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The La5/8Sr3/8MnO3 (LSMO) thin films were directly grown on MgO and Si wafer substrates by Pulsed 

Laser Deposition (PLD) technique. The films were characterized using X-ray diffraction (XRD), field 

emission-scanning electron microscope (FE-SEM). The electrical and magnetic properties of films are 

studied. From the XRD patterns, the films are found polycrystalline single-phases. The highest 

magnetoresistance (MR) value obtained was −17.21% for LSMO/MgO film followed by −15.65% for 

LSMO/Si film at 80K in a 1T magnetic field. Transition temperature (TP) is 224K for LSMO/MgO and 

200K for LSMO/Si film. The films exhibit a ferromagnetic transition at temperature (TC) around 363K 

for LSMO/MgO and 307K for LSMO/Si film. For LSMO/MgO, the high Curie temperature such as 

363K is one of the high TC in all LSMO thin films and as our knowledge, is the highest value that is 

reported in literature for MgO substrates with high lattice mismatch parameter. The conduction 

mechanisms for both films have been extensively investigated. In the metallic regime, resistivity seems 

to emanate from the electron–electron (major) and electron-magnon (phonon) scattering processes. For 

both films in the range of T >TP, the resistivity data were well fitted by both variable range hopping 

(VRH) and small polaron hopping (SPH) models giving higher density state, and lower activation 

energy and Mott temperature T0 for LSMO/Si film than those for LSMO/MgO film. The high TC such 

as 363K makes these LSMO/MgO films very useful for room temperature magnetic devices. 
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1. INTRODUCTION 

Mixed valence manganites with the perovskite structure RE1-xMxMnO3 (RE=rare earth; M = 

divalent)   have been studied for almost 50 years. The system offers a degree of chemical flexibility 

which permits the relation between the oxides’ structure, electronic and magnetic properties to be 

examined in a systematic way. Research on the manganites has stimulated many interest not only for 

new phenomena such as colossal magnetoresistance (CMR) but also in their potential   applications for 

various devices such as field-sensor, magnetic reading heads and memories [1-5]. Lanthanum 

strontium manganite of La1-xSrxMnO3 (LSMO) with perovskite structure is representative manganites 

which show Colossal Magnetoresistance (CMR) effect. LSMO manganite has been intensively studied 

because of their high Curie temperature and high degree of spin polarization of the carriers at the 

Fermi level. It is well known that the double exchange (DE) interaction between pairs of Mn
3+

 and 

Mn
4+

 ion through an oxygen atom is responsible for the ferromagnetic and metallic properties in these 

manganese oxides. Many methods have been used for the preparation of thin films. Pulsed Laser 

Deposition (PLD) [6] and sputtering [7] are most used techniques for fabrication of epitaxial and 

polycrystalline LSMO thin films. However,  there are many publications on epitaxial LSMO films 

grown on single crystal oxide substrates, like SrTiO3[8] and LaAlO3 [9]   , still the preparation of high 

quality LSMO thin films grown directly on low cost substrates such as MgO [10] and silicon wafer 

[11] are limited.  Moreover, for controlling the application cost, the using of low cost substrates should 

be considered for synthesis of LSMO films. In this work, polycrystalline La5/8Sr3/8MnO3 films were 

successfully grown directly on MgO (100) and Si (100) wafer substrates by PLD from a LSMO 

stoichiometric ceramic target in oxygen atmosphere. The crystal structures, surface morphology, 

resistivity, magneto-transport and conduction mechanism at different temperatures is discussed. 

Finally, the highest value of Curie temperature (TC) as compared with literature for LSMO film 

deposited directly on the full misfit substrate such as MgO is reported. 

 

2. MATERIALS AND METHODS 

The La5/8Sr3/8MnO3 films were fabricated by pulsed laser deposition technique (Nd: YAG laser, 

λ=500nm). The details of preparation for target and thin films is described earlier [12]. The films were 

grown directly on MgO (100) and Si (100) substrates under O2 pressure of 12mtorr. Before deposition 

the substrates were ultrasonically cleaned in acetone and ethanol, then subsequently dried in flowing 

nitrogen. The thickness of films (≈400nm) was measured using Profilometer. The crystal structure of 

the films was characterized by X-ray diffraction (XRD, Philips) and data were refined by the Rietveld 

refinement technique with XʹPert HighScore Plus program. The electrical transport properties were 

measured by the four-point method in the range of 100-300K. A four point probe system was used to 

measure the change in the resistance under an external applied magnetic field up to 1 Tesla with the 

measured temperature ranging from 80K to 300 K using Hall measurement system (model Lake Shore 

7604). The AC Susceptibility measurements were performed using a CryoBINDT model. In addition, 

FESEM (Nova NanoSEM 30 series) was used to investigate the surface morphology of the LSMO 

films. 



Int. J. Electrochem. Sci., Vol. 8, 2013 

  

6907 

20 30 40 50 60 70 80

0

200

400

600

800

1000

1200

1400

1600

1800

2000

In
te

n
s

it
y

(a
.u

)

2Theta (°)

LSMO/Si

LSMO/MgOSi

0
1

2

1
1

0

2
0

2

0
2

4

1
2

4

0
3

0

2
0

8

1
3

4

3. RESULTS AND DISCUSSION 

The X-ray diffraction (XRD) patterns of the thin films are shown in the Fig.1. The XRD data 

were refined by the Rietveld method using the X Pert HighScore Plus program. The selected refined 

data were listed in Table 1. The films showed the same structure as bulk, which is the single phase 

rhombohedral with a space group of R 3 C. It is noted that the sharp diffraction peak at 54.68˚ for 

LSMO/Si comes from the Si (100) substrate. The average crystallite size and strain values have been 

calculated by using Williamson – Hall’s  method [13]. The crystallite size (D) was 24.43 nm and 33.22 

nm for LSMO/MgO and LSMO/Si respectively. In addition, the lattice strain (ɛ), was -0.118 and -

0.072 for LSMO/MgO and LSMO/Si respectively. When the thin film deposition on the substrate 

induces a structural strain, due to the lattice mismatch between the film and substrate, where is 

obtained as δ %=[(asubstrate-afilm)/asubstrate)]×100. The Positive and negative value of lattice mismatch 

strain indicates tensile and compressive strain, respectively. The values of misfit strain are -0.97% and 

-30% for LSMO/Si and LSMO/MgO films respectively. Both thin films deposited on Si wafer and 

MgO substrates experienced compressive strain. On one hand, the large value of lattice mismatch of 

MgO in case of LSMO/MgO film and on other hands, the amorphous nature of native SiO2 layer 

covering Si substrate and the chemical reactivity of Si with oxide film made a polycrystalline (non-

epitaxial) growth. One can see from Table 1, that lattice parameters and unit cell volume for thin film 

sample are compressed when compared with LSMO bulk. As shown in Table1 the Mn-O bond length 

is decreased for LSMO thin films as compared to the bulk sample. Hence, the Mn-O-Mn band angle is 

almost same.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.   XRD patterns of the LSMO films are deposited on MgO (100) and Silicon (100) wafer 

substrates. 
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Table 1.  Structural parameters and crystallite size of LSMO bulk and thin films. 

 

Structural  

Parameters               

                

                      Samples 

 

LSMO/Si 

 

LSMO/MgO 

 

LSMO(Bulk) 

a(Å) 

  
5.482(7) 5.482(2) 5.489(5) 

 

b(Å) 
5.482(7) 5.482(2) 5.489(5) 

 

c(Å) 
13.340(4) 13.344(3) 13.355(2) 

  

v(Å)33
  

347.295 347.331 348.538 

 

Lattice strain (%) 
-0.118 -0.072 0.178 

  

Cry.size(nm) 
29.90 21.44 103.5 

  

Mn-O(1)( Å ) 
1.945˟ 6 1.945˟ 6 1.948˟ 6 

Mn-O(1)-Mn(º) 

  
167.704 167.705 167.703 

Reexxpp(%)  

  
6.5193 6.3073 

5.2783 

  

Rpprr(%)  
6.8289 5.7380 

6.7636 

  

Rwwpprr(%)  
9.8754 7.1789 

 

8.4345 

  

Goodness of fit 

  

2.2946 1.2954 

 

2.5535 

 

The surface morphologies of the films are investigated by scanning electron microscopy 

(SEM). Fig.2. shows the FE-SEM micrographs of LSMO films prepared at different substrates. The 

surface appears porous and cauliflower-like morphology for both films. The LSMO/Si thin film with 

smaller size of droplets and nano-cracks had smoother surface compared to the LSMO/MgO film. The 

average grain size of LSMO/Si and LSMO/MgO were 33.22 nm and 24.43 nm. The grain size 

distribution is analyzed based on 100 grains are taken from SEM micrographs of each sample. The 

surface morphology showing an island-like mode for deposited films. In fact, the growth of film is 

layer-by-layer and the lattice misfit between film and substrate lead to island growth [14]. 

The %MR values versus applied magnetic field H at 1 T, from 80 K to 300 K for both samples, 

are shown in Fig.3. The magnetoresistance ratio MR, is defined as MR = 100 × (RH −R0)/R0, where RH 

and R0 reflect the resistance measured with and without a magnetic field, respectively. Both films are 

shown negative MR values with a vertically applied magnetic field. The results showed that the 

resistivity decreases with an increase in the magnetic field.  
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LSMO / Si
LSMO / MgO

 

 

Figure 2.  FE-SEM micrographs of LSMO/Si and LSMO/MgO thin films with magnification of 1KX,  

50KX. 

 

Magnetoresistance (MR) is observed in a wide temperature range below the ferromagnetic 

transitions. The presence of low temperature MR, may be originates from spin-dependent scattering of 

polarized electrons at the grain boundaries. The highest MR value obtained was −17.21% for 

LSMO/MgO film followed by −15.65% for LSMO/Si film at 80K in a 1 T magnetic field. The film 

deposited on MgO displays higher MR due to enhanced spin polarization tunnelling induced by grain 

boundaries effect [15] . 

Fig.4. shows the temperature dependence of real part of AC susceptibility for LSMO/MgO and 

LSMO/Si thin film in AC field amplitude of 1 Oe and frequency of 240 Hz. Both samples show the 

paramagnetic to ferromagnetic transition. The Curie temperature, Tc is found from the peak in the 

dχʹ/dT via temperature curve that is shown in Figure 4. The TC is 363K for LSMO/MgO and 307K for 

LSMO/Si thin film that is given in Table 2.. The TC of LSMO/MgO thin film as 363K is the highest 

value that is reported in literature for LSMO film deposited on MgO substrates [10, 16-20]. The Curie 

temperature of LSMO/MgO film is higher than the bulk (331K) and is one of the highest in all 

reported of LSMO films deposited on various single crystal substrates [11, 21-24]. The difference 

between TC and TP is calculated, ∆T=TC-TP and is given in Table 2.. The larger ∆T for LSMO/MgO 

film may be attributed to the local inhomogeneities in magnetic and electronic transport behaviors, 

exist disorder and inhomogeneous occupations on A-site by rare earth ions  or the oxygen 

nonstoichiometry, smaller grain size and various grain boundaries in the sample [25]. 
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Figure 3. %MR curve of LSMO /Si and LSMO/MgO thin films as function of magnetic field at 

various temperatures. 

 

Fig.5. shows normalized temperature dependent of the samples in zero magnetic field in the 

temperature range of 100–300 K. Phase Transition temperature (TP) is 224 K for LSMO/MgO and 200 

K for LSMO/Si film. The lower TC and TP for LSMO/Si may be due to interface disorders and oxygen 

deficiency that is caused by low oxygen- pressure during the deposition. Sahu is found that the TC (as 

function of oxygen content) for LSMO/Si thin film is strongly dependent on the working pressure 

during sputtering [26]. The EDX results are confirmed that oxygen precenting of LSMO/Si film was 

lower than LSMO/MgO system. The summary of the measurement results was listed in Table 2. From 

Table 2 it is found that resistance of thin film deposited on MgO is much higher as compared to film 

deposited on Si (100) and MgO (100). The SEM studies show the grain size of LSMO/MgO film is 

smaller with more grain boundaries as compared to the film deposited on silicon. On other hands, the 

resistance of grain boundaries is more than the resistance inside the grains because of the disordered 
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nature of the grain boundaries. Therefore, high resistivity for LSMO/MgO is suggested to originate 

from the grain boundary effect. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Temperature dependence of real part of AC susceptibility for LSMO/MgO and LSMO/Si 

thin films in ac field amplitude of 1 Oe. 
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Figure 5.  Temperature dependence of normalized resistance at zero magnetic field for manganite thin 

films. 

 

 

Table 2. Summary results of LSMO films deposited on MgO (100) and Si(100) wafer. 

 

Sample R(100K)(KΩ) R(300K)(KΩ) TP (K) Tc (K) ∆T(K) S(nm) MR% 

LSMO/MgO 70.62 120.11 224 363 139 24.43 17.21 

LSMO/Si 10.54 8.87 200 307 107 33.22 15.65 

 

 

 

4. CONDUCTION MECHANISM AT DIFFERENT TEMPERATURE 

4.1. Low Temperature (T<TP) 

In order to understand the conduction mechanism at low temperature, the electrical resistivity 

data are fitted using the following equations [27-30]: 
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Where ρ0 is the temperature independent part that is due to the domain, grain boundary and 

other temperature independent mechanisms. The ρ2T
2
 term corresponds to electron-electron scattering 
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resistivity due to electron–magnon scattering process in the ferromagnetic region, which may be likely 

to arise due to spin wave scattering process. 

  The experimental data for both thin films were fitted to the above equations. From the fitting 

results is found that the square of linear correlation coefficient R
2
 for both films is the highest when the 

data are fitted by Eq.(3). Therefore, the conduction mechanism for both films at metallic regime seems 

to emanate from the electron–electron and electron-magnon (phonon) scattering processes.  In 

addition, the electron–electron scattering term ρ2, in Eq. (3) is larger than that of the electron–magnon 

(phonon) ρ4.5 for both films. Therefore, the electron–electron scattering displays a major role on 

conductivity of samples in metallic regime. Fig.6.is shown the ln ρ versus temperature for samples 

below TP, that is fitted with Eq.(3). The best fitted parameters are given in Table 3.. It is found that 

values of ρ0, ρ2 and ρ4.5 are smaller for LSMO/Si as compared to the film is deposited on MgO. The 

LSMO/Si film has bigger size of grain and less grain boundary region, results to decreasing of 

scattering parameters as well as electon-electron and electron-magnon. Therefore, the grain boundary 

has an effective role to enhancement of scattering of conduction electron. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. ln ρ versus temperature for LSMO films below TP. The solid line representing the best fit to 

Eq(3). 
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Table 3. Parameter obtained from fitting experimental data with Eq.(3) 

 

 

Sample 

 

                     5.4

5.4

2

20 TT    

 

ρ0 (KΩ.cm) 

 

ρ2 (KΩ.cm.K
-2) 

 

ρ4.5 (KΩ.cm.K
-4.5) 

 

R
2
 

LSMO/MgO 3.5281 6.6859 4.67×10
-11

 0.99634 

 LSMO/Si 2.1854 1.8736 1.57×10
-11

 0.99966 

 

4.2. High Temperature (T > TP) 

Two models are generally used to describing the high temperature dependence (T >TP) of 

resistivity on the paramagnetism insulator region. These models are variable-range hopping (VRH) and 

small polaron hopping (SPH) (T > θD/2) [31] . 

 

4.2.1. Small Polaron Hopping (SPH) 

The conduction mechanism of manganites at high temperatures (T > θD/2) is mainly due to the 

thermally activated small polarons, that described by small polaron hopping mode could be due to 

either adiabatic or non-adiabatic approximations [31-32]. The temperature dependence of resistivity at 

T >θD/2, for adiabatic and non-adiabatic approximations is expressed as: 

 

ρ = ρ0T exp (Ea/kBT)       (adiabatic)                  (4) 

 

ρ = ρ0T
3/2 

exp (Ea/kBT)    (Non-adiabatic)           (5) 

 

Where ρ0 is a pre-factor; kB is the Boltzmann constant; T is the absolute temperature, and Ea is 

the activation energy. The resistivity data above TP is fitted to Eq. (4) by plotting ln (ρ/T) vs. 1/T 

(Fig.7.) and from the best fits, the half Debye temperature, θD /2, as temperature at which the slope 

changes from linearity can be determined. Therefore, θD values are 532K for LSMO/Si and 544K for 

LSMO/Si films are given in Table 4. By using Eq.(4) and (5), the Ln(ρ /T) and Ln(ρ /T
3/2

) versus(1/T) 

plot was drawn separately for LSMO/Si and LSMO/MgO, and the curves are shown in Fig.8. and 

Fig.9. As can see in Table 5., LSMO/Si thin film has lower value of the activation energy on both 

adiabatic and non-adiabatic regime. The reduction of the activation energy and the residual resistivity 

for LSMO/Si is probably due to the larger grain size, better quality of crystal structure, and phase 

purity of sample. Venkataiah et al. have reported the decreasing of activation energy by the increasing 

of grain size in LCMO single layer manganite at different sintering temperatures. They are mention 

that this behavior due to enhancement of hoping of the conduction electron between neighboring sites 

due to the increase in interconnection between the grains as the grain size increases [33]. 
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As one can see in Table 4, the linear correlation coefficient, R
2
, values for both models are 

close to each other, and it is difficult to classify the systems into the adiabatic or non-adiabatic regime. 

Therefore, for finding the type of hopping, another mechanism is needed. 

By using Holstein’s relation [34], one can identify whether the hopping mechanism is in the 

adiabatic or non- adiabatic region. This also indicates the sizes of the polarons. According to this 

relation, the polaron band width J should obey the following conditions:  

J>  for adiabatic hopping and J<  for non-adiabatic hopping conduction: 

 

24/1 )()
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hTEk

                        (6) 
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ph
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
                            (7) 

 

where the longitudinal optical phonon frequency ph  , is obtained from the relation;  

DBph kh   .  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7.  Inverse temperature dependence of ln(ρ/T) above Tp for (a) LSMO/Si and (b)LSMO/MgO 

thin films by using of SPH model. 
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The J value is polaron band width and T=300 K. Furthermore, the condition for small-polaron 

formation is J< Ea/3 [34]. All parameters were obtained by using Eq(6-7) are given in Table 5. It is 

observed that for both thin films, J<  and J< Ea/3 on the non-adiabatic region. Therefore, we may 

conclude that the non-adiabatic small polaron hopping model is responsible for conduction in both thin 

films. It is interesting to estimate few important relevant physical parameters for both samples. The 

values for small-polaron coupling (
P ), which is a measure of electron–phonon interaction in these 

manganites, can be evaluated from the relation 
P =Ea / h ph . The value of 

P  is 3.72 for LSMO/Si 

and 5.05 for LSMO/MgO as shown in Table 5. It has been suggested that a value of P >4 usually 

indicates strong electron–phonon interaction in solids [35]. Therefore, strong and weaker electron–

phonon interaction is observed for LSMO/MgO and LSMO/Si films respectively. Also from the values 

of P , we have evaluated the ratio of the polaron mass mP to the rigid-lattice effective mass m* using 

the relation mP= m*exp ( P ) [35]. The values of mp/m* are 41.26 and 156.02 for SMO/MgO and 

LSMO/Si films respectively, indicating strong electron–phonon interaction for film deposited on MgO. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8.   Ln(ρ /T) and Ln (ρ /T
1.5
) versus (1/T) plot for LSMO/Si thin films above θD /2 (266 K) (a) 

for SPH –Adiabatic model (b) for SPH(Non-Adiabatic) model. 
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Figure 9.   Ln(ρ /T) and Ln (ρ /T
1.5

) versus (1/T) plot for LSMO/MgO thin films above θD /2  (272 K) 

(a) for SPH –Adiabatic model (b) for SPH(Non-Adiabatic) model. 
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 The constant α was taken as 2.22nm
-1

 [36] and N (EF) is the density of states near the Fermi 

level. In order to investigate the hopping mechanism at the intermediate temperature range TP<T<θD/2, 

the resistivity data for both samples were fitted by using Eq. (8) and (9). For both thin films, the best 

fitting in the range of VRH is found for 3D-dimension that is shown in Fig.10. In addition, T0 values 

for each film were calculated from slopes of ln(ρ) vs.T
-1/4

 plot. As shown in Table 6.,  the   calculated 

value of T0 for LSMO/MgO film is higher than film deposited on Si, where N(EF) values is lower may 

be due to decreasing of the double exchange (DE) interaction. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10.  Ln (ρ) versus T
-1/4

 for (a) LSMO/Si and (b)LSMO/MgO thin films at best fitting 

temperature range of VRH model.  Lines represent the results for fitting 3D-VRH models. 

 

Table 4. Parameters extracted from adiabatic and non-adiabatic SPH models. 

 

  Adiabatic SPH Non- Adiabatic SPH 

 

Samples θD (K) Ea 

(mev) 

R
2
  Ea 

(mev) 

R
2
 

LSMO/Si 532 73.18 0.99619  85.40 0.99696 

LSMO/MgO 544 106.05 0.99455  118.40 0.99544 
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Table 5. Parameters evaluated using Eq(6&7) 

 

  Adiabatic SPH Non- Adiabatic SPH 

 

Samples Ea/3 

(mev) 

J 

(mev) 
  

(mev) 

 Ea/3 

(mev) 

J 

(mev) 
  

(mev) 

 

P  mp/m* 

LSMO/Si 24.39 26.60 25.64  28.46 26.6 29.57 3.72 41.26 

LSMO/MgO 35.35 17.32 25.59  39.46 17.32 26.30 

 

5.05 156.02 

 

 

Table  6. T0, N(EF) and R
2
 values extracted from 3-D VRH model fittings. 

 

 

 

 

 

 

5. CONCLUSION 

In summary, polycrystalline La5/8Sr3/8MnO3 films were successfully deposited on MgO and Si 

substrates without any additional buffer layer by pulsed laser deposition. The structural characteristics, 

magneto-transport properties and conduction mechanism of LSMO thin films have been extensively 

studied. The XRD analysis showed that films are single phase rhombohedral. Both film showed island 

growth and cauliflower -like morphology with average grain size of 33.22 nm and 24.43 nm for 

LSMO/Si and LSMO/MgO respectively. The highest MR value obtained was −17.21% for 

LSMO/MgO film followed by −15.65% for LSMO/Si film at 80 K in a 1 T magnetic field. Transition 

temperature (TP) is 224K for LSMO/MgO and 200 K for LSMO/Si film.  

The films exhibit a ferromagnetic transition at temperature (TC) around 363K for LSMO/MgO 

and 307K for LSMO/Si film. For LSMO/MgO the high Curie temperature such as 363K is one of the 

high TC in all LSMO thin films and as our knowledge, is the highest value that is reported in literature 

for MgO substrates with high lattice mismatch parameter. The conduction mechanism for both films at 

metallic regime, seems to emanate from the electron–electron (major) and electron-magnon (phonon) 

scattering processes. For both films in the range of T >TP, the resistivity data were well fitted by both 

variable range hopping (VRH) and small polaron hopping (SPH) models giving higher density state, 

and lower activation energy and Mott temperature T0 for LSMO/Si film than those for LSMO/MgO 

film. The high TC such as 363K makes these LSMO/MgO films very useful for room temperature 

magnetic devices. 
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Sample T0(K) N(EF)( ev
-1

cm
-3

) R
2
 

LSMO/Si 8.51×10
4
 2.38×10

22
 0.99386 

LSMO/MgO 8.7×10
5
 2.32×10

21
 0.99414 
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