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SUMMARY: 24 
We establish here a method for coating the surface of a surface acoustic wave (SAW) device with 25 
amorphous Teflon film to improve the atomization efficiency required for application to an 26 
olfactory display. 27 
 28 
ABSTRACT: 29 
Since olfaction is an important sense in human interfaces, we have developed an olfactory display 30 
using a surface acoustic wave (SAW) atomizer and micro-dispensers. In this olfactory display, the 31 
efficiency of atomization is important in order to avoid smell persistence problems often 32 
encountered in human olfactory interfaces. Thus, the SAW device is coated with amorphous 33 
Teflon film to change the substrate nature from hydrophilic to hydrophobic. It is also necessary 34 
to silanize the piezoelectric substrate surface prior to Teflon coating to enhance the adhesion of 35 
the film. A dip coating method was adopted to obtain uniform coating on the substrate. The high-36 
speed solenoid valve was used as micro-dispenser to spout a liquid droplet to the SAW device 37 
surface since its accuracy and reproducibility were high. Then, the atomization became easier on 38 
the hydrophobic substrate. In this study, the amorphous Teflon coating for minimizing the 39 
remaining liquid on the substrate after atomization was studied. The goal of the protocol 40 
described here is to show the methods for coating a SAW device surface with amorphous Teflon 41 
film and generating the smell using the SAW atomizer and a micro-dispenser, followed by 42 
performance of a sensory test. 43 
 44 
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INTRODUCTION:  45 
Although devices for stimulating visual and auditory senses are popular, we cannot present all 46 
sensations that we perceive; though, we can ordinarily present a sensation using only these two 47 
senses. An olfactory display is a gadget that can present a scent, and it is used in virtual reality so 48 
that a user can perceive scents1-7. Since olfaction contributes to emotions greatly, an olfactory 49 
stimulus is indispensable for enhancing reality. We have previously studied movies, animations, 50 
and games with scents8,9. 51 
 52 
Several researchers have studied olfactory displays; for example, Yanagida has studied a scent 53 
projector that delivers a scent to a specified person even when no one around him or her 54 
perceives it1. Yamada et al. have studied an odor source localization in virtual space using a simple 55 
Gaussian distribution model of odor concentration2. Kim et al. have proposed the concept of two-56 
dimensional arrays of odor-releasing devices 3. Moreover, simple wearable olfactory displays and 57 
the ultrasonic phased array for controlling the direction of these scents have been proposed4-6. 58 
 59 
One of the problems in olfactory display is smell persistence. A user may detect the smell even 60 
after it is intended to be changed to the air or another scent. Since it is preferable to switch 61 
between scents as quickly as possible in virtual reality, the smell persistence problem should be 62 
studied. 63 
 64 
We have studied the olfactory display with a function of blending many ingredients. We 65 
previously developed this system using solenoid valves with high-speed switching10. Although it 66 
stably blends many ingredients, we could not yet solve the problem of smell persistence. We 67 
have since developed the olfactory display using micro-dispensers and a SAW atomizer11. 68 
Although similar techniques have been used to manipulate liquid droplets12-14, we applied it to 69 
scent generation. The SAW device is suitable for atomizing liquid droplets since it can atomize 70 
liquid droplets instantaneously15,16; however, we have found that tiny liquid droplets stay on a 71 
piezoelectric substrate after the atomization. These tiny liquid droplets cause smell persistence, 72 
even if most of the liquid is atomized.  73 
  74 
Typically, a perfume is dissolved into a solvent such as ethanol to reduce viscosity. However, 75 
diluted perfume spreads onto the surface of a piezoelectric substrate due to its hydrophilic 76 
nature, and the atomization efficiency deteriorates when thin film spreads. Thus, a part of the 77 
liquid remains even after atomization, which cannot be removed even if RF power increases. 78 
Since the solvent evaporates soon after, only the perfume remains on and sticks to the substrate. 79 
 80 
In this study, we coat the surface of a piezoelectric substrate with thin amorphous Teflon film so 81 
it becomes hydrophobic in nature. Since we can keep the droplet-like sphere on the hydrophobic 82 
surface, the energy required for detaching liquid from the substrate surface decreases. It is 83 
expected that an atomization efficiency is improved when the surface of SAW device becomes 84 
hydrophobic. The overall goal of this method is to improve the atomization efficiency so that a 85 
scent is immediately presented and can quickly disappear after its presentation, ultimately for 86 
application to olfactory display. In this paper, we show how a SAW device is coated with 87 
amorphous Teflon film and demonstrate the improvement of atomization efficiency and its 88 



   

experimental results were described in the reference17. 89 
 90 
PROTOCOL: 91 
The methods described here have been approved by the Human Research Ethics Committee of 92 
Tokyo Institute of Technology. 93 
 94 
1. SAW Device Preparation and Checking Impedance 95 

 96 
1.1 Prepare a 10 MHz SAW device on a LiNbO3 substrate [128o-rotated Y-cut, X propagation, 97 
with 21 finger pairs of an IDT (inter-digitated transducer)], together with reflectors made of 32 98 
finger pairs on one IDT side, as shown in Figure 1a. 99 

 100 
Note: Figure 1b shows the principle of atomization. The SAW is converted to a longitudinal wave 101 
at the liquid droplet. Mist is generated due to acoustic streaming if the SAW energy is sufficiently 102 
large. 103 
 104 
Note: The SAW device was fabricated by the manufacturer using typical photo lithography 105 
according to the electrode pattern that the authors designed. The piezoelectric substrate 106 
mentioned above was selected due to a high electromechanical coupling coefficient. 107 
  108 
1.2 Mount the SAW device using aluminum foil and conductive paste on a printed circuit 109 
board made of aluminum (designed for this SAW device) where the SMA connector is attached 110 
(Figure 2). 111 
 112 
Note: A printed circuit board made of aluminum is effective for heat radiation. 113 
 114 
1.3 Measure the frequency characteristic of impedance using a network analyzer. The SAW 115 
device is connected to the analyzer via a coaxial cable connection from the printed circuit board. 116 
Frequency characteristics should show areas where imaginary parts of the device admittance go 117 
to zero, which are the SAW device oscillation frequencies. 118 
 119 
Note: When acoustic loss in the device is large, atomization does not occur. The acoustic loss can 120 
be checked by measuring the frequency characteristic of impedance. When the SAW device is 121 
coated with Teflon film, the difference between the frequency characteristics before and after 122 
coating should be monitored to check if the film is too thick. 123 
 124 
2. Silanization 125 

 126 
2.1 Prepare the amino-based silane coupling agent (3-ahhminopropyltriethoxy silane). Adjust 127 
its concentration to 0.5 % (v/v) in water using a pipette. 128 

 129 
Note: Silanization is mandatory to enhance the adhesion of amorphous Teflon coating. Teflon 130 
coating is removed during atomization if silanization is not performed. 131 

 132 



   

2.2 Clean the surface of the SAW device using a cotton swab soaked with acetone. 133 
 134 
2.3 Set the device at a dip coater (Figure 3). 135 

 136 
Note: A printed circuit board where the SAW device is fixed using mending tape is attached to 137 
the dip coater, since the thickness of the SAW device (0.5 mm) is too thin to be attached to the 138 
dip coater directly. 139 

 140 
2.4 Pull down the device so that the atomization area can be immersed in the solution at a 141 
speed of 0.2 mm/s. Keep the device in solution for 5 min. 142 
 143 
2.5 Pull up the device at a speed of 1.7 mm/s. Keep the device in the air for 5 min. 144 
 145 
2.6 Rinse the device in pure water for 1 min. 146 
 147 
2.7 Keep the device in the air for 30 min. 148 
 149 
3. Amorphous Teflon Coating 150 

 151 
3.1 Prepare the amorphous Teflon material and solvent for dilution. Adjust the concentration 152 
of the amorphous Teflon solution to 3% (v/v) using the solvent. 153 
 154 
3.2 Set the device at a dip coater (Figure 3).  155 

 156 
Note: Dip coating was adopted here since the uniform coating is indispensable. Rough coating as 157 
well as coating that is too thick can cause deterioration of the atomization efficiency due to SAW 158 
attenuation.  159 

 160 
3.3 Pull down the device so that atomization area is immersed in the solution at a speed of 161 
0.2 mm/s. Keep the device in solution for 15 s. 162 
 163 
3.4 Pull up the device at the speed of 1.7 mm/s. Keep the device in the air for 5 min. 164 
 165 
3.5 Pull down the device so that atomization area is immersed in the solution at a speed of 166 
0.2 mm/s. Keep the device in solution for 15 s. 167 
 168 
3.6 Pull up the device at the speed of 1.7 mm/s. Keep the device in the air for 30 min. 169 
 170 
3.7 Bake the device at 180 °C for 60 min using a hot plate. 171 
 172 
Note: Thickness of the coating was approximately 400 nm according to quartz crystal 173 
microbalance (QCM) measurement. 174 
 175 
4. Experimental Set-up for Atomization 176 



   

 177 
4.1 Mount the SAW device on a printed circuit board. 178 
 179 
Note: Since the thickness of the SAW device is 0.5 mm, it can be easily broken. Thus, it is 180 
necessary to support it mechanically. 181 
 182 
4.2 Measure the frequency characteristic of the SAW device impedance using a network 183 
analyzer. The SAW device is connected to the analyzer via a coaxial cable connection of the 184 
printed circuit board. Frequency characteristics should show areas where imaginary parts of the 185 
device admittance go to zero, which are the SAW device oscillation frequencies. 186 
 187 
Note: Check the RF attenuation at the SAW device. The loss of the SAW device increases when it 188 
is inappropriately coated. This increase in loss typically occurs due to coating inhomogeneity or 189 
excessive thickness of coating; thus, the impedance characteristics before and after coating 190 
should be compared. The atomization cannot be performed if the SAW attenuation is too much. 191 
 192 
4.3 Connect the SAW device to a function generator through an RF power amplifier. 193 
 194 
4.4 Set the waveform of the RF burst signal at a function generator (Figure 4a). The burst 195 
signal for the SAW device should be a sine wave, and its duty cycle should be 10%. The wave 196 
frequency should also be set to the SAW device oscillation frequency obtained from the 197 
impedance characteristic measurements. 198 
 199 
4.5 Connect a burst square wave generator to a solenoid valve [i.e., micro-dispenser through 200 
a driving circuit (Figure 5)] so that a 24 V pulse signal can be supplied to the dispenser, which is 201 
also mentioned in the discussion18,19. 202 
 203 
Tip: For driving solenoid valves, a transistor array is convenient. Up to eight solenoid valves can 204 
be driven using the transistor array in this study. 205 

 206 
4.6 Set the micro-pump to apply pressure to flow the liquid to the micro-dispenser (Figure 5). 207 
The micro-pump supports the self-priming capability of the micro-dispenser20. 208 
 209 
4.7 Use an infrared thermometer to measure the temperature of the SAW device, if necessary. 210 
 211 
Note: The temperature at the SAW device surface typically reaches around 45 °C when the RF 212 
burst signal (85 Vp-p and 10% duty cycle) is applied for 5 min. 213 
 214 
5. Atomization 215 

 216 
5.1 Put the liquid (i.e., fragrance or chemical diluted with ethanol) into a vial. 217 
 218 
5.2 Set the waveform of the pulse signal applied to a micro-dispenser (Figure 4b). The pulse 219 
signal is a square wave pulse sequence with a 10% duty cycle and is generated with a function 220 



   

generator. 221 
 222 
5.3 Apply the pulse signal to the micro-dispenser to jet a liquid droplet to the SAW device18. 223 
Since a single droplet from the micro-dispenser is only a few nanoliters, a pulse sequence is 224 
needed to form a larger droplet for atomization. 225 
 226 
5.4 Apply the RF burst signal to the SAW device to atomize liquid droplets17. The burst signal 227 
is applied from a function generator through an amplifier after formation of the liquid droplets. 228 
The signal should be applied for as long as vapor is still generated from the atomization process. 229 
 230 
Note: The RF burst signal is used to adjust the average RF power. The SAW device may have a 231 
crack if the RF power is much larger than 2 W. 232 
 233 
5.5 Observe the surface of SAW device to inspect the remaining liquid droplet. 234 
 235 
5.6 Perform the same procedure as done in steps 4.1-4.7 and 5.1-5.5 for a bare SAW device. 236 
Then, compare the amount of remaining liquid droplet on the coated substrate with that from 237 
bare one. 238 
 239 
6. Detecting Scents 240 

 241 
6.1 Put the liquid into a vial as done in step 5.1. 242 
 243 
6.2 Adjust the height of the SAW atomizer using a jack so that its height remains equal to the 244 
participant’s nose. 245 
 246 
6.3 Dispense the liquid onto the SAW device. 247 
 248 
6.4 Turn on the fan. 249 
 250 
6.5 Allow the participant to detect the scent. 251 
 252 
Note: The authors did the sensory test instead of VOC analyzer used in the previous work since 253 
the perceived intensity rather than vapor concentration should be evaluated. 254 
 255 
REPRESENTATIVE RESULTS: 256 
One microliter of ethanol was placed on both bare and coated LiNbO3 substrates (ethanol was 257 
typically used as a solvent for perfume). A thin film of ethanol solution was formed after it spread 258 
onto the substrate (Figure 6a); on the other hand, the sphere-like shape was kept on the coated 259 
substrate (Figure 6b). The contact angle of the one microliter of water increased from 50 to 110 260 
degrees after amorphous Teflon coating (Figures 6c and 6d). It was found that the amorphous 261 
Teflon coating enhanced the hydrophobic nature. The sphere-like shape of the droplet was kept 262 
on the coated substrate, whereas the liquid spread into a thin film on the bare substrate. 263 
 264 



   

Next, the experiment with atomization of 200 nL of lavender was performed (Figure 7). The 265 
subsequent images of atomization without and with coating are shown in Figures 7a and 7b, 266 
respectively. Timescale in the photos was obtained from the number of frames recorded by a 267 
digital camera. Lavender was diluted with ethanol (dilution ratio: 50:1 v/v). On the bare substrate, 268 
the liquid spread immediately after it was dispensed. At 33 ms, strong atomization occurred at 269 
the center of liquid, whereas only limited mist was generated at the liquid edge within the circle 270 
as shown in Figure 7a. At 100 ms, atomization stopped; so, although atomization occurred at first, 271 
it stopped soon after. Then, part of the liquid remained. While the solvent evaporated rapidly, 272 
partial solute remained on the substrate surface; thus, the remaining solute caused the serious 273 
smell persistence. On the other hand, the sphere-like shape with its contact angle of more than 274 
90 degrees was maintained on the coated substrate after it was dispensed (Figure 7b). A 275 
concentrated mist was generated during atomization. After atomization, much less liquid in a 276 
smaller area was left in the smaller area compared to the bare substrate. Since the remaining 277 
liquid was not a smooth and complete surface but instead formed small single droplets, it is 278 
difficult to accurately calculate the coverage of droplets on Teflon coating. Roughly speaking, the 279 
remaining liquid on the hydrophobic surface was at most 10% of that on the hydrophilic surface. 280 
 281 
FIGURE AND TABLE LEGENDS: 282 
Figure 1: SAW atomizer. (a) Configuration of the SAW device and (b) principle of the SAW 283 
atomizer. Its electrode consists of gold and chromium. Figure 1a is reprinted with permission20. 284 
 285 
Figure 2: SAW device on a printed circuit board. 286 
 287 
Figure 3: Dip coater used in this study. 288 
 289 
Figure 4: Time sequences. (a) Waveform of the RF burst signal. The typical values of Vpp and Tr 290 
are 85 Vp-p and 1 s, respectively. A typical duty cycle such as TH/Tr is 10%. (b) Waveform applied 291 
to a micro-dispenser. The typical Tw, T, and N are 1 ms, 10 ms, and 70 pulses, respectively. 292 
 293 
Figure 5: Experimental setup for atomizing liquid droplet. 294 
 295 
Figure 6: Comparison of liquid droplet shape between bare and coated subtrates. Shown are a 296 
(a) top view of the thin film on the bare lithium niobate surface and (b) side view of the liquid 297 
droplet on the coated one. One microliter of ethanol was used in both (a) and (b). Here, (c) and 298 
(d) show side views of one microliter of water on the bare and coated substrates, respectively. 299 
This figure was reproduced with permission17. 300 
 301 
Figure 7: Atomization of the liquid droplet. Shown are the (a) hydrophilic surface (bare lithium 302 
niobate) and (b) hydrophobic surface (substrate coated with amorphous Teflon). The sample is 303 
200 nL of lavender. This figure was reproduced with permission17. 304 
 305 
Figure 8: Micro-dispenser based upon a solenoid valve. Shown are (a) the micro-dispenser’s 306 
principle and (b) a driver circuit for a single channel. This figure is reprinted with permission20. 307 
 308 



   

Figure 9: Application of the SAW atomizer coated with amorphous Teflon film. Research 309 
demonstration from the Intelligent User Interfaces (IUI) Symposium 2018 in Tokyo, Japan. 310 
 311 
DISCUSSION: 312 
One of the key components in this study is the micro-dispenser made of a high-speed solenoid 313 
valve18,19. Figure 8a shows the principle of this micro-dispenser. The plunger was driven by an 314 
electromagnetic coil. Its outlet is completely closed by the plunger during the OFF phase. The 315 
plunger rapidly moves to draw liquid in front during a short ON phase, then it moves back to the 316 
original location and jets a tiny liquid droplet from an orifice of the solenoid valve, which is driven 317 
by the circuit shown in Figure 8b. The amount of one liquid droplet is a few nanoliters. The 318 
frequency of the valve is between 1 and 1000 Hz, its minimum pulse width is 0.5 ms, and it works 319 
much faster than a typical solenoid valve. The typical distance between the orifice of the solenoid 320 
valve and the substrate was 15 mm. This study showed that the amount of liquid is precise and 321 
reproducible; moreover, it is robust against bubbles. 322 
 323 
Smell persistence can be drastically reduced owing to amorphous Teflon coating when an 324 
olfactory display based upon a SAW atomizer is used21. It can be further improved when a channel 325 
dedicated to deliver solvents to the substrate surface for cleaning is used. 326 
 327 
The critical step in protocol is manually adjusting the excitation frequency of the atomizer when 328 
it deviates from the optimal one. This should be automatically performed in the future. A 329 
modification from the initial protocol was to include the silanization process since Teflon coating 330 
itself without silanization was atomized. 331 
 332 
There are two remaining issues which limit this technique, one being the standing wave problem. 333 
The standing wave is generated when reflection occurs at the edge of the substrate. Since 334 
antinode and node appears periodically, atomization becomes weak at the node. Although we 335 
use a silicone gel to suppress the standing wave, this is not sufficient. A better material to absorb 336 
the acoustic energy is necessary. 337 
 338 
The second limitation is the durability of the Teflon coating. The Teflon coating is partially 339 
removed after atomizing a liquid many times. Since the current condition for coating has not 340 
been studied extensively, the authors can optimize it to extend the durability of Teflon coating. 341 
 342 
Nevertheless, the significance of the protocol with respect to existing methods is the reduction 343 
of remaining liquid after atomization on a surface with coating compared to without coating. 344 
Thus, the smell persistence is drastically reduced more than is described elsewhere17. Using this 345 
SAW device, demonstration of the olfactory display was performed. The eight-component 346 
olfactory display to demonstrate cassis, orange, whiskey, and their mixture were presented to a 347 
user with Head Mount Display (Figure 9)19. In this situation, a SAW device with the proposed 348 
coating works well to suppress smell persistence, which otherwise can considerably deteriorate 349 
the quality of scent presentation. 350 
 351 
The technique described here is important for olfactory display. Moreover, the SAW atomizer is 352 



   

applicable to a nebulizer for medical use and electrospray ionization for mass spectrometry. The 353 
atomization efficiency is also required in those applications. 354 
 355 
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Item 2 (check one box):

L. 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
Agreemenq "Article" means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artruor( abstracts, or summaries
contained therein; '?uthor" means the author who is a
signatory to this Agreemenq "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, abridgmen! condensation, or any
other form in which the Materials may be recast, transformed,
or adapted; "hstitution" means the institution, listed on the
last page of this Agreemen! 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 Visuolized Experiments;
"Materials" means the Article and / or the Video; ,,parties,,

means the Author and JoVE; 'llideo" 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.
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be made available (as described at

Open Access

2. Backsround. 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. ln 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 Riehts in Article. ln 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 oj the Article and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extractt 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 formatq
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. lf the ,,Open

Access" box has been checked in ltem'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 Rishts 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 classeg and to post a copy of the Article on the
lnstitution'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 Rishts in Video - Standard Access. This Section 5
applies if the "Standard Access" box has been checked in ltem
1 above or if no box has been checked in ltem 1 above. ln
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 Rishts in Video - Open Access. This Section 6
applies only if the "Open Access" box has been checked in
Item 1 above. ln 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 prin! 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 Emplovees. lf 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 ltem 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
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statute. ln 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, Personalitv. The Author hereby grants
JoVE the right to use the Autho/s name, voice, Iikeness,
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. lf 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 pafi 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 Materialg and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion. lf the Author requests the assistance of
JoVE in producing the Video in the Autho/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. lf 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 hgreements from each
such author. ioVE 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. lndemnification. 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 Authorfurther 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, experimentt 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
JIVE or elsewhere by JoVE. The Author shall be responsible
for, and shall hold JoVE harmless from, damages caused by
lack of sterilization, Iack 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
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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. 

t.
L2. Fees. To cover the cost incurred for publication, JoVE
must receive payment before production and publication the
Materials. Payment is due in 2L 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 USS1,200 fee to
cover pre-production expenses incurred by JoVE. lf 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. Bing Wu: 

 

1. Comment on spelling or grammar issues. 

We checked the manuscript again and revised several points. 

 

2. Comment on references: 

We included doi and arranged the reference format according to your suggestion. 

 

3. Comment on a 2.75 page limit for filmable content. 

We highlighted a portion of filmable content in a protocol according to your comment. 

 

4. Comments on unit. 

We used standard SI unit according to your comments. 

 

5. Comment on an ethics statement. 

We include the ethics statement according to your suggestion. 

 

6. Comment on combination of all panels of one figure into a single image file. 

We revised figures according to your comments. 

 

7. Others 

We removed Figure 1 (a) since it was overlapped with Figure 1 (b). 
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