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The SKPM image clearly indicates the contrast of surface potential (∼430 mV) between the positive 

P(VDF-TrFE) and negative PDMS surfaces (Figure 4.7b). The surface potential distribution of 

P(VDF-TrFE) shown in Figure 4.7b exactly matches with the nanofiber-like morphology illustrated in 

Figure 4.7a, confirming the topological effect on the triboelectric charge generation.  

The schematic illustration in Figure 4.9a shows the working principle of self-powered TESs during 

the contact and separation process between the hierarchically structured P(VDF-TrFE) and PDMS 

layers. Once the two different dielectric polymers come in contact with each other driven by external 

stress, surface triboelectric charges are generated at the interface of the two dielectric layers, resulting 

in positive and negative charged surfaces at positive and negative triboelectric materials, respectively, 

according to the triboelectric series. During the release of the interlocked polymers, compensating 

charges are built up on each side of the electrodes, generating a current flow through the external 

circuit. Once the TES system reaches the charge equilibrium state, the two dielectric polymers can be 

pressed to come closer again, generating a countercurrent flow. Therefore, the regular triboelectric 

voltage and current signals reversibly appear in response to contact and separation processes as shown 

in Figure 4.9b and 4.9c.  

The self-powered TESs based on hierarchical polymers can generate an output voltage of 64 V and 

an output current density of 1.63 μA/cm2 at a vertical pressure of 19.8 kPa and 4 Hz (Figure 4.9b and 

4.9c). The maximum power density of self-powered TESs is 46.7 μW/cm2 at an external load 

resistance of ∼60 MΩ (Figure 4.9d), which is the highest value ever reported for flexible TESs 

(Table 4.1). The self-powered TESs can sufficiently light up a red LED using a rectifying system (see 

inset of Figure 4.9e). The ultraflexible TES has a potential to further enhance the triboelectric output 

performance when it is under the high pressure and frequency that make the larger frictional contact 

and frequent charge generation, which will be discussed later. 

Pressure and Bending Sensitive TESs: The excellent performance of TESs is attributed to the 

structural effect of hierarchical nanoporous and interlocked microridge structured polymers having 

gradient stiffness. We compared the triboelectric output voltage and current density of TESs for 

different structures with and without nanoporous and microridge structures (Figure 4.10). Among 

different structures, the hierarchical nanoporous and interlocked microridge structures show the 

highest triboelectric output voltage and current density as well as pressure sensitivity. Nanoporous 

polymers without microridge structures provide a higher triboelectric output performance than the 

microridge structured polymers without nanopores, which indicates the greater effect of nanoporous 

structure on triboelectric performance than the microridge structure. While nanoporous polymers with 

a low elastic modulus (∼0.164 MPa) could be easily deformed, nonporous polymers having the 

relatively high elastic modulus (∼0.267 MPa) disturbed the deformation of surface microridge 

structures, deteriorating triboelectric performance (Figure 4.10 and Figure 4.11). The highly 
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