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The Lag 67Sr0.33Mng 93 C00,0203 plate sintered at 1250 °C shows a low field magnetoresistance (LFMR) effect
under fields H<4.6 kOe. However, the DC magnetoresistance AR/Ry is very small, only —1.84% under
H=4.6kOe. The character of helical growth was observed on grain surface of Lagg7Sr033Mng9gC00,0203
phase. The LFMR is connected with the interface of grain or grain boundary, while the giant mag-

netoimpedance under low fields for Lage7Sro33MngggC000203 sintered plates strongly depends upon
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the plate thickness. With an increase of sample thickness, the magnetoimpedance increases and the
frequency, where the maximum magnetoimpedance occurs, shifts to low frequencies. A giant magne-

toimpedance of —15.6% and a large AC magnetoresistance of —30.5% could be obtained under a very small
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field H=600 Oe for the plate with a thickness of 3 mm.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Perovskite manganites La;_yAxMnOs; (A= Ca, Ba, Sr and Pb)
have attracted great attention due to the colossal magnetoresis-
tance (CMR) [1,2]. The colossal magnetoresistance (CMR) could
be explained in term of the double-exchange interaction [3] and
electron-phonon coupling [4]. One of the problems limited practi-
cal applications of the CMR is the small value of magnetoresistance
ARJRy at room temperature under a low magnetic field. Hence,
many investigations focus on the low-field magnetoresistance
(LFMR) in polycrystalline manganites. The spin-polarized tunnel-
ing through the interfaces of grains or spin-dependent scattering at
grain boundaries has been suggested to be responsible for the LFMR
[5,6]. In addition to CMR and LFMR, La;_yAxMnO3 based manganites
also exhibit colossal magnetoabsorption in the microwave high-
frequencies (~GHz) [7,8] and giant magnetoimpedance in radio
frequencies (~MHz) [9-24]. For metallic manganites below Curie
temperature, a high frequency current passes the sample mainly
through its surface region characterized by the penetration depth
8 =+/2p/ ot (p is the resistivity, ;o vacuum permeability,
Mt transverse permeability of material, w the angular frequency
of current) and a strong magnetoimpedance could occur, which
originates from the variation of u: induced by the applied DC
magnetic field, via the change of penetration depth §. The giant
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magnetoimpedance effect has also been found in soft magnetic
ribbons and wires [25-28]. The conductivity mechanism for man-
ganites is completely different from those of conventional soft
magnetic ribbons and wires. In addition, there is a strong inter-
play among lattice, electronic transport and magnetic properties in
manganites. Compared with extensive studies on the CMR/LFMR
for manganites and the giant magnetoimpedance (GMI) for the
soft magnetic ribbons and wires, up to now, few investigations
on magnetoimpedance for manganites were done. According to
the classical electrodynamics, the value of parameter d/§ (where
d is the half of the sample thickness) characterizes the magnitude
of skin effect [29]. To our knowledge, there is no research report
on the sample thickness dependence of magnetoimpedance for
manganites yet. In the present work, we observed the LFMR for
Lag.67Sr0.33Mng 9gC0og 0203 plate sintered at relative lower temper-
ature (1250°C). The character of helical growth was observed on
grain surface of Lag g7Srg.33Mng 93 Cog 9203 phase. We found that the
skin effect still depends strongly upon the thickness of manganite
sample, where LFMR effect occurs at the DC case. Larger magne-
toimpedance could be found for the thicker manganite sample at a
lower frequency. The Lag g7Sr¢ 33Mng.93C0¢ 0203 plate with a thick-
ness of 3 mm exhibits a magnetoimpedance AZ/Zy of —15.6% at
3MHz under a very low field H=600Oe, whereas its DC magne-
toresistance AR/Rg is very small, only —1.84% under H=4.6 kOe.

2. Experimental

The Lag 67Sr0.33Mng.95C00,0203 plate was prepared by the conventional solid state
reaction with a sintering temperature of 1250°C for 24 h. The room-temperature
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Fig. 1. The AC frequency dependence of impedance, resistance as well as reactance
for Lag 67Sr0.33Mng98C00,0203 sintered plates with D= 2.5 and 3 mm.

resistivity p was measured as about 0.017Q2cm by a four terminal method.
The DC magnetoresistance for Lagg7Sro33MnggsC000203 sintered plate was mea-
sured at room temperature. The impedance behavior at room temperature for
Lag 67S10.33Mng 98 C00 0203 sintered plate (with 22 mm length and 5 mm width) was
measured using an impedance analyzer (HP4294A), where the amplitude of the
AC current was 20 mA. Four Au electrodes were evaporated on one surface of the
plate. The distance of voltage terminals on the sample was 15 mm. The sample was
connected to the analyzer with the accessory test lead, which is carefully designed
and contains four coaxial cables. The sample thickness D was adjusted from 3 to
1.5 mm by polishing the surface opposite to the surface containing four electrodes.
The longitudinal magnetoimpedance measurement was performed, where both AC
currents and DC magnetic fields were applied along the sample length.

3. Results and discussion

The Curie temperature was 354 K and metal-insulator transi-
tion temperature was 342 K for Lag g7Sr9.33Mng 93C0g.9203, which
behaved as a metal at the room temperature. The AC frequency
dependence of impedance, resistance as well as reactance for
Lag g7Sr0.33Mng9gC00 0203 sintered plate with D= 2.5 and 3 mm
are shown in Fig. 1. The skin effect can be clearly observed at
high frequencies. The frequency with X/R=1 locates at 543 kHz for
D=3 mm, and 861kHz for D=2.5 mm. According to the classical
electrodynamics [29], the complex impedance Z=R +iX of metallic
flake with thickness D =2d, when an AC current flows through the
flake along the length direction, can be obtained as [30]

Z = Rpckd coth(kd) (1)

with k=(1+i)/8. It can be derived from Eq. (1) that R=X holds
when d/6=1.57, and d/§=1 corresponds to X/R~0.59. The fre-
quency with X/R~ 0.59 locates at 324 kHz for D =3 mm, and 499 kHz
for D=2.5mm. The strength of skin effect is stronger for the
thicker than for the thinner. The observed results on skin effect for
Lag67S1r0.33Mng93C0g 0203 sintered plate are consistent with the
principle of classical electrodynamics.

The DC field dependence of room temperature magnetoresis-
tance AR/Rq for Lag 7Sr0.33Mng ggCog 9203 plate sintered at 1250 °C
is shown in Fig. 2. The Lagg7Srg33MngggCog 203 sintered plate
shows a sharp drop in R under low fields H<4.6kOe, followed
by a slow decrease in R under high fields. The DC magnetore-
sistance AR/Ry is very small, only —1.84% under H=4.6kOe. The
microstructure of Lag g7Srg 33Mng ggCog 0203 plate is observed by a
field emission scanning microscopy (FESEM), and typical image is
shown in Fig. 3. No rich-Co impurity phases could be found by the
observation with FESEM and energy dispersive spectroscopy (EDS).
The character of helical growth is evident on grain surface (see
Fig.3). The low field magnetoresistance (LFMR) is usually attributed
to spin-polarized tunneling through the magnetically disordered
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Fig. 2. The DC field dependence of magnetoresistance for Lag g7Sr0.33Mng 93 C00,0203
plate at room temperature.

interface barriers or spin dependent scattering at the grain bound-
aries. For high temperature sintering (1300 °C), the LFMR effect is
hardly observed for Lag 67Srg 33 Mng 9gCog 9203 plate [31]. The LFMR
of Lay;3Sr13MnOs3 is evident at low temperatures, and becomes
more negligible at room temperature with an increase of annealing
temperature from 1300 to 1700°C [5].

As shown in Fig. 4, for Lagg7Srg33MngggC0g 0203 manganite
with D=3mm under a very low field H=6000e, the mag-
netoimpedance AZ/Zy=(Z(H)-Z(0))/Z(0) is —15.6% at 3 MHz,
and AC magnetoresistance AR/Ry=(R(H)—R(0))/R(0) reaches
—30.5% at 7MHz, more sensitive than the DC magnetoresis-
tance (AR/Rg =—1.84% under H=4.6 kOe). The magnetoimpedance
depends sensitively upon frequency f of AC current, DC magnetic
field H and sample thickness D =2d. The frequency dependence of
magnetoimpedance AZ/Z,, magnetoresistance AR/Ry and magne-
toreactance AX/Xy under H=600 Oe for Lag g7Srg.33Mng 93C00.0203
plates (with D=1.5, 2.5 and 3mm) at room temperature are
shown in Fig. 5. For low frequencies (d/§ « 1) where skin effect
is very weak, the expressions of R = Rpc[1 + %(d/8)4] ~ Rpc and
X = 2RDC(d/8)2 hold [30]. A strong magnetoreactance effect can
be observed at low frequencies, where AX/Xy is proportional to
Apue/me(0) [32]. The magnetoresistance is very small, since the
skin effect is very weak when d/§ « 1. As the X value is much
smaller than R value, the magnetoimpedance is negligible. With
an increase of frequency, the skin effect becomes pronounced. At
very high frequencies, the impedance sensitively depends on the
penetration depth § and is proportional to the term of /ioiLrwp
[19], the applied magnetic field could induce not only the reduction
of the resistivity p but also a decrease of transverse permeability
I, leading to a drop of impedance Z. It can be seen from Fig. 2
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Fig. 3. The typical microstructure for Lag g7Sr0.33Mng9sC00,0203 plate.
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Fig. 4. The DC field dependence of AC magnetoresistance AR/Ro and magnetoimpedance AZ/Z, for Lag¢7Sr0.33Mng9sC00,0203 manganites with D=1.5, 2.5 and 3 mm.
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Fig. 5. The frequency dependence of magnetoimpedance AZ/Z,, magnetoresistance
AR/Ry and magnetoreactance AX/X, under H=600 Oe for Lag 67Sr0.33 Mng.98C00.0203
plates with D=1.5, 2.5 and 3 mm.

that at room temperature the change of dc resistivity Ap/pg (or
DC magnetoresistance AR/Rg) is very small under low fields and
its contribution to the change of impedance Z is little. The mag-
netoimpedance AZ/Zy is mainly due to the permeability change.
As shown in Fig. 5, the magnetoimpedance AZ/Z; increases at
first, undergoes its maximum (AZ/Zy)max at a certain frequency f
(MImax ), and finally drops again. The magnetoresistance AR/Rg also
experiences a peak (AR/Ry)max at a frequency fiMRmax), whereas
the magnetoreactance AX/Xy almost decreases with increasing AC
current frequencies. It should be noted that the values of mag-
netoresistance AR/Ry and magnetoimpedance AZ/Zy at 100 kHz
remain almost the same for all three pellets with different thick-
ness of D=1.5, 2.5 and 3mm, when an ac current of 20maA is
used (see Fig. 5). The value of (AZ/Zy)max under H=6000e for
Lag.67Sr0.33Mng ggC0og 9203 platesis —15.6% for D=3 mm, —14.5% for
D=2.5mm and —11% for D=1.5 mm. The corresponding frequency
f (MIpnax) shifts from 3 MHz for D=3 mm to 7 MHz for D=1.5 mm.
The thicker sample has alower frequency f(MlImax ) than the thinner,
since the former has a stronger skin effect than the later. Recently,
similar sample thickness dependence of giant magnetoimpedance
was also observed in sol-gel nanocrystalline manganites [33].

The frequency f (Mlpax) dependence on the sample thickness
D could be estimated using Eq. (1) with ¢ =30, A ¢/ ue(0)=—-20%
and p=0.017 2 cm, neglecting the effect of domain wall relaxation
for a crude approximation. The calculated value of the frequency f
(Mlpax) is 7.84,4.35,2.87 and 1.96 MHz for D=1.5, 2, 2.5 and 3 mm,
respectively. Usually, the domain wall relaxation in soft magnetic
materials brings about the drop of permeability change A jt¢/ut(0)
with an increase of frequency f. The drop of (AZ/Zg)max With a
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decrease of sample thickness could be attributed to the decrease
of permeability change Au¢/u¢(0) at a higher frequency f (MImax).
The giant magnetoimpedance is associated with the field-
induced change of transverse permeability via the penetration
depth. The field induced change of permeability depends upon
not only the electric and magnetic properties of manganite phase,
but also the microstructure of sample since the movement of
magnetic domain could be influenced by the defects or grain
boundaries through the pinning effect. Thus, the magnitude of
magnetoimpedance for a manganite is also connected with both
properties of manganite phase and microstructure of sample.

4. Conclusions

The Lag g7Srg33Mng 93C0g 0203 plate sintered at 1250 °C shows
a low field magnetoresistance effect under fields H < 4.6 kOe. How-
ever the DC magnetoresistance AR/Rq is very small, only —1.84%
under H=4.6kOe. The character of helical growth was observed
on grain surface of Lag g7Srg 33Mng g9gCog 0203 phase. The low field
magnetoresistance (LFMR) could be attributed to spin-polarized
tunneling through interface barriers of grains or spin dependent
scattering at the grain boundaries. A giant magnetoimpedance
of —15.6% and a large AC magnetoresistance of —30.5% could be
obtained under a very small field H=600Oe for the plate with a
thickness of 3 mm. Larger magnetoimpedance could be found for
the thicker sample at a lower frequency. The magnetoimpedance
effect of manganites provides an alternative route for possible
application in magnetic recording and sensing.
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