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Abstract Magnetoresistive sensor can be widely used in
modern transportation field, such as the vehicle positioning
and navigation system, vehicle detection system, and
intelligent transportation system. In order to improve the
efficiency of magnetoresistive sensor, we synthesized
Lag gSrp,MnOj3 polycrystalline bulks at different sintering
temperatures and investigated their DC and AC transport
properties in this work. As a result, all samples showed
insulator-metal (I-M) phase transition, and the transition
temperature (77_pp) shifted to higher temperature with the
increase of sintering temperature. The 7j_,; measured at
different AC frequencies was smaller than that measured at
DC condition, which implied that the [-M phase transition
was suppressed at AC frequencies. The resistivity mea-
sured at high AC frequencies was larger than that measured
at low AC frequencies, which could be attributed to the
change of the magnetic penetration depth (). However, the
room-temperature AC-magnetoresistance (MR) at low
frequencies was much larger than that at high frequencies
and room-temperature DC-MR. These findings demon-
strate that reducing the AC frequency is an effective way
for enhancing the room-temperature MR, which can be
used to promote the efficiency of magnetoresistive sensor.
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1 Introduction

Magnetoresistance sensor, as one of the most active mag-
netic sensor technologies, which is widely applied in the
vehicle positioning and navigation system, vehicle detec-
tion system, green transport systems, and so on [I].
Therefore, how to improve the efficiency of magnetore-
sistance sensor has been one of hot topics in these fields.

Since the discovery of colossal magnetoresistance
(CMR) in perovskite manganese oxides with formula
L;_.A.MnO; (where L is a trivalent rare earth, and A is a
divalent alkaline earth ion), many efforts have been
devoted to integrate its transport properties and physical
mechanisms, such as Jahn-Teller effect [2], double
exchange [2, 3], phase separation [4], and charge order [5].
Meanwhile, lots of novel physical phenomena, such as spin
glass behavior [6, 7] and exchange bias [8], were discov-
ered. These findings indicated that L, ,A,MnOj3 can be
used in magnetoresistive sensor for improving the effi-
ciency [9]. However, CMR effect is sensitive to tempera-
ture and only appears in the vicinity of the Curie
temperature in a relative high magnetic field. This seriously
limits the efficiency and application of magnetoresistive
sensor. Thus, finding new ways to improve the room-
temperature magnetoresistance (MR) in a low magnetic
field become a hot topic, and many studies have been
focused on it. It was found that introducing a second phase
into the matrix is an effective way to improve magneto-
resistance [10]. Gupta et al. [11] found that using Mo to
substitute the Mn of Lag ¢7Sr33MnO3 led to an enhance-
ment of room-temperature MR. Many attempts have been
made to study its AC transport properties which were
measured with radio frequency (f > 1 MHz). Rebello and
Mahendiran [12] showed that the value of the AC-MR at
room temperature in Lag;Sro3MnOj is extremely high
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(~47 % in a magnetic field where the magnetic induction
intensity B = 0.1 T and f = 3-5 MHz). Aparnadevi and
Mahendiran [13] revealed that the frequency dependent
magnetotransport properties are dominated by the field and
frequency dependence of AC permeability. However, the
detailed AC transport properties of Lag gSrg,MnO; at fre-
quency less than 1 MHz have not been investigated.

In this work, a systematic study of AC electrical trans-
port in the frequency range f = 0-14 kHz based on the
Lag gSrp,MnO3; was made. Their DC and AC transport
properties were also presented. The room-temperature AC-
MR at low frequencies is much larger than that at high
frequencies and room-temperature DC-MR, which can be
used to promote the efficiency of magnetoresistive sensor.

2 Experimental

Lag gSrp,MnOj3 polycrystalline bulks were prepared by
sol-gel method, as elaborated in [10]. The obtained powers
were carefully ground and pressed into wafers. Then, the
wafers were sintered at various temperatures of 600, 800,
1,000, and 1,200 °C.

The phase structure and morphology were analyzed by
X-ray diffractometer (XRD, X’Pert Panalytical) and field
emission scanning electron microscope (FESEM, JSM-
7001F), respectively. The DC and AC transport measure-
ments were performed using electrical properties mea-
surement system (ET-9000) with a lock-in amplifier
(SR830) by the standard four-probe method. To insure the
constant current measurement, a large resistor with a
resistance 1,000 times higher than the value of samples was
applied in the AC transport measurement.

3 Results and discussion

Figure 1 shows XRD patterns of all samples. No peaks of
other impurities are found under instrumental resolution,
confirming that the product is composed of pure
Lag gSrg,MnO;. The strength of the major peak increases
gradually as the sintering temperature rises. It is known
that the average grain size of unit cell is characterized by
Scherrer equation [8]: D ~ KJi/ficos 0, where K is the
shape factor, /4 is the wavelength of X-ray, f§ is the full
width at half maximum (FWHM), and 0 is the diffraction
angle. The average grain size, lattice parameters (a, c), and
cell volume are calculated, as shown in Table 1. Obvi-
ously, with the sintering temperature increasing, the lattice
parameter a decreases gradually, while the lattice param-
eter ¢ increases. Moreover, the average grain size also
increases with the increase of sintering temperature, which
could be explained by the cluster effect [14]. Typical
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FESEM images of all samples with different sintering
temperatures are shown in Fig. 2. It can be seen that the
grain size increases with the sintering temperature.

The DC resistivity was measured as a function of tem-
perature (p—T7), as shown in Fig. 3. All samples exhibit the
insulation-metal (I-M) phase transition, and the transition
temperature (77_py) shifts to high temperature regions as the
sintering temperature increases. However, when a low
magnetic field (B = 0.3 T) is applied, the Ty shifts to
low temperature regions, which could be confirmed by
Fig. 5a. The resistivity decreases monotonously as the
sintering temperature increases because of the decrease of
grain boundaries [15]. It is obvious that the resistivity of
the samples sintered at 600 °C is larger than that of other
samples. The reason may lie in that there are a large
number of magnetic disorders and amorphous grain
boundaries in the samples sintered at 600 °C, which lead to
the electrons receiving more scattering than that in other
samples [16]. However, it is found that the room-temper-
ature MR at 0.3 T is small, which limits its application in
magnetoresistive sensor.

Furthermore, the p—T behaviors of LajgSrg,MnO5
polycrystalline samples at different AC frequencies were
measured, as shown in Fig. 4. All samples exhibit a similar
trend as the temperature increases at AC frequencies
varying from 0.133 to 13.333 kHz. All samples also have
the I-M phase transition. It is noted that all curves show a
flat range in the low frequency regions (133, 1,333 Hz) and
then a gentle range in high frequency regions (3,333, 7,777,
13,333 Hz), which can be observed more clearly in sam-
ples with higher sintering temperature. It could be con-
sidered as an outcome of the classical skin effect. As the
frequency of the alternative current increases, the flow of
current is restricted to a specified thickness, which results
in the increase of resistivity [17].
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Fig. 1 X-ray diffraction patterns of LaggSrg,MnOj polycrystalline
bulks sintered at various temperatures
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Table 1 Structure parameters of samples sintered at different
temperatures

Sintering temperature 600 800 1,000 1,200
O
Average grain size 20 27 54 75
(nm)
Lattice constant (10%)
a 5.4970 5.4916 5.4749 5.4512
c 13.3739  13.3943  13.4299  13.4586
Cell volume (A%) 349.967  349.605 348.613  347.082

Figure 5a shows the sintering temperature dependent
Tim of samples measured at DC frequency in different
applied magnetic fields. Obviously, the applied magnetic
field leads to the decrease of Ty_yy, and the Ty_yg increases as
the sintering temperature increases under 0 and 0.3 T.
According to Dutta et al. [16], the sample with lower sin-
tering temperature has a higher density of grain-boundary,
which could scatter the elections and then cause the

increase of resistivity. Naturally, lower value of Ty
appears due to a stronger inhibitory effect from grain-
boundary in the samples with lower sintering temperature.
The frequency dependent T1_y; of samples at AC frequency
in zero magnetic fields is shown in Fig. 5b. With frequency
increasing, Ti_y first increases, reaching a maximum, and
then decreases. The Ti_,; measured at different AC fre-
quencies is smaller than that measured at DC condition,
which implies that the [-M phase transition is suppressed at
AC frequencies.

In order to study in detail the influence of frequency on
resistivity, we define the resistance change rate at different
frequencies as Ap/p(0) = (p(f) — p(0))/p(0), where the
p(f) is the resistance obtained at different AC frequencies
in zero DC magnetic field, and p(0) is the resistance
obtained at f= 0 Hz. Figure 6 shows the temperature
dependent Ap/p(0) of all samples measured at low fre-
quencies (f = 133, 1,333 Hz) in zero DC magnetic
field. Obviously, all samples show a peak near the T1_y; in
Ap/p(0) versus T curve. This phenomenon is similar to the

Fig. 2 Typical FE-SEM images of samples with different sintering temperature. a 600 °C. b 800 °C. ¢ 1,000 °C. d 1,200 °C
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Fig. 3 Temperature dependent resistivity in different applied magnetic fields for samples sintered at different temperatures. a 600 °C. b 800 °C.
¢ 1,000 °C. d 1,200 °C. Inset in (d) transition temperature 77_y; of sample sintered at 1,200 °C
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Fig. 4 Temperature dependent resistivity at different AC frequencies in zero magnetic field for all samples sintered at different temperatures.
a 600 °C. b 800 °C. ¢ 1,000 °C. d 1,200 °C
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Fig. 5 Sintering temperature dependent Ty_y; of samples at DC frequency in different applied magnetic fields (a) and frequency dependent T1_y

of samples at AC frequency in zero applied magnetic field (b)
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Fig. 6 Temperature dependent Ap/p(0) at low frequencies (f = 133 Hz, 1,333 Hz) in zero DC magnetic field for samples sintered at different

temperatures. a 600 °C. b 800 °C. ¢ 1,000 °C. d 1,200 °C

intrinsic magneto-resistance peak, which could be due to
the magnetic domains and strain free structure [18]. The
features may be explained by the fact that the change of
AC frequency causes a induce magnetic field, and thus
leads to the change of resistivity. Further theoretical
research is required to fully understand its physical
mechanism.

Figure 7 shows the AC-MR ((p(H) — p(0))/p(0) x
100 %) as a function of frequency at 290 K under 0.3 T.

@ Springer

All samples exhibit a similar MR-f behavior that is MR first
increases, reaching a maximum, and then decreases. The
MR measured at low frequencies is obviously larger than
that measured at high frequencies, especially for the sam-
ples with higher sintering temperature. Obviously, the
room-temperature AC-MR is largely enhanced compared
with the room-temperature DC-MR (inset in Fig. 7). It
provides a novel way to promote the sensitivity and effi-
ciency of magnetoresistive sensor.
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Fig. 7 Frequency dependence of AC-MR of all samples under 0.3 T
at 290 K. Inset DC-MR at 290 K as a function of sintering
temperature

4 Conclusion

The detailed AC and DC transport properties of
Lag gSrp,MnOj5 polycrystalline samples have been studied.
All samples show the I-M phase transition in both DC and
AC measurements. The 7T measured at different AC
frequencies is smaller than that measured at DC condition,
which implies that the I-M phase transition is suppressed
by AC frequency. The resistivity at high AC frequencies is
obviously larger than that at low AC frequencies. However,
the room-temperature AC-MR at low frequencies is much
larger than that at high frequencies and room-temperature
DC-MR. These findings provide an alternative strategy to
probe the spin-charge coupling in manganites and open a
huge potential application prospect in modern intelligent
transportation field.
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