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Sr2FeMoO6 - a compound with many faces

In general A2BB’O6

Ordered Double Perovskite

Is it ABO3 + AB’O3?

Sr2FeMoO6 : 
Sr2Fe1-xMo1+xO6
(SrFeO3/SrMoO3), 
Sr2FeMo1-xWxO6
(Sr2FeMoO6/Sr2FeWO6)( 2 6 2 6)

MnxGa1-xAs and Tl2Mn2O7



Some typical publications in this field from our group

• Phys. Rev. Lett. (in press 2009).
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• Phys. Rev. Lett. 100, 186402 (2008).

• Phys. Rev. Lett. 98, 246401 (2007).

• Phys. Rev. Lett. 98, 157205 (2007).Phys. Rev. Lett. 98, 157205 (2007).

• Phys. Rev. Lett. 96, 087205 (2006)

• Phys. Rev. Lett. 95, 117201 (2005).

• Nano Lett. 2, 605 (2002).

• Phys. Rev. Lett. 87, 097204 (2001).

Ph R L tt 85 2549 (2000)• Phys. Rev. Lett. 85, 2549 (2000).

• Solid State Comm. 114, 465 (2000).
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D.D.Sarma, Current Opinion in Solid 
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LMTO band structure results of
Sr2FeMoO6

Sr   Fe   Mo   O

State and Materials Science (2001)

and

Phys. Rev. Lett. 85, 2549 (2000).

Sr2FeMoO6



Magnetoresistance in polycrystalline 
Sr2FeMoO6

Several advantages:

• Large MR at higher T and lower H
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Magnetoresistance in
polycrystalline
Sr FeMoO

• Large MR at higher T and lower H.

• High ferromagnetic Tc.

• Half-metallic ferromagnet (100% spin 
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• Simple crystal structure. Possibly, no 
serious complication arising from J T type
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  theoretical investigations and possible 
technological applications.

On the basis of the structural data however0 1 2 3 4 5 6 7
 Magnetic field (T)

On the basis of the structural data, however, 
ferromagnetism appears to be a rather 
unexpected ground state for this system.Sarma et al., Solid State Comm.

114 465 (2000)114, 465 (2000).



7.87 Å TC = 420 K

Weak AF interaction between 
Fe ions, governed by super-
exchange, is expected and also
f d i S F WO

What is the origin of the strong 
ferromagnetic interaction 

found in Sr2FeWO6

between Fe ions in this 
compound, implicit in such an 
unusually high TC?

O d bl h ?

Superexchange between Fe up-
and Mo down-spins?

Must be a different mechanism 
from the manganites that polarises

Or double-exchange?

3d5 Usually non-
magnetic, nominally 

Fe Mo O
Nonmagnetic

from the manganites that polarises 
the delocalised, nominally Mo 
derived, conduction electrons.

S = 5/2
g y

4d1 S = 1/2



Origin of the robust ferromagnetism in double 
perovskite, Sr2FeMoO6

3d3d

Solid state effects

3d

Intra-atomic, Ieff ~ 1-1.5 eV, Inter-atomic, J ~ 18 meV
Wh Sr FeWO is an antiferromagnet?Why Sr2FeWO6 is an antiferromagnet?

Sarma et al., PRL 85, 2549 (2000).



Hopping induced antiferromagnetic coupling of itinerant andHopping induced antiferromagnetic coupling of itinerant and 
localized spins ⇒ Ferromagnetic coupling of the localized 

moments. Half-metallic or not 

Up-spin local 
moment

depends on the strength of 
hopping and other details.

EF

Down-spin p
band electrons



Can be localized by disorder when the doping
Low doping:

Can be localized by disorder, when the doping 
level is low, but will remain ferromagnetic!

What about insulating 
ferromagnetic state in 
presence of a high

Can be localized (structural distortions/electron 

presence of a high 
carrier density?

correlations), but will remain ferromagnetic!



Magnetism ing

MnxGa1-xAs: Mahadevan, Zunger and Sarma, 

Ph R L tt 93 177201 (2004)Phys. Rev. Lett. 93, 177201 (2004).

Tl2Mn2O7: Saha-Dasgupta, De Raychaudhury and Sarma,

Phys. Rev. Lett. 96, 087205 (2006).



Origin of the ferromagnetism in Mn-doped GaAs

GaAs p
Mn d

GaAs p



FIG 4: The distance/orientation

Ferromagnetism in Mn-doped GaAs

FIG. 4: The distance/orientation 
dependence of Jij for Mn pairs in 
(a) 256, (b) 64 atom GaAs
cell using PAW potentials. Thecell using PAW potentials. The 
expected dependence of JRKKY for a 
hole in GaAs is given in the
insert.

Mahadevan, Zunger and Sarma, 
Phys. Rev. Lett. 93, 177201 (2004).







Magnetoresistance in polycrystalline 
Sr2FeMoO6

Sarma et al., Solid State ,
Comm. 114, 465 (2000).

But why does magnetoresistance change so drastically?But, why does magnetoresistance change so drastically?  
Inter- or intra-grain mechanism?



Effect of anti-site disorder in Sr2FeMoO6

What is the Fe/Mo antisite disorder?



How do we check ordering?
What is the effect of disorder?

Expected magnetic moment: antiparallely aligned 
Fe3+ (3d5; S = 5/2) and Mo5+ (4d1; S = ½) = 4μ / f uFe3+ (3d5; S = 5/2) and Mo5+ (4d1; S = ½) = 4μB / f.u.
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Why does the magnetisation change so drastically? Fe ↑↓ or Mo d depolarisation?
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Does anti-site give rise to antiferromagnetically coupled Fe-O-Fe pairs 

OR

Sr2Fe1+xMo1-xO6Sr2Fe1-xMo1+xO6

Is it depolarisation of Mo bands leading to decoupling of Fe’s?



Nearest neighbour Fe-Fe pairs couple antiferromagnetically

and Mo 4d depolarisation.



Magnetoresistance in polycrystalline 
Sr2FeMoO6

Sarma et al., Solid State ,
Comm. 114, 465 (2000).

But, why does magnetoresistance change so drastically?But, why does magnetoresistance change so drastically?  
Inter- or intra-grain mechanism?



Effect of anti-site disorder in Sr2FeMoO6

What is the Fe/Mo antisite disorder?



Sample 1

Sample A Sample B Sample C Sample DSample A

Highly 
disordered

Annealed at 
900o C

Annealed at 
1250o C

p

Annealed at 
1400o C

Similar and big grains but various degrees of ordering

Sample 2

Sample A’ Sample B’ Sample C’ Sample D’
Highly 

disordered; 
finely powdered 

& pelletized

Annealed at 
900o C; finely 
powdered & 
pelletized

Annealed at 
1250o C; finely 

powdered & 
pelletized

p

Annealed at 
1400o C; finely 

powdered & 
pelletized

Similar and small grains but various degrees of ordering
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grain) boundaries, if any, is 
dominated over by other 
(inter-grain and 
magnetisation) effects.
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• Inter-grain tunnelling MR 
should have some tell-tale 
signatures, such as %MR ~ 

2
pp g ( )

M2  and consistent 
hysteresis.
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TRILAYER MAGNETIC TUNNEL JUNCTION 

• Unlike standard TMR calculations, we consider the intermediate 
insulating region to have magnetic properties also.g g g p p

• The insulating region, in addition to being paramagnetic,  is assumed to 
have magnetic anisotropy, with randomly oriented anisotropy axes.
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Calculated results for MR
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Effect of anti-site disorder in Sr2FeMoO6

What happens if there are several anti-site deffects?

Distributed?

Clustered?Clustered?

Segregation in 1-d or 2-d?



Experimental:
GILDA-BM08 @ ESRF

XAFS

SR-XRD and XAFS 
(Fe & Mo K edges) on Sr2FeMoO6
ith diff t ti  di d  (S)with different cation disorder (S)

XRD

SL

λ
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The disorder from a local perspective
R d  A ti it  d f tRandom Antisite defects Defect clusters

S = 0.51S  0.51

Antiphase regions

S = 2x – 1
S takes into account only The nature of defects must affect 

for the number of 
defects (FeB or MoA), not 

their arrangement

the magnetic and magnetotransport 
response of the system



Sr2FeMoxW1-xO6
Sr2FeMoO6 : Half metallic ferromagnetic metal (TC ~ 420 K)

Nominally Fe3+ and Mo5+.

Sr FeWO : Antiferromagnetic insulator (T ~ 37 K); Nominally Fe2+ localized moments areSr2FeWO6 : Antiferromagnetic insulator (TN ~ 37 K); Nominally Fe2 localized moments are 
coupled via superexchange through nonmagnetic O2- and W6+ sites.

Therefore, Sr2FeMoxW1-xO6 assures magnetic and metal-insulator transition over the 
composition rangecomposition range.
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A li i f XAFS M iApplications of XAFS: Manganites

T t d d f D b di d i d d itTemperature dependence of non-Debye disorder in doped manganites

C. Meneghini, R. Cimino, S. Pascarelli, S. Mobilio, C. Raghu and D. D. Sarma

PHYSICAL REVIEW B VOLUME 56, 3520, 1997



Meneghini et al., PRB 56 (1997) 3520



Meneghini et al., PRB 56 (1997) 3520



Local structure of hole-doped manganites: influence of g
temperature and applied magnetic field.

C. Meneghini, C Castellano, S Mobili , Ashwani Kumar, S Ray and D D 
Sarma
J Phys : Condens Matter 14 (2002) 1967 1974J. Phys.: Condens. Matter 14 (2002) 1967–1974



C. Meneghini et al., JPCM 14 (2002) 1967



Thank you for your attentiony y


