In particular, UV detection with
high discrimination against visible and infrared light
is ideal for detection in the background of infrared
and visible radiation. Classical semiconductors in-
cluding silicon and gallium arsenide can be used in
UV detection, but their long wavelength response
needs to be excluded with filters. In addition, they ex-
hibit poor radiation hardness and have high dark
currents with increasing bias owing to their narrow
bandgap [8]. The wide bandgap materials, such as
III-V nitrides, silicon carbide, zinc oxide, and dia-
mond, are attractive candidates for UV detectors
[9-12]. Their stable physical properties and intrinsic
visible blindness have motivated extensive research
by many groups. However, the UV detectors based on
these materials require a complicated fabrication
process and high-cost manufacture.

SrTiO5 (STO), one of the perovskite oxide materi-
als, is an insulator with a bandgap of ~3.2 eV that
has been used in dynamic random access memories,
high-density capacitors, and electro-optic devices.
The photoconductivity of STO single crystals has
been studied by several groups [13-16]. We also re-
ported on the UV photoelectric effects in SrTiO5_s/Si
heterojunction and tilted-orientation STO single
crystals [6,7], since STO absorbs light with less than
390 nm wavelength and presents high transparency
in the range of visible and infrared wavelength. In
this Letter, we focus on the high responsivity in the
UV region of STO single crystal photodetectors with
a sharp cutoff at 390 nm at room temperature.

As-supplied STO (001) single crystal wafers with
purity of 99.99% are mirror double polished in the
present study. The geometries of the STO wafers we
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used are 5 mm X 10 mm with thickness of 0.5 mm. To
obtain high responsivity, as shown in the top inset of
Fig. 1, we fabricated Au interdigitated electrodes on
one surface of STO wafers. Au film with 200 nm
thickness was deposited onto the STO substrates by
electron-gun evaporation, and standard lithography
and etching were performed to define the interdigi-
tated contact pattern. The finger width w of the in-
terdigitated electrode is equal to its separated spac-
ing s. The range of w and s is from 500 to 10 um for
different detectors. Due to the shadowing effect of
electrodes, the irradiated active (exposed) area is
15 mm?. The schematic circuit of measurement is
shown in the bottom inset of Fig. 1. A tunable DC
voltage source was taken as the bias supply V}, and
the STO detector is in series with a sampling resis-
tance R. A 500 MHz digital oscilloscope was used to
record the voltage signal across R.

Figure 1 exemplifies the steady-state photoelectric
response of a STO detector with finger width of
10 um. The photovoltaic signal Vp was recorded by
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Fig. 1. Steady UV response of STO detector with w=s
=10 pwm under irradiation with an Hg lamp at a bias of 4 V.
The top and bottom insets show the schematic diagrams of
the interdigitated electrode configuration and the measure-
ment system, respectively.
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the oscilloscope with R=1 M() when the detector was
irradiated by a monochromatic Hg lamp (253.65 nm).
As shown in Fig. 1, the photovoltage was high (low)
when the Hg lamp was on (off), and the voltage
reached 3.5 V when the bias Vi, was 4 V. The mecha-
nism of the photovoltage is easy to understand. STO
absorbed the photons and produced electron—hole
pairs when STO surface was irradiated because the
photon energy of 253.65 nm is higher than the band-
gap of STO. Then, the light-induced electron—hole
pairs were separated by the electric field of the ap-
plied bias and formed the photovoltage. So the detec-
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tors based on STO single crystal are photoconductive
detectors.

Figure 2(a) shows the photocurrent Ip as a function
of applied bias under steady Hg lamp irradiation
with power density of 0.53 mW/cm?. Here Ip is de-
fined as Vp/R. The photocurrent increased linearly
with the bias and did not show any trace of satura-
tion for all detectors with different finger width. In
addition, after carefully fitting the data we get Vp
«w=2 [solid curves in Fig. 2(b)]. These results are in
agreement with the reports of photoconductive detec-
tors [8,17].

Figure 3 shows the response with optical power
density for a STO detector with 10 um finger width
at 10 V bias under the Hg lamp irradiation. From the
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Fig. 2. (a) Bias dependence of the photocurrent for differ-
ent electrode geometries. (b) Variation of photovoltage as a
function of the width of finger and spacing for different
biases.
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Fig. 3. Photocurrent variation with the optical power den-

sity and the spectral response (inset) of the STO detector
with 10 um finger width at 10 V bias.

power density of incident light, we can obtain a pho-
tocurrent responsivity of 103 mA/W and a photovolt-
age responsivity of 1.03 X 10° V/W. Here, we paid at-
tention to only the exposed area (active area) and did
not consider the light incident on the electrodes. The
quantum efficiency 7 is 50%, according to the for-
mula n=R;hv/q, where h is the Planck constant, v is
the frequency of light, and ¢q is the charge of one elec-
tron.

The spectral responsivity was measured by a
monochromator with a calibrated 75 W xenon lamp.
The inset of Fig. 3 displays the spectral response of
the STO detector with 10 um finger width at 10 V
bias. The wavelength of the peak response is at
330 nm, and the responsivities of photovoltage and
photocurrent are 2.13 X 105 V/W and 213 mA/W, re-
spectively. The corresponding quantum efficiency 7 is
80.2%, which is comparable with or even better than
that of the UV detectors based on semiconductors
[18-21]. From Fig. 3, we can see that the cutoff wave-
length at 390 nm is very sharp, which is in agree-
ment with the absorption spectrum [6]. The UV/
visible rejection ratio is larger than 10%, indicating
that the STO detector has the property of high visible
blindness. We have also measured the dark current
by using a Keithley Model 2182 nanovoltmeter, and
the dark current is lower than 50 pA at 10 V bias for
all devices.

In addition, the third harmonic of an actively pas-
sively mode-locked Nd:YAG laser, operating at a
wavelength of 355 nm with 25 ps duration, was used
to measure the temporal response of the devices. Fig-
ure 4 shows a typical transient photovoltage of a STO
detector with 20 um finger and spacing at 10 V bias
with a sampling resistance of R=1 . High-speed
characterization of the detector was obtained. The
detector had a rise time of ~1.3 ns and a full width at
half-maximum of ~1.5 ns. The slight oscillation be-
havior might come from impedance mismatch in the
measurement circuit.

In conclusion, we have fabricated highly sensitive
and visible-blind UV photodetectors based on STO
single crystal with interdigitated electrodes. The cut-
off wavelength at 390 nm is very sharp, with the UV/
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Fig. 4. Transient photovoltage of the STO detector with
20 um finger width at 10 V bias under irradiation with a
25 ps laser pulse.

visible contrast ratio reaching four orders of magni-
tude. The peak response was located at 330 nm with
photocurrent responsivity 213 mA/W, and the corre-
sponding quantum efficiency 7 reached 80.2%. The
dark current was lower than 50 pA at 10 V bias for
all the devices. The present UV detectors are based
on commercial STO single crystal and do not need a
complicated fabrication technique or process. All of
these excellent qualities demonstrate that STO
single crystal is an attractive candidate for a UV de-
tector. Further improvements of the responsivity and
quantum efficiency, such as decreasing the finger
width and substitution of highly transparent elec-
trodes for Au electrodes, are ongoing.

This work is supported by the National Natural
Science Foundation of China, the National Basic Re-
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Chinese Ministry of Education.
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