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We report on the synthesis of BiFeO3 (BFO) and Bi0.9-ySmyLa0.1FeO3 (BSLFO) (y = 0, 0.02 and 0.1) thin films on quartz 
substrate using pulsed laser deposition (PLD) technique. The effect of doping Sm in Bi0.9La0.1FeO3 (BLFO) on structural, 
optical and magnetic properties has been systematically investigated. X-ray diffraction (XRD) measurement shows the 
rhombohedral structure for the deposited films with highly oriented (110) diffraction peak. Atomic force microscopy (AFM) of 
the films reveals the decrease in grain size with corresponding increase in Sm composition. Magnetic studies shows the 
ferromagnetism with Sm doping in BLFO with saturation magnetization 17.5 emu/cm

3
 and coercivity 121 Oe in case of Bi0.9-

ySmyLa0.1FeO3 (y = 0.1) thin film at room temperature. However, antiferromagnetic behavior has been found in case of BFO. 
The M-T curve shows a large enhancement in magnetism of BLFO thin films by the addition of Sm. Optical measurement 
reveals the decrease in refractive index with Sm doping. Moreover, a red sift in band gap calculation has been found with 
increase in Sm doping in BLFO which provide a reference for preliminary research to infrared detectors and optoelectronic 
devices. 
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1. Introduction 
 

Multiferroic materials, in which ferroelectricity and 

magnetism coexist are currently gaining much attention 

due to their potential application in devices taking 

advantage of two coupled degrees of freedom based on 

local lattice distortion and electron spin and allow a direct 

integration of the material into the up-to-date 

semiconductor technology. Multiferroic oxide thin films 

are intensively investigated because of their scientific 

importance and technological promise for applications as 

non-volatile memories, such as ferroelectric random-

access memories (FeRAM) and magnetoresistive random-

access memories (MRAM) etc. [1, 2]. Among various 

multiferroic oxide materials, BiFeO3 (BFO) has attracted 

much attention because of its high Curie temperature, TC = 

830 
0
C, and its high Néel temperature, TN = 370 

0
C [3]. 

Powder X-ray diffraction (XRD) and neutron diffraction 

studies revealed that BiFeO3 has a rhombohedrally 

distorted perovskite structure [4, 5]. The inhomogeneous 

magnetic spin structure of BiFeO3 leads to the cancellation 

of macroscopic magnetization and inhibits the observation 

of the linear magnetoelectric effect. Enhancement of 

magnetization has been observed in Bi1-xRxFeO3 (R= Nd
3+

, 

Tb
3+

 etc) [6, 7]. Similarly the multiferroic properties have 

been enhanced for La doping in BiFeO3 [8, 9]. V.R. Palkar 

et al [10] has reported the doping of Tb and La and 

discovered the coexistence of ferroelectricity and 

ferromagnetism along with high dielectric constant and 

magnetoelectric coupling at room temperature. 

Although there are reports on BFO thin films using 

wet chemical method [11, 12], we prefer to deposit films 

by PLD due to its added advantage of being a non-

equilibrium process. Moreover, PLD has been recognized 

as a promising versatile technique for the deposition of 

stoichiometric films of metal oxides at high deposition rate 

[13]. Earlier we have reported the effect of La doping on 

various properties of BiFeO3 thin films deposited by PLD 

technique [14]. In the present study, we have investigated 

the effect of Sm doping on structural, optical and magnetic 

properties of BiLaFeO3 (BLFO) thin films deposited on 

quartz substrate using PLD technique. A red shift in band 

gap calculation has been found with increase in Sm doping 

in BLFO. Magnetic behavior has been found to be 

improved with Sm doping in BLFO with enhancement in 

saturation magnetization and remanent magnetization. 

Also, the optical properties of the deposited films are 

investigated which provide a reference for preliminary 

research into infrared detectors and optoelectronic devices. 

The optical band gap was found to decrease from 2.66 eV 

to 2.54 eV with corresponding increase in Sm composition 

from y = 0 to y = 0.1 in  Bi0.9-ySmyLa0.1FeO3 films. 

 

2. Experimental details 
 

Thin films of BiFeO3 and Bi0.9-ySmyLa0.1FeO3 with           

y = 0, 0.02 and 0.1 were grown on quartz substrates by 
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pulsed laser deposition technique using 15 mm diameter 

targets. The details of process setup are given elsewhere 

[13]. The targets were prepared by mixing appropriate 

molar ratios of Bi2O3, Fe2O3, La2O3 and Sm2O3 powders. 

After 8 hours of grinding, the mixed powder was calcined 

in air at 600 
o
C for 2 hours. The powder was further 

reground and pressed into pellets by applying pressure of 

80 MPa. Finally, it was sintered at 870 
o
C for 5 minutes by 

rapid thermal process. The KrF excimer laser (248 nm, 10 

Hz) with energy of 300 mJ was used for the deposition of 

films. The substrate temperature was maintained at 600 
o
C 

with oxygen pressure of 50 mTorr and deposition time of 

35 minutes. Before ablation, the chamber was evacuated to 

a base pressure of 10
−6

 Torr, and then the pure oxygen was 

introduced through a mass flow controller. The chamber 

pressure was measured using a combination vacuum gauge 

(Pfeiffer Vacuum) and maintained at a pressure of 50 

mTorr. Before every deposition, the target was pre-ablated 

for 1 minute in order to ascertain the same state of the 

target in every deposition. After the deposition, the films 

were annealed at 700 
o
C for 30 minutes for crystallization. 

The films were allowed to cool in the chamber naturally 

and then characterized for its properties using various 

techniques. 

 

 

3. Results and discussion 
 

3.1 Structural properties 

 

Fig. 1 shows the XRD pattern for undoped BiFeO3 

and Bi0.9-ySmyLa0.1FeO3 (y = 0, 0.02, 0.1) thin films 

deposited at quartz substrates. XRD measurements shows 

the rhombohedral structure for the deposited films with 

highly oriented (110) diffraction peak which are in 

confirmation of earlier reports [15, 16]. A few low 

intensity additional peaks at 2θ = 28.32 and 29.12 has also 

been observed in the XRD pattern for undoped BiFeO3 

films. The presence of these low intensity peaks could be 

attributed to impurity peaks due to the formation of 

Bi2Fe4O9, which eliminates on doping with La and Sm. 

Moreover, the Sm doping in BLFO leads to growth of low 

intensity (-220) and (010) diffraction peaks. The crystallite 

size calculated from XRD patterns using well known 

Scherer’s formula [17] have been found to increase from 

24.62 nm to 31.76 nm with corresponding doping in 

undoped BFO with La. However, Sm doping in La doped 

BFO films shows a decrease in crystallite size from 31.76 

nm to 29.62 nm with corresponding increase in Sm content 

from y=0 to y=0.1 as shown in Table 2. This type of 

variations in crystallite size could be attributed to the 

difference in ionic radii of Bi
3+ 

(103 pm), La
3+

 (103.2 pm) 

and Sm
3+

 (95.8 pm). 
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Fig. 1. XRD pattern of BiFeO3 and Bi0.9-ySmyLa0.1FeO3 thin 

 films of different Sm contents (y). 

 

 

From XRD patterns, it is clear that La and Sm 

addition provides phase purity and stabilizes the 

perovskite structure. Our measurements suggests the 

elimination of secondary phases is due to the effect of 

doping which can be qualitatively substantiated with the 

thermodynamics along with Pauling’s equation [18] that 

relates ionic bond strength (IAB) with the average 

electronegativity of cation (χA) and anion (χB) as given in 

following equation: 

 

]4/)(exp[1 BAABI  
          (1) 

 

Table 1 shows the electronegativity values of various 

A-site cations (Bi
3+

, La
3+

, Sm
3+

) and anion (O2−) and the 

values of ionic bond strength calculated using above 

equation. The calculated values suggest that the ionic bond 

strength of La–O and Sm–O bond is higher than that of 

Bi–O bond. This may lead to reduced enthalpy of 

formation (ΔHf) of La and Sm doped BiFeO3 as compared 

to undoped BiFeO3 as ΔHf is a function of bond strength 

(ΔHf = PAB (εAB−(εAA + εBB)/2) where PAB is the 

number of A–B bonds and ε represents that bond energy 

which becomes increasingly more negative as the bond 

strength increases). This can reduce the free energy of 

formation (ΔGf) of La and Sm doped BiFeO3 phase as 

compared to undoped BiFeO3 phase. ΔGf may become 

more negative if entropy change is positive considering 

La–O and Sm–O bond replaces Bi–O bond in the lattice 

randomly. This will make La and Sm doped BiFeO3 phase 

more stable than undoped BiFeO3. 
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Table 1. Calculated ionic bond strength of Bi-O, La-O and Sm-O bond. 

 

Species Electronegativity Ionic bond Strength with O
2-

 

(electronegativity = 3.44) 

Bi
3+ 

La
3+

 

Sm
3+

 

2.02 

1.1 

1.17 

0.30 

0.44 

0.43 

 

Fig. 2 shows the AFM images of BFO and BSLFO 

thin films with scan area of 1 µm × 1 µm. The images 

shows an increase in grain size with La doping in BFO 

thin films and decrease in grain size with corresponding 

Sm doping in BLFO thin films. The AFM results are in 

agreement with the XRD results. 

 

 
 

Fig. 2. AFM micrographs of (a) undoped BiFeO3 and 

Bi0.9-ySmyLa0.1FeO3 thin films with (b) y = 0, (c) y = 0.02  

                                 and (d) y = 0.1. 

 

3.2 Optical properties 

 

Fig. 3 shows the optical transmission spectra of 

undoped BFO and BSLFO thin films with Sm content             

y = 0, y = 0.02 and y = 0.1 in the wavelength range from 

200 nm to 2000 nm. All the films are highly transparent 

with an average transmittance of about 75 %. A gradual 

shift of transmission edge towards a longer wavelength 

with increase in Sm content was observed. The refractive 

index (n) was calculated from the transmission spectrum 

by using the following expression [19]: 
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and 0n and 1n  (1.46 in our case) are the refractive index 

of air and substrate, respectively. Tmax and Tmin 
are 

maximum and minimum transmittance values at the same 

wavelength. Fig. 4 represents the refractive indices (n) 

variation with wavelength (λ) for the undoped BFO and 

BSLFO films of different Sm composition. Refractive 

indices of all the films decreases with increase in 

wavelength, thus give the normal dispersion behavior. The 

refractive index for undoped BiFeO3 and Bi0.9La0.1FeO3 at 

wavelength of 700 nm was found to be 2.10 and 2.30 

respectively. However, it has been found that the refractive 

index decreases from 2.30 to 1.97 with corresponding 

increase in Sm content from y = 0 to y = 0.1. The 

calculated results are shown in Table 2. The decrease in 

refractive index is accompanied by a decrease in density of 

the material by addition of Sm [20]. 
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Fig. 3. Transmittance of BiFeO3 and Bi0.9-ySmyLa0.1FeO3 

 thin films of different Sm contents (y). 
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Fig. 4. Refractive index variations with wavelength of 

BiFeO3 and Bi0.9-ySmyLa0.1FeO3 thin films of different Sm  

                                     contents (y). 



A. Kaushal, D. Kaur, N. Kumar 

 

 

548 

 

Table 2. Calculated crystallite size, refractive index and band gap of BiFeO3 and Bi0.9-ySmyLa0.1FeO3 thin films with different 

 Sm content (y). 

 

Sample 
Sm Contents 

(y) 

Crystallite 

Size (nm) 

Refractive Index at 

700 nm 

Optical Band Gap 

(eV) 

BiFeO3 0 24.62 2.10 2.68 

 

Bi0.9-ySmyLa0.1FeO3 

0 31.76 2.30 2.66 

0.02 31.58 2.16 2.57 

0.1 29.62 1.97 2.54 

 

 

The optical absorption coefficient α is calculated from 

the following relation [21]: 

 

   
 tR

tR
T





2exp1

exp1
2

2






  (4) 

 

where R and T are the spectral reflectance and 

transmittance and t is the film thickness. For greater 

optical density )1( t , the interference effects due to 

internal reflections as well as reflectance at normal 

incidence are negligible, and the previous equation can be 

approximated as 

 tT  exp
   (5) 

 

The optical absorption coefficient α is given by the 

approximate formula, 

T
t

ln
1


                           (6) 

where t is the film thickness and T the transmittance 

measured. The direct and indirect band gap of the films 

was calculated using the Tauc relationship as follows [22]: 

 

 ngEhAh  
  (7) 

where   is the absorption coefficient, A is a constant, h is 

the Planck’s constant,   is the photon frequency, gE is 

the energy band gap and n is ½ for direct band gap 

semiconductor. An extrapolation of the linear region of a 

plot of  nh
1

  on the y-axis versus photon energy (hυ) 

on the x-axis gave the value of the energy band gap gE . 

Since hEg   when   0
1

nh , here the direct band 

gaps for the BFO and BSLFO thin films were evaluated by 

extrapolating the straight line part of the curves 

  0
2
h as shown in Fig. 5. The La addition in 

BiFeO3 causes the band gap to decrease from 2.68 eV to 

2.66 eV. The value of direct band gap further decreases 

from 2.66 eV to 2.54 eV with corresponding increase in 

Sm content from y = 0 to y = 0.1 as shown in Table 2. The 

observed red shift in band gap could be attributed to the 

compositional change on addition of Sm in Bi0.9La0.1FeO3. 

In the fundamental absorption region, the absorption is due 

to the transition from the top of valence band to the bottom 

of the conduction band. Sm doping in Bi0.9La0.1FeO3 thin 

film may cause an increase in the density of state in the 

valence band. The addition of Sm may also create 

localized states in the band gap which lead to a shift in the 

absorption edge towards lower photon energy, and, thus a 

decrease in the optical energy gap. 
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Fig. 5. (αhυ)2 vs. hυ plot of BiFeO3 and Bi0.9-ySmyLa0.1FeO3  

thin films of various Sm contents. 

 

 

3.3 Magnetic properties 
 

Fig. 6 shows the magnetization (M) versus applied 

field (H) of BFO and BSLFO thin films with Sm 

composition y = 0 and y = 0.1 at temperatures 5 K and 300 

K respectively. At 300 K, the magnetization for undoped 

BiFeO3 is very small and varies almost linearly with the 

field as expected for an antiferromagnetic material. There 

is no sign of saturation found in it. The small 



Structural, optical and magnetic properties of Bi0.9-ySmyLa0.1FeO3 thin films deposited by pulsed laser deposition technique 

 

 

549 

magnetization is due to spin canting in the 

antiferromagnetic BiFeO
3
. With the addition of La into 

BiFeO3, the magnetization curve saturates at a value 6.8 

emu/cm
3
, and there is an increase in coercivity from 94 Oe 

to 202 Oe. There is an enhancement in remanent 

magnetization from 0.26 emu/cm
3
 to 1.86 emu/cm

3
 as 

shown in Table 3. With the addition of Sm into BLFO, the 

saturation magnetization increases from 6.8 emu/cm
3
 to 

17.5 emu/cm
3
 and remanent magnetization increases from 

1.86 emu/cm
3
 to 7.52 emu/cm

3
. However, coercivity value 

decreases from 202 Oe to 121 Oe by addition of Sm into 

BLFO. At 5 K, the ramanent magnetization increases from 

2.46 emu/cm
3
 to 2.6 emu/cm

3
 with the addition of La into 

BFO. However, by Sm doping into BLFO, it increases 

from 2.6 emu/cm
3
 to 12.9 emu/cm

3
, which is about 5 times 

than that of BLFO. Furthermore, the value of coercivity 

has been found to decrease from 523 Oe to 497 Oe with 

increase in Sm content from y = 0 to y = 0.1 as shown in 

Table 3. The improvement in magnetic parameters with 

Sm doping in BLFO leads to their potential use in 

applications associated with alternating fields. 

 

 

 
     a                                                                                            b 

Fig. 6. M-H characteristics for BiFeO3 and Bi0.9-ySmyLa0.1FeO3  thin  films  with  y = 0 and y = 0.1 at 

different temperatures of (a) 300K and (b) 5K. 

 

 

Table 3. Calculated MS, MR and HC of BiFeO3 and Bi0.9-ySmyLa0.1FeO3 thin films. 

 

Sample 
Temperature 

(K) 

Saturation 

Magnetization 

(MS) (emu/cm
3
) 

Remanent 

Magnetization (MR) 

(emu/cm
3
) 

Coercivity (HC) 

(Oe) 

BiFeO3 
300 --- 0.26 94 

5 7.5 2.46 920 

Bi0.9La0.1FeO3 
300 6.8 1.86 202 

5 14.8 2.6 523 

Bi0.8Sm0.1La0.1FeO3 
300 17.5 7.52 121 

5 32.1 12.9 497 

 

 

Fig. 7 shows the temperature variation of 

magnetization of BiFeO3 and Bi0.9-ySmyLa0.1FeO3 thin 

films with y = 0 and y = 0.1 in the range 5K to 300K at an 

applied field (H) of 1000 Oe. We observe that La and Sm 

addition enhances the magnetism, but the enhancement is 

large in case of Sm doping in Bi0.9La0.1FeO3. In these ZFC 

(zero field cooled) curves, a sharp cusp around 50K in 

case of Bi0.9La0.1FeO3 has been observed which is similar 

to the blocking temperature TB observed by M.K. Singh et 

al [23]. This temperature is defined as a typical blocking 

process of an assembly of super-paramagnetic spins [24] 

and is qualitatively related to the presence of small 

particles, domains or domain walls in the system. 

However, the curve for Bi0.8Sm0.1La0.1FeO3 thin film 

shows no cusp, indicating an improved ferromagnetic 

behavior with large magnetization. 
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Fig. 7. M-T characteristics for BiFeO3 and                      

Bi0.9-ySmyLa0.1FeO3 thin films with y = 0  and  y  =  0.1 at  

                      applied field H = 1000 Oe. 

 

 

The enhancement of magnetic parameters with La and 

Sm addition is due to increased magnetoelectric coupling 

[25]. The antiferromagnetic ordering in the multiferroic 

BiFeO3 is perpendicular to the ferroelectric polarization. 

The applied magnetic field causes the electric polarization 

in the sample due to magnetoelectric effect [26]. This 

ferroelectric polarization corresponds to a fictitious 

magnetic field along the direction of polarization; the 

sublattice spin will rotate symmetrically towards its 

direction under this effect. So the system takes on 

ferromagnetic ordering in the direction of ferroelectric 

ordering due to this magnetoelectric coupling. The 

ferroelectric polarization increases on La and Sm doping 

in BFO which enhances the magnetoelectric effect and 

hence the ferromagnetic ordering increases in BiFeO3. 

Thus an increase in magnetism is achieved by La and Sm 

substitution due to increased magnetoelectric effect. 

 

4. Conclusions 
 

The BiFeO3 and Bi0.9-ySmyLa0.1FeO3 thin films with            

y = 0, 0.02 and 0.1 were grown on quartz substrate using 

pulsed laser deposition technique. XRD measurements 

shows the rhombohedral structure for the deposited films 

with highly oriented (110) diffraction peak. The La and 

Sm substitution at Bi site eliminated the small impurity 

phases of undoped BiFeO3 and stabilized the crystal 

structure. Also, the Sm doping in BLFO leads to growth of 

low intensity (-220) and (010) peaks. The crystallite size 

of BLFO thin films calculated from XRD pattern was 

found to decrease with increase in Sm doping and is in 

agreement with AFM results. The study of optical 

properties revealed the decrease in refractive index with 

increase in Sm doping. The optical band gap was found to 

decrease from 2.66 eV to 2.54 eV with corresponding 

increase in Sm content from y = 0 to y = 0.1. Magnetic 

studies shows the ferromagnetism with Sm doping in 

BLFO with saturation magnetization 17.5 emu/cm
3
 and 

remanent magnetization 7.52 emu/cm
3
 in case of                         

Bi0.9-ySmyLa0.1FeO3 (y = 0.1) thin film at room 

temperature. However, antiferromagnetic behavior has 

been found in case of BFO. The M-T curve shows a large 

enhancement in magnetism with Sm doping in BLFO thin 

films. 
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