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Transport through CoFe based MTJ 
     1)Fe|MgO|Fe :TST& Shot Noise  
     2)CoFe|MgO|CoFe: GMR comparison to experiment 
     3) How to enlarge the thermo-electric effects 
     4) Thermo-STT under bias 
Spin Mixing conductance at metal-FI interface 
     1)Spin mixing conductance 
     2)Local magnetic moment picture(Ag-YIG)  
     3)CoFeO-Au interface 
     4)Pt and Au surfaces with magnetic coating 
 Summary 
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Themal induced STT in metallic spin valves 

Haiming Yu, et al.,  
Phys. Rev. Lett. 104, 146601 (2010) 



Thermal and electric transport 
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Landauer-Büttiker formalism 
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Butcher J.Phys.:Condens Matter 1990 

Thermopower 



Fe/MgO/Fe junction 

Youqi Ke, Ke Xia and Hong Guo, PRL (2010). 
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First principles approach to spin transfer torques 

Spin current: 

Spin torque from one lead: 

Spin torque on atom R: 

S Wang , Y Xu, Ke Xia, (2008). 
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Clean Fe/MgO(3L)/Fe 

leads 

Insulator 

surface states 



Thermal torkance τT  

Xingtao Jia, Ke Xia and Gerrit E.W. Bauer, PRL 107, 176603 (2011) 



T. Arakawa, et.al., Appl. Phys. Lett. 98, 202103 (2011). 

Shot Noise[Kai Liu PRB B 86, 020408(R) (2012)] 
---Curial Check of the band structure   



Leutenantsmeyer, et.al., arXiv:1301.2042v1 

TMR 
55% to 64% 

We have to treat 
CoFe alloy  



FeCo|MgO|FeCo (001) MTJs 

FeCo FeCo MgO 
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FeCo/MgO/FeCo  

VCA for alloy leads 

FeCo FeCo MgO 

Co0:75 Fe0:25     902% 
Co0:50Fe0:50      957% 
              (5% OV ~ 90%） 
Co0:25Fe0:75      1061% 
Co0:20Fe0:80      1178% 
------------------------------------------------------
Co0:2Fe0:6B0:2    604(RT), 
                         1144(5K) 
S. Ikeda et al., APL 93, 082508 (2008) 



Energy Dependent Conductance for Fe0.5Co0.5-MgO-Fe0.5Co0.5 

clean        5%Ovs 



 Energy dependent conductance 

Moving towards to Fermi Level ! 



n Roughness(OVs) P AP Sm % 

5 
Clean -6.75 -31.2 362.2 

5% -15.5 -38.8 150.3 
7.5% -45.6 -58.2 27.6 
10% -69.9 -67.7 -3.2 

7 
Clean -12.8 -42.8 234.4 

5% -26.7 -55.6 108.2 
7.5% -78.2 -82.8 5.9 
10% -107.9 -84.7 -27.4 

9 
Clean -19.7 -52.2 165 

5% -39.7 -71.0 78.8 
7.5% -112.5 -105.2 -7.0 
10% -140.5 -108.5 -29.5 

Exp. -107.9 -99.2 -8.8 

Seebeck coefficient (in unit of μV/K) 

Exp. M.Walter et al., Nature Mater. 10, 742 (2011). 



TMR(%) Thermal torkance (nJK-1m-2) 

5%OVs 90       -0.052    

7%OVs 22.8        1.02        

10%OVs 15 11.24 

15%OVs 65.6 27.37 

20%OVs 34 6.52 

L10%R5% -2.64 2.88 

L5%R10% 2.38 -0.26 

10%N 1240 -0.0095 

15%N 1018 -0.0037 

TMR and T- STT for FeCo-MgO-FeCo with different roughness 

Fe-MgO(3ML)-Fe 
 

~ -112.3 nJK-1m-2 

Direct calculated : 
~ -195 nJK-1m-2 



Similarity of bias and interfacial defects 



Thermal torkance (nJK-1m-2) 

Fe-MgO(3ML)-Fe 
 

~ -112.3 nJK-1m-2 



Spin Mixing Conductance 
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I0 is the scalar particle current  

   is the vector spin current which directly contributes to the 
spin-torque 
   is a function of the normal conductance 
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  Mixing Conductance 
of F/N interface 

effA↑↓

Ferromagnet/Normal Metal 

Theory:Tserkovnyak,Y. et al  Phys. Rev. B 66, 224403 (2002) 

Experiment: Urban. R et al  Phys. Rev. Lett. 87, 217204(2001)  

Heinrich, B. et al, J. Appl. Phys. 93,7545(2003) 

Spin Pumping & magnon-electron coupling 
@interfaces 

S. Bender  et.al., PRL 108, 246601 (2012) 

magnon-electron coupling 



 Yan-Ting Chen et al. Phys.  Rev. B 87, 144411 (2013).  
 H. Nakayama et al.   Phys.  Rev. L 110, 206601 (2013). 

Spin Hall Magnetoresistance (SHMR) 
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Ta|Co50Fe50 G_Up G_Dn Sharvin G_Re G_Im 
Alloy 20 
layers 1.58 0.97 9.35 4.84  -0.92  

1014Ω-1m-2 



G_mix for multi shell metals (1014Ω-1m-2) 

G_up G_dn G_sh G_r G_i 

Ta|Fe 2.78 2.00 9.35 4.89 -1.70 

Pt|Fe 0.36 1.37 7.00 4.37 -0.45 

Pd|Fe 3.43 0.68 5.92 5.72 -1.03 

Au|Fe 4.01 0.90 4.62 4.59 0.05 



Pt|Fe interface each bloch state of majority spin 



Pt|Fe interface each bloch state of minority spin 



Ag|YIG interface 

YFe(001) Fe(001) O(001) 

I 



G↑↓ is as large as metallic contact 

• Band Gap? 
• Band dispersion and band alignment? 
• Distance effect and ASA overlap? 
• Ferromagnetic proximity effect? 

Effect of band gap, considering E=0.5(EV+EC) 

C (eV) 0 2 4 7.2 

Eg (eV) 0.35 0.65 0.95 1.4 

Gr
↑↓ (1014Ω-1m-2) 3.46 

 
3.89 

 
3.43 

 
3.01 

 

Band gap 

YFe(001) 



YFe(001) 



Local Moments Picture 



Penetration length of spin injection 

Xingtao Jia, Kai Liu, Ke Xia and Gerrit E. W. Bauer, EPL, 96 (2011) 17005 



Exp.: 5.2×1014cm−2   
Theory:7×1014cm−2 



Structure 

Sketch of the CoFe2O4 of β-type which we concern. 
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Terminal on the interface 

001 

111 
Fe Fe1O CoO 

Fe Fe1Co O 



Band structure and magnetic moment 

GGA+C(left)  & GGA+U(right 

   Transmission through CoFeO 



Results 

001 111 
Terminal Fe Fe1O CoO Fe Fe1Co O 

2.82 1.28 3.26 1.15 9.00 0.63 
Exp (1014Ω-1m-2) 6.5~15 0.14~0.36 

MMD(μB/nm2) 10.50 21.51 15.64 12.12 30.48 <0.1 
MMD2(μB/nm2) 15.64 <0.1 10.50 <0.1 <0.1 <0.1 

Mixing conductance & surface magnetic moment density(MMD) 

Exp. Miren Isasa et. al. arXiv: 1307.1267 



LMTO Vs VASP(PAW)  error bar ~ 0.12 eV 

Pt  



With and without SO 





Fe|Pt(8ML)|Fe with Pt lattice constants 

30MLPt  GMR still 40% 



model of Au-vac-Au        with MFe=2.8μ 



Au|Vac|Au 



Pt|vac|Pt 



Thank you 

 
 Bias enhanced Thermo-STT 
Efficient spin coupling at metal-magnetic insulator 

Summary 



Comparison Energy dependent of transmission for clean interface of PC_min 
 7MgO_FeCo between VCA and Fe_lead 



surface states 

3ML 

5ML 

7ML 
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