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SHORT ABSTRACT:  30 
 31 
Here, we present a protocol to grow LSMO nanoparticles and (Gd) BCO films on (001) SrTiO3 (STO) 32 
single-crystal substrates by radio frequency (RF)-sputtering. 33 
 34 
LONG ABSTRACT:  35 
 36 
Here, we demonstrate a method of coating ferromagnetic La0.67Sr0.33MnO3 (LSMO) nanoparticles 37 
on (001) SrTiO3 (STO) single-crystal substrates by radio frequency (RF) magnetron sputtering. 38 
LSMO nanoparticles were deposited with diameters from 10 to 20 nm and heights between 20 39 
and 50 nm. At the same time, (Gd) Ba2Cu3O7−δ ((Gd) BCO) films were fabricated on both 40 
undecorated and LSMO nanoparticle decorated STO substrates using RF magnetron sputtering. 41 
This report also describes the properties of GdBa2Cu3O7−δ/ La0.67Sr0.33MnO3 quasi-bilayer films 42 
structures (e.g., crystalline phase, morphology, chemical composition); magnetization, magneto-43 
transport, and superconducting transport properties were also evaluated. 44 
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 45 
INTRODUCTION:  46 
 47 
The hole-doped manganite La0.67Sr0.33MnO3 (LSMO) have unique properties such as wide-band 48 
gaps, half-metallic ferromagnetism, and entangled electronic states, which provide extraordinary 49 
opportunities for potential spintronic applications1-4. Currently, many researchers are 50 
endeavoring to take advantage of the unique properties of LSMO to inhabit the vortex movement 51 
for high temperature superconducting (HTS) films, such as (RE) Ba2Cu3O7−δ films (REBCO, RE= 52 
rare-earth element)5-12. Nanoscale decoration of the substrate surfaces with ferromagnetic 53 
nanoparticles will provide well-defined sites for inducing magnetic pinning centers of expected 54 
density13,14. However, the ability to control the density and geometry of the nanoparticles on 55 
highly textured surfaces, such as on single-crystal substrates and highly textured metal 56 
substrates is very difficult. Most commonly, nanoparticles are synthesized and coated on surfaces 57 
using metal organic decomposition methods15, and pulsed laser deposition methods16,17. 58 
Although pulse laser deposition methods can provide nanoparticles coated on various substrates, 59 
it is difficult to realize large area homogeneous nanoparticles deposition. As for metal organic 60 
decomposition methods, they are proper for large area deposition of nanoparticles. However, 61 
the nanoparticles are often non-uniform and easily damaged by small physical stresses. 62 
 63 
Among these techniques, RF-magnetron sputtering has many advantages. Sputtering has a high 64 
deposition rate, low cost, and a lack of toxic gas emission. Also, it is easy to expand to large scale 65 
area substrates 18,19. This method provides single-step formation of La0.67Sr0.33MnO3 (LSMO) 66 
nanoparticles, and the nanoparticles are easy to be deposited on single-crystal substrates. RF 67 
magnetron sputtering can create large area nanoparticles uniformly on a diverse range of 68 
substrates, irrespective of surface texture, and surface roughness20.The particle control can be 69 
achieved by adjust sputtering time. Homogeneity can be achieved by adjust target-substrate 70 
distance. The disadvantage of RF-magnetron sputtering is its lower growth rate for some oxides21. 71 
In this approach, target atoms (or molecules) are sputtered out of the target by argon ion, and 72 
then nanoparticles are deposited on substrates in the vapor phase22. Nanoparticles formation 73 
occurs on the substrate in a single step23. This method is theoretically applicable to any materials 74 
including superconducting thin film, resistance film, semiconductor film, ferromagnetic thin film 75 
etc. However, to date, reports about protocols for depositing ferromagnetic nanoparticles are 76 
very scarce. 77 
 78 
Here, we demonstrate the deposition of GdBa2Cu3O7−δ/La0.67Sr0.33MnO3 quasi-bilayer films on 79 
SrTiO3 (STO) single-crystal substrates by RF magnetron sputtering method. Two kinds of target 80 
materials, GdBa2Cu3O7−δ and La0.67Sr0.33MnO3 target are used in the process. SrTiO3 (STO) single-81 
crystal substrates were coated with GdBa2Cu3O7−δfilms and GdBa2Cu3O7−δ/La0.67Sr0.33MnO3 quasi-82 
bilayer films.  83 
 84 
In this protocol, GdBa2Cu3O7−δ/La0.67Sr0.33MnO3 Quasi-bilayer films are deposited with RF 85 
magnetron sputtering on STO (001) substrates. The target diameter is 60 mm and the distance 86 
between the target and substrates is about 10 cm. The heaters are bulbs positioned 1 cm above 87 
the substrates. The maximum temperature is 850°C in this system. There are 5 different 88 



  

substrates in this system. RF magnetron sputtering GdBa2Cu3O7−δ/La0.67Sr0.33MnO3 quasi-bilayer 89 
films consists of two steps, which are the preparation of substrates and the RF magnetron 90 
sputtering process. A picture of the sputtering system is shown in Figure S1. 91 
 92 
PROTOCOL:  93 
 94 
1. Substrate and Target Preparation  95 
 96 
Note: This section describes the preparation of the sputter deposition chamber and the single 97 
crystal SrTiO3 (STO) substrates. 98 
 99 
1.1. Use 10 mm x 10 mm SrTiO3 (STO) single-crystal substrates during the RF magnetron 100 
sputtering process. 101 
 102 
1.2. Sequentially clean the substrates in isopropanol and deionized water for 10 min each at 103 
room temperature in ultrasonic bath. Then dry the substrates with nitrogen, which is for uniform 104 
covering of the substrate and good film adherence. 105 
 106 
1.3. Mount the (001) STO substrates in the substrate holders with silver powder conductive glue. 107 
Load these into the vacuum chamber. 108 
 109 
1.4. Mount the LSMO target in the magnetron injection gun, and then reassemble the gun. Test 110 
the resistance with an ohmmeter, to avoid a short circuit between the magnetron and the 111 
surrounding shield. Close the vacuum chamber is closed and pump down. 112 
 113 
1.5. Once the vacuum is lower than 1 x 10-4 Pa, heat the substrates to 850 °C using a heating rate 114 
of 15 °C/min. set the target-substrate distance to 8 cm. 115 
 116 
1.6. Set the mass flow controller to 10 sccm of O and 5 sccm of Ar as working gas flow. Use Ar/ O 117 
mixed gas to keep O cationic ratio (3) for La0.67Sr0.33MnO3 material during growth.  118 
 119 
1.7. Before the deposition, pre-sputter the LSMO target for 20 min at 30 W. High power will lead 120 
to cracks in the target and using low power will lead to more time for a clean surface, so we 121 
choose 20 min for 30 W. 122 
 123 
2. LSMO Nanoparticle Deposition 124 
 125 
Note: This section describes the deposition of the LSMO nanoparticles by RF-magnetron 126 
sputtering. 127 
 128 
2.1. To obtain a chamber pressure of 25 Pa, adjust the molecular pump splint valve. If the instant 129 
value is becoming larger than 25 Pa, rotate it counter-clockwise; if it is becoming smaller than 130 
25Pa, rotate it clockwise. Continue until the pressure has settled to a stable value. 131 
 132 



  

2.2. Check that the substrate temperature remains at 850 °C and is stable. 133 
 134 
2.3.  Increase the power of magnetron from 30 to 80 W. Wait for 10 min, until the plasma is 135 
stabilized. 136 
 137 
2.4. Open the shutter and deposit LSMO on the heated substrate.  138 

 139 
Note: We used sputtering times of 5, 10, 30, and 60 s for four samples. 140 
 141 
2.5. Close the shutter. Shut off power to the magnetron. Close the gas valve and shut off heater 142 
power. 143 
 144 
2.8. Cool the samples to room temperature. Unusually, this takes at least two hours in this 145 
system. Vent the chamber with dry nitrogen, open it, and remove the samples.  146 

 147 
3. GdBa2Cu3O7−δ Film Deposition 148 
 149 
3.1. Mount the GdBa2Cu3O7−δtarget in the magnetron gun, then reassemble the gun. Deposit any 150 
(Gd) BCO films, using steps similar to steps 1.4-2.8. Use similar deposition conditions for (Gd) BCO 151 
films as for the LSMO nanoparticles, except for the sputtering time which should be 30 min. After 152 
this, the growth will be over, and next step is the post-annealing. 153 
 154 
3.2. Decrease the sample temperature to 500°C. Then, open the gas valve for oxygen to give a 155 
chamber pressure of 75,000 Pa. Hold the samples at this temperature for one hour. 156 

 157 
Note: The temperature for 500 °C and a chamber pressure of 75, 000 Pa are for uniformly 158 
achieving LSMO nanoparticles. 159 
 160 
3.3. Cool the samples to room temperature. Vent the chamber with dry nitrogen, open it, and 161 
remove the samples.  162 
 163 
REPRESENTATIVE RESULTS:  164 
 165 
The thickness of (Gd) BCO films on both bare and LSMO decorated STO substrate was 500nm, 166 
which was measured by a surface profilometer. The film thickness was controlled by sputtering 167 
time. Figure 1a,b shows the AFM image of LSMO nanoparticle (sputtering time of 10 s) on 1.0 cm 168 
x 1.0 cm single-crystal STO substrates to prove that the LSMO nanoparticles grown on STO 169 
substrates uniformly. The surface and to measure the roughness of the films was characterized 170 
by atomic force microscopy (AFM) working in tapping Mode. The diameter of these LSMO 171 
nanoparticles ranged from 10 to 20 nm. Their height ranged from 20 to 50 nm. With an 172 
appropriate adjustment of deposited parameters, such as growth temperatures and target-173 
substrate distance, different surface topography could be achieved, as shown in Figure 1c,d. At 174 
a low temperature (650 °C), particle and line mixed topography was obtained, as seen in Figure 175 
1c. Furthermore, a small target-substrate distance (6 cm) can lead to a high density of LSMO 176 



  

particles with small size (Figure 1d). The structure of the LSMO nanoparticles (sputtering time of 177 
10 s) and (Gd) BCO films (Figure 2) was measured by X-ray diffractometer (XRD) measurement 178 
with Cu Ka  radiation operated at 40 kV and 20 mA. In Figure 3, results are shown for two 179 
representative (Gd) BCO samples as described above: (Gd) BCO films on undecorated and LSMO 180 
decorated substrates. The superconducting transition temperature (Tc) was close to 90.5 K for 181 
pure GBCO film and 90.3 K for LSMO/GBCO films. This nearly equal Tc value indicates LSMO 182 
nanoparticles don’t harm the superconducting property (Tc) for (Gd) BCO films. The higher slope 183 
indicate smaller Tc width for pure GBCO film compared with LSMO/GBCO films. The 184 
magnetization hysteresis loops for these two samples are plotted in Figure 4. By comparison, the 185 
M-H loop area is much bigger from 0 to 6 T at 30K for (Gd) BCO films fabricated on LSMO 186 
decorated substrate. The same trend is found at 50 and 77 K.  187 
 188 
Representative J-H distributions are also shown for each sample in Figure 5. For a given magnetic 189 
field, these distributions are calculated as 190 

Jc = 2Δ𝑀 × [𝑎 (1 −
𝑎

3𝑏
)]

−1

 191 

where a and b are the length and width of the tested sample. A magnetic field, which is 192 
perpendicular to the sample plane, a < b, is applied during testing process. In our case, a and b 193 
are 3 mm and 4 mm, respectively. The △M symbols in the formula is the difference between 194 
upper and lower values of a magnetic hysteresis loop at the same H, as shown in Figure 4. The 195 
critical current density and its dependences of field help will give more information for the effect 196 
of LSMO nanoparticles on flux pinning properties. These data in Figure 5a suggest that the (Gd) 197 
BCO film deposited on LSMO decorated substrate possess a higher Jc value from 1.3 to 6 T at 30 198 
K. Furthermore, as shown in Figure 5b, the (Gd) BCO film fabricated on LSMO decorated substrate 199 
shows a higher Jc value from 0 to 6 T at 77 K. The two phenomena in Figure 5 suggests that an 200 
additional pinning mechanism exist in (Gd) BCO films on LSMO decorated substrates. We named 201 
it as magnetic pinning, which is due to LSMO nanoparticles deposited on the substrate.  202 
 203 
The pinning force density was calculated by Fp = Jc × B. The calculated result is shown in Figure 204 
6a,b. There is a crossing point at 1.3T for Fp (max) value at 30K (Figure 6a), above which, the 205 
decorated sample has larger Fp value. The Fp (max) value at 77K moved to a higher H value (from 206 
0.6 T to 2.5 T) for sample with decoration, which is shown in Figure 6b. This difference also 207 
indicates there are different pinning mechanisms for (Gd) BCO film with and without LSMO 208 
decoration. 209 
 210 
We measured the critical current density dependence on magnetic field orientation for obtaining 211 
further interesting information on the vortex pinning properties. Figure 7 shows the angular 212 
dependence of Jc at 0.3T and 77 K for (Gd) BCO film with and without LSMO decoration. It is 213 
found that the most prominent increase of Jc is along the c-axis. This suggests that it is more 214 
effective at a field orientation of H//c for LSMO decorated (Gd) BCO film. For explaining the 215 
phenomenon, we show a schematic in the inset of Figure 7, which shows threading dislocations 216 
generated at H//c direction. We believe that the threading dislocations along the c-axis in a (Gd) 217 
BCO film with LSMO decoration is responsible for this phenomenon. 218 
 219 



  

FIGURE LEGENDS: 220 
Figure 1: Atomic Force Microscopic image of LSMO nanoparticle decorated STO substrates. (a) 221 
2D image, (b) 3D image, (c) 3D image of sample grown at a low temperature (650 °C), and (d) 222 
3D image of sample grown at a small target-substrate distance (6 cm). Reprinted with 223 
permission from previous work12. Copyright 2018 Elsevier. 224 
 225 
Figure 2: XRD pattern of (Gd) BCO thin films fabricated on undecorated and LSMO nanoparticle 226 
decorated STO substrates. Reprinted with permission from previous work12. Copyright 2018 227 
Elsevier. 228 
 229 
Figure 3: DC magnetization measurements of the superconducting transition Tc for (Gd) BCO 230 
thin films fabricated on undecorated and LSMO nanoparticle decorated STO substrates. 231 
Reprinted with permission from previous work12. Copyright 2018 Elsevier. 232 
 233 
Figure 4: Magnetization hysteresis loops for (Gd) BCO thin films on the undecorated and LSMO 234 
nanoparticle decorated STO substrates at three different temperatures. (a) 30 K, (b) 50 K, and 235 
(c) 77 K. Reprinted with permission from previous work12. Copyright 2018 Elsevier. 236 
 237 
Figure 5: Field dependence of Jc (the critical current density) for (Gd) BCO thin films on 238 
undecorated and LSMO decorated STO substrates at (a) 30 K and (b) 77 K. Reprinted with 239 
permission from previous work12. Copyright 2018 Elsevier. 240 
 241 
Figure 6: Variation of Fp as a function of the applied magnetic field for (Gd)BCO films deposited 242 
on undecorated and LSMO-nanoparticle-decorated STO substrates. (a) 30 K and (b) 77 K. 243 
Reprinted with permission from previous work12. Copyright 2018 Elsevier. 244 
 245 
Figure 7: Dependence of Jc at 0.3 T and 77 K on orientation of the applied magnetic field, 246 
relative to the film’s normal direction. The inset shows the schematic diagram of threading 247 
dislocations generated along the c-axis in the LSMO decorated (Gd) BCO thin film. Reprinted with 248 
permission from previous work12. Copyright 2018 Elsevier. 249 
 250 
Figure S1: Picture of the RF sputtering system  251 
 252 
DISCUSSION:  253 
 254 
Here we have demonstrated that this method can be used to prepare LSMO ferromagnetic 255 
nanoparticles of uniform distribution on SrTiO3 (STO) single-crystal substrates. The (Gd) BCO films 256 
also can be deposited on both bare and LSMO decorated STO substrate. With an appropriate 257 
adjustment of deposited parameters, such as growth temperatures and target-substrate 258 
distance, this method ought to be useful for deposited different kinds of magnetic and non-259 
magnetic particles or layers, for example, CeO2, YSZ (yttrium-stabilized zirconia)24, and ITO 260 
(Indium tin oxide). 261 
 262 
A critical step in the protocol is the sputtering time for deposition of LSMO particles. In the 263 



  

protocol, the proper sputtering time is needed. If the sputtering time is too long, this will form 264 
continuous LSMO thin film not nanoparticles. On the other hand, if the sputtering time is too 265 
short, the density of LSMO nanoparticles is not enough and it will affect current carrying ability 266 
for top GBCO films. For GBCO films, in order to achieve epitaxy, the use of a single crystal 267 
substrate is needed. In our case, LSMO nanoparticles do not need to achieve epitaxy, but just 268 
need greater density and the proper size to enhance top GBCO superconducting properties. In 269 
this report, sputtering times are used to control the different morphology for LSMO 270 
nanoparticles.  271 
 272 
One drawback of our deposition chamber is that because there is no in situ QCM (quartz crystal 273 
microbalance) sensor, we cannot monitor in real time the film thickness and deposition during 274 
the growth process. In our case, the thickness of GBCO films can be controlled by sputtering 275 
times. The deposition rate of the GBCO films presented here is about 15 nm/min. Finally, as 276 
mentioned in the introduction, the fabrication of LSMO nanoparticles has been successfully 277 
achieved by either metal organic decomposition methods (MOD) or pulsed laser deposition 278 
methods (PLD). The PLD method possesses slower deposition rates and involves a larger 279 
investment, while the MOD method results uniform particle distribution and low reproduction. 280 
Concerning the RF sputtering deposition, it can provide particles with uniform distribution and 281 
lower investment with respect to PLD method. Also, this nanoparticle deposition procedure can 282 
be scaled-up to coat larger surfaces easily. 283 
 284 
In conclusion, we demonstrate a RF sputtering method with which to create ferromagnetic LSMO 285 
nanoparticles on STO substrate, and GBCO superconducting films on bare and LSMO decorated 286 
STO substrate. These ferromagnetic LSMO nanoparticles have never been synthesized by RF 287 
sputtering deposition before. This RF sputtering method can coat nanoparticles uniformly on 288 
SrTiO3 (STO) single-crystal substrates or high textured substrates with different particle density 289 
and size17,25. This feature allows for future application of RF sputtering ferromagnetic 290 
nanoparticles in electronics devices on single-crystal substrates or flexible and highly textured 291 
substrates. 292 
 293 
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1. Defined Terms.  As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: “Agreement” means this Article and Video License
Agreement; “Article” means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries 
contained therein; “Author” means the author who is a
signatory to this Agreement; “Collective Work” means a work,
such as a periodical issue, anthology or encyclopedia, in which
the Materials in their entirety in unmodified form, along with a
number of other contributions, constituting separate and
independent works in themselves, are assembled into a
collective whole; “CRC License” means the Creative Commons
Attribution-Non Commercial-No Derivs 3.0 Unported
Agreement, the terms and conditions of which can be found
at: http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
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other form in which the Materials may be recast, transformed,
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means MyJove Corporation, a Massachusetts corporation and
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means the Author and JoVE; “Video” means any video(s) made
by the Author, alone or in conjunction with any other parties,
or by JoVE or its affiliates or agents, individually or in
collaboration with the Author or any other parties,
incorporating all or any portion of the Article, and in which the
Author may or may not appear.

2. Background.  The Author, who is the author of the Article,
in order to ensure the dissemination and protection of the
Article, desires to have the JoVE publish the Article and create
and transmit videos based on the Article.  In furtherance of
such goals, the Parties desire to memorialize in this Agreement
the respective rights of each Party in and to the Article and the
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3. Grant of Rights in Article.  In consideration of JoVE agreeing
to publish the Article, the Author hereby grants to JoVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (including,
without limitation, the Video) or Collective Works based on all
or any portion of the Article and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
(c) to license others to do any or all of the above.  The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats.  If the “Open
Access” box has been checked in Item 1 above, JoVE and the
Author hereby grant to the public all such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.
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4. Retention of Rights in Article.  Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JoVE’s copyright in the Article is
included.  All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video – Standard Access.  This Section 5
applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in Item 1 above.  In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JoVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and
to the Video.  To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE. 

6. Grant of Rights in Video – Open Access.  This Section 6
applies only if the “Open Access” box has been checked in
Item 1 above.  In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above.  The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and 
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees.  If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such

statute.  In such case, all provisions contained herein that are 
not in conflict with such statute shall remain in full force and 
effect, and all provisions contained herein that do so conflict 
shall be deemed to be amended so as to provide to JoVE the 
maximum rights permissible within such statute. 

8. Likeness, Privacy, Personality.  The Author hereby grants
JoVE the right to use the Author’s name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties.  The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials.  If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JoVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party.  The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion.  If the Author requests the assistance of
JoVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution.  If more than one
author is listed at the beginning of this Agreement, JoVE may, 
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author.  JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE.  JoVE and its
employees, agents and independent contractors shall have
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full, unfettered access to the facilities of the Author or of the 
Author’s institution as necessary to make the Video, whether 
actually published or not.  JoVE has sole discretion as to the 
method of making and publishing the Materials, including, 
without limitation, to all decisions regarding editing, lighting, 
filming, timing of publication, if any, length, quality, content 
and the like. 
 
11.  Indemnification.  The Author agrees to indemnify JoVE 
and/or its successors and assigns from and against any and all 
claims, costs, and expenses, including attorney’s fees, arising 
out of any breach of any warranty or other representations 
contained herein.  The Author further agrees to indemnify and 
hold harmless JoVE from and against any and all claims, costs, 
and expenses, including attorney’s fees, resulting from the 
breach by the Author of any representation or warranty 
contained herein or from allegations or instances of violation 
of intellectual property rights, damage to the Author’s or the 
Author’s institution’s facilities, fraud, libel, defamation, 
research, equipment, experiments, property damage, personal 
injury, violations of institutional, laboratory, hospital, ethical, 
human and animal treatment, privacy or other rules, 
regulations, laws, procedures or guidelines, liabilities and 
other losses or damages related in any way to the submission 
of work to JoVE, making of videos by JoVE, or publication in 
JoVE or elsewhere by JoVE.  The Author shall be responsible 
for, and shall hold JoVE harmless from, damages caused by 
lack of sterilization, lack of cleanliness or by contamination 
due to the making of a video by JoVE its employees, agents or 
independent contractors.  All sterilization, cleanliness or 
decontamination procedures shall be solely the responsibility 
of the Author and shall be undertaken at the Author’s 

expense.  All indemnifications provided herein shall include 
JoVE’s attorney’s fees and costs related to said losses or 
damages.  Such indemnification and holding harmless shall 
include such losses or damages incurred by, or in connection 
with, acts or omissions of JoVE, its employees, agents or 
independent contractors. 
 
12.  Fees.  To cover the cost incurred for publication, JoVE 
must receive payment before production and publication the 
Materials. Payment is due in 21 days of invoice. Should the 
Materials not be published due to an editorial or production 
decision, these funds will be returned to the Author. 
Withdrawal by the Author of any submitted Materials after 
final peer review approval will result in a US$1,200 fee to 
cover pre-production expenses incurred by JoVE.  If payment is 
not received by the completion of filming, production and 
publication of the Materials will be suspended until payment is 
received. 
 
13.  Transfer, Governing Law.  This Agreement may be 
assigned by JoVE and shall inure to the benefits of any of 
JoVE’s successors and assignees.  This Agreement shall be 
governed and construed by the internal laws of the 
Commonwealth of Massachusetts without giving effect to any 
conflict of law provision thereunder.  This Agreement may be 
executed in counterparts, each of which shall be deemed an 
original, but all of which together shall be deemed to me one 
and the same agreement.  A signed copy of this Agreement 
delivered by facsimile, e-mail or other means of electronic 
transmission shall be deemed to have the same legal effect as 
delivery of an original signed copy of this Agreement.   
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Dear Dr. Phillip Steindel: 

Thank you very much for your kind letter. We have revised the manuscript according to the 

suggestions made by the Editors. The origin vision of our Article No is JoVE58069. The changes 

we have made are listed below: 

  

Editorial comments: 

1. Unfortunately, there are still a few areas of the manuscript that overlap with 

previous work, including possibly the authors’ own. See attached iThenticate report 

and revise the following: lines 103-106 177-213, and 234-236. 

Answer (line107- 109; line181-217; line239-241): According to the suggestions of the editors, we 

have revised the full text carefully. The details are shown in the text with red colors. 

 

2. There are still some areas of the manuscript where the intended meaning is unclear 

(see notes in attached manuscript, although there may be other issues); please edit 

and proofread further. 

Answer (line44-45(A1); line103 (A2); line150-151 (A3); line125-127(A4); line171-172(A5)): 

According to the suggestions of the editors, we have revised the areas of the manuscript where the 

intended meaning is unclear carefully.  

Commented [A1] (line41-42): This is unclear. Wide-band what? Entangled electronic 

what? Half-metallic ferromagnetism. 

Answer (line44-45(A1)): According to the suggestions of the editors, we have revised wide-band, 
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Commented [A2] (line100-101): Do you mean ‘used’, or is it adapted in some 
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Answer (line103 (A1)): According to the suggestions of the editors, we have revised ‘adapted’ to 
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BCO films, using steps similar to steps 1.4-2.8. 
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Commented [A5] (line169-170): This is unclear; do you mean the diameters/heights 
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to ‘ranged’. 
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properly English expressions and other issues in our article. The details are shown in the text with 

red colors. 
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section. 
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explicit captions for each figure in a separate section (List of Figures captions). 

  

4. Figure 1: Please use ‘μm’ instead of ‘um’ and add spaces between numbers 

and units (e.g., ‘0 nm’); also, ‘nnm’ appears to be a mistake. Lastly, panels 

c and d do not exist in the current submission. 

Answer (Figure 1, line 174): According to the suggestions of the editors, we have revised the ‘um’ 

to ‘μm’, revised ‘nnm’ to ‘nm’. Also, we have added spaces between numbers and units. panels c 

and d have been mentioned in line 174. 
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