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Fig. 1. Preparation process of laminated FEP/PTFE piezoelectret film.
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Fig. 2. (a) Schematic view of the sample fixture; (b) optical
image of the sample fixture; (c) schematic diagram of the

measuring system.
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Fig. 3. Complex capacitance spectrum of a laminated
FEP/PTFE piezoelectret sample. The diameter and the

thickness of the sample are 20 mm and 140 pm, respectively.
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Fig. 4. Pressure dependence of quasi-static piezoelectric dss

coefficient of laminated FEP/PTFE piezoelectret films:

(a) Small pressure range; (b) broad pressure range.
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Table 1.  Performance comparison of several typical piezoelectric materialsi®35.,
Rk dy3/(PCNT)  g3/(VmNY)  Z/(MRayl) FOMy = ds3 x g33 /CPa’ E =N
PZT-5H 590 0.020 35 0.012 (34]
PVDF -35 -0.26 3.9 0.0091 (35]
FEP/PTFER £ I FL g A A ~800 ~70 0.02 ~56 ENGIEN
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Fig. 5. Thermal stability and dynamics of charges in laminated FEP/PTFE piezoelectret films. (a) Normalized isothermal decay of

piezoelectric dsg coefficients as a function of annealing time at 90 and 120 °C, respectively. The samples are not pre-aged before

tests. (b) Normalized isothermal decay of piezoelectric dsz coefficients as a function of annealing time at 90 °C for the samples pre-
aged at 90 °C for 33.5 h and at 120 °C for 30.5 h. (c¢) Schematic diagram of the charge distribution and shift in the sample during
the TSD measurement. (d) TSD current spectra of the laminated FEP/PTFE piezoelectret film samples after pre-aging treatment

at various temperature for 5 h. The heating rate is 3 “C/min.
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Fig. 6. Sensitivity of a microphone based on laminated FEP/PTFE piezoelectret film: (a) Piezoelectric dsz coefficient as a function

of frequency for the sample annealed at 125 C with different annealing time; (b) isothermal decay of sensitivity at 1 kHz for a mi-

crophone at annealing temperature of 125 °C.
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Fig. 7. Performance of the ultrasonic transmitters based on laminated FEP/PTFE piezoelectret films: (a) Sound pressure level as a

function of frequency; (b) relationship between sound pressure level and driving voltage. The diameter of the sample is 20 mm, and

the test position is 100 mm away from the surface of the sample on the device axis.
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Abstract

Piezoelectret (also known as ferroelectret) is a kind of cellular electret material with strong piezoelectric
effect. Such a material exhibits flexibility, low density and small acoustic impedance. Therefore, piezoelectret is
an ideal material for air-borne flexible sound transducers. Aiming at high-sensitivity and thermal-stability sound
transducers, in this work, laminated fluorinated polyethylene propylene (FEP) and polytetrafluoroethylene
(PTFE) piezoelectret film with a regular cellular microstructure is prepared by a procedure involving template-
based cellular structure formation and polarization. The results show that the characteristic acoustic impedance
of such a laminated FEP/PTFE film is 0.02 MRayl. The quasi-static piezoelectric charge coefficient dy3 up to
800 pC/N is achieved in a small applied pressure range. The maximum value of sensitivity of the microphones
based on laminated FEP/PTFE piezoelectrets film can reach to 6.4 mV/Pa at 1 kHz. Besides, the frequency
response curve of the device is flat in the whole audio range. For an ultrasonic transmitter with a diameter of
20 mm, driven by a voltage of 600 V (V}), the sound pressure level (SPL) generated by it increases from 80 to
90 dB (Ref. 20 pPA) as frequency increases from 40 to 80 kHz. The thermal stability of the sensitivity for the
transducers made of such a laminated FEP/PTFE piezoelectret film is much superior to that of polypropylene
(PP) piezoelectret based device. The sensitivity of the present device remains 26% of the initial value after
being annealed at 125 C for 211 h. The improvement of thermal stability is attributed to the excellent space
charge storage stability of FEP and PTFE.
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