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SHORT ABSTRACT: 25 
Here, we present a protocol for niobium oxide films deposition by reactive sputtering with 26 
different oxygen flow rates for use as an electron transport layer in perovskite solar cells.  27 
 28 
LONG ABSTRACT:  29 
Reactive sputtering is a versatile technique used to form compact films with excellent 30 
homogeneity. In addition, it allows easy control over deposition parameters such as gas flow rate 31 
that results in changes on composition and thus in the film required properties. In this report, 32 
reactive sputtering is used to deposit niobium oxide films. A niobium target is used as metal 33 
source and different oxygen flow rates to deposit niobium oxide films. The oxygen flow rate was 34 
changed from 3 to 10 sccm. The films deposited under low oxygen flow rates show higher 35 
electrical conductivity and provide better perovskite solar cells when used as electron transport 36 
layer.  37 
 38 
INTRODUCTION: 39 
The sputtering technique is widely used to deposit high-quality films. Its main application is in 40 
the semiconductor industry, although it is also used in surface coating for improvement in 41 
mechanical properties, and reflective layers1. The main advantage of sputtering is the possibility 42 
to deposit different materials over different substrates; the good reproducibility and control over 43 
the deposition parameters. The sputtering technique allows deposition of homogeneous films, 44 
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with good adhesion over large areas and at low-cost when compared with other deposition 45 
methods like chemical vapor deposition (CVD), molecular beam epitaxy (MBE) and atomic layer 46 

deposition (ALD)1,2 ⁠ . Commonly, semiconductor films deposited by sputtering are amorphous 47 
or polycrystalline, however, there are some reports on epitaxial growth by sputtering3,4. 48 

Nevertheless, the sputtering process is highly complex and the range of the parameter is wide5 ⁠ , 49 
so in order to achieve high-quality films, a good comprehension of the process and parameter 50 
optimization is necessary for each material.  51 
 52 
There are several articles reporting on the deposition of niobium oxide films by sputtering, as 53 
well as niobium nitride6 and niobium carbide7. Among Nb-oxides, niobium pentoxide (Nb2O5) is 54 
a transparent, air-stable and water-insoluble material that exhibits extensive polymorphism. It is 55 
an n-type semiconductor with band gap values ranging from 3.1 to 5.3 eV, giving these oxides a 56 
wide range of applications8–19. Nb2O5 has attracted considerable attention as a promising 57 
material to be used in perovskite solar cells due to its comparable electron injection efficiency 58 
and better chemical stability compared to titanium dioxide (TiO2). In addition, the band gap of 59 
Nb2O5 could improve the open-circuit voltage (Voc) of the cells14.  60 
 61 
In this work, Nb2O5 was deposited by reactive sputtering under different oxygen flow rates. At 62 
low oxygen flow rates, the conductivity of the films were increased without making use of doping, 63 
which introduces impurities on the system. These films were used as electron transport layer in 64 
perovskite solar cells improving the performance of these cells. It was found that decreasing the 65 
amount of oxygen induces the formation of oxygen vacancies, which increases the conductivity 66 
of the films leading to solar cells with better efficiency.  67 
 68 
PROTOCOL: 69 
 70 
1. Etching and cleaning the substrate  71 
 72 
1.1 Using a glass cutting system, form 2.5 x 2.5 cm substrates of fluoride thin oxide (FTO). 73 
 74 
1.2 Protect part of the substrate surface with a thermal tape leaving 0.5 cm of one side 75 
exposed.  76 
 77 
1.3  Deposit a small amount of zinc powder (enough to cover the area to be etched) on the 78 
top of the exposed FTO and drop concentrated hydrochloric acid (HCl) on the zinc powder slowly 79 
until all zinc powder is consumed by the reaction. Immediately after, rinse the substrate with 80 
deionized (DI) water. 81 
 82 
CAUTION: Hydrogen gas in abundance is generated from zinc and HCl reaction. 83 
 84 
1.4 Remove the tape and wash with DI water and soap using a small brush. 85 
 86 
NOTE: The brush helps to remove some residual glue from the tape.  87 
 88 



 
  
1.5 Leave the etched substrate in a soap solution (50% in water) and keep it for 15 min in an 89 
ultrasonicate bath. Then, sonicate for 15 min in DI water (2 times), followed by 10 more min in 90 
acetone and finally 10 min in isopropyl alcohol. Dry the substrate with nitrogen gas.  91 
 92 
2. Deposition of niobium oxide films 93 
 94 
2.1 Fix the substrate through a shadow mask protecting 0.5 cm of both sides.  95 
 96 
NOTE: On the side where the FTO was etched, it is important to certify that the FTO is covered in 97 
order to prevent short circuits when building the cell. 98 
  99 
2.2 Introduce the substrate into the sputtering chamber and seal the chamber. 100 
 101 
2.3 Start the mechanic pump. In the first 10 min, change the 3-way valve into roughing 102 
position to heat its oil and release water to improve the pumping. The primary pump works alone 103 
until the pressure is 6x10-2 Torr.  104 
 105 
2.4 Change the 3-way valve to backing position, and turn the turbo molecular pump on. Once 106 
the molecular pump is started, open the gate valve at the vacuum pump entry. Deposition starts 107 
when the pressure reaches 3x10-6 torr.  108 
 109 
NOTE: Before starting the molecular pump, the primary vacuum should be better than 6 x 10-2 110 
torr, however, not higher than 5 x 10-2 torr in order to prevent contaminating the chamber with 111 
pump oil. 112 
 113 
2.5 When the vacuum reaches 5x10-5 torr, open the water cooler system and turn on the 114 
substrate heating system. Set the temperature at 500 °C. Increase the temperature slowly, 100 115 
°C every 5 min until it reaches the desired value.  116 
 117 
2.6 Set the gases parameters to be used in the deposition: argon of 40 sccm and oxygen of 3 118 
to 10 sccm.  119 
 120 
NOTE: The oxygen flow rate was varied in each deposition: 3, 3.5, 4 and 10 sccm. Oxygen reacts 121 
with niobium forming niobium oxide.  122 
 123 
2.7 Introduce argon onto the chamber, and set the pressure to 5 x 10-3 torr and the radio 124 
frequency (RF) to 120 W. Turn the RF on and tune using the impedance matching box. In case the 125 
plasma does not start, increase the pressure slowly until it reaches 2 x 10-2 Torr. In this pressure, 126 
the plasma should start. Set the pressure using a gate valve that can be opened or closed to 127 
change the pumping rate. 128 
 129 
2.8 Keep the plasma at 120 W for 10 min to clean the niobium target removing any oxide 130 
layer present in its surface. 131 
 132 



 
  
NOTE: While cleaning the target, the substrate shutter is kept closed to protect the substrate 133 
from any material deposition.  134 
 135 
2.9 Introduce oxygen into the chamber and after stabilization, open the substrate shutter. 136 
Deposition starts. Set the deposition time to have a final thickness of 100 nm based on previous 137 
studies that determined the deposition rate. For each deposition condition a different deposition 138 
rate is expected, so the deposition time does also differ.  139 
  140 
2.10 Once the deposition time is completed, close the shutter immediately, turn the RF off, the 141 
close the gases and decrease the substrate temperature to room temperature.n 142 
 143 
2.11 As the substrate temperature reaches room temperature, introduce air to reestablish the 144 
ambient pressure and open the chamber..  145 
 146 
NOTE: Generally, the system takes 4 h to reach a temperature of 40 °C. 147 
 148 
3. Constructing the solar cells 149 
 150 
3.1  Preparing the solutions used to construct the devices 151 
 152 
3.1.1 TiO2 paste solution: Mix 150 mg of TiO2 paste in 1 mL of DI water. Stir it for 1 day before 153 
use. 154 
 155 
NOTE: Keep the suspension stirring even when you are not using it to be sure that the suspension 156 
is always homogeneous. 157 
 158 
3.1.2 Prepare the lead iodide solution (PbI2) by mixing 420 mg of PbI2 in 1 mL of anhydrous 159 
dimethylformamide. Use only anhydrous solvents. 160 
 161 
3.1.3 Prepare the methylammonium iodide (CH3NH3I) solution by adding 8 mg of CH3NH3I in 1 162 
mL of isopropyl alcohol (IPA).  163 
 164 
NOTE: The water content in IPA must be less than 0.0005%. 165 
 166 
3.2 Deposit TiO2 mesoporous layer on top of the niobium oxide layer using a spin coater at 167 
4000 rpm for 30 s. 168 
 169 
3.3 Put the substrate on the oven following the steps: 270 °C for 30 min; 370 °C for 30 min 170 
and 500 °C for 1 h. Wait until the oven reaches room temperature and remove the substrate.  171 
 172 
NOTE: The heat treatment decomposes the organic part of the paste leaving a porous layer over 173 
the film.  174 
 175 
3.4 Deposit two layers of PbI2 on top of the TiO2 mesoporous using a spin coater at 6000 rpm 176 



 
  
for 90 s and after each deposition put the substrate in a hot plate at 70 °C for 10 min.  177 
 178 
NOTE: The PbI2 deposition must be inside a glove box filled with pure nitrogen or argon and with 179 
controlled atmosphere (water and oxygen < 0.1 ppm). 180 
  181 
3.5 Deposit the CH3NH3I solution. Drop 0.3 mL of CH3NH3I solution onto PbI2, wait 20 s and 182 
then spin at 4000 rpm for 30 s. Put the substrate on a hot plate at 100 °C for 10 min.  183 
 184 
NOTE: The CH3NH3I deposition must be inside a glove box. The total amount of CH3NH3I solution 185 
must be dropped quickly in only one step.   186 
 187 
3.6 Deposit Spiro-OMeTAD solution on top of the perovskite layer by spin coating at 4000 188 
rpm for 30 s. Leave the substrate in an oxygen atmosphere overnight. 189 
 190 
NOTE: The Spiro-OMeTAD deposition must be inside of a glove box. After the deposition, it is 191 
important to leave the substrate overnight in an oxygen atmosphere in order to oxidize the Spiro- 192 
OMeTAD increasing its conductivity.    193 
 194 
3.7  Evaporate 70 nm of gold contact using a shadow mask at a rate of 0.2 A/s until 5 nm is 195 
reached and then increase the rate to 1 A/s.   196 
   197 
NOTE: It is important to use a slow rate at the beginning to prevent gold diffusion through the 198 
cell.  199 
 200 
REPRESENTATIVE RESULTS:  201 
In the sputtering system, the deposition rate is strongly influenced by the oxygen flow rate. The 202 
deposition rate decreases when the oxygen flow is increased. Considering the present conditions 203 
of the target area used and plasma power, it is observed that from 3 to 4 sccm there is an 204 
expressive decrease on the deposition rate, however, when the oxygen is increased from 4 to 10 205 
sccm it becomes less pronounced. In the regime of 3 sccm the deposition rate is 1.1 nm/s, 206 
decreasing abruptly to 0.1 nm/s for 10 sccm as seen in Figure 1.  207 
 208 
The niobium oxide phase formed is dependent on the oxygen flow rate. For flows less than 3 209 
sccm, niobium dioxide (NbO2) is the main phase formed. For flows higher than 3.5 sccm the 210 
oxygen amount is too high to originate NbO2, instead, Nb2O5 is observed as the main phase 211 
(Figure 2). Electron microscopy images (Figure 2) show the nanometric spherical particles of the 212 
films deposited at 3.5, 4 and 10 sccm. In contrast, the film deposited at 3 sccm shows sheets 213 
shape particles.   214 
 215 
The films deposited by reactive sputtering in different oxygen flow rates show different electrical 216 
properties. The conductivity of the films increases when less oxygen is used, 3 sccm or less. 217 
Increasing the oxygen flow rate to 3.5, 4 and 10 sccm, a decrease in the conductivity is observed 218 
(Figure 3A,B). This represents a simple and easy way to increase the conductivity of oxide films 219 
by adjusting the flux of oxygen during film deposition.  220 



 
  
 221 
The niobium oxide films deposited by sputtering were used as electron transport layer (ETL) in 222 
perovskite solar cells. For these solar cells, the film deposited at 3 sccm was not used because 223 
transparency is essential for ETLs. The performance of the solar cells also depends on the niobium 224 
oxide used (Figure 4). The cell made with the films deposited at 3.5 sccm has the best 225 
performance with the highest short-circuit current, a clear influence of the ETL film’s properties 226 
on the final performance of the cells.  227 
 228 
FIGURE AND TABLE LEGENDS: 229 
Figure 1: Deposition rate as a function of the oxygen flow rate during niobium oxide films 230 
deposition. Images of the oxide films surfaces are shown as insets. This figure has been modified 231 
from Fernandes et al. 20.  232 
 233 
Figure 2: Electron microscopy images and X-ray difractograms of niobium oxide films deposited 234 
under different oxygens flow rates, 3 sccm (A), 3.5 sccm (B), 4 sccm (C) and 10 sccm (D). The 235 
main NbO2 (JCPDS #82-1142) and Nb2O5 (JCPDS #28-317) peaks are indicated. The other peaks 236 
are referred to FTO. This figure has been modified from Fernandes et al. 20. 237 
 238 
Figure 3: Current vs voltage of diferent niobium oxide films (A), and corresponding conductivity 239 
(B). This figure has been modified from Fernandes et al. 20. 240 
 241 
Figure 4: Schematic architecture of the solar cell devices (A), J-V curves of the perovskites solar 242 
cells using niobium oxide films deposited at different oxygen flow rate, 3.5 sccm (B), 4 sccm (C) 243 
and 10 sccm (D). This figure has been modified from Fernandes et al. 20. 244 
 245 
DISCUSSION: 246 
The niobium oxide films prepared in this work was used as electron transport layer in perovskite 247 
solar cells. The most important characteristic required for an electron transport layer is to 248 
prevent recombination, blocking holes and transferring efficiently electrons.  249 
 250 
In this respect the use of reactive sputtering technique is advantageous since it produces dense 251 
and compact films. Also, as already mentioned, compared to sol-gel, anodization, hydrothermal, 252 
and chemical vapor deposition synthesis methods14,21,22, reactive sputtering is the most suitable 253 
to deposit large areas1,2,14. However, understanding the role of the deposition parameters on film 254 
properties is a challenge5,15,20, especially in the case of niobium-oxide that can form many 255 
different stable crystal structures.  256 
 257 
Nb can be found in tree oxidation state as II, IV and V, which are predominant in NbO, NbO2, and 258 
Nb2O5 phase respectively14. Although niobium pentoxide (Nb2O5) is the most stable phase, 259 
controlling the amount of oxygen in the chamber during deposition can produce different phases. 260 
This is a critical and important step, requiring fine control. In our system oxygen flow of 3 sccm 261 
favors the formation of NbO2. The use of oxygen flow rate higher than 3 sccm leads to the 262 
formation of Nb2O5.  263 
 264 



 
  
An excess of oxygen in the chamber leads to oxygen contamination of the target. This results in 265 
a decrease in oxide film deposition rate and the formation of different phases as explained in a 266 
previous publication20. On the contrary, oxygen deficiency in the chamber significantly decreases 267 
film transparency. Besides the formation of different phases, changing the oxygen flow results in 268 
films with different density of oxygen vacancies. This leads to significant changes in film 269 
properties, for example its conductivity. NbO2 shows high conductivity, while Nb2O5 is a more 270 
resistive phase. The lower electrical conductivity of Nb2O5 compared to NbO2 films is explained 271 
by the chemical nature of the bond, Nb has a charge state of 5+, with all of its 4d electrons bond 272 
to O 2p-orbital. For the Nb2O5 films (films deposited with 3.5, 4 and 10 sccm of oxygen flow), the 273 
highest conductivity is observed in films deposited with 3.5 sccm of oxygen flow, which is 274 
attributed to an increase in oxygen vacancies20.  275 
 276 
The cell made with a film deposited with 3.5 sccm of oxygen flow has the best performance with 277 
the highest short circuit current. This high performance is due to the better conductivity of the 278 
correspondent niobium oxide film. As the resistivity of the niobium oxide film increases, the 279 
devices show less efficiency.  280 
 281 
Clearly, sputtering is a powerful deposition technique that allows a finer control of deposition 282 
parameters compared to other chemical deposition techniques. The major limitation of 283 
sputtering is the use of ultra-high vacuum required to avoid contaminants, which implies 284 
relatively long waiting times for pumping. The waiting time can be partially avoided in system 285 
equipped with a pre-chamber, or a differential pumping system. Nevertheless, this requirement 286 
allows the production of films of high purity. 287 
 288 
In conclusion, the use of sputtering allows the formation of dense and compact films with 289 
controlled stoichiometry. In our case, good conductivity was achieved by adjusting the oxygen 290 
content in the chamber. Sputtering is a promissing technique to deposit film in large areas to 291 
produce efficient solar cells.  292 
 293 
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Name of Material/Equipment Company

2-propanol Merck

4-tert-butylpyridine Sigma Aldrich

acetonitrile Sigma Aldrich

bis(trifluoromethane)sulfonimide lithium salt Sigma Aldrich

chlorobenzene Sigma Aldrich

ethanol Sigma Aldrich

Fluorine doped tin oxide (SnO2:F) glass substrate Solaronix

Kaptom tape Usinainfo

Kurt J Lesker magnetron sputtering system Kurt J Lesker

Lead (II) iodide Alfa Aesar

methylammonium iodide Dyesol

N2,N2,N2′,N2′,N7,N7,N7′,N7′-octakis(4-methoxyphenyl)-9,9′-spirobi[9H-fluorene]-2,2′,7,7′-tetramine Sigma Aldrich

Niobium target of 3” 

CBMM- Brazilian 

Metallurgy and 

Mining Company 

N-N dimethylformamide Merck

TiO2 paste Dyesol

tris(2-(1H-pyrazol-1-yl)-4-tert-butylpyridine)cobalt(III) tri[bis(trifluoromethane)sulfonimide] Dyesol
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Catalog Number Comments/Description

 67-63-0 solvent with maximum of 0.005% H2O

 3978-81-2 chemical with 96% purity

75-05-8 anhydrous solvent , 99.8% purity

 90076-65-6 chemical with ≥99.95% purity 

108-90-7 anhydrous solvent , 99.8% purity

200-578-6 solvent 

TCO22-7/LI substrate to deposit films

04227 thermal tape used to cover the substrates

------ Sputtering equipment used to deposit compact films

10101-63-0 PbI2 salt- 99.998% purity

14965-49-2 CH3NH3I salt

 207739-72-8 Spiro-OMeTAD salt, 99% purity

------ niobium sputtering target used in the sputtering system

68-12-2 solvent with maximum of 0.003% H2O

DSL 30NR-D titanium dioxide paste 

 329768935 FK 209 Co(III) TFSL salt 

http://www.merckmillipore.com/BR/pt/search/-?search=&SingleResultDisplay=SFProductSearch&TrackingSearchType=pdp_related_product&SearchTerm=*&SearchParameter=%26%40QueryTerm%3D*%26feature_cas_no_value%3D67-63-0
https://www.sigmaaldrich.com/catalog/search?term=3978-81-2&interface=CAS%20No.&N=0&mode=partialmax&lang=pt&region=BR&focus=product
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Title of Article:  
 
Author(s):  
 
 
Item 1: The Author elects to have the Materials be made available (as described at 
http://www.jove.com/publish) via: 

 Standard Access   Open Access
 
Item 2: Please select one of the following items: 

 The Author is NOT a United States government employee. 

 The Author is a United States government employee and the Materials were prepared in the 
course of his or her duties as a United States government employee. 

 The Author is a United States government employee but the Materials were NOT prepared in the 
course of his or her duties as a United States government employee. 

 
ARTICLE AND VIDEO LICENSE AGREEMENT 

 
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 
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement, 
dramatization, fictionalization, motion picture version, 
sound recording, art reproduction, abridgment, 
condensation, or any other form in which the Materials may 
be recast, transformed, or adapted; “Institution” means 
the institution, listed on the last page of this Agreement, by 
which the Author was employed at the time of the creation 
of the Materials; “JoVE” means MyJove Corporation, a 
Massachusetts corporation and the publisher of The Journal 
of Visualized Experiments; “Materials” means the Article 
and / or the Video; “Parties” 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 Video. 
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. Protection of the Work. The Author(s) authorize 
JoVE to take steps in the Author(s) name and on their behalf 
if JoVE believes some third party could be infringing or 
might infringe the copyright of either the Author’s Article 
and/or Video. 
9. 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. 
10. 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. 
11. 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 
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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 
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.  
12. 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. 
13. Fees. To cover the cost incurred for publication, 
JoVE must receive payment before production and 
publication of 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. 
14. 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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To Dr. Bing Wu, 

JoVE Editor.   

 

Dear Dr. Wu  

Thank you for your comments and help to improve the quality of the paper. 

Please find below the answers made in order to clarify the understanding of the protocol 

and the manuscript.  

 

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that 

there are no spelling or grammar issues. 

The manuscript has been sent to an external revision. 

2. The highlighted protocol steps are over the 2.75 page limit (including headings and 

spacing). Please highlight fewer steps for filming 

The highlighted protocol was changed below the limit.  

3. JoVE cannot publish manuscripts containing commercial language. This includes 

trademark symbols (™), registered symbols (®), and company names of an 

instrument or reagent. Please remove all commercial language from your manuscript 

and use generic terms instead. All commercial products should be sufficiently 

referenced in the Table of Materials and Reagents. 

We changed the Kapton trademark for the generic term: thermal tape.  

4. Please define all abbreviations before use. 

All abbreviations were checked to define them before use. 

5. Please do not abbreviate journal titles for references. 

The references were fully written. 

 

 

 

___________________________________________ 

Drª. Silvia Leticia Fernandes 

Phone number: +55 14 981260585 

Email: sy.fernandes@hotmail.com 
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