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Fig. 1 Structure of Fe/Na(Ag)Br/Fe magnetic Fig. 1 Structure of Fe/Na(Ag)Br/Fe magnetic 
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•• Epitaxial relationship:Epitaxial relationship:

Fe [100] Fe [100] || [100] Na(Ag)Br|| [100] Na(Ag)Br

(IC1) (IC2)(IC1) (IC2)

Fig. 2 Fe/NaBr interface 
configurations

aaNa(Ag)BrNa(Ag)Br=2a=2aFeFe

ddinterfaceinterface==aaFeFe in case of (IC1) interface configuration while for (IC2) interfin case of (IC1) interface configuration while for (IC2) interface ace 
configuration it is determined from ASA space filling requiremenconfiguration it is determined from ASA space filling requirementsts

Fe1Fe2

Computational DetailsComputational Details
Electronic  Structure  Calculations:Electronic  Structure  Calculations:

• Performed by means of a first principle GreenPerformed by means of a first principle Green’’s function technique for surfaces and s function technique for surfaces and 
interfaces, based on the tightinterfaces, based on the tight--binding linear muffinbinding linear muffin--tin orbital method in the atomic tin orbital method in the atomic 
sphere approximationsphere approximation (TB(TB--LMTOLMTO--ASA)ASA) [4].[4].
•• The local spin density approximation (LSDA) was used for exchangThe local spin density approximation (LSDA) was used for exchange correlation e correlation 
potential within Voskopotential within Vosko--WilkWilk--Nusair parameterisation [5].Nusair parameterisation [5].
•• The LMTO valence basis consists of s, p and d electrons and tThe LMTO valence basis consists of s, p and d electrons and the input electronic he input electronic 
configurations were taken as: Fe: core+3dconfigurations were taken as: Fe: core+3d6 6 4s4s22, Na: core+3s, Na: core+3s11, Br: core+4p, Br: core+4p55 and Ag: and Ag: 
core+4dcore+4d1010 5s5s11, respectively., respectively.

NaNa11--xxAgAgxxBr barriers:Br barriers:
•• Use of the coherent potential approximationUse of the coherent potential approximation (CPA)(CPA) [4].[4].

Spin dependent transport properties:Spin dependent transport properties:
•• The conductances through Fe/NaBr(NaThe conductances through Fe/NaBr(Na11--xxAgAgxxBr, NaBr, Na11--xxAgAgxx/NaBr/Na/NaBr/Na11--xxAgAgxxBr))/Fe Br))/Fe 
MTJs are evaluated in the currentMTJs are evaluated in the current--perpendicularperpendicular--toto--planeplane (CPP)(CPP) geometry by geometry by 
means of the linear response of Kubomeans of the linear response of Kubo--LandauerLandauer approach implemented within approach implemented within 
TBTB--LMTOLMTO--CPA formalism and including vertex corrections [6, 7].CPA formalism and including vertex corrections [6, 7].
•1024 in plane kk-point grid is used for electronic structure calculations and  
1.44·104 k-point grid is used for spin dependent transport calculations.
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Fig.3 Band structures Fig.3 Band structures 
of bulk NaBr and AgBrof bulk NaBr and AgBr

Fig.4 Partial DOS in NaBr and AgBr compoundsFig.4 Partial DOS in NaBr and AgBr compounds
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Fig. 6 Layer and atom resolved DOS for Fig. 6 Layer and atom resolved DOS for 66Fe/9NaBr/Fe/9NaBr/77Fe heterostructure with (IC1) Fe/NaBr interface geometryFe heterostructure with (IC1) Fe/NaBr interface geometry
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Fig.7 Fig.7 ll--resolved DOS for Fe, Na and Br atoms at (IC1) Fe/NaBr inerfaces resolved DOS for Fe, Na and Br atoms at (IC1) Fe/NaBr inerfaces in in 66Fe/9NaBr/Fe/9NaBr/77Fe heterostructureFe heterostructure
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Fig. 8 Layer and atom resolved DOS for Fig. 8 Layer and atom resolved DOS for 66Fe/9NaBr/Fe/9NaBr/77Fe heterostructure with (IC2) Fe/NaBr interface structureFe heterostructure with (IC2) Fe/NaBr interface structure
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Fig.9 Fig.9 ll--resolved DOS for Fe, Na and resolved DOS for Fe, Na and 
Br atoms at (C2) Fe/NaBr inerfaces Br atoms at (C2) Fe/NaBr inerfaces 
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20
15
10

5
0
5

10
15
20

-0.8 -0.6 -0.4 -0.2 0 0.2

6Fe/9NaBr/7Fe

E
F

     C1 
int. config.

D
O

S 
(s

ta
te

s/
R

y 
sp

in
)

Energy (Ry)

Na(I)
Br(I)

20
15
10
5
0
5

10
15
20

-0.8 -0.6 -0.4 -0.2 0 0.2

E
F

Na(I+1)
Br(I+1)

     C1 
int. config.

6Fe/9NaBr/7Fe

D
O

S 
(s

ta
te

s/
R

y 
sp

in
)

Energy (Ry)

20
15
10
5
0
5

10
15
20

-0.8 -0.6 -0.4 -0.2 0 0.2

6Fe/9NaBr/7Fe

Na(I+4)
Br(I+4)

     C1 
int. config.

E
F

D
O

S 
(s

ta
te

s/
R

y 
sp

in
)

Energy (Ry)

20
15
10
5
0
5

10
15
20

-0.8 -0.6 -0.4 -0.2 0 0.2

6Fe/9NaBr/7Fe

Na(I)
Br(I)

E
F

     C2 
int. config.

D
O

S 
(s

ta
te

s/
R

y 
sp

in
)

Energy (Ry)

20
15
10
5
0
5

10
15
20

-0.8 -0.6 -0.4 -0.2 0 0.2

6Fe/9NaBr/7Fe

     C2 
int. config.

Na(I+1)
Br(I+1)

E
F

D
O

S 
(s

ta
te

s/
R

y 
sp

in
)

Energy (Ry)

20
15
10
5
0
5

10
15
20

-0.8 -0.6 -0.4 -0.2 0 0.2

6Fe/9NaBr/7Fe

Na(I+4)
Br(I+4)

     C2 
int. config.

E
F

D
O

S 
(s

ta
te

s/
R

y 
sp

in
)

Energy (Ry)

Fig. 10 Layer and atom resolved DOS for Fig. 10 Layer and atom resolved DOS for 66Fe/9AgBr/Fe/9AgBr/77Fe heterostructure with (IC1) Fe/AgBr interface geometryFe heterostructure with (IC1) Fe/AgBr interface geometry

Fig.11 Fig.11 ll--resolved DOS for Fe, Ag and Br atoms at (IC1) Fe/AgBr inerfaces resolved DOS for Fe, Ag and Br atoms at (IC1) Fe/AgBr inerfaces in in 66Fe/9AgBr/Fe/9AgBr/77Fe heterostructureFe heterostructure

Fig. 12 Layer and atom resolved DOS for Fig. 12 Layer and atom resolved DOS for 66Fe/9AgBr/Fe/9AgBr/77Fe heterostructure with (IC2) Fe/AgBr interface structureFe heterostructure with (IC2) Fe/AgBr interface structure

Fig.13 Fig.13 ll--resolved DOS for Fe, resolved DOS for Fe, 
Ag and Br atoms at (C2) Ag and Br atoms at (C2) 
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Exchange coupling in Fe/NaBr/Fe and Exchange coupling in Fe/NaBr/Fe and 
Fe/AgBr/Fe heterostructuresFe/AgBr/Fe heterostructures
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Fig. 17 kFig. 17 k??--resolved conductances ofresolved conductances of FM and AFM states for FM and AFM states for 66Fe/Fe/55NaBr/NaBr/77Fe Fe 
and 6Fe/9NaBr/7Fe MTJ for both (IC1) and (IC2) interface configuand 6Fe/9NaBr/7Fe MTJ for both (IC1) and (IC2) interface configurationsrations

Fig. 18 kFig. 18 k ??--resolved conductances ofresolved conductances of FM and AFM states for FM and AFM states for 
66Fe/Fe/55AgBr/AgBr/77Fe and 6Fe/9AgBr/7Fe MTJ for both (IC1) and (IC2) interface Fe and 6Fe/9AgBr/7Fe MTJ for both (IC1) and (IC2) interface 

configurationsconfigurations
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AbstractAbstract
In present contribution the electronic, magnetic and spin-polarized transport 

properties of Fe/Na1-xAgxBr/NaBr/Na1-xAgxBr/Fe and Fe/AgBr/mNaBr/Fe magnetic 

tunnel junctions were studied by means of self-consistent atomistic first principles 

calculations. A model interface with Fe atoms sitting atop of Ag(Na) and Br positions 

has been considered. The ballistic electronic transport properties in the current-

perpendicular-to plane (001) geometry and zero bias field were analyzed. 

In the case of Na1-xAgxBr/7NaBr/Na1-xAgxBr barriers, the conductances 

decrease in the composition range 0.2 = x = 0.8. High TMR ratios, of 103 % has been 

evidenced for the end series compositions.

The conductances decrease exponentially with the barrier thickness in case of 

Fe/AgBr/mNaBr/AgBr/Fe MTJ. The largest contribution to the FM conductance 

results from the spin-up electrons.

The k|| resolved conductances of FM and AFM states are also analyzed.

••The m ain contribution to the FM conductances for Fe/NaBr/Fe (001The main contribution to the FM conductances for Fe/NaBr/Fe (001 ) MTJs with (IC) MTJs with (IC 11) interfaces is ) interfaces is 
given by the m inority spin electrons while for (ICgiven by the minority spin electrons while for (IC 22) interfaces by the majority spin ones.) interfaces by the majority spin ones.
•• The m ain contribution to the FM conductances for Fe/AgBr/Fe MTJThe main contribution to the FM conductances for Fe/AgBr/Fe MTJs is given by the majority spin s is given by the m ajority spin 
electrons, independent of Fe/AgBr (001) interface structure.electrons, independent of Fe/AgBr (001) interface structure.
•• High TMR values are predicted for all Fe/NaBr/Fe (001), Fe/AgBrHigh TMR values are predicted for all Fe/NaBr/Fe (001), Fe/AgBr/Fe (001) and Fe/(Ag/Fe (001) and Fe/(Ag--Na)BrNa)Br/Fe /Fe 
(001) (001) MTJsMTJs ..
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Fig. 5 Layer resolved charge transfer and magnetic moments for Fig. 5 Layer resolved charge transfer and magnetic moments for 
Fe/Fe/NaBrNaBr/Fe /Fe heterostructuresheterostructures

•• Total energy calculations performed for Fe/NaBr/Fe Total energy calculations performed for Fe/NaBr/Fe heterostructuresheterostructures predict that (ICpredict that (IC 11) ) 
interface geometry it is energetically more stable than (ICinterface geometry it is energetically more stable than (IC 22) one while for Fe/) one while for Fe/AgBrAgBr/Fe /Fe 
multilayer structures the ICmultilayer structures the IC 22 interfaces are energetically more favorable. interfaces are energetically more favorable. 

C onclusionsC onclusions
•• Electron ic struc ture , m agnetic  and  sp in dependent transport proE lectronic struc ture, m agnetic  and  sp in  dependent transport p ro perties o f Fe /N aB r/Fe perties of Fe/NaB r/Fe  
Fe /A gBr/Fe, Fe /NaFe/AgB r/Fe , Fe /Na 11 --xx A gAg xx B r/Fe  and Fe /N aBr/Fe  and  Fe /N a 11 --xx A gA g xx B r/NaB r/N aBr/N aBr/N a 11 --xx A gA g xx Br/Fe heterostructures have  been B r/Fe  heterostructures have been 
theoretically  investigated.theore tica lly  investiga ted .
•• Form ation of sharp  Fe/NaB r and  Fe /Form ation o f sharp Fe/N aBr and  Fe /A gBrA gB r interfaces  have  been  ev idenced.in terfaces  have been ev idenced .
•• Total energy calcu la tions ev idenced  tha t Fe/Tota l energy calcu la tions  evidenced tha t Fe /NaB rN aBr interface  configura tion w ith  Fe atom s sitting in terface  configuration  w ith  Fe  a tom s s itting  
above  N a  and  B r s ites  (ICabove  N a and Br sites  (IC 11 ) is  energetica lly  m ore stab le  than  that w ith  Fe  a tom s located  a) is  energetically  m ore  s tab le than that w ith  Fe a tom s located a bove the  bove the 
ho llow  site be tw een  N a  and B r ones  (IChollow  site  betw een  N a and  B r ones  (IC 22 ) w hile a t Fe /) w h ile a t Fe /AgB rA gBr interfaces  the  ICin terfaces the IC 22 in terfac ia l geom etry  is  interfac ial geom etry is  
m ore  stable.m ore  s tab le.
•• Total energy calcu la tions ev idenced  sim ila r s table interface s tTota l energy calcu la tions  evidenced sim ilar stable  interface s tructures  fo r other Fe/a lkali ha lides  ructures  fo r o ther Fe/a lkali halides  
and Fe/s ilver halides  in terfaces  such as Fe/and  Fe/s ilver halides interfaces such  as Fe/NaC lN aCl [8 , 9], Fe /LiBr, Fe/AgCl [10].[8 , 9 ], Fe /LiB r, Fe /AgC l [10].
•• Due to the band o ffse t of N a(A g)B r re la tive to Fe ones , a  sm allD ue  to  the band  offset o f Na(A g)Br re lative  to Fe ones , a  sm all charge  transfer is  evidenced charge transfer is  ev idenced 
betw een Fe m agnetic slab and Na(A g)Br insulating  spacers .betw een Fe  m agnetic slab and  Na(A g)B r insula ting  spacers .
•• The charge transfer is  m ain ly loca lize  a t the interface layers.The  charge  transfer is  m ainly localize a t the in terface  layers . In  the In  the sem iconductingsem iconducting (insu lating) (insu la ting ) 
spacer the charge  transfer is  lim ited  to  the interfacia l layer dspacer the  charge  transfer is  lim ited  to the interfac ia l layer d ue to screen ing effec ts .ue to screening  e ffects .
•• For (ICFor (IC 11 ) interface configura tion the  charge transfer is  s lightly h igher) interface  configura tion the  charge transfer is  s lightly h igher for the Fe a tom s s itting  fo r the Fe atom s sitting 
above  anion  positions and  it m ay  be  rela ted w ith h igher B r elec tabove  anion pos itions  and  it m ay be  re la ted  w ith h igher B r e lect ronegativ ity .ronegativity .
•• The charge variation  in  the Fe interfacia l layer The  charge  varia tion in the Fe  in terfacial layer ““ osc illa teosc illa te ”” in in  an tiphaseantiphase w ith  the charge  w ith the charge  
d is tribution  in  Na(A g)B r in terfacia l layers , reduc ing e lec trostad is tribu tion in Na(Ag)Br interfac ia l layers, reduc ing  e lectrosta tic  energy  in terac tion  and thus  tic  energy  in teraction  and  thus  
s tabiliz ing  the Fe/Na(Ag)B r in terfaces.s tab iliz ing  the  Fe /N a(A g)Br in terfaces .
•• M agnetic m om ents o f in terfacial Fe  a tom s are enhanced  over the  M agnetic  m om ents  o f interfac ia l Fe  a tom s are enhanced  over the  corresponding bu lk  value .corresponding bulk va lue .
•• The  enhancem ent o f the interfac ial iron m agnetic  m om ent is  highThe  enhancem ent of the in terfacia l iron  m agnetic  m om ent is  h igh er a t (ICer at (IC 11 ) Fe/) Fe /N a(Ag)B rN a(A g)B r (001) (001) 
interfaces.in terfaces .
•• A sm all osc illatory  exchange coup ling have been evidenced  in  thA  sm all osc illa tory  exchange  coup ling have been  ev idenced in th e case of Fe /e case  of Fe /AgB rA gB r /Fe /Fe  
he terostructuresheterostructures , in  contrast w ith the exponentially  decay ing exchange  coupling  , in  contrast w ith the exponentially  decay ing exchange  coup ling spec ific  fo r the spec ific  for the 
system s w ith system s w ith  sem iconductingsem iconducting (insulating) spacers .(insu la ting) spacers .




