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Abstract. In this work, the structural and transport properties of (Ndg.7..Lay)o7Sro3sMnOs3
manganites with x = 0, 0.1 and 0.2 prepared by solid state reaction route are studied. These
compounds are found to be crystallized in orthorhombic structural form. Experimental results
showing a shift in the metal to semiconductor/insulator transition temperature (7Ty;) towards
room temperature (289 K) with the substitution of Nd by La, as the value of x is varied in the
sequence (0,0.1,0.2), have been provided. The shift in the Ty, from 239 K (for x=0) to near the
room temperature 289 K (for x=0.2), is attributed to the fact that the average radius<r, > of
site-A increases with the percentage of La. The maximum temperature coefficients of
resistance (TCR) of (Ndy.7.xLax)o.7Sto3MnO3 (x= 0.1 and 0.2) are found to be higher compared
to its parent compound Ndg;Sro3:MnQO;s. The electrical transport mechanisms for (Ndg..
xLax)o.7S103Mn0O3 (x= 0 to 0.2) are explored by using different theoretical models, for
temperatures below and above Tmi. An appropriate enlightenment for the observed behavior is
discussed in detail.

1. Introduction

Pervoskite AMnOs type manganites have gained wide popularity because of their intriguing physical
properties, resulting from the simultaneous presence of spin, lattice and orbital degrees of freedom [1-
2]. These manganites have earned momentous attention from many researchers in order to seek their
potential for spacious technological applications, e.g. read heads, magnetic information storage, low
and high field magnetic sensors, infrared (IR) detectors and numerous other recent spintronic
applications [3-10]. The fact that these substituted manganites procure high temperature coefficient of
resistance (TCR) in bulk as well as in thin films at room temperature that makes them useful for
infrared radiation detectors (i.e. IR detector) for night vision applications [11]. Among all perovskite
manganites, NdMnOs is an antiferromagnetic insulator, characterized by a super exchange coupling
between Mn** sites. This coupling is facilitated by a single e, electron predominated by strong
correlation effects. Partial substitution of Nd** ions with divalent cations (Sr, Ca and Ba) result in
mixed valance states of Mn i.e. Mn>**/Mn** which is responsible for the ferromagnetic Zener double
exchange mechanism [12].
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The most prevalent experimental way of affecting the physical properties of manganites is by
varying the ionic radii of A-sites. This creates structural distortions in manganites due to the size
mismatch of A-site, which in turn generates the internal chemical pressure within the lattice. Due to
this structural disorder effect, the local oxygen displacement occurs, ensuing into bond angle
fluctuations and bond length variations, further leading to carrier localization in pervoskite lattice.
This distortion can be controlled by the average size of the A-site cation which in turn modifies the
Mn-O-Mn bond angle and Mn-O distances. The Mn-O-Mn bond angle is directly related to the
hopping integral between Mn** and Mn*" degenerate states. Thus, the variations in ionic radii at A-
sites lead to competing phases at a particular temperature, hence influencing electrical and magnetic
transport properties of the perovskite manganites.

In the present research, the structural and transport properties of Nd-based manganites with
composition (Ndo.7..Lay)o.7StosMnO; (where x = 0, 0.1 and 0.2), are studied in order to tune the TCR
and Ty for IR detector applications.

2. Experimental details

The polycrystalline samples of (Ndo.7..L.a.)o.7S10.3MnO3, where x = O(NLSMO 0), 0./(NLSMO 1)
and 0.2(NLSMO 2) are synthesized by the solid state reaction route, using ingredients Nd,O3, La,0s,
SrCO; and Mn»0Os;.The mixed powders are calcined, sintered and annealed(oxygen environment) at
1100 °C, 1300 ‘C and 1000 “C for 24hrs, Shrs and Shrs respectively. The structure and phase purity of
the samples are analyzed by powder X-ray diffraction (XRD) and Raman spectroscopy. The resistivity
measurement, without and with magnetic field of 5 tesla, are carried out using four-probe method in
the temperature range from 5 to 300 K on a quantum design Physical Property Measurement System
(PPMS).

3. Results & Discussion
3.1. XRD and Raman Spectra

XRD patterns of the polycrystalline manganites (Ndo.7..La.)o.7SrosMnOs ( x = 0, 0.land 0.2)
exhibiting single—phase orthorhombic unit cell with Pnma (No 62, PCPDF Ref No 861534) space
group are shown in figurel(a). It can be observed from the patterns that peaks are slightly shifted
toward lower angle side on substitution of La in place of Nd. This small shift arises due to the
mismatch of radius at A-site i.e., larger radius of La-ion (1.36 A) in comparison to the radius of Nd-
jon (1.27 A) which causes increase in the volume of the lattice. Subsequently, an internal chemical
pressure generated within the lattice due to size mismatch at A-site, which results in slight shift in the
peaks of XRD pattern.
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Figure 1. (a) XRD and (b) Unpolarized room-temperature Raman spectra of
pervoskite manganites (Ndo.7.«L.a.)o.7Sto3sMnO3 where x = 0, 0.1 and 0.2.

The unpolarized room-temperature Raman spectra of (Ndo.7..L.a,)o.7St03MnOs ( x = 0, 0.1and 0.2)
are shown in the figurel(b). Several phonon modes have been observed out of 24 allowed Raman
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active modes in orthorhombic symmetry as per selection rule. The weak modes in the range 205-212
cm’! presumably represent the rotational vibration of the MnOg [13]. The presence of two prominent
peaks at 656 cm™ and 406 cm™ along with some weaker modes supports the orthorhombic symmetry as
observed from XRD results. The modes in the range of 375-406 cm™ occur due to the combined
effects from the stretching vibration and Jahn-Teller (JT) distortion of the octahedra [14, 15]. A peak
at 656 cm! is attributed to the bending vibration of octahedral which is also called as breathing mode.
Broadening of this peak with La substitution confirms that robustness of JT distortion decreases with
increasing<r, >. Based on this argument, it can be attributed that all compounds crystallized with

orthorhombic symmetry with slight variation in JT distortion with increasing La-content.

3.2. Electrical transport

The samples average radius of site-A increases from 1.321 A (for x = 0) to 1.339 A (for x = 0.2),
Twmr shifts from 239 K (for x = 0) to 289 K (for x = 0.2) is shown in the figure 2a. It is worth to
mention as average radius <r, > increases, the local lattice distortion reduces due to the shifting of Mn-

O-Mn bond angle towards symmetrical side (approaches 180°). As a result, hopping amplitude
increases which influence the Ty shifts towards higher temperature.
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Figure 2. (a)Temperature dependent resistivity behavior of (Ndg.7.xLax)o.7Sro.3sMnO3
where x = 0, 0.1and 0.2 (b) residual resistivity vs A-site average radius.

The maximum %TCR (rcro% = l(dpj*]oo)vs average radius of A-site <r, > is given in the inset
p\dr

of figure 2(b). The maximum temperature coefficients of resistance (TCR) of (Ndo.7.xILax)o.7Sro3MnOs3
(x = 0.1 and 0.2) are found to be higher compared to its parent compound Ndy.7Sry3sMnOs3. It is worth
to mention here that %TCR has been optimized to a value of 2.66 (for x = 0.1) and 2.65(for x = 0.2)
which are independent with<r >. This opens the possibility of further improvement in operating

temperature for IR detectors applications without sacrificing an optimum %TCR value.
Below Ty, temperature resistivity behavior is explained by using p = po—l—psz —l—,04.5T4'5
general polynomial equation to fit the experimental data of our samples. In the equation, p,is the

temperature independent residual resistivity which arises due to the grain/domain boundary effects,
scattering by impurities, defects and domain walls [16, 17], p,7*describes the resistivity due to

electron-electron scattering phenomenon [18]. The last terms p, . 7*”ascribes due to the process of

electron-magnon scattering process in the ferromagnetic region. The residual resistivity p, is

decreasing with increase of average radius of A-site is shown in figure 2(b).
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On the other hand, in semiconducting regime (T > Tu;), the variation of resistivity with

temperature is explained by an Adiabatic small polaron hopping , — 2o Texp(i) .The polaron hopping
k,T

energy ( E,) decreases with increase of an average A-site ionic radius <r, > as shown in figure 3(a). A

fitted curve on experimental data of NLSMO 0 by polaron hopping model is shown in an inset of the
figure 3(a).
1

20
. waf NMO0 54 NLSMO 0
- < NLSMO 1 R
1 : L
g 45+ NLSMO 2 ¥ &
g <\\ J ‘.‘r
-7.6 s - O
>90- 364, Y ’\‘:"/J'L;,M
QE) 4.2 ; s 3
754 o271
F-ﬂn. E
18 4
60+ (a) (b)
9
45 T T T v T v L d L) -
1.323 1.330, 1.337 o 7 150 25 300
A-site avg radius <rp> emperature(Kj

Figure 3. (a) The polaron hopping energy Vs A-site average radius
(b) Magnetoresistance Vs Temperature with in the field of 5 tesla.

The temperature dependent maximum percentage of magnetoresistance (%MR) at Tuyy of
compounds (Ndo.7.xLas)e.7S103sMnOj3 are 46% , 52% and 50% for x = 0, 0.1 and 0.2 with in the field of
5 Tesla. The low temperature MR is effect by the misalignment of adjacent magnetic domains/grains.
Large magnetoresistance at Tyy is due to the misalignment of adjacent Mn ions and to the double
exchange mechanism.

4. Conclusion

The metal-insulator transition (7u) temperature of (Ndo.7.<L.ac)o7Sro3sMnO; for x = 0.2 exhibits
a shift towards room temperature as the average radius of site-A increases. Conduction mechanism is
explained by the polynomial equation and by adiabatic polaron hopping model for low and high
temperatures, respectively. Based on the results shown in this paper, it can be concluded that the
residual resistivity ( p,) and polaron hopping energy decreases with an increase in the average radius

of site-A. An interesting observation is that NLSMO 2 provides Twmr around the room temperature, and
the maximum percentage change in TCR values are independent with average radius <r, > in x = 0.1

and x = 0.2.
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