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Abstract

In this communication, | report the results of the studies on transport
properties and temperature sensitivity behavior of Ga substituted
Lag 67Cap33Mny_xGaxO3 (LCMGO; x = 0.00, 0.02, 0.04, 0.06, 0.08 and 0.10)
ceramic manganites grown using conventional solid state reaction route.
Structural investigations have been carried out using X-ray diffraction (XRD)
measurement which reveals the single phasic nature of all the samples
understudy. Variation in resistance and metal to insulator transition
temperature has been discussed in the light of structural disorder and magnetic
lattice distortion. Large temperature sensitivity (TCR) ~ 2585.50%/K has been
achieved for 10% Ga substituted LCMGO sample.
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1. Introduction

Researchers are attracted towards the studies on colossal magnetoresistive mixed
valent manganites mainly due to the substitutional effects and tunability of their
transport and magnetism under applied electric and magnetic fields [1, 2]. Various
interactions among spin, charge, orbital and lattice degrees of freedom in manganites
can be understood on the basis of field dependent modifications in their transport
behavior. Observation of large magnetoresistance (MR), i.e. colossal
magnetoresistance (CMR), metal to insulator transition temperature (Tp) and
ferromagnetic to paramagnetic transition temperature (T¢) exhibited by mixed valent
manganites make them prominent candidates for better spintronic based applications.
Further, manganites can be useful for temperature sensors [3], magnetic field sensors
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[4], p — n junctions [5], capacitors [6], field effect devices [7], magnetic tunnel
junctions [8], spin transistors [9], etc.

Many reports are available on the studies on substitutional effect on the transport,
magnetotransport and magnetic properties of mixed valent manganites [10 — 15]. All
the physical properties of doped manganites can be tuned by doping of monovalent
[11, 14], divalent [12, 15], trivalent [10, 13], tetravalent [16] or pentavalent [17] ions
at either A-site [11, 12, 14, 15] or B-site [10, 13, 16, 17] in ABO;3 type of mixed
valent manganites. B-site substituting ion can be either nonmagnetic [10, 13] or
magnetic [18 — 20] in nature resulting in the modifications in the transport properties
of manganites depending upon the ionic radius, magnetic nature of the compound and
possible magnetic interactions between the Mn ion/s and dopants.

Also, few reports exist on the temperature sensitivity [3, 4, 21 — 25] and field
sensitivity [3, 4, 21 — 25] of mixed valent manganites. Temperature sensitivity can be
calculated using the expression: temperature coefficient of resistance (TCR) (%/K) =
1/ R) x (dR / dT) x 100 (T is the temperature) while field sensitivity can be
calculated by: field coefficient of resistance (FCR) (%/Oe or %/T) = (1/ R) x (dR /
dH) x 100 (H is the applied magnetic field). Vachhani et al [21] have studied substrate
dependent TCR for manganite based multilayers grown on SrTiO; (STO) and
NdGaO3; (NGO) single crystalline substrates. Markna et al [22] have reported ~ —
60%/K negative TCR and ~ +15%/K positive TCR for LagsPro2Bag3sMnOz manganite
films and modifications in these values due to swift heavy ion (SHI) irradiation.
Similarly, Parmar et al [23] have reported ~ 5%/K TCR and its dependence on the ion
dose for chemically grown Lag7Bap3MnOs; manganite films. Markna et al [24, 25]
have also observed ~ 1.7%/K TCR in LagsPro2SrpsMnOsz / SrTiOs film which
becomes almost double in LagsPro2SrosMnOz / Al,O3 / LagsPro2SrozsMnQOs / SrTiO3
thin film heterostructure. SHI irradiation induced modifications in TCR for
Lag 7Pbo3sMnOs; manganite films grown using chemical solution deposition (CSD)
method have Dbeen reported [3]. Thickness dependence of TCR in
Zn0O/Lag 5Prg2Sro3sMnOs / Nb—SrTiO3 heterostructures has been studied and found
large TCR ~ 18%/K well above 300K which makes this heterostructure a potential
candidate for better spintronic based future applications [4].

By keeping in mind all the above aspects of manganite compounds and their possible
application as a temperature sensor, in this communication, | report the results the
studies on resistance behavior and temperature sensitivity of nonmagnetic Ga
substituted Lags7Cap33MnixGaxOs (LCMGO; x = 0.00, 0.02, 0.04, 0.06, 0.08 and
0.10) ceramic manganites grown using conventional solid state reaction route.

2. Experimental Details

The bulk polycrystalline samples of Lag g7Cag33Mn; xGaxO3 (LCMGO; x = 0.00, 0.02,
0.04, 0.06, 0.08 and 0.10) ceramic manganites have been synthesized using
conventional solid state reaction method by stoichiometric mixing of the respective
metal oxides and carbonates subjected to successive calcinations. The calcined
powder was palletized and sintered at various temperatures between 1050°C to
1150°C for 48hrs to 72hrs with intermediate grindings. Hereafter, the samples will be
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known by the following symbols: MG00, MG02, MG04, MG06, MG08 and MG10
for x = 0.00, 0.02, 0.04, 0.06, 0.08 and 0.10, respectively. X-ray diffraction (XRD)
measurements were carried out to confirm the single phasic nature of the sample. D.C.
four probe resistance studies were performed in the temperature range 5 — 300K to
understand the transport behavior of the samples understudy.

3. Results and Discussion
Figure 1 shows the Rietveld refinement of typical XRD pattern of Lags;CapssMn;_
xGayO3 (x = 0.00; MGO00) sample. It is obvious that the difference between
experimental and calculated data is practically linear which signifies the quality of the
refinements. It can be seen from the Rietveld refined XRD pattern that MG00 sample
(and hence all the samples, not shown here) are single phasic in nature without any
detectable impurities within the measurement range and crystallizes in orthorhombic
unit cell structure having Pnma space group (no. 62). It is found that the cell
parameters are: a = 5.4110A, b = 7.6366A and ¢ = 5.4477A while unit cell volume is
found to be ~ 225.1079A3. Cell volume gets enhanced upon the substitution of Ga®* at
Mn®* site which may be due to the substitution of smaller ion Ga®* (0.62A) at larger
ion Mn®* (0.645A) site. This in turn results into the enhancement in structural disorder
with increase in Ga — content.
Variation in resistance (in logarithmic scale) with temperature (range: 5 — 300K) is
shown in figure 2 for all the LCMGO ceramic manganites understudy. It is clearly
seen that all the samples show metal to insulator transition at temperature Tp where
resistance vs. temperature plots show peak behavior. At Tp, resistance shows peak in
resistance (Rp) above (below) which resistance decreases with increase (decrease) in
temperature. Also, Rp increases with increase in Ga content while Tp shifts towards
lower temperature. This can be understood as:

() Substitution of smaller sized Ga*" ion at larger Mn®" ionic site introduces
structural disorder resulting in the reduction in hopping of charge carriers (i.e.
eq electrons of Mn®" ion) thereby suppressing the conduction and enhancing
the resistance (Rp) [10].

(i) Substitution of nonmagnetic Ga** ion at magnetic Mn** ionic site introduces
magnetic lattice distortion resulting in the variation in Mn — O — Mn bond
angles and Mn — O bond lengths thereby reduces the transfer integral of Mn**
itinerant ey electrons and deteriorates the transport (enhances Rp) with
increase in Ga content in LCMGO system [10].

(iii) As result of enhancement in magnetic lattice distortion, zener double
exchange (ZDE) mechanism gets weakened resulting in the reduction in Tp
with increase in Ga content in presently studied LCMGO samples [10, 26].

It is important to observe in figure 2 that with increase in Ga content, the sharpness of
the resistance peak gets increased. This behavior can be expected for the better
temperature sensitivity in higher Ga substituted LCMGO samples. In order to explore
the application potential of the presently studied LCMGO system, the temperature
sensitivity has been calculated: temperature coefficient of resistance (TCR) (%K™) =
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[(1/R) x (dR/DT) x 100] at 300K. Figure 3 shows the variation in TCR with
temperature for LCMGO samples studied. It can be seen that all the samples
exhibiting high temperature sensitivity at 300K. A sharp maxima peak has been
observed in TCR plots for all the samples which increases with increase in Ga®* ion
density which can be correlated with the sharpness of metal to insulator transition

peak (Tp) (figure 2). For example, MGOO shows TCR ~ 1.5%/K which increases and
becomes ~ 2585.50%/K, which is 1724 times larger in MG10.
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Figure 1: Rietveld refined typical XRD pattern of Lag;Cap3sMnO3 (MGO00)
ceramic manganite
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Figure 2: Variation in resistance with temperature for Lag;Cap3Mn;_xGaxO3
(LCMGO; x =0.00, 0.02, 0.04, 0.06, 0.08 and 0.10) ceramic manganites
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Figure 3: Variation in temperature sensitivity (TCR) with temperature for

Lap7Cap3Mn; xGaxO3; (LCMGO; x = 0.00, 0.02, 0.04, 0.06, 0.08 and 0.10) ceramic
manganites
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4. Conclusion

In conclusion, | have successfully synthesized high purity ceramic samples of Ga
substituted Lags7Cap33Mn;xGaxO3 (LCMGO; x = 0.00, 0.02, 0.04, 0.06, 0.08 and
0.10) manganites using conventional solid state reaction method. X-ray diffraction
(XRD) measurements, performed on all LCMGO samples understudy, reveal the
single phasic nature of the samples and confirming the orthorhombic unit cell
structure with Pnma space group (no. 62). It has been observed that with increase in
Ga content, unit cell parameters and cell volume get increased. Transport studies,
carried out by performing temperature dependent resistance measurements, show an
increase in resistance and decrease in metal to insulator transition temperature with
increase in Ga content which has been discussed on the basis of smaller nonmagnetic
Ga ion substitution induced enhancement in structural disorder and Mn magnetic
lattice distortion. Ga content induced modifications in the temperature sensitivity
(TCR) show that MGOO (x = 0.00) exhibits TCR ~ 1.5%/K which increases and
becomes ~ 2585.50%/K, which is 1724 times larger in MG10 (x = 0.10). These
samples are important not only from the view point of fundamental physics but also
from the view point of spintronic based practical applications.
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