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25  We establish here a method for coating the surface of a surface acoustic wave (SAW) device with
26  amorphous Teflon film to improve the atomization efficiency required for application to an
27  olfactory display.
28
29  ABSTRACT:
30 Since olfactionis an important sense in human interfaces, we have developed an olfactory display
31 using a surface acoustic wave (SAW) atomizer and micro-dispensers. In this olfactory display, the
32  efficiency of atomization is important in order to avoid smell persistence problems often
33  encountered in human olfactory interfaces. Thus, the SAW device is coated with amorphous
34  Teflon film to change the substrate nature from hydrophilic to hydrophobic. It is also necessary
35 tosilanize the piezoelectric substrate surface prior to Teflon coating to enhance the adhesion of
36 thefilm. Adip coating method was adopted to obtain uniform coating on the substrate. The high-
37 speed solenoid valve was used as micro-dispenser to spout a liquid droplet to the SAW device
38  surface since its accuracy and reproducibility were high. Then, the atomization became easier on
39 the hydrophobic substrate. In this study, the amorphous Teflon coating for minimizing the
40 remaining liquid on the substrate after atomization was studied. The goal of the protocol
41  described here is to show the methods for coating a SAW device surface with amorphous Teflon
42  film and generating the smell using the SAW atomizer and a micro-dispenser, followed by
43  performance of a sensory test.
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INTRODUCTION:

Although devices for stimulating visual and auditory senses are popular, we cannot present all
sensations that we perceive; though, we can ordinarily present a sensation using only these two
senses. An olfactory display is a gadget that can present a scent, and it is used in virtual reality so
that a user can perceive scents!”’. Since olfaction contributes to emotions greatly, an olfactory
stimulus is indispensable for enhancing reality. We have previously studied movies, animations,
and games with scents®°,

Several researchers have studied olfactory displays; for example, Yanagida has studied a scent
projector that delivers a scent to a specified person even when no one around him or her
perceives it'. Yamada et al. have studied an odor source localization in virtual space using a simple
Gaussian distribution model of odor concentration?. Kim et al. have proposed the concept of two-
dimensional arrays of odor-releasing devices 3. Moreover, simple wearable olfactory displays and
the ultrasonic phased array for controlling the direction of these scents have been proposed*®.

One of the problems in olfactory display is smell persistence. A user may detect the smell even
after it is intended to be changed to the air or another scent. Since it is preferable to switch
between scents as quickly as possible in virtual reality, the smell persistence problem should be
studied.

We have studied the olfactory display with a function of blending many ingredients. We
previously developed this system using solenoid valves with high-speed switching. Although it
stably blends many ingredients, we could not yet solve the problem of smell persistence. We
have since developed the olfactory display using micro-dispensers and a SAW atomizer®®.
Although similar techniques have been used to manipulate liquid droplets'?!4, we applied it to
scent generation. The SAW device is suitable for atomizing liquid droplets since it can atomize
liquid droplets instantaneously®>!¢; however, we have found that tiny liquid droplets stay on a
piezoelectric substrate after the atomization. These tiny liquid droplets cause smell persistence,
even if most of the liquid is atomized.

Typically, a perfume is dissolved into a solvent such as ethanol to reduce viscosity. However,
diluted perfume spreads onto the surface of a piezoelectric substrate due to its hydrophilic
nature, and the atomization efficiency deteriorates when thin film spreads. Thus, a part of the
liguid remains even after atomization, which cannot be removed even if RF power increases.
Since the solvent evaporates soon after, only the perfume remains on and sticks to the substrate.

In this study, we coat the surface of a piezoelectric substrate with thin amorphous Teflon film so
it becomes hydrophobic in nature. Since we can keep the droplet-like sphere on the hydrophobic
surface, the energy required for detaching liquid from the substrate surface decreases. It is
expected that an atomization efficiency is improved when the surface of SAW device becomes
hydrophobic. The overall goal of this method is to improve the atomization efficiency so that a
scent is immediately presented and can quickly disappear after its presentation, ultimately for
application to olfactory display. In this paper, we show how a SAW device is coated with
amorphous Teflon film and demonstrate the improvement of atomization efficiency and its
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experimental results were described in the reference'’.

PROTOCOL:
The methods described here have been approved by the Human Research Ethics Committee of
Tokyo Institute of Technology.

1. SAW Device Preparation and Checking Impedance

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

Note: Figure 1b shows the principle of atomization. The SAW is converted to a longitudinal wave
at the liquid droplet. Mist is generated due to acoustic streaming if the SAW energy is sufficiently
large.

Note: The SAW device was fabricated by the manufacturer using typical photo lithography
according to the electrode pattern that the authors designed. The piezoelectric substrate
mentioned above was selected due to a high electromechanical coupling coefficient.

1.2 Mount the SAW device using aluminum foil and conductive paste on a printed circuit
board made of aluminum (designed for this SAW device) where the SMA connector is attached
(Figure 2).

Note: A printed circuit board made of aluminum is effective for heat radiation.

1.3 Measure the frequency characteristic of impedance using a network analyzer. The SAW
device is connected to the analyzer via a coaxial cable connection from the printed circuit board.
Frequency characteristics should show areas where imaginary parts of the device admittance go
to zero, which are the SAW device oscillation frequencies.

Note: When acoustic loss in the device is large, atomization does not occur. The acoustic loss can
be checked by measuring the frequency characteristic of impedance. When the SAW device is
coated with Teflon film, the difference between the frequency characteristics before and after
coating should be monitored to check if the film is too thick.

2. Silanization

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

Note: Silanization is mandatory to enhance the adhesion of amorphous Teflon coating. Teflon
coating is removed during atomization if silanization is not performed.
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2.2 Clean the surface of the SAW device using a cotton swab soaked with acetone.

2.3 Set the device at a dip coater (Figure 3).

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

dip coater directly.

24 Pull down the device so that the atomization area can be immersed in the solution at a
speed of 0.2 mm/s. Keep the device in solution for 5 min.

2.5 Pull up the device at a speed of 1.7 mm/s. Keep the device in the air for 5 min.
2.6 Rinse the device in pure water for 1 min.

2.7 Keep the device in the air for 30 min.

3. Amorphous Teflon Coating

3.1 Prepare the amorphous Teflon material and solvent for dilution. Adjust the concentration
of the amorphous Teflon solution to 3% (v/v) using the solvent.

3.2 Set the device at a dip coater (Figure 3).
Note: Dip coating was adopted here since the uniform coating is indispensable. Rough coating as
well as coating that is too thick can cause deterioration of the atomization efficiency due to SAW

attenuation.

33 Pull down the device so that atomization area is immersed in the solution at a speed of
0.2 mm/s. Keep the device in solution for 15 s.

3.4 Pull up the device at the speed of 1.7 mm/s. Keep the device in the air for 5 min.

3.5 Pull down the device so that atomization area is immersed in the solution at a speed of
0.2 mm/s. Keep the device in solution for 15 s.

3.6 Pull up the device at the speed of 1.7 mm/s. Keep the device in the air for 30 min.
3.7 Bake the device at 180 °C for 60 min using a hot plate.

Note: Thickness of the coating was approximately 400 nm according to quartz crystal
microbalance (QCM) measurement.

4. Experimental Set-up for Atomization
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4.1 Mount the SAW device on a printed circuit board.

Note: Since the thickness of the SAW device is 0.5 mm, it can be easily broken. Thus, it is
necessary to support it mechanically.

4.2 Measure the frequency characteristic of the SAW device impedance using a network
analyzer. The SAW device is connected to the analyzer via a coaxial cable connection of the
printed circuit board. Frequency characteristics should show areas where imaginary parts of the
device admittance go to zero, which are the SAW device oscillation frequencies.

Note: Check the RF attenuation at the SAW device. The loss of the SAW device increases when it
is inappropriately coated. This increase in loss typically occurs due to coating inhomogeneity or
excessive thickness of coating; thus, the impedance characteristics before and after coating
should be compared. The atomization cannot be performed if the SAW attenuation is too much.

4.3 Connect the SAW device to a function generator through an RF power amplifier.

4.4 Set the waveform of the RF burst signal at a function generator (Figure 4a). The burst
signal for the SAW device should be a sine wave, and its duty cycle should be 10%. The wave
frequency should also be set to the SAW device oscillation frequency obtained from the
impedance characteristic measurements.

4.5 Connect a burst square wave generator to a solenoid valve [i.e., micro-dispenser through
a driving circuit (Figure 5)] so that a 24 V pulse signal can be supplied to the dispenser, which is

also mentioned in the discussion812.

Tip: For driving solenoid valves, a transistor array is convenient. Up to eight solenoid valves can
be driven using the transistor array in this study.

4.6 Set the micro-pump to apply pressure to flow the liquid to the micro-dispenser (Figure 5).
The micro-pump supports the self-priming capability of the micro-dispenser?°,

4.7 Use aninfrared thermometer to measure the temperature of the SAW device, if necessary.

Note: The temperature at the SAW device surface typically reaches around 45 °C when the RF
burst signal (85 Vp-p and 10% duty cycle) is applied for 5 min.

5. Atomization
5.1 Put the liquid (i.e., fragrance or chemical diluted with ethanol) into a vial.

5.2 Set the waveform of the pulse signal applied to a micro-dispenser (Figure 4b). The pulse
signal is a square wave pulse sequence with a 10% duty cycle and is generated with a function
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generator.

5.3 Apply the pulse signal to the micro-dispenser to jet a liquid droplet to the SAW device?®.
Since a single droplet from the micro-dispenser is only a few nanoliters, a pulse sequence is
needed to form a larger droplet for atomization.

5.4 Apply the RF burst signal to the SAW device to atomize liquid droplets'’. The burst signal
is applied from a function generator through an amplifier after formation of the liquid droplets.
The signal should be applied for as long as vapor is still generated from the atomization process.

Note: The RF burst signal is used to adjust the average RF power. The SAW device may have a
crack if the RF power is much larger than 2 W.

5.5 Observe the surface of SAW device to inspect the remaining liquid droplet.

5.6 Perform the same procedure as done in steps 4.1-4.7 and 5.1-5.5 for a bare SAW device.
Then, compare the amount of remaining liquid droplet on the coated substrate with that from
bare one.

6. Detecting Scents
6.1 Put the liquid into a vial as done in step 5.1.

6.2 Adjust the height of the SAW atomizer using a jack so that its height remains equal to the
participant’s nose.

6.3 Dispense the liquid onto the SAW device.
6.4 Turn on the fan.
6.5 Allow the participant to detect the scent.

Note: The authors did the sensory test instead of VOC analyzer used in the previous work since
the perceived intensity rather than vapor concentration should be evaluated.

REPRESENTATIVE RESULTS:

One microliter of ethanol was placed on both bare and coated LiNbOs3 substrates (ethanol was
typically used as a solvent for perfume). A thin film of ethanol solution was formed after it spread
onto the substrate (Figure 6a); on the other hand, the sphere-like shape was kept on the coated
substrate (Figure 6b). The contact angle of the one microliter of water increased from 50 to 110
degrees after amorphous Teflon coating (Figures 6¢ and 6d). It was found that the amorphous
Teflon coating enhanced the hydrophobic nature. The sphere-like shape of the droplet was kept
on the coated substrate, whereas the liquid spread into a thin film on the bare substrate.



265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308

Next, the experiment with atomization of 200 nL of lavender was performed (Figure 7). The
subsequent images of atomization without and with coating are shown in Figures 7a and 7b,
respectively. Timescale in the photos was obtained from the number of frames recorded by a
digital camera. Lavender was diluted with ethanol (dilution ratio: 50:1 v/v). On the bare substrate,
the liquid spread immediately after it was dispensed. At 33 ms, strong atomization occurred at
the center of liquid, whereas only limited mist was generated at the liquid edge within the circle
as shown in Figure 7a. At 100 ms, atomization stopped; so, although atomization occurred at first,
it stopped soon after. Then, part of the liquid remained. While the solvent evaporated rapidly,
partial solute remained on the substrate surface; thus, the remaining solute caused the serious
smell persistence. On the other hand, the sphere-like shape with its contact angle of more than
90 degrees was maintained on the coated substrate after it was dispensed (Figure 7b). A
concentrated mist was generated during atomization. After atomization, much less liquid in a
smaller area was left in the smaller area compared to the bare substrate. Since the remaining
liguid was not a smooth and complete surface but instead formed small single droplets, it is
difficult to accurately calculate the coverage of droplets on Teflon coating. Roughly speaking, the
remaining liquid on the hydrophobic surface was at most 10% of that on the hydrophilic surface.

FIGURE AND TABLE LEGENDS:
Figure 1: SAW atomizer. (a) Configuration of the SAW device and (b) principle of the SAW
atomizer. Its electrode consists of gold and chromium. Figure 1a is reprinted with permission?°,

Figure 2: SAW device on a printed circuit board.
Figure 3: Dip coater used in this study.

Figure 4: Time sequences. (a) Waveform of the RF burst signal. The typical values of Vp, and T,
are 85 Vpp and 1 s, respectively. A typical duty cycle such as Tu/T: is 10%. (b) Waveform applied
to a micro-dispenser. The typical Tw, T, and N are 1 ms, 10 ms, and 70 pulses, respectively.

Figure 5: Experimental setup for atomizing liquid droplet.

Figure 6: Comparison of liquid droplet shape between bare and coated subtrates. Shown are a
(a) top view of the thin film on the bare lithium niobate surface and (b) side view of the liquid
droplet on the coated one. One microliter of ethanol was used in both (a) and (b). Here, (c) and
(d) show side views of one microliter of water on the bare and coated substrates, respectively.
This figure was reproduced with permission'’.

Figure 7: Atomization of the liquid droplet. Shown are the (a) hydrophilic surface (bare lithium
niobate) and (b) hydrophobic surface (substrate coated with amorphous Teflon). The sample is
200 nL of lavender. This figure was reproduced with permission'’.

Figure 8: Micro-dispenser based upon a solenoid valve. Shown are (a) the micro-dispenser’s
principle and (b) a driver circuit for a single channel. This figure is reprinted with permission?°.
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Figure 9: Application of the SAW atomizer coated with amorphous Teflon film. Research
demonstration from the Intelligent User Interfaces (IUl) Symposium 2018 in Tokyo, Japan.

DISCUSSION:

One of the key components in this study is the micro-dispenser made of a high-speed solenoid
valve'®19, Figure 8a shows the principle of this micro-dispenser. The plunger was driven by an
electromagnetic coil. Its outlet is completely closed by the plunger during the OFF phase. The
plunger rapidly moves to draw liquid in front during a short ON phase, then it moves back to the
original location and jets a tiny liquid droplet from an orifice of the solenoid valve, which is driven
by the circuit shown in Figure 8b. The amount of one liquid droplet is a few nanoliters. The
frequency of the valve is between 1 and 1000 Hz, its minimum pulse width is 0.5 ms, and it works
much faster than a typical solenoid valve. The typical distance between the orifice of the solenoid
valve and the substrate was 15 mm. This study showed that the amount of liquid is precise and
reproducible; moreover, it is robust against bubbles.

Smell persistence can be drastically reduced owing to amorphous Teflon coating when an
olfactory display based upon a SAW atomizer is used?. It can be further improved when a channel
dedicated to deliver solvents to the substrate surface for cleaning is used.

The critical step in protocol is manually adjusting the excitation frequency of the atomizer when
it deviates from the optimal one. This should be automatically performed in the future. A
modification from the initial protocol was to include the silanization process since Teflon coating
itself without silanization was atomized.

There are two remaining issues which limit this technique, one being the standing wave problem.
The standing wave is generated when reflection occurs at the edge of the substrate. Since
antinode and node appears periodically, atomization becomes weak at the node. Although we
use a silicone gel to suppress the standing wave, this is not sufficient. A better material to absorb
the acoustic energy is necessary.

The second limitation is the durability of the Teflon coating. The Teflon coating is partially
removed after atomizing a liquid many times. Since the current condition for coating has not
been studied extensively, the authors can optimize it to extend the durability of Teflon coating.

Nevertheless, the significance of the protocol with respect to existing methods is the reduction
of remaining liquid after atomization on a surface with coating compared to without coating.
Thus, the smell persistence is drastically reduced more than is described elsewhere?!’. Using this
SAW device, demonstration of the olfactory display was performed. The eight-component
olfactory display to demonstrate cassis, orange, whiskey, and their mixture were presented to a
user with Head Mount Display (Figure 9)*°. In this situation, a SAW device with the proposed
coating works well to suppress smell persistence, which otherwise can considerably deteriorate
the quality of scent presentation.

The technique described here is important for olfactory display. Moreover, the SAW atomizer is
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applicable to a nebulizer for medical use and electrospray ionization for mass spectrometry. The
atomization efficiency is also required in those applications.
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Title of Article:

Author(s):

ARTICLE AND VIDEO LICENSE AGREEMENT

Enhancement method of SAW-atomizer efficiency for olfactory display

Takamichi Nakamoto, Sami Ollila, Shingo Kato, Haining Li, Guiping Qi

Item 1 (check one box): The Author elects to have the Materials be made available (as described at

http://www.jove.com/author) via:

Item 2 (check one box):

Standard Access x = Open Access

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/iicenses/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 Mylove 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.
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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 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 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
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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
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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.
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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.

A signed copy of this document must be sent with all new submissions. Only one Agreement required per submission.

CORRESPONDING AUTHOR:

cy for olfactory display

Name: Takamichi Nakamoto
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1) Upload a scanned copy of the document as a pfd on the JoVE submission site;
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Click here to download Rebuttal Letter Response to
Editor.docx

Response to Editor

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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TERMS AND CONDITIONS FOR REUSE OF IEEE MATERIAL SELECTED FOR
LICENSING

(THE "LICENSED MATERIAL") BASED ON “TYPE OF USE” AND “FORMAT”
SELECTED FOR

LICENSING BY USER

By clicking "accept" in connection withcompleting this licensing

transaction, you, as "User" do agree that the following terms

andconditions apply to the use of the material you selected for
licensing

(the"Licensed Material"), along with the Billing and Payment terms

and

conditionsestablished by Copyright Clearance Center, Inc. ("CCC"),
at the

timethat you opened your RightsLink account and that are available
at any

time at http://myaccount.copyright.com.
Grant of Limited License

IEEE hereby grants to you a non-exclusive, non-transferable
worldwide



license to use the Licensed Material in the "TYPE OF USE" and
"FORMAT"

that you outlined in the RightsLink form in connection with this

transaction, and as outlined in accordance with the terms and
conditions

of this Agreement. This license does not include any photography,

illustrations or advertisements that may appear in connection with

the

Licensed Material and does not extend to any revision or subsequent

edition in which the Licensed Material may appear.

Types of Use

Complete terms and conditions and "TYPES OF USE" can be found in
the

License Agreement that will be available to you during the online
order

process. Certain terms of use in some IEEE licenses may take
precedence

over and supersede certain rights granted through RightsLink
services.

IEEE also reserves the right to restrict the types and total number
of

items that may be reused in any type of publication or medium.For

additional information on the types of use available by IEEE and
through

RightsLink, please refer to

http://www.ieee.org/publications standards/publications/rights/rightslink
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Authorized Use

The license granted is granted for a one-time use for REPUBLICATION
IN THE

"TYPE OF USE" and "FORMAT" that you outlined in the RightsLink form
in

connection with this transaction, to be completed within one (1)
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the date upon which this license is effective, with a maximum
distribution

equal to the number that you identified in the RightsLink form in

connection with this transaction.

Restrictions on Use

All uses not specifically authorized in this license and specified
in the

options for reusing IEEE Licensed Material available through the

RightsLink service are prohibited, including (i) altering or
modifying the

Licensed Material in any manner, translating the Licensed Material
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another language or creating any derivative work based on the
Licensed

Material; (ii) storing or archiving the Licensed Material in any

electronic medium or in any form now invented or devised in the
future,

except where permission is granted to do so. For additional
information on

the types of use available by IEEE and through RightsLink, please
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http://www.ieee.org/publications standards/publications/rights/rightslink
_usetypes.html

If the Licensed Material is altered or modified in any manner, it
must be

within the scope of the license granted and it must not alter the
meaning

of the Licensed Material or in any way reflect negatively on the
IEEE or

any writer of the Licensed Material.

Any use of the Licensed Material in any way that would be
considered

libelous, defamatory, abusive or obscene, in violation of any
applicable

law or the proprietary rights of a third party and or used in
connection

with the advertising or promotion of any product or service is also

prohibited.

You agree to use your best efforts to prevent unauthorized use of

the

Licensed Material.

License Effective Only Upon Payment and Author Approval

The license granted to you is effective only upon (i) receipt of
full

payment fromyou as provided in CCC's Billing and Payment terms and

conditions and (ii) yourhaving obtained the author's approval of
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proposed use of the LicensedMaterial as described here.
IEEE Intellectual Property Rights

You agree that IEEE is the owner of all right, title and interest
in the
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Material,

including all copyright rights andother intellectual property
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Termination

In the event that you breach any of these terms and conditions or
any of
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termination, as well as any use of the LicensedMaterial beyond the
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of these terms and conditions, may constitutecopyright infringement
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rights in
the Licensed Material.

Copyright Notice
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THE RIGHT TO USE THELICENSED MATERIAL IS GRANTED ON AN "AS IS"
BASIS AND

IEEE MAKES NO WARRANTY, EXPRESS OR IMPLIED WITH RESPECT TOTHE
LICENSED

MATERIAL, INCLUDING ALL WARRANTIES OF QUALITY, ACCURACY
AND/ORFITNESS FOR

A PARTICULAR PURPOSE, AND IEEE SHALL NOT BE LIABLE UNDER
ANYCIRCUMSTANCES

FOR ANY LOSSES RESULTING FROM YOUR RELIANCE ON OR USE OF
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CONTAINED IN THE LICENSED MATERIAL.

No Transfer or Assignment of License



This license is personal to you and may not be sublicensed,
assigned, or

transferred by you to any otherperson without IEEE's written
permission.

Objection to Contrary Terms

IEEE hereby objects to any terms contained in any purchase order,

acknowledgment, check endorsement orother writing prepared by you,
which

terms are inconsistent with these termsand conditions or CCC's
Billing and

Payment terms and conditions. These termsand conditions, together
with

CCC's Billing and Payment terms and conditions (which are
incorporated
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obligations established by these terms and conditions and
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Payment Terms
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license
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CENTER"
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All comments and/or questions related to RightsLink permission
services or

comments and questions regarding IEEE licensing policies should be
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discoverservices@ieee.org. Users may also call Author Support &
Content

Discovery staff at 732.562.3965.

A copy of both the license and these terms should be retained for
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