
S1 
 

Supporting Information 

 

 

 

Interface-induced magnetization and exchange bias in LSMO/BFO 

multiferroic heterostructures 

 

 

 

 

Champa Lal Prajapat
1, 2

, Harsh Bhatt
2,3

, Yogesh Kumar
3
, T. V. Chandrasekhar Rao

1,2
,             

Prasant K. Mishra
1
, Gurazada Ravikumar

2,4
, Christy J. Kinane

5
,  Biswarup Satpati

6
, 

Andrew Caruana
5
, Sean Langridge

5
, Saibal Basu

2,3
 and Surendra Singh

2, 3,* 

 

   

 
1
Technical Physics Division, Bhabha Atomic Research Centre, Mumbai 400085 India 

2
Homi Bhabha National Institute, Anushaktinagar, Mumbai 400094 India 

3
Solid State Physics Division, Bhabha Atomic Research Centre, Mumbai 400085 India. 

4
Scientific Information Resource Divisions, Bhabha Atomic Research Centre, Mumbai, India 

5
ISIS-STFC, Rutherford Appleton Laboratory, Didcot OX11 0QX, United Kingdom 

6
Surface Physics and Material Science Division, Saha Institute of Nuclear Physics, 1/AF, 

Bidhannagar, Kolkata 700064, India 

 

*
Email: surendra@barc.gov.in 

 

 

 

 

mailto:surendra@barc.gov.in


S2 
 

 

 

Figure S1: Cross-sectional TEM images of heterostructures S2 showing different layers. Depth 

profiling of the intensity of the different element characteristics are shown in the left. The cyan 

(greenish blue) vertical lines show the region of the LSMO/BFO interface. 
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Figure S2: Cross-sectional TEM images of heterostructures S3 showing different layers. Depth 

profiling of the intensity of the different element characteristics are shown in the left. The cyan 

(greenish blue) vertical lines show the region of the LSMO/BFO interface. 
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Figure S3: (a) X-ray reflectivity (XRR) data from different LSMO/BFO heterostructures (S1- 

S4). (b)-(e) electron scattering length density (ESLD) depth profiles of the heterostructures 

extracted from XRR data. 
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Figure S4: M(T) curves from MgO(001)/LSMO/BFO heterostructures (a-c) and  

MgO(001)/LSMO/BFO/LSMO heterostructure (d) under field cooled (FC) a condition. (e-h) 

M(H) curves for different heterostructures.  (i-l) M(H) curves at 5K from different 

heterostructures on field cooling at +500 Oe (open triangle with line,  red) and -500 Oe (open 

circles with line, blue). 
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Figure S5: (a-d) Spin asymmetry (SA) data (●) and corresponding fits (solid line) at different 

temperatures under an in-plane applied field of 1000 Oe from heterostructure S4 (trilayer). (e) 

Nuclear scattering length density (NSLD) depth profile for heterostructure S4. (f-h) magnetic 

scattering length density (MSLD) depth profile for heterostructure S4 at different temperatures. 

NSA data at 5 K and fits (i) assuming different magnetization depth profiles at interfaces (j). 
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