JOURNAL OF APPLIED PHYSICS 107, 113704 (2010)

Theoretical simulation on the variation in the transport behavior
under pressure and magnetic field in Lag go5Srg 175MNnO3

Jing-Yi Wang, Chun-Lian Hu, Kui-Juan Jin,a) Hui-Bin Lu, Cong Wang, Rui-Qiang Zhao, and

Guo-Zhen Yang

Beijing National Laboratory for Condensed Matter Physics, Institute of Physics, Chinese Academy

of Science, P.O. Box 603, Beijing 100190, China

(Received 13 March 2010; accepted 26 April 2010; published online 3 June 2010)

Based on phase separation model and breadth-first traversal algorithm, the spin-related electron
transport property of Lagg,5Sry17sMnO5; under hydrostatical pressure and magnetic field was
systematically simulated. We find that the external hydrostatical pressure has a more important
influence on the residual resistivity, high temperature resistivity coefficient, activation energy, and
electron scattering of Lagg,551)175sMnO5 than the external magnetic field. However, the Curie
temperature and the magnon scattering are more sensitive to the external magnetic field than to the
external hydrostatical pressure in Lag 5,551y 17sMnO5. © 2010 American Institute of Physics.

[doi:10.1063/1.3432751]

The perovskite manganites usually have a metal-
insulator transition accompanied by a simultaneous phase to
phase transition under various temperature, magnetic field,'”
optical field,* and external pressure.Gi10 Moreover, they ex-
hibit novel characteristics such as colossal magnetoresistance
(CMR) and photon induced phase transition.*” The intrinsic
mechanism of the CMR, which has been observed by many
groups,n_15 is widely known as the phase separation.

The pressure-induced phase separation has been paid
much attention due to its potential application in device de-
signing. It has been investigated that the resistivity of
La g,551) 17sMnO5 decreases with the increase in the hydro-
static pressure and magnetic field, 1respectively.6 However, a
systematic theoretical study is still absent. In our previous
work,'®"'® by introducing the phase separation model and a
breadth-first traversal (BFT) algorithm, the electric transport
in many perovskite oxide systems such as La;_,Ca MnO;
(LCMO) and La,_,Te, MnO; (LTMO) under the magnetic
field has been theoretical studied.

In this paper, based on phase separation model, the re-
sistivity dependence on the hydrostatical pressure and the
magnetic field for Lagg,5Sry17sMnO; is simulated, and the
results agree well with the experimental data. It is found that
the pressure has a more important influence on the electron
scattering coefficient, the high temperature resistivity coeffi-
cient, and the activation energy than the magnetic field. And
the Curie temperature and the magnon scattering coefficient
are more sensitive to the magnetic field than to the external
hydrostatical pressure.

The actual system is simulated as a N XN (in our simu-
lation, N=500) matrix grid. At very low temperature, the
system is almost with a single phase, the ferromagnetic (FM)
phase. At very high temperature, most part of the system is
occupied by the other phase, the paramagnetic (PM) phase.
In the middle temperature region, the two phases coexist.

YAuthor to whom correspondence should be addressed. Electronic mail:
kjjin@aphy.iphy.ac.cn.

0021-8979/2010/107(11)/113704/5/$30.00

107, 113704-1

With the increase in temperature, more and more grids are
changed from FM phase to the PM one. A parameter P,
which is defined as the number of FM grids over the number
of total grids, represents the fraction of the FM metallic sites
(0=p=1). The parameter P dependence on temperature is
written as

1
1+BexplA(T-T).]

P(T) =

where T, is the Curie temperature. The parameter A is the
result of a fitting plrocedure,]6 and the parameter B is related
to the critical value P(T,) for percolation, which is defined as
B=[1-P(T,)]/ P(T,).

The resistivity in FM phase is written as py(T)=p,0
4P T2+ P T+, where p,,o is the residual resistivity
independent of the temperature, which originates from the
electron’ scattering among the domains and the impurity’s
scattering, p,,; denotes the electron—electron scattering
coefficient’” and p,,, represents the magnon scattering coef-
ficient involving the phonon scattering,20 respectively. The
T3 is also described as the magnon scattering in some
systems,21 especially in the FM metallic state.”> However, in
some perovskite oxides, by using 72 and T*5,""* the resistiv-
ity dependence on temperature has been described success-
fully. In our previous work, 0!8 by simply taking the
electron—electron scattering (p,,;7°) and the magnon scatter-
ing (p,»T*>) in LCMO and LTMO, the experiment data have
also been successfully simulated. Thus, in low-temperature
FM phase of the present material Lagg,5Srg 17sMnO3, for
simplicity, the electrical transport mechanism is described
only by p,,T? and p,,T*>. The small polaron model is em-
ployed to simulate the electronic transport in PM phase. The
resistivity in the PM phase is p/(T)=p; T exp(Ey/kgT),
where p;, is the high temperature resistivity coefficient, E is
the activation energy, and kz represents the Boltzmann
constant.”** It has been well understood that the scattering
coefficients is determined by the energy band near the Fermi
face, and the energy band is mainly determined by
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bondlength, bond angle, hopping integral, etc.'?% The
Mn-O bond length decreases with the increase in
pressure.27’28 With the increase in the applied magnetic field,
the bond angle decreases and the value of the hopping inte-
gral increases, respectively.29

In our calculation, the residual resistivity can be derived
from the experimental data. Under the zero pressure and
magnetic field, the other parameters used in our simulation
are obtained from the Refs. 6 and 25. The total effective
resistivity is determined by the parallel connection of the two
parts of FM and PM phase. Using the BFT algorithm,l&18
the total resistivity is obtained.

Figure 1 shows the simulated percolation process of
Lag g25S10.17sMnO5 with (a) zero magnetic field and (b) 4 T
magnetic field with zero pressure, respectively. It can be seen

4 T magnetic field with zero pressure, respectively. The

arrows indicate the warming process from 200 to 350
K.

from Fig. 1 that the system undergoes a transition from a FM
state at low temperature of 200 K to a PM state at high
temperature of 350 K for both the system with zero and 4 T
magnetic field with zero pressure.

Figures 2(a) and 2(b) show the experimental® and theo-
retical resistivity (p) versus temperature (7) in the
Laj §,551) 175sMnO5 at different external hydrostatical pres-
sure and magnetic field, respectively. The parameters under
different external hydrostatical pressure and magnetic field
are given in the Table I. From Fig. 2 it can be seen that the
theoretical results are in good agreement with the experiment
data.

The Curie temperature (7,) versus the pressure and the
magnetic field for Lag,551) 175MnO5 are shown in Fig. 3.
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TABLE 1. (a) Parameters used in the simulation under different external hydrostatical pressure. (b) Parameters
used in the simulation under different external magnetic field.

T, H Pmo Pmi Pm2 Ey Pio

K) (T) Py (102 Qcem) (102 QemK?2) (102 QemK*%)  (meV) (1072 Qcm)
(a)

278 0 0.455 0.150 5.65Xx 10710 432x10713 25.16 2.90% 1073

281 0.2 0455 0.148 4.45x 10710 3.62%x 10713 22.84 2.83X1073

284 04 0455 0.147 1.65x 10710 2.32x 1071 19.65 272X 1073

286 0.6 0455 0.146 9.05%x 1071 1.62%x 10713 17.75 2.68X 1073

289 0.8 0455 0.145 8.20x 107! 1.52x 10713 16.29 2.64 %1073
(b)

280 O 0.455 0.161 5.85% 10710 432x10713 24.13 2.90% 1073

287 1 0.455 0.1595 5.15% 10710 5.62x 10714 23.27 2.89X 1073

293 2 0.455 0.1575 4.75% 10710 4.62X10714 21.97 2.87Xx 1073

297 3 0.455 0.1570 3.85x 10710 2.62%X 1071 21.37 2.85x 1073

302 4 0.455 0.1560 3.25x 10710 1.62%x 107 20.51 2.82x 1073

Owing to the increase in the external hydrostatical pressure,
the Mn—-O bond is shortened, so the exchange integration
between the Mn* and the Mn** increases. According to the
band theory, we can conclude the e, band width increases.
Therefore, the Curie temperature (7,.) increases. Moreover,
from our simulation, it is found that the Curie temperature is
more sensitive to the magnetic field than to the pressure.

The magnon scattering coefficient (p,,,) dependence on
the pressure and the magnetic field for Lagg,5S1g 17sMnO;5
are shown in Fig. 4. It can be seen that the magnon scattering
coefficient decreases more rapidly with the increase in the
magnetic field than that with the pressure. With the increase
in the pressure and the magnetic field, the magnon scattering
decreases due to the ordered core spins.20

Figure 5 shows the dependence of the electron scattering
coefficient (p,,;) on the pressure and the magnetic field in the
Lay g5551( 175sMn0Os5. It can be seen that the electron scattering
coefficient decreases with the increase in the pressure and the
magnetic field. Moreover, the pressure has a stronger influ-
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FIG. 3. (Color online) The Curie temperature 7. dependence on the external
hydrostatical pressure and the magnetic field for La g,551, ;7sMnO5.

ence on the electron scattering coefficient than the magnetic
field.

The variation in residual resistivity (p,,o) versus the pres-
sure and the magnetic field for the Lag g,55r, 175MnOj is plot-
ted in Fig. 6. It decreases with the increase in the pressure
and the magnetic field, and the decreasing rates for each of
them are comparable. With the increase in the magnetic field,
the spin scattering between different domains gets decreased,
as well as the resistivity of the FM phase. The external hy-
drostatical pressure can shorten the Mn ion spacing, so the
bandwidth of e, is increased, and electrons and holes are
delocalized, resulting in a decrease in the resistivity.

Figure 7 shows the high temperature resistivity coeffi-
cient (p;,) dependence on the pressure and the magnetic field
in the Lagg,551)17sMnO5. It can be seen that the high tem-
perature resistivity coefficient decreases with the increase in
the pressure and the magnetic field. Moreover, the decreasing
rate is larger with the increase in the pressure than that with
the magnetic field. This can be explained as follows. With
the increase in the pressure, the lattice constant is decreased
and the interaction between atoms is increased. From a
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FIG. 4. (Color online) The magnon scattering coefficient dependence on the
external hydrostatical pressure and the magnetic field in Lag g,5Sr; ;7sMnO;.
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FIG. 5. (Color online) The variation in the electron scattering coefficient
with the external hydrostatical pressure and the magnetic field for
Lag g»551¢,17sMnOs.
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FIG. 6. (Color online) The residual resistivity dependence on external hy-
drostatical pressure and the magnetic field for Lag g,5St; 17sMnO;.
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FIG. 7. (Color online) The variation in the high temperature resistivity
coefficient with the external hydrostatical pressure and the magnetic field for
Lay g,5519,17sMnOs.
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FIG. 8. (Color online) The dependence of the activation energy E, with
external hydrostatical pressure and the magnetic field in La ¢,5S1; ;75MnO;.

simple view of tight bonding theory, the width of the energy
band gets increased, the band gap of the PM phase as a
semiconductor gets decreased, as well as the resistivity of the
Lay 825510.17sMnOs.

Activation energy (E,) versus the pressure and the mag-
netic field in the Lagg,551; 175MnO;5 is shown in Fig. 8. It
decreases with the increase in the pressure and the magnetic
field. The dependence of the activation energy on the pres-
sure can be easily understood in the following way. With the
increase in the pressure, the nearest atoms get more closed,
and the transfer integral is larger so that the activation energy
is decreased.”’ The reason for the dependence of the activa-
tion energy on the magnetic field in Lagg,55r, 17sMnO;5 has
not been well understood yet, and the further study to reveal
the physics origin about it should be expected.

In summary, based on the phase separation scenario, the
temperature  dependence  of  the  resistivity  of
Lag g»551) 17sMn0O5 under various values of the external hy-
drostatical pressure and those of the magnetic field is simu-
lated and the theoretical results are in good agreement with
the experimental results. It is found that the electron scatter-
ing coefficient, the high temperature resistivity coefficient,
and the activation energy decrease more rapidly with the
increase in external hydrostatical pressure than that of the
magnetic field. However, the Curie temperature and the mag-
non scattering coefficient are more sensitive to the magnetic
field than to the external hydrostatical pressure. Moreover,
small polaron mechanism plays a dominant role in the trans-
port property of PM insulating phase in the high temperature
region.
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