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The Hall effect measurement of the ambipolar conductor YH2 under spin injection [1] revealed that 

the spin coherence length (SCL) of ambipolar conductor is ~10 𝜇𝑚 which is much larger than the 

typical spin diffusion length in paramagnetic metals. Investigating the reason behind the ambipolar 

conductor for having such an extraordinarily large SCL, we have found the presence of two specific 

modes of spin currents, namely parallel and antiparallel spin current in the form of  𝐉s
(h)

+ 𝐉s
(e)

 and 

𝐉s
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 respectively. By taking the divergence of these parallel and antiparallel spin currents and 

employing detailed balance    𝑁↑
(ℎ/𝑒)

/𝜏↑↓
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, the following equations can be deduced 
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where Φ is the charge polarization defined by Φ = (𝑛(ℎ) − 𝑛(𝑒)) ∕ (𝑛(ℎ) + 𝑛(𝑒)), 𝑁(ℎ/𝑒) =
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) and 𝜏𝑠 = (𝜏↑↓𝜏↓↑) ∕ (𝜏↑↓ + 𝜏↓↑). 𝑁↑/↓
(ℎ/𝑒)

 is the density of states at 

the Fermi level and 𝜏𝜈�̅� represents the average time for flipping a spin-𝜈 to a spin-�̅�. In deriving  Eqs. 

(1) and (2), we assumed 𝜏↑↓
(ℎ)
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≡ 𝜏↑↓ and 𝜏↓↑
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≡ 𝜏↓↑, equal carrier spin polarization 

between electrons and holes with nonzero value (𝑃𝑠
(ℎ)

= 𝑃𝑠
(𝑒)

≡ 𝑃𝑠 ≠ 0) and employed it in Gibbs-

Duhem relation which gives us a specific relationship between spin splitting of electron and hole 

chemical potentials i.e. (1 + Φ)Δ𝜇(ℎ) + (1 − Φ)Δ𝜇(𝑒) = 0. By expressing parallel and antiparallel 

spin currents in terms of spin dependent longitudinal conductivities 𝜎↑/↓
(ℎ/𝑒)

, the SCLs for the parallel 

and antiparallel spin currents can be written as [2] 
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Eq. (4) shows that effective spin relaxation time (𝜏𝑠
′ =

𝜏𝑠

Φ
) for antiparallel spin current gets longer 

when Φ ≅ 0, making SCL of antiparallel spin current (𝑙𝐴𝑃) larger whereas the spin coherence length 

of the parallel spin current (𝑙𝑃) ( Eq. 3 ) remain at its standard value. So, it can be concluded that the 

presence of antiparallel spin current in ambipolar conductor makes its SCL larger. 

[1] M. Sakai et al., Jpn. J. Appl. Phys. 57, 033001(2018). 

[2] M.S Aktar, M. Sakai et al., Appl. Phys. Express 12, 053004 (2019). 

第80回応用物理学会秋季学術講演会 講演予稿集 (2019 北海道大学 札幌キャンパス)20a-E216-3 

© 2019年 応用物理学会 09-140 10.1

mailto:sakai@fms.saitama-u.ac.jp

