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Abstract The magnetic properties in substrate/Pt/Co multilayers, such as perpendicular magnetic

anisotropy (PMA), are of particular interest for spintronic devices. In particular, it is important to ob-

tain a strong PMA on the flexible substrate in the field of wearable devices and structural health monitoring.

However, the different stacks deposition and regulation conditions on the magnetic properties of the films

lack systematic research. Here, we investigate the magnetic properties in Pt/Co structures with different

hard and flexible substrates, layer thicknesses, and the different deposition temperatures of the buffer layer.

We found that the coercive field and magnetodynamic behavior of the films change with these factors. More-

over, depositing the buffer layer under high temperature can effectively adjust the crystalline state of the

films, thus affecting the performance of the films. After depositing the buffer layer at 800◦C, our films can

obtain a better crystalline state and PMA. The measurement results of the magneto-optical Kerr microscope

show that the magnetic domain wall motion of the films can be controlled by different substrate and buffer

layer conditions. It was expected that ultra-fast magnetic moment switching can be achieved by optimizing

the conditions to reduce the power consumption of the device. The experimental results also show that

the optimized film conditions can also obtain strong PMA on the flexible substrate. These findings help to

understand magnetic properties in these structures and show the promising prospect for wearable devices

and other spintronic devices.

Keywords Pt/Co stacks, perpendicular magnetic anisotropy, magnetodynamic behavior, spintronics flex-

ible devices, high temperature deposition
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1 Introduction

In recent years, the spintronic flexible devices have received widespread attention because of their ap-
plication in wearable devices, synthetic sensitive skins, and health monitoring [1–3]. Pt/Co multilayers
with perpendicular magnetic anisotropy (PMA) and fast switching speed have attracted great attention
in high packing density memory and spintronic devices [4–6]. The combination of Pt/Co with other
stacks such as CoFeB/MgO can be used in the fields of magnetic memory and spintronics sensors [7–11].
Our group has also done some research on Pt/Co-based systems and applied it to the magnetic tunnel
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junctions (MTJs), which was the basic research for the application of this structure and Pt/Co-based
MTJs in flexible devices [10–12]. Therefore, the deposition of Pt/Co multilayers on flexible substrates
(Sub.) has become a research highlight. For example, by depositing the Pt/Co layer on the polyethylene
naphthalene dicarboxylate (PEN) substrate as a sensor, the strain direction of the flexible giant magneto
resistance (GMR) device can be sensed [13]. Recent research has also indicated that even by depositing
the Pt/Co/MgO multilayers on the flexible organic substrate, the full magnetic switching of the Co layer
can still be achieved [14]. Some studies also show that the magnetic anisotropy of Pt/Co multilayers
grown on a flexible substrate (MICA, PEN) can be controlled by voltage, which proves that the structure
can be used in strain and voltage-controlled spintronic devices [15–17]. We can know that the Pt/Co
multilayers directly affect the performance of a device, so it is important to investigate how to get the
Pt/Co stacks with high performance.

In the Pt/Co multilayers, the thickness of each layer, substrates, deposition temperature, and other
conditions will change the performance of the films [18–20]. By inserting the spacer layers between two Co
layers, the thermal stability can be greatly improved, the magnetic anisotropy of Pt/Co multilayers can be
regulated [21]. Some studies have also shown that by changing the thickness of Pt and Co reference layers,
magnetization directions can be tailored in Pt/Co multilayers [22,23]. By exposing Pt/Co multilayers to
oxygen, the researchers found that the spin-orbit torque can be enhanced due to the Rashba-Edelstein
effect improved after surface-adsorbed oxygen [24]. Some studies have also studied the internal magnetic
domain characteristics of Pt/Co structure and applied the films to all-optical switching devices, which
proved that the system has good magnetic properties [25–27]. The magnetic domain wall (DW) motion
can be directly observed by a magneto-optical Kerr microscope. Therefore, it has important research
significance for the construction of low-power spintronic devices to obtain a faster DW motion speed by
adjusting the deposition conditions and the substrate [5]. However, there is still a lack of systematic and
in-depth research on the effects of various factors on the structures.

In this work, we systematically studied the effects of different thicknesses, substrates, deposition con-
ditions, and buffer layers on magnetic anisotropy and magnetodynamics behavior. We found that the
crystalline state of the films changes with the different deposition temperatures and the substrates. After
depositing the buffer layer at 800◦C, the good crystalline state, and strong PMA can still be obtained.
By depositing the thin films on the flexible substrates, we found that the PMA can still exist and have
outstanding magnetodynamic characteristics. These results show that the Pt/Co-based multilayer has a
wide application in spintronics flexible devices.

2 Result and discussion

2.1 Basic characterization of samples

The samples were deposited on different substrates at various temperatures by a direct-current (DC) sput-
tering system produced by Truth Equipment Co., Ltd (TEC) with the ultimate vacuum of 6×10−9 Pa and
without applying magnetic fields. All the layers were deposited using a DC power supply. The deposition
rates were 1 nm·min−1 for Ta, 1.7 nm·min−1 for Pt, 2 nm·min−1 for Co at argon pressure of 9× 10−1 Pa.
To explore the influence of the substrate, buffer layer, and magnetic layer on the quality of the films, five
series of stacks were studied:

I. Sub.(x )/Ta(3)/Pt(3)/Co(t)/Pt(3),

II. Sub.(x )/Ta(4.5)/Pt(4.5)/Co(1)/Pt(4.5),

III. Sub.(x )/Ta(t)/Pt(4.5)/Co(1)/Pt(4.5),

IV. Sub.(x )/Ta(4.5)/Pt(t)/Co(1)/Pt(4.5),

V. Sub.(x )/Pt(t)/Co(1)/Pt(4.5),
where the numbers in parentheses indicate the thickness of each layer in nanometers. x represents
different substrates, t represents the thickness of the corresponding layer. The high temperature was
applied during the process of film deposition to adjust the crystalline state of the buffer layer. The M -H
curve (M versus magnetic field H ) was obtained using vibrating sample magnetometer (VSM) equipment.
The basic properties of the films, such as crystalline state and roughness, were characterized by X-ray
diffraction (XRD) and atomic force microscope (AFM) equipment.

Figure 1(a) shows the structures of Sub.(Si/SiO2)/Ta(3)/Pt(3)/Co(t)/Pt(3), the thickness of the Co
layer t ranges from 0.6 to 1.2 nm. The samples with a Co thickness of 0.9 nm were selected to get high-
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Figure 1 (Color online) (a) The schematic of Sub./Ta/Pt/Co/Pt structures; (b) the HR-TEM image of Sub.(Si/SiO2)/Ta

(3)/Pt(3)/Co(0.9)/Pt(5); (c) the hysteresis loops with the OP field for different thicknesses of the Co layer; (d) the relationship

between the coercive field of the films and the thickness of cobalt under different deposition pressures.

resolution transmission electron microscopy (HR-TEM) results. Revealed by the HR-TEM images, the
weak interdiffusion, good interfacial uniformity, and relatively high crystallinity can be seen in Figure 1(b),
which proves that the film we deposited has excellent performance. More HR-TEM result was shown in
Figure A1 in Supporting information to visually clarify the effect of different deposition conditions on
the films.

As shown in the M -H curves under the out-of-plane (OP) field (see Figure 1(c)), all films with different
thicknesses of Co layer show good PMA, which was consistent with the sharp interface as shown in the
HR-TEM result and the previous report [28]. Figure 1(d) shows the curves of coercivity (Hc) versus
thickness of the Co layer at different deposition pressures. First, it can be seen that the coercivity
first increases and then decreases upon increasing the thickness of the Co layer at different deposition
pressures. Second, the Hc of films can be enhanced after deposition during high pressure.

To understand the reasons behind this phenomenon, we need to first understand the process of thin film
deposition. At the beginning of the deposition, the plasma was obtained by increasing the pressure in the
chamber, after decreasing the pressure in the chamber, the films began to grow. If the film was deposited
under high pressure, the gas will pollute the film, and the film obtained will be inhomogeneous. As the
previous report, the power exponents of Cr films were dependent on the Ar pressure during deposition [29].
The reason can be attributed to the fact that there were more defects in the film under high pressure,
so the stress of the films was smaller [29]. For the Ta layer, the phase can be regulated by changing
the deposition pressure [30, 31]. The grain size increases with deposition pressure because the energies
of incident species were different [30]. Therefore, the deposition pressure can adjust the crystalline state
of the films [31]. Some studies also show that the exchange bias and interlayer coupling strength can
be regulated by changing the deposition pressure [32–34]. Through the analysis, it can be seen that
the deposition pressure mainly regulates the process of film growth, thus changing the crystallization
properties, film stress, film defects, and other parameters of the films, thus changing the performance
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Figure 2 (Color online) (a) The schematic of Sub./Buffer layer/Co(1)/Pt(4.5) structures. (b)–(d) The hysteresis loops with

the OP field for the structure of Ta(4.5)/Pt(4.5)/Co(1)/Pt(4.5) with different substrates: (b) MgO(100), MgO(110), MgO(111);

(c) Al2O3, STO, ZnO; (d) Si/SiO2, MgAl, MgF2, YSZ. (e) The relationship between the coercive field of the films and thickness of

the buffer Ta layer in the Ta(t)/Pt(4.5)/Co(1)/Pt(4.5) stacks under different substrates. (f), (g) The hysteresis loops with the OP

field for the structure of Ta(4.5)/Pt(t)/Co(1)/Pt(4.5) with different thicknesses of Pt layer under various substrates: (f) Si/SiO2;

(g) ZnO. (h) The hysteresis loops with the OP field for the structure of Pt(4.5)/Co(1)/Pt(4.5) with different substrates. (i) The

hysteresis loops with the OP field for the structure of Pt(20)/Co(1)/Pt(4.5) with different substrates.

of the films. As shown in Figure 1(d), the coercivity was improved with the high deposition pressure.
Through the previous analysis, we speculate that this phenomenon was because the high deposition
pressure changes the crystalline state of Pt and Co layers, and the magnetic field required to switch
the magnetic layer also changes. In detail, the grain size of the films increases, and the magnetic field
required to switch the magnetic domain was also enhanced. The low pressure can reduce the pollution to
the films, and thus increase the quality of the films. These results demonstrate that the quality of films
can be improved by reducing the deposition pressure.

2.2 The effect of different substrates and buffer layers

Furthermore, we choose many different substrates and deposited different buffer layers to verify the effect
of these factors on the performance of the films. It is worth mentioning that we choose many different
substrates and ensure that the deposition conditions were consistent, so that readers can refer to our
results to adopt suitable substrates for the experiment. The magnesium oxide (MgO) substrate was cur-
rently used in magnetic films, semiconductor films, optical films, and high-temperature superconducting
thin films. The Al2O3 substrate was one of the most popular ceramic substrates because of its excellent
heat resistance, high mechanical strength, abrasion resistance, and small dielectric loss. The surface of
Al2O3 substrate was quite smooth and has low porosity. The Si/SiO2 substrate was commonly used in
the integrated circuit industry. The SrTiO3 (STO) single crystal substrate provides a good lattice match
to most of the materials with Perovskite structure. It was an excellent substrate for the epitaxial film of
high-temperature superconductors and many oxides. Zinc oxide (ZnO) is a good GaN film substrate ma-
terial and ultraviolet and visible light-emitting materials. The magnesium aluminate (MgAl2O4) single



Eimer S, et al. Sci China Inf Sci February 2023 Vol. 66 122408:5

crystals substrate was widely used in sonic and microwave devices, the MgF2 single crystal substrate was
a birefringent material with high resistance to mechanical and thermal shock and radiation. The yttrium-
doped zirconia (YSZ) single crystal substrate was one of the earliest materials used in high-temperature
superconducting thin films.

As shown in Figure 2(a), by depositing the Ta(4.5)/Pt(4.5)/Co(1)/Pt(4.5) stacks on different sub-
strates, the coercivity of each sample can be extracted from the M -H curves. It can be seen from Fig-
ures 2(b)–(d) that the good PMA can be obtained by depositing films on different kinds of substrates,
which proves the excellent magnetic performance of the structures. We can see that the coercivity of
each sample was diverse, which can be attributed to the influence of different crystalline orientations
of substrates and roughness on the stacks. Then the effect of the buffer layer was explored, the buffer
layer includes Ta and Pt layers. To distinguish the role of buffer Ta and Pt layers in these stacks, the
thickness of the Pt layer was fixed and Ta layer was changed. It can be seen from Figure 2(e) that with
the thickness of the Ta layer increasing, the coercivity of films first decreases and then increases, and the
trend of different substrates was consistent. The possible reason for the phenomenon was that as the
thickness of the Ta layer increasing, the condition of the interface between the Pt and Co layer changes.
With the thickness of Ta layer increasing, the coercivity of films first decrease because the Ta layer was
not very flat. After that, the interface between Pt and Co layers gets better with the thickness increase,
so the coercivity of the films also increases [29, 35]. Then, by increasing the thickness of the Pt layer
under the same thickness of Ta layer, the magnetic anisotropy of the films can be regulated, as shown in
Figures 2(f) and (g). The reason was that the crystalline properties of the Pt layer become better as the
thickness increases so that the magnetic anisotropy of films changes.

Finally, we deposited the Pt layer as the buffer layer, as shown in Figures 2(h) and (i). It can be seen
that when the thickness of Pt layer was 4.5 nm, the PMA was weak, and when the thickness of Pt was
20 nm, PMA was better, which shows that increasing the thickness of Pt layer can effectively improve
the magnetic anisotropy of films. The possible reason was that when the thickness of Pt increases, the
crystalline state of the Pt layer and the interface becomes better, so the PMA increases.

Specifically, the role of the buffer layer can be summarized as follows. Firstly, by depositing the Ta
layer as a buffer layer, a better interface can be obtained. Because many spin-dependent effects were
interface effects, we can use the Ta layer to get a good interface. In the previous report, the magnetic
anisotropy and saturation magnetization can be significantly improved [29, 35]. Further research shows
that the Ta buffer layer provides a way to control the magnetic proximity effect [36]. Therefore, the main
function of the Ta layer was to improve the interface quality of multilayer films. In Pt/Co stacks, the
crystalline state of the Pt layer was used to regulate the crystalline state of the full stacks. The previous
report has shown that the growth orientation can affect the PMA of Pt/Co stacks [23]. The deposition
temperatures were an important factor to regulate the orientation of Pt layers [37]. Further studies show
that the crystal orientation of the Pt layer can significantly change the spin-orbit torques, exchange bias,
and other parameters of the films [38, 39]. Therefore, the main function of the Pt layer was to improve
the properties of the films by crystallization. In our work, we also change the deposition temperatures to
get the Pt layer with better crystallinity.

2.3 Effect of different deposition temperatures on Pt layer and the stacks

The VSM, XRD, and AFM measurement was applied to explore the effect of the films under different de-
position temperatures to the buffer Pt layer. Depositing Pt layer at different temperatures was mainly to
regulate the crystalline properties of Pt, which can also change the crystalline state, magnetic anisotropy,
and other characteristics of the Pt/Co stacks [40, 41]. As can be seen from Figure 3, the most intuitive
effect of high-temperature deposition was that it will affect the crystallization characteristics of the films,
because the crystallization state of the buffer layer will induce the crystallization of the upper magnetic
layer, which will affect the interface characteristics of the film and regulate the stress and adhesion of the
films. Therefore, the characteristics of the films can be controlled by changing the temperature of the
deposition buffer layer of Pt [40, 41]. In addition, the characteristics of the film will also be affected by
the substrate.

Specifically, we deposited Pt(30)/Co(1)/Pt(4.5) stacks on different substrates, the M -H can be seen in
Figure 3(a). It is worth mentioning that the films deposited on SiO2, ZnO, STO, and Al2O3 substrates
can maintain strong PMA after depositing the buffer Pt layer under the temperature of 800◦C. The PMA
of films deposited on MgO substrate under the high temperature deposition of Pt layer was weak. The
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Figure 3 (Color online) (a) The hysteresis loops with the OP field for the structure of Pt(30)/Co(1)/Pt(4.5) with different

substrates under various deposition temperatures applied to the buffer layer. (The annotation of SiO2 in the figure represents

Sub.(Si/SiO2)) (b), (c) X-ray diffraction for samples of Pt(30)/Co(1)/Pt(4.5) stacks with different substrates under different depo-

sition temperatures applied to the buffer layer. AFM image of the Pt(30)/Co(1)/Pt(4.5) samples with different substrates under

various deposition temperatures applied to the buffer layer: (d) SiO2 500◦C, (e) SiO2 800◦C, (f) ZnO 800◦C (For example, SiO2

500◦C represents the substrate is SiO2 and the deposition temperature of 500◦C to buffer Pt layer).

possible reason for the weak PMA was that the films do not crystallize well on MgO substrate, so the
diffusion destroyed the PMA. After all the samples were tested by XRD to obtain the crystallinity of the
sample. From Figures 3(b) and (c), we can know that the samples with different substrates at different
deposition temperatures, all have good crystallization peaks. First of all, we can see the clear peaks of
Pt(111), Pt(222), Co(110). Then, when we increase the deposition temperature of Pt layer in SiO2 based
films, the crystallinity gets better. After that, we found that the peak of Pt and Co move a little in
different substrates, which can be attributed to the different crystal orientations of the substrate. In the
end, we can see the β-Ta(002) phase peaks in STO-based films. To intuitively reveal the effect of different
deposition temperatures on the buffer Pt layer, we selected three samples for the AFM test, as shown
in Figures 3(d)–(f). First of all, it can be seen that with the increase of the deposition temperatures on
the buffer Pt layer, the crystalline state of the films deposited on SiO2 substrate changes obviously and
the grain size becomes larger. Second, it can be seen that different substrates can change the crystalline
orientation of the films. These results show that the deposition temperatures on the buffer Pt layer and
substrate can change the crystalline state, magnetic properties, adhesion and other properties of the films.

2.4 The magnetodynamic characteristic of films

Magnetic DW in ultrathin films was directly studied by Magneto-optic Kerr microscope built by Truth
Instruments Co. Ltd. [42]. All the samples were deposited and tested on the substrate with the size of
1×1 cm. We have chosen different samples to explore the DW propagation in these structures, the image
after we apply the OP field pulse was recorded. First of all, we apply a field pulse, and then take pictures
of the films under the magneto-optical Kerr microscope. After the field pulse, the magnetic field will
get back to zero for the next pulse. Before the magnetic pulse was applied, we do not apply an external
magnetic field. Then we apply multiple field pulses and record the pictures to visually observe the DW
propagation.

Previous studies have shown that the motion of DW was affected by the size, stack structure, tempera-
ture, and thickness of the stacks [43–46]. The switching of magnetization was dominated by domain wall
motion and by the nucleation of many small domains in fast dynamic conditions [47–49]. Therefore, the
structure of stacks, the thickness of each layer, and other parameters of the films will affect the motion of
the domain wall. As shown in Figures 4(a) and (b), in the Sub.(MgO)/Ta(3)/Pt(3)/Co(1)/Pt(3) films,
after applying a 1 s and a 0.5 s field pulse, the DW motion accelerates and the domain grows up. A sim-
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ilar phenomenon of DW propagation in Sub.(Al2O3)/Ta(3)/Pt(3)/Co(1.5)/Pt(3) structures was found
(Figures 4(c) and (d)). Compared with the magnetodynamic characteristics of the films deposited on
MgO substrate, the magnetic domain size of the films deposited on MgF2 substrate was smaller, and it
needs larger field and multiple pulses to observe the obvious DW nucleation and propagation (Figures 4(e)
and (f)). After depositing at high temperature, the magnetic domain of Sub.(MgO)/Pt(20)/Co(1)/Pt(3)
structure was larger and the propagation speed was faster. The reason may be that annealing makes the
crystallinity of the buffer layer better (Figures 4(g) and (h)). As can be seen from Figure 4, different
substrates, thicknesses of the magnetic layer, deposition temperatures, and other conditions will affect
the magnetic DW motion of the films. We think that different conditions change the crystallinity, inter-
face flatness, and magnetism, thus affecting the magnetodynamic characteristics of the films. More DW
propagation can be found in Figure B1 to visually clarify the effect of the substrate (Al2O3 and MgO)
and field pulse on the DW motion.

2.5 Pt/Co based spintronics flexible devices

After the systematic study of the influence of various factors on the thin films in substrate/Pt/Co struc-
tures and obtaining good results, we combine the system with the flexible substrate to construct spin-
tronics flexible devices. First of all, three kinds of substrates were selected (Kapton, Pet, Pen) to get the
flexible samples. Kapton can maintain the mechanical properties under the harshest of conditions. Pet
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Figure 5 (Color online) (a) Magneto-optic Kerr microscope test chart with the films of flexible substrate/Ta/Pt/Co/Pt struc-

tures. (b) The picture of twisting the flexible substrate by tweezers. (c) The hysteresis loops with the OP field for the struc-

ture of Ta(4.5)/Pt(t)/Co(1)/Pt(4.5) with different flexible substrates and various thicknesses of the Pt layer. (d) The hys-

teresis loops with the OP field for the structure of Ta(3)/Pt(4.5)/Co(0.6)/Pt(4.5) with different substrates. (e) The image of

Sub.(Kapton)/Ta(3)/Pt(3)/Co(1)/Pt(3) under the field of 20 mT after the field pulse of 1 s. (f) Under the condition of (e), 5 field

pulses of 1 s were applied. (g) The image of Sub.(Pet)/Ta(3)/Pt(4.5)/Co(1)/Pt(3) under the field of 20 mT after the field pulse of

1 s. (h) Under the condition of (g), 3 field pulses of 1 s were applied. (i) The image of Sub.(Pet)/Ta(3)/Pt(20)/Co(1)/Pt(3) under

the field of 42 mT after the field pulse of 0.5 s. (j) Under the condition of (i), a field pulse of 0.5 s was applied.

plastic has excellent wear resistance, friction resistance, dimensional stability, and electrical insulation.
The Pen has higher physical and mechanical properties, gas barrier performance, chemical stability, heat
resistance, ultraviolet (UV) resistance, and radiation resistance than Pet substrate. The flexible substrate
(e.g, PET, PEN, et al.) cannot hold the high temperature, so we cannot apply the high temperature
when deposition.

Then, the Ta/Pt/Co/Pt structures were deposited on the flexible substrate (Figure 5(a)). Before
testing the hysteresis loops, the sample was twisted many times to test the performance after distortion
(Figure 5(b)). On the one hand, the M -H was obtained with different substrates and thicknesses of Pt
layer under the Co thickness of 1 nm. From Figures 5(c) and (d), we can see that all the samples have
strong PMA. When we increase the thickness of the Pt layer, the coercivity can be enhanced, which
can be attributed to the better interface between Pt and Co layers. On the other hand, we also try to
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decrease the thickness of the Co layer under the Pt thickness of 4.5 nm. It was worth mentioning that
we still obtain strong PMA when the Co thickness was 0.6 nm, which proves that we can successfully
realize the spintronics device based on the flexible substrate without applying temperature. To further
understand the magnetic properties of the spintronics flexible films, we also get the Magneto-optic Kerr
microscope test result. We used the same measurement methods as used in Subsection 2.4 to analyze
the magnetodynamic characteristics. As shown in Figures 5(e)–(j), when we apply more field pulses, the
DW motion will accelerate. The different DW sizes and speeds of DW propagation can be attributed to
the different flexible substrates and the thicknesses of the buffer layer.

As shown in Figures 5(e)–(j), the DW motion speed was about tens of microns per second, so the DW
motion was in the creep regime [50]. When the DW motion was in the creeping state, the growth rate of
the DW motion was much greater than the increase rate of the magnetic field [50]. Therefore, the DW
motion distance in the creep regime was largely dependent on the change of the magnetic field. Hence,
in our sample, the main factor driving the DW motion was the magnetic field. As shown in Figures 5(g)
–(j), although the DW motion speed was about an order of magnitude, the required magnetic field was
more than doubled. This shows that when the thickness of the buffer layer Pt increases, the DW was
more difficult to move (Figures 5(g) and (h): Pt 4.5 nm, Figures 5(i) and (j): Pt 20 nm). More DW
propagation can be found in Figure B2 to visually clarify the effect of the different field pulses on the DW
motion when the thickness of the Pt layer was 4.5 nm. Because there were too many domain nucleation
points in this structure, to avoid the rapid growth of the magnetic domain bubbles and overlap, we use
a shorter magnetic field pulse in Figures 5(i) and (j).

3 Conclusion

In summary, we used Pt/Co-based structures to achieve the spintronics devices with hard and flexible
substrates. First of all, we systematically studied the influence of different conditions (thicknesses of the
buffer layer and magnetic layer, substrates, deposition temperatures of buffer Pt layer, and deposition
pressures) on the magnetic properties of Pt/Co structure. We have demonstrated that the magnetic
properties of the structure will change with various conditions, and we have proved that the performance
of films can be regulated by the different deposition temperatures of the buffer Pt layer. After that, to
know the magnetic switching characteristics, we observed the magnetodynamics of the films directly by
magneto-optical Kerr microscope. The mechanism of domain wall motion was also explained. Finally,
in the case of detailed exploration of the structure, we successfully deposited strong PMA samples at
room temperature on flexible substrates with the ultra-thin Co layer and obtained outstanding magnetic
properties. Our work can be used as a detailed reference for researchers and it was an important step to
combine spintronics with flexible devices.
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