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Lateral photovoltaic effects in Bi2Sr2Co2Oy thin films
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Lateral photovoltaic (LPV) effects are observed in Bi2Sr2Co2Oy (BSCO) thin films. Upon illumination
of a 532-nm constant laser, the lateral photovoltage is observed to vary linearly with the laser position
between two electrodes on the film surface, and the position sensitivity can be enhanced by coating a layer
of graphite on the surface of the BSCO film as a light absorber. Results suggest that the LPV effect in the
thin film is independent of the photo-generated carriers but originates from thermoelectric effects. The
present work demonstrates a potential application of BSCO films in position-sensitive photo (thermal)
detectors.
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Transition metal oxides form an attractive class of ma-
terials because of their potential applications in ther-
moelectric or optoelectronic devices[1−4]. Bi2Sr2Co2Oy

(BSCO), a newly discovered strongly correlated transi-
tion metal oxide and one of the most attractive mem-
bers of this class, has attracted great attention as a
promising p-type thermoelectric material because of its
excellent thermoelectric performance and chemical sta-
bility in air[5−7]. Aside from its thermoelectric activity,
BSCO has many other remarkable properties, includ-
ing anisotropic electrical and magnetic properties, low-
temperature negative magnetoresistance effects, photo-
electric effects, and so on[8,9]. In this letter, we report the
presence of lateral photovoltaic (LPV) effects in BSCO
films to expand the application potential of the material
in position-sensitive photo (thermal) detectors.

A BSCO thin film with a thickness of about 150 nm is
grown on a LaAlO3 (001) single crystal substrate using
the chemical solution deposition method. Details of the
film fabrication and structural characterization process
are described in Ref. [10]. The surface morphology of
the film is analyzed by an XL30 S-FEG field-emission
scanning electron microscope (FE-SEM). During LPV
effect measurement, two In electrodes with a diameter
of 0.5 mm are placed on the film surface. A 532-nm
continuous wavelength laser with a spot diameter of 1.5
mm is used as the light source, and laser-induced lateral
photovoltages are recorded using a 2700 Keithley source
meter.

The top inset in Fig. 1 shows a SEM image of the sur-
face of the BSCO film. A very smooth and dense surface
is observed, and the nearly uniform morphology is favor-
able for obtaining LPV signals with good linearity[11].
A schematic illustration of the LPV measurements is
shown in the bottom inset in the same figure; here, the
distance between the two In electrodes A and B is 9 mm,
and the power of the illuminating laser is fixed at 20
mW. Figure 1 displays the lateral photovoltage VAB on
the BSCO surface and substrate as a function of laser
position x. We can clearly observe that: 1) whether
the laser illuminates the BSCO surface or the substrate,
VAB shows similar tendencies and varies almost linearly
with the laser spot position when it scanned along the x-

axis direction from electrodes A to B; 2) in both curves,
VAB is positive (negative) at a positive (negative) x and
reaches its maximum value when the spot is closest to the
measurement electrode. The position sensitivity, which
is defined as the variation in VAB brought about by a
displacement of 1 mm on the x-axis at 1-mW laser power,
is 20 and 16.5 µV/(mm·mW) for a laser illuminating the
BSCO surface and substrate, respectively; 3) when the
illumination spot is beyond the electrode, VAB decays
rapidly to zero.

Figure 2(a) presents the response of VAB to the laser
position in the y direction. VAB still varies linearly with
the spot position for each y, but the position sensitivity
decreases with increasing absolute value of y. Moreover,
the curves are roughly symmetric at y = 0. Adjusting
the distance L of two electrodes to 3, 6, 9, 11, and 14 mm
yields corresponding changes in VAB, as shown in Fig.
2(b). Shorter distances between the two electrodes can
clearly lead to higher sensitivity at a fixed laser position.
However, if the distance between A and B is larger than
9 mm, the linearity of the curves deteriorates.

To obtain more information on LPV effects in the
film, a light graphite absorption layer with a thickness of

Fig. 1. (Color online) Dependence of VABon the laser spot po-
sition in the x direction with laser illumination on the BSCO
surface and the substrate. The top inset shows an SEM image
of the BSCO film. The bottom inset displays the schematic
setup for LPV measurement.
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Fig. 2. (Color online) (a) Responses of VAB to the laser posi-
tion at different y. The inset shows a schematic diagram of the
measurement plane. (b) Observed VAB curves for different
electrode distances (L) of 3, 6, 9, 11 and 14 mm.

 

Fig. 3. (Color online) (a) Lateral photovoltage curves ob-
tained from bare and graphite-coated BSCO films. The inset
shows the time-domain profile of the voltage upon laser illu-
mination with a spot position of (x, y) = (4 mm, 0mm). (b)
Variations in Vp with laser power P at a fixed spot position
of (x, y) = (4 mm, 0 mm). (c) Temperature dependence of Vp

under a laser power of 20 mW.

5 µm is sprayed on the film surface to avoid the forma-
tion of photo-generated carriers brought about by direct
illumination with the laser. As shown in Fig. 3(a), en-

hanced position sensitivity is obtained; the time-domain
profile of voltage waveforms in the bare and graphite-
coated films at a laser position of (x, y) = (4, 0 mm) are
measured and presented in the inset of the figure. In both
samples, the waveforms show identical rise and decay
times, but the steady-state voltage in the graphite-coated
BSCO film is 0.21 mV larger than that in the bare BSCO
film (0.16 mV). Figure 3(b) shows the variation of the
photovoltage amplitude (Vp) with the laser power P on
the film surface when the spot position is fixed. For each
power value, the Vp of the graphite-coated film appears to
be larger than that of the bare BSCO film, which further
demonstrates that enhanced sensitivity may be obtained
from the graphite-coated film. As well, Vp increases lin-
early with the laser power in both samples. Finally, the
temperature dependence of Vp on the bare BSCO film is
measured and presented in Fig. 3(c). Vp clearly decreases
with temperature, which may result from a decrease in
the Seebeck coefficient of BSCO films in the plane of
carrier transport at lower temperatures[12].

According to the data in Fig. 3, the conventional LPV
mechanism based on photo-generated carrier effects is
inapplicable for our sample. Thus, we attribute LPV
effects to thermoelectric phenomena. When a film is
only partially illuminated by the laser beam, a tempera-
ture gradient is formed between the illuminated and non-
illuminated areas. As the carrier mobility is much higher
in heated zones than in unheated ones, major carriers
tend to flow from the illuminated zone to the nonillu-
minated region and establish a transient electric field. If
the distance between the laser spot position to electrodes
A and B varies, the quantity of the collected carriers on
the two probe electrodes also differs, thereby generating
VAB. VAB is also proportional to the temperature gradi-
ent between electrodes A and B because of nonuniform
heating by the laser as well as the Seebeck coefficient of
the material in the plane of carrier transport.

The following thermoelectric mechanism helps explain
our observed results. When the laser spot is at the cen-
ter of the two electrodes, VAB is zero because of diffusion
symmetry. If the light spot is close to one electrode, the
electric potential in this electrode is lower than that in
the other electrode because BSCO is a p-type material
and more holes are collected at the colder electrode than
at the warmer one. Since the temperature gradient along
the film surface caused by laser irradiation on the sub-
strate side is identical to that observed by laser irradia-
tion on the film side, two VAB curves in Fig. 1 exhibit
similar trends with the spot position x; slightly lower
values on the substrate side may be attributed to surface
scattering[13]. Comparing the absorption spectra of the
bare and graphite-coated BSCO films[14], the graphite
layer appears to increase light absorption, which implies
that higher laser powers may be effectively used to heat
the film. Thus, a larger temperature gradient as well
as higher VAB is obtained in the graphite-coated sample.
However, despite these interesting findings, other proper-
ties of the LPV effect in the film, such as the quantitative
temperature distribution of the film under heated laser
power and the length of the effective linear interval of the
LPV signal, have yet to be satisfactorily clarified; thus,
further theoretical and experimental investigations are of
extreme importance in this field.
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The LPV effect observed in the present BSCO film
is fairly different from the laser-induced transverse volt-
age reported in Refs. [7,9,14] in which the origin of the
transverse voltage is the anisotropic Seebeck effect. Its
typical characteristic is that heat and electric energy flow
through the film perpendicular to each other, and it is
effective only in c-axis-tilted thin films or multilayers.
Moreover, during the measurement, the laser spot must
be located exactly at the center of the two electrodes. In
the present work, LPV signals are observed in untilted
BSCO films and are believed to be due to the tempera-
ture gradient and variations in carrier mobility between
the two electrodes brought about by the asymmetric ra-
diation of the laser. In other words, heat and electric
energy flow through the film in the same plane.

In conclusion, the LPV effect is observed in bare and
graphite-coated BSCO films. Enhanced position sensi-
tivity observed in the graphite-coated film can be at-
tributed to improvements in light absorption and photo-
thermal conversion at the graphite layer. Results im-
ply that LPV signals in the film are caused by the tem-
perature gradient and variations in carrier mobility be-
tween illuminated and nonilluminated regions. Selection
of appropriate light absorbers to increase the tempera-
ture gradient or thermoelectric materials with large See-
beck coefficients are alternative methods for improving
the position sensitivity of the LPV effect. The present
results provide novel insights into the design of position-
sensitive photo (thermal) detectors based on thermoelec-
tric effects.
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