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Figure S1. The COMSOL simulation of (a-d) SYM -TENG and (e-h) ALT -TENG 

with 4, 6, 8, 10 units. The gap distance of Cu and PTFE is 3mm, and the surface charge 

density is 50 μC m-2. In open circuit condition, different direction of electrical field is 

built for the two structure.
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Figure S2. The COMSOL simulation for the combination of alternate and symmetrical 

structure TENG with 4 units.

Figure S3. Open circuit voltage-separation distance relationship of ALT-TENG (a) and 

SYM-TENG (b). (c) The corresponding circuit when charging a capacitor by a TENG. 

In the initial state, the charge is set to be 0, and the result is a half motion cycle. The 

two structures could deliver different voltage characteristics due to parasitic 
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capacitance.

In Figure S3c, a parasitic capacitance and a resistance is in series.

                               (1) 𝑉𝑇 =
𝑑𝑞
𝑑𝑡𝑅 +

𝑞
𝐶

With the initial condition of t=0, q=0. So we can get a differential equation as below 

                            (2)∫𝑞
0

𝑑𝑞
𝐶𝑉𝑇 ― 𝑞 =

1
𝑅𝐶∫𝑡

0𝑑𝑡

                                                   (3)V = 𝐶0(1 ― 𝑒 ―
𝑡

𝑅𝐶)

Consequently, equation (3) describes a charging curve of a capacitor that obtained in 

Figure S3b.

Figure S4. Simplified equivalent circuit of ALT-TENG (left) and SYM-TENG (right), 

CI is inherent capacitance and Ca is air capacitance.
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Figure S5. Influence of electrode length on C/C0. C is actual capacitance, C0 is ideal 

capacitance. Air gap is set to be 2 cm. The actual capacitance is close to the ideal 

condition (Parallel plate capacitor). This curve is calculated by the following 

fundamental theory of edge effect in TENG. Where l is the electrode length, d is gap 

distance between two electrodes.
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Figure S6. Parasitic capacitance of the one unit in layered TENG at compression state. 

Blue icon is ideal Cp, yellow icon is correction value when considering edge effect, and 

purple icon is measure value by digital multimeter. For 2 × 2 cm2 ALT-TENG 

Cmeasurement/Ctheory=55.56%, 5 × 5 cm2 ALT-TENG Cmeasurement/Ctheory=2.9%, which 

indicate that Cp can be enhanced by edge effect.

Figure S7. Open-circuit voltage of symmetrical and alternate TENG with 2 × 2 cm2 

and 5 × 5 cm2 contacting area. 
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Figure S8. Theoretical calculation on the relationship between maximum surface 

charge density (σ) and the thickness (d) of PTFE films. In this work, the thickness of 

PTFE film is 200 μm, and its maximum surface charge density is 135 μC m-2.

The achievable surface charge density will be limited by the breakdown electric field 

of the air in the proximity region. For the breakdown voltage of a gas between two 

plates at a small gap distance, it follows the Paschen curve (equation 1). The actual 

voltage drop across the air gap in the contact-mode TENG is described in equation (2)

                                                      𝑉𝑏 ― 𝑎 =
𝐴(𝑃𝑥)

𝑙𝑛( 𝑃𝑥) + 𝐵

(1)

                                                     (2) 𝑉𝑔𝑎𝑝 =
𝑑𝜎0𝑥

𝜀0(𝑑 + 𝑥𝜀𝑟)
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Vgap curve is required to stay below the voltage of air breakdown. So we can get 

maximum surface charge density of a TENG with the dielectric thickness d (equation 

3). 

                     (3)𝜎𝑚𝑎𝑥 = (
𝐴𝑃𝜀0(𝑑 + 𝑥𝜀𝑟)
𝑑(ln( 𝑃𝑥) + 𝐵))𝑚𝑖𝑛

This theory is also confirmed by ion-injection method for contact-separation mode by 

Ref. 21 in manuscript.

Figure S9. The charging curves of a commercial capacitor (47 μF) powered by two 

types of layered TENG, showing fast charging characteristic in alternate structure.


