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Classification of materials

☐ Density of states

semiconductor

ferromagnet

half metal

Pickett and Moodera, 
Physics Today (2001)

○ spin-up e metallic

○ spin-down e insulating

☐ Half metal

usually magnetic,
integer μB per unit cell



Ideal material for spintronics

□ Half metal

MR= 1800% La2SrMn3O9

○ emitter for spin-polarized e’s

Half metal Half metal

Half metalHalf metal

at low temperature

Half metal

□ Infinite MR:

de Groot et al. 
(1983)

□ Known HM:  CrO2 (Tc=340K), NiMnSb (Tc=728K), Sr2FeMoO6 (Tc=635K)



□ Structure:  perovskite

New cuprate Sr8CaRe3Cu4O24

◇ A site: Sr atoms
◇ B site: Ca, Re and Cu atoms

in an ordered way
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Takayama-Muromati et al. (2003)

□ Ferrimagnetic insulator:  Tc=440K,   μtot=1μB @ T=0

◇ Oxygen octahedron



d orbitals and oxygen octahedron
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Sr8CaRe3Cu4O24

□ DOS: DFA+U  
VASP package (U=10eV, J=1.2eV)

□ Spin-magnetization distribution

□ charge, orbital and spin orders 

d3z2-r2

eg S=1

s=1/2

□ total magnetization

μtot=1μB per unit cell

Wan, Kohno and Hu: PRL (2005)
Nie and Hu: PRL (2008)
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Spin of Oxygen 

charge-transfer effect

Cu2
O O

○ Anderson model:   antiferromagnetic scattering of conduction 
electrons by a single magnetic impurity

O-2p band with down spin presumes lower energy (anti-
parallel to Cu2 majority spin)

hole should go to O-2p band with up spin
cancel total spin +1μB
generate finite DOS at FL

□

□ Idea for charge-spin-orbital manupulation



Periodic Table



Sr7RbCaRe3Cu4O24

□ DOS: half-metallic □ Spin-magnetization distribution

□ spin-magnetic moments
Half metallic antiferromagnet

undoped

one hole

1.0 -1.09

-1.08

0.81

0.82 -0.13

-0.07

μtot[μB] Cu1 Cu2 O22O21

-0.240.0

the hole 
goes to O, 
with fully 
up spin !

van Leuken and de Groot (1995)

Nie and Hu: PRL (2008)



Summary

○ ferrimagnetic insulator with integer total magnetic moment

☐ Our proposal:     strongly correlated electron systems

□ Half metallic antiferromagnet HMAFM

○ doping mobile carrier:   substitution on A, B, and O sites

○ spin of doped carrier fully polarized due to strong coupling

○ spin-polarized current with magnetization totally compensate

○ most ideal material for spintronics, under intensive study

□ Half metal:     metallic in (only) one spin channel

○ not an oxymoron, not a scientific fiction



Thank You!


