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Abstract: The polymer crystallization process, promoting the formation of ferroelectric B-phase, is essential for developing
polyvinylidene fluoride (PVDF)-based high-performance piezoelectric energy harvesters. However, traditional high-temperature
annealing is unsuitable for the manufacture of flexible piezoelectric devices due to the thermal damage to plastic components
that occurs during the long processing times. In this study, we investigated the feasibility of introducing a flash lamp annealing
that can rapidly induce the f-phase in the PVDF layer while avoiding device damage through selective heating. The flash light-
irradiated PVDF films achieved a maximum B-phase content of 76.52% under an applied voltage of 300 V and an on-time of 1.5
ms, a higher fraction than that obtained through thermal annealing. The PVDF-based piezoelectric energy harvester with the
optimized irradiation condition generates a stable output voltage of 0.23 V and a current of 102 nA under repeated bendings.
These results demonstrate that flash lamp annealing can be an effective process for realizing the mass production of PVDF-based

flexible electronics.
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Fig. 1. Schematic diagrams illustrating the enhancement process of
the B-phase contents in PVDF films via flash light irradiation.
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Fig. 2. (a,b) FT-IR spectra: (a) and the calculated B-phase fraction (b) of PVDF films irradiated with a flash lamp at 200, 250, 300, 350, and
400 V. (c) FT-IR spectra of only dried, thermal annealed, and flash lamp annealed PVDF films.
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Fig. 3. (a) Schematic illustrations showing the fabrication process of the flexible piezoelectric energy harvester based on flash lamp irradiated
PVDEF films, (b) cross-sectional SEM image of the piezoelectric PVDF layer, and (c) photograph of the fabricated flexible piezoelectric energy
harvester with a size of 3x4 cm?.



J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 37, No. 4, pp. 427-432, July 2024: Lee et al.

(2)

Bending state

s

5]

S 1|

E‘ MR ERL L
=

3

S

c

a

o

© 03

024 |}

Forward connection  Reverse connection

0.14

0.04

011

0.2

03

Time(s)

431
b /o 160
v s 0301 140 0
! =3
g‘ 0.25 ° _: [ 120 g
o b
g, o ©
‘5 0104 _-50 5
8 005 o 2
a Y 3 g
o L20 2
0.00
— T T T 0
0 200 300 400
Electric field (kV/icm)
(d) z 12 Forward connection Reverse connection
c
g— 80 |
g UL I
|
3 o f I l'._..lil.l| H”_ J"I'
2 T
D 40
g
-
0'}_120 v
0 30 &0 20
Time(s)

Fig. 4. (a) Photographs of the flexible piezoelectric energy harvester in bending and original states, (b) open-circuit voltage and short-circuit
current measured from the energy devices after poling process at 200, 300, and 400 kV/cm, and (c,d) open-circuit voltage: (c) and short-circuit
current (d) measured under forward and reverse connections, respectively.
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