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Abstract. After spin was injected from ferromagnet to organic-semiconductors, spin 
polarization in organic semiconductors was studied theoretically considering spin-dependent 
conductivity in the organic-semiconductors. Our work shows that the spin injection efficiency is 
directly dependent on the difference between the conductivity of the spin-up and the spin-down 
electrons in the spin-injected organic system. Furthermore, the polaron proportion has great 
influence on the spin injection efficiency in the heterojunction. 
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1 Introduction 
In recent years, inorganic semiconductors have attracked increasing atttentions in spin injection and 
detection using inorganic semiconductors [1-4]. Because organic semiconductors have hyperfine 
interaction, weak spin-orbit coupling,  the materials  are presumed to be the replacement for the 
inorganic semiconductors in spin  transport [5-7]. Much research has been done on organic 
semiconductors, theoretically [8-10]. They assumed that the carriers in the organic semiconductors 
(OSEs) have spin 1/2 just as those in the inorganic semiconductors and studied the injected charge and 
spin current densities near the injecting contact. They assumed that the injected polarized electrons 
would be converted into polarons and bipolarons, coexisting with a given proportion γ = np/(np+nbp) in 
the organic polymer layer where np denotes the density of polarons and nbp the density of bipolarons in 
the OSE. When spin injection stars from the ferromagnet (FM) into the OSEs, the OSEs could be 
polarized by this polarized injection. If the conductivity induced by the carriers with the different spin is 
directly proportional to their density, the conductivity induced by the spin-up and the spin-down 
electrons respectively are not equal any more, which depends on the parameter β1=(σp↑-σp↓)/σ. σp↑,↓ 
denotes the conductivity induced by the spin-up and the spin-down electrons respectively, and σ denotes 
the total conductivity in the OSEs. However up to now the effect of the different density between the 
spin-up and the spin-down electrons on the spin injection in the spin-polarized OSEs has not emerged in 
the literature. In this paper, we consider spin-dependent conductivity in the polarized 
organic-semiconductors with infinite layers. 

2 Model 
FM/ OSEs 1D systems with semi-finite layers are considered, just as shown in Fig.1. The conductivity 
difference between the spin-up and the spin-down electrons induced by the spin polarization of the OSEs 
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was taken into account, which was induced by the spin-polarized current injection from FM (x<0) into 
the OSEs layers (x>0). Here we also assume that polarons and bipolarons coexist with a given proportion 
γ in the OSEs layer just as in Ref. [10-11]. In the spin transport, the continuity equations for the charge 
and spin currents in a steady state are [12-14]. 

( ) ( )↓↑
−

↓↑ −=−∇ µµλµµ 22
, 

( ) 02 =+∇ ↓↓↑↑ σµσµ      (1) 

 
Figure 1. Spin injection device(FM/OSE) with semi-infinite layers. 

Here µs (s =↑, ↓) represents the electrochemical potential (ECP) for spin polarized electrons in the 
FM and polarons in the organic semiconductor layer. 

And the basic equations related to the spin-dependent electrochemical potentials and current 
densities read 

( ) dxdej sss // µσ= , ( ) dxdej bpbpbp /2/ µσ=    (2) 

Where σs (s =↑, ↓) and σbp are the conductivity of spin-polarized carriers and bipolarons, σbp is the 
ECP of bipolarons, λ is the spin-diffusion length in the corresponding layer, respectively. For the 
semi-infinite system, the solutions for Eqs. (1) in regions1 (FM), and 2(OSE) are as follows [11], 

FMx
FF Ae λµµ /=− ↓↑ , px

pp Be λµµ /−
↓↑ =−    (3) 

We suppose that the conductivity of polarons and bipolarons in the OSEs layer before spin injection 
are as follow 

γσσσ
2
1

== ↓↑ pp , ( )σγσ −= 1bp    (4) 

where σ denotes the total conductivity of carriers in the OSE layer. 
β1=(σp↑-σp↓)/σ is used to reflect the conductivity difference between the spin-up and the spin-down 

electrons induced by the spin polarization of the OSEs , when the spin  is injected into the OSEs layer, the 
conductivity of polarons and bipolarons should be written as 

( )σβγσ 12
1

+=↑p , ( )σβγσ 12
1

−=↓p , ( )σγσ −= 1bp   (5) 

If the interfacial resistance is included at the FM/ OSEs interface, , the current is 

( ) ( )( )eGeGj bpbp
s

ss 2// µµ +∆=∑    (6) 

where Gs and Gbp denote the interfacial conductance of polarons and bipolarons, respectively. 
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If in both layers including the contact the current spin polarization is introduced as 

( )
j

jj
x ↓↑ −=α     (7) 

according to the conservation of the total current we obtain the current spin polarization of the 
structure, 
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3 Results and discussion  

Fig. 2 shows the σ/σF dependence of the spin injection efficiency η = α0/β0 with different β1. It was found 
that the spin injection efficiency increases obviously with β1. The solid curve expresses the result of 
Ref.11 where the difference between the conductivity for the spin-up and the spin-down electrons is 
ignored. With increasing β1, the spin injection efficiency η increases when theσ/σF is fixed. Moreover, 
with the decreasing of the match level of conductivitiesσ/σF, the impact of β1 increases. Since the 
conductivity of FM is usually much larger than that of the OSES materials, it seems very important to 
consider the impact of β1 in the spin-polarized injection. 

 
Figure 2. Dependence of the spin injection efficiencyη on the conductivity ratio σ/σF for the two materials with a 
transparent interface 1/G↓=1/G↑=0. The solid, dot, dash-dot and dash curve are corresponding to β1=0, 0.2γ, 0.6γ, 
0.8γ reflecting the conductivity difference between the spin-up and the spin-down electrons in the spin-polarized 
OSEs respectively. Here we use parameters that are γ=0.7; β0=0.9; λ F=100nm; λ p=200nm. 
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Figure 3. Dependence of the spin injection efficiency η on the polaron proportion γ. The solid, dot, dash-dot and 
dash curve are corresponding to β1=0, 0.2γ, 0.6γ,  0.8γ reflecting the spin polarization of the OSE respectively. The 
bulk spin polarization of the FM layer β0 is set to 0.9. Other parameters are the same as in figure 3 (σ/σF = 0.1; λ 
F=100nm; λp=200nm). 

Fig.3 shows the spin injection efficiencyi is dependent on the polaron proportionγ. With increasing 
the polaron proportion, the conductivity difference between the spin-up and the spin-down electrons in 
the spin-polarized OSEs influences the spin injection efficiency rising too. So the effect of the spin 
dependent conductivity  on the spin injection efficiency appears so important that it can’t be ignored. 

4 Conclusion 
We have obtained the effect of the spin dependent conductivity on spin transport. It is shown that the spin 
injection efficiency increases with increasing β1 and γ. Especially, when the match level of  bulk 
conductivities (σ/σF) is not very well, the effect of the spin depemdent conductivity on spin injection 
seems more significant. 
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