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Figure S1. Schematic illustration of the inner downy structure with various grid numbers in a D-

TENG. 

 

 

Figure S2. Illustration of the efficient triboelectric area of the inner downy structure. 

 

Note 1: It can be observed that the efficient triboelectric area S can be expressed as  
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𝑆 = 𝑛 ∙ 𝑙𝑐 ∙ 𝑑                                                                   (1) 

Here, n is the number of the inner downy structure, lc is the length of contact area, and d is 

the width of the inner downy structure. Figure S2 (b) shows the section view of the inner downy 

structure, indicates that the length L can be predicted by 

𝐿 = 𝑛(𝑙𝑐 + 𝑙𝑛𝑜𝑛−𝑐)                                                               (2) 

Because all the types of D-TENGs share a same device volume, d and L are the constant 

values. Substituting Equation (1) into Equation (2) gives Equation (3) as  

S = 𝑛 ∙ (𝐿

𝑛
−𝑙𝑛𝑜𝑛−𝑐)𝑑 = 𝐿 − 𝑛𝑑𝑙𝑛𝑜𝑛−𝑐                                              (3) 

It can be seen that the effective contact area will decrease with increasing of the grid 

numbers. 

 

 

 

Figure S3. Cyclic test investigating the stability of the D-TENG. The measured open-circuit 

voltage of the D-TENG (a) before and (b) after about 10000 cycles. 
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Figure S4. Relationship between frequency and electrical output of as-fabricated D-TENG with 

four grids at bands from 0.5 Hz to 12 Hz. 

 

 

 

Figure S5. (a) The measured the output power of the D-TENG with four grids versus external 

load resistance. (b) The output power of D-TENGs with four grids at different frequencies versus 

external resistance. 
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Figure S6. Diagram of the power management circuit. 

 

 

 

Figure S7. (a) Harvesting energy from natural vibration of human walking. (b) The open-circuit 

voltages of D-TENG at different frequencies of arm swinging. 

 

Note 2: For the electrical output performance of the D-TENG, the theoretical model of metal-to-

dielectric sliding mode is shown in Figure S8.  

 

Figure S8. Theoretical model of metal-to-dielectric sliding mode. 
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In this mode, the bottom part is fixed while the top can slide through the longitudinal 

direction. And the lateral separation distance is defined as x. σ is the static charges with equal 

density of the inner surface of the two triboelectric layers due to contact electrification. And the 

amount of transferred charges between the two electrodes is defined as Q, then the V–Q–x 

relationship for the sliding mode TENGs by neglecting the edge effect can be expressed as
 27

 

𝑉 = −
𝑑0

𝑊𝜀0(𝑙−𝑥)
𝑄 +

𝜎𝑑0𝑥

𝜀0(𝑙−𝑥)
                                                          (4) 

where 𝑑0 is the effective dielectric thickness, and 𝜀0 is the dielectric constant of a vacuum. W is 

the width of the two triboelectric layers. And Equation (4) can be rewritten as  

𝑉 =
𝑑0

𝜀0(𝑙−𝑥)
(𝑥𝜎 −

𝑄

𝑊
 )                                                                (5) 

It can be found that the output voltage will increase with the increasing separation distance x. the 

x can be calculated as  

𝑥 = 𝑣0 + 𝑎𝑡                                                                          (6) 

where 𝑣0 is the initial velocity of the sliding layer, and a is the acceleration of the sliding layer.  

In the present research, a mechanical spring mass-damper model can be applied to analyze 

the motion characteristics of the harvester, as shown in Figure S9, and the governing equation of 

the harvester can be expressed as 

�̈� + 2𝜉𝜔0�̇� + 𝜔0
2𝑥 = 𝐵𝜔2𝑒𝑖𝜔𝑡                                                            (7) 
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where �̇� and �̈� are the relative velocity and acceleration of the sliding layer with respect to the 

frame.  𝜔0  is the natural frequency of TENG, 𝜔  is the excitation frequency, ξ = 𝑐 2√𝑘𝑚⁄  is 

damping ratio, B is the input acceleration amplitude.  

 

Figure S9. Mechanical spring mass-damper model. 

Therefore, the lateral separation distance x can be calculated as  

𝑥 = 𝛽𝐵𝑒𝑖(𝜔𝑡−𝜃)                                                            (8) 

where 𝛽(𝑠) = 𝑠2 √(1 − 𝑠2)2 + (2𝜉𝑠)2⁄ ,( 𝑠 = 𝜔 𝜔0⁄ ), 𝜃 = tanh−1(2𝜉𝑠 1 − 𝑠2⁄ ). And then the 

acceleration of the sliding layer �̈� can be written as  

�̈� = −𝛽𝐵𝜔2𝑒𝑖(𝜔𝑡−𝜃)                                                            (9) 

It can be observed that the acceleration �̈� is determined by parameter of the excitation frequency 

𝜔 and input acceleration B. it is note that the acceleration �̈� is the acceleration of the sliding layer 

a in Equation (9).  

Thus, according to the Equation (5), (6) and (9), the output voltage of TENG V is affect by 

the acceleration of the sliding layer a, which is determined by the excitation frequency 𝜔 and 
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input amplitude B, that is, the output performance of TENG is affected by the amplitude of 

human walking and the frequency of arm swinging. Figure S7 shows the electric output varies 

with different frequencies of arm swinging under a consistent amplitude. It can be observed that 

the open-circuit voltages presents an obvious increasing tendency with the increase of 

frequencies of arm swinging. 

 

 

 

Figure S10. Schematic illustration of self-powered wireless body sensor network based on the 

power-supplying system for healthcare monitoring. 


