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The effects of magnetic field and mechanical strain on thin films of the hole-

doped magnanite (La1-yPry)1-xCaxMnO3 (LPCMO) (y = 0.6) were studied.  The film 

undergoes an insulator-to-metal transition with the application of a magnetic field due to 

the growth of the ferromagnetic metallic regions in the film.  The direct application of 

mechanical strain on the film increases its resistance due to the stabilization of the 

charge-ordered insulating regions.   

Introduction  

Hole-doped perovskite manganese oxides (manganite) are one of the most 

fascinating systems in physics due to their unique properties and potential for 

applications.  A hole-doped manganite is similar to a p-type semiconductor obtained by a 

doping process, which adds certain types of atoms in order to increase the number of free 

charge carriers (holes).  The lattice structure of manganites is called perovskite and is 

observed in many oxides of the form ABO3, where A and B are the cations.  The 

combination of the competing ground states, characteristic of manganites, and the built-in 

disorder gives rise to manganites’ unique properties.    



Hole-doped manganites exist in a phase-separated state due to interplay among 

the lattice, electronic, and magnetic structures of the material [1,2].  Consequently, their 

properties are sensitive and can be manipulated by different external perturbations such 

as strain, electric, and magnetic fields [3].  One consequence is colossal 

magnetoresistance (CMR), which is the change in resistance through the application of a 

magnetic field.  The understanding of CMR offers tremendous opportunities in new 

technologies such as read/write heads for high-capacity magnetic storage and spintronics. 

 Ferromagnetic metallic (FMM), charge-ordered insulating (COI), and 

paramagnetic insulating (PMI) are the three competing phases found in thin films of   

(La1-yPry)1-xCaxMnO3 (LPCMO) (y = 0.4, 0.5, and 0.6).   At low and intermediate 

temperatures, the two competing FMM and COI phases are present and at high 

temperatures the material is PMI.  The phase separation encountered at low and 

intermediate temperatures occurs when smaller ions of Pr are substituted by larger La 

ions.  Therefore, the COI phase has a comparable free energy to the FMM phase. The 

coexistence of the two phases occurs due to either quenched disorder introduced by the 

size mismatch of La and Pr ions or the difference in the lattice structure of the COI and 

FMM phases [1, 2].     

The FMM and COI phases can be manipulated by substrate-induced strain [3].  

Structural differences between the substrate and the film induce strain in the film, and 

lead to a non-uniform distribution of strain.  The COI phase is formed in high-strain 

regions while the FMM phases remain in the low-strain regions [3].  The amount of 

FMM and COI phases not only depends on the substrate but also depends on the 

concentration of Pr, where a greater Pr-content favors the COI phase [3].     



The coexistence of the two phases, FMM and COI, in the material leads to a sharp 

first-order metal-insulator transition.  In LPCMO, these phases are found to coexist in the 

fluid phase-separated (FPS) state at certain intermediate temperatures during the cooling 

cycle.  This state is very sensitive to external perturbations such as an electric field.  The 

application of an electric field favors the FMM regions and thus the metallic phase [3].  

Because the FPS state can be manipulated by external parameters such as electric field, 

magnetic field, strain, etc., it can be described as “electronic soft matter”.   The phase 

diagram of LPCMO shows other phases, e.g., a static phase-separated (SPS) state at low 

temperatures in higher Pr-content LPCMO, which is glassy in nature [3].  

Since hole-doped manganites are sensitive to external perturbations, we 

investigate the changes in the properties of manganites with the application of mechanical 

strain and magnetic field.  

To test the effect of mechanical strain in LPCMO, we applied strain directly to the 

thin film and observed how its resistance and phase diagram changed.  We applied strain 

on different films and changed the temperature and magnetic field, and recorded the 

change in resistance.  On the application of mechanical strain, the resistance of the thin 

films increased.  This could have occurred for two reasons: first, through the separation 

of the atom linkage, and second, by movement of the FMM regions in the FPS state, 

which makes the material more insulating.   

 

 

 

 



Method  

We grew thin films of (La0.4 Pr0.6). 67 Ca.33MnO3  (LPCMO) using Pulsed Laser 

Deposition (PLD).  The films were grown on NdGaO3 (NGO) substrate that has a similar 

structure to the material and was kept at 820º C during the deposition.  The films were 

grown in an oxygen atmosphere at 430 mTorr, with a deposition rate of approximately 

0.05nm/s.  The deposition laser pulses at 5 Hz, and the time of growth for films presented 

in this paper is 8 min. The growth conditions were optimized to obtain an insulator to 

metal transition temperature (TIM ) close to that observed in bulk compounds of a similar 

composition.  These conditions are fundamental since the properties of the films vary 

with small changes in these conditions.   

The films resistances were measured in a variable-temperature Dewar equipped 

with a solenoid capable of producing a 9-T magnetic field.  Depending on the film’s 

room-temperature resistance we selected one of two methods to characterize the films 

resistance, the-two probe method and four-probe method.  The four-probe method 

provides accurate results because it removes the wires’ resistance, and can be used for 

low and high resistances.  In this method we apply a constant current and measure 

voltage, but we are limited by our voltmeter range, as shown in Figure 1a.  Therefore, for 

higher ranges of resistance that the voltmeter cannot read, we used the two-probe method.  

In this method we supply a constant voltage of 5V and measure the current that passes 

through the known resistance (R0).  The program calculates the sample resistance using 

the supply voltage and the calculated current, as shown in Figure 1b. 

 



 

 

 

 

Magnetic field was applied before or during the measurement.  Because the effect 

of the magnetic field in a phase-separated material is irreversible, we heated the film 

before each measurement to 150K and cool down with liquid helium to the needed 

temperature.   

The mechanical strain was applied directly to the 

film as shown in Figure 2, while the sample was inside 

the Dewar.   

 

 

 

 

Results and Discussion:  

 The R vs. T data for (La0.6Pr0.4)0.67 Ca0.33MnO3 (LPCMO) film grown at a 

temperature below 820 ºC are shown in Figure 3a and b.  Because the thin film was 

Fig. 1a). Four-probe method.   b). Two-probe method. 
 

Fig. 2: Apparatus used to strain the sample 



grown at a temperature below 820 ºC, the material showed an insulating behavior.  The 

material presented in Figure 3a was exposed a 2-T magnetic field before the 

measurement.  This caused an insulator-to-metal transition on cooling and a metal-to-

insulator transition on warming.  This confirms the presence of FMM regions in the 

material because the metallic phase is present with the application of a magnetic field.   

 

Recent investigations have demonstrated that the irreversible effect of the 

magnetic field is removed when films of LPCMO are heated to 130 K [3]; hence, our 

films are heated to 150 K.  In the graph presented in Figure 3b, the warming curve was 

taken first.  Once it reached 130 K, it showed that the material was an insulator with 

FMM regions.     

 

Fig. 3:  R vs. T data for film of LPCMO with exposure to 2-T magnetic field before the measurement.  
(a) Cooling curve taken first, then warming curve.  (b) Warming curve taken first, then cooling curve. 
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R vs. H data are shown in Figure 4.  A change in resistance is observed with the 

application of a magnetic field, causing an insulator-to-metal transition.  The insulating 

film has FMM regions, which permit current flow, and, consequently, at the critical field 

strength, an insulator-to-metallic transition occurs.  This transition is present because the 

magnetic field favors the formation of FMM regions and makes the electrons flow more 

easily.  The change in resistance not only depends on the magnetic field, but also depends 

on the temperature as is shown in Figure 4.  The size of the FMM regions present in the 

FPS state depends on the temperature, these regions grow on cooling [3].  At low 

temperatures between 10 K and 40 K, the change in size of the FMM regions is small and 

has negligible effect on the film resistance, but in the range of 50 K to 300 K the size 

changes are large and modify the film’s resistance. 
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Fig.4:  R vs. H data for a film of LPCMO at constant temperature 
 



At low temperatures, such as around 20 K, the film is in the SPS state where the 

phase-separated regions are nearly static, therefore reduction in resistance occurs only at 

higher magnetic fields.  In Figure 4 and 5, we see that at 20 K, a higher magnetic field is 

required than at 40 K to obtain the transition.  Above 50 K, the curves in Figure 4 present 

a different behavior: Stronger magnetic fields are needed to obtain an insulator to 

metallic transition.  This occurs because at intermediate and high temperatures the FMM 

regions decrease in size.  Therefore, the COI regions dominate, and the material becomes 

an insulator (see Figures 4 and 

5a).   

When the magnetic field 

is removed, there is an increase 

in resistance between 80 K and 

140 K (see Figure 4).  The 

resistance does not remain the 

same as when the magnetic field 

was at 6 T, showing a non-

ferromagnetic behavior due to 

the reduction of the FMM 

regions at those   temperatures.   

As shown in Figure 4, at 

above 50K, a reduction in the 

resistance is observed with each 

Fig.5  (a) Phase diagram of LPCMO.  (b) Strain phase 
diagram of LPCMO. 
 



increment in temperature, a natural behavior for an insulator.  

An increase in the film’s resistance is observed with the direct application of 

mechanical strain at the same magnetic field (Figure 6).  In the strain diagram shown in 

Figure 5b, an increase in the insulating phase and a reduction in the metallic phase are 

observed.  The application of mechanical strain not only has an effect in the insulating 

and metallic phases but also reduces the FPS state (Figure 5b).  This reduction favors the 

insulating phase, showing that the COI regions encountered in the FPS state dominate.  

This is reasonable because the COI regions dominate in high-strain regions.   

 As is shown in Figure 6, when the film is strained, a stronger magnetic field is 

required for the occurrence of insulator-to-metal transitions.  Therefore, this demonstrates 

that the resistance of the film increases with the application of mechanical strain.    
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Fig.6: R vs. H data for thin film of (La0.6 Pr0.4 )0.67 Ca0.33MnO3 



 

Conclusion 

 The properties of thin films of LPCMO are very sensitive, and change if the 

film’s growth conditions change.  Thin films of LPCMO that are grown under varying 

conditions such as at a different temperature, pressure or composition present an 

insulating behavior.  The application of a magnetic field in the thin film induces an 

insulator-to-metal transition due to the presence of FMM regions in the material.  The 

magnetic field induces a resistance reduction because it favors the growth of the FMM 

regions and permits electron flow.   At intermediate and high temperatures, the FMM 

region decreases; therefore, the film becomes more insulating.   

 With the application of mechanical strain, an increase in resistance is observed.  

The application of magnetic field induces an insulator-to-metal transition, but with 

applied strain the transition is more difficult.  This is reasonable because in high-strain 

regions, the COI phase dominates.     
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