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The effect of magnetic field on the photovoltaic effect (PVE) has been investigated for a
manganite-based heterojunction composed of a Laj,Cey,3MnO;5 film and a 0.5 wt % Nb-doped
SrTiO; substrate. A linear decrease in the photovoltage (V,.) with magnetic fields is observed and
the relative variation of V, [defined as 1-V . (H)/V,.(0)] is larger than 10% under a field of 0.5 T
at a temperature 7=16.5 K. There is a proportional relation between AV, and the
magnetoresistance of the heterojunction. We attribute the modulation of PVE to variation of
magnetization and resistance of depletion layer by external magnetic fields. © 2005 American

Institute of Physics. [DOI: 10.1063/1.2140878]

Recently, intensive research activities have been fo-
cussed on the fabrication of heterojunction using manganites
for their rich physical properties.1 It has been found that
fabricated heterojunctions can have an excellent rectifying
property through properly controlling dopant species and the
doping level of the oxides.”” Compared with conventional
semiconductors, the manganites have unique features, such
as a strongly correlated electronic state and a magnetic state
dependent band structure.® Hence, one may anticipate that
the properties of manganite-based heterojunctions can be
tuned mangnetically, which is of special interest from the
applications viewpoint. Recently, our experimental results
have shown that manganite-based heterojunctions are mag-
netically tunable, i.e., the diffusion/breakdown voltage and
the junction resistance undergo a great change under the ac-
tion of external magnetic fields.”

More recently, we reported the photovoltaic effect (PVE)
in a manganite-based heterojun(:tion.6’7 Although the PVE
mechanism is not very clear at present, it is apparent that the
PVE is related to the magnetic behaviors of manganite films
in the heterojunction. We know that the magnetic behavior of
manganite films can be changed by external magnetic fields.
So, it should be of significance to test whether the observed
PVE can be manipulated by the external magnetic field. In
this letter, we perform comprehensive studies on the effect of
external magnetic field on the PVE in a Laj;Ce;;MnO;—
SrTiO3—Nb (LCEM/STON) heterojunction.

The LCEM/STON heterojunction was fabricated by
growing a (110) oriented LCEM film (~500 A in thickness)
on 3 X5 mm? STON single crystal substrate with the (001)
orientation using laser ablation. The resistance was measured
using the standard four-probe technique in the temperature
range of 10-300 K using a closed-cycle He refrigerator with
optical windows. For the PVE measurement, the sample was
mounted in a vacuum which was sealed by a double quartz
glass window, a He-Ne laser of the wavelength A\
=632.8 nm, and the power density of 1 mW/mm? was used
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to illuminate on LCEM film surface perpendicularly through
the window. Simultaneously, the external magnetic fields in
the range of O—1 T are supplied by a magnet. A schematic
illustration for the experiment setup is shown in Fig. 1. The
current-voltage (I-V) characteristics and magnetization of the
heterojunction were measured on commercial PPMS and
SQUID (MPMS) magnetometer, respectively.

Figure 1 is the response of open-circuit photovoltage
(V,o) to light illumination measured at 7=50 K (light power
density P=0.34 mW/mm?). It shows that the sample exhib-
its an obvious PVE, and the V,. shows a quick switch be-
tween ~0 and ~2.0 mV corresponding to “light on” and
“light off” similar to the results previously repor’[ed.7 The
temperature dependence of the V. for a fixed laser power
density of P=0.34 mW/mm? is shown in Fig. 2. It reveals a
nonlinear increase of V. as the temperature decreases, and a
local maximum appear near 150 K.

To test whether the observed PVE in the LCEM/STON
heterojunction can be influenced by applied magnetic fields,

25

T=50 K light off lightoff
: ; | -
i ‘ | ‘ +
151 ; l | ’
. i | | | STON
> ‘ !
g | OF i } i i H
=, | | ! ?
>o 05 ™ | ‘ l ‘
o
ook * [— . Sommsm————
4
05 light on light on
Time (s)

FIG. 1. Response of photovoltage to light illumination measured at a con-
stant temperature of 50 K under the light power density of
0.34 mW/mm? (A=632.8 nm). Inset is a schematic illustration of the PVE
measurement under magnetic fields.
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FIG. 2. Temperature dependence of photovoltage V. under the light power
density of 0.34 mW/mm?>.

we apply an external magnetic filed of 0.5 T on the hetero-
junction. The results are shown in Fig. 3. Without magnetic
fields, V,. stays at a stable value under the constant light
illumination. However, as an external magnetic fields of 0.5
T parallel to the film surface is applied, V.. shows a quick
decrease, and its relative variation [defined as 1
—V,.(H)/V..(0)] is larger than 10% at T=16.5 K. Moreover,
V.. can return to the previous value if the external field is
removed, that is, the dependence of the V. on the magnetic
fields is reversible. Similar phenomenon has been observed
in the whole measured temperature range. In order to inves-
tigate the effect of the external magnetic fields on the PVE
further, we applied an external magnetic fields to the film
before light illumination, Fig. 3 shows that the magnitude of
V. also keeps ~10% below the V. value without external
filed. These results reveal unambiguously that the external
magnetic fields can manipulate the PVE of a LCEM/STON
heterojunction. A similar phenomenon was also been ob-
served in other manganite-based heterojunctions, such as
Lag 3,Pr 35Ca 33Mn0O5/STON (not shown), which indicates
that the magnetically tunable PVE is a common feature of
the manganite-based heterojunctions.

We also measure V. by varying the external fields for
constant temperature and light power density. Figure 4 shows
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FIG. 3. Response of photovoltage to light illumination measured at a con-
stant temperature of 16.5 K with the light power density of 0.34 mW/mm?
and at an applied magnetic field of 0.5 T parallel to the film surface of
LCEM/STON.
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FIG. 4. Variation of photovoltage AV, as function of magnetic field at
selected temperatures 50, 150, and 250 K. The inset plot shows the tempera-
ture dependence of relative variation of photovoltage AV,./V,..(0) X 100%.
The used light power density is 0.34 mW/mm?.

the variation of photovoltage (AV,.) with magnetic fields for
selected temperatures 50 K, 150 K, and 250 K. AV, de-
creases monotonously with applied fields, and the field de-
pendence of V. (H) can be described as following equation:

VoelH) = Voe(0) = a(T)H, (1)

where V.(H) and V,.(0) represent the photovoltage with and
without magnetic fields, respectively, H is magnetic fields
intensity, and «(T) is a temperature dependent parameter. For
a constant magnetic field of 0.5 T, the temperature depen-
dence of AV /V.(0) is plotted in inset of Fig. 4 in the
temperature range of 20-300 K. It shows that AV,./V,.(0)
does not change monotonically with temperature and
AV,./V,.(0) has a bump near 150 K. It is interesting that
AV, ./V,.(0) and V . (T) curves show a similar temperature-
dependent feature (Figs. 2 and 4). In other words, both of
them have a bump around 150 K. The magnetization of
LCEMY/STON heterojunction under external magnetic fields
of 0.001 T and 0.5 T was measured in the temperature range
of 5-300 K. However, it is difficult to find some unambigu-
ous relation between AV, and AM (not shown here).

As for the origin of the magnetic dependence of V.
observed in a LCEM/STON heterojunction, it may be a re-
sult of the variation of the built-in electric field in the deple-
tion layer under magnetic fields. In order to test whether this
assumption is true, we performed the measurement of the
resistance of the heterojunction (R;) since built-in field can
be reflected by R;. The zero-bias junction resistance at zero
magnetic field R;(0) and at an external magnetic field R;(H)
were obtained through measuring their /-V curves and calcu-
lating /-V curves according to R;=dV/él for I=0. The tem-
perature dependence of magnetoresistance (MR) of the het-
erojunction, defined as MR(j)=[(R;(H)-R;(0))/R;(0)], is
shown in Fig. 5(a). MR exhibits a negative signal in the
whole measured temperature range with two local maxi-
mums located at 7,,;=274 K and T,,=150 K, respectively.
Considering that the structure of the heterojunction is com-
posed of LCEM film and the depletion layer and the sub-
strate, the resistance of the heterojunction can be expressed
as R;=Ry;+R,;+R,, where R;, R;, R;, and R; are the resis-
tance of the heterojunction, the LCEM film, the depletion
layer, and the substrate, respectively. Noting that the behav-
ior of STON is magnetic field independent, we attribute the
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FIG. 5. Temperature dependent MR of (a) LCEM/STON heterojunction
{[R,(0)=R,(H)]/R;(0) X 100%} and (b) LCEM film {[R/(0)=R{H)]/R/0)
X 100%}.

MR of the heterojunction to the variation of the resistances
of the LCEM film and the depletion layer under the magnetic
field. In order to separate the MR contribution of the LCEM
film and the depletion layer to MR(j) of the heterojunction,
the MR(f) of the LCEM film, defined as MR(f)=[(R/(H)
—R{(0))/RA0)], is measured at H=0.5 T. The MR(f) as a
function of the temperature is shown in Fig. 5(b). It shows
that MR(f) has a maximum at 7=274 K, which is the same
temperature as 7),; as shown in Fig. 5(a). As an approximate
method, we calculated R{~0.5 Q) and R((~0.02 ) from
their resistivities of LCEM film and STON substrate.® There-
fore, the resistance of depletion layer R, is about 90% of the
resistance of junction R;, and it is inaccordance with tradi-
tional p-n junctions. Therefore, combining Figs. 5(a) and
5(b), we attribute the MR(j) in the vicinity of T, to the
contribution both from the MR(f) of the LCEM film
(~2%) and MR(d) of the depletion layer (~2.5%). On the
other hand, the MR(j) in the vicinity of 7, should be as-
cribed to the contribution of the depletion layer only. As a
result, the variation of the depletion layer under magnetic
fields is suggested to be the underlying reason for the appear-
ance of AV,.

As for the variation of the properties of the depletion
layer under the applied magnetic fields, we think three fac-
tors to affect the depletion layer. The first factor is from
LCEM film itself, because its magnetic state can be changed
by the applied magnetic fields. As proven by various
experiments,l’9 the manganites undergo a change of band
structure accompanying the paramagnetic to ferromagnetic
(FM) transition, i.e., the spin-up and spin-down subbands
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split in FM state of LCEM. Under the action of external
magnetic fields, the spin disorder around T, is suppressed
and the spin-polarized carriers tend to occupy the lower sub-
bands, which results in the reduction of the Fermi level of
LCEM. Therefore, the potential barrier between LCEM and
STON is decreased. In other words, the depletion layer of
LCEM/STON junction under external magnetic fields be-
comes effectively thinner, which results in the decrease of
Ve This factor explains the appearance of AV, near the 7.
because the reduction of Fermi level of LCEM and the po-
tential barrier between LCEM and STON should only occur
in the vicinity of 7.. However, the inset in Fig. 4 shows that
the change in V. caused by the external magnetic field takes
place in a wide temperature range from 20 to 300 K. Hence,
other factors should be considered. One should be considered
is that there exists some FM insulating phases, except for FM
metallic phases in the depletion layer caused by the interface
strain, i.e., there is phase separation in the interfacial region
of the heterojunction as suggested b(?/ recent theoretical and
experimental studies of manganites.1 ! The fractions of both
FM metallic and FM insulating phases can be changed by
applied magnetic fields, which results in the variation of the
depletion layer. Another one may be the change of canting
angle of magnetic domains under magnetic fields. Based on
our experimental results, it appears to be more reasonable to
attribute the V. change induced by the applied magnetic
field to the latter two factors. A further study on the manipu-
lation of the depletion layer found in our work is underway.

In conclusion, a clear magnetic field effect on the pho-
tovoltage in a LCEM/STON heterojuntion is observed. Our
results imply that it is possible to develop novel photovoltaic
devices that can be modulated by magnetic fields.
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