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ABSTRACT- During the past few years, the use of HVDC cables has increased exponentially. However, the accumulation 

of space charges within insulating materials remains a major challenge. Understanding the mechanisms governing this phenomenon 

is key to improving HVDC performance. This goal is often achieved through numerical simulations. Therefore, it is imperative that 

they are performed efficiently. In this work, a bipolar charge transport (BCT) model is used to offer a physical description of space 

charge behavior in low-density polyethylene (LDPE) under a high DC electric field. This model includes injection, migration, 

trapping, dettraping and recombination charges with parameters dependent on the electric field such as mobility, trapping, and 

recombination. The principal simulation results are dedicated to temporal and local distributions of the net charge density, electric 

field distribution, trapping distribution, quantity of charge mobile and trapped and evolution of external current density. The result 

shows that the trapping charge probability depending of the electric field in LDPE has a significant impact on the charge transport 

behavior compared to other properties. The trapping charge is lower near the interface and higher as the charges approach the center 

of the LDPE, leading to a substantial accumulation of charges in the center of the sample as the applied electric field increase, and 

charge transport in steady state is dominated by the trapped charges. 
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░ 1. INTRODUCTION  
Solid polymeric materials, especially Low-density 

polyethylene (LDPE), play a key role in electrical energy 

transportation due to their outstanding mechanical, thermal, and 

dielectric properties   and low cost, They are widely used as 

insulating materials, particularly in high-voltage cable 

systems[1-10]. However, one of the major problems related to 

uses of  LDPE  especially under high-voltage direct-current 

(HVDC) applications, is the formation of space charge within 

the bulk of the insulating material[5, 11, 12] . The presence of 

space charge in insulating materials   can distort the electric field 

distribution, potentially leading to insulation degradation and, 

ultimately and electrical breakdown [5, 13]. 

 

 

For this reason, HVDC cables can only perform better if we 

understand the   mechanisms of charge transport and 

accumulation within solid polymeric dielectrics [11]. In fact, a 

complete understanding of electron and hole transport in 

polymers like low-density polyethylene (LDPE) and cross-

linked polyethylene (XLPE)  has not yet been achieved [5, 14]. 

Although this topic has been extensively researched for two 

decades , it remains unclear and lacks an unambiguous 

explanation[15] . 

Regarding experimental studies, several  non-destructive 

measurement techniques  have been developed to measure space 

charge distributions. These methods include the pulsed electro-

acoustic  (PEA) method [16], the thermal step (TSM) method  

[17], and the pressure wave propagation (PWP) method  ]18 [. 

For example, using the PEA method, acoustic waves are 

generated from space charges under an  applied electric 

field. These waves are captured by a piezoelectric sensor, 

converted into electrical signals, amplified, and then recorded. 

Digital processing is utilized to reconstruct the profile of the 

space charges  [19] .  

Regarding numerical simulation studies, more microscopic 

approaches  (Known also as mesoscopic models) have been 

developed over the past two decades [15, 17]. These approaches 

rely on bipolar charge transport (BCT) and incorporate  charge 

generation, as well as transport processes involving  trapping, 

detrapping and recombination. The majority of materials used 

are polyethylene-based [20]. 

http://www.ijeer.forexjournal.co.in/
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Researchers are exploring numerical simulation methods to the 

space charge dynamics in polymer insulation, aiming to 

quantitatively describe charge transport and accumulation over 

a wide temperature range long durations, and complex 

structures[10, 16]. 
 

The first model of  BCT in degassed XLPE was proposed by 

Alison in 1994 [21]. This model involves double injection and 

extraction of charge carriers at the electrodes without potential 

barriers, with charge transport occurring at a constant mobility 

and trapping in deep sites. Fukuma et al [22] proposed a bipolar 

model for XLPE under DC voltage, involving Schottky charge 

injection and hopping transport for both species. Charge 

extraction occurs via barriers, with recombination considered 

only between mobile species. Kaneko et al [9] present an 

asymmetric bipolar model for LDPE, based on similar 

assumptions to those of Alison and Hill. Charge generation 

occurs through Schottky injection, with conduction via hopping 

and no deep trapping. Charge recombination happens between 

holes and electrons, and charge extraction at the opposite 

electrode is continuous. LeRoy et al [23] presented a 

macroscopic bipolar model based on Alison‘s model, featuring 

Schottky injection and a thermally activated deep trap 

detrapping barrier. The simulated sample is LDPE with an 

initial charge density added to replicate experiments. The 

results are compared to experimental measurements of space 

charge, luminescence, and currents. Boufayed et al. [24] present 

a macroscopic bipolar model for cross-linked polyethylene 

(XLPE) based on Le Roy's model. It includes an exponential 

distribution for trapping and a maximum trap depth, replacing 

the single deep trap level. The model considers Schottky 

injection for both charge carriers and introduces mobility 

dependence on trap filling, with charge transport via hopping 

for a fraction of the charges, excluding recombination effects. 

Belgaroui et al [25] present a microscopic bipolar model based 

on Alison's model for low and high applied voltages. They 

introduce a new numerical method for solving the model 

equations using the Finite Element Method (FEM) and high-

order Runge-Kutta method. At high voltage, the model reveals 

the formation of charge packets (electrons and holes) for the 

first time.  
 

In subsequent years, various bipolar models based on Alison 

and Le Roy's models were developed. Each model considered 

specific assumptions for charge generation or transport to adapt 

their models to the targeted application [20]. 
 

In recent modeling studies, charge transport parameters in 

polymeric insulators, such as charge carrier mobility, trapping 

probability, and recombination rates, are generally considered 

constant, without accounting for the electric field. 

Subsequently, several studies incorporated field-dependent 

mobility models such as hopping transport [9, 22]  and the 

Poole–Frenkel effect to account for the influence of the electric 

field on charge carrier motion. After that, recombination rates 

were modified in some works as functions of field-dependent 

mobility  (e.g., via Langevin-type models)[15] , but other 

parameters in the models remained constant. In this work, we 

propose a new bipolar charge transport model in LDPE based 

on the Alison and Le Roy models, with Field-Dependent 

Parameters   such as mobility, trapping, and recombination  . The 

model includes hopping mobility affected by the electric field, 

and both the trapping probability and recombination rates are 

expressed as functions of mobility. Consequently, all processes 

vary dynamically with the applied electric field. This model 

presents a new step in the numerical simulation of charge 

behavior under high DC stress, offering a more realistic and 

accurate description of the physical phenomena in dielectric 

materials. The main physical features of several BCT models 

are presented in table 1. 

 

░ Table 1. Characteristics of physical BCT models 

 

Features Alison et al 

[21] 

Kaneko et al LeRoy et al 

[23] 

D. Min et al 

[26] 

LeRoy et al 

[15] 

Our Model 

Trap Level Single deep trap 

level 

Two trap levels Single deep trap 

level 

Single deep trap 

level 

Single deep trap 

level 

Single deep trap 

level 

Transport Free carrier 

conduction 

Hopping 

conduction 

Free carrier 

conduction 

Free carrier 

conduction 

Hopping 

conduction 

Hopping conduction 

Field-

Dependent 

Transport 

 

 

Trapping 

coefficient 

 

Coefficients for 

acceptor and 

intermediate levels 

Coefficients for 

acceptor and 

intermediate levels 

 

 

Trapping 

coefficient and 

detrapping 

barrier 

 

Coulomb trap 

model 

dependent on 

effective 

mobility 

and detrapping 

barrier 

 

Trapping 

coefficient and 

detrapping 

barrier 

Coulomb trap 

model with trapping 

probability 

dependent on field-

dependent mobility 

and detrapping 

barrier. 

Charge 

Injection 

Injection through 

electrodes 

Schottky injection Schottky 

injection 

Schottky 

injection 

Schottky 

injection 

Schottky injection 

Charge 

Extraction 

No extraction 

barrier 

Extraction barrier No extraction 

barrier 

No extraction 

barrier 

No extraction 

barrier 

No extraction 

barrier 

Recombination Recombination 

coefficient 

Recombination 

coefficient 

Recombination 

coefficients 

Langevin 

models 

dependent on 

mobility 

Langevin 

models 

dependent on 

field-dependent 

mobility 

Langevin models 

dependent on field-

dependent mobility 
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We consider a sample of low-density polyethylene (LDPE) with 

a thickness of 100 µm, sandwiched between two electrodes (i.e., 

anode and cathode).  This one-dimensional, symmetric model is 

designed to describe the spatial and temporal evolution of space 

charge generated by the injection of charged particles  (electrons 

and holes)  at each electrode under DC electric field at room 

temperature. According to the Schottky law, charge injection 

and transport in shallow traps within the bulk of the sample 

exhibit field-dependent mobility, characterized by hopping 

mechanisms [11]. Each type of carrier is trapped at a single level 

of deep traps, with the trapping probability being dependent on 

mobility, following the Coulomb trap mode  [20, 26].    The 

charge trapped can be detrapped using a thermally activated 

coefficient  .Recombination of opposite sign charges by 

Langevin type with mobility dependent, parameters is also 

included in the model [15, 26, 27].The bipolar charge transport 

model is schematically represented in figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 1. Schematic of bipolar charge model [11]. 

 

░ 2. MATHEMATICAL MODEL 

DESCRIPTION 

The BCT model assumes that there are four types of carriers 

within the insulating material: free electrons (eμ), free holes 

(hμ), trapped electrons (et), and trapped holes (ht). 

Theoretically, the behavior of charge carriers in solid dielectric 

materials is governed by three fundamental equations: Poisson's 

equation, the transport equation, and the continuity equation 

[28-32] . These equations describe the charge density, current 

density, and electric fields as functions of time and spatial 

position, neglecting diffusion. They are as follows: 

             
𝜕2𝛷(𝑥,𝑡)

𝜕𝑥2 =
𝑞𝑛𝑡(𝑥,𝑡)

𝜀𝑟𝜀0
                                    (1) 

               𝑔𝑟𝑎𝑑(𝛷(𝑥, 𝑡)) = −𝐸(𝑥, 𝑡)                           (2) 

             
 𝜕𝑞(𝑒,ℎ)𝜇(𝑥,𝑡)

𝜕𝑡
+

𝜕𝑗(𝑒,ℎ)(𝑥,𝑡)

𝜕𝑥
= 𝑆                            (3) 

        𝑗(𝑒,ℎ)(𝑥, 𝑡) = 𝜇(𝑒,ℎ)(𝑥, 𝑡)𝑞(𝑒,ℎ)𝜇(𝑥, 𝑡)𝐸(𝑥, 𝑡)        (4) 

All parameters of our model are classified in the table 2. 

░ Table 2. Parameters of the model [14-25] 

Parameters Nomenclature Unit 

𝒙 Spatial coordinate [m] 

𝒕 Times [s] 

𝜺𝒓 Relative dielectric permittivity  

𝜺𝟎 Vacuum permittivity [F/m] 

𝒅 Separation between trap sites [m] 

𝑫 Dielectric thickness [m] 

𝝂 Attempt-to-escape frequency [s-1] 

𝑲𝒃 Boltzmann constant [J.K-1] 

𝑻 Temperature [K] 

𝑺 Source terms  

𝑵 Trap density  [C.m-3] 

𝑨 Richardson constant [A.m-

1.K-2] 𝒆 Elementary electronic charge [C] 

𝒘𝒉𝒑(𝒆,𝒉) Hopping energy level of trap depth 

for electron and hole 

[eV] 

𝒘𝒊𝒏(𝒆,𝒉) Injection barrier heights for 

electrons and holes 
[eV] 

𝒘𝒅𝒕(𝒆,𝒉) Dettraping barrier for electron and 

hole 

[eV] 

𝑵𝒕(𝒆,𝒉) Trap density of electrons and holes [C.m-3] 

𝑬 Electric field [kV/mm] 

𝛷(𝑥, 𝑡) Local potential [kV] 

𝒒(𝒆,𝒉)𝝁 Mobile charge density of the 

electrons and holes 

[C.m-3] 

𝒒(𝒆,𝒉)𝒕 Trapped charge density of the 

electrons and holes 

[C.m-3] 

𝒒𝒏𝒕(𝒙, 𝒕) Net charge density [C.m-3] 

𝝁(𝒆,𝒉)(𝒙, 𝒕) Carrier mobility of electrons and 

holes 

[m2V-1s-

1] 

𝑷𝒕(𝒆,𝒉) Trapping probability of electrons 

and holes 

[s-1] 

𝑷𝑫(𝒆,𝒉) Detrapping probability of electrons 

and holes 

[s-1] 

𝑹(𝒆𝒕,𝒉𝝁) Recombination rate of trapped 

electrons and trapped holes 

[m3C-1s-

1] 

𝑹(𝒆𝝁,𝒉𝒕) Recombination rate of mobile 

electron and trapped holes 

[m3C-1s-

1] 

𝑹(𝒆𝒕,𝒉𝒕) Recombination rate of trapped 

electrons and mobile holes 

[m3C-1s-

1] 

𝑹(𝒆𝝁,𝒉𝝁) Recombination rate of mobile 

electrons and mobile 

[m3C-1s-

1] 

𝑸𝑴 Quantity of mobile charges [C.m-2] 

𝑸𝑨 Quantity of trapped charges [C.m-2] 

𝒋(𝒆,𝒉) Conduction current density of the 

electrons and holes 

[A.m-2] 

𝒋𝒅(𝒙, 𝒕) External current density [A.m-2] 

𝒋𝒆𝒙𝒕(𝒙, 𝒕) Displacement current  [A.m-2] 

  

Migrations holes

Detrapped

hole

Trapped

electron

Trapped hole

Detrapped

electron

Anode Cathode 

Conduction band

Valence band

Migrations electrons

Injection 

electrons

Injection 

holes

Extraction 

holes

Extraction 

electrons

Recombination 
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Charge transport of free carriers is described by a hopping 

mechanism, where carriers move from site to site by tunneling 

through a potential barrier, influenced by the electric field and 

temperature, as shown in the equation [15, 20]:   

𝜇(𝑒,ℎ)(𝑥, 𝑡) =
2𝜈𝑑

𝐸(𝑥,𝑡)
𝑒𝑥𝑝 (−

𝑒𝑤ℎ𝑝(𝑒,ℎ)

𝐾𝑏𝑇
) 𝑠𝑖𝑛ℎ (

𝑒𝐸(𝑥,𝑡)𝑑

2𝐾𝑏𝑇
)           (5) 

The defined net charge density is as follows:  

𝑞𝑛𝑡(𝑥, 𝑡) = 𝑞ℎ𝜇(𝑥, 𝑡) + 𝑞ℎ𝑡(𝑥, 𝑡) − 𝑞𝑒𝜇(𝑥, 𝑡) − 𝑞𝑒𝑡(𝑥, 𝑡) (6) 

Charge generation (electrons and holes) is  assumed to be 

controlled by  Schottky thermionic emission at the electrode-

dielectric interface, where the fluxes are influenced by the local 

electric field and temperature, as shown in the equations [12, 

33, 34]: 

     𝑗𝑒(0, 𝑡) = 𝐴𝑇2𝑒𝑥𝑝(−
𝑒𝑤𝑖𝑛𝑒

𝐾𝑏𝑇
)𝑒𝑥𝑝(

𝑒

𝐾𝑏𝑇
√

𝑒𝐸(0,𝑡)

4𝜋𝜀
)             (7) 

 

    𝑗ℎ(𝐷, 𝑡) = 𝐴𝑇2𝑒𝑥𝑝(−
𝑒𝑤𝑖𝑛ℎ

𝐾𝑏𝑇
)𝑒𝑥𝑝(

𝑒

𝐾𝑏𝑇
√

𝑒𝐸(𝐷,𝑡)

4𝜋𝜀
)             (8) 

 

Where 𝑗𝑒(0, 𝑡) and 𝑗ℎ(𝐷, 𝑡) represent the injection current 

densities at the cathode and anode, respectively. 

𝐸(0, 𝑡) and 𝐸(𝐷, 𝑡) are the electric fields at the cathode and the 

anode, respectively. We assume the absence of extraction 

barriers, and the extraction current densities for electrons and 

holes from the cathode and anode electrodes, respectively, are 

described by [11, 23]: 

            
𝑗𝑒(𝐷, 𝑡) = 𝜇𝑒(𝑥, 𝑡)𝑞𝑒𝜇(𝐷, 𝑡)𝐸(𝐷, 𝑡)                      (9) 

           𝑗ℎ(0, 𝑡) = 𝜇ℎ(𝑥, 𝑡)𝑞ℎ𝜇(0, 𝑡)𝐸(0, 𝑡)                        (10) 

Where 𝑗𝑒(𝐷, 𝑡) and 𝑗ℎ(𝐷, 𝑡) represent the flux of electrons and 

holes at the anode and cathode, respectively. 

The trapping probability to deep trap centers for electrons and 

holes, being dependent on field-dependent mobility (Coulomb 

trap model), can be given by the following equation  [20, 26, 

35, 36]: 

                𝑃𝑡(𝑒,ℎ) = 𝜇(𝑒,ℎ)(𝑥, 𝑡)𝑒𝑁𝑡(𝑒,ℎ)                             (11) 

Trapped charges may be released after being held in trap centers 

for a certain duration. The detrapping probability for electrons 

and holes is expressed as  [23, 36, 37]: 

                𝑃𝐷(𝑒,ℎ) = 𝑣. exp (
𝑒𝑤𝑑𝑡(𝑒,ℎ)

𝐾𝑏𝑇
)                               (12)            

The mobility of mobile electron carriers determines the 

recombination rate between mobile electrons and trapped holes. 

Similarly, the recombination rates between mobile holes and 

trapped electrons are determined by the mobility of mobile hole 

carriers. This model ignores recombination between trapped 

electrons and trapped holes [15, 26]:    

  𝑅(𝑒𝜇,ℎ𝜇) = 𝑞𝑒𝜇(𝑥, 𝑡)𝑞ℎ𝜇(𝑥, 𝑡)(𝜇𝑒(𝑥, 𝑡) +

                        𝜇ℎ(𝑥, 𝑡))/𝜀𝑟𝜀0                                      (13) 

     𝑅(𝑒𝜇,ℎ𝑡) = 𝑞𝑒𝜇(𝑥, 𝑡)𝑞ℎ𝑡(𝑥, 𝑡)𝜇𝑒(𝑥, 𝑡)/𝜀𝑟𝜀0                  (14) 

     𝑅(𝑒𝑡,ℎ𝜇) = 𝑞𝑒𝑡(𝑥, 𝑡)𝑞ℎ𝜇(𝑥, 𝑡)𝜇ℎ(𝑥, 𝑡)/𝜀𝑟𝜀0                (15) 

                              𝑅(𝑒𝑡,ℎ𝑡) = 0                                        (16) 

 
Source terms are defined for each charge type, mobile or 

trapped, as follows [11, 38, 39]:
        

𝑆𝑒𝜇 = −𝑅(𝑒𝜇,ℎ𝜇)𝑞𝑒𝜇(𝑥, 𝑡)𝑞ℎ𝜇(𝑥, 𝑡) −

𝑅(𝑒𝜇,ℎ𝑡)𝑞𝑒𝜇(𝑥, 𝑡)𝑞ℎ𝑡(𝑥, 𝑡) − 𝑃𝑡(𝑒)𝑞𝑒𝜇(𝑥, 𝑡)(1 −
𝑞𝑒𝑡(𝑥,𝑡)

𝑁𝑒
) +

                              𝑃𝐷(𝑒)𝑞𝑒𝑡(                                                (17) 

  𝑆𝑒𝑡 = −𝑅(𝑒𝑡,ℎ𝑡)𝑞𝑒𝑡(𝑥, 𝑡)𝑞ℎ𝑡(𝑥, 𝑡) −

𝑅(𝑒𝑡,ℎ𝜇)𝑞𝑒𝑡(𝑥, 𝑡)𝑞ℎ𝜇(𝑥, 𝑡) + 𝑃𝑡(𝑒)𝑞𝑒𝜇(𝑥, 𝑡)(1 −
𝑞𝑒𝑡(𝑥,𝑡)

𝑁𝑒
) −

                       𝑃𝐷(𝑒)𝑞𝑒𝑡(𝑥, 𝑡)                                               (18) 

𝑆ℎ𝜇 = −𝑅(𝑒𝜇,ℎ𝜇)𝑞ℎ𝜇(𝑥, 𝑡)𝑞𝑒𝜇(𝑥, 𝑡) −

𝑅(𝑒𝑡,ℎ𝜇)𝑞ℎ𝜇(𝑥, 𝑡)𝑞𝑒𝑡(𝑥, 𝑡) − 𝑃𝑡(ℎ)𝑞ℎ𝜇(𝑥, 𝑡)(1 −
𝑞ℎ𝑡(𝑥,𝑡)

𝑁ℎ
) +

                       𝑃𝐷(ℎ)𝑞ℎ𝑡(𝑥, 𝑡)                                               (19) 

 𝑆ℎ𝑡 = −𝑅(𝑒𝑡,ℎ𝜇)𝑞𝑒𝑡(𝑥, 𝑡)𝑞ℎ𝑡(𝑥, 𝑡) −

𝑅(𝑒𝜇,ℎ𝑡)𝑞ℎ𝑡(𝑥, 𝑡)𝑞𝑒𝜇(𝑥, 𝑡) + 𝐵ℎ𝑞ℎ𝜇(𝑥, 𝑡)(1 −
𝑞ℎ𝑡(𝑥,𝑡)

𝑁ℎ
) −

                       𝑃𝐷(ℎ)𝑞ℎ𝑡(𝑥, 𝑡)                                               (20) 

The quantity of mobile 𝑄𝑀 and accumulated charges 𝑄𝐴 

respectively calculated as [26, 35, 40]: 

 

                𝑄𝑀 = ∫ 𝑞(𝑒,ℎ)𝜇(𝑥, 𝑡)
𝐷

0
𝑑𝑥                                 (21)

 

                   𝑄𝐴 = ∫ 𝑞(𝑒,ℎ)𝑡(𝑥, 𝑡)
𝐷

0
𝑑𝑥                                (22) 

The expression for the local current density associated with the 

conduction of mobile electrons and holes is expressed as 

follows [11, 25]: 

𝑗(𝑒,ℎ)(𝑥, 𝑡) = (𝑞𝑒𝜇(𝑥, 𝑡)𝜇𝑒(𝑥, 𝑡) +

                                  𝑞ℎ𝜇(𝑥, 𝑡)𝜇ℎ(𝑥, 𝑡)) 𝐸(𝑥, 𝑡)               (23) 

The expression for the displacement current density is[29];     

                           𝑗𝑑(𝑥, 𝑡) = 𝜀
𝜕𝐸(𝑥,𝑡)

𝜕𝑡
                              (24)                       

        

                             

The density of the external current is represented by[31]: 

    𝑗𝑒𝑥𝑡(𝑥, 𝑡) = ∫ [𝑗(𝑒,ℎ)(𝑥, 𝑡) + 𝑗𝑑(𝑥, 𝑡)
𝐷

0
]𝑑𝑥                 (25)                       

        

                            
 

The selection of numerical models in this work based on 

specific physical considerations and constraints. The Poisson, 

continuity, and transport equations are coupled by the electric 

field and charge density, necessitating the application of 

http://www.ijeer.forexjournal.co.in/


                                                 International Journal of 
               Electrical and Electronics Research (IJEER)  

Open Access | Rapid and quality publishing                                            Research Article | Volume 13, Issue 2 | Pages 257-265| e-ISSN: 2347-470X 

 

Website: www.ijeer.forexjournal.co.in                                    Numerical Simulation on Charge Transport in Polyethylene 261 

specific models. To solve this model, finite element method   

was used to solve Poisson equation (Eq: 01)   to  determine the 

electric field distribution[25], which is applicable to complex 

configurations such as polyethylene electrical cables.   

The continuity equation can be solved in two steps using a 

splitting method (Eq:03). First, the equation is solved without 

the source term, such that [39, 41, 42]:  

              
𝜕𝑞(𝑒,ℎ)𝜇(𝑥,𝑡)

𝜕𝑡
+

𝜕𝑗(𝑒,ℎ)(𝑥,𝑡)

𝜕𝑥
= 0                  (26) 

Secondly, the continuity equation, including source terms, is 

solved using the high-precision Runge–Kutta method to 

accurately calculate the densities of both mobile and trapped 

electrons and holes(Eq: 18-20), such that [25, 43]: 

                         
𝜕𝑞(𝑒,ℎ)𝜇(𝑥,𝑡)

𝜕𝑡
= 𝑆                                      (27) 

The complete flow of the numerical algorithm is illustrated in 

figure 2  .Through the numerical solution of the physical model, 

the temporal and spatial distribution of net charge density, 

electric field, average mobile and trapped density, trapping 

charge distribution, and external current density are obtained 

and studied in this work.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 

Figure 2.  Numerical resolution flowchart for the BCT model 

 

░ 3. RESULT AND DISCUSSION 

In this section, the numerical results of our models will be 

presented. LDPE film with a thickness of 100 μm was used in 

the simulation. The film was discretized into 100 non-uniform 

elements. Simulation parameters are selected based on 

parameter ranges estimated from experimental conditions and 

several previous works on BCT simulation in LDPE. A 

symmetrical value for parameters such as injection barrier 

height, trap densities, detraping barrier, and hopping energy 

level, used in the BCT simulations, is regrouped in table 3. 

Voltages of 5, 10, and 12 kV, corresponding to electric fields of 

50, 100, and 120 kV/mm, respectively, were applied during 3 

hours of simulation at room temperature  (25 °C). 

░ Table 3. Parameters values of the model 

 

The results of net charge density as a function of space and time 

under different electric field applications of 50, 100, and 120 

kV/mm are presented in figures 3a, 3b, and 3c, respectively. In 

figure 3a, after the application of the electric field, both negative 

and positive charge carriers are injected near the cathode and 

anode electrodes, with electrons transported toward the anode 

and holes moving in the opposite direction. During their 

transport, positive and negative charges trapped and meet in the 

center of the sample at 600 s, forming alternating regions known 

as heterocharge zones, these zones initiate the recombination 

process. Subsequently, a relatively uniform distribution of 

charges is observed over time. In figure 3b (at 100 kV/mm), 

charge injection and transport are more pronounced, resulting 

in steeper gradients near the electrodes and a faster spread of 

charges toward the center  (at 530 s for heterocharges zones). 

This leads to higher net charge densities and quicker 

stabilization compared to the 50 kV/mm case. The same 

behavior is observed in figure 3c (at 120 kV/mm), with more 

charge injection and an even faster transport speed of positive 

and negative charges into the bulk of the sample (heterocharges 

zones at 510 s) compared to the 50 and 100 kV/mm case. 

 

                 

                   (a) 

 

Injection barrier 𝑤𝑖𝑛(𝑒,ℎ) = 1.2 𝑒𝑉 [11] 

Trap density 𝑁(𝑒,ℎ) = 6.25 × 1020  𝐶. 𝑚−3 [15] 

Attempt-to-escape 

frequency 

𝜈 = 4 × 1013  𝑠−1  [24] 

Separation between 

trap sites 

𝑑 = 10−9   𝑚  [24] 

Trap depth 𝑤ℎ𝑝(𝑒,ℎ) = 0.62 𝑒𝑉  [15] 

Dettraping barrier 𝑤𝑑𝑡(𝑒,ℎ) = 0.8 𝑒𝑉  [11] 

Dielectric thickness 𝐷 = 10−4 𝑚 [11] 
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(c) 

Figure 3. Net charge density as a function of time and space under DC 

electric field applied: (a) 50 kV/mm, (b) 100 kV/mm, (c) 120 kV/mm 

Space-charge accumulation in the LDPE leads to significant 

distortion of the internal electric field distribution. Figure 4a, b, 

and c present the electric field distribution in LDPE as a 

function of space and time under 50, 100, and 120 kV/mm, 

respectively. Initially, the electric field distribution is uniform 

across the sample thickness. However, as space charges 

accumulate over time, a clear distortion emerges, the field near 

the cathode and anode interfaces decreases markedly, while the 

field intensity in the middle of sample increases. This behavior 

becomes more pronounced with increasing applied electric 

field. Specifically, for applied fields of 50, 100, and 120 

kV/mm, the peak electric field in the mid-plane of the sample 

reaches about 59, 119, and 139 kV/mm, corresponding to 

distortion ratios of 18%, 19%, and 20%, respectively at around 

3 h. These results show that more pronounced and faster the 

field distortion, results from increased space-charge injection, 

transport, and trapping processes in the stronger the applied 

field. 
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(b) 

 

 

 

 

 

 

(c) 

Figure 4. Electric field distribution as a function of time and space, 

under DC electric field applied: (a) 50 kV/mm, (b) 100 kV/mm, (c) 

120 kV/mm 
 

Carrier mobility in this model is field-dependent, trapping 

probability   and recombination rates are functions of mobility.   

Figures 5a, 5b, and 5c illustrate the spatiotemporal distribution 

of trapping probability in LDPE under applied fields of 50, 100, 

and 120 kV/mm, respectively. The results indicate that the 

trapping probability distribution exhibits behavior similar to the 

electric field distribution in the sample, with increasing trapped 

charge probability in the bulk of the sample relative to the 

interfaces. This explains the significant distortion of the electric 

field observed in the bulk of the sample, as shown in Figure 4, 

which is due to the substantial trapped charges compared to 

those at the sample's interface. The maximum trapping in the 

middle of the sample is approximately 6.344 × 10−3, 6.38 ×
10−3, and 6.41 × 10−3  𝑠−1   at 3 hours for applied electric 

fields of 50, 100, and 120 kV/mm, respectively. 
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(b) 

 

 

 

 

 

 

 

 

(c) 

Figure 5. Trapping probability distribution as a function of time and 

space, under DC electric field applied: (a) 50 kV/mm, (b) 100 

kV/mm, (c) 120 kV/mm 

Figures 6a and 6b present the quantities of mobile and trapped 

charges in LDPE as a function of time under 50, 100, and 120 

kV/mm. We observe that the quantity of mobile charge initially 

increases rapidly until it reaches a maximum.  The maximum 

quantity of mobile charge density is approximately 6.344 ×

10−3, 6.38 × 10−3, and 6.41 × 10−3   at 600, 530 and 510 s for 

applied electric fields of 50, 100, and 120 kV/mm, respectively.  

This behavior is more pronounced as the applied electric field 

increases, as shown for 100 kV/mm and 120 kV/mm. 

 

 

 

 

 

 

 

 
 

(a) 

 

 

 

 

 

 

 

 

 
 

(b) 
Figures 6. Quantities of mobile and trapped charges in LDPE as a 

function of time under 50, 100, and 120 kV/mm. a- Quantities of 

mobile charges. b-Quantities of trapped charges 

 

At this point, the mobile negative and positive charges reach the 

middle of the sample, and the quantity of mobile charge 

decreases due to recombination and trapping, which are higher  

in this region. The quantity of mobile charges continues to 

decrease until it reaches a steady state. In contrast, the quantity 

of trapped charges continues to increase until it reaches a steady 

state. As the applied electric field increases, the quantity of 

trapped charges also increases, and the steady-state condition is 

reached more quickly, as illustrated in the figure 6b. From these 

results, we can conclude that as the electric field increases, most 

of the net charge density consists of trapped charges  in the 

steady state. 

 

 

 

 

 

 

 

 

 

 

Figure 7. External current density in LDPE as a function of time 

under 50, 100, and 120 kV/mm 

 

Figures 7 present the external current density in LDPE as a 

function of time under 50, 100, and 120 kV/mm. As shown in 

equation 10, the external current is always proportional to the 

mobile charge density. Then, when the electric field is applied, 

the current increases rapidly until it reaches its maximum value 

(1.344 × 10−11, 1.38 × 10−10, and 2.91 × 10−10 𝐴. 𝑚−2  at 

600, 530 and 510 s for applied electric fields of 50, 100, and 

120 kV/mm, respectively. When the bipolar charges arrive to 

the center of the sample, the current decreases with time and 

achieves a steady state. 

 

http://www.ijeer.forexjournal.co.in/


                                                 International Journal of 
               Electrical and Electronics Research (IJEER)  

Open Access | Rapid and quality publishing                                            Research Article | Volume 13, Issue 2 | Pages 257-265| e-ISSN: 2347-470X 

 

Website: www.ijeer.forexjournal.co.in                                    Numerical Simulation on Charge Transport in Polyethylene 264 

░ 5. CONCLUSION 
In this paper, BCT model used to studies dynamic of space 

charge in LDPE under DC electrical stress, such as injection, 

migration, trapping, detrapping and recombination.  Based on 

the results obtained, we can conclude that the trapping charge 

probability as a function of the electric field in LDPE has a 

significant impact on the charge transport behavior in the 

sample compared to other parameters. Unlike all previous BCT 

simulation works in LDPE, which assume the trapping charge 

probability to be constant throughout the sample, our model 

considers that the trapping charge probability depends on the 

electric field distribution in the sample. It is lower near the 

interface and higher as the charges approach the center of the 

LDPE, leading to a substantial accumulation of charges in the 

center of the sample as the applied electric field increases. 

Meanwhile, the mobile charges decrease over time until 

reaching a steady state, where it becomes clear that the net 

charge density is dominated by the trapped charges. 
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