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The low-noise solar-blind photodetectors of indium-tin-oxide/LaAlO3=Ag (ITO/LAO/Ag) have been
fabricated based on the properties of LAO bandgap excitation and the transparent conductance of
ITO thin film. The ITO thin films are epitaxially grown on LAO wafers as the electrodes and detection
windows of the photodetectors. The photodetectors have low noise and excellent electromagnetic shield-
ing. The influence of the thickness of ITO thin films on the responsivity of the photodetectors has been
studied. The photocurrent responsivity can reach 10:3 mA=W under the irradiation of 200–220 nm for a
photodetector with 5 nm thick ITO film. The noise current is 1 pA order magnitude under the sunlight at
midday. The experiment results suggest that ITO/LAO/Ag is one of the promising structures for the solar-
blind deep-ultraviolet photodetectors. © 2010 Optical Society of America
OCIS codes: 040.5150, 040.5160, 040.7190, 310.7005.

1. Introduction

Solar-blind deep-ultraviolet (DUV) photodetectors
with excellent thermal stability and reliability have
attracted much attention due to their various poten-
tial applications in the fields of solar astronomy,
short-range communications security, space-to-space
transmission, fire alarms, combustion monitoring,
and military services. Solar-blind DUV detectors can
work in a harsh environment of sunlight radiation,
especially. Therefore, there has been great interest
in the development of solar-blind photodetectors
with various wide bandgap materials in the past
few years, such as AlxGa1−xN [1–3], cBN [4], diamond
[5,6], MgZnO [7], and others. Recently, we reported
the solar-blind photodetectors of LaAlO3 [8] and
LiTaO3 [9] single crystals with Au-interdigitated
electrodes based on very good chemical and thermal
stability. Although the photodetectors of LaAlO3 and
LiTaO3 have high DUV sensitivities of 71.8 and

2 mA=W and low dark currents of 77 and 61 pA, re-
spectively, from the view of practical applications,
there are some problems with the structure of inter-
digitated electrodes. One of the problems is that the
ability of anti-interference is not good enough for the
electromagnetic interferences of detection space. On
the other hand, for the detectors with interdigitated
electrodes, one must add a window in the front of the
detector chip to avoid contaminants such as dust or
conductive particles in the detection circumstance.
In this paper, we report the low-noise solar-blind
photodetectors of indium-tin-oxide/LaAlO3/Ag (ITO/
LAO/Ag) based on the properties of LAO bandgap
excitation and the transparent conductance of ITO
thin film.

Figure 1 shows the schematic diagram of the ITO/
LAO/Ag photodetectors. ITO thin films as trans-
parent electrodes have been widely used in panel dis-
plays, solar cells, and optoelectronics due to their low
electrical resistivity and high transparency [10–12].
The ITO thin film is epitaxially grown on a surface
of LAO as an electrode and the detection window.
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In order to improve the ability of the electromagnetic
shield, the ITO film is connectedwith the cavity using
Ag glue. The other surface of LAO is smeared with Ag
glue uniformly as another electrode. Because the ITO
films have a good metalliclike property, the structure
of the photodetector chip is a typical metal(ITO)-
insulator(LAO)-metal(Ag) structure. The detector
chip and sampling resistance, R ¼ 1 MΩ, are in-
stalled in an Al cavity. In this way, the photodetector
has low noise and a very good electromagnetic shield.
As shown in Fig. 1, the diameter of the detection win-
dow is 4 mm, corresponding to the efficient area of the
photodetectors, 12:56 mm2. Themechanism of photo-
current for the ITO/LAO/Ag photodetectors, similar
to the LAO photodetectors with interdigitated elec-
trodes [8], can be understood as the following: the
incident light passes through the ITO thin film and
comes into the LAO single crystal. The LAO absorbs
the incident photons and generates the photocarriers
(electron-hole pairs) when the photon energies are
higher than the bandgap of LAO. The photogenerated
electrons and holes are separated by the electric field
of supplied bias and form the photocurrent.

2. Experimental Details

The LAO wafers used in the present study are
as-supplied commercial LAO single crystal with a
purity of 99.99% and a single polished mirror. The
geometry size of the LAO wafers is 5 mm × 10 mm
with a thickness of 0:5 mm. As mentioned in our pre-
vious works [13], we epitaxially grow ITO thin films
on LAO wafers by a laser molecular-beam epitaxy
system. The preparation conditions of ITO thin
films are as follows: a sintered ceramic ITO
(In2O3∶SnO2 ¼ 90∶10 wt:%) is used as the target,
the laser beam with a wavelength of 308 nm has a
repetition rate of 2 Hz and a duration of 25 ns, the
laser energy density is approximately 1:5 J=cm2, the
temperature of LAO substrates is kept at 680 °C,
and an oxygen pressure of 1:5 × 10−1 Pa is main-
tained during the deposition. After the deposition,
the samples were in situ annealing under the growth
conditions for 30 min. ITO thin films with different

thicknesses of 5, 20, and 100 nm are deposited on
LAO substrates, respectively. The thicknesses of
ITO thin films are controlled by the intensity oscilla-
tions of an in situ reflection high-energy electron dif-
fraction and further confirmed by a surface profile
measuring system.

3. Results and Discussion

Figure 2 presents a typical x-ray diffraction (XRD)
θ ∼ 2θ scan curve of a 100 nm-thick ITO thin film
on LAO. Except for the ITO (00l) and LAO (00l)
diffraction peaks, there is no other diffraction peak
from impurity phases or a randomly oriented grain,
indicating that ITO thin film is single phased and
epitaxially grown on LAO. The Hall measure-
ments confirmed that the resistivities of ITO are
9:46 × 10−2, 2:75 × 10−3, and 1:43 × 10−4 Ω · cm for
5, 20, and 100 nm thin films, respectively. All of
the ITO films have a good epitaxial structure, and
the interfaces between LAO and ITO are very sharp.
The relative property with structure will be reported
elsewhere.

We studied the influence of the thickness of ITO
thin films on the responsivity of the photodetectors.
In order to improve the responsivity, at first, we
polished all of the LAO wafers with different ITO
thicknesses of 5, 20, and 100 nm mechanically into
0:13 mm. A tunable DC voltage source is taken as
the applied source. A 30 W D2 lamp is employed to
act as a light source, and the light intensity is cali-
brated by a UV-enhanced silicon photodetector in
the wavelength range of 200–220 nm. The photovol-
tages across the sampling resistance R are measured
by a 500 MHz oscilloscope. The noise currents are
measured using a Keithley Model 2400 source meter.

Figure 3 shows the bias dependence of the photo-
current responsivities for the three different photo-
detectors with 5, 20, and 100 nm ITO thin films
under the irradiation of a D2 lamp, respectively.
The photocurrent responsivities increase linearly
with applied bias for all three photodetectors.

Fig. 1. (Color online) Schematic diagram of ITO/LAO/Ag
photodetector.

Fig. 2. Typical XRD θ − 2θ scan curve of 100 nm ITO film on LAO
substrate.
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The maximum responsivities are 0.3, 2.4, and
10:3 mA=Wat 200 V bias for the photodetectors with
100, 20, and 5 nm ITO thin films, respectively. It is
obvious that the responsivity decreases rapidly with
the increase of the thickness of ITO thin films, indi-
cating that the thickness of ITO thin film has a larger
influence for the photocurrent responsivity.

Figure 4 presents the optical transmittances of
ITO thin films with the thicknesses of 5, 20, and
100 nm, respectively. The 100 nm ITO thin film
shows a sharp cutoff wavelength at about 320 nm,
agreeing well with the ITO bandgap of 3:8 eV [10].
Therefore, with the increase of the thickness of ITO
film, the absorption of UV light in ITO film
increased. As we know, the absorption of ITO film
is disadvantageous to the detection responsivity
because the electron-hole pairs generated by the ab-
sorption of ITO film will be recombined quickly due

to the metalliclike property of ITO films. From Fig. 4,
we can see that the transmittances are about 9%,
63%, and 76% in the 280 nm wavelength for the
100, 20, and 5 nm ITO films, respectively. In Fig. 3,
the LAO with 100 nm ITO film has the lower respon-
sivity since the most incidence light was absorbed by
the ITO film and only less incidence light can reach
LAO, and vice versa, the LAO with 5 nm ITO film
has the higher responsivity.

The inset of Fig. 4 shows the absorption spectrum
of a LAO single crystal with 5 nm thick ITO film. The
absorption spectrum is agreeing well with that of
LAO photodetectors with interdigitate electrodes
[8]. The cutoff wavelength of the spectrum is at about
220 nm corresponding to a photon energy of 5:6 eV
[14], agreeing well with the LAO bandgap. The ex-
perimental results prove that the 5 nm thick ITO
film has almost no influence for the spectral charac-
teristics of LAO photoresponse, and the ITO/LAO/Ag
photodetectors have an intrinsic characteristic of
solar blindness.

Figure 5 shows thepower density dependence of the
photocurrent for a ITO/LAO/Ag photodetector with
5 nm ITO film under the irradiation of a D2 lamp
at a 200 V bias. The photocurrent presents a good lin-
ear relationship with the power density. From Fig. 5,
it can be seen that the photodetector can detect the
incidence light as lowas0:09 μW=cm2 or even smaller.
The dark current is about 1 pA at 200 V bias, indicat-
ing that the photodetector has a low noise and the ex-
cellent electromagnetic shielding. As shown in the
inset of Fig. 5, we also measured the noise currents
directly under sunlight with a light intensity of
e100 mW=cm2. The noise currents of a photodetector
with 5 nm ITO are 10, 55, 187, and 536 pA at 10, 50,
100, and 200 V bias, respectively. The noise currents
are bigger than the dark current. The reason for
arousing the bigger noise currents may be that the
LAO used in our experiment is not perfect. However,
the noise currents are pA magnitude. The result

Fig. 3. (Color online) Bias dependence of the photocurrent
responsivity for the three different photodetectors with 5, 20,
and 100 nm ITO films under the irradiation of a D2 lamp.

Fig. 4. (Color online) Optical transmittances of ITO films with
the different thickness of 5, 20, and 100 nm. The inset shows
the absorption spectrum of an LAO single crystal with 5 nm thick
ITO film.

Fig. 5. Power density dependence of the photocurrent for an ITO/
LAO/Ag photodetector with 5 nm ITO film under the irradiation of
a D2 lamp at a 200 V bias. The inset shows the bias dependence of
noise currents under the irradiation of sunlight at midday.
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suggests that the ITO/LAO/Ag photodetector can
directly detect the DUV light without any filter under
sunlight.

4. Conclusions

In conclusion, we have successfully fabricated the
low-noise solar-blind photodetectors of ITO/LAO/
Ag. The photodetectors have a very low noise and ex-
cellent electromagnetic shielding. The photocurrent
responsivity reaches 10:3 mA=W under the irradia-
tion of 200–220 nm. The noise current is 1 pA order
of magnitude under the sunlight at midday. The re-
sponsivity, though, is not higher than that of LAO
photodetectors with interdigitated electrodes, as
we reported previously [8]. However, in the view of
application, the MIM structured photodetectors have
more wide application due to the excellent electro-
magnetic shielding as well as the sufficient respon-
sivity. In addition, the present photodetectors can
be improved by further decreasing the thickness of
the LAOwafer or substituting the LAO single crystal
with thin films. Furthermore, the same ideas can be
generalized to develop the DUV photodetectors with
the wide bandgap materials, such as LiTaO3, MgO,
ZrO2, and so on.
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search Program of China and the National Natural
Science Foundation of China (NSFC).
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