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Figure S1. Dielectric properties of the used PE film. (a) The relative permittivity of PE 

film. (b) The dielectric loss of PE film. 

 

 

 

 

 

 

Figure S2. The detailed working mechanism of self-charge excitation TENG which is 

prepared with the waste PE film. 
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Figure S3. The voltage of self-charge excitation TENG which is prepared with the 

waste PE film. 

 

 

 

 

 

 

 

 

Figure S4. The voltage of self-charge excitation TENG under different working 

frequencies. 
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Figure S5. The output of self-charge excitation TENG under different working 

pressures at operation frequency of 1 Hz. (a) The charge density of self-charge 

excitation TENG. (b) The current density of self-charge excitation TENG. 

 

 

 

Figure S6. Summary of the output performance of TENG under initial state and 

combined with two-order and three-order voltage multiplier circuit. (a) The charge 

density of self-charge excitation TENG. (b) The current density of self-charge 

excitation TENG. (c) The voltage of self-charge excitation TENG. 
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Figure S7. The charge density of TENG based on the waste coke can. (a) The initial 

charge density of TENG based on the waste coke can. (b) The improved charge density 

of TENG based on the waste coke can (insert is the simplified circuit diagram of self-

charge excitation TENG with three-order voltage multiplier circuit). 

 

 

 

 

 

 

Figure S8. The detailed working mechanism of external charge excitation TENG 

prepared with the waste PE film. 
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Figure S9. The output performance of excitation TENG at working frequency of 1 Hz. 

(a) The charge density of excitation TENG. (b) The current density of excitation TENG. 

(c) The voltage of excitation TENG. 

 

 

 

 

Figure S10. Voltage of external charge excitation TENG at working frequency of 1 Hz. 
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Figure S11. The output performance of external charge excitation TENG with voltage 

stabilization. (a) The complete charge accumulation curve of external charge excitation 

TENG. (b) The current density of external charge excitation TENG at working 

frequency of 1 Hz. 
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Note S1 The air breakdown model and theoretical maximum charge density of 

TENG. 

 

With the contact-separation mode of TENG, the gap voltage (Vgap) between contact 

surfaces under short-circuit condition is given by:[S1] 

𝑉𝑔𝑎𝑝 =
𝜎𝑑𝑥

𝜀0(𝑑+𝜀𝑟𝑥)
               (S1) 

where d and εr are the thickness and relative permittivity of the dielectric film, σ is the 

surface charge density, x is the gap distance, and ε0 the vacuum permittivity (ε0 ~ 8.85 

× 10-12 F m-1). 

According to Paschen’s law, the relationship between the gaseous breakdown voltage 

(Vb) and the product of the gas pressure (P) and gap distance (x), and is given by: 

𝑉𝑏 =
𝐴𝑃𝑥

ln(𝑃𝑥)+𝐵
               (S2) 

where A and B are the constants determined by the composition and the pressure of the 

gas. For air at standard atmospheric pressure (atm, i.e., the conventional operation 

condition of TENG), A is 2.87 × 105 𝑉 𝑎𝑡𝑚-1 𝑚-1, and B is 12.6. 

In order to avoid air breakdown effect, the Vgap needs to remain smaller than Vb at any 

x > 0 states.[S2,S3] Thus, the following relationship is needed: 

𝑉𝑔𝑎𝑝 ≤ 𝑉𝑏                (S3) 

According to Supplementary Equation S1-S3, the theoretical maximum charge density 

of TENG can be expressed as: 
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𝜎𝑚𝑎𝑥 = (
𝐴𝑃𝜀0(𝑑+𝜀𝑟𝑥)

(ln(𝑃𝑥)+𝐵)𝑑
)
𝑚𝑖𝑛

             (S4) 

From Equation S4, it can be found that a small thickness of dielectric material is 

advantageous for achieving a high charge density of TENG. 
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