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Abstract: Lead zirconate titanate (PZT) materials have been widely studied because of
their excellent dielectric, ferroelectric, piezoelectric and electro-optic effects.The electrical
properties of ferroelectric thin films indicate that the temperature of ferroelectric thin films
changes under the action of external light field under adiabatic conditions. Previous studies
have shown that the crystal orientation of ferroelectric films is an important factor affecting
the local structure of ferroelectric films. Therefore, starting from the micro domain
structure, the effects of denoising algorithm on the crystallization temperature and
electrical properties of PZT ferroelectric thin films shown in SEM were studied. At the
same time, the crystalline layers in the microstructure of PZT and PZT / PTO films were
analyzed by SEM images, and the electrical properties of PZT films were compared with
ferroelectric and stable dielectric properties. The experimental results show that the

residual polarization intensity obtained by annealing at 550°C  after adding PTO seed

204C [ cm?

layer is about , Which is basically the same as that obtained by annealing PZT

ferroelectric film at 650°C . Therefore, the ferroelectric properties of PZT film are
enhanced after adding PTO seed layer. Moreover, the dielectric loss of PZT / PTO film is
smaller than that of PZT film.

1. Introduction
1.1. Background

With the rapid development of information technology, there are more and more media for
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information communication, mainly including text, image, sound and so on. Among many sources
of information, the channel for human to obtain information mainly comes from images. The image
is easily disturbed by some noise in the process of acquisition, sampling, transmission and coding.
The existence of noise changes the gray value of pixels, resulting in the misleading of external
information in the reading process. Therefore, in order to obtain an image without noise interference,
it is necessary to denoise the noisy image. In recent years, with the continuous research and
improvement of image filtering algorithms by researchers, many new denoising algorithms have
been proposed, and the denoising algorithm processing of SEM image presentation has gradually
sprung up.

1.2. Significance

Ferroelectric materials are widely used in memory, thin film capacitors, piezoelectric sensors,
infrared detection and acousto-optic deflectors because of their good ferroelectric, dielectric,
pyroelectric, piezoelectric and other electro-optic effects. However, PZT ferroelectric thin film
materials still have some shortcomings in some electrical properties, so it needs to be further
studied.

1.3. Related Work

Scanning electron microscope image analysis is an interesting option for inertial analysis of
nanostructure properties. The algorithm based on convolutional neural network (CNN) improves the
estimation of scanning electron microscope (SEM) image noise and linear roughness measurement.
However, these algorithms must evolve to run at high speed with low memory without normal
damage. Chaudhary n introduces two ways to reduce time and memory. He first proposed depth
CNN linenetl and linenet2 to construct and calculate the edges of SEM images at the same time.
Multiple functional concepts in linenetl and linenet2 reduce training time, reference time and model
size. Linenet2 also promotes edge compression in multiline graphs and combines other geometric
methods. His training method uses single line scanning electron, linear MICROSCAN electron and
systematic ear position information to train the data system. Next, we will look at different
visualization tools to improve your understanding. Therefore, the research content needs to be
further improved [1]. Because the SnO 2 membrane (PTO) impregnated with PTO was prepared by
immersion gel gel method. Huang x received X-ray diffraction (XRD), electron microscope (SEM),
four point detector and UV-Vis spectrophotometer. The results show that the square rutile system is
introduced into the PTO film under all test conditions. The square length of PTO film first decreases
and then increases with the increase of phosphorus doping was annealing temperature and coating
conditions. With the increase of annealing temperature, the surface length and grain compression
increase. When the P / SN ratio is 2mol%, the annealing temperature is 450 ‘C and the number of
coatings is 14 °C, the optimal thin-layer resistance of PTO film is 8.9K Q, and the transparency of
visible light region is 95%, but it has not been applied [2]. Scientists' enthusiasm for ferroelectric
materials has not weakened. The platinum ion film (100 nm) prepared by Basu n using the
optimized reactive ion release mechanism shows p-type semiconductor behavior, with a side gap of
1.5ev, a resistivity of 0.16 Q - M and a working power of 0.22ev. XPS spectrum shows the world of
PTO phase (32%) and PtO2 phase (68%). XRD spectrum reflects a- Installation of PtO2 phase. A
simple two terminal sensor image is made on a transparent and flexible acetate base plate. The
platinum oxide film forms an active layer (8.0 mm x 60) m) for DNA detection. The working
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principle of the sensor is that because DNA is attached to the surface of platinum material, the
weight of the carrier changes, resulting in changes in behavior. The adhesion of DNA to platinum
oxide was confirmed by Fourier transform infrared spectroscopy (FTIR) and optical fluorescence
measurement. It can be found that for each percentage increase in fluorescence intensity, the stable
absorption of DNA and platinum oxide is 7.35 u m  The sensor system displays the current
channel according to the DNA concentration, but the test process is very complex [3]. We know that
the absence of ferroelectric region in ferroelectric thin films will cause depolarization, resulting in
the slope of lagging P (E) ring. Boettger u found that the depolarization factor is determined by the
measured latency ratio of lead zirconate titanate (PZT) thin films, which contains a lot of
information about the optical layer and the passive iron region in the body. The resulting interface
capacity is less than that estimated by traditional extrapolation techniques. In addition, the concept
of depolarization has been used to study the inhibition behavior of PZT films, indicating that the
seed removal process leading to this phenomenon occurs in the whole film, but its effectiveness is
very weak [4]. As the next generation of electronic equipment, visual and flexible electronic
products have attracted much attention. In recent years, the application in specific environment
(such as wind turbine) puts forward higher requirements for flexible equipment. Ren C uses pulsed
laser technology to produce transparent Pb (zr0.1ti0.9) O-3 (PZT) on transparent indium tin (ITO)
electrode on yttrium stabilized zirconia mica buffer.) Ferroelectric thin film. The characteristics,
optical, mechanical and electronic properties of PZT / ITO / YSZ / oxide filament heterogeneity
were studied. Heteroepitaxy has high transmissibility and excellent mechanical properties, and has
excellent performance in rotation test. In addition, it also studies the electronic properties of PZT,
which shows that PZT retains its original properties. Various calibration tests are performed to
determine the ability of coordination function and confirm that the heterostructure maintains its
physical properties under high temperature rotation. These results show that high-capacity flexible
capacitors will pave the way for the application of flexible devices under harsh conditions, but the
initial capital investment will be higher [5]. Thin film Pb (Zr <sub > 0.3 </sub > Ti <sub > 0.7 </
sub >) O < sub > 3 </ sub > (PZT) is one of the most promising applications of nonvolatile
ferroelectric random access memory (FRAM) because of its high residual polarization, rapid change
behavior and process control preparation. Chen X uses sol-gel method to produce high quality PZT
films with desired orientation and glossy appearance, and a piezoelectric operational microscope
(PFM) is used to study the temperature dependence and local transformation behavior of
ferroelectrics. Under the applied DC voltage, the domain structure system rotates 180 <and is
reconstructed. The hysteresis polarization analysis of PZT loop shows that as the temperature
increases from 20 C to 70 °C, spontaneous polarization (P < sub > s </ sub >) and residual
polarization (P < sub > R </ UB >) and voltage decrease (V < sub > C </ sub >) conform to the
classical Landau phase transition process. In addition, PFM results show that PZT films always
show good performance, which is very enlightening for our research [6].

1.4. Innovation

In the experiment of studying the influence of PZT ferroelectric film crystallization temperature
and electrical properties, the SEM image of denoising algorithm is used to show the influence of
PZT ferroelectric film crystallization temperature and electrical properties. In addition, PZT
ferroelectric film with PTO seed layer is prepared, and the influence of PTO seed layer on PZT
ferroelectric film crystallization temperature and electrical properties is studied and compared.
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2. SEM Image Based on Denoising Algorithm Presents the Research Method of the Effect of
Pto Seed Layer on the Crystallization Temperature and Electrical Properties of PZT
Ferroelectric Thin Films

In real life, images are prone to noise pollution, but the degree of image damage needs to be
judged. Observation through the human eye system is the smartest way to judge, but this way is
easily disturbed by external factors and can not get the most accurate judgment. It is an effective
method to judge the image quality according to the data and eliminate the influence of external
factors. Evaluation criteria include sound evaluation criteria and self-evaluation criteria. Through
the judgment of the two evaluation methods, the redundant results can be reduced and the objective
data can be obtained. Therefore, these two judgment methods are generally used when calculating
image quality.

2.1. Principle of Denoising Algorithm

With the increasing role of image information in human life, image processing becomes more
and more important. Common field image denoising methods include spatial filtering and frequency
domain filtering [7]. The common methods of spatial image denoising include mean filter, median
filter and so on. Frequency domain filtering includes wavelet transform, Butterworth filtering,
Gaussian filtering and so on. Several typical filtering algorithms are briefly introduced below.

(1) Mean filtering

As the name suggests, the mean value takes its average value. The working principle of mean
filtering in image processing: the mean value of all pixels in the neighborhood centered on the
current pixel replaces the gray value of the pixel [8], and its mathematical model can be expressed
as:

P Q
2(i, j) = %ZZv(i, i )

i=1 j=1

Where, z(i, ) represents the gray value of the filtered pixel, M and N respectively represent the
number of rows and columns in the neighborhood of the pixel in the image, V(i, j) represents the
neighborhood of PxQ centered on (i, j) pixel in the image, and PxQ represents the number of

pixel points in the neighborhood.

When different neighborhood sizes are used in the mean filtering algorithm, the noise processing
effect will be different. In this paper, two mean filtering algorithms with different neighborhood
sizes are used to filter the image containing Gaussian noise. The comparison of filtering effects is
shown in Figure 1.
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(a)Noise image (b)33 filtering effect (c)5* 5 filtering effect

Figure 1. Denoising effect of mean filtering with different sizes

Looking at the comparison diagram of experimental results in Figure 1, we can see that there are
great differences in noise phenomena when comparing algorithms with different local quantities.
With the increase of area size, as edges and details become more and more important, the noise
reduction effect is improved. Therefore, when using the mean filtering algorithm, selecting the
appropriate area size is the key factor to improve the flow rate [9].

(2) Median filter

Intermediate filtering denoising process: the gray values of all pixels in the region are sorted by
size, and the median value is used to replace the gray value of the space. The characteristics of
median filter determine that the algorithm has good denoising effect on impulse noise. However,
when the image has a large noise area, the selected median is also the particles polluted by noise, so
the noise removal result is unsuccessful.

The comparison of processing results of median processing and mean processing in denoised
image is shown in Figure 2. For comparison, the model of 5x5 treatment is used [10].

el R S u&

(b)Effect drawing of (c)Effect drawing of
mean filtering median filter

.
i

(a)Impulse noise

Figure 2. Denoising effect of median and mean filtering on impulse noise
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Through experimental comparison, we can see that the intermediate filter can accurately capture
the details and information of image edge when extracting noise. It is found in the image that the
image is seriously damaged.

(3) Gaussian filter

Gaussian filtering algorithm has a positive impact on Gaussian noise emission. Gaussian filter
function [11]: take the pixel density in the pixel region as the estimated value of the pixel. The pixel
size decreases as the distance from the central pixel increases, indicating that the pixel plays a small
role in pixel resolution. The size of Gaussian filter can be as shown in formula 2:

XZ-%—y2

5 e 20 (2)

r(x,y)=
2o
Among them, the sum of squares of X and Y represents the distance from the neighborhood pixel
to the center point in the image. Parameter o controls the smoothing degree of Gaussian filter on
the image. The greater the value of o, the greater the smoothing degree. On the contrary, the
smoothing decline can not achieve the purpose of denoising.
(4) Bilateral filtering
The algorithm of bilateral filtering is simple and non iterative [12]. The principle expression is
shown in equation 3:

A A
_ (i:j)CDx,y
RS YO A g

(Lj)CDx,y

Where, f(x,y) represents the denoised image, D,, represents the coordinate set of pixels in
the neighborhood centered on point (x, y), f(i, j) represents the gray value of point (I, J) in the
noisy image, and F.(i, j)« F.(i, ) represents the spatial proximity weight and gray similarity
weight between pixels in the neighborhood and central pixels respectively. o, o, represents the
filtering parameters [13].

(a)Mean o (c)Bilateral filtering
filtering diagram (b)Gaussian filter graph diagram

Figure 3. Gaussian noise image processing with different filters
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In Fig. 3, three classical algorithms are used to process images containing Gaussian noise. It can
be seen from the figure that the mean filtering does not filter the noise in the image, but weakens the
noise points, which does not achieve the purpose of filtering the noise. Gaussian filtering blurs the
image and loses the detailed information of the image while filtering out the noise [14]. While
bilateral filtering can remove noise while preserving edge and detail information, there is still a
serious problem of image detail loss. The nonlocal mean denoising algorithm effectively improves
the shortcomings of the classical algorithm.

2.2. Sem Image Enhancement Algorithm

Due to the influence of image material or collection area, the original image quality will be very
poor. In this case, the image will lose useful information and will be promoted due to unnecessary
information. The purpose of image preview is to improve the image quality as needed, highlight the
objects of interest through the modification process, and reduce or minimize unwanted objects and
error messages [15]. Through image preview, we can improve the original data information and
provide an important basis for displaying image features in the whole production process.

Image enhancement includes denoising, image enhancement, edge extraction and so on.
Common systems include gray image conversion, histogram correction, image size adjustment,
image density enhancement and other development technologies. The image resolution obtained by
SEM is very high, and the application can capture the details of the process of applying ferroelectric
thin films to high-resolution images. The image must be prefabricated and refined to reflect the
physical properties and edge properties of ferroelectric materials [16].

Enhancement algorithm: image features often include the difference between the object and the
back, the edge and contour of the object, etc. Improving the image can customize or enlarge these
features to make the objects in the image better. After analysis, it is easy to deal with. For some
original images that have been damaged or damaged by the test object, selecting the correct
enhancement method can effectively eliminate the image noise and improve the edge or shape of
the material [17]. Image enhancement changes the image effect of the image, but does not randomly
generate image data, which can make the object features easier to identify. In this study, the initially
proposed image enhancement methods include fuzzy positive methods based on fuzzy system, color
coding and morphology to find the best image enhancement technology for different original SEM
images.

The original image to be processed is represented by f, any pixel on f is represented by (m, n),
and the gray level of this point is represented by k. If the original image is processed by the
processing method t, the processed image is represented by g. If the gray scale of pixel (m, n) on g
is represented by k ', then [18]:

k'=g(m,n)=t(k) 4)

f=g(m,n) ()

1) Fuzzy set enhancement: the reason why image processing can play an important role in image
processing is that all images have the loss of image information, which makes the image blurred,
more or less blurred. The process of fuzzy set theory provides a scientific basis for locating
confusion events through fuzzy thinking. The combination of fuzzy mathematics and image
enhancement technology provides a new image enhancement method and idea, that is, the image
enhancement method based on fuzzy system. This method first modifies the data of the original
image according to the given group relative to the illusion area, then improves it according to the
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conversion function, and finally achieves the improvement result by reverse mutation. The specific

steps are shown in Fig. 4 [20].

Original
image

The theory treats the two-dimensional image as a fuzzy pixel set, which is expressed as:
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Figure 4. Steps of image enhancement based on fuzzy set
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In the above formula, S; represents the gray value of pixel points (i, j), p; represents pixel
points (i, j), and p; €[0,1], the elements in these matrices represent the ratio of pixel gray in the

original image to a set gray, which is called membership. Next, the fuzzy distribution of the data
matrix needs to be solved by the algorithm, and the membership function is [21]:

o =G(g, )=[1+ M]%
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In the above formula, g, represents the maximum gray value of the pixel, and g, represents
the gray value of the current pixel. If there are x; =S andw,=T(S;)=0.5, then S  is the
crossing point. g, is called derivative fuzzy factor and g, is exponential fuzzy factor. These two
parameters are determined by S, generally, x4, =2and g, isdetermined by formula [22]:

Omax — 9
=1 (8)
2% -1
In order to correct the membership, the following transformation is adopted:
w; = Tr (a)j ) = Tw (Trfl (a)j )) r=123:- (9)

2- [0, 0<w;<05

T{ey) {1—2.[1_501.]2 05<w, <1 (10)

The above formula is the core step of image fuzzy enhancement. This formula shows that the key
of fuzzy enhancement algorithm is to expand the membership gap. The specific implementation
method is that when the membership value is greater than 0.5, it is increased by fuzzy enhancement
operator, while the membership value less than 0.5 is reduced by operator [23]. After processing,
the new feature plane will continuously enhance the image, and then the inverse transformation of
membership degree is required. The inverse transformation equation is as follows [24]:

-1

g, =G0, =9, - ()" 1] (12)

(2)SEM image of (b)Fuzzy enhancement
polysilicon film effect drawing

Figure 5. Fuzzy enhancement effect

Fig. 5 shows the results of synthesizing SEM images according to the fuzzy enhancement
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method. Figure (a) is an SEM image of the prepared polysilicon film. The image is a crystalline
mineral, and image (b) is the result of enhancement method based on fuzzy set. In comparison with
the original image, it can be seen that the clarity has been significantly improved [25].
2) Pseudo color enhancement

Although the ferroelectric model obtained by SEM is a real 3D color image, the image only
contains gray color, which is the same as the two-dimensional gray image, so only size information
can be drawn [26]. When people look at the SEM images of ferroelectric materials, they often find
many small differences in gray information that can not be seen by the naked eye. Sometimes these
small differences are very useful for image detectors or important information. In order to
distinguish these small differences, it can be considered to add color changes to the gray value of
SEM images containing only gray information.

The process of pseudo color correction is the same as that of coloring under hardware conditions.
The conversion effect of the three RGB elements is input to the three electron guns, and the output
elements are also integrated into the whole image, as shown in Fig. 6 [27].

Red
transformation

= Rxy)

g(x.) Green
transformation Py (X Y)

Y

Bluetored ———— P.(%Y)

Figure 6. Pseudo color enhancement process

The mathematical expression of the process is as follows:
P(X,y) = (R (P(x, ¥)), Fs (p(X, ), Fs (p(X, Y))) (12)

Among them, p(X,y) represents the gray value of pixel (X, y), Ps+ P;+ P; represents the

mapping relationship between pixel gray value and red, green and blue. This function is the core of
converting pixels from gray to color, and the converted pixel color value P(X,y) is composed of

R, G and B [28].
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Figure 7. Rainbow encoding conversion curve

Rainbow coding is a common color coding algorithm. The conversion curve is shown in Figure 7.
Figure (a) shows the mapping transformation between red and gray, and figures (b) and (c) show the
mapping transformation between green and blue, respectively. Color image conversion and image
(d) display three changes and are displayed in one coordinate.

In the SEM images with pseudo images, in order to further study the structural characteristics of
materials, we must first eliminate its interference and combine the gray methods to achieve the ideal
effect. For SEM nano silicon images containing false airflow images, although pseudo color
enhancement enhances the morphology and position of ferroelectric materials, and distinguishes
ferroelectric materials from airflow images by color, its purpose cannot be further discussed. In
image processing, ferroelectric materials need to be separated from the substrate.

Mathematical morphology is abbreviated as morphology. Its design is based on mathematical
geometry and mainly includes two basic elements: structural elements and physiological functions.
When using morphology for image analysis, we must first select the correct components according
to the characteristics of the object. On MATLAB, the syntax system is defined as SE = Strel (shape,
parameters), where shape is a shape parameter, which is often used with rectangle, straight line,
diamond, circle, etc. The parameters parameter refers to the size. The parameter representing its
element dimension is in pixels. It can be seen that the changes of these two parameters will affect
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the image processing effect. In practical application, the spacing of structural elements needs to be
determined according to the characteristics of ferroelectric materials.

Ferroelectric memory is recognized as one of the most promising next-generation memories by
society due to some advantages, such as high readability and writing speed, low power consumption,
low charging and development resistance [29]. Among many ferroelectric materials, PZT thin film
has always been a test point in the field of ferroelectric memory because of its residual polarization.
However, the PZT film making temperature is too high, which will affect the compatibility and
service life of the machine. Therefore, it is the main research direction to take some measures to
reduce the preparation temperature of PZT films without affecting the electrical properties of the
films.

The preparation process of PZT ferroelectric thin film is shown in Fig. 8 [30].

Lead acetate + Acetic acid
ethylene glycol A\ solution
methyl ether
Zirconium Formami
' de PZT precursor
nitrate + . : N
B solution solution (light
ethylene glycol ellow)
methyl ether Y

Acetylacetone
Butyl titanate +
ethylene glycol C solution

methyl ether

Lead acetate + Acetic acid Forma

s e
methyl ether PTO precursor

solution (light
" Acetylacetone ___ ellow
Butyl titanate + 4 Y )

ethylene glycol —M
methyl ether

Figure 8. Preparation process diagram of PZT and PTO precursor solution

3. SEM Images Based on Denoising Algorithm Show the Effect of PTO Seed Layer on
Crystallization Temperature and Electrical Properties of Pzt Ferroelectric Thin Films

In this experiment, sol-gel method was used to prepare Pb(Zr,,Ti,,;)O, (PZT) and

Pb(Zr,5,Tl, 45)O0, / POTIO, (PZT / PTO) ferroelectric thin films. In order to study the effect of seed

layer on the microstructure of PZT films, we analyzed the SEM images of PZT and PZT / PTO
films. The SEM images of the two films show smooth and complete morphology. As can be seen
from Fig. 9 (a), the surface grain boundary of thin iron PZT film is clear, and the grain is large and
uneven. At the same time, a small amount of pyrochlore can be seen in the film. As shown in Fig. 9
(b), it can be clearly seen from the cross-sectional view that grains and grain boundaries can be seen
in some areas, and the screen is not dense enough. After adding PTO seed layer, the microstructure
of PZT film changed significantly. PZT / PTO film has high surface density. The above results show
that the addition of PTO seed layer is of great significance to improve the density of PZT films and
promote the crystallization of PZT films.
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Pyrochlore

(PZT (b)PZT/PTO

Figure 9. SEM images of PZT and PZT / PTO films
4. Comparative Study on Electrical Properties of PZT Films

In the case of electrical performance test, the indirect test is essentially to measure the hysteresis
of the electrical circuit at different temperatures, and then use Maxwell's theory combined with the
change of electric field to realize the temperature change under adiabatic conditions. The direct test
method uses scanning calorimeter and thermal infrared camera to directly measure the temperature
change. Table 1 shows the research results of some experimental electrical performance tests.
Generally speaking, thin film materials or low-density materials have excellent electrical properties,
which will be better than bulk materials or ceramic materials.

Table 1. Experimental research results of electrical properties

PMN-PT
BATIO PMN-PT | (VDF-TrFE-CFE) | 72/28
aTi .
Material Science _3 Pb(Zrys,Ti,4)0; |  65/35 56.2/36.3/7.6 single
ceramics _ )
film polymer film crystal
block
Temperature
140 50 150 150 160
T(C)
Temperature
6.0 9 31 42 3.3
variationAT(K)
Electric field
1.2 6 54 70 1.0
changeAE(MV/m)
AT/AE(10°mV/K) 5 1.5 0.57 0.6 3.3
Indirect ) Indirect ] Indirect
Test method Direct test Indirect test
test test test
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4.1. Ferroelectric Properties

Figure 10 (a) shows the hysteresis loops of two ferroelectric films PZT and PZT / PTO at
different annealing temperatures. When the annealing temperature is about 650°C and the voltage
is 2.5 V, the residual polarization of PZT film is about 19.C/cm® and the forced electric field is

60 kV / cm. After adding PTO seed layer, the residual polarization and cutting point of PZT film at
the base do not change with the increase of annealing temperature, but only the complete
polarization increases. In addition, it can be seen from the figure that when the PTO seed layer is

added to the film, the residual polarization intensity obtained by annealing at 550°C is about
20.C /cm?, which reduces the crystallization temperature of PZT film by about 100°C . Therefore,
the ferroelectric properties of PZT films can be improved by adding PTO seed layer.

4.2. Dielectric Properties

Fig. 10 (b) is the correlation coefficient of dielectric measurement characteristics of PZT and
PZT / PTO films after annealing600°C , showing the variation trend of dielectric properties and
dielectric loss with frequency at room temperature. As can be seen from the figure, initially, the
dielectric values of the two PZT films further decreased with the increase of frequency. After 10°
Hz, it gradually increased. It can be clearly seen that the dielectric frequency of PZT / PTO film is

higher than that of PZT film, and the dielectric loss is lower than that of PZT film. It can be seen
from the SEM image that the low dielectric balance and high dielectric loss of PZT film are due to
the low density of PZT / PTO film.

=P ZT 550°C P ZT 600°C ——PpZT 600C
——PZT 650°C ——PZT/PTO 550°C PZT/PTO600C
==——pZT/PTO 600°C 700
80 1 600
60 -
£500
> 40 D
= c
2 20 - 3400
2 Q
'E 0 T T T T T T T T 1 "6'300
5 10 - 25 5 75 10 2
g7 Q200
$-40
S 100
& 60 -
-80 1 0 B ® O ®©
N Q \) \) \) \)
-100 - > S \QQ \QQQ QQQQ
N
Voltage/V Frequency/Hz
(@ (b)

Figure 10. Electrical properties of PZT and PZT / PTO films at different temperatures
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5. Conclusion

In this paper, the effects of adding PTO seed layer on the microstructure and electrical properties
of ferroelectric PZT films were studied. After adding PTO seed layer, the SEM image of PZT film
looks more compact and the crystallinity of the film is better. At the same time, the dense
microstructure and grain distribution reduce the crystallization temperature of the film. Therefore,
the maximum density of PZT / PTO film at 550 C is the same as that of PZT iron film at 650 C.
PZT / PTO films also achieve high dielectric frequency and low dielectric loss. Due to time reasons,
the research of this paper is not deep enough, the scope involved is relatively small, and there are
still many deficiencies to be improved.
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