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 Introduction
◦ What is Shot noise and how to measure it
◦ Shot in mesoscopic system
◦ Potential of Shot noise in spintronics

 Our result
◦ Remind for spin current
◦ Experimental results

 Conclusion and future plan
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FFT

Current noise spectral density

Y. M. Blanter and M. Büttiker, Phys. Rep. 336, 1 (2000).
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Thermal noise
Johnson-Nyquist (1928)
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Thermal fluctuation

𝑆𝑆thermal = 4𝑘𝑘𝐵𝐵𝑇𝑇𝑒𝑒𝐺𝐺
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Shot noise
Schottky (1918)

system
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EFV≠0

𝑆𝑆shot = 2𝑒𝑒∗ 𝐼𝐼 𝐹𝐹
Electron Temperature

Partition process

Fano factor

Powerful tool to investigate transport processes
Review: Y. M. Blanter and M. Büttiker, Phys. Rep. 336, 1 (2000).

Effective charge
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Cooper pair transport

e*/e=2
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Fractional quantum Hall effect 
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1998 Nobel Prize
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R. de-Picciotto et al., Nature 389, (1997).

A. Kumar  et al., PRL 76 2778 (1996).

Statistical properties of quantum channels
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SPINTRONICS

MESOSCOPICS

Teruo
Ono

Kensuke 
Kobayashi

Spin transport

Target

Shot noise measurement

Probe

Motivation
Spin dependent transport probed by Shot noise measurement
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insulator

FM electrode FM electrode
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 Spin filter effect

QPC

Direct proof for Coherent tunneling theory 

 Tunnel Magnetresistance effect

Estimation of Spin polarization
Theory

Experiment Experiment
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 Spin flip process in diffusive conductor
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A lot of theoretical predictions

 Shot noise of spin current

 Spin torque phenomenon

 Spin Hall effect

 Spin accumulation

A few experimental reports

etc….
8



T. Arakawa et al., PRL 114, 016601 (2015).
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sample

sample

CI I I↑ ↓= +
Charge current

eV

Bias voltage

sample

SI I I↑ ↓= −
Spin current

µ∆

Spin accumulation

Spin flip process
independent
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IS

V

total

µ∆

E
µ∆

+

eV

Direct measurement 
of Spin current and Δμ without ferromagnet

or Invers spin Hall effect

I I↑ ↓= − C 0I = S 0I ≠

 Pure spin current

S2S e I F=
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50 nm (Ga0.945Mn0.055)As

2.2 nm (Al0.35Ga0.65)As

8.0 nm n+-GaAs (n+=5-6×1018cm-3)

15 nm n+→n-GaAs

1μm n-GaAs (n=2-4×1016cm-3)

500 nm [AlGaAs/GaAs ]50

300 nm GaAs

GaAs substrate

50 μm

5 μm

lateral all-semiconductor spin valve device

P-type (FM)

n-type (Normal)
Tunnel barrier

M. Ciorga et al., PRB 79, 165321 (2009). 
J. Shiogai et al., APL 101, 212402 (2012). 
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Spin accumulation 

F. J. Jedema et al., Nature 410, 345 (2001). 
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Modulate V and Δμ independently

Measure SI and I
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n-GaAs GaMnAs
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No spin accumulation
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F : Fano factor
T : electron temperature

No injection

Injection
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2C CS eI F=

Charge

2S SS eI F=

Spin

charge and spin tunnel through the barrier as a single object
Same Fano factor
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Tcryostat=1.6 K (140 μV)
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n-GaAs GaMnAs

V P µ∆ = ∆



E

0.2µ∆ ≈

n-GaAsGaMnAs

meV

Spin injection process

200V >
meV

V µ∆

Hot electrons
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sample
µ∆

Spin accumulation

Spin flip process

E. G. Mishchenko, Physical Review B 68, 100409 (2003).
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GaMnAs

E

µ∆

n-GaAs GaMnAs

F=0.5

F=1

P
AP
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Shot noise due to the spin current through a tunnelling barrier was 
detected 

Our result indicates that charge and spin tunnel through the barrier as a 
single object

The electron temperature increase due to spin injection was 
quantitatively estimated 

sensitive probe for spin transport 

 Spin current shot noise  
in various systems

v
?C SF F≠

Spin orbit interaction
Many body effect
etc…

 Cooling the electron temperature

v

Spin injection through metallic contact
Super conductor on the channel

Coherent phenomena of Spin current

heat
Spin current
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