
Supporting Information

Increasing the output charge quantity of triboelectric nanogenerator through 

frequency-multiplying with multi-gap structure friction layer

Nuanyang Cui,a Cuihua Dai,a Jinmei Liu,a Long Gu,a Rui Ge,a Tao Du,a Zheng 

Wang,a and Yong Qinb* 

Key words: TENG; Frequency Multiplication; Output Charge Quantity; Unit 

area charge quantity per cycle (UCQC); Multi-Gap

a. School of Advanced Materials and Nanotechnology, Xidian University,710071, 

China

b. Institute of Nanoscience and Nanotechnology, Lanzhou University, 730000, China 

* To whom correspondence should be addressed: qinyong@lzu.edu.cn

Electronic Supplementary Material (ESI) for Energy & Environmental Science.
This journal is © The Royal Society of Chemistry 2020



1. Short-circuit current and open-circuit voltage of the two-gap FTNG.

Figure S1

Figure S1. The short-circuit current in 5 cycles (a) and the enlarged current curve in 1 

cycle (c). The open-circuit voltages in 5 cycles (b) and the enlarged voltage curve in 1 

cycle (d).



2. The derivation process of the induced charge on the Al electrode.

Figure S2

 

As shown in Figure S2, the two-gap FTNG can be considered as three capacitances, 

C1, C2 and C3. The distances of the electrodes are d, d and d’, the charge quantities 

are Q', Q-Q' and Q'. So, we can calculate the total energy of these three capacitances:
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Bring formula (2-4) into formula (1) and take the derivative of energy W to charge Q'. 

Base on minimal energy principle, the induced charge on the Al electrode can be 

calculated:
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3.

Figure S3. When the positive and negative charges are accumulated on Nylon and 

PVDF films, these two films will attract each other under the electric field force, and 

the effective interstitial area will be reduced.


