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Spin relaxation and spin life time



Quick check – spin dynamics

o Spintronics ✓ Spin-charge coupling in metallic systems

✓ To be able to inject spins into a device
✓ To preserve the spin coherence when the spins travels

o Key points for building spintronic devices

o Spin injection ✓ To use a FM material as a current source/spin-filter 
in order to produce spin polarized currents

o Interfaces ✓ Multilayers FM/non-FM
✓ Spin diffusion length

o Spin transfer torque ✓ How can the current influence the magnetic 
properties of a material



spin relaxation and spin life time

For many spintronic devices, a layer spacer is
required to separate two magnetic layers so
that the magnetization of both layers can have
independent magnetic moments.

Moreover, for many properties, a spin
travelling from one magnetic layer to another
one through the layer spacer needs to be
conserved.

To be able to propagate spin over long
distances is a key issue for the control of the
behavior of spin in devices.

Measurement of spin-relaxation is
particularly important!



Basic lengths

Let’s talk about lengths in interfaces on
metallic multilayers:

τ

Diffusive transport!!

F = ferromagnetic

N = non-magnetic

N

λt Transport mean free path

λsf Spin-flip length

lsf Spin-diffusion length

mean distance between 
collisions of all kinds

mean distance between 
spin-flipping collisions

mean distance that electrons 
diffuse between spin-flipping 

collisions

𝒍𝒔𝒇 = 𝑫𝝉𝒔𝒇 τsf Spin-flip time
mean time between 

spin-flipping collisions



Diffusive transport!!
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Separated transport mean free paths

Separated spin-diffusion lengths

*usually stronger scattering

↑ = majority spins = along the local 
F-layer moment
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↓ = minority spins = opposite to the 
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Considerations

Electron scattering

F = ferromagnetic

N = non-magnetic
cryogenic temperatures room temperature

mostly by unknown 
impurities

impurities + phonons

Important in evaporated/sputtered samples!

Experimentally derived 𝒍𝒔𝒇 represents a sample dependent value!

High purity or known concentration of impurity



Real life



Real life



Spin transport measurements

Two typical geometries for electrical spin transport measurements:

LOCAL NON-LOCAL

• measures the resistance across two ferromagnetic electrodes.
• spin transport detected as the difference in resistance between

the parallel and antiparallel magnetization alignments of the
two electrodes.

• for magnetic tunnel junctions
• for current perpendicular to the plane giant magnetoresistance

(CPP-GMR)

• a current source is connected across electrodes E1 and E2 to inject spins at E2
• For spin detection, a voltage is measured across electrodes E3 and E4, and the

signal is due to the transport of spins from E2 to E3.
• E2→ E1 : spin current with charge current
• E2→ E3 : spin current without charge current
• spin-dependent chemical potential (µ ↑+ µ ↓)



Non-local magnetorresistance

Splitting of the chemical potential corresponds to the spin density in the graphene

As the spins diffuse toward E3, the spin density decays due to spin-flip scattering: ∆𝑅𝑁𝐿 =
(𝑉𝑃 − 𝑉𝐴𝑃)

𝐼

NON-LOCAL MR

injection current

*Usually there is a baseline resistance in experiments, due to leakage current,
Peltier/Seebeck effects, non-conserving spin scattering at the interface…



The device: spin valve

Co electrodes

Typical size of graphene 1-6 µm wide + 50 µm long
Substrate 300 nm The 90° turn in the Co electrode is used to inhibit

domain wall motion to help generate the antiparallel
magnetization alignment in the magnetic field sweeps.



Spin injection: transparent contacts

Magnetization of the 
four Co electrodes

SPIN INJECTION EFFICIENCY

Conductivity of SLG Width of SLG

Spin diffusion 
length of SLG

𝑷 ~ 𝟏%



Spin injection: tunneling contacts

*to alleviate conductance
mismatch problem between Co
and SLG

𝑷 ~ 𝟑𝟎%



Spin relaxation

Hanle spin precession: by applying an out-of-plane magnetic field,
the magnetic field induced spin precession at a Larmor frequency 𝜔𝐿 =

𝑔𝜇𝐵𝐻⊥
ℏ

Hanle curve, depends on

• Spin precession
• Spin diffusion
• Spin relaxation

spin life timediffusion constant



Contact induced spin relaxation

The ferromagnetic contacts can theoretically introduce spin relaxation through a number of mechanisms:

➢ Roughness of the Co film could produce inhomogeneous local magnetic fields that vary with the
morphology, which will generate spin relaxation through inhomogeneous spin precession about the
spatially-varying local fields.

➢ Interfacial spin scattering: possible because of the direct contact between the FM and graphene for the
transparent and pinhole contacts.

➢ Hanle measurement: with metallic Co in contact with graphene, the spins diffuse from the graphene to
the Co with a characteristic escape time τesc

o Due to the conductance mismatch between Co and graphene, the escape
time can become comparable to or less than the actual spin lifetime!

o More accurate measurement of the true spin life- time in graphene is made possible
by the insertion of good tunnel barriers to reduce the out-diffusion of spins.



Spin devices and applications

Figure 3 S. Yuasa and D. D. Djayaprawira, " Journal of Physics D: Applied Physics, 
vol. 40, no. 21, p. R337, 2007

Hirohata, A.; Sukegawa, H.; Yanagihara, H.; Zutic, I.; Seki, T.; Mizukami, 
S.; Swaminathan, R. IEEE Trans. Mag. 2015, 51, 1.



References and further work

➢ Search for one more method for measuring spin life times/
diffusion length: optics, polarization, CPP-MR…

➢ What are the advantages/disadvantages compared with NL-MR?


