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Spin injection and detection
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* Detection of current-induced spins by ferromagnets
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Spin coherence life time in n-type GaAs

Kikkawa & Awschalom (1999)
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J. Stephens et al. (2004) Zero magnetic field resistor model
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- spin-flip diffusion length 7 =2 um JVS
- mean-free path 30 nm A
- depletion width 20 nm

Ic | RSC
| 1.0 @— —0
I 5B Iy
Vs
MnAs = . . . . .
metal metal 0 RSC single-spin resistance of spin-coherent part of semiconductor
4 Ri(l) spin l interface resistance including depletion region
s y7a interface spin accumulation
Conductance mismatch and Schottky barriers Band profiles

1 SC
Spin current: L1, = GZ’ @) Vs Vs reverse bias
F -

l+— 2L R —
26% (z,) ‘
& i
el”) = J(G’T (£)-G| (¢))de o - ]VS forward bias
? v
Spin accumulation: My — =~ bl a— V _22
. T 1 G¢ (SF) S é
— { =
A small semiconductor conductance G°¢ suppresses \!’ 0
the spin current (Schmidt et al., 2000) but enhances |VS
the spin accumulation

What F giveth F taketh away Spin accumulation distribution
X
nearly | | | |
flat-band Z
F \ y
Gis y

: ‘ e r Ic
o) la ‘.




Slonczewski’s spin-transfer torque

N

NF =0

Absorbed spin current = magnetization torque
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G" spin-mixing conductance

With magnetic field

Comparisonn with experiments
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Injection and detection
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Solve steady state charge ds (IC’B)
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Electrical Hanle effect
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Lou et al. (2006)

All electrical detection of
spin-accumulation in
a semiconductor.
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Hall effects

Discovered 1880

Ordinary Hall effect
with magnetic field H

Hall voltage but
no spin accumulation

Discovered 1881

Anomalous Hall effect
with magnetization M
(carrier spin polarization)

Hall voltage and
spin accumulation

Edwin R. Hall™

Predicted 1971/2003
discovered 2004 ?

(Pure) spin Hall effect
no magnetic field necessary

No Hall voltage but
spin accumulation

Picture © Inoue & Ohno (2005)
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Disordered Rashba 2DEG

The spin Hall current vanishes in the bulk 2DEG

(Inoue et al., 2004)

Mishchenko et al. (2004)
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Onsager-Blittiker relations
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Two-terminal:

G() =G (~m)

SO-generated spin accumulations cannot be
measured by flipping a contact magnetization.

Energy bands of Rashba 2DEG

2D free electrons:
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Quantum point contacts Mishchenko & Silvestrov, 2005.

Fully spin-polarized current!

Multiple scattering
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Diffuse Rashba sytems

Spin diffusion equation: G(m)=G(-m)

Analogy: reflectionless tunneling

Spin Hall effect detected by
ferromagnetic contact

spin-accumulation-induced Hall effect AHE

Current-induced angular MR

N/

6 [rad] 4V
3T S| (1 0,175
By Y& N e
2 I——— 0.1651
|——=xuT1| 0.160
P8 s
0 0 0.150
0123456 0123456 012345%6

ofad] ¢ _gy =1  &=5

2

1
0

¢ = akpr/h

Current-induced torque

mismatch




Conclusions

* The conductance mismatch increases spin-accumulation
and decreases the spin-current.

* The optical Hanle effect can measure the interface
conductance.

* The electrical Hanle effect can detect spin accumulation.

* Current-induced spin accumulations can be measured by
ferromagnetic contacts.

* Current-induced spin accumulations can switch
magnetizations.




