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Recently, it has been demonstrated that the presence of spatial correlation between the disordered transport site energies in 

organic semiconductors is known to affect the charge carrier mobility. However, it is not established whether the site energies 

are actually spatially correlated in relevant materials. In this paper, we study the hole transport in the poly (2 -methoxy-5-(3’, 

7’-dimethyloctyloxy)-p-phenylene vinylene) (OC1C10-PPV) and an analysis of the temperature dependent and layer thickness 

dependent current density versus voltage ( VJ  ) characteristics is proposed. Consistent descriptions with equal quality 

are obtained by using our recently introduced improved extended Gaussian disorder model (IEGDM) and the extended 

correlated disorder model (ECDM), within which spatial correlation between the site energies is absent and is included, 

respectively. We present a comparison of the model parameters between the analysis of the VJ   characteristics using 

the IEGDM and the ECDM. It is found that the intersite distance obtained using the IEGDM is more realistic than the value 

obtained in the case of the ECDM. We view this as an indication that spatial correlation between the site energies is absent 

or plays a minor role in disordered semiconducting polymers. 
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1. Introduction 

 

In recent decades, organic e lectronics is an  emerg ing 

field where organic semiconducting materials are 

optimized for various applications, such as organic 

light-emitting diodes (OLEDs) [1, 2], organic field -effect  

transistors (OFETs) [3, 4], and organic solar cells (OSCs) 

[5, 6]. The performance of these solution-processed, 

light-weight, and potentially cost-effective materials  

heavily relies on their charge carrier mobility. For typical 

organic semiconductors  around room temperature the 

mobility is dominated by disorder and reflects the ability  

of the charge carriers to hop between molecular sites in a 

density of localized states that is  broadened by energetic 

and spatial disorder. Many investigations have 

demonstrated that the most important parameter 

controlling the organic electronic devices performance is  

the mobility, which quantifies how easily charge carriers  

move when an electric field is applied. Consequently, the 

mobility is a valuable figure of merit to characterize the 

underlying physical mechanisms of the charge transport. 

It is well known that understanding the dependence of 

the mobility on the various parameters of the system is  

crucial to develop a predict ive organic electronic device 

model. In past decades, the dependence of the mobility on 

the temperature and electric field has been extensively 

investigated. In  the early modeling introduced by Bässler 

et al. [7, 8], the random energies were described by a 

Gaussian density of states (DOS), leading to the Gaussian 

disorder model (GDM). In this model, it is assumed that 

there is no spatial correlation between the site energies. 

Alternatively, it was suggested that the presence of dipole 

moments in organic semiconductors can give rise to spatial 

correlation between  the site energies [9, 10], leading to the 

correlated disorder model (CDM). Later, it was realized  

that, apart from the dependence of the mobility on the 

temperature and electric field, there is a strong dependence 

on the charge-carrier density [11–15], giving rise to the 

extended versions of the GDM and the CDM, the EGDM 

and the ECDM [16, 17], respectively. However, it should 

be noted that the EGDM, having a non-Arrhenius 

temperature dependence 
2/1)ln( T , can on ly well 

describe the charge transport at low carrier densities. In  

order to better describe the charge transport, we proposed 

an improved model in  which the mobility depends on the 

temperature, electric field, and carrier density based on 

both the non-Arrhenius temperature dependence and 

Arrhenius temperature dependence T/1)ln(   [18],  

which is known as the improved extended Gaussian 

disorder model (IEGDM). It  has been demonstrated that 

the improved mobility model can rather well describe the 

charge transport in various organic materials [19-21]. 

The key  issue in both the GDM and the CDM is the 

role of the energetic disorder of the states in between 
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which the charge carrier hopping takes place, assuming a 

Gaussian density of state (DOS) with random and spatially  

correlated energetic disorder, respectively. In several 

studies, it has been revealed that equally good descriptions 

of the calcu lated and measured current density versus 

voltage ( VJ  ) curves of the charge transport in organic 

semiconductors could be obtained from the GDM and the 

CDM [22-25]. The question now arises whether a 

successful analysis of the VJ   characteristics of a 

certain material using the GDM or the CDM would  

convincingly proof that the disorder is random or 

correlated, respectively. In this paper, the possible 

presence of spatially correlated disorder and the VJ   

characteristics of the hole transport for an amorphous 

conjugated polymer poly (2-methoxy-5-(3’, 

7’-dimethyloctyloxy)-p-phenylene vinylene) (OC1C10-PPV) 

are investigated. It is found that equally good descriptions 

of the layer thickness dependent and temperature 

dependent VJ   characteristics of OC1C10-PPV 

hole-only devices can be obtained within the IEGDM and  

the ECDM, but a more realistic value of the intersite 

distance is obtained within the IEGDM than with in the 

ECDM. This is an indication  that in  OC1C10-PPV spatially  

correlation between the site energies is absent or plays a 

minor role. 

 

 

2. Models and methods 

 

The improved mobility model (IEGDM) in which the 

mobility   depends on the temperature T , electric 

field E , and carrier density p  based on both the 

non-Arrhenius temperature dependence and Arrhenius 

temperature dependence can be described as follows [18]: 
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)(0 T  is the mobility in  the limit  of zero carrier density 

and zero electric field, TkB/ˆ    and   is the width  

of the Gaussian density of states (DOS), a  is the 

intersite distance, 0  is the attempt frequency, 4c  and 

5c  are weak density dependent parameters , given by 
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The extended correlated disorder model (ECDM) can  

be described as follows [17]: 
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where  EpTlow ,,  and  Ephigh ,  are the mobility  

in the low-field limit (the average reduced field  

1/  eaEEred
) and high-field limit  (the average 

reduced field 1/  eaEEred ), respectively. 
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where  pTg ,  and  pETf ,,  are the dimensionless 

mobility enhancement functions. These functions can be 

written as follows: 
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within  the very low-field, redred EE *16.00  , 
 redEh  can be written as 
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By using the above two mobility models, the VJ   

characteristics of organic electron devices can be exactly  

calculated by numerically solving the following equations 

with a particu lar uneven discretization method introduced  

in our previous paper [26, 27]. 
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where x  is the distance from the inject ing electrode, L  

is the organic semiconductor layer thickness sandwiched 

between two electrodes, 0  is the vacuum permeability, 

and 
r  is the relative dielectric constant of the organic 

semiconductors. 

 

 

3. Results and discussion 

 

Fig. 1 shows the thickness dependent VJ   

characteristics of OC1C10-PPV hole-only devices with 

layer thicknesses of 90 nm and 275 nm at room 

temperature. Apparently, the experimental VJ   

measurements from Ref. [13, 16] can  be well described by 

using the IEGDM in which the mobility depends on the 

temperature, electric field, and carrier density. The 

parameters of the width of the Gaussian density of states 

 , the intersite distance a , and 
0  are determined in  

such a way that an optimal overall fit is obtained. Fig. 2 

displays the temperature dependent VJ   characteristics 

of a hole-only device based on OC1C10-PPV with a layer 

thickness of 275 nm. For the entire range of electric field, 

the temperature dependent hole current could also be 

accurately described by the IEGDM using the same 

parameters as the thickness dependent VJ   curves. A 

clear observation is that the temperature dependent and 

thickness dependent VJ   characteristics of 

OC1C10-PPV hole-only devices can be excellently  

described within the IEGDM only using a single set of 

parameters, a =1.5 nm,  =0.13 eV, and 
0 =800 m

2
/Vs. 

For the model parameters, the value of the disorder 

parameter   is close to the value used by Pasveer et al. 

(0.14 eV) [16], and is the same as the result obtained by 

van Mensfoort et al. [28]. The value of intersite distance 

a  found is very  close to the typical value of organic 

semiconductor [19]. 

As a next  step, we consider the question whether the 

ECDM can  also describe the VJ   characteristics of 

OC1C10-PPV hole-only devices as successfully as the 

IEGDM. When employing the ECDM, we address the 

question whether site-energy correlation with this specific 

correlation function is present in  OC1C10-PPV. Here, we 

re-analyse the experimental data from Ref. [13, 16] for 

OC1C10-PPV hole-only devices by employing the ECDM. 

In Fig. 3 and Fig. 4, the thickness dependent and 

temperature dependent VJ   characteristics of 

OC1C10-PPV hole-only devices are displayed, respectively. 

A clear observation is that the temperature dependent and 

thickness dependent VJ   characteristics of 

OC1C10-PPV hole-only devices can also be described 

within the ECDM as successfully as the IEGDM only  

using a single set of parameters, a =0.2 nm,  =0.16 eV, 

and 
0 =1380 m

2
/Vs. 

 

 

Fig. 1. Thickness dependent VJ   characteristics of 

OC1C10-PPV hole-only devices at room temperature. 

Symbols are the experimental results from Ref. [13, 16]. 

Lines are the numerically calculated results based on the  

                     IEGDM 

 

Fig. 2. Temperature dependent VJ   characteristics of 

OC1C10-PPV hole-only device with a layer thickness of 

275 nm. Symbols are the experimental results from Ref. 

[16]. Lines are the numerically calculated results based  

                   on the IEGDM 

 

The optimal parameter set for each mobility model is 

obtained as follows. For a g iven  , a , and 
0  

combination, we determine the fitting error between the 

experimental and calculated VJ   curves for each  

individual temperature and layer thickness. The total error 

is calculated as a sum of mean square errors  of the fits for 
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all temperatures and thicknesses. By minimizing this total 

error, we obtain the optimal model parameter set. Within  

the IEGDM and ECDM , the carrier density and electric 

field dependence of the mobility depend only on shape of 

the Gaussian density of states (DOS), specified by   

and a . Varying the mobility in  the zero-density and 

zero-field limit, specified by )(0 T , gives rise to an 

overall vert ical shift of the VJ   curves, but does not 

affect the shape. It can be clearly seen that within the 

IEGDM and ECDM the mobility at any temperature and 

thickness is described by using only three parameters, viz.  

 , a , and 0 , each parameter has a clear physical 

meaning. For the IEGDM, the values of   and a  

obtained in this work are 0.13 eV and 1.5 nm, and for the 

ECDM  = 0.16 eV and a =0.2 nm. By optimizing the 

VJ   curves position, the 
0  can be determined within  

two models by using a shift along the vertical axes , 800 

and 1380 m
2
/Vs for the IEGDM and ECDM, respectively. 

 

 
Fig. 3. Thickness dependent VJ   characteristics of 

OC1C10-PPV hole-only devices at room temperature. 

Symbols are the experimental results from Ref. [13, 16]. 

Lines are the numerically calculated results based on the  

                     ECDM 

 

It should be noted that the optimal fit  values of a  as 

obtained from the IEGDM and ECDM are very  different, 

viz. 1.5 nm and 0.2 nm, respectively. The value of a  

found for the IEGDM is very close to the typical value of 

organic semiconductors [19], and slightly smaller than the 

result reported by Pasveer et al. fo r OC1C10-PPV [16]. 

However, the value of a  found for the ECDM may be 

considered as unrealistically small, in view of the fact that 

in OC1C10-PPV the existence of two asymmetric side 

chains is expected to give rise to a larger typical distance 

between neighboring polymer chains. Furthermore, 

intra-chain hopping between the rather long conjugated 

segments is also expected to be associated with a larger 

value of a . It  is generally true that the distance between 

two subsequent monomer units is approximately 0.7 nm, 

and the conjugation length is believed to be at least five 

monomer units. These results suggest that in the 

PPV-derivative studied correlat ion between the site 

energies is absent or insignificant. The values obtained for 

  does not change this point of view. For d isordered 

organic semiconductors, the Gaussian density of states   

is typically observed to fall in the range 0.06-0.16 eV, the 

optimal values of   obtained within both models (0.13 

eV for the IEGDM and 0.16eV for the ECDM) are 

physically  realistic. Owing to lack of independent 

experimental results on the width of the DOS, the values 

of   cannot presently be applied to distinguish between 

the IEGDM and ECDM. 

 

 
Fig. 4. Temperature dependent VJ   characteristics of 

OC1C10-PPV hole-only device with a layer thickness of 

275 nm. Symbols are the experimental results from Ref. 

[16]. Lines are the numerically calculated results based  

                   on the ECDM 

 

 

4. Summary and conclusions 

 

In conclusion, the hole transport in a conjugated 

PPV-based polymer OC1C10-PPV has been investigated in 

the frameworks of the GDM and the CDM while taking  

the effect of the carrier density dependence of the mobility  

due to the disorder into account. It is found that excellent  

and fully consistent descriptions of the thickness 

dependent and temperature dependent VJ   

characteristics of the OC1C10-PPV hole-only  devices can 

be obtained using the IEGDM and ECDM, within which  

spatial correlation between the site energies is absent and 

is included, respectively. An important conclusion is that a  

successful analysis of the VJ   curves using either 

model does not yet convincingly prove that the disorder is 

completely random or correlated. In part icular, for the 

organic material studied, we argue that the most 

remarkable d istinction between the two sets of optimal fit  

parameters is an observed large difference between the 

effective intersite distance a . The more realistic intersite 

distance is found using the IEGDM ( a =1.5 nm), whereas 

the value of a  obtained from the ECDM ( a =0.2 nm) 

may be considered as unrealistically small. We view this  
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as an indication that for the PPV-derivative studied 

correlation between the site energies is absent or plays a 

minor ro le. Finally, we mention that the parameterizations 

presented here may be used to investigate the possible ro le 

of correlation in other disordered organic semiconductors. 
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