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Figure S1 The PUEH attached to the arm.



Figure S2 XRD patterns of the piezoelectric composites with different PS contents. a Patterns for 

samples doped with 6 wt.%, 3 wt.%, and undoped with PS. b An enlarged view of the XRD 

patterns.



Figure S3 PFM characterization of dense KNNS-NS piezoelectric ceramics: a schematic 

illustration, b amplitude image, c phase image, and d SS-PFM loop.



Figure S4 d33, ɛr, g33 and d33×g33 as a function of the number of gradient layers.
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Figure S5 Unipolar strain curves of the composite materials with three different structures.



Figure S6 Finite element analysis of three piezoelectric composite structures under identical 

mechanical loading. a D-C, b H-C, c HP-1-3.
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Figure S7 Dependence of the output voltage on frequency.
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Figure S8 Comparison of the output signals between D-C and HP-1-3 composites under identical 

conditions.



Figure S9 Output voltages under the excitation of trigger signals with different cycles.
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Figure S10 Output voltages of the sample measured in a continuous mode.



Figure S11 Schematic of the water tank test for the PUEH on different surfaces. a Flat surface, b 

curved surface.



Table S1. Comparison of piezoelectric properties between the proposed ceramic 

formulation and conventional lead-free/lead-based counterparts

Materials d33

KNNS-NS 480 pC/N

KNNS-BNZ-Fe1 450 pC/N

KNN-0.045BNZ2 401 pC/N

KNNS-CZ3 430 pC/N

PZ-PT4 405 pC/N

BS-PT5 490 pC/N

PZT-46 612 pC/N

Table S2 Comparison of acoustic impedance values

PS x wt.% Z (MRayl)

0 33.75

3 23.45

6 16.7
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