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Fig, ia 
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Preparing a first multimaterial preform including a first PES matrix and a PVDF slab contained in the PES 
matrix 
2 

Drawing a phurality of first composite ribbons from the first multimaterial preform at a first temperature above 
glass transition temperature of PES matrix and melting point of PVDF slab 

4. As 

Preparing a second multimaterial preform including a second PES matrix and a bundle of first composite 
ribbons contained in the PES matrix 

3. 

Drawing a phurality of second composite ribbons from the second multimaterial prefrom at a temperature above 
glass transition temperature of PES and metling point of PVDF 

24 

Extrating a plurality of second PVDF ribbons out of the second composite ribbons by a solvent 
25 

Fig. 5a 
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Fig.5b 
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Preparing a first multimaterial preform including a PES matrix and a PVDF slab 
contained in the PES matrix 

31 

Drawing a first composite ribbon from the first multimaterial preform at a first 
temperature above glass transition temperature of PES and melting point of PVDF 

32 

Preparing a second multimaterial preform including a PES matrix and a plurality of first 
composite ribbons contained in the PES matrix 

33 

Drawing a second composite ribbon from the second multimaterial preform at a first 
temperature above glass transition temperature of PES and melting point of PVDF 

34 

Preparing a third composite ribbon from the second multimaterial preform at a first 
temperature above glass transition temperature of PES and melting point of PVDF 

35 

Drawing a third composite ribbon from the second multimaterial preform at a first 
temperature above glass transition temperature of PES and melting point of PVDF 

36 

Extracting a plurality of third PVDF ribbons out of the third composite ribbons by a 
solvent 

37 

Fig. 7a 
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Fig. 7b 

Fig.8a 

  

  



Patent Application Publication Feb. 23, 2017 Sheet 9 of 25 US 2017/0054.069 A1 

Fig.9 
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Fig. 20 
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Fig. 23 
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PIEZOELECTRICITY PVDF MATERALS 
AND METHOD FOR MAKING THE SAME 

TECHNICAL FIELD OF THE INVENTION 

0001. This invention relates to piezoelectricity materials 
and a method for making the piezoelectricity materials,and 
particularly, to Poly (vinylidene fluoride) piezoelectricity 
materials and method for making the same. 

BACKGROUND 

0002 Utilization of the unique material properties by 
flexible, lightweight and biocompatible piezoelectric poly 
meric materials such as poly (vinylidene fluoride) (PVDF) 
and its copolymer poly (vinylidene fluoride trifluoroethyl 
ene) (PVDF-TrEE) is expected to bring on new horizons for 
sensor, actuator, and energy harvesting applications where 
piezoelectric ceramic materials have been employed hith 
erto. A closer look into the applications of piezoelectricity 
including biosensing, energy generation, pressure sensing. 
high precision positioning, artificial muscle and skin reveals 
that thermally stable, flexible, and stretchable piezoelectric 
materials are required to be produced with high yields and 
in a cost-effective way for the fabrication of commercially 
feasible, large area, self-powering, and highly efficient 
devices. Nanowires have made great impacts on many 
disciplines including Solar cells, biosensors and phase 
change memory devices. A similar impact is also expected 
on piezoelectric applications using PVDF nanowires. The 
prominent piezoelectric PVDF nanowire fabrication meth 
ods are anodized alumina (AAO) template molding, elec 
trospinning and nanoimprint lithography (NI), which are all 
Solvent dependent. Even though these techniques are appro 
priate to produce PVDF nanowires, they are not superior in 
all aspects considering the nanowire aspect ratio, uniformity, 
geometry control, yield, and device integrability in order to 
produce large area, low cost and high throughput devices. 
Despite the fact that high aspect ratio nanowires can be 
produced with high yield by using electrospinning, diameter 
uniformity and geometry control capability of this technique 
are not fulfilling the requirements of current state of the art 
technology. Tuning the diameter of nanowires can be better 
accomplished by using AAO and NI techniques. However, 
nanowires produced by these methods are not feasible to 
carry out the production of flexible, large area devices. 

SUMMARY OF THE INVENTION 

0003. This invention overcomes the shortages stated 
above by providing an iterative fiber drawing method for 
PVDF ribbon. The PVDF ribbon produced through the 
method has outstanding properties including spontaneous 
high piezoelectricity, high aspect ratio, excellent uniformity, 
desired geometry, and high yield. 
0004. The ribbon fabrication procedure starts with prepa 
ration of a multimaterial preform including a poly(ether 
sulfone) (PES) matrix and a PVDF slab contained in the PES 
matrix, then drawing a plurality of composite ribbons from 
the multimaterial preform at a temperature above glass 
transition temperature of PES matrix and melting point of 
PVDF slab, and extracting a plurality of PVDF ribbons out 
of the composite ribbons by a solvent. 
0005. This invention also provides a PVDF ribbon mate 
rial produced with the method stated above. The thickness of 
the PVDF ribbon ranges from 5 nm to 1000 um. They phase 
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percentage of the PVDF ribbon ranges from 72%-76%. The 
Y phase PVDF produced by the method stated in the present 
invention is stable at high temperature of 175° C. A large 
average effective piezoelectric coefficient with -58.5 pm/vis 
measured from a PVDF ribbon with a thick of 80 nm and 
wide of 180 nm. 
0006. In conclusion, the beneficial effect of the present 
invention is that providing a low cost method for making a 
PVDF ribbon with outstanding properties including sponta 
neous high piezoelectricity, high aspect ratio, excellent 
uniformity, desired geometry, and high yield. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0007 FIG. 1a is a flow chart of a method for making 
piezoelectricity materials according to a first embodiment. 
0008 FIG. 1b is a process chart of the method for making 
piezoelectricity materials of FIG. 1a. 
0009 FIG. 2 is a process chart of a method for making a 
PVDF Sab. 
0010 FIG. 3 is a process chart of a method for making a 
nultimaterial preform. 
0011 FIG. 4a is a photograph of a first composite ribbon. 
0012 FIG. 4b is a scanning electron microscope (SEM) 
image of a cross section of the first composite ribbon of FIG. 
4a. 
0013 FIG. 5a is a flow chart of a method for making 
piezoelectricity materials according to a second embodi 
ment. 

0014 FIG. 5b is a process chart of the method of making 
piezoelectricity materials of FIG. 5a. 
0015 FIG. 6a is a SEM image of across section of a 
second composite ribbon. 
(0016 FIG. 6b is a SEM image of a lateral view of the 
second composite ribbon of FIG. 6a. 
0017 FIG. 7a is a flow chart of a method for making 
piezoelectricity materials according to a third embodiment. 
0018 FIG.7b is a process chart of the method of making 
piezoelectricity materials of FIG. 7a. 
0019 FIG. 8a is a SEM image of a cross section of a third 
composite ribbon. 
(0020 FIG. 8b is a SEM image of lateral of the third 
composite ribbon of FIG. 8a. 
(0021 FIG. 9 is a SEM image of a PVDF ribbon obtained 
from the first embodiment. 
(0022 FIG. 10 is a SEM image of a PVDF ribbon 
obtained from the second embodiment. 
(0023 FIG. 11 is a SEM image of a PVDF ribbon obtained 
from the third embodiment. 
0024 FIG. 12 shows a structural view of molecular 
conformations of C. B. Y phases of PVDF ribbons. 
(0025 FIG. 13 shows a XRD spectrum of PVDF slab 
extracted from a preform, and PVDF ribbons obtained from 
the first, second, third embodiments. 
(0026 FIG. 14 shows ATR-FTIR peaks of the PVDF 
ribbons obtained from the first, second and third embodi 
mentS. 

(0027 FIG. 15 shows XRD patterns of characteristic 
peaks of PVDF ribbons obtained from the second embodi 
ment at different annealing temperatures. 
0028 FIG. 16 shows activation energy of transitions 
from C. and B phase to Y phase. 
(0029 FIG. 17 shows a hysteresis loop of a single PVDF 
ribbon with a thickness of 80 nm and a width of 180 nm. 
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0030 FIG. 18 shows a Displacement-voltage hysteresis 
loop of the single PVDF ribbon in FIG. 17 taken by an AFM 
and piezoelectric evaluation system. 
0031 FIG. 19 shows a COMSOL multiphysics simula 
tion of displacement induced via tip indentation. 
0032 FIG. 20 shows a process of a method for making a 

first device using PVDF ribbons of the first embodiment. 
0033 FIG. 21 shows a structural view of a second device 
using PVDF ribbons of the second embodiment. 
0034 FIG. 22 shows a circuit diagram of a piezoelectric 
device. 
0035 FIG. 23 shows the impedance measurement curves 
of the piezoelectric devices in FIG. 22. 
0036 FIG. 24 shows voltage and current measurement 
curves of the devices produced using P1(a-b) and P2(c-d). 
0037 FIG. 25 shows voltage and current output curves of 
the devices produced using P1(a-b) and P2(c-d) under 
quasi-periodic tapping forces. 
0038 FIG. 26 shows piezoelectric response of another 
device built by using non-piezoelectric amorphous ASSes 
nanowires (150 nm in diameter) produced by thermal fiber 
drawing technique. 

DETAIL DESCRIPTION OF THE INVENTION 

0039 Referring to FIGS. 1a-1b, a method for making 
poly (vinylidene fluoride) (PVDF) ribbons with spontaneous 
high piezoelectricity, according to a first embodiment, 
includes the following steps: 
0040 S11, providing a first multimaterial preform includ 
ing apoly(ether sulfone)(PES) matrix and a PVDF slab 
contained in the PES matrix; 
0041 S12, drawing a plurality of first composite ribbons 
from the first multimaterial preform at a first temperature 
above glass transition temperature of PES matrix and melt 
ing point of PVDF slab; and 
0042 S13, extracting a plurality of first PVDF ribbons 
out of the plurality of first composite ribbons by a solvent. 
0043. Referring to FIGS. 2-3, in step S11, the first mul 
timaterial preform can be obtained by the following sub 
steps: 
0044 S111: obtaining a PVDF slab and at least two PES 
slabs; and 
0045 S112: inserting the PVDF slab into the center of the 
at least two PES slabs to obtain the multimaterial preform. 
0046. In step S111, the PVDF slab can be obtained by the 
steps of 
0047 S1111, rolling PVDF polymer films around a first 
substrate to form a first roll; 
0048 S1112, degassing the air trapped in the first roll 
under vacuum: 
0049 S1113, consolidating the first roll at a second 
temperature above a glass transition temperature of the 
PVDF polymer films to form a first consolidated roll under 
vacuum; and 
0050 S1114, cutting a PVDF slab from the first consoli 
dated roll. 
0051. In step S1111, the thickness of the PVDF polymer 
films is not limited, and can be ranged from about 10 
micrometers to about 100 micrometers. In one embodiment, 
the thickness of the PVDF polymer film is about 60 microm 
eters. The first substrate is used to support the PVDF 
polymer films and the shape of the first substrate is not 
limited. In one embodiment, the first Substrate is a glass 
tube. 
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0052. In step S1112, the degassing process is processed 
under a temperature below the glass transition temperature 
of the PVDF polymer films to prevent the air from being 
trapped in the first consolidated roll. 
0053. In step S1113, the first roll can be consolidated at 
a second temperature ranging from 165° C. to 200° C. for a 
certain period ranging from about 10 minutes to about 60 
minutes under a vacuum degree below 10x10° Torr. In one 
embodiment, the first roll is consolidated at a temperature of 
about 180° C. for about 30 minutes under a vacuum degree 
of about 2x10° Torr. In this step, the PVDF polymer films 
can be consolidated to form a uniform integrated PVDF. 
0054) In step S1114, the PVDF slab can be cut by a knife 
from the first consolidated roll. 
0055. The at least two PES slabs can be obtained by the 
steps of 
0056 S1111", rolling PES films around a second substrate 
to form a second roll; 
0057 S1112, degassing the air trapped in the second roll 
under vacuum: 
0.058 S1113', consolidating the second roll at a third 
temperature above glass transition temperature of the PES 
films to form a second consolidated roll under vacuum; and 
0059) S1114", splitting the second consolidated roll in two 
halves and machining in the center to open a niche for 
inserting the PVDF slab. 
0060. In step S1111", a thickness of the PES films is not 
limited, and can be ranged from about 50 micrometers to 
about 500 micrometers. In one embodiment, the thickness of 
the PES films is about 100 micrometers. The second sub 
strate is used to support the PES films and the shape of 
second Substrate is not limited. In one embodiment, the 
second substrate is a glass tube with a diameter of about 3 
millimeters and a length of about 25 centimeters. A diameter 
and a length of the second roll is not limited, in one 
embodiment, the diameter of the second roll is about 35 
millimeters, and a length of the second roll is about 25 
centimeters. 
0061. In step S1112, the degassing process is processed 
under a temperature below the glass transition temperature 
of the PES polymer films to prevent the air from trapped in 
the second consolidated roll. 
0062. In step S1113', the second roll is consolidated at the 
third temperature ranging from about 220°C. to about 270° 
C. for a certain period ranging from 10 minutes to 60 
minutes under a vacuum degree below 10x10° Torr. In one 
embodiment, the second roll is consolidated at a temperature 
of about 255° C. for about 35 minutes under a vacuum 
degree of about 2x10° Torr. In this step, PES films can be 
consolidated to form an integrated uniform PES roll. 
0063. In step S12, the plurality of first composite ribbons 
can be drawn at the first temperature ranging from about 
250° C. to about 300° C. Furthermore, a tensile stress of 
drawing can be ranged from 1 MPa to 5 MPa to trigger 
plastic deformation of the first multi-material preform. A 
preform feeding speed of drawing can be ranged from 1 
mm/sec to 20 mm/sec in order to form a continuous ribbon. 
In one embodiment, the plurality of the first composite 
ribbons are drawn by a tensile stress of about 3 MPa at a 
preform feeding speed of about 8 mm/sec under about 285 
C. 
0064. Referring to FIGS. 4a-4b, FIG. 4a-4b shows SEM 
images of the first composite ribbon obtained by the above 
method. 
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0065. In step S13, the plurality of first PVDF ribbons can 
be extracted out of the first composite ribbons by immersing 
the plurality of first PVDF ribbons into the solvent. The 
solvent can be an organic solvent, which can dissolve PES 
without dissolving PDVF. In one embodiment, the plurality 
of first PVDF ribbons are extracted out of the first composite 
ribbons by dichloromethane (DCM). 
0066 Referring to FIGS. 5a-5b, a method for making 
PVDF ribbons with spontaneous high piezoelectricity, 
according to a second embodiment, includes the following 
steps: 
0067 S21, preparing a first multi-material preform 
including a first PES matrix and a PVDF slab contained in 
the PES matrix: 
0068 S22, drawing a plurality of first composite ribbons 
from the first multi-material preform at a first temperature 
above glass transition temperature of PES matrix and melt 
ing point of PVDF slab; 
0069 S23, preparing a second multi-material preform 
including the PES matrix and a bundle of first composite 
ribbons contained in the PES matrix; 
0070 S24, drawing a plurality of second composite rib 
bons from the second multi-material preform at a tempera 
ture above glass transition temperature of PES and melting 
point of PVDF; and 
(0071 S25, extracting a plurality of second PVDF ribbons 
out of the second composite ribbons by a solvent. 
0072. In step S21, the first multi-material preform can be 
obtained by the following sub-steps: 
0073 S211: obtaining a PVDF slab and at least two PES 
slabs; and 
0074 S212: inserting the PVDF slab into the center of at 
least two PES slabs to obtain the multi-material preform. 
0075. In step S211, the PVDF slab can be obtained by the 
steps of 
0076 S2111, rolling PVDF polymer films around a first 
substrate to form a first roll, 
0077 s2112, degassing the air trapped in the first roll 
under vacuum: 
0078 S2113, consolidating the first roll at a second 
temperature above a glass transition temperature of the 
PVDF polymer films to form a first consolidated roll under 
vacuum; and 
0079 S2114, cutting a PVDF slab from the first consoli 
dated roll. 
0080. In step S2111, a thickness of the PVDF polymer 
films is not limited, and can range from about 10 microm 
eters to about 100 micrometers. In one embodiment, the 
thickness of the PVDF polymer films is about 60 microm 
eters. The first substrate is used to support the PVDF 
polymer films and the shape of first substrate is not limited. 
In one embodiment, the first Substrate is a glass tube. 
0081. In step S2112, the degassing process is processed 
under a temperature below the glass transition temperature 
of the PVDF polymer films to prevent the air from being 
trapped in the first consolidated roll. 
0082 In step S2113, the first roll can be consolidated at 
a second temperature ranging from 165° C. to 200° C. for a 
certain period ranging from about 10 minutes to about 60 
minutes under a vacuum degree below 10x10° Torr. In one 
embodiment, the first roll is consolidated at a temperature of 
about 180° C. for about 30 minutes under a vacuum degree 
of about 2x10° Torr. In this step, the PVDF polymer films 
can be consolidated to form a uniform integrated PVDF roll. 
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I0083. In step S2114, the PVDF slab can be cut by a knife 
from the first consolidated roll. 
I0084. The at least two PES slabs can be obtained by the 
steps of 
I0085 S2111", rolling PES films around a second substrate 
to form a second roll; 
I0086 S2112, degassing the air trapped in the second roll 
under vacuum: 
I0087 S2113', consolidating the second roll at a third 
temperature above glass transition temperature of the PES 
films to form a second consolidated roil under vacuum; and 
I0088 S2114' splitting the second consolidated roll in two 
halves and machining in the center to open a niche for 
inserting the PVDF slab. 
I0089. In step S2111", a thickness of the PES films is not 
limited, and can be ranged from about 50 micrometers to 
about 500 micrometers. In one embodiment, the thickness of 
the PES films is about 100 micrometers. The second sub 
strate is used to support the PES films and the shape of the 
second Substrate is not limited. In one embodiment, the 
second substrate is a glass tube with a diameter of about 3 
millimeters and a length of about 25 centimeters. A diameter 
and a length of the second roll is not limited, in one 
embodiment, the diameter of the second roll is about 35 
millimeters, and a length of the second roll is about 25 
centimeters. 
(0090. In step S2113', the second roll is consolidated at the 
third temperature ranging from about 2.20° C. to about 270° 
C. for a certain period ranging from 10 minutes to 60 
minutes under a vacuum degree below 10x10° Torr. In one 
embodiment, the second roll is consolidated at a temperature 
of about 255° C. for about 35 minutes under a vacuum 
degree of about 2x10° Torr. In this step, PES films can be 
consolidated to form an integrated uniform PES roll. 
0091. In step S22, a plurality of first composite ribbons 
can be drawn at the first temperature ranged from about 250° 
C. to about 300° C. Furthermore, a tensile stress of drawing 
can range from 1 MPa to 5 MPa to trigger plastic deforma 
tion of the first multi-material preform. A preform feeding 
speed of drawing can be ranged from 1 mm/sec to 20 
mm/sec in order to form continuous ribbons. In one embodi 
ment, the plurality of first composite ribbons are drawn by 
a tensile stress of about 3 MPa at a preform feeding speed 
of about 8 mm/sec under about 285° C. 
0092. In step S23, the second multi-material preform can 
be formed by the following sub-steps: 
(0093 S231, forming a bundle of the first composite 
ribbons; and 
0094 S232, inserting the bundle of the first composite 
ribbons into the PES matrix. 
(0095. In step S231, the bundle of the first composite 
ribbons can be formed by stacking 1-1000 first composite 
ribbons together. In one embodiment, the bundle of first 
composite ribbons is formed by stacking 400 first composite 
ribbons together. 
(0096. In step S232, the PES matrix can be obtained 
according to the first embodiment mentioned above. 
0097. In step S24, the plurality of second composite 
ribbons can be drawn at the first temperature ranging from 
about 250° C. to about 300° C. Furthermore, a tensile stress 
of drawing can range from 1 MPa to 5 MPa to trigger plastic 
deformation of the second multi-material preform. A pre 
form feeding speed of drawing can be ranged from 1 mm/sec 
to 20 mm/sec in order to form continuous ribbons. In one 
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embodiment, the plurality of first composite ribbons are 
drawn by a tensile stress of about 3 MPa at a preform feeding 
speed of about 8 mm/sec under about 285° C. Amended 
accordingly. Referring to FIG. 6a-6b, FIG. 6a-6b shows 
SEM images of the second composite ribbons obtained by 
the above method. 
0098. In step S25, the plurality of second PVDF ribbons 
can be extracted out of the second composite ribbons by 
immersing the plurality of second PVDF ribbons into the 
Solvent. The solvent can be an organic solvent, which can 
dissolve PES without dissolving PVDF. In one embodiment, 
the plurality of second PVDF ribbons are extracted out of the 
second composite ribbons by dichloromethane (DCM). 
0099 Referring to FIGS. 7a and 7b, a method for making 
PVDF ribbons with spontaneous high piezoelectricity: 
according to a third embodiment, includes the following 
steps: 
0100 S31, preparing a first multi-material preform 
including a PES matrix and a PVDF slab contained in the 
PES matrix: 
0101 S32, drawing a first composite ribbon from the first 
multi-material preform at a first temperature above glass 
transition temperature of PES and melting point of PVDF: 
and 
0102 S33, preparing a second multi-material preform 
including a PES matrix and a bundle of first composite 
ribbons contained in the PES matrix; 
0103 S34, drawing a second composite ribbon from the 
second multi-material preform at a temperature above glass 
transition temperature of PES and melting point of PVDF: 
and 
0104 S35, preparing a third multi-material preform 
including a PES matrix and a bundle of second composite 
ribbons contained in the PES matrix; 
0105 S36, drawing a third composite ribbon from the 
second multi-material preform at a temperature above glass 
transition temperature of PES and melting point of PVDF: 
and 
0106 S37, extracting a plurality of third PVDF ribbons 
out of the third composite ribbons by a solvent. 
0107. In step S31, the first multi-material preform can be 
obtained by the following sub-steps: 
0108 S311: obtaining a PVDF slab and at least two PES 
slabs; and 
0109 S312: inserting the PVDF slab into the center of the 
at least two PES slabs to obtain the multi-material preform. 
0110. In step S311, the PVDF slab can be obtained by the 
steps of 
0111 S3111, rolling PVDF polymer films around a first 
substrate to form a first roll; 
0112 S3112, degassing the air trapped in the first roll 
under vacuum: 
0113 S3113, consolidating the first roll at a second 
temperature above a glass transition temperature of the 
PVDF polymer films to form a first consolidated roll under 
vacuum; and 
0114 S3114, cutting a PVDF slab from the first consoli 
dated roll. 
0115. In step S3111, a thickness of the PVDF polymer 
films is not limited, and can range from about 10 microm 
eters to about 100 micrometers. In one embodiment, the 
thickness of the PVDF polymer films is about 60 microm 
eters. The first substrate is used to support the PVDF 
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polymer films and the shape of first substrate is not limited. 
In one embodiment, the first Substrate is a glass tube. 
0116. In step S3112, the degassing process is processed 
under a temperature below the glass transition temperature 
of the PVDF polymer films to prevent the air from being 
trapped in the first consolidated roll. 
0117. In step S3113, the first roll can be consolidated at 
a second temperature ranging from 165° C. to 200° C. for a 
certain period ranging from about 10 minutes to about 60 
minutes under a vacuum degree below 10x10° Torr. In one 
embodiment, the first roll is consolidated at a temperature of 
about 180° C. for about 30 minutes under a vacuum degree 
of about 2x10° Torr. In this step, the PVDF polymer films 
can be consolidated to form a uniform integrated PVDF roll. 
0118. In step S3114, the PVDF slab can be cut by a knife 
from the first consolidated roll. 
0119) The at least two PES slabs can be obtained by the 
steps of 
I0120 S3111", rolling PES films around a second substrate 
to form a second roll; 
I0121 S3112', degassing the air trapped in the second roll 
under vacuum: 
0.122 S3113', consolidating the second roll at a third 
temperature above glass transition temperature of the PES 
films to form a second consolidated roll under vacuum; and 
I0123 S3114", splitting the second consolidated roll in two 
halves and machining in the center to open a niche for 
inserting the PVDE slab. 
(0.124. In step S3111", a thickness of the PES films is riot 
limited, and can range from about 50 micrometers to about 
500 micrometers. In one embodiment, the thickness of the 
PES films is about 100 micrometers. The second substrate is 
used to support the PES films and the shape of the second 
Substrate is not limited. In one embodiment, the second 
substrate is a glass tube with a diameter of about 3 milli 
meters and a length of about 25 centimeters. A diameter and 
a length of the second roll is not limited, in one embodiment, 
the diameter of the second roll is about 35 millimeters, and 
a length of the second roll is about 25 centimeters. 
0.125. In step S3113', the second roll is consolidated at the 
third temperature ranging from about 220°C. to about 270° 
C. for a certain period ranging from 10 minutes to 60 
minutes under a vacuum degree below 10x10° Torr. In one 
embodiment, the second roll is consolidated at a temperature 
of about 255° C. for about 35 minutes under a vacuum 
degree of about 2x10° Torr. In this step, PES films can be 
consolidated to form an integrated uniform PES roll. 
I0126. In step S32, a plurality of first composite ribbons 
can be drawn at the first temperature ranged from about 250° 
C. to about 300° C. Furthermore, a tensile stress of drawing 
can range from 1 MPa to 5 MPa to trigger plastic deforma 
tion of the first multi-material preform. A preform feeding 
speed of drawing can be ranged from 1 mm/sec to 20 
mm/sec in order to form continuous ribbons. In one embodi 
ment, the plurality of first composite ribbons are drew by a 
tensile stress of about 3 MPa at a preform feeding speed of 
about 8 mm/sec under about 285° C. 

I0127. In step S33, the second multi-material preform can 
be formed by the following sub-steps: 
I0128 S331, forming a bundle of the first composite 
ribbons; and 
I0129. S332, inserting the bundle of the first composite 
ribbons into the PES matrix, 
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0130. In step S331, the bundle of the first composite 
ribbons can be formed by stacking 1-1000 first composite 
ribbons together. In one embodiment, the bundle of the first 
composite ribbons is formed by stacking 400 first composite 
ribbons together. 
0131. In step S332, the PES matrix can be obtained 
according to the first embodiment mentioned above. 
0.132. In step S34, a plurality of second composite rib 
bons can be drawn at the first temperature ranged from about 
250° C. to about 300° C. Furthermore, a tensile Stress of 
drawing can be ranged from 1 MPa to 5 MPa to trigger 
plastic deformation of the first multi-material preform. A 
preform feeding speed of drawing can be ranged from 1 
mm/sec to 20 mm/sec in order to form continuous ribbons. 
In one embodiment, the plurality of first composite ribbons 
are drawn by a tensile stress of about 3 MPa at a preform 
feeding speed of about 8 mm/sec under about 285°C. 
0133. In step S35, the third multi-material preform can be 
formed by the following sub-steps: 
0134) S351, forming a bundle of the second composite 
ribbons; and 
0135) S352, inserting the bundle of the second composite 
ribbons into the PES matrix. 

0136. In step S351, the bundle of the second composite 
ribbons can be formed by stacking 1-1000 second composite 
ribbons together. In one embodiment, the bundle of the 
second composite ribbons is made by stacking 400 second 
composite ribbons together. 
0137 In step S352, the PES matrix can be obtained 
according to the first embodiment mentioned above. 
0.138. In step S36, the plurality of third composite ribbons 
can be drawn at the first temperature ranged from about 250° 
C. to about 300° C. Furthermore, a tensile stress of drawing 
can be ranged from 1 MPa to 5 MPa to trigger plastic 
deformation of the third multi-material preform. A preform 
feeding speed of drawing can be ranged from 1 mm/sec to 
20 mm/sec in order to form continuous ribbons. In one 
embodiment, the plurality of third composite ribbons are 
drawn by a tensile stress of about 3 MPa at a preform feeding 
speed of about 8 mm/sec under about 285° C. Amended 
accordingly. Referring to FIGS. 8a-8b, FIGS. 8a-8b show 
SEM images of the third composite ribbons obtained by the 
above method. 

0.139. In step S37, the plurality of second PVDF ribbons 
can be extracted out of the second composite ribbons by 
immersing the plurality of second PVDF ribbons into the 
Solvent. The solvent can be an organic solvent, which can 
dissolve PES without dissolving PVDF. In one embodiment, 
the plurality of second PVDF ribbons are extracted out of the 
second composite ribbons by dichloromethane (DCM). 
0140 PVDF ribbons with spontaneous high piezoelec 

tricity are obtained by the method stated above. The length 
of PVDF ribbons range from 10 m to 35000 km, the 
thickness of the PVDF ribbons range from 5 nm to 1000 um. 
Referring to FIGS. 9, 10 and 11, FIGS. 9, 10 and 11 show 
the SEM images of PVDF ribbons with spontaneous high 
piezoelectricity obtained by the first, second, and third 
embodiments stated above respectively, which are labeled as 
P1, P2 and P3. Also referring to table 1, table 1 shows 
lengths and thicknesses of the PVDF ribbons obtained by the 
first, second, and third embodiments stated above. 
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TABLE 1. 

P1 P2 P3 

Thickness 1-1000 um SO-1000 nm. 5-50 mm 
Total length 10-3000 m 10-300 km 30000-35000 km 

0.141. As showed in table 1, in the first embodiment, a 
thickness of the PVDF ribbons with spontaneous high 
piezoelectricity ranges from 1-1000 um, and a length of the 
PVDF ribbons with spontaneous high piezoelectricity 
ranges from 10 to 3000 m; in the second embodiment, a 
thickness of the PVDF ribbons with spontaneous high 
piezoelectricity ranges from 50-1000 nm, and a length of the 
PVDF ribbons with spontaneous high piezoelectricity 
ranges from 10 to 300 km; in the third embodiment, a 
thickness of the PVDF ribbons with spontaneous high 
piezoelectricity ranged from 5-50 nm, and a length of the 
PVDF ribbons with spontaneous high piezoelectricity 
ranges from 30000 km to 35000 km. 
0142. The molecular conformation of C. B. Y phases of 
PVDF ribbons are shown in FIG. 12. In the literature 
characteristic peak positions (20) of PVDF are tabulated as 
17.7°, 18.49, 19.99, 26.5°, 27.8°, 35.7°, 39° and 57.4° for ol. 
phase; 20, 20.8°, 35, 36.6° and 56.1 for B phase; 18.5°, 
19.2°, 20.1, 20.3°, 26.8°, 36.2°, and 38.7 for y phase. FIG. 
13 shows the difference of phase content in different 
embodiments. The curve of the PVDF slab is labeled as P0. 
The curve of P0 shows that the PVDF slab includes a minor 
amount of B (20=20.7) and C. (20=27.8°) phases. The curve 
of P1 shows that a transition trend to the Y phase is persistent 
starting from the PVDF ribbons in the first embodiment. 
Although in the first embodiment, Suppressed C. phase peaks 
still exist at 17.7°, 26.5° and 27.8 peak positions, domi 
nance of the Y phase is obvious from the peaks at 20–18.5°. 
20.1° and 26.8°. The curve of P2 shows that except shifts 
observed in Y peak positions from 20.1° to 20.3, and 18.5° 
to 18.6°, other peaks preserve their positions. The curve of 
P3 shows that characteristic peaks of Y phase are located at 
the same peak positions of P1. Broadening in the Y phase 
peaks and drastic fall in 20=26.8 peak intensity indicate a 
slight decrease in amount of Y phase of P2 and P3. 
0143. In FIG. 14, ATR-FTIR is also used for analyzing 
and confirming the phase distribution in the PVDF ribbons. 
Absorption band characteristics of C, B, and Y phases of 
PVDF are identified as given in literature: 532, 612, 763, 
796, 854, 870,974, 1146, 1210, 1383 and 1423 cm for o: 
510, 840, 1279, 1286 and 1431 cm for B: 812, 833, 838, 
885 and 1234 cm bands for Y. However, most of the 
absorption bands are Superimposed for B and Y phases 
hindering the phase discrimination. Overlapping peaks at 
840, 1279, and 1286 cm with Y and B phases can be 
assigned for Y phase as long as no B peak is identified using 
the XRD technique for ribbons. FIG. 14 represents ATR 
FTIR absorption spectra for PVDF ribbons produced in the 
embodiments. Fraction of the Y phase is calculated using the 
following equation (1): 

X A 1 2 x 100 = - Y - x 100 (1) 
(Ky? Ko)A + Ay 

where the XY and XO. are degrees of crystallinity, Ay and AC. 
are measured absorbance intensity, KY and K.C. are wave 
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length dependent absorption coefficients and F(Y) is the 
percentage of Y phase. Y percentage is calculated for 763 
cm C. peak and 833 cmy peak using corresponding 
absorbance coefficients KY=0.150 um C. peak and KC-0. 
365um' (Beer Lambert Law), respectively. Y phase per 
centage of P1 is 76%, whereas P2 and P3, Y phase percentage 
decreased to 72% as a result of diminishing shear force on 
ribbons exposed to heat retreatment with smaller cross 
sectional areas. 

0144. Because the phase transformation into Y phase 
occurs at high temperatures, stability of the Y phase at harsh 
conditions needs to be investigated. Yphase PVDF produced 
by iterative fiber drawing technique is quitestable at high 
temperatures. FIG. 15 shows the XRD of PVDF ribbons 
extracted out of the PES cladding annealed at several 
different temperatures. It is evident from XRD peaks that 
there is no significant change in Y phase content. It is clearly 
observed from the peaks at 20=18.6°, 20.1° and 26.8°, Y 
phase still exists at elevated temperature. Regarding broad 
ening and decreasing intensity of XRD peaks, we observed 
that crystallinity is slightly diminished due to effect of high 
temperature. 
0145 Structural changes due to temperature and induced 
stress during the fiber drawing are investigated by ab initio 
calculations. FIG. 16 shows a phase transition trend from C. 
and B forms to Y form under tensile and compressive strain. 
The temperature in the simulation is set to 470 K, which 
corresponds to PVDF core temperature during drawing 
process and which also is well above the melting tempera 
ture of PVDF. For comparison and to understand the effect 
of temperature, the calculations are also performed at 0 K 
(which actually corresponds to the case where temperature 
effects are excluded in ab initio simulations to obtain ground 
state properties). The applied force in the fiber drawing axis 
causes stretching in the same direction but compression in 
the perpendicular directions. As the orientation of the mol 
ecules with respect to fiber drawing axis in the bulk PVDF 
can vary, all strain components that occurred during the fiber 
drawing should be taken into account in the ab initio model 
in which we considered tensile and compressive strains in 
the system as lattice stretching and lattice compression, 
respectively. The results are summarized in FIG. 16a-c, 
where circle, square and triangle represent the molecular 
chains in FIG. 12. When a compressive strain is applied in 
axial direction of C. and B form PVDF, a transformation from 
C. to imperfect Y phase with longer nonpolar parts, and a 
transformation from B to ideal Y phase are clearly observed 
at both 0 and 470 K. Although a very high activation energy 
of 1.6 and 5.1 eV, which practically makes the transforma 
tion impossible, is required at 0 K for the transition from C. 
and B to Y phase, respectively, the same phase change 
phenomena occur with almost no energy barrier at 470 K. 
The required strain for phase transformation is significantly 
reduced with temperature as well. While transformations 
from C. to Y occurs at 10.8% and B to Y at 13.4% compressive 
strain at 0 K. the same transformations are observed at 3 and 
8% at 470 K. The similar trends are observed at higher 
temperatures with a small amount reduction in the required 
strain (FIG.16d-f). These results indicate that the tempera 
ture above the melting point of PVDF during the fiber 
drawing process enables the phase transformation from 
other phases to Y phase by decreasing the required compres 
sive strain and energy barrier. The peaks obtained at 20=17. 
7, 26.5° and 27.820 from XRD data, which correspond to 
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a phase PVDF as shown in FIG. 12, can be explained by 
imperfect transformation from C. to Y phase. In a similar 
manner, tensile strain in axial direction is also applied. A 
direct phase transition from R to B phase is favored at 0 K 
when Strain exceeds 14.6%, and the required activation 
energy is 2.1 eV. Interestingly, when the temperature is 
elevated up to 470 K or more, instead of direct transition 
from C. to B phase, Y phase appears in the first place at 2.2% 
transforming into a perfect Y phase at 4.4% of tensile strain 
with an energy barrier of 0.07 eV. If strain is further 
increased and reaches 13.1%, imperfect B phase can be 
obtained with an energy barrier of 1.0 eV (the imperfection 
of the B phase can be due to the requirement of the 
polarization process for the transformation). Therefore, 
simulation results show that energy barrier for C. to Y 
transition (0.07 eV, triangle in FIG. 16c) under tension is 
lower than C. to B transition (1 eV, square in FIG. 6c) under 
tension. 

0146 Electrical characterizations such as piezoelectric 
displacement and ferroelectric hysteresis curve measure 
ments are performed for PVDF ribbons produced through 
the methods stated above. Utilizing a (Radiant Premier II) 
piezoelectric evaluation system along with an AFM instru 
ment simultaneously functioning as a high precision dis 
placement sensor and a tool for electrical coupling to 
nanoscale Surfaces, a large average effective piezoelectric 
coefficient (d=-58.5 pm/V) is measured from 80 nm thick, 
180 nm wide single PVDF ribbons isolated from an as 
produced bundle. FIG. 17 shows a ferroelectric hysteresis 
curve (polarization VS Voltage) in arbitrary polarization 
units. Since PVDF is a multiferroic material and piezore 
sponse characterization of nanoscale piezoelectric materials 
is challenging, characterization of PVDF ribbons is inher 
ently a multi-physical problem that requires consideration of 
internal and external variables such as local temperature 
changes, electrostriction, pyroelectricity ferroelasticity, 
electrostatic effects, indentation regime, applied electrical 
potential, contact (AFM Tip) sliding and drifting elects. 
Piezoelectric coefficient measurements using AFM and a 
piezoelectric evaluation system virtual ground mode) can be 
well understood in three sequential stages: sample, prepa 
ration, and mechanical contact with AFM tip, recording 
piezoelectric response, analyzing the acquired signals for 
calculating pure piezoelectric displacement. The ribbon 
structure provides convenience for piezoelectric measure 
ments with AFM since a more conformal contact between 
the bottom of the ribbon and the conductive surface of the 
Substrate diminishes the sliding and drifting adversities 
during measurements. Before local piezoelectric character 
ization, a noncontact mode AFM surface imaging is oper 
ated for locating a PVDF single ribbon among dispersed 
ribbons on a 60 nm silver coated silicon wafer. After a 
mechanical contact between AFM tip and the surface of the 
ribbon is accomplished in contact mode AFM, a displace 
ment-voltage (D-V) measurement is conducted by applying 
10 ms bipolar triangular voltage pulses between the AFM tip 
(electrical potential) and the metal coating of the Substrate 
(ground). During piezoelectric measurements, we kept the 
AFM control loop off and recorded piezoelectric displace 
ments in a very short time scale compared to that of AFM tip 
drift. In addition, multiple deflection measurements are used 
from each local contact surface. FIG. 18 shows an average 
D-V curve in order to analytically cancel drifting effects and 
calculate a more accurate piezoelectric coefficient. AFM is 
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one of the most precise deflection sensors that can dynami 
cally detect the change in the thickness of PVDF ribbons 
according to alternating electric potential. However, many 
artifacts can occur related to the applied electric field and 
contact indentation regime during piezoelectric measure 
ments at nanoscales. Experimental and analytical 
approaches are used in order to eliminate Such effects and 
analyze the origin of the large displacement in PVDF 
ribbons. First, electrostatic forces can dislocate AFM tip in 
nanoscale distances. This effect can be simply eliminated 
using a stiffer (k=40 N/m and f300 kHz) AFM tip. Mea 
sured signal from AFM deflection corresponds to the change 
in the thickness of PVDF ribbon because, in principle, AFM 
tip follows the surface motions of the sample. From the 
mechanics of materials perspective, we can calculate the 
total strain (s=At/t) in PVDF ribbons, where t is the thickness 
of the ribbons and At is the measured change in thickness. 
The measured strain is not a pure piezoelectric deflection, 
but rather a sum of strain components caused by electrostric 
tion, thermal effects and applied pressure in the direction of 
the electric field. 

S SpiezoelectrictSelectrostrictions thernaipressure (2) 

S=ds E-9E+AT+essoss (3) 

0147 Where d is the piezoelectric coefficient, E is the 
electric field, Q is the electrostriction coefficient, w is the 
thermal expansion coefficient, AT is the change in the 
temperature, e is the elastic coefficient and O is the stress. 
The pressure induced strain related to indentation regime or 
AFM tip can trigger ferroelastic motions in PVDF ribbons, 
unless the indentation force is very small and constant. It is 
needed to apply a Voltage to the conductive tip, so it is 
required to make a mechanical contact with the Surface of 
the ribbons. FIG. 18 shows a COMSOL multi-physics 
simulation. Which is designed to analyze the deformation of 
contact region during piezoelectric measurements. The 
simulation results show that applying a -60 nN indentation 
three on the 80 nm thick PVDF ribbon, which corresponds 
to 15 nm static deflection in AFM cantilever, triggers maxi 
mum 0.3 nm elastic deformation on the surface with an AFM 
tip diameter of 10 nm. Therefore, AFM tip is guaranteed to 
be in constant mechanical contact with the ribbon surface 
during measurements, due to the fact that the AFM tip 
deflection range is higher than the total piezoelectric dis 
placement measured. Dilatation of PVDF ribbons and pyro 
electric effects can also be ignored, because all measure 
ments are conducted at constant room temperature. In 
addition, the change in the PVDF ribbon temperature as a 
function of the electric potential is modeled to consider the 
local temperature changes caused by joule heating, Joule 
heating is proportional to i? and R, where i is the traveling 
current across the PVDF thickness and R is the resistance. 
Since resulting current is very Small, there is no change in 
the temperature caused by joule heating. Experimentally 
eliminating the pressure and temperature dependent strain 
components results in eq 4. 

0148. Inserting the measured data (displacement vs 
applied field) in eq4, an overdetermined system of equations 
for two unknowns (d. and Q) is obtained, which can be 
Solved in least-squares sense. Results are perfectly fitted to 
the measured curve as showed in FIG. 19. The electrostric 
tion and piezoelectric coefficient of Y phase PVDF ribbons 
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are calculated that, Q=-67.8x10 pm/V and d=-58.5 
pm/V. In the range of a maximum +10 V applied electric 
potential difference, 87.4% (585.3 pm) and 12.6% (84.47 
pm) of the deflection result from pure piezoelectric effect 
and electrostriction, respectively. The measured average 
effective piezoelectric coefficient of Y phase PVDF ribbons 
is higher than the reported values of B phase (d=-30 
pm/V) and Y phase (d=-7 pm/V) PVDF thin films, and on 
the same order of magnitude with B phase (d=-57.6 pm/V) 
PVDF nanowires, which are characterized in a similar 
manner using AFM. Unlike the ribbons, the effective d 
coefficient for thin films is expected to be reduced, due to 
Surface damping boundary conditions. The reverse form of 
D-V hysteresis loop (Butterfly Loop) is due to the negative 
value of d coefficient. The general relation between piezo 
electric coefficients of PVDF is ded Ddd0. In order to 
confirm the measurement technique, the same measurement 
is conducted on a phase commercial PVDF thin film with 60 
um thickness, 25um surface area, and no significant deflec 
tion is observed as expected. 
014.9 Two devices with different geometries are devel 
oped by using PVDF ribbons produced by the methods 
stated above. FIG. 20 shows the fabrication process for the 
first device, a fiber in the first embodiment is longitudinally 
divided in two halves without damaging the P1 PVDF 
ribbon and one face of the P1 PVDF ribbon is uncovered, 50 
nm gold is sputtered on the open surface of the P1 ribbon. 
After mechanically removing the remaining part of PES 
cladding, the P1 ribbon is cut in smaller pieces and aligned 
on a silicon Substrate, so that the gold deposited faces are on 
the top. A contact pad is attached to the gold-coated Surface 
of 50 um thick PVDF ribbons, and the structure is trans 
ferred onto a polydimethylsiloxane (PDMS) layer, which 
avoids the short circuit of the device and maintains the 
alignment of the P1 ribbons. Subsequently, the other sur 
faces of the P1 ribbons are also coated with 50 nm thick 
gold, and the whole device is embedded in PDMS (FIG. 
20a-g). FIG. 21 shows the design of the second device using 
P2 PVDF ribbons produced by the method in the second 
embodiment. The second device with a different structure 
convenient for ribbons in nanoscale is fabricated using 300 
nm PVDF ribbons produced by the method in the second 
embodiment. The P2 ribbons are extracted out of the PES 
cladding using DCM. The both side of the P2 ribbon bundles 
are coated with sputtering of 50 nm gold film using a shadow 
mask (FIG. 21). Misalignment of P2 ribbons is expected to 
be reduced output voltage and current of the device. Effec 
tive area of the devices fabricated using P1 ribbons and P2 
ribbons are 100 mm and 20 mm, respectively. Character 
izations of the devices are carried out with an external load 
capacitance (CL-16 pF) and resistance (RL=10 m2). FIG. 
22 shows an equivalent circuit for piezoelectric devices can 
be represented by a parallel RC circuit containing a charge 
Source (q), a resistor (R), capacitor (Co). FIG. 23 shows DC 
and impedance measurements of the devices. Internal resis 
tor (Ro) and capacitor (Co) for the first and second device are 
calculated to be R100 GS2 and Co3.4 pF, Ro-40 GS2 and 
C-4.6 p, respectively. 
(O150 PVDF dipoles are oriented perpendicular to the 
fiber axis, when a force is applied vertical to the fiber axis, 
a positive piezoelectric potential is produce and collected on 
positive electrode. The same phenomenon occurs vice versa 
during the releasing. Output voltages and currents of the 
devices are recorded under quasi-periodic tapping forces. 
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The output voltage and current are related to the magnitude 
and period of tapping force. FIG. 24 shows electrical char 
acterization of the piezoelectric devices. The typical output 
values of the device fabricated using P1 ribbons with 
thickness of 50 um is 6 V and 3 LA (FIG. 24a–b), and the 
typical output values of the device produced using P2 
ribbons with thickness of 300 nm is 40 V and 6 LA (FIG. 
24c-d). Although P1 ribbons have 4% higher amount of 
polar phase content, charge collected from the device built 
with P2 ribbons is approximately 9 fold higher due to greater 
contact surface area (2 orders of magnitude higher) and 
better charge collection efficiency of ribbons. Maximum 
output (60 V and 10 LA for the P2 ribbons, 7 V and 3 LA for 
the P1 ribbons) of the piezoelectric devices can be seen from 
a broader range of the electrical measurements given in FIG. 
25. Besides, peak output power densities of first and second 
devices are 5.25 and 750 W/cm. FIG. 26 shows piezo 
electric response of another device which is built by using 
nonpiezoelectric amorphous ASSes nanowires (150 nm in 
diameter) produced by thermal fiber drawing technique in 
order to confirm piezoelectric effect observed in our devices. 
There is no response observed except noise from the non 
piezoelectric device, despite the device produced using 
PVDF ribbons can response even for small tapping forces 
0151. The above embodiments are the descriptions of this 
invention. This invention should cover all equivalent modi 
fications and combinations of these embodiments, and is not 
limited to these embodiments. 

1. A method for making piezoelectricity material with 
spontaneous high piezoelectricity, comprising steps of: 

preparing a first multi-material preform including a poly 
(ether sulfone) (PES) matrix and a PVDF slab con 
tained in the PES matrix; 

drawing a plurality of first composite ribbons from the 
first multi-material preform at a first temperature above 
glass transition temperature of PES matrix and melting 
point of PVDF slab; and 

extracting a plurality of PVDF ribbons out of the com 
posite ribbons by a solvent. 

2. The method of claim 1, further comprising: 
preparing a second multi-material preform including the 
PES matrix and a bundle of first composite ribbons 
contained in the PES matrix; and 

drawing a plurality of second composite ribbons from the 
second multi-material preform at a temperature above 
glass transition temperature of PES and melting point 
of PVDF. 

3. The method of claim 2, further comprising: 
preparing a third multi-material preform including the 
PES matrix and a bundle of second composite ribbons 
contained in the PES matrix; and 

drawing a plurality of third composite ribbon from the 
second multi-material preform at a temperature above 
glass transition temperature of PES and melting point 
of PVDF. 

4. The method of claim 1, wherein the step of preparing 
the first multi-material preform comprises Sub-steps of 

obtaining a PVDF slab and at least two PES slabs; and 
inserting the PVDF slab into the center of the at least two 
PES slabs to obtain the multi-material preform. 

5. The method of claim 4, wherein the step of obtaining 
the PVDF slab comprises sub-steps of: 

rolling a plurality of PVDF polymer films around a first 
Substrate to form a first roll; 
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degassing the air trapped in the first roll under vacuum: 
consolidating the first roll at a second temperature above 

a glass transition temperature of the PVDF polymer 
films to form a first consolidated roll under vacuum: 
and 

cutting the PVDF slab from the first consolidated roll. 
6. The method of claim 5, wherein a thickness of the 

plurality of PVDF polymer films ranges from 10 um to 100 
l 

7. The method of claim 5, wherein the degassing process 
is processed under a temperature below the glass transition 
temperature of the PVDF polymer films. 

8. The method of claim 5, wherein the first roll is 
consolidated at the second temperature ranging from 165° C. 
to 200° C. for a period ranging from 10 minutes to 60 
minutes under a vacuum degree below 10x10° Torr. 

9. The method of claim 4, wherein the step of obtaining 
the at least two PES slabs comprises sub-steps of: 

rolling a plurality of PES polymer films around a second 
Substrate to form a second roll; 

degassing the air trapped in the second roll under vacuum: 
consolidating the second roll at a temperature above glass 

transition temperature of the PES films to form a 
second consolidated roll under vacuum; and 

splitting the second consolidated roll in two halves and 
machining in the center to open a niche for inserting the 
PVDF Sab. 

10. The method of claim 9, wherein a thickness of the 
plurality of PES films ranges from 50 um to 500 um. 

11. The method of claim 9, wherein the second substrate 
is a glass tube. 

12. The method of claim 9, wherein the degassing process 
is processed wider a temperature below the glass transition 
temperature of the PES polymer film. 

13. The method of claim 9, wherein the second roll is 
consolidated at the third temperature ranged from 220° C. to 
270° C. for a period ranged from 10 minutes to 60 minutes 
under a vacuum degree below 10x10° Torr. 

14. The method of claim 1, wherein the plurality of first 
composite ribbons is drawn by a tensile Stress ranged from 
1 MPa to 5 MPa, with a preform feeding speed of ranged 
from 1 mm/sec to 20 mm/sec, at a temperature ranged from 
250° C. to 300° C. 

15. The method of claim 22, wherein the plurality of first 
composite ribbons is drawn at the first temperature of 285 
C., the tensile stress of drawing is 3 MPa, a preform feeding 
speed of drawing is 8 mm/sec. 

16. The method of claim 2, the step of preparing the 
second multi-material preform comprises Sub-steps of 

forming a bundle of the first composite ribbons; and 
inserting the bundle of the first composite ribbons into the 
PES matrix. 

17. The method of claim 16, wherein the bundle of the 
first composite ribbons is formed by stacking 1-1000 first 
composite ribbons together. 

18. The method of claim 2, wherein the plurality of 
second composite ribbons are drawn at the first temperature 
ranged from 250° C. to 300° C. a tensile stress of drawing 
ranges from 1 MPa to 5 MPa, a preform feeding speed of 
drawing ranges from 1 mm/sec to 20 mm/sec. 
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19. The method of claim 3, the step of preparing the third 
multi-material preform comprises Sub-steps of: 

forming a bundle of the second composite ribbons; 
inserting the bundle of the second composite ribbons into 

the PES matrix. 
20. The method of claim 19, wherein the bundle of the 

second composite ribbons is formed by stacking 1-1000 
second composite ribbons together. 

21. The method of claim 3, wherein the plurality of third 
composite ribbons is drawn by a tensile stress ranged from 
1 MPa to 5 MPa, with a preform feeding speed of ranged 
from 1 mm/sec to 20 mm/sec, at a temperature ranged from 
250° C. to 300° C. 

22. The method of claim 1, wherein the solvent is an 
organic solvent capable of dissolving PES without dissolv 
ing PVDF. 

23. The method of claim 22, wherein the solvent is 
dichloromethane (DCM). 

24. A piezoelectricity material with spontaneous high 
piezoelectricity, comprising at least one PVDF ribbon, 
wherein a thickness of the at least one PVDF ribbon ranges 
from 5 nm to 1000 um. 
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25. The piezoelectricity material of claim 24, wherein a y 
phase percentage of the PVDF ribbon material ranges from 
72% to 76%. 

26. The piezoelectricity material of claim 24, wherein the 
thickness of the at least one PVDF ribbon ranges from 50 nm 
to 1000 nm. 

27. The piezoelectricity material of claim 26, wherein the 
thickness of the at least one the PVDF ribbon is 80 nm. 

28. The piezoelectricity material of claim 27, wherein the 
electrostriction coefficient of the PVDF ribbon is -67.8x 
10 and the piezoelectric coefficient of the PVDF ribbon is 
-58.5 pm/v. 

29. The piezoelectricity material of claim 24, wherein the 
thickness of the at least one the PVDF ribbon ranges from 
5 nm to 50 nm. 

30. The piezoelectricity material of claim 24, wherein the 
thickness of the at least one the PVDF ribbon ranges from 
1 um to 1000 um. 


