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The transport model of improved J-V formula based on the work by Ammar and Sun[1] is 

now applied to hole only devices (MEH-PPV), and (PF-TAA) of different thickness with 

various temperatures. The obtained results are strongly agree with complete numerical 

solution and experimental data. From this study it is verified that this formula base charge 

transport model is accurate, precise, and covers a large number of materials. These 

theoretical result are opening an interesting prospects in near future. 

 

1. Introduction 

Charge transport models developed for disordered organic 

semiconductors[2]-[4], and semiconductor is inserted 

between two metal electrodes is called a MIM (metal-

insulator-metal) diode. The MIM diodes are typically 

fabricated from aluminum, chromium, and niobium. These 

types of diodes are used for the rectification of high 

frequency electromagnetic radiation, the development of 

nantenna, and MIM-TFD technology. The current in  organic 

diodes is space charge limited (SCL)[1]. We are very 

familiar that space charge limited current in organic 

polymers MIMs diode can be described by solving drift-

diffusion equations by using formulae of density dependent 

mobility in exponential density of states. We have observed 

in literature[5], the description of diffusion current for 

insulators in MIM diodes in which mobility has been taken 

as constant, which is not suitable for wide voltage ranges. 

When mobility is taken as a constant these equations are 

difficult to solve. 

Different theories and models [6-15] have been 

developed, which is used to describe the carrier transport in 

organic semiconductor, and space charge limited (SCL). A 

new density of state (DOS) mobility model with non-

degenerate holes and degenerate trapped holes is proposed 

and verified by Ammar et al [8].  The results show that the 
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new DOS is far better than the Gaussian DOS. Some of 

exponential models [16-18] gives good description for 

typical diodes as compare to model of Bruyn et al [5] in 

which mobility has been taken as constant. 

2. Mathematical Description 

We have drift-diffusion equation for holes as  

𝐽𝑝(𝑥) = −𝑞𝜇𝑝(𝑥)𝑝(𝑥)
𝜕𝜑

𝜕𝑥
− 𝐾𝑇𝜇𝑝(𝑥)

𝜕𝑝(𝑥)

𝜕𝑥
 (1) 

Applying bounderies [5], [11] non-symmetric contacts 

with low and high potential to devices P(l)=Nf exp (-Vl/KT), 

P(h)=Nf exp (-Vh/KT). Taking the value of band-bending 

parameter in Bruyn et al[5] approximation and with Poisson 

equation [6-8],[10],[11], the diffusion current with built 

potential Vlh is given by 

𝑏 =
𝐾𝑇

𝑞
[𝑙𝑛 (

𝑞2𝑁𝑣𝐿
2

2𝐾𝑇𝜀
) − 2] (2) 

𝐽 =
𝑞𝑁𝑣𝜇(𝑉𝑙ℎ − 𝑉) [𝑒𝑥𝑝 (

𝑞𝑉

𝐾𝑇
) − 1]

𝐿𝑒𝑥𝑝 (
𝑞𝑏

𝐾𝑇
) [𝑒𝑥𝑝 (

𝑞𝑉𝑙ℎ

𝐾𝑇
) − 𝑒𝑥𝑝 (

𝑞𝑉

𝐾𝑇
)]

 (3) 

So the complete equation for drift diffusion 

current for hole and electrons devices with the 
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extension of parameter γ which is the linear 

dependence between γ, and 1/T is 

𝛾 = 𝐵 (
1

𝐾𝐵𝑇
−

1

𝐾𝐵𝑇0
) (4) 

𝐽𝑝 =

𝑞𝑁𝑓𝜇𝑝(0)(𝑉 − 𝑉𝑙ℎ) [exp (
𝑞𝑉

𝐾𝑇
) − 1] exp [𝛾√

𝑉−𝑉𝑙ℎ

𝐿
]

𝐿𝑒𝑥𝑝 (
𝑞𝑏

𝐾𝑇
) [𝑒𝑥𝑝 (

𝑞𝑉𝑙ℎ

𝐾𝑇
) − 𝑒𝑥𝑝 (

𝑞𝑉

𝐾𝑇
)]

 (5) 

 

Moreover in this case EF-Ev>>kT, trapped charge, and 

free charge treated as degenerate, and non-degenerate 

respectively.  Ev is the center energy, and Ef  is the quasi-

Fermi energy which satisfy the non-degenerate condition. So 

the density of holes is 

𝑛 = 𝑁0𝑒𝑥𝑝 [
𝐸𝑣 − 𝐸𝑓

𝐾𝑇
] 𝑒𝑥𝑝 [

𝜎2

2𝐾2𝑇2
] 𝑒𝑥𝑝 [

−𝑞𝜑(𝑥)

𝐾𝑇
] (6) 

 

The thermally activated behavior[17] as  

𝜇(0) = 𝜇0exp (
−∆

𝐾𝐵𝑇
) (7) 

And the analytic expression for the mobility at 

zero field[1] is given below  

𝜇𝑝(𝐹) = 𝜇𝑝(0)exp(𝛾√𝐹) (8) 

3. Application to Device 

Eq. (5) based transpose model apply to poly(2-methoxy-

5-(2-ethylhexyloxy)-1,4-phenylenevinylene)(MEH-PPV) 

diode with thickness 100nm[19] at different temperatures. 

From Eq. (1) and Eq. (5), we analysis the numerical solutions 

and then calculated the J-V curves. The excellent agreement 

between the theoretical results and experimental data as 

depicted in Figure 1. 

 
Figure 1. (color online) Comparison of calculated J-V curves by using modified model with experimental data[19] for MEH-PPV) diode 

with 100 nm  thickness of organic layer at three different temperature. (solid lines: γ≠0; dashed lines: γ=0), and Variations of γ(T), Nf(T), & 

µp(0), with temperature lines are smoothed curves by using (4) , (6), (7) respectively. 

 

 By using Eq. (6), the variations of 𝑁𝑓 =

𝑁0𝑒𝑥𝑝 [
𝐸𝑣−𝐸𝑓

𝐾𝑇
] 𝑒𝑥𝑝 [

𝜎2

2𝐾2𝑇2
]with temperature has been 

analyzed here with optimized points, and also show 

variations of parameters µp by Eq. (7), and γ with 

temperature by Eq. (4) in Figure 1. 

This mobility model also apply to poly(fluorene-

triarylamine) FP-TAA with different layer thicknesses at 

170K. The comparison of theoretical results with 

experimental data as depicted in Figure 2  is an excellent 

agreement. Figures 1, and 2 also indicate the importance of 

parameter γ in Eq. (5) data at low and high voltage. When 

taking the value of γ as zero, then calculated curves and the 

experimental points are not agree with each other. This 

means that γ plays an important role in excellent fittings for 

J-V curves.  

 
Figure 2. (color online) Comparison of calculated J-V curves 

with experimental data[20][21]for hole-only J(V) curves for  

poly(fluorene-triarylamine) PF-TAA based devices copolymer 

different layer thicknesses at 170 K (solid lines: γ≠0; dashed lines: 

γ=0). 
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The potential barriers for materials (MEH-PPV), and 

(FP-TAA at different thickness) are listed in table1, and 

Table 2 respectively which shows that Vh >Vl. The larger 

value of Vh shows positive built potentials.  In Table 1 we 

see that mobility is the increasing function of temperature 

which is fine and reasonable. Table 2 also represent the 

parameters of hole-only device poly(fluorene-triarylamine) 

PF-TAA at different thickness. By comparing the results of 

Figure 1 and Figure 2 it is clear that results obtained from 

improved JV formula[1] is far better than[19]-[21]. 

 

Table 1. Vl (eV), Vh (eV) and Temperature-dependent parameters Nf, µp, and γ optimized by fitting J–V data for MEH hole only 100nm[19]  

 

 
Vl (eV) Vh (eV) T(K) 215 255 295 

MEH 

(100nm) 0.286 0.288 

Nf (m-3) 1.8E29 1.8E28 1.8E27 

µp(0)(m2/Vs) 1.4E-13 4.5E-12 1.9E-10 

 γ(m/V)1/2 0.001 0.00073 0.0005 

Table 2. Vl (eV), Vh (eV) and Temperature-dependent parameters with constant values of  Nf, µp, and γ optimized by fitting J–V data for 

poly(fluorene-triarylamine) FP-TAA with different layer thicknesses at 170K [20][21]  

 

 
T(K) Thickness (nm) µp(0)(m2/Vs) γ(m/V)1/2 Nf (m-3) Vh (eV) Vl (eV) 

PF-TAA 

170 67 4.5E-8 0.00132 5.6E21 0.388 0.277 

170 98 4.5E-8 0.00132 5.6E21 0.305 0.286 

170 122 4.5E-8 0.00132 5.6E21 0.308 0.290 

4. Conclusions 

In this work, the J-V formula based transport model is 

applied to hole only devices of different thickness at 

different temperature. The obtained results are strongly 

agree with complete numerical solution and experimental 

data. This formula is more accurate and now it is confirm 

that this formula based charge transport model covers a 

large number of materials. We expact that this transport 

model also covers an electron only devices for all thickness.  
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