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Outlines  

• Energy barrier and its affected parameters  

• Producing the energy term 

• Kinetic equation of the trapping and detrapping process 

• Developing the model 
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 Energy Barrier 
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 Affected Parameters 

(1)Permittivity of the insulation material 
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 Affected Parameters 

(2) Tension of the insulation material 
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𝝈 

𝝈 

𝒎𝒆𝒄𝒉𝒂𝒏𝒊𝒄𝒂𝒍 𝒔𝒕𝒓𝒆𝒔𝒔 𝝈  𝒊𝒏𝒅𝒖𝒄𝒆𝒅 𝒘𝒉𝒆𝒏 𝒕𝒉𝒆 𝒆𝒍𝒆𝒄𝒕𝒓𝒊𝒄 𝒇𝒊𝒍𝒆𝒅 𝒊𝒔 𝒂𝒑𝒑𝒍𝒊𝒆𝒅 
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The mechanical stress induced by electrostatic field is: 

𝝈 =
𝟏

𝟐
𝜺𝑬𝟐 

The energy barrier is lowered by the mechanical energy as: 

𝑾𝒎 =
𝟏

𝟐𝒀
𝝈𝟐 =

𝜺𝟐𝑬𝟒

𝟖 𝒀
 

 Producing the energy term 
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 Current density 

       The current has a different mechanism on  

      interfaces than the bulk  

𝐽 = 𝐴0𝑇
2 exp −

Φ𝐷 −𝜱𝒆𝒇𝒇

𝑘𝑇
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𝜱𝒆𝒇𝒇 =  Schottky mechanism 

 

𝜱𝒆𝒇𝒇 =         Poole–Frenkel mechanism 
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 Kinetic Equation  

Kinetic equation of trapping concentration  

𝑑𝑛𝑇
𝑑𝑡

= −𝑲𝑻𝒏𝑻  + 𝑲𝑫𝒏𝑫 

Kinetic equation of detrapping concentration  

𝑑𝑛𝐷
𝑑𝑡

= −𝑲𝑫𝒏𝑫  + 𝑲𝑻𝒏𝑻 

where  𝑲𝑻=
𝜎𝑇

𝑞
𝐴0𝑇

2 exp −
Φ𝐷−𝜱𝒆𝒇𝒇

𝑘𝑇
 

             𝑲𝑫 = 𝑁𝑐𝑣𝑡ℎ𝜎𝑐 exp −
𝐸𝑡−𝑾𝒎

𝑘𝑇
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 Kinetic Equation  

The progress of detrapping process can be described through a 
normalized variable X as: 

𝑋 =
𝑛𝐷

𝑁
 

where 𝑁 = 𝑛𝑇 + 𝑛𝐷  is the total concentration of trapping and 
detrapping. Therefore, 

1 − 𝑋 =
𝑛𝑇

𝑁
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 Kinetic Equation  

The reaction kinetics can be written in term of X as: 

𝑑𝑋

𝑑𝑡
= 𝐾𝑇  − 𝐾𝑇 + 𝐾𝐷 𝑋  

Assuming the insulation is un-trapped at t=0, we can reach: 

𝑋 𝑡 = 𝐶 1 − exp − 𝐾𝑇 + 𝐾𝐷 𝑡   where 𝐶 =
𝐾𝑇

𝐾𝑇+𝐾𝐷
  

C is the equilibrium parameter, and at threshold the electric 
field is described as:     𝐶 𝐸𝑡ℎ, 𝑇𝑡ℎ = 𝐶∗ 
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 The life expression 

The corresponding life expression can be described by setting  
𝑋 𝑡 = 𝐶∗ , which will lead to: 

𝐿 𝑇, 𝐸 = 𝐾𝑇 + 𝐾𝐷
−1 ln

𝐶

𝐶 − 𝐶∗  

Or in another form: 

𝐿 𝑇, 𝐸 =
𝑞 ∗ exp Φ𝐷+𝐸𝑡

𝑘𝑇

𝜎𝑇𝐴0𝑇
2 exp

𝐸𝑡+𝜱𝒆𝒇𝒇

𝑘𝑇 + 𝑞 𝑁𝑐𝑣𝑡ℎ𝜎𝑐 exp
Φ𝐷+𝑾𝒎

𝑘𝑇

× ln
𝐶

𝐶 − 𝐶∗  
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 The life expression 

𝐿 𝑇, 𝐸 =
𝑞 ∗ exp Φ𝐷+𝐸𝑡

𝑘𝑇

𝜎𝑇𝐴0𝑇
2 exp

𝐸𝑡+𝜱𝒆𝒇𝒇

𝑘𝑇 + 𝑞 𝑁𝑐𝑣𝑡ℎ𝜎𝐷 exp
Φ𝐷+𝑾𝒎

𝑘𝑇

× ln
𝐶

𝐶 − 𝐶∗  

𝒗𝒕𝒉is the electron thermal velocity = 3𝑘𝑇/𝑚 

𝑵𝒄 is the effective density of states in the conduction band                  

= 2 2𝜋𝑚𝑒∗𝑘𝑇/ℎ2 3/2 

𝑨𝟎 is the emission constant for Richardson-Dushman effect            
= (1 − 𝑅) 4𝜋𝑞𝑚𝑒𝑘

2 ℎ3  
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 The life expression 
𝝈𝑻 is the trapping cross section. It is calculated  from equation 

 𝑲𝑻=
𝝈𝑻
𝑞
𝐴0𝑇

2 exp −
Φ𝐷 −𝜱𝒆𝒇𝒇

𝑘𝑇
 

where 𝑲𝑻 is calculated from  

  1 − 𝑋 𝑡 =
𝑛𝑇

𝑁
= 1 −

𝐾𝑇

𝐾𝑇+𝐾𝐷
1 − 𝑒𝑥𝑝 − 𝐾𝑇 + 𝐾𝐷 𝑡    

where 𝑛𝑇 = 𝑄𝑇/(𝑆 ∗ 𝑑 ∗ 𝑞)  
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 The life expression 
𝝈𝑫 is the detrapping cross section. It is calculated  from equation 

𝑲𝑫 = 𝑁𝑐𝑣𝑡ℎ𝜎𝑐 exp −
𝐸𝑡 −𝑾𝒎

𝑘𝑇
 

where 𝑲𝑫 is calculated from  

  𝑋 𝑡 =
𝑛𝐷

𝑁
=

𝐾𝑇

𝐾𝑇+𝐾𝐷
1 − 𝑒𝑥𝑝 − 𝐾𝑇 + 𝐾𝐷 𝑡    

where 𝑛𝐷 = 𝑄𝐷/(𝑆 ∗ 𝑑 ∗ 𝑞)  
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 Conclusion 

• Deal with electrode-insulation interfaces and bulk of the 

insulation 

• Consider space charge as an explicit affected parameter for 

the aging process 

• Comprehensive of the main mechanisms such as mechanical 

stress, material strain, space charge, trap depth and 

movement of the electrons as trapping and detrapping. 
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