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[bookmark: _Hlk161580778]Fig. S1 The room-temperature XRD patterns of BF-BT-xMn ceramics in the 2θ range of 10°-90° and 30.5°-32.5°
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[bookmark: _Hlk175953194]Fig. S2 (a-c) SEM images of the polished and acid etched cross-section of x = 0.1, 0.3 and 0.4 samples, and the insets show the corresponding grain size distribution; (d) The density of the BF-BT-xMn ceramics
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Fig. S3 (a) P-E loops and (b) S-P curves of x = 0.0, 0.2 and 0.5 samples
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Fig. S4 The r-T curves of (a) x = 0.0 and (b) x = 0.5 sample ceramics measured at different frequency
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[bookmark: _Hlk175856884]Fig. S5 The kp of the BF-BT-xMn ceramics
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Fig. S6 (a) The ln -1000/T curves of x = 0.0, x = 0.2 and x = 0.5 ceramics fitted by DC impedance; (b) The conductance activation energy Ea of the three samples
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Fig. S7 Rg and Rgb of x = 0.0, 0.2 and 0.5 samples measured at 250 oC
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[bookmark: _Hlk175859836]Fig. S8 The TC of the BF-BT-xMn ceramics
[image: ]
Fig. S9 The relationship between the Vopen and frequency of the cantilever PEHs system
[image: ]
[bookmark: _Hlk169637243]Fig. S10 (a-c) The Vopen and ISC of the three PEHs tested at different temperature; (d-f) The output power with load resistance of the three PEHs tested at different temperature.
[image: ]
Fig. S11 The  of the three PEHs tested at different temperature
Table S1 The length of B-O bond of x = 0.0, x = 0.2 and x = 0.5 samples
	
	R3c (lB-O = a/2)
	R3c (lB-O = c/2)
	Pm-3m (lB-O = c/2)

	x = 0.0
	2.81940 Å
	6.9436 Å
	2.00545 Å

	x = 0.2
	2.83155 Å
	6.9473 Å
	2.00720 Å

	x = 0.5
	2.82145 Å
	6.9150 Å
	2.00595 Å
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