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Fig.S1. (a) Scanning electron microscopy (SEM) and (b) X-ray diffraction (XRD) spectrum of the 

pure PMN-PMS-PZT sample after one-step sintering. 

  



 
Fig.S2. (a) SEM image and (b) XRD spectrum for the initial AlN power 

  



 

Fig. S3. (a) Crystallinity of the samples with a variation of AlN contents: 0, 0.1, 0.2, 0.3, 0.5 wt.%. 

(b) XRD patterns of the samples with various AlN contents: 0.15, 0.25 and 1.0 wt.%. 



 

Fig.S4. SEM images of the samples PMN-PMS-PZT: xAlN:(a) x=0.15, (b) x=0.25, (c) x=1.0 

wt.%. 

  



 
Fig.S5. SEM images of the samples PMN-PMS-PZT: xAlN:(a) x=0, (b) x=0.1, (c) x=0.15, (d) 

x=0.2 wt.%. 

  



 

 
Fig.S6. SEM micrographs of the samples PMN-PMS-PZT: 0AlN. (a) Microstructural image of the 

composite. Scale bar is 2.0μm (b)-(f) the corresponding elemental distribution. (g) The 

energy-dispersive spectrum of the PMN-PMS-PZT: 0.2AlN sample.  

 
  



 
Fig.S7. Temperature-dependent dielectric properties of the materials with various AlN contents: 

0.15, 0.25, 1.0 wt.%. (a) Relative permittivity (dielectric constant) and (b) dielectric loss of the 

corresponding materials at 1 kHz. 

  



 

Fig.S8. (a) P-E loops of the samples with various AlN contents: 0.15, 0.25, 1.0 wt.%. (b) 

Tempearture-dependent pyroelectric coefficient of the corresponding samples 



 
 Fig.S9. The thickness of the samples PMN-PMS-PZT: xAlN:(a) x=0, (b) x=0.1, (c) x=0.15,(d) 

x=0.2, (e) x=0.25, (f) x=0.3, (g) x=0.5, (h) x=1.0 wt.%. 

  



 

Fig.S10. (a) Temperature variation as a function of time along with corresponding output voltage 

and rate of temperature change for (b) 0.15 wt.%, (c) 0.25 wt.%, and (d) 1.0 wt.%, respectively, 

when they are under heating and cooling. 

 
  



 

Fig.S11. (a) Output voltage for the samples with 0 wt.% (a), 0.1 wt.% (b), 0.15 wt.% (c), 0.2 wt.% 

(d), 0.25 wt.% (e) 0.3 wt.% (f), 0.5 wt.%, and 1.0 wt.% AlN contents, respectively, 

when the two electrodes of pyroelectric devices reversibly connecting to the circuits.   



Table 1 Parameters of ceramics with various AlN contents 

x 

(wt.%) 

Pr 

(μC/cm2) 

Ps 

(μC/cm2) 

P 

(10-4C/m2K) 

K 

(W/m°C) 

0 13.06 23.90 37.67 0.644 
0.1 14.47 20.72 32.49 0.546 
0.15 12.57 22.67 34.93 0.662 
0.2 16.52 26.59 41.46 0.704 
0.25 15.96 24.10 37.25 0.726 
0.3 15.06 22.70 33.46 0.612 
0.5 9.13 19.21 30.37 0.527 
1.0 13.58 16.79 23.98 0.479 

 
 

  



Table 2 Energy harvesting parameters for PMN-PMS-PZT: xAlN 

x 

(wt.%) 

Output voltage 

(Upeak/V) 

Output current 

(Ipeak/μA) 

Power 

(μW) 

dT/dt 

(°C/s) 

0 7.05 0.705 4.97 3.24 

0.10 6.56 0.656 4.30 3.11 

0.15 7.35 0.735 5.40 3.38 

0.20 8.72 0.872 7.60 3.32 

0.25 7.87 0.787 6.19 3.33 

0.30 6.21 0.621 3.86 3.21 

0.50 5.66 0.566 3.20 3.12 

1.0 4.32 0.432 1.86 3.25 

 


